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The pathogenesis of keloid remains poorly under-
stood. As no effective therapy for keloid is as yet
available, an insight into its pathogenesis may lead to
novel approaches. Apoptosis has been found to me-
diate the decrease in cellularity during the transition
between granulation tissue and scar. Here, we report
that in contrast to hypertrophic scar-derived and nor-
mal skin-derived fibroblasts, keloid-derived fibro-
blasts are significantly resistant to both Fas-mediated
and staurosporine-induced apoptosis. The caspases-3,
-8, and -9 were not activated indicating that the block in
the apoptotic pathway in keloid is upstream of the
caspases. There were no significant differences in the
level of expression of Fas, Bcl-2, and Bax between the
three groups but addition of transforming growth
factor (TGF)-b1 significantly inhibited Fas-mediated
apoptosis in hypertrophic scar-derived and normal
skin-derived fibroblasts and neutralization of auto-
crine TGF-b1 with anti-TGF-b1 antibody abrogated the
resistance of keloid-derived fibroblasts. Anti-apopto-
tic activity was not observed with TGF-b2. This is the
first study linking refractory Fas-mediated apoptosis
to cellular phenotype in keloids and indicating a piv-
otal role for the anti-apoptotic effect of TGF-b1 in this
resistance. Hence, it becomes important to treat ke-
loids as a separate entity different from hypertrophic
scars and enhancement of Fas-sensitivity could be a
promising therapeutic target. (Am J Pathol 2000,
157:1661–1669)

A keloid is a unique human dermal fibroproliferative dis-
order that occurs after trauma, inflammation, burns, sur-
gery, and possibly spontaneously. Although it is not fatal,
it is a major cosmetic problem and symptoms like itching
and pain can significantly disturb the patient’s quality of
life. The incidence is highest among the Black popula-
tion, which has been estimated at 4 to 6%1 but is also not

uncommon among Hispanics and Orientals. It is often
addressed as a benign dermal tumor as it spreads to
invade normal skin beyond the boundaries of the original
wound and does not regress spontaneously. Recurrence
is common after surgical excision, which often exacer-
bates the condition.2 Hypertrophic scars, on the other
hand, are raised scars that remain within the boundaries
of the original wound, frequently regress spontaneously
and recurrence is rare after surgical excision. Because
no effective therapy for keloid is as yet available, an
insight into its pathogenesis may lead to novel ap-
proaches.

Keloids form when the normal wound-healing process
is dysregulated and the evolving scar remains in the
proliferative phase of healing2–4 but the mechanism is
still unclear. Keloid-derived fibroblasts (KFs) demon-
strate a reduced growth-factor requirement in vitro,5,6 a
unique sensitivity to transforming growth factor (TGF)-
b,7–11 coupled with an increased production of TGF-b1
and 2,12 which results in increased proliferation and col-
lagen production, and have a greater proliferative capac-
ity than hypertrophic scar-derived fibroblasts (HFs) and
normal skin-derived fibroblasts (NFs).13–15 Furthermore,
it has recently been demonstrated that there is p53 gene
mutations in keloids.16,17

Apoptosis mediates the decrease in cellularity during
the transition between granulation tissue and scar.18 The
cell-surface Fas receptor (Fas), also termed Apo-1 or
CD95, is a member of the tumor necrosis factor and
nerve growth factor family of receptors.19,20 Fas is widely
distributed in skin components21 and it has been shown
that Fas receptor stimulation can induce apoptosis or
proliferation in human dermal fibroblasts,22–24 depending
on the magnitude of Fas aggregation.22 We hereby per-
formed a comparative study on the apoptotic properties
of human dermal fibroblasts derived from keloids, hyper-
trophic scars, and normal skin specimens in response to
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Fas ligation with anti-Fas antibody (clone CH-11). Our
results show that a dysregulation in the Fas mediated
apoptosis that normally occurs during the process of
wound healing may be an important mechanism by which
keloids arise and that TGF-b1 is an important factor re-
sponsible for this resistance.

