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Abstract Keloids are benign skin tumors and are the
effect of a dysregulated wound-healing process in geneti-
cally predisposed patients. They are characterized by
formation of excess scar tissue beyond the boundaries of
the wound. Keloids are often confused with hypertrophic
scars because of an apparent lack of morphologic differ-
ences. The molecular distinction between scars and keloid
is still controversial and, until today, there is no appropriate
treatment yet for keloid disease. In this study, we have
found, for the first time, p53 mutations in both hypertrophic
scar and keloids fibroblasts from cultured cells to various
extents. Since p53 plays a central role in the DNA damage
response by inducing cell cycle arrest and/or apoptotic cell
death, we also set up time course experiments making cell
cultures at different times to investigate the phenomenon of
apoptosis and its involvement in the process of pathologi-
cal scarring in both hypertrophic scars and keloids. The
extent of apoptosis in this study was investigated by DNA
fragmentation and MTT assays, propidium iodide staining,
p53 expression, and subcellular distribution. Moreover, the
correlation of apoptosis and ROS levels in keloid and
hypertrophic scars fibroblasts was assessed. Understanding
the molecular mechanisms that determine the regulation of
apoptosis during wound healing might allow us to thera-
peutically modulate these pathways so that apoptotic cell
death is reactivated in dysregulated and hypertrophic cells.
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Introduction

Keloids are benign skin tumors occurring during wound
healing in genetically predisposed patients. A hypertrophic
scar looks similar to a keloid. It is estimated that keloids
occur in about 10% of people and darkly pigmented people
seem to be more prone to forming keloids. Hypertrophic
scars are more common; they do not get as big as keloids,
and may fade with time and occur in all racial groups [1-4].

Keloids and hypertrophic scars are dermal proliferative
disorders, which occur following trauma, inflammation,
surgery, burns, and sometimes spontaneously. Contrary to
the fine-line scar characteristics of normal wound repair,
the exuberant scarring of keloid and hypertrophic scars
results typically in disfigurement, contractures, pruritis, and
pain. Keloids enlarge and extend beyond the margins of the
original wound, rarely regress, and possess more fibroblasts
compared to normal skin.

Hypertrophic scars are raised, erythematous, pruritic,
fibrous lesions, which typically remain within the confines
of the original wound, usually undergo at least partial
spontaneous resolution over widely varying time courses,
and are often associated with contractures of healing
tissues.

The clinical course and physical appearance define
keloids and hypertrophic scars as separate entities; never-
theless, they are often confused because of an apparent
lack of morphological differences. However, converting
these differences into morphological or biochemical dis-
tinctions have led to a great extent of disagreement in the
literature [5].
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Keloid properties appear to be a multifaceted issue
controlled by many gene products. In a previous study [6]
we isolated ANp63 such as a keloid specific gene in spec-
imens from keloids. Previous studies support the concept of
a neoplastic and proliferative potential of aberrant Ap63
expression even in nonmalignant tumors [7-10].

In fibroblast, cell cultures from keloid ANp63 expres-
sion increased as compared to hypertrophic scar fibroblasts,
and the signal of the transcript was quite weak in normal
skin fibroblasts [11]. Moreover, the finding of ANp63 only
in keloids (localized at the nuclei) as opposed to those from
hypertrophic scar fibroblasts let this protein to appear as a
molecular marker of this benign tumor distinct from
hypertrophic scars.

In keloid fibroblasts, mutations in p53 were identified
[12, 13], which may increase cell proliferation and
decrease cell death in the dysregulated growth patterns.
However, nothing is reported about potential p53 mutations
in hyperthrophic scars fibroblasts and differential apopto-
sis mechanisms in both keloid and hyperthrophic scars
fibroblasts.

