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Background: Keloids are benign, fibroproliferative lesions that represent ab-
normal healing resulting in excessive fibrosis. They are composed of mainly
type III (early) or type I (late) collagen. Some of the symptoms include pru-
ritus, tenderness, and pain. Often, they are very difficult to treat and prevent
from recurrence. In contrast to hypertrophic scars, keloids extend beyond the
margin of the wound.
The Problem: There is very limited evidence on the best wound management
for minimizing scarring. Multiple available therapeutic modalities have been
used for the treatment of keloids; however, high-recurrence rates continue to
be reported. Unsuccessful treatment of keloids leads to psychological impact
on the patients and increased economic burden.
Basic/Clinical Science Advances: Currently, there are biological and antineo-
plastic agents that can potentially treat and prevent excessive scar formation.
Some of them have been used as "off label" therapies, and others are still in the
experimental phase such as interferon alpha (IFN-a), imiquimod, and trans-
forming growth factor beta1 (TGF-b1). The use of IFN-a2b showed 18% re-
currence rate when applied to postsurgical excised keloids. Imiquimod 5% can
lower recurrence rate on postshaved keloids to 37.5% at 6-month and to 0% at
a 12-month follow-up period. TGF-b1 oligonucleotides have shown effective
and long-lasting inhibition of TGF-b-mediated scarring in vitro as well as in
animal models. Daily injections of neutralizing antibodies against TGF-b1 and
-b2 have shown successful reductions in scarring.
Conclusion: Latest discoveries in the use of novel agents suggest therapeutic
alternatives for the prevention of recurrences of hypertrophic scars and
postexcision keloid lesions.

BACKGROUND
Wound healing is accomplished

through different phases: hemosta-
sis, inflammation, proliferation, and
remodeling. For a wound to heal ef-
fectively, all phases should occur
properly and in the right sequence.
Scarring is considered abnormal when
fibrosis is excessive or suboptimal.
Although the precise pathogenesis of
keloid formation is unclear, fibroblast
proliferation and collagen synthesis
are markedly increased. Keloid fibro-
blasts (KFs) have shown failure to

undergo apoptosis, and, therefore,
continue to produce connective tissue
beyond the period expected for normal
scars. Over expression of growth fac-
tors, such as transforming growth
factor beta (TGF-b), vascular endo-
thelial growth factor, and connective
tissue growth factor, may also play a
role in keloid formation. TGF-b is a
regulator of fibroblast proliferation
and collagen synthesis. As supposed to
normal scarring, keloids show over-
production and inadequate regulation
of TGF-b activity.
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Abbreviations
and Acronyms

cDNA = complementary DNA

ECM = extracellular matrix

IFN = interferon

IL = interleukin

KFs = keloid fibroblasts

MMP1 = matrix
metalloproteinase 1

mRNA = messenger RNA

RSTLs = relaxed skin tension
lines

SIP1 = SMAD interacting
protein 1

TGF-b = transforming growth
factor beta

TGF-bRI-bRII = transnmembrane
receptor type I and 2

TLR7 and TLR8 = toll-like
receptors 7 and 8

TNF-a = tumor necrosis factor
alpha
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Keloids are more frequent in certain ethnic
populations with incidence rates as high as 15–20%
in the black population. Although they can occur
in all skin types, there are no reports of keloid
scarring in albinos. Reports have shown various
modes of inheritance, thus suggesting that multi-
ple genetic factors influence keloid formation.
The location, size, and depth of the lesion; the age of
the patient; and the previous response to treat-
ment determine the best strategy to manage this
condition.

CLINICAL PROBLEM ADDRESSED

Keloids are important dermatologic entities that
can cause significant physical, esthetic, psycho-
logical, and social consequences to patients, and
may be associated with substantial emotional and
financial costs. In addition to symptoms such as
tenderness, pain, and burning, keloids may lead to
sleep disturbances, anxiety, depression, and dis-
ruption of daily activities. In addition, the cosmetic
defect can progress to generate contractures and
can moreover produce severe deformities and
functional impairment that negatively impact the
patient’s quality of life.

