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Abstract Keloids are characterized as an ‘‘over-exuber-
ant’’ healing response resulting in a disproportionate
extracellular matrix (ECM) accumulation and tissue
fibrosis. In view of the integral role of inflammation and
cytokines in the healing response, it is logical to assume
that they may play a part in orchestrating the pathology
of this ‘‘abnormal’’ healing process. Tumor necrosis
factor-a (TNF-a) is a potent proinflammatory cytokine
involved in activation of signaling events and tran-
scriptional programs, such as NFjB. This study at-
tempts to determine the difference in NFjB and its
related genes expression and DNA binding activity be-
tween keloid and normal skin fibroblasts. Three keloid
and normal skin tissues (NSk) and their derived fibro-
blasts were used to determine NFjB signaling pathway
expression using specific cDNA microarrays, Western

blot analysis and immunohistochemistry. Electropho-
retic mobility gel shift assay (EMSA) was used to assess
NFjB-binding activity, all assays were performed in the
presence and absence of TNF-a. TNF-a up-regulated
15% of NFjB signal pathway related genes in keloid
fibroblast compared to normal skin. At the protein level,
keloid fibroblasts and tissues showed higher basal levels
of TNF- receptor–associated factors—TRAF1, TRAF2
—TNF-a, inhibitor of apoptosis (c-IAP-1), and NFjB,
compared with NSk. Keloid fibroblasts showed a con-
stitutive increase in NFjB-binding activity in compari-
son to NSk both with and without TNF-a treatment.
NFjB and its targeted genes, especially the antiapop-
totic genes, could play a role in keloid pathogenesis;
targeting NFjB could help in developing therapeutic
interventions for the treatment of keloid scarring.

Keywords Gene expression Æ Keloid fibroblasts Æ
NFjB Æ TNF-a

Introduction

Keloids represent an abnormal healing response to
injuries; characterized by excess accumulation of sev-
eral matrix constituents, including glycoproteins,
fibronectin, and collagen. These lesions are often
characterized by a marked cellular infiltration, pre-
dominantly fibroblastic, with deposition of a dense
collagenous meshwork and a rich vascular supply [15,
28]. Compared to normal skin, keloid has several well-
defined morphologic characteristics. Histologically, the
center of the keloid is highly collagenous, avascular,
and relatively acellular. In contrast, the junction be-
tween the keloid lesion and its adjacent clinically nor-
mal skin periphery harbors large populations of
lymphocytes and fibroblasts interspersed within a dense
capillary network [1, 10, 29]. This observation is con-
sistent with previous studies demonstrating that in
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keloid tissue, mixed biological effects including prolif-
eration, apoptosis, and necrosis exist simultaneously,
but in a distinctly compartmentalized fashion [2]. Most
keloid studies have focused on the gene expression of
extracellular matrix (ECM) molecules, growth factors,
cytokines, and proteinases that might alter cell prolif-
eration and migration in the formation of keloid. Gi-
ven the complex molecular mechanisms of wound
repair, it is unlikely that expression of these specific
genes alone can explain aberration in wound healing
products [8]. Therefore, a broad evaluation of differ-
ences in gene expression in the formation of keloid is
necessary.

Tumor necrosis factor-a (TNF-a) is a potent proin-
flammatory cytokine produced by many cell types,
including macrophages, lymphocytes, keratinocytes, and
fibroblasts in response to inflammation, injury, infec-
tion, and other environmental stresses. TNF-a exerts its
varied biological activities through two distinct cell
surface receptors, termed TNFR1 and TNFR2, which
are expressed on most cell types [19, 27]. Binding of
TNF-a to its receptors especially to TNFR1 induces
receptor trimerization and recruitment of several sig-
naling proteinases to its cytoplasmic domain, which in
turn, activates downstream signaling pathways including
caspases and two major transcription factors, AP-1 and
NFjB [11, 16]. Through a complex network of signaling
cascades, TNF-a can activate both pro- and anti-apop-
totic mechanisms depending on cell context. Thus the
biologic response to TNF-a stimulation in a particular
cell type depends on the balance between these two
opposing pathways, as well as NFjB activation [5, 13].
It is also known that TNF-a induces the expression of
various antiapoptotic genes, such as A20, the Bcl-2
family, and cellular inhibitors of apoptosis-2 (c-IAP),
which are all targets of the NFjB family of transcription
factors [3].