The p53 tumor suppressor is a nuclear transcription
factor, which has an ability to transactivate various
pS3-target genes implicated in the regulation of GI1 cell
cycle arrest and/or apoptosis such as p21/WAF1, MDM2,
Bax, and NOXA [14-16]. p53 mutations are detected in
more than half of all the human tumors [17, 18]. The
tumor-suppressive activity of p53 is dependent on its
sequence-specific transactivation function. Indeed, the
vast majority of p53 mutations involve exons 5 through
8, a highly conserved DNA-binding domain critical for
p53 function [19].

Under normal conditions, p53 is a short-lived protein
whose expression levels are kept extremely low. Moreover,
wild-type p53 is abnormally sequestered in the cytoplasm in
certain human tumors, including breast and colon cancers
[20, 21], although the detailed molecular mechanisms of the
cytoplasmic accumulation of wild-type p53 remain unclear.

Since p53 has been shown to play an important role in
controlling cell proliferation and apoptosis, first, both
keloid and hyperthrophic scars fibroblasts were screened
for p53 gene mutations in exons 5-8 sequence. Hence, we
set up time course experiments making cell cultures at 24,
48, 72, and 96 h to underlying differential apoptosis
markers of both keloid and hyperthrophic scars fibroblasts.
The extent of apoptosis in this study was investigated by
DNA fragmentation and MTT assays, propidium iodide
staining, p53 expression, and subcellular distribution.

Growing evidences suggest that oxidative stress result-
ing from ROS (Reactive Oxygen Species) production is
implicated in apoptosis [22, 23], and ROS have destruc-
tive actions on both DNA and proteins. Since ROS can
play a role in the induction of apoptosis, especially in
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inflammatory cells [24], we also examined the increase of
ROS generation in keloid and hypertrophic scar fibroblasts.
Materials and method

Cell cultures

Fresh tissues were obtained from skin lesions of 16 patients
with keloids and hyperthrophic scars respectively, for

establishing the primary cell cultures (Table 1). Normal
skin was obtained from healthy patients.

Table 1 Patients characteristics, location and age of the scar

Case no. Age Sex  Scar location Age of the scar
(years) (months)
Keloid groups
1 25 M Earlobe 12
2 35 M Upper arm and back 10
3 28 F Back 10
4 34 F Arm 12
5 32 M Back 12
6 29 F Back 11
7 35 M Upper leg 10
8 34 F Chest 10
9 27 M Chest 12
10 34 F Back 10
11 30 M Upper leg 12
12 35 F Back 12
13 29 F Back 10
14 33 M Chest 11
15 32 M Back 12
16 30 F Back 10
Hyperthrophic scar group
1 35 M Upper leg 12
2 28 M Back 12
3 32 F Back 10
4 34 M Chest 11
5 32 M Upper leg 12
6 26 F Arm 12
7 24 M Arm 10
8 30 F Back 10
9 30 F Chest 11
10 27 M Back 12
11 28 F Back 11
12 33 F Chest 10
13 34 F Back 12
14 33 M Neck 10
15 32 M Back 12
16 33 F Back 11
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Fibroblasts from keloids, hyperthrophic scars, and nor-
mal skin were isolated from samples following the same
method established by Lim et al. [25]. All the experiments
used cells between the second and third passage. No mor-
phological and biochemical differences were found with the
passage. Fibroblast cells were grown to confluence in
Dulbecco’s modified Eagle’s medium (DMEM) containing
10% fetal bovine serum (FBS), 10 pg/ml streptomycin, and
50 IU/ml penicillin in 5% carbon dioxide at 37°C. From the
second passage time course experiments were set up for 48,
72, and 96 h without serum starvation.

pS3 gene sequence analysis

Genomic DNA was isolated from cell cultures by pro-
teinase K digestion and spin columns using QIAamp DNA
mini kit (QIAGEN, Hilden, Germany). The quality of DNA
was checked by running DNA on 1% agarose gel and the
concentration of DNA was determined spectrophotometri-
cally at 260 nm.

pS3 exons 5-8 were amplified using Pwo Polymerase
(Roche) analyzer by direct sequencing in the set of PCR
primers of exons 5-8 of the p53 gene (Table 1). The
sequencing was done by ABI PRISM 310 Genetic Ana-
lyzer using BigDye Terminator Cycle Sequencing Kit (PE
Applied Biosystems, Foster City, CA). Experiment was
performed according to the manufacturer’s instructions.

pS53 gene analysis by DGGE assay

For control and confirmation of the p53 gene sequence
analysis, a GC-clamped DGGE assay [26, 27] of the p53
exons 5-8 was done according to Beck [28].

