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Hypertrophic Response and Keloid Diathesis:
Two Very Different Forms of Scar

Andrew Burd, M.D., and Lin Huang, M.B.B.S., Ph.D.
Shatin, Hong Kong

Learning Objectives: After studying this article, the participant should be able to: 1. Have a greater appreciation of the
extent of differences and similarities between keloid and hypertrophic scarring. 2. Have a greater appreciation of the
significance of the stage of maturation of a keloid or hypertrophic scar with regard to its morphologic, biochemical, and
molecular profile. 3. More critically review basic science research that is based on poorly characterized scar tissue. 4. More
critically review clinical studies that are based on poorly characterized scar tissue.

Background: Hypertrophic and Kkeloid
scars remain extremely challenging, partic-
ularly in their variable response to treat-
ment. The understanding of hypertrophic
and keloid scarring is evolving from a po-
sition where they were regarded as differ-
ent stages of the same process to the con-
temporary perspective of two separate
entities. This article reviews the differences
in the two forms of scarring and discusses
the implications for future research.
Methods: The authors conducted a MED-
LINE search of all English language reviews
linking key words “hypertrophic,” “keloid,”
and “scarring.”

Results: Over the past four decades,
there has been considerable clinical and
experimental research looking at the bi-
ological nature and therapeutic response
of keloid and hypertrophic scarring. As
more differences are emerging regarding
the fundamental biology of the scars, in-
vestigators are giving more detailed char-
acterization of their source material. It is
evident that even within the broad cate-
gories of hypertrophic and keloid scar-
ring there is a heterogenous distribution
of pathologic con-nective tissue matrix
biology.

Conclusion: Considerable advances have
been made in our understanding of the
fundamental biology of scarring. As re-
search methodology becomes even more
sophisticated, it will be even more crucial
to extensively characterize source mate-
rial, recognizing major differences not
only between keloid and hypertrophic
scar but also between scars of varying
stages of maturation and histomorphologi-
cal, biochemical, and molecular variations
within individual scars. (Plast. Reconstr. Surg.
116: 150e, 2005.)

After a dermal injury, a cascade of events is
initiated that results in the deposition of a
collagen-rich repair matrix. Over a period of
several months, this matrix accumulates and in
a normal scar is seen clinically as tissue that
increases in height, firmness, and redness (vas-
cularity). The scar then stabilizes for a variable
length of time, typically 6 to 9 months, before
it begins to flatten, soften, and become paler.
This is the phase of maturation. The mature
scar will never return to the high degree of
organization of normal dermal architecture.
Hypertrophic scarring is rather different. In
this case, after an initiating injury, the wound-
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healing process begins as with normal scarring,
but the accumulation of repair matrix follows a
more protracted course, with increasing mor-
phologic and biochemical abnormality. Al-
though the hypertrophic scar follows the same
cycle as the normal scar, the time course is
considerably prolonged and the adverse effects
of the scar on form and function, particularly
caused by contraction, are significantly worse
than those of normal scars. Keloid scarring
does not follow the same pattern of evolution,
stabilization, and involution of the normal or
hypertrophic scar. It may develop directly after
an initiating event or some years later, arising
from a mature scar. Keloids also can occur as
spontaneous lesions. Figure 1 is a diagram-
matic representation of qualitative differences
among these three forms of scarring. This re-
view considers our growing understanding of
the differences between hypertrophic and ke-
loid scars and discusses the implication of these
differences in treatment and future research.

LITERATURE REVIEWS

A MEDLINE search to access published re-
views in the English language that relate the
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ring” indicated 22 such articles published from
1966 to June of 2004. The first of these articles
was published in the African Journal of Medicine
and Medical Sciences in 1976.! In the abstract,
the author observes that “There is abundant
evidence in the literature that keloids and hy-
pertrophic scars are different stages of the
same process.” Rockwell et al. 2 and Muir * were
more explicitly looking at the differences. Mc-
Grouther suggested however that “further at-
tempts to achieve a clinical distinction between
hypertrophic and keloid scars seem pointless.”
This did not stop the reviews, however, and the
most comprehensive to date appeared in 1999,
with Niessen et al. citing 363 references.’
There have been a number of reviews that have
focused on management®-® and recently, after
an extensive review of published evidence, an
International Advisory Panel on Scar Manage-
ment published their recommendations on the
treatment of hypertrophic scars and keloids.?
One recurring problem is the lack of precise
characterization of the nature of the scar being
treated and the interchangeability of the terms
hypertrophic and keloid is well illustrated in
Alster’s article in the Lancet titled “Treatment