NFjB heterodimers are found in virtually all cell
types and sequestrated in the cytoplasm in an inactive
form bound to its inhibitors termed IjBs. NFjB is pri-
marily regulated by phophorylation of IjBs. Upon
exposure to TNF-a and other agonists, the IjBs are
phophorylated by specific IjB kinases (IKK), resulting
in their ubiquitination and degradation and the sub-
sequent translocation of the freed NFjB into the nucleus
[5]. The transcription factor NFjB can either repress or
activate transcription of numerous genes whose prod-
ucts are critical to inflammation and immune responses
such as Th2 cytokines, chemokines, leukocyte adhesion
molecules, MMPs, Cox-2, and inducible nitric oxide
synthase (iNOS), as well as genes involved in apoptotic
signals [18, 26]. Interestingly, the TNF-a promoter itself
contains a NFjB binding site and is subject to positive
autoregulation that is essential to the amplification of
inflammatory responses [6]. The NFjB pathway is also a
key mediator of genes involved in the control of cellular
proliferation and apoptosis [22]. Antiapoptotic genes
that are directly activated by NFjB include the cellular
inhibitors of apoptosis (c-IAP1, c-IAP2, and xIAP) and

the TNF-receptor–associated factors (TRAF1 and
TRAF2) [31, 33].

We have previously demonstrated that there is a
significant difference in apoptotic profiles between nor-
mal skin and keloid fibroblasts, and that keloid fibro-
blasts are more resistant to cell death than their normal
skin counterparts [20, 21, 24]. Differential changes in
apoptotic profiles in keloid fibroblasts were also re-
ported by other investigators [9, 17].

To further investigate the apoptotic mechanisms,
particularly the NFjB signal pathways involved in ke-
loid pathogenesis, we first employed the NFjB signal
pathway microarray to determine whether there is a
difference in the expression profile of a broad spectrum
of genes in keloid fibroblasts, and their normal skin
counterparts in response to TNF-a stimulation. Next,
we evaluated the constitutive as well as TNF-a–induced
NFjB DNA-binding activity in normal skin (NSk) and
keloid (Kel) fibroblasts. Our results demonstrated a
constitutive elevation of several components of the
NFjB signal pathway in keloid tissues and derived fi-
broblasts, suggesting that this signal pathway may play a
role in keloid pathogenesis.

Materials and methods

Tissue and cell culture origins

The demographics of patients are summarized in
Table 1. Keloid and their associated normal peripheral
skin samples (n=3, respectively) were collected from
patients (age range, 18–60 years) who had undergone
keloid resection in the Dermatology Clinic of the Martin
Luther King Hospital, Los Angeles, as part of thera-
peutic procedures and after appropriate patient in-
formed consent was obtained. Three replicate cultures
each of human NSk and Kel fibroblasts were cultured as
previously described [21]. Matched normal skin was also
obtained via an elliptical incision which allowed a 2–4-
mm rim of normal skin peripheral border to allow ten-
sion-free primary closure. No significant comorbid
conditions such as diabetes, or having received drugs
known to influence the transcriptional response of cells,
were identified. All keloid included in this study had
characteristic symptoms as confirmed by pathologic
examination. After excision, half of the tissues were
formalin fixed and used for pathologic identification and

Table 1 Patient population and cell strain

Cell
type

Ethnicity Gender Age Anatomical
site

Passage
used

NSk 21 African American Male 18 Neck 6th
NSk 15 African American Male 22 Chest 4th
NSk 74 African American Male 28 Ear lobe 4th
Kel 74 African American Male 28 Ear lobe 4th
Kel 15 African American Male 22 Chest 5th
Kel 21 African American Male 18 Neck 5th
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for immunohistochemistry, and the rest were used for
cell cultures, and RNA and protein isolation. Primary
fibroblast cells were isolated from the central region of
keloid tissues and normal skin and cultured in DMEM
supplemented with 10% fetal bovine serum. All cultures
were maintained at 37�C in 5% CO2, 20% O2. Cells used
for experiments were between passages 2 and 8.

Materials and reagents

The following antibodies were used at different con-
centrations and after different incubation periods
depending on the specific assays: mouse IgG1 antibody
(negative control), TNF-a (R&D, Minneapolis, Minn.,
USA); anti-TRAF1, TRAF2, (Santa Cruz Biotechnol-
ogy, Santa Cruz, Calif., USA); and NFjB (p65)
(Pharmingen, San Diego, Calif., USA). Other agents are
all analytical grade (Sigma Chemicals, St Louis, Mo.,
USA).