DNA fragmentation assay

The cells were collected and washed twice with PBS. The
cells were lysed with the digestion buffer (pH 7.4) containing
0.2% sodium dodecyl sulfate (SDS), 100 mM Tris—HCI,
0.5 mg/ml proteinase K, and 5 mM EDTA at 37°C,
overnight. After extraction of cell lysates with phenol-
chloroform (1:1) and chloroform, DNA was precipitated
with 3 M sodium acetate (pH 5.2) and absolute ethanol, and
was washed, dried, and resuspended in Tris-EDTA buffer
containing 1 pl RNase A (0.5 mg/ml; Sigma—Aldrich) at
37°C for 1 h. Approximately 15 pg DNA was loaded on a
1.5% agarose gel. After electrophoresis, the gel was visual-
ized with ethidium bromide staining under ultraviolet light.

Propidium iodide staining

Cell monolayers (5 x 10°) were rinsed with serum-free
medium and incubated with freshly prepared propidium

iodide (Sigma P4170, 50 pg/ml in PBS) for 5 min. After
rinsing with PBS, cells were fixed for 20 min in para-
formaldeide (3% in PBS). Nuclear fluorescence indicative
of chromatin condensation was revealed using confocal
laser scanning microscopical analysis. For statistical
evaluations at least 1,000 cells in randomly selected
microscopic fields were counted. The obtained results were
analyzed for significance by one-way ANOVA test and
were presented as mean £ SD.

Cell viability analysis

To assess the cell metabolic activity, the 3-[4,5-dimethyl-
thiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay
was carried out using a modified method described by Li
et al. [29]. In brief, 5 x 10* cells were seeded in each well
containing 100 pl RPMI-1640 medium supplemented with
10% fetal bovine serum in a 96-well plate. After incubation
for 48, 72, and 96 h, respectively, 50 pl MTT (Sigma—
Aldrich, St. Louis, USA) (5 mg/ml stock solution) was
added and incubated at 37°C for another 4 h. Then 0.2 ml of
DMSO was added to stop the reactions. The absorbance of
each well was determined spectrophotometrically at 490 nm
by a microplate reader (Bio-Tek, Rockville, USA).

Measurement of ROS generation

The intracellular ROS generation was measured by incu-
bating the cells in the presence of 2’,7'-dichlorodihydro-
fluorescein diacetate (DCFH-DA) (Calbiochem). DCFH-
DA is a stable, non-fluorescence molecule able to cross the
cell membranes and is hydrolyzed by intracellular esterases
to the non-fluorescent probe DCFH, that in turn is rapidly
oxidized in the presence of peroxides to the highly fluo-
rescent 2’,7'-dichlorofluorescein (DCF). Cells (3.5 x 10°/
ml) were loaded with 1 uM DCFH-DA for 30 min at 37°C
in standard medium, whose composition in mM was: NaCl
138, KClI 2.7, CaCl2 1.2, MgCI2 1.2, phosphate-buffered
saline (PBS) 10, glucose, 10, pH 7.4. After the loading
period, cells were washed twice with phosphate buffered
medium before the experiment was performed. Acquisition
data were obtained using a fluorescent sensitive camera
Cool Snap (Media Cybernetics Inc., Silver Spring, MD,
USA) and cells were evidenced by a complex software
Image-Pro Plus 4.5 (Media Cybernetics Inc.) by which
areas were examined.

RNA isolation
Total RNA of fibroblasts from keloids, hypertrophic scars,
and normal skin were extracted with High Pure RNA

Isolation Kit (Roche, Pleasanton, CA) according to the
manufacturer’s instructions. A DNase I treatment was applied
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to remove traces of contaminating DNA. RNA quality and
quantity was checked for all the samples before proceeding
to all the analysis.