key words “keloid,” “hypertrophic,” and “scar- of Keloid Sternotomy Scars...,” which then
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Fic. 1. Normal and hypertrophic scars are similar in terms of their “cycle” of matrix proliferation, stabilization,
and maturation. Not all hypertrophic scars will mature to the same degree as a normal scar. Keloid scars rarely
“mature,” but there are gross morphologic differences between mild and severe keloids. The diagrammatic
representations of the hypertrophic and keloid scars demonstrate the different arrangement of cells and matrix
in the two forms of scarring together with opposing biological behavior (see text).
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proceeds to describe the treatment of hyper-
trophic scars with the pulsed-dye laser.!” The
multiplicity of treatments and their uniform
lack of success in reliably and predictably treat-
ing scars does suggest a differences between
keloid and hypertrophic scars but also a signif-
icant heterogeneity within each category of
scar.

DIFFERENCES

Clinical

Table I shows the typical distinction between
hypertrophic and keloid scars based on clinical
features.

Biological

Extracellular matrix. In clinical practice, many
regard the histopathologist as the final arbiter of
diagnosis. This is not the case in scar pathology
and indeed the problem illustrated in the histo-
logic analysis of scar tissue illustrates the fun-
damental flaws in much of the published sci-
entific research into the nature of hypertrophic
and keloid scarring. Gertrude Stein’s observa-
tion on roses does not apply to scars. Scars
change with time, but at a point in time, the
matrix morphology and cellular function will
vary within the scar. Thus, the major problem is
sampling and precise characterization of the
cell or tissue source. Blackburn and Cosman!!
in their classic article described the difficulty of
differentiating between keloid and hypertro-
phic scarring in the early stages. Later, however,
the keloid shows thick, glossy, pale-staining col-
lagen bundles with abundant “mucinous
ground substance,” few fibroblasts, and no for-
eign body reaction in contrasts to hypertrophic
scar. Kischer and Brody'? stated that the colla-
gen nodule was a defining structural unit of all
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hypertrophic and keloid scars thatis rich in cells
and contains highly organized collagen fibrils.
They acknowledge that there are changes as
scars mature and suggest that the major histo-
logic difference is the persistence of broad, dull,
pink bundles of collagen in keloid scar that are
not present in hypertrophic scar. Ehrlich etal.”?
add to the confusion by describing the keloid
scar as being characterized by large, thick col-
lagen fibers containing numerous (immature)
fibrils closely packed together, in contrast to
hypertrophic scars, which exhibit nodular struc-
tures in which “fibroblastic cells, small vessels
and fine, randomly organized collagen fibres
are present.” Further studies have looked at
evidence of apoptosis in the keloid and hyper-
trophic scar (see below), and the overall picture
is of two scar types that begin with a similar
morphology, with the hypertrophic scar phas-
ing through a proliferative to stable state with
collagen that is increasingly organized to form
bundles parallel with the dermis. In contrast,
the keloid scar develops a dense acellular core
of collagen with a surrounding concentration of
hyperproliferating fibroblasts. The “acellular”
core contains thick bands of immature collagen
that are poorly vascularized and contain no lym-
phatics or elastin.

The noncollagenous matrix of keloid scars is
different from that of hypertrophic scars. Ber-
theim and Hellstrom' described the distribution
of hyaluronan in mature scar and hypertrophic
and keloid lesions. In mature scar, there was a
layer of hyaluronan in the papillary dermis. In
hypertrophic scar, hyaluronan was again found
in the papillary dermis but in a very thin layer. In
keloid tissue, the hyaluronan resembled the bulg-
ing reticular dermis. In addition, the keloid epi-
dermis contained more hyaluronan. Hyaluronan
is a major component of the early scar, but dur-

TABLE 1

Typical Distinction between Hypertrophic and Keloid Scars Based on Clinical Features

Hypertrophic Scar

Keloid Scar

Overall incidence More common

Association with race No
Always preceded by injury Yes
Anatomical association No

Extent of growth

Resolves spontaneously
Recurs after surgery No
Associated with contracture Yes

Confined to area of original injury
Most will eventually resolve

Less common

Increasing association with increasing
racially determined pigmentation

No

Can occur anywhere but areas
particularly prone are earlobes, deltoid
region, and presternal region