Hypertrophic scars and keloids have shown
some response to therapies such as radia-
tion, cryotherapy, intralesional corticosteroids, 5-
fluorouracil, topical silicone, occlusion dressings,
and pulsed-dye lazer. Surgical excision frequently
results in recurrence unless adjunct therapies are
applied. Currently, there is no single therapeutic

modality considered entirely safe and effective for
the treatment of this condition. The development of
successful targeted therapeutic modalities is,
therefore, a challenge to the experts in this field.
Physicians constantly face with patient’s unreal-
istic expectations. Clinical judgment is required
when considering treatment; balancing the poten-
tial benefits against the possibility of a poor re-
sponse or even potential iatrogenic complications.
The evidence base for the use of many current
treatments is limited, and some may have only
placebo benefit.1

RELEVANT BASIC SCIENCE CONTEXT

Keloids result from derangement of dermal
wound repair leading to accumulation of extracel-
lular matrix (ECM) and ultimately to excessive
scar formation.2 TGF-b is a cytokine implicated
in the pathogenesis of keloids. It is produced and
released by platelets, fibroblasts, endothelial, epi-
thelial, and inflammatory cells such as macro-
phages and lymphocytes after skin injury and
participates in the regulatory process of cell pro-
liferation and tissue repair.3 Evidence indicates
that TGF-b isoforms 1 and 2 promote collagen
synthesis and scar formation. messenger RNA
(mRNA) expression of these isoforms is higher in
KFs. In contrast, isoform 3 is involved in scar pre-
vention with its mRNA expression being lower in
KFs.4–7 TGF-b1 is considered the key mediator of
keloid pathogenesis, exerting its biological effect by
interacting with the transnmembrane receptors
type I and II (TGF-bRI and -bRII).

Keloids have also shown low levels of the in-
mmune-response modifiers, interferon alpha and
gamma (IFN-a, IFN-c). IFN-c up regulates the pro-
apoptotic gen p53 in epidermal cells, thus reducing
collagen type I mRNA and leading toward termi-
nation of the repair process.8 IFN-a2b achieves its
antifibrotic properties by normalizing collagen,
glycosaminoglicans, and collagenase synthesis and
activity.9

Imiquimod is an agonist of the toll-like recep-
tors 7 and 8 (TLR7, TLR8) commonly involved
in pathogen recognition. Cells activated by imi-
quimod secrete proinflammatory cytokines, espe-
cially IFN-a, interleukin 6 (IL-6), and tumor
necrosis factor alpha (TNF-a). When topically ap-
plied, this results in antifibrotic and pro-apoptotic
effects.

Recent evidence reveal that imiquimod 5%
cream increases apoptotic gene expression in non-
excised keloids and reduces keloids recurrence by
30%–70%.10,11
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EXPERIMENTAL MODEL
OR MATERIAL: ADVANTAGES
AND LIMITATIONS

To evaluate the effect of the annulment of TGF-
b1 on its isoforms and receptors, samples of keloids
were obtained during reconstructive surgery (four
after otoplasty and one after tympanoplasty), and
control specimens were obtained from adjacent
normal skin. After culturing keloid-derived and
normal fibroblasts, immunohistochemistry for
TGF-b1-b3 and TGF-bRI-bRII was performed.
Olidodeoxynucleotides were synthesized, and the
antisense was directed against the translation
start site of TGF-b1 complementary DNA (cDNA).
The isoforms’ concentrations were obtained by
enzyme-linked immune absorbent assay. RNA was
isolated and reversed into cDNA. mRNA from TGF-
b isoforms and receptors was measured in all cells
by using polymerase chain reaction.

The advantage of this experimental method in-
clude convenient sample recollection during an
elective surgical removal of keloids without creat-
ing a new biopsy site.