Semiquantitative RT-PCR

To improve the accuracy and sensitivity of the procedure,
we performed a one-step quantitative RT-PCR, in which
the reverse transcriptase enzyme and Pwo and Tag DNA
polymerase were combined in the one tube, and a single,
noninterrupted thermal cycling program was performed.
Quantitation was achieved in a single reaction by using
the housekeeping f-actin gene as internal standard.
About 100 ng of RNA template was reverse transcribed in
50 pl reaction mix containing 200 mM deoxynucleotide
triphosphates, 100 mM dithiothreitol, 0.25 pl RNase
inhibitor, 1.5 mM magnesium chloride, and 1 pl enzyme
mix (Titan One-tube RT-PCR Kit, Roche). The solution
was incubated for 30 min at 50°C in an automated DNA
thermal cycler (GeneAmp 2400, PerkinElmer, Waltham,
MA).

To perform RT-PCR at optimal conditions, 40 cycles
were chosen (30 s at 94°C, 30 s at 57°C, 60 s at 72°C) and
were followed by a final extension for 7 min at 72°C.
f-actin primers were designed to yield PCR products of
587 bp. The forward and reverse f-actin primers were 5'-C
CAAGGCCAACCGCGAGAAGATGAC-3 and 5'-AGGG
TACATGGTGGTGCCGCCAGAC-3'; p53 gene primer
pairs were designed to amplify a 199-bp human p53
product. The forward and reverse p53 primers were
5'-CCTCACCATCATCACACTGG-3 and 5'-CTGGGGAG
AGGAGCTGGTGTTGTT-3, respectively. ANp63 gene
primer pairs were designed to yield PCR products of 200 bp.
The forward and reverse ANp63 primers were
5'CCCTTCAGTGCAACGGTCATTCAC-3' and 5'-TGCC
ATTGGCCGTTTGTGTC-3', respectively.

To rule out genomic DNA contamination, we performed
a negative control, which contained RNA instead of cDNA.
The signal intensities of PCR products were separated on a
1.2% agarose gel and were visualized by ethidium bromide
staining. The products’ signal intensities were determined
by computerized densitometric analysis using Fotoplot
software. The expression of p53 and ANp63 mRNAs was
normalized to f-actin mRNA levels.

DNA sequencing

To check the specificity of the amplified products, DNA
bands were eluted from the gel and purified; sequence
analysis was determined by the Big Dye Terminator
Cycle Sequencing method (ABI-PRISM Sequencer 310,
PerkinElmer).
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Immunoblotting

Cells were washed twice in ice-cold PBS and lysed in lysis
buffer (10 mm Tris—HCI, pH 7.5, 1 mm EDTA, 0.5% NP-
40) containing a protease inhibitor mix (Sigma Chemical
Co.) for 10 min at 4°C. Cell lysates were centrifuged at
10,000g for 10 min at 4°C to separate cytoplasmic fraction
(supernatant). Insoluble materials were washed three times
with the lysis buffer and nuclei were lysed in 1x SDS
sample buffer. The nuclear lysates were sonicated, centri-
fuged, and the supernatant was collected. The protein
concentrations were determined by the Bradford protein
assay (Bio-Rad Laboratories). The nuclear and cytoplasmic
fractions were subjected to immunoblot analysis. Fifty
micrograms of protein in Laemmli sample buffer was
boiled for 5 min, resolved by 10% SDS polyacrylamide gel
electrophoresis (SDS-PAGE), and transferred onto poly-
vinylidene fluoride (PVDF) membranes. The membranes
were then probed with polyclonal anti-p53 Ig (Santa Cruz
Biotechnology), at 1:1000 dilution following the manu-
facturer’s instructions. To normalize for sample loading
and protein transfer, the membranes were then stripped and
reprobed with antibodies at 1:2000 dilution against
monoclonal alpha-tubulin (Santa Cruz Biotechnology) and
lamin-B (Santa Cruz Biotechnology), used for the cyto-
plasmic and nuclear markers, respectively.