RNA isolation and NFjB signaling pathway gene
expression array

Cultured fibroblasts of low passages (4–8th) from nor-
mal skin and keloid tissues were seeded in 100-mm cul-
ture dishes and allowed to reach 70–80% confluency.
Primary cultures were exposed to serum-free deprivation
for 24 h followed by incubation with 50 ng/ml of TNF-a
(Sigma Chemical, St Louis, Mo., USA) for an additional
24 h. Cells were then washed twice with PBS and
scraped to isolate total RNA, using a commercially
available kit to extract cellular RNA (Genflute Total
Mamalian RNA Miniprep Kit, Sigma). Integrity and
purity of the isolated RNA was verified by electropho-
resis on an agarose gel. Concentrations were determined
using a spectrophotometer and the integrity of the RNA

samples verified by an OD 260/280 nm check. All total
cellular RNA samples were stored at )70�C.

To characterize gene expression associated with the
NFjB signal pathway, prefabricated cDNA arrays were
employed (GEArray Q series purchased from SuperAr-
ray, Bethesda, Md., USA). Each GEArray Q Series
Human NFjB Signaling Pathway Gene Array contains
96 genes related to NFjB-mediated signal transduction.
SuperArray’s TrueLabeling-RT Kit was employed for
the cDNA probe synthesis. Labeling was performed by
reverse transcription reaction of 5 lg of total RNA
isolates to 30 lCi of [a)32P]-dCTP (10 lCi/ll; 3,000 Ci/
mmol; Amersham Pharmacia Bio Tech). The labeled
probe was hybridized overnight with the array mem-
brane. The membrane was washed twice with 2X SSC/
1% SDS buffer (10 min) and twice with 2X SSC/0.1%
SDS buffer (10 min). The array membrane was exposed
to Kodak Biomax X-ray film (Kodak, Rochester, N.Y.,
USA) for 24 h. The array image was scanned and con-
verted into raw data using the ScanAlyze software pro-
vided by Michael Eisen of Stanford University.
Subsequent data were then analyzed by GEArray Ana-
lyzer software provided by SuperArray. Numerous
housekeeping cDNAs were used as positive control for
RNA normalization. The signal from a blank portion of
the cDNA array was taken as background, and each
individual gene expression on the arrays was adjusted
for background. Results were described as means and
ratios of three separate RNA samples taken from keloid
and normal skin fibroblasts following TNF-a treatment
(Table 2).

Western immunoblot analysis

Keloid and normal skin tissue homogenates were pre-
pared as described previously [34]. For whole cell ly-
sates, TNF-a stimulated and unstimulated dermal

Table 2 TNF-a selective up-regulation of NFjB signal pathway genes in keloid fibroblasts. Data represent the 15% up-regulated genes in
the keloid fibroblast out of 96 genes in the NFjB signal pathway microarrayoarray

Genebank Description Gene name TNF-a treated
(ratio of Kel: NSk)

X15875 cAMP responsive element binding protein 2 ATF-2 (creb-2) 3.787
M28622 Interferon, beta 1, fibroblast IFN-b1 2.073
M28983 Interleukin 1, alpha IL-1a 2.458
M15330 Interleukin 1, beta IL-1b 2.173
M14584 Interleukin 6 (interferon, beta 2) IL-6 1.835
M58603 Nuclear factor of kappa light polypeptide

gene enhancer in B-cells 1 (p105)
NFjB 1.855

X03484 v-raf-1 murine leukemia viral oncogene raf (c-raf-1) 3.452
NM_006116 Homo sapiens transforming growth factor