Limitations include heterogeneous resections of
keloid samples leading to different maturity and
clinical stages of the keloids that could have an
influence on the reliability of the results.12

In the imiquimod study, 20 shaved keloids of
various sizes and from different anatomic areas were
administered imiquimod 5% cream versus vehicle
and occluded nightly for 2 weeks and then triweekly
for 1 month. Limitations include small sample size,
self-application of the cream, optional treatment rest
periods due to intolerance, the subjective nature of
self-assessment of tolerance, the difference in initial
size and anatomical locations of the keloids, and the
high rate of loss of follow-up. All these aspects may
contribute to increased variability of the results.

DISCUSSION OF FINDINGS
AND RELEVANT LITERATURE

A unique oversensitivity of KFs to TGF-b with an
exaggerated response to this cytokine has been
demonstrated by researchers.13,14 As mentioned
earlier, the expression of TGF-b1 and -b2 (profi-
brotic) is higher in KFs, whereas TGF-b3 expression
(antifibrotic) is significantly lower in KFs. These
alterations in expression manifest as uncontrolled
fibrotic reaction and keloid formation. In support of
this theory, the use of a TGF-b1 and -b2 neutralizing
antibody or the exogenous addition of the TGF-b3
peptide has demonstrated reduction of scarring and
normalization of the newly formed dermis.15 Keloids
have increased TGF-bRI and significantly decreased

TGF-bRII mRNA expression.7 These findings sug-
gest two methods to decrease TGF-b transduction
and consequent keloid scar formation. The first is to
reduce the activity of TGF-b, and the second is to
increase the expression of TGF-bR2. Our target ar-
ticle focuses on the first strategy, through the ap-
plication of antisense oligonucleotides to block the
effect of TGF-b1. The results showed significant re-
duction in the expression of TGF-b1 and b2, increase
in TGF-bRII expression, and up-regulation of
TGF-b3; these results are consistent with an anti-
fibroproliferative effect. They also support the
hypothesis of the possible therapeutic potential of
TGF-b-oriented antisense therapy.12

Imiquimod can be used as an adjunctive treat-
ment to surgically removed keloids, thus reducing
the recurrence rate, which has been reported to be
45%–100% with excision alone, and 30%–70% with
excision plus intralesional steroids (Fig. 1).16,17 In
the imiquimod-related target article, at 2 weeks of
treatment, tenderness and pain were significantly
higher in the imiquimod group versus the control
group. However, imiquimod was considered overall
well tolerated. Pruritus showed no significant dif-
ference. The recurrence rate resulted in 37.5% in
the treated group versus 75% in the vehicle group.
Although this difference was not statistically sig-
nificant most likely due to the small sample size,
short follow-up period, and poor patient compli-
ance, interestingly the recurrence rate in the
treated group was lower than in the group reported
with excision alone.12 The efficacy of this therapy is
still very controversial. In two similar studies, the
use of imiquimod in postsurgical keloids rendered
0% recurrence18 but other case series provided low
evidence for efficacy.16,19 Cacao et al.20 treated nine
patients with a postsurgical keloid scar with daily
application of imiquimod 5% cream for 8 weeks.
Keloid recurrence occurred in eight patients (89%).
Alternatively, Prado et al. demonstrated that imi-
quimod therapy improved scar quality and color
match after excision21 and in an own series of pa-
tients with keloid disease at various locations, long-
term application of imiquimod 5% cream for more
than a year was able to prevent keloid regrowth.
Imiquimod proved to be relatively safe for use.22

The use of TNF-a antagonists for the treatment
of keloids is based on the rationale that at low
concentrations, TNF-a promotes inflammation and
fibrosis and inhibits collagen and glycosaminogly-
can breakdown. These effects may be reduced by
the use of intralesional etanercept.12 Berman et al.
evaluated the tolerability and efficacy of monthly
etanercept 25 mg/mL compared with triamcinolone
acetonide 20 mg/mL for the intralesional treatment
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of 20 keloids during 2 months. However, no sig-
nificant difference between treatments was found,
and both were safe and well tolerated.23