Protein bands were revealed by enhanced chemilumi-
nescence (Amersham Pharmacia Biotech, Milan, Italy) and
quantified by densitometry.

Statistical analysis

All the results shown are mean & SD of at least three
separate experiments, measuring each parameter by tripli-
cate (n = 3). Statistical significant differences were tested
by one way analysis of variance (ANOVA), and, when the
F value was significant, by Student-Newman-Keul’s test.
P value <0.05 (*) was considered statistically significant.
In addition, we computed Pearson correlation coefficient to
describe associations between measures.

Results

While other authors screened for p53 mutations only in
keloids, we have found in our study, for the first time, pS3
mutations in both keloids and hypertrophic scar fibroblasts
to various extents.

PCR/DGGE analysis of exons 5-8 of the p53 gene
was performed on DNA extracted from cultured fibro-
blasts from keloids and hypertrophic scar specimens using
primers showed in Table 2.
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Table 2 Primers for PCR amplification of the p53 gene (exons 5-8)

Exon Primer Oligonucleotide sequences
5 Sense 5'-CTGACTTTCAACTCTG-3'
Antisense 5'-AGCCCTGTCGTCTCT-3’
6 Sense 5'-CTCTGATTCCTCACTG-3’
Antisense 5'-CCAGAGACCCCAGTTGCAAACC-3'
7 Sense 5'-TGCTTGCCACAGGTCT-3'
Antisense 5'-ACAGCAGGCCAGTGT-3'
8 Sense 5'-AGGACCTGATTTCCTTAC-3'
Antisense 5'-TCTGAGGCATAACTGC-3

DNA sequence analysis was performed for all the
samples that showed a positive PCR/DGGE mutational
pattern. The results of the sequence analysis are listed in
the Table 3. In cultured keloids fibroblasts, mutations in
exons 5-8 of p53 gene have been studied (three cell-culture
experiments for each skin lesion were performed, n = 3).
Two mutations in exon 5 resulting in amino acid substi-
tution were found in cultured keloid fibroblasts (codon 139,
N — K, and codon 155, P — T). Frameshift mutations in
exon 6 caused by the insertion of a G or deletion of a
nucleotide A at different positions were found in keloid
fibroblasts (codon 213, D — G). Mutations in exon 7
resulting in amino acid substitution were found in both
keloid and hypertrophic scar fibroblasts (all in codon 261,
S - R).

However, all these mutations were not present in the
normal fibroblast cultures. We set up time course experi-
ments performing cell culture experiments at 24, 48, 72,
and 96 h; here, we obtained an increasing of apoptosis
markers in hyperthrophic scars fibroblasts as more time
elapsed compared to keloid and normal fibroblasts.

Cell nuclei were stained with propidium iodide (Fig. 1).
Hyperthrophic scars fibroblasts resulted in a significant
increase in a number of propidium iodide-positive cells at
72 (Fig. 1a) and 96 h (Fig. 1b), whereas fivefold decrease
in a number of cells with apoptotic nuclei was observed in
keloid fibroblasts at the same time intervals.

Similar results were also obtained in MTT assays where
cell viability in hypertrophic scars fibroblasts strongly

decreased in a time-dependent manner compared to keloid
fibroblasts (Fig. 2).

We compared the decrease of cell viability and the
increased apoptosis in hypertrophic scars fibroblasts. A sig-
nificant correlation between decreasing cell viability and
increased apoptosis (as % of propidium iodide positive
cells) was detected in hypertrophic scar fibroblasts (r =
—0.94).

Because the presence of the genomic DNA ladder has
been used extensively as a marker for apoptotic cell death,
the next step was to examine DNA fragmentation using
agarose gel electrophoresis. As shown in Fig. 3, the DNA
ladders became apparent in hyperthrophic scars fibroblasts
after 72 h and became stronger as more time elapsed.
These results were consistent with the observation of
morphological changes (Fig. 1).