Materials and Methods

Cell Culture

We prepared primary fibroblast cultures from fresh keloid
and hypertrophic scar tissues obtained at the time of
surgical excision after informed consent. Only typical,
clinically clear-cut cases of keloid and hypertrophic scar
were included in this study. Age-, gender-, and site-
matched normal skin specimens were obtained at the
time of other unrelated operations. Third generation cells
from 15 keloid, nine hypertrophic scar, and nine normal
skin specimens were used. Cells were grown in Dulbec-
co’s modified Eagle’s medium (DMEM; Life Technolo-
gies, Inc., Gaithersburg, MD) supplemented with 20%
and 10% (v/v) heat-inactivated fetal bovine serum for
primary culture and subsequent cultures, respectively,
and 5 mg/ml L-glutamine in an atmosphere of 5% CO2.

Induction of Apoptosis

Cells (10,000 cells per well) were plated in 24-well plates
in DMEM supplemented with 10% fetal bovine serum.
After 24 hours, the medium was changed to serum-free
medium and incubated for 48 hours after which induction
of apoptosis was performed with 0, 0.1, or 1 mg/ml of
anti-human Fas antibody (clone CH-11; Medical & Bio-
logical Laboratories, Nagoya, Japan) and 0 or 10 nmol/L
of staurosporine (Sigma Chemical Co., St. Louis, MO)
dissolved in dimethyl sulfoxide.

Detection of Apoptosis

Cell viability was determined by staining with Trypan blue
and counting the live/dead cells using a Neubauer he-
mocytometer (Kayagaki Irikha Kougyou Co. Ltd., Tokyo,
Japan). For the assessment of nuclear morphology, cells
were stained with 5 mg/ml of Hoechst 33342 dye (Sigma
Chemical Co.) and counting of nuclear condensation or
fragmentation-positive or -negative cells was done using
an inverted fluorescence microscope (IX-70; Olympus,
Tokyo, Japan).

Flow Cytometry

Fluorescence-activated cell sorting analysis was done
using standard protocols. Cells were detached from cul-
ture plates with 0.02% ethylenediaminetetraacetic acid
(Boehringer Mannheim, Indianapolis, IN). Detached cells
(1 million cells) were washed two times with phosphate-
buffered saline containing 1% bovine serum albumin and
0.02% NaN3 and incubated with anti-Fas antibody

(Transduction Laboratories, Lexington, KY) for 1 hour on
ice. Cells were washed three times and incubated with
fluorescein isothiocyanate-conjugated goat anti-mouse
IgG (Sigma Chemical Co.) for another hour on ice. After
three washes, cells were analyzed on a Becton-Dickinson
FACScan (Mountain View, CA). Controls lacking primary
antibody or both primary and secondary antibodies were
analyzed with each series.

Western Blot Analysis

Equal numbers of cells were lysed with a buffer contain-
ing 1% Nonidet P-40, 0.1% sodium deoxycholate, 150
mmol/L NaCl, 50 mmol/L Tris-HCl, pH7.5, 1 mmol/L phe-
nylmethyl sulfonyl fluoride, 0.2 U/ml aprotinin, 10 mmol/L
Na4P2O 7, 10 mmol/L NaF, 4 mmol/L ethylenediaminetet-
raacetic acid, and 2 mmol/L Na3VO4. The protein content
was measured by the Bradford assay using Bio-Rad
protein assay reagent (Bio-Rad Laboratories, Richmond,
CA). Cell lysates (20 mg) were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and
then transferred to an Immobilon polyvinylidene difluoride
membrane (Millipore, Bedford, MA). After blocking with
5% milk and overnight incubation at 4°C in the presence
of anti-human Fas monoclonal antibody (Transduction
Laboratories), anti-Bcl-2 monoclonal antibody (Pharmin-
gen, San Diego, CA), anti-Bcl-xL polyclonal antibody
(Santa Cruz Biotechnology, Santa Cruz, CA), or anti-Bax
monoclonal antibody (Medical & Biological Laboratories),
the membrane was further processed using horseradish
peroxidase-conjugated secondary antibody and a chemi-
luminescence system (Amersham, Arlington Heights, IL).