beta-activated kinase-binding protein 1 (TAB1),
TAB1 1.892

U45879/U37547 BIRC2 Inhibitor of apoptosis protein 2 1.727
U37546 BIRC3 Inhibitor of apoptosis protein 1 1.867
NM_001167 BIRC4 X-linked IAP 2.124
X01394 Tumor necrosis factor (TNF superfamily, member 2) TNF a 1.747
NM_005658 TNF-receptor–associated factor 1 TRAF1 1.724
U12597 TNF-receptor–associated factor 2 TRAF2 1.788
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fibroblasts were harvested, washed in cold phosphate-
buffered saline (PBS), and incubated in two packed cell
volumes of buffer A (10 mM HEPES, pH 8.0, 1.5 mM
MgCl2, 10 mM Kcl, 0.5 mM DTT, 200 mM sucrose,
0.5 mM phenylmethane-sulfonyl fluoride [PMSF]; 10 ll
each of leupeptin and aprotinin per ml, 0.5% Nonidet P-
40) for 5 min at 4�C. The protein concentration of the
different cell lysates and tissue homogenates were mea-
sured using the BCA protein assay kit (Pierce, Rockford,
Ill., USA) and analyzed by a spectrophotometer. The
cell lysates were washed with TSA buffer and denatured
by boiling for 10 min in 2X SDS. Fifty micrograms of
either cell lysates or tissue homogenates were run on a
10% acrylamide SDS gels and transferred onto Hybond
nitrocellulose membranes (Amersham, Life Sciences,
Arlington Heights, Ill., USA). The western blots were
incubated overnight with antibodies specific against
TRAF1, TRAF2, NFjBp65, and cIAP-1 (inhibitor of
apoptosis-1) (Santa Cruz, Calif., USA) (1:200). The
immunoblots were detected by chemiluminescent kit
(SuperSignal Pico, Pierce). Film exposures were done on
Kodak X-OMAT-AR autoradiographic film.

Immunohistochemistry

The presence of TNF-a in normal skin and keloid tissues
was examined using immunohistochemistry. Tissues
were fixed in 10% buffered formalin and processed with
standard procedures for paraffin embedding. Sections
(5 lm) were cut and loaded on frosted slides; following
deparaffinization, pretreatment in 10 mM Tris-hydro-
chloride, pH 10, in 90�C for 10–20 min was performed.
Sections were left until they are completely cooled to
room temperature (RT), then were washed with Tris-
hydrochloride buffer and incubated in 10% goat serum
in bovine serum albumin (BSA) for 30 min. Sections
were incubated overnight at 4�C with mouse monoclonal
IgG (negative control) and anti- TNF-a (R&D, Min-
neapolis, Minn., USA) followed by incubation with
antimouse secondary antibody (DAKO, Carpentaria,
Calif., USA) (1:200) for 1 h at RT. Detection was per-
formed using Streptavidine Biotene detection kit fol-
lowing the manufacturer’s protocol (Vector
Laboratories, Burlingame, Calif., USA) for 30 min at
RT. Each step was followed by a brief wash with sterile
phosphate buffer solutions. The reactions were visual-
ized by using 3,3¢-diaminobenzidine tetrahydrochloride
(DAB; Sigma, St Louis, Mo., USA), followed by
counterstaining with hematoxylin for optimal evaluation
of positive reactions.

Preparation of nuclear extracts

Following treatment with TNF-a (50 ng/ml) for 6 h [30],
cellular extracts were prepared. The crude nuclei re-
leased by lysis from the treated cells were collected by
microcentrifugation (15 s), rinsed once in buffer A, and

resuspended in 2/3 packed cell volume of buffer C
(20 mM HEPES, pH 7.9, 1.5 mM MgCl2, 420 mM
NaCl, 0.2 mM EDTA, 1.0 mM DTT, 0.5 mM PMSF,
10 ll each of leupeptin and aprotinin per milliliter).
Nuclei were incubated on a rocking platform at 4�C for
30 min and clarified by centrifugation for 5 min. The
resulting supernatants were diluted 1:1 with buffer D
(20 mM HEPES, pH 7.9, 100 mM Kcl, 0.2 mM EDTA,
20% glycerol, 1.0 mM DTT, 0.5 mM PMSF, 10 ll of
each of leupeptin and aprotinin per milliliter) [31]. Nu-
clear extracts were frozen on dry ice, aliquoted, and
stored at )80�C.

Electrophoretic mobility gel shift assays (EMSA)

The nuclear extracts (5 lg) were preincubated for
20 min at 25�C with poly (dI-dC) (80 lg/ml) in a buffer
containing 25 mM HEPES-KOH (pH 7.9), 40 mM
NaCl, 1 mM EDTA, 5% glycerol, and 1 mM dithioth-
rietol (DTT). Following preincubation, radiolabeled
double-stranded oligonucleotide (10,000 cpm) were ad-
ded in each reaction and incubated for 20 min at 25�C.
The sequence of the oligonucleotides that corresponds to
the NFjB consensus DNA-binding site is forward, 5¢-
AGTTGAGGGGACTTTCCCAGGC-3¢; reverse, 5¢-
GCCTGGGAAAGTCCCCTCAACT-3¢ (Santa Cruz
Biotechnology, Santa Cruz, Calif., USA) [31]. The probe
was radiolabeled with [c)32P] ATP by T4 polynucleotide
kinase (ICN Biochemicals, Irvine, Calif., USA). DNA/
nucleoprotein complex specificity was determined by
coincubation of nuclear extracts with unlabeled homol-
ogous. For competition experiments, 100-fold excess of
unlabeled oligonucleotides was included in the binding
reaction. The reactions were immediately loaded onto
5% nondenaturing polyacrylamide gels via electropho-
resis in 0.5·Tris/borate/EDTA buffer, and the electro-
phoresis was performed at 4�C for 1 h. Gels were dried
and exposed to film for 16–24 h.