As ROS can play a role in the induction of apoptosis, we
examined the ROS generation in keloid and hypertrophic
scar fibroblasts (Fig. 4).

As shown in Fig. 4 an increase in ROS generation at 72
and 96 h was detected in both keloid and hypertrophic
scars fibroblasts. A statistically significant correlation
was found between the increased ROS generation and
the apoptosis data in hypertrophic scars fibroblasts (r =
0.8870). Pretreatment of the cell with a thiol-reducing
antioxidant N-acetylcysteine (NAC) prevented ROS gen-
eration (data not shown).

Since p53 plays a critical role in apoptosis, we examined
p53 expression in hypertrophic scars and keloid fibroblasts.
We found that in hypertrophic scars fibroblasts, p53 is
more expressed compared to keloid and normal fibroblasts
at 72 and 96 h (Fig. 5).

To examine the subcellular distribution of p53 in nor-
mal, keloid, and hypertrophic scar fibroblasts cells were
biochemically fractionated into cytoplasmic and nuclear
fractions, and subjected to Western blotting with the anti-
p53 antibody. p53 was almost undetectable in each fraction
of keloid fibroblasts, whereas p53 was expressed in nuclear
fraction, though not in cytoplasm, of hypertrophic scar
fibroblasts (Fig. 6). pS3 immunoreactivity was detectable
largely only in nucleus of hypertrophic scar fibroblasts,
suggesting that p53 might lack its intact function due to

Table 3 Mutation analysis of

the p53 gene in keloid (K), Cell type p33 Mutations
hypertrophic scar (HS) Exon Codon Nucleotide Amino acid
fibroblast cell cultures

K 5 139 CAG - CTG N - K

5 155 GAA — GCA P->T

K 6 213 CC-AGACCCCAA — CAGAGACCCC-G D->G

K 7 261 TCC - AGG S - R

HS 7 261 TCC - AGG S >R
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Fig. 1 a-b Propidium iodide
staining of normal, hypertrophic
scar, and keloid fibroblasts cell
cultures in time course
experiments at 72 (panel A) and
96 h (panel B). Bar = 10 pum.
The number of propidium
iodide positive cells was
counted, and expressed as a
percentage of the total number
of cells examined (histograms).
* P < 0.05
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Fig. 2 MTT cell survival assay. Cell viability of normal, hypertro-
phic scar, and keloid fibroblasts in time course experiments at 48, 72,
and 96 h assessed by MTT assay. The histogram shows the mean
values = SD of cell survival obtained by analysis of three separate
experiments. * P < 0.05
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Fig. 3 DNA fragmentation assay of hypertrophic scar (1, 4) keloid
(2, 5), and normal fibroblasts (3, 6), in time course experiments at 72
and 96 h

mutation sequence, but not to an abnormal cellular locali-
zation. Furthermore, we assessed Ap63 mRNA expression
in hypertrophic scar and keloid fibroblasts (Fig. 7). The
results showed that Ap63 was highly expressed only in
keloid at 72 and 96 h in a time-dependent manner, but not
in hypertrophic scar and normal fibroblasts.

All together, these results showed that hypertrophic
scars fibroblasts underwent apoptosis in a time-dependent
manner though keloid fibroblasts maintained their pro-
gressive and hypertrophic nature.

Discussion

Resistance of tumor cells to apoptosis is an important
mechanism for tumor progression. The objective of the
current study has been the identification and characterization
of the different genetic alterations involved in keloid and

hypertrophic scar and their relations with apoptosis, which
play a role in the process of pathological scarring [30, 31].