Caspase Activation

Induction of apoptosis with anti-Fas antibody or stauro-
sporine was performed as described above. Cells includ-
ing the detached cells were lysed with a buffer containing
20 mmol/L Tris-HCl, pH 7.2, 1% Triton X-100, 1 mmol/L
ethylenediaminetetraacetic acid, 1 mmol/L N-ethylmale-
imide, and a cocktail of proteinase inhibitors (phenylm-
ethyl sulfonyl fluoride, chymopapain, aprotinin, leupeptin,
and pepstatin). Cell lysates (40 mg) were analyzed using
10 to 14% polyacrylamide gels and Western blotting was
done using monoclonal anti-caspase-8 and polyclonal
rabbit anti-caspase-9 antibody (Medical & Biological
Laboratories), monoclonal anti-caspase-3, and monoclo-
nal anti-caspase-7 (Transduction Laboratories) or mono-
clonal anti-gelsolin antibody (GS2C4, Sigma).

Treatment with TGF-b1 and TGF-b2

Cells were plated in 24-well plates and treated with re-
combinant human TGF-b1 (Genzyme/Techne, Cam-
bridge, MA) or recombinant human TGF-b2 (Austral Bio-
logicals, San Ramon, CA) at a dose of 0, 5, or 10 ng/ml,
6 hours before induction of apoptosis with anti-Fas anti-
body or staurosporine. Hoechst staining and counting
were done at 24, 48, and 72 hours. As controls, recom-
binant human epidermal growth factor (Earth Chemical
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Co., Hyougo, Japan) and recombinant human platelet-
derived growth factor (Genzyme) at a dose of 20 ng/ml
were used.

Neutralization of TGF-b1 and TGF-b2 Bioactivity

KFs were plated in 24-well plates and treated with 50
mg/ml of monoclonal anti-human TGF-b1 antibody or 0.1
mg/ml of anti-TGF-b2 neutralizing antibody (concentra-
tion for maximal inhibition of the cytokine activity accord-
ing to the antibody concentration versus percent neutral-
ization curve on the product data sheet; R & D Systems,
Minneapolis, MN) at the time of induction of apoptosis
with anti-Fas antibody or staurosporine and analyzed at
24, 48, and 72 hours.

Statistical Analysis

The data were analyzed using analysis of variance
(ANOVA) followed by Scheffé’s post hoc analysis.

Results

KFs Are Refractory to Fas-Mediated Apoptosis

Third generation fibroblasts derived from keloid, hyper-
trophic scar, and normal skin of patients by explant
method were treated with anti-Fas antibody to induce
apoptosis. To create pro-apoptotic stress, serum was
withdrawn from the cultures for 48 hours before stimula-
tion with anti-Fas antibody. We observed blebbing, cell
rounding, and shrinking, characteristic of apoptotic cells
in the anti-Fas-treated cells in NFs and HFs, which was
absent in the untreated controls and significantly few in
the anti-Fas treated KFs (Figure 1; a, c, and e). To assess
cell viability after anti-Fas stimulation, Trypan blue exclu-
sion test was performed and we found that in contrast to
85 and 80.5% survival of KFs when treated with 0.1 and

1 mg/ml of anti-Fas antibody, respectively, for 72 hours,
only 49.3 and 35.2% of NFs and 66 and 52.9% of HFs
survived (Figure 2, a and b). The decrease in cell viability
was dependent on both antibody concentration and time
of exposure (Figure 2, a and b). In addition, anti-Fas
treated cells were stained with the fluorescent chromatin
dye Hoechst 33342 to assess nuclear morphology. Cells
were scored as apoptotic when they showed nuclear
chromatin condensation or fragmentation (Figure 1; b, d,
and f). Consistent with the results of Trypan blue exclu-
sion test, cell mortality in the KF group was significantly
lower than in the NF and HF groups (Figure 2, c and d).