As mentioned earlier, keloids are depleted of
IFN, which induces apoptosis in keratinocytes and
reduces collagen type I mRNA in KFs.8 IFN-a2b
has shown to improve scar quality as a result of the
suppression of fibroblast function and reduced
collagen synthesis.24,25

Other immuneno-modulators include IL-10,
which is thought to reduce levels of proin-
flammatory mediators and promote a favorable
environment for scarless healing. Recombinant IL-
10 perioperatively administered to 1,400 wounds
was found to significantly improve scar appearance
at 1 year compared with standard of care.26

Tacrolimus is a potential useful immunomodu-
lator in the treatment of keloids.27 It inhibits glio-
ma-associated oncogene homolog 1 expression in
wounded skin.13 In a pilot study, topically applied
tacrolimus 0.1% ointment twice daily improved
keloids symptoms, although no statistical signifi-
cance was achieved.28

INNOVATION

Recent studies indicate that keloids treated with
TGF-b1 show up-regulation of transcription factor
SMAD and reduction of SMAD interacting protein

1 (SIP1). The SIP1 level inversely correlates with
type I collagen and directly correlates with matrix
metalloproteinase 1 (MMP1) level. Over expres-
sion of SIP1 in keloids represses collagen and in-
duces MMP1 expression. These findings suggest
that SIP1 may be a regulator of skin fibrosis.29

Integrins (proteins controlling cellular matrix
communication) were found highly expressed
in KF. However, after incubation with TGF-b1-
antisense, these proteins were reduced, concluding
that integrin expression is directly modulated by
TGF-b1.30

Antineoplastic agents such as IFN-a2b, IFN-c,
mitomycin-C, bleomycin, and 5-fluorouracil appear
to markedly reduce pathologic scars and improve
rates of recurrence and patient satisfaction. There
is mounting evidence that these drugs used alone
or in combination can be successful in treating
hypertrophic scars and keloids.31

More recently, researchers have discovered that
treatment with IFN-a2b may be associated with a
decreased number of fibrocytes and angiogenesis.24

Fetal dermal wound healing is characterized by
minimal inflammationand scarless repair and as-
sociated to decreased IL-6 and IL-8. IL-10 is an
anti-inflammatory cytokine that decreases pro-
duction of IL-6 and IL-8. Therefore, it is hypothe-
sized that IL-10 seems to be a promising treatment
to achieve scarless wound repair.32

Figure 1. Imiquimod’s immune modification: cascade of effects.
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CAUTION, CRITICAL REMARKS,
AND RECOMMENDATIONS

Prevention is the best way to avoid the
development of cosmetically unaccept-
able scars. Adequate preoperatory plan-
ning is essential. Techniques such as
hiding incisions in natural orifices, be-
hind anatomical prominences, or in the
hairline; placing incisions between two
facial esthetic units, or in the relaxed skin
tension lines (RSTLs) are very useful al-
ternatives. Incisions following the plane
of the RSTLs tend to heal better than
perpendicular incisions to the RSTLs.
Clean wounds tend to heal better than
infected wounds or under immunocom-
promised states.16,18–20

The key in keloid therapy is to avoid
performing elective or cosmetic surgeries
in patients with a previous history of ke-
loids. However, the overall risk is lower
among patients of light skin color and on
those who have solitary earlobe lesions.
The best surgical outcomes are seen with
excellent wound edge closure, combining
minimal tension with maximal eversion,
ensuring incisions are made along skin
creases and/or RSTLs, and avoiding
crossing of joint spaces. Mid-chest inci-
sions should be avoided, as they are one of
the body areas under more stretching
forces. Surgical wounds should be dres-
sed with minimal tension.