Direct evidence of genetic alterations in keloids is
available in the literature [11-13]. The model of cellular
transformation and progression of keloids has its origin in
the accumulation of molecular alterations in genes like
collagenase, TNF-alpha, Fas, and p53 [32-34]. More
confused is the molecular distinction between hypertrophic
scars and keloid [5, 35]. In our study, we have performed
genetic analysis of p53 in fibroblast cell cultures from both
cellular types. To our knowledge, this is the first study to
completely characterize coding exons 5-8 of p53 in
hypertrophic scars compared to keloids and differential
apoptosis markers in time course experiments.

pS3 acts as a tumor suppressor by inducing cell cycle
arrest and/or apoptotic cell death in tumor cells. It has been
well documented that p53 mutation is found in over 50% of
all the human tumors, resulting in the loss of its pro-apop-
totic function [17, 18]. The pro-apoptotic function of p53
can be also abrogated by non-mutational mechanisms [14].

We have found here, for the first time, mutations in
exons with higher incidence of mutations (exons 5-8) of
p53 in both keloids and hypertrophic scar fibroblasts using
Polymerase chain reaction/DGGE analysis [28, 36].

The mutations detected in our research were unidentified
by other authors [12, 37, 38, 39]. Three studies have
examined mutations in fibroblasts from keloids using SSCP
as a screening tool followed by DNA sequence analysis to
confirm apparent mutations [12, 37, 38]. In the first study
[12] mutations in exons 4, 5, 6 of p53 were detected.

Liu et al. [37] found points and frameshift mutations in
the exon 4, 5, 6, 7 of p53 gene in nine out of the 12 keloid
tissue samples and no p53 gene mutation was found in
hypertrophic scar and normal skin samples. Duan et al. [38]
reported pS3 mutations in the exon 4 and exon 5 in fibro-
blasts derived from keloids and fibroblasts derived from the
surrounding skin of keloids.

In this study, in hypertrophic scar fibroblasts, we found
one mutation in exon 7 resulting in amino acid substitution
that produced a still functional p53 protein.

A significant correlation between decreasing cell via-
bility and increased apoptosis was detected in hypertrophic
scar fibroblasts. This phenomenon correlates with the
mutation in exon 7 of p53, since the mutation produced a
still functional protein which induced a delayed apoptosis
as more time elapsed. Indeed, in hypertrophic scar fibro-
blast, p53 was still expressed in nucleus (Figs. 5 and 6)
leading to a time-dependent apoptosis that explained the
better evolution of the scar.

On the other hand, keloid fibroblasts showed mutations
in exons 5, 6, and 7 (located in codons 139, 155, 213, and
261) resulting in a unfunctional protein that was underex-
pressed in the time-course experiments.
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Fig. 5 RT-PCR analysis of p53 expression of normal, keloid, and
hypertrophic scar fibroblasts cell cultures in time course experiments
at 48 (samples 1, 4, 7), 72 (samples 2, 5, 8), and 96 (samples 3, 6, 9) h.

Panel A: RT-PCR assays; the histogram (panel B) shows the mean
values = SD of p53 expression obtained by densitometric analysis of
three separate experiments. * P < 0.05

A Normal Keloid Hypertrophic B Normal Keloid Hypertrophic
fibroblasts fibroblasts scar fibroblasts fibroblasts fibroblasts scar fibroblasts
1 2 3 4 5 6 1 2 3 4 5 6
72 9% 72 9% 72 9% (h) 72 9% 72 9% 72 96 (h)
| I_p53 B P53

M <=, tubulin

Fig. 6 Nuclear localization of p53 in normal (1, 2), keloids (3, 4),
and hypertrophic scars (5, 6) fibroblasts in time course experiments at
72 and 96 h. p53 is expressed in nuclei of hypertrophic scars and
keloids fibroblasts. Normal, hypertrophic scars and keloids fibroblasts
were biochemically fractionated into cytoplasmic (a) and nuclear

Increased cell proliferation, accounting for the progres-
sive and hypertrophic nature of keloids, correlates with the
failure of apoptosis, which may play a role in the process of
pathological scarring.
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(b) fractions as described under Experimental procedures. Equal
amounts of cytoplasmic and nuclear extracts were subjected to
Western blotting with the anti-p53. alpha-tubulin and lamin B were
used for the cytoplasmic and nuclear markers, respectively