Extends into surrounding tissue

No

Yes

No

*These are subjective and reports are variable (see text).
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ing the remodeling process, it is replaced by the
sulfated proteoglycans, decorin, biglycan, and
versican. Fibroblasts cultured from hypertrophic
scar tissue showed a reduced capacity to synthe-
size decorin,"” and hypertrophic scar tissue has
been shown to have decreased decorin levels.'®
Decorin interacts with collagen by means of its
core protein and influences collagen fibrillogen-
esis, resulting in thinner fibrils. It also interacts
with various cytokines including transforming
growth factor-B1. As hypertrophic scars begin to
mature, decorin levels begin to rise.!” In contrast,
in keloid tissue, the decorin expression remained
unaltered compared with normal skin.'® Versican
and biglycan levels are both higher in immature
hypertrophic scar compared with normal skin or
mature scar.'? Biglycan is also increased in keloid
tissue, particularly in relation to nodular
formations.” A recent report has indicated dif-
ferences in the distribution of components of the
elastic system (fibrillin-1 and elastin). Fibrillin-1
volume density was significantly higher in normal
tissue compared with scar tissue and showed no
difference between hypertrophic or keloid scar.
In the lower levels of the dermis, elastin levels in
keloid tissue were higher than in normal skin or
hypertrophic scar.?’

Microcirculation. Hypertrophic scars and ke-
loid both have an increased microcirculation
compared with normal skin and mature scar
tissue. Clinically, active lesions are firm and er-
ythematous. In a study looking at blood flow in
hypertrophic scars subjected to temperature
changes using a laser Doppler flow meter, it was
concluded that maturation of the scar was re-
lated to microvascular regeneration.?! Kischer,
reporting on a microscopic evaluation of scar
tissue, proposed that the genesis of both hy-
pertrophic and keloid scar was hypoxia re-
lated to microvascular occlusion from an ex-
cess of endothelial cells.? This hypothesis
fails to explain the spontaneous maturation of
the hypertrophic scar. A possible explanation
is that vascular endothelial growth factor
(VEGF) is expressed at higher levels in keloid
tissue, thus perpetuating the drive for endo-
thelial cell production.?® The profiles of
VEGF levels in maturing hypertrophic scar
have not been established.

Cell biology. The predominant cell of scar tis-
sue is the fibroblast, which is responsible for
producing collagens and other extracellular
matrix components, and also for producing en-
zymes involved in the remodeling process. Con-
siderable attention has focused on the cellular
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aspects of abnormal scarring, particularly with
regard to gene expression and cell-matrix in-
teractions. Cell surface adhesion molecules, in-
tegrins influence the cell-matrix interactions,
and integrin expression is influenced by cyto-
kines such as transforming growth factor-beta.
The remodeling of the matrix is a function of
proteolytic degradation and plasmin activa-
tor—plasmin and matrix metalloproteinases
are two major groups of extracellular matrix
degrading enzymes.

As the understanding of the biological com-
plexity of wound healing expands, so does the
appreciation that the epidermis plays a very
important role in the quantity and quality of
dermal repair. The paracrine function of ker-
atinocytes has come under increasing
scrutiny.?* Platelet-derived growth factor,
VEGF, heparin-binding epidermal growth fac-
tor, granulocyte-macrophage colony-stimulat-
ing factor, and transforming growth factor
(TGF)-B are all involved in the modulating of
diverse cell functions and the production of
the extracellular matrix. Antigenic cytokines
are also involved in the formation of the extra-
cellular matrix and in turn are related to ker-
atinocyte cytokine production.?® Another ob-
servation is the changes that occur within the
keratinocytes during wound healing.

These changes include the roles of adhesion
molecules, principally B1 integrin,? the resis-
tance of keratinocytes to TGF-B-mediated
growth restriction and apoptosis induction,?
transcription factor activation, in particular ac-
tivator protein-1,?® and calcium as a potential
central regulator in wound healing.?* The ex-
tracellular matrix is an integral part of the
healing tissues and the relationship of reepi-
thelialization and the extracellular matrix®
and in particular hyaluronic acid* has been
reviewed. Other studies have looked at the ef-
fects of coculture using keratinocytes derived
from abnormal scar on fibroblasts. Increased
fibroblast proliferation and collagen produc-
tion was noted® and one possible mechanism
was thought to be the increased bioavailability
of insulin-like growth factor in keloid tissue.*