Figure 1. KFs are refractory to Fas-mediated ap-
optosis. Cells were grown in DMEM and 10%
fetal bovine serum and after 24 hours, starved in
serum-free medium for 48 hours followed by
stimulation with 1 mg/ml of anti-Fas antibody
(clone: CH-11; MBL, Japan) for 48 hours. a and
b: NFs. c and d: HFs. e and f: KFs. Cellular
morphological changes of apoptosis analyzed
by phase contrast microscopy. Original magnifi-
cation, 3200 (a, c, and e). The same fields as
that of (a, c, and e) examined by Hoechst 33342
staining (b, d, and f). Note the staining of many
condensed nuclei indicative of apoptosis (b and
d) that corresponds to the cell rounding seen in
(a and c), respectively, and their relative ab-
sence in the KFs (e and f).

Figure 2. KFs are refractory to Fas-mediated apoptosis. Cells were stimulated
with anti-Fas antibody as described. Viability assay by trypan blue exclusion
(a and b) and percentage of nuclear condensation assessed by Hoechst
staining (c and d) after stimulation with 0.1 and 1 mg/ml of anti-Fas, respec-
tively, for 24, 48, and 72 hours. *, P , 0.01 compared with NFs and HFs
(ANOVA with Scheffé’s post hoc tests). Values shown are the mean and SD
of 15 independent experiments.
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Expression of Fas, Bcl-2, Bcl-xL, and Bax

Fas oligomerization in dermal fibroblasts may initiate dual
signaling programs, either proliferation or apoptosis, and
the chosen outcome may depend on the magnitude of
Fas aggregation, ie, the quantity of Fas receptor expres-
sion.23 To determine whether there is any correlation
between the level of expression of Fas cell surface re-
ceptor and sensitivity to apoptosis, we analyzed the level
of cell surface Fas receptor expression by flow cytometry
but no significant differences between the groups were
observed (Figure 3a). Immunoblot analysis of the whole
cellular lysates confirmed similar levels of Fas protein
expression in the three groups (Figure 3b).

Members of the Bcl-2 family of proteins are regulators
of the apoptotic signaling, and have been shown to be
dysregulated in diverse pathological conditions associ-
ated with resistance to apoptosis.25–28 Therefore, we
checked the level of expression of the anti-apoptotic
proteins Bcl-2 and Bcl-xL and the pro-apoptotic protein
Bax by immunoblotting. No significant differences were
seen in the level of expression of Bcl-2 and Bax (Figure
3b). Expression of Bcl-xL was not detected in any of the
three groups (data not shown). Again, we analyzed the
level of expression of Bcl-2, Bax, and Bcl-xL by immuno-
blotting after apoptotic stimuli (anti-Fas antibody, stauro-

sporine) in a time-course manner (24 hours, 48 hours, 72
hours) but there were no significant differences and
Bcl-xL was not detected (data not shown).

KFs Are Refractory to Staurosporine-Induced
Apoptosis

To explore the resistance of KFs further, we treated cells
with the protein kinase inhibitor staurosporine (10 nmol/
L). We found that KFs are also least affected by stauro-
sporine toxicity (Figure 4, a and b). The mean viability of
the KF group was 88.04% and that of the NF and HF
groups were 42.1 and 20.6%, respectively, at 72 hours
(Figure 4a). Similarly, the mean percentage of cells with
nuclear condensation or fragmentation even at 72 hours
was only 11.03% in the KF group, whereas it was 38.8
and 59.3% in the NF and HF groups, respectively (Figure
4b). Interestingly, in contrast to the results of anti-Fas
treatment, we observed that HFs are more susceptible to
staurosporine toxicity than NF.

Figure 4. KFs are refractory to staurosporine-induced apoptosis. Cells were
grown in DMEM and 10% fetal bovine serum and after 24 hours they were
treated with staurosporine (10 nmol/L). Viability assay by trypan blue exclu-
sion (a), and percentage of nuclear condensation assessed by Hoechst
staining (b) at 24, 48, and 72 hours of treatment. *, P , 0.01 compared with
NFs and HFs (ANOVA with Scheffé’s post hoc tests). Values shown are mean
and SD of 15 independent experiments.