Statistical analysis

All experiments were performed at least three times and
in triplicates. Data were analyzed using Student’s paired
t-test.

Results

Analysis of gene expression associated with NFjB
signaling pathway in keloid and normal skin fibroblasts

To identify expression profiles of genes involved in the
NFjB signaling pathway, we used NFjB cDNA su-
perarray to examine expression levels of 96 full-length
genes in dermal fibroblasts following treatment with and
without TNF-a. To this purpose, primary fibroblasts
derived from three representative sets of keloid lesions
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and their corresponding control skin borders of three
unrelated patients were established and cultured for to-
tal RNA extraction. Our results showed that the
majority of gene-expression signals did not exceed the
background hybridization level nor did they reach at
least twofold differences between keloid and NSK fi-
broblasts. However, 15 genes (15%) were up-regulated
and 5 genes (5.25%) were down-regulated in keloid fi-
broblasts relative to their normal skin counterparts in
response to TNF-a treatment (Table 2). On the con-
trary, in the absence of TNF-a, no differences in the
constitutive expression of target genes were observed
above the twofold threshold in keloid fibroblasts as
compared with normal skin (data not shown). As dem-
onstrated in Table 2, genes of interest that exhibited a
twofold increase include TNF-a TRAF1, TRAF2,
NFjB, IAP-1 and IAP-2, and the inflammatory cyto-
kines IL-1 a and b and IL-6. These results were in
accordance with recent studies demonstrating that pro-
inflammatory and antiapoptotic gene expression in
normal dermal keratinocytes and mesencymal cells are
induced by NFjB activation [12]. The associated greater
increase in antiapoptotic genes in keloid fibroblasts
suggests that keloid fibroblast resistance to cell death
could be due to an increase in antiapoptotic genes reg-
ulated by the NFjB pathway.

Elevated expression of TNF-a in keloid tissues
and fibroblasts

To confirm a constitutive elevation of TNF-a in keloid
tissues and fibroblasts, Western blot analysis and
immunohistochemistry were performed. Our results
showed that keloid tissue homogenates contained a rel-
atively higher level of TNF-a protein than normal skin
(Fig. 1). The increased expression of TNF-a protein in
keloid tissues was further confirmed by immunohisto-
chemistry using a specific antibody against TNF-a,
showing positively stained fibroblasts and mast cells
(Fig. 2a, b), TNF-a is secreted in the ECM demon-
strating the diffuse pattern of staining in the keloid ECM
(Fig. 2a, b). Moreover, a similar pattern of elevated
TNF-a level was also demonstrated by Western blot
using cultured primary keloid fibroblasts derived directly
from the above tissue samples (Fig. 1). The consistent
findings of elevated TNF-a in both tissues and tissue-
derived cells confirm that fundamental in vivo biological
differences persist in vitro.

Elevated expressions and activation of NFjB
in keloid tissues and fibroblasts

Since keloid tissues and fibroblasts expressed a higher
level of TNF-a, a well-known proinflammatory cytokine
that exerts its biological effects by mediating the acti-
vation of NFjB signal pathways, we explored the
expression of NFjB in keloid in vivo as well as in vitro.

Results from Western blot analyses showed a consistent
increase in the basal level of cytosolic NFjBp65/p50
isoforms in three separate keloid tissue homogenates as
compared to their normal skin partners (Fig. 3a). Next,
we investigated the translocation of NFjB to the nu-
cleus of dermal fibroblasts, an essential process for its

Fig. 1 Western blot analysis of TNF-a protein expression in keloid
tissues and their derived fibroblasts. Left hand panel homogenates
were prepared from freshly biopsied keloid and normal skin tissues
and Western blot analysis was performed to determine TNF-a
protein levels; NSk normal skin, Kel keloid. Right hand panel whole
cell lysates were isolated from primary cultured fibroblasts derived
from the same sets of dermal tissues and Western blot was
performed to determine TNF-a protein levels. Densitometric
analysis was performed and the results were described as
percentage relative to normal skin controls (100%). Data are
expressed as the mean ± SEM and are representative of three
independent experiments