FUTURE DEVELOPMENT
OF INTEREST

Comprehension of the molecular
mechanisms behind keloid disease has
led to the development of new promising
therapies such as recombinant TGF-b3,
which has shown improvement in subse-
quent scar appearance in rat wounds.15

Imatinib mesylate is a tyrosine kinase
inhibitor that blocks non-SMAD signal
transduction downstream of TGF-b.34 Distler
et al. showed that imatinib mesylate reduced col-
lagen synthesis in systemic sclerosis and inhibited
the induction of ECM proteins after stimulation
with TGF-b. The results suggest that imatinib
mesylate has potent antifibrotic effects and is a
potential candidate for the treatment of fibrotic
diseases such as keloids.35

The absence of IL-10 leads to enhancement
of inflammatory cytokine cascade, stimulation of

fibroblasts, and abnormal collagen deposition,
thus resulting in scar formation. Human recombi-
nant IL-10 may be a promising treatment for
keloids.

Intradermal tacrolimus has demonstrated to
be a potential, efficient, and well-tolerated treat-
ment to prevent scar hypertrophy in a preclinical
model. Further investigations are required to pro-
pose this new treatment for the management of
keloids.36

TAKE-HOME MESSAGE
Basic science advances

TGF-b1 is a key mediator of keloid pathogenesis, exerting its biological
effect by interaction with its receptors TGF-bRI and -bRII. TGF-b1 and -b2 are
increased in KFs and have pro-fibrotic activities that promote collagen synthesis
and scar formation. Conversely, isoform 3 is decreased in KFs and is involved in
scar prevention. Keloids show increased expression of receptor I and signifi-
cantly decreased expression of receptor II. Blockage of TGF-b1 results in sig-
nificant reduction in TGF-b1 and -b2 and increase in TGF-bRII, which is
consistent with an antifibroproliferative effect and correlates with prevention of
keloid formation.

Keloids also show depletion of IFN-c, which up regulates the pro-apoptotic
gen p53 in epidermal cells, thus reducing collagen type I mRNA and leading
toward termination of the repair process; therefore, low levels of IFN-c lead to
abnormal scarring. IFN-a2b has antifibrotic effects by normalizing collagen and
glycosaminoglicans synthesis, and collagenase activity.9

Imiquimod activates immune cells through TLRs to secrete proinflammatory
cytokines (IFN-a, IL-6, and TNF-a), thus resulting in antifibrotic and pro-apoptotic
effects.33

Clinical science advances
Treatment of keloids has transitioned from invasive methods including gross

excision and radiation to intralesional and topical therapies that act at a cellular
level. Keloids are challenging to treat and especially to prevent from recurring.
Some biological agents potentially prevent formation and recurrence of keloid
formation, such as IFN-a, imiquimod, and TGF-b. Other treatment modalities
have been reported to obtain mixed results including tacrolimus, IL-10,
mitomycin-C, bleomycin, 5-fluorouracil, and etanercept among other agents.
These drugs, used alone or in combination therapy, have the potential to play an
important role on the treatment of hypertrophic scars and keloids.

Relevance to clinical care
Targeting therapy at aberrant collagen proliferation through the under-

standing of the cytokines’ function, the discovery of the therapeutic potential of
imiquimod, other biological agents, and TGF-b-oriented antisense therapy could
lead to development of clinically useful therapeutic modalities for treatment of
keloid disease.

Understanding the TGF-b pathway, how to decrease both profibrotic iso-
forms, and increase the antifibrotic isoform could be crucial in accomplishing
control of the fibrotic process underlying keloids. Moreover, reducing keloid
activity and its concomitant symptoms will significantly reduce the concurrent
psychological effects that usually accompany this condition and increase quality
of life. Nevertheless, new strategies need to be identified and developed to
successfully treat and prevent the formation of keloids as well as decrease the
recurrence rate.12
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