Figure 3. Expression of Fas, Bcl-2, and Bax. a: Flow cytometric analysis of
cell surface Fas expression on fibroblasts derived from normal skin (NF),
hypertrophic scar (HF), and keloid (KF). Cells were incubated with fluores-
cein isothiocyanate-conjugated goat anti-mouse IgG alone for control (open
curve) or with monoclonal anti-Fas antibody followed by incubation with
fluorescein isothiocyanate-conjugated goat anti-mouse IgG (filled curve). b:
Representative Western blots depicting expression of Fas, Bcl-2, and Bax. To
ensure equal loading, each blot was probed for the presence of actin. Here,
Fas and Bcl-2 were probed on the same membrane. N4, N7, H1, H3, K6, K7,
and K9, are each fibroblasts derived from normal skin, hypertrophic scar, and
keloid of different patients.
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Caspases-3, -8, and -9 Are Not Activated in
KFs

Several lines of evidence indicate that caspases are the
key players in the induction and progression of apopto-
sis. Caspase activation correlates with the onset of apo-
ptosis and caspase inhibition attenuates apoptosis.29–32

The expression of Fas or of Fas ligand (FasL) can regu-
late Fas-mediated apoptosis, but it has been reported
that differences in cell susceptibilities to Fas-mediated
apoptosis can also be controlled by the regulation of
signaling cascades, because not all Fas-positive cell
types undergo apoptosis similarly after stimulation of
Fas.33,34 On analyzing the activation of caspases by
immunoblotting, we observed that caspase-3 was acti-
vated in the NFs and HFs on stimulation with anti-Fas or
staurosporine, whereas it was not in the KFs (Figure 5).
Gelsolin has been identified as a substrate for caspase-3
and expression of the cleavage product in multiple cell
types caused the cells to round-up, detach from the
plate, and undergo nuclear fragmentation.35 To confirm
the activation of caspase-3, we analyzed the cleavage of
gelsolin by immunoblotting. The cleavage product of gel-
solin was clearly observed in case of NFs and HFs, which
increased in amount with the time of exposure to the
apoptotic stimulus accordingly (Figure 5). Caspase-7,
although expressed in NFs, HFs, and KFs, was not acti-
vated, either with anti-Fas or with staurosporine (data
not shown). In NFs and HFs, caspase-8 was activated
on stimulation with anti-Fas whereas it was not when
treated with staurosporine (Figure 5). However, in KFs,
caspase-8 was not activated on either stimulation with
anti-Fas or staurosporine (Figure 5). Caspase-9 was ac-
tivated in HFs when treated with both anti-Fas and stau-

rosporine but in NFs, it was activated only on stimulation
with staurosporine (Figure 5). In KFs, stimulation with
neither anti-Fas nor staurosporine caused caspase-9 ac-
tivation (Figure 5). In summary, all caspases tested were
not activated in KFs after apoptotic stimuli.

TGF-b1 Inhibits Fas-Mediated Apoptosis

Keloid fibroblasts have been shown to produce TGF-
b36–38 and there is evidence suggesting that TGF-b1 can
inhibit apoptosis in certain types of cells39–47 through
various mechanisms such as up-regulation of Bcl-xL,41

down-regulation of c-myc,42 and through the mitogen-
activated protein kinase pathway.43 To explore this, we
treated cells with TGF-b1 at a dose of 5 ng/ml or 10 ng/ml
6 hours before the apoptotic stimuli. Both the doses
significantly inhibited anti-Fas antibody-induced apopto-
sis in the NFs and HFs (Figure 6). No significant increase
in the resistance of the KFs was observed with the addi-
tion of exogenous TGF-b1 (Figure 6). On the other hand,
TGF-b1 failed to inhibit staurosporine-induced apoptosis
in NFs and HFs and addition of exogenous TGF-b1 had
no effect on the degree of resistance to staurosporine-
induced apoptosis in KF (data not shown).

Enhanced expression of TGF-b212 has been reported
in KFs and there is also evidence indicating that TGF-b2
activates proliferative scar fibroblasts.11,48 To determine
whether TGF-b2 has a similar anti-apoptotic function as
that of TGF-b1, we treated cells with TGF-b2 but no
significant inhibition of anti-Fas antibody-induced apo-
ptosis (Figure 6) and staurosporine-induced apoptosis
(data not shown) were observed. Inhibition of apoptosis
was also not observed in the case of epidermal growth
factor and platelet-derived growth factor that were used
as controls (Figure 6).