Fig. 2a,b Immunohistochemistry of paraffin-embedded tissue sec-
tions using an antibody specific against TNF-a protein. Strong
positive signals are present in keloid tissues as compared with
normal skin, positivity is also seen in the keloid extracellular matrix
(ECM) as the antibody is against secretory TNF-a which is diffused
in the keloid ECM. a Tissues at ·20 magnification. b Tissues at ·40
magnification. Arrows indicate mast cells and fibroblasts in keloid
tissues, which are positively stained with TNF-a
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transcriptional activation. Nuclear extracts were pre-
pared from both keloid and normal fibroblasts in the
presence and absence of TNF-a (50 ng/ml) treatment for
30 min and Western blot analysis was performed. As
shown in Fig. 3b, TNF-a treatment induced an increase
in the nuclear level of NFjBp65/p50 isoforms in keloid
fibroblasts compared to normal cells. However, a two-
fold to threefold elevated constitutive level of NFjB was
observed in the nucleus of keloid fibroblasts, as com-
pared to fibroblasts (Fig. 3b).

Determination of NFjB DNA-binding activity
in dermal fibroblasts

We next examined the constitutive as well as TNF-a–
induced DNA-binding activities of NFjB in dermal fi-
broblasts by using EMSA. Our results demonstrated an
elevated basal level of NFjB activity in the nucleus of

keloid fibroblasts as compared to normal skin (Fig. 4a,
b). Although treatment with TNF-a led to an up-regu-
lation of DNA-binding activities of NFjB in both nor-
mal and keloid fibroblasts, a greater enhancement was
observed in keloid fibroblasts in response to TNF-a
(Fig. 4a, b).

Differential expression of NFjB-related proteins
in keloid and normal fibroblasts

Results from our microarray assay have shown that
treatment of keloid fibroblasts with TNF-a induced up-
regulation of TRAF1, TRAF2, and cIAP-1 mRNA
expressions (Table 2), all of which are important com-
ponents associated with NFjB signaling pathways. To
further confirm the effects of TNF-a on the expression of
these NFjB-associated genes in keloid and normal fi-
broblasts, whole cell lysates were prepared from two sets
of fibroblasts derived from both keloid tissues and their
matched normal bordering skins, and Western blot
analyses were performed. In contrast to results from
microarray assays (Table 2), TNF-a did not modulate
the expression of TRAF1 and TRAF2 at the protein
level (Fig. 5), which could be due to posttranscriptional
modification. However, our findings also showed that
keloid fibroblasts consistently expressed an increased
basal level of TRAF 1 and TRAF2 proteins as com-
pared to their partners (Fig. 5). In addition, our results
demonstrated a higher level of both basal and TNF-a–
induced cIAP-1 protein expressions in keloid fibroblasts
as compared with normal skin (Fig. 6).

Fig. 4a,b EMSA on DNA-binding activity of NFjB/p65 in keloid
fibroblasts in response to TNF- a (50 ng/ml). a Nuclear extracts
were prepared from keloid ( K) and normal skin (N) fibroblasts in
the presence (+) or absence ()) of TNF-a (50 ng/ml) for 30 min.
Then 5 lg of nuclear extract was submitted to EMSA for
determination of the DNA-binding activity of NFjB/p65. Unla-
beled NFjB/p65 and AP2 probes were used as nonspecific
competitors. Nuclear extracts isolated from HeLa cells in response
to TNF-a (50 ng/ml) served as a positive control. b Densitometric
analysis of the bands and the results were described as percentage
relative to the normal skin control without TNF-a treatment
(100%). Data are expressed as the mean ± SEM and are
representative of three independent experiments

Fig. 3a,b Western blot analysis of Rel-A/p65 in dermal tissues and
nucleus of dermal fibroblasts. a Tissue lysates were extracted from
three separate sets of freshly biopsied keloid tissues and their
associated peripheral normal skin, and Western blot analysis was
performed to determine the level of cytosolic Rel-A/p65 proteins.
NSk normal skin, Kel keloid. b Nuclear extracts were isolated from
primary cultured fibroblasts derived from the same sets of tissues
with (+) or without TNF-a treatment ()) (50 ng/ml) for 30 min,
and Western blot analysis was performed to determine the
translocated nuclear Rel-A/p65 protein levels. Densitometric
analysis was performed, and the results were described as intensity
per pixel per area. Data are expressed as the mean ± SEM and are
representative of three independent experiments
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Discussion