In vitro behavior and in vivo behavior of cells
are not necessarily the same. Nevertheless, fi-
broblasts cultured from keloid tissue have been
shown to continue to produce high levels of
collagen, elastin, fibronectin, and proteogly-
cans in culture and to show altered responses
when compared with normal fibroblasts when
exposed to metabolic modulators such as glu-
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cocorticoids, hydrocortisone, growth factors,
and phorbol esters. That is to say that keloid
fibroblasts have a wide range of abnormality
when compared with normal fibroblasts. Fibro-
blasts cultured from hypertrophic scars also
display a moderate elevation in collagen pro-
duction in vitro, but their response to meta-
bolic modulators is similar to normal fibro-
blasts. That is to say, they are less abnormal
than keloid fibroblasts in terms of metabolism.
Fibroblasts cultured from hypertrophic scars
exhibit stronger fibrin clot contraction com-
pared with normal or keloid fibroblasts, and
this is thought to be caused by autocrine con-
trol with higher levels of TGF- being secreted.
Use of antibody to TGF-B attenuates contrac-
tion, but the mechanism of the association of
TGF-B to contraction is not clear. TGF- can
induce the expression of the smooth muscle
actin which some investigators have reported is
present in elevated levels in hypertrophic scar
but not in keloid scar.'”® This observation is not
consistently reported, however, and Lee et al.
have not been able to substantiate this distinc-
tion in a study of a Chinese population.’ Of
interest another study in a Caucasian popula-
tion has demonstrated that smooth muscle ac-
tin expression varies considerably with the mat-
uration of the scar both in hypertrophic and
keloid scars.?® TGF-B1 and TGF-B2 have been
shown to be expressed in greater levels in ke-
loid fibroblasts compared with those derived
from normal skin.?® In addition, increased ex-
pression of TGF-B receptors (types I and II)
and increased phosphorylation of Smad 3 (an
intracellular TGF-B signaling molecule) are
also features of keloids supporting a role for
TGF-B in keloid pathogenesis.’” The experi-
mental evidence suggests that hypertrophic
scar fibroblasts may represent a hyperprolifera-
tive phenotype that is responding to multiple
local stimulatory factors. Keloid fibroblasts,
however, represent a unique phenotype that is
genetically disposed to changes in extracellular
matrix production and plasminogen-activator
inhibitor 1 expression. Some stimulatory factor
appears to irreversibly switch on this pheno-
type in susceptible individuals after local
wounding.” One suggestion for up-regulation
of plasminogen-activator inhibitor 1 is hypoxia-
mediated signaling in keloids.** This experi-
mental evidence contrasts, however, with clin-
ical studies that reflect the polyclonal nature of
fibroblasts derived from keloid scars.*

PLASTIC AND RECONSTRUCTIVE SURGERY, December 2005

Apoptosts

The role of apoptosis in keloid and hyper-
trophic scarring is of interest. The lack of cells
within the keloid tissue has led investigators to
postulate the role of apoptosis in pathogenesis.
Histologic findings suggested that with increas-
ing maturity, progressive cell degeneration by
apoptosis resulted in the typical keloid lesion,
with persistence of fibroblast proliferation at
the interface of the lesion with normal tissue
propagating the fibrosis.*! It is interesting to
note that later investigators have postulated
the mechanism of apoptosis being central to
hypertrophic scar maturation. In this study in-
terferon-a2b was administered systemically and
was associated with a significant increase in
apoptotic cells, with a general reduction in
fibroblasts and myofibroblasts.*?

The situation, however, has become more con-
fused as further studies emerge. Sayah et al.*?
looked at 64 apoptosisrelated genes in keloids
and normal scar and found that eight of the 64
were significantly underexpressed in keloid tis-
sue. They hypothesized that keloid fibroblasts
failed to undergo programmed cell death and
continued to produce and secrete connective tis-
sue beyond the period expected in normal scar
formation, thus giving rise to the progressive and
hypertrophic nature of keloids. Funayama et al.**
looked at the interaction between keratinocytes
and fibroblasts in coculture models. They found
that keloid-derived fibroblasts cultured with ke-
loid-derived keratinocytes exhibited enhanced
proliferation and reduced apoptosis when com-
pared with coculture of cells from normal skin.
Analysis of these keloid fibroblasts showed signif-
icant up-regulation of extracellular signal-
regulated kinase, c-Jun N-terminal kinase phos-
phorylations, expression of Bcl-2 and TGF-B1.
Akasaka et al.*® quantified the expression of
caspase-3 and caspase-2 in mature normal, hyper-
trophic, and keloid scar. They found enhanced
expression of caspase-3 (normally activated dur-
ing apoptosis in vitro) in hypertrophic and keloid
scars. Other recent studies have suggested possi-
ble therapeutic approaches to keloids by using
apoptosis inducers such as sphingosine*® and imi-
quimod 5% cream.”” Two further articles pub-
lished recently suggest altered cellular kinetics
within the fibroblasts within the keloid
nodule.*** Both these studies indicated in-
creased proliferation rates for the fibroblasts cul-
tured from the center of keloid lesions, and Luo
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et al. again described decreased apoptosis in the
keloid-derived fibroblasts.