Figure 5. Caspases are not activated in KFs. After induction of apoptosis with anti-Fas or staurosporine for 24, 48, and 72 hours as described in Materials and
Methods, cells were lysed. Cell lysates (40 mg) were loaded onto 10 to 14% polyacrylamide gels and analyzed by Western blotting using monoclonal anti-caspase-3
(top), monoclonal anti-caspase-8 (second row), polyclonal anti-caspase-9 (third row), or monoclonal anti-gelsolin antibody (bottom).
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Neutralizing Antibody to TGF-b1 Abrogates the
Resistance of KFs

To determine whether TGF-b1 is essential for making KFs
resistant to apoptosis, we treated KFs with a neutralizing
antibody directed against TGF-b1. This made the KFs
significantly sensitive to both anti-Fas- and staurospo-
rine-induced apoptosis (Figure 7a). On stimulation with
anti-Fas, the percentage of apoptotic cells at 72 hours
was 9.66% in the untreated group, whereas it was
78.23% in the TGF-b1-neutralizing antibody-treated
group (Figure 7a).

Similarly, we treated KFs with an anti-TGF-b2 neutral-
izing antibody. Consistent with the finding that the addi-
tion of TGF-b2 could not inhibit anti-Fas and staurospo-
rine-induced apoptosis in HFs and NFs, neutralization of

autocrine TGF-b2 did not abrogate the resistance of KFs
(Figure 7b).

Treatment with anti-TGF-b1 antibody or anti-TGF-b2
antibody alone without anti-Fas or staurosporine did not
cause cell death. These results confirm an anti-apoptotic
role of TGF-b1 in the resistance of KFs to apoptosis.

Discussion

In normal wound healing, the scar evolves from granula-
tion tissue rich in cells and as the wound becomes epi-
thelialized, there is a sharp increase in the number of
apoptotic cells, suggesting that apoptosis is the mecha-
nism responsible for the evolution of granulation tissue
into a normal scar.18 Fibroblasts and keratinocytes both

Figure 6. TGF-b1 inhibits Fas-mediated apoptosis. Cells were treated with recombinant human TGF-b1 or recombinant human TGF-b2 at a dose of 5 and 10
ng/ml, recombinant human epidermal growth factor or recombinant human platelet-derived growth factor at a dose of 20 ng/ml 6 hours before stimulation with
anti-Fas, treated with anti-Fas only or in the absence of both (control) and the percentage of nuclear condensation analyzed by Hoechst staining. *, p , 0.01
compared with the untreated controls and the TGF-b2-, epidermal growth factor-, platelet-derived growth factor-treated groups (ANOVA with Scheffé’s post hoc
tests). Values shown are mean and SD of six independent experiments.
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come into close contact with Fas ligand-bearing lym-
phoid cells that infiltrate at the site of injury. Hence,
apoptosis during wound remodeling is possibly mediated
by Fas/FasL interaction. Here, we have demonstrated
that KFs are refractory to apoptosis. This is consistent
with the in vivo finding that keloid lesions were found to
have lower rates of apoptosis than the normal controls16

and p53 gene mutations were observed in keloid.16,17

This indicates that keloid forms as a result of an abnormal
wound-healing process with a prolonged proliferative
phase because of an apoptosis resistant phenotype
which in turn allows a state of continued production of
excessive collagen.

It has been shown that low-level Fas expression sig-
nals proliferation whereas high-level Fas expression sig-
nals apoptosis in human fibroblasts.23 Furthermore, Bcl-2
and Bcl-xL are reported to counteract apoptotic signaling
whereas Bax can generate pro-apoptotic signals.25–28

The balance between the anti- and pro-apoptotic mem-
bers of the Bcl-2 family has been shown to be involved in

the outcome of cell death or survival. However, there is
also evidence suggesting that levels of Fas and Bcl-2
family members are not necessarily the cause of biolog-
ical responsiveness49 and consistent with this, there was
no difference in the level of expression of Fas, Bcl-2, and
Bax in NFs, HFs, and KFs.