The mutations in exons 5, 6, and 7 in keloids fibroblasts
can be considered of prognostic relevance. Indeed, some
authors have suggested that mutations affecting the regions
important for the function of p53 protein could present
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Fig. 7 RT-PCR analysis of ANp63 expression of normal, keloid, and
hypertrophic scar fibroblasts cell cultures in time course experiments
at 48 (samples 1, 4, 7), 72 (samples 2, 5, 8), and 96 (samples 3, 6, 9) h.

higher prognostic relevance [19]. They also have stated that
different mutations in p53 are associated with different
effects in patient evolution.

Our results strongly suggest that p53 mutation status is
critical for p53 activation; the lack of p53 function is not
due to an abnormal cytoplasmic localization as reported for
certain human tumors [20, 21], since in keloid and hyper-
trophic scar fibroblasts, p53 localization is exclusively
nuclear.

A number of conclusions can be reached based on these
data. First, the results of prior studies suggested that there
is an increased percentage of p53 mutations in keloids. It is
likely that the differences come from the studied popula-
tion in itself; the detected frequency of mutation will
depend on the characteristics and the origin of the group of
patients studied.

Second, identical mutations in exon 7 in both keloids
and scars found in our research, supporting a precursor—
product relationship between keloid and scars consistent
with a clonal relationship between keloids and scars. Our
results suggest that sequence alteration is relevant to p53
function. This indicates a possible mechanism of p53 un-
derexpression that is related to mutations in the coding
sequence.

p53 downregulation together with the increased ANp63
expression in keloids fibroblasts opposed to what we found
in hypertrophic scar fibroblasts could explain the aberrant
growth. The most well-known function of ANp63 is the
inhibition of transcriptional activation on p53, TAp63, and
p73; it is possible to hypothesize a mechanism where
ANp63 works as a dominant-negative protein upon p53
preventing the latter from activating its target genes in
apoptosis process [40]. Our data suggest that p53 under-
expression, due to the sequence mutations, in concert with
ANp63 activation is central in the mechanism involved in
keloid proliferation. Suppression of apoptosis might con-
tribute to keloid development by means of accumulation of
continuously proliferating cells whereas the disruption or
elimination of genetically altered cells might decrease
tumor potential.
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Panel A: RT-PCR assays; the histogram (panel B) shows the mean
values &+ SD of ANp63 expression obtained by densitometric analysis
of three separate experiments. * P < 0.05
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It is well known that p53 is a transcription factor which
can be activated through DNA damage [41] and induce
apoptosis through both extrinsic and intrinsic pathways
[42-45].

The open question is how apoptosis can be triggered in
hypertrophic scar and keloids. Apoptosis is a multifaceted
process, in which different molecular mechanisms are
involved. Results from Fig. 4 show that both cellular types
indicate an intracellular oxidation that peaked at 72 h.
There is growing evidence that reactive oxygen species
(ROS) are important for the induction of apoptosis [24].
ROS can damage DNA and proteins, leading to the pro-
duction of ROS-mediated modified products whereas
catalase and high intracellular glutathione levels can also
oppose the apoptosis triggered by ROS [46—49].

Since in hypertrophic scar fibroblasts we found a sig-
nificant correlation between ROS generation and apoptosis
data, we might hypothesize that ROS could be an upstream
mediator for p53 activation in both keloids and hypertro-
phic scar fibroblasts, leading to pS3 activation that failed
in keloids due to p53 mutations together with Ap63
overexpression.

In conclusion, the results of our research point out to
interesting different pathways in keloids and hypertrophic
scars apoptosis that will be also useful in future researches.
Further studies regarding the mechanisms concerning
hypertrophic scars and keloids apoptosis in vitro and in
vivo are therefore of interest. The understanding of the
mechanisms by which keloids, in contrast to hypertrophic
scars, escape from apoptosis would be beneficial in the
design and the development of novel therapeutic strategies
that warrant further investigations.
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