Previous studies in our laboratory have demonstrated a
significant difference in apoptotic profiles between nor-
mal skin (NSk) and keloid fibroblasts, and that keloid
fibroblasts are more resistant to cell death than their
normal skin counterpart [20, 21, 24]. In view of the
growing evidence on the role of NFjB in controlling
apoptosis and inflammation, and the importance of both
these factors during wound repair, we investigated the

differential expressions of NFjB signal pathway related
apoptotic genes in keloid tissues as well as their derived
fibroblasts. We used the NFjB signal pathway cDNA
microarray to profile changes in both the basal and
TNF-a–induced gene expressions specifically associated
with NFjB pathways, and found that approximately
15% of genes tested were up-regulated in keloid fibro-
blasts in comparison to NSk fibroblasts, among which
most are proinflammatory cytokines including, IL-1a
and b, TNF-a, IL-6, and antiapototic genes such as
TRAF1, TRAF2, IAP-1, IAP-2, and xIAP (Table 2).
Recently, Chen et al. 2003 [8] compared gene expression
profiles between keloid and normal skin tissues using an
8,400-human-gene microarray and showed that
approximately 4.79% of the genes exhibited altered
expression, with 2.98% showing up-regulation and
1.81% showing down-regulation. Data presented in this
study also showed that keloid tissues intrinsically or
constitutively express an elevated level of NFjB path-
way related proteins as compared with their normal skin
partners. The elevated basal levels of these proteins in
keloid tissues were recapitulated in their derived, in vitro
cultured, keloid fibroblasts (Figs. 5 and 6). We also
demonstrated that both keloid tissues (Fig. 3a) and ke-
loid fibroblasts (Fig. 3b) showed constitutively higher
levels of NFjB, as opposed to normal skin controls. The
constitutive increase in the active NFjB isoforms in
keloid fibroblasts was also confirmed by results from a
DNA-binding assay using EMSA (Fig. 4a, b); similar
constitutive NFjB activity has been found in several
types of cancer such as breast, prostate, and colorectal
cancers [18], which confirms the role of NFjB in the
antiapoptotic regulatory pathway. Taken together, these
findings suggest that activation of the NFjB pathway
could play a role in keloid pathogenesis, partly by
mechanisms involved in protecting keloid fibroblasts
against apoptosis. Recently, the role of NFjB in skin
biology has gained much interest, and studies have
shown that the presence of NFjB in several dermal cells
such as dermal keratinocytes and fibroblasts is essential
in promoting inflammation and wound healing in re-
sponse to trauma, findings which strengthen the role of
NFjB in abnormal healing process and keloid forma-
tion [12, 14].

TNF-a, a homotrimer of 157 amino acid subunits, is
a major mediator of apoptosis, inflammation, and im-
mune responses [5]. Previous studies have established its
involvement in the pathogenesis of a broad spectrum of
human diseases, including sepsis, diabetes, osteoporosis,
rheumatoid arthritis, inflammatory bowel disease, ath-
erosclerosis, and a variety of cancers [33]. However,
there is still a lack of convincing evidence to show
whether TNF-a is involved in the pathogenesis of keloid,
which is characterized by localized areas of prolonged
inflammatory stage. In this study, our results showed
that keloid tissues and their derived fibroblasts intrinsi-
cally express an elevated level of TNF-a mRNA (Ta-
ble 2) and protein, as compared to their normal skin
controls (Figs. 1 and 2), thus providing evidence that

Fig. 6 Western blot analysis of cIAP-1 protein expressions in
dermal fibroblasts. Keloid and normal skin fibroblasts were
exposed to TNF-a (50 ng/ml) for 24 h, and whole cell lysates were
prepared for Western blot analysis on cIAP-1 protein levels. NSk
normal skin, Kel keloid; with TNF-a treatment ()), without TNF-a
treatment (+). Densitometric analyses were performed, and the
results were depicted as relative intensities (%) as compared with
normal skin controls without TNF-a treatment (100%). Data are
expressed as the mean ± SEM and are representative of three
independent experiments

Fig. 5a,b Western blot analysis of TRAF-1 and TRAF-2 expres-
sions in dermal fibroblasts in response to TNF-a treatment. Keloid
and normal skin fibroblasts were exposed to TNF-a (50 ng/ml) for
24 h, and whole cell lysates were prepared for Western blot analysis
on TRAF-1 (a) and TRAF-2 (b) protein levels. NSk normal skin,
Kel keloid; with TNF-a treatment ()), without TNF-a treatment
(+). Densitometric analyses were performed and the results were
depicted as relative intensities (%) as compared with normal skin
controls without TNF-a treatment (100%). Data are expressed as
the mean ± SEM and are representative of three independent
experiments
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TNF-a may possibly play a role in the pathogenesis of
keloid.