Another possible explanation for resistance to apopto-
sis is caspase inactivation.50 Fas receptor stimulation
provokes the recruitment of the adapter protein FADD
and activation of the initiator caspase-8 which in turn
activates downstream executioner caspases such as
caspase-3 and -7.51 In nonreceptor cell death, such as
those induced by staurosporine, ceramide, chemothera-
peutic agents, or DNA damage, mitochondria plays a
central role in apoptotic signaling: cytochrome c released
from mitochondria binds to APAF-1 and in the presence
of ATP or dATP, activates pro-caspase-9 which in turn
activates the executioner caspases.52,53 Consistent with
this, in NFs and HFs, caspase-8 was activated on stimu-
lation with anti-Fas but not with staurosporine and
caspase-9 was activated when stimulated with stauro-
sporine. Both anti-Fas antibody and staurosporine failed
to activate caspases in KFs. This indicates that the inhi-
bition of apoptosis seen in KFs is occurring upstream of
caspase activation.

Our data provide evidence for a pivotal role for TGF-b1
in the resistance of KFs to apoptosis. TGF-b1 and -b2
proteins were found to be at higher levels in keloid fibro-
blast cultures compared with normal human dermal fibro-
blast cultures.12 This autocrine TGF-b signaling may be
contributing to the keloid phenotype. It has been exten-
sively reported that TGF-b can stimulate the production of
excessive collagen deposited in the dermis of ke-
loids.8,10,54 Here we show that neutralization of autocrine
TGF-b1 can revert the apoptosis resistant state of KFs,
providing evidence for the first time that TGF-b1 protects
KFs from apoptosis, which can explain the prolonged
proliferative phase of wound healing seen in keloid scars.
Treatment of cells with TGF-b1 significantly inhibited anti-
Fas antibody-induced apoptosis in the NFs and HFs but
a similar effect could not be obtained in the case of
staurosporine-induced apoptosis. One possibility is that
the effect of TGF-b1 is mediated through a protein kinase
C pathway and staurosporine is a potent protein kinase C
inhibitor.55 The fact that KFs are also resistant to stauro-
sporine-induced apoptosis indicates that a higher sensi-
tivity to TGF-b1 observed in KFs is the key factor although
other protective factors besides TGF-b1 may exist.

The other pro-fibrotic TGF-b isoform involved in keloid
is TGF-b2. There are evidences regarding the role of
TGF-b2 in cell growth, proliferation and extracellular ma-
trix production but this study shows that TGF-b2 does not
contribute to the resistance of KFs to apoptosis. TGF-b
isoforms represent structurally similar, yet functionally di-
verse growth factors which can regulate different aspects
of cell behavior56 and they differ in their binding affinity
for TGF-b receptors.57

Inadequate Fas-mediated apoptosis attributed to an
exaggerated response to TGF-b1 and autocrine produc-
tion of TGF-b, leading to increased proliferation of fibro-
blasts and continued excessive production of collagen

Figure 7. Neutralizing antibody to TGF-b1 abrogates the resistance of KFs.
KFs were treated with monoclonal anti-human TGF-b1 antibody (a) or
monoclonal anti-human TGF-b2 antibody (b) alone or together with anti-Fas
or staurosporine as described in Materials and Methods and analyzed by
Hoechst staining. Control indicates cells not treated with the above men-
tioned agents. *, P , 0.01; **, P , 0.05 compared with the untreated controls
and the anti-TGF-b2 antibody-treated groups (ANOVA with Scheffé’s post
hoc tests). Values shown are mean and SD of six independent experiments.
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may be the key mechanism of keloid formation. Until now,
keloid and hypertrophic scars have been considered as
different degrees of the same pathology.58 Our data in-
dicate that KFs display a distinctive phenotype from NFs
and HFs and thus should be treated as a separate entity.
Hypertrophic scar fibroblasts probably represent a
heightened state of normal fibroblasts, as a result of
factors such as infection, wound tension, and other stim-
ulating external factors. This study opens the door to a
new therapeutic strategy and indicates that agents that
overcome blocked apoptotic signaling processes and
potentiate endogenous apoptotic signaling mechanisms
may be promising targets for the treatment of keloids.
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