Binding to TNF-R1 results in the recruitment of
various signal transducers such as TNF-receptor–asso-
ciated death domain (TRADD), Fas-associated death
domain (FADD), TRAF1, and TRAF2, and subse-
quently triggers a series of intracellular events leading to
the activation of at least three distinct pathways [7]. For
instance, caspase-8 is recruited by FADD to TNFR-1
complex, where it becomes activated and initiates a
protease cascade that leads to apoptosis. TRAF2 re-
cruits and activates cellular inhibitor of apoptosis pro-
tein-1 (cIAP-1) and cIAP-2, two important
antiapoptotic proteins. Studies have shown that TRAF2
is also essential to the activation of extracellular signal-
related kinase kinase 1 (MEKK1) or apoptosis-stimu-
lated kinase 1 (ASK1), thereby activating a cascade of
kinases leading to the activation of c-Jun NH2-terminal
kinase (JNK), and increasing its transcriptional activity
in response to various stresses [7]. The third arm of the
TNF signaling network is the activation of the NFjB
signal pathway. Activation of NFjB induced by TNF
depends on the phosphorylation and degradation of IjB
proteins, which retain NFjB within the cytoplasm of
unstimulated cells [13]. Studies have shown that TRAF2
also plays an essential role in the activation of NFjB
because overexpression of TRAF2 is sufficient to acti-
vate the signaling pathways leading to NFjB activation
in the absence of extracellular stimuli [25]. Therefore, the
ultimate biological activities of TNF-a rely on the exis-
tence and balance of extensive cross-talks between
apoptosis, NFjB and JNK signaling pathways that
emanate from TNF-R1. For example, absence of NFjB
activity increases cellular susceptibility to TNF-a–in-
duced apoptosis, whereas an enhancement of NFjB
activation protects against apoptosis. Similarly, cells
lacking NFjB exhibited a stronger and more prolonged
activation of JNKs in response to TNF-a, and the
products of several target genes of NFjB suppress the
activation of JNK induced by TNF [7].

To date, the detailed mechanism by which NFjB
protects cells against apoptosis is not well understood,
but it is suggested that NFjB probably functions to
regulate the expressions of genes whose protein products
are involved in the regulation of apoptosis [32]. The
most common antiapoptotic genes that are directly
activated by NFjB include the cellular inhibitors of
apoptosis (c-IAP1, c-IAP2, and IXAP), the TNF-
receptor–associated factors (TRAF1 and TRAF2). In
this study, our results showed a consistent increase in the
basal levels of c-IAP-1, and TRAF1 and TRAF2 protein
levels in keloid fibroblasts as compared to normal fi-
broblasts, further supporting the notion that activation
of NFjB pathway in keloid may contribute, at least in
part, to the prolonged and persistent inflammation as
well as the disruption of the fibroblast apoptotic path-
way that ultimately leads to keloid formation.

In conclusion, data presented here demonstrated that
keloid tissues and fibroblasts expressed a constitutive

elevation of TNF-a as well as several important com-
ponents in the apoptotic-related down-stream signaling
networks, including TRAF1, TRAF2, c-IAP1, and
NFjB as compared to their associated normal skin
partners. These findings have provided a partial expla-
nation of the resistance of keloid fibroblasts to cell death
as previously reported [20, 21, 24], and also underscore
the concept of fibroblastic heterogeneity in keloid: ke-
loid-type fibroblastic substrains, if they exist, might ex-
hibit an intrinsically greater capacity for producing
matrix, an altered responsiveness to biological response
modifiers known to be present in healing wounds (such
as TNF-a and TGF-b1), or an inability to respond to
known death signaling genes. Moreover, the pattern of
up-regulation of NFjB and TNF-a observed in keloid
tissues was also apparent in primary cultured keloid fi-
broblasts, confirming that fundamental biological dif-
ferences found in vivo also persist in vitro. Altogether,
our present study has demonstrated the existence of an
intrinsic activation of NFjB signal pathway in keloid
tissues and their derived fibroblasts, thus contributing to
an aberrant cellular proliferation and apoptosis in keloid
pathogenesis. Therefore, inhibition of the NFjB signal
pathway could lead to the development of potential
therapeutic interventions for the treatment of keloid
scarring.
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