Genetics

Clinically, the incidence of keloid scarring
increases with increased racially determined
pigmentation of the skin. It should be noted
that keloids have not been reported in albino’s
of any race, suggesting a potential role of mel-
anin and/or melanocytes in scarring. A genetic
association with the keloid diathesis is also sup-
ported by the finding of an increased inci-
dence of keloid disease running in families.
Bayat et al."’ looked at the incidence of TGF-
polymorphism in a Caucasian populations with
hypertrophic, keloid, and normal scars. The
authors recognized the heterogenicity of scar-
ring and subjected their study population to
rigorous diagnostic criteria in the recruitment
protocol. Nevertheless, they could not demon-
strate any significant association with the
TGF-B1 gene. Previously, the same group had
failed to identify an association with TGF-82.5!
In a more recent study, the same group has
failed to establish any significant association
for TGF-B receptor polymorphisms.5?

Bayat et al., revisiting the genetic link from
an epidemiologic perspective, have reported
an increased incidence of keloids in families
with a positive history of lesions. This was, how-
ever, a hospital- rather than a population-based
study, and the conclusions are open to
question.”® However, Marneros et al., looking
at genome scans from a Japanese and African-
American family, have provided evidence for
keloid susceptibility loci on chromosomes 2q23
and 7p11.5

DISCUSSION

Tables II and III summarize the differences
between hypertrophic and keloid scars from
the perspective of morphology, immunohisto-
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TABLE III
Cellular Differences between Fibroblasts Derived from
Hypertrophic Scar and Keloid Scar Compared with
Fibroblasts in Normal Skin

HSc Fibroblasts KSc Fibroblasts

Proliferation rate Normal T
MMP-2

MMP-9 b .
Collagen synthesis 1 ™
Decorin synthesis Ll Normal
Versican synthesis 1 1
Biglycan synthesis 1 1
Elastin synthesis Normal i
TGF-$ production T T

HSc, hypertrophic scar; KSc, keloid scar; MMP, matrix metalloproteinase.

chemistry, and fibroblasts characteristics. In
summary, hypertrophic and keloid scar appear
to be very different entities, and it would ap-
pear useful to talk about a hypertrophic re-
sponse and a keloid diathesis or disposition.
Because they are so different, the treatment
strategies should also be different. It is fortu-
nate that some lesions respond to common
treatments, but the biological differences are
reflected in the very variable response.

The differences between hypertrophic and
keloid scarring are such that they could almost
be regarded as similar or dissimilar as trauma
and tumor. Moreover, within each type of scar,
there is a considerable heterogeneity. It is now
possible to perform extremely sophisticated
analysis of gene expression patterns in hyper-
trophic scar derived tissue.”>"® Using microar-
rays with many thousands of genes, a snapshot
of activity can be revealed. Similar studies have
looked at keloid tissue using cDNA microarray,
but similar criticisms apply. In one study, 402
of 8,400 genes were differently expressed in
keloid and normal skin. Two hundred fifty of
these, including TGF-B1, were up-regulated
and 152 were down-regulated.’” The problem
with these and many of the other laboratory stud-

TABLE II
Morphologic and Immunohistochemical Difference*

Hypertrophic Scars Keloids

Connective tissue Increased
Collagen structure

Orientation of fibers

Increased

Flatter and less distinct bundles, fine fibers  Larger fibers with closely packed fibrils
Wavy, but parallel to epidermis

Random to epidermis

Myofibroblasts Present Absent

a-Smooth muscle actin ™ 1

Density of blood vessels Increased (decreasing with maturation) Decreased

No. of cells Increased (decreasing with maturation) Decreased (in nodules); increased

(at periphery)

*These are subjective and reports are variable (see text).
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ies of scars and scar tissue is that the source
material has not been sufficiently characterized.
Such a characterization would reflect the stage of
evolution of the scar but, ideally, also include the
resolution of the scar, particularly with reference
to response to treatment. As our understanding
of the molecular characterization of scar tissue
develops, it may well be that treatments will be-
come more focused. It is not inconceivable that
in the not-too-distant future a scar biopsy for such
molecular characterization (rather that histo-
morphologic characterization) will become a
routine part of scar management.

SUMMARY

Abnormal scar response falls into two main
categories: hypertrophic and keloid. Scars within
these categories will vary both in their clinical
course and in their response to treatment. There
will also be variations with single scars at a set
time point. This is particularly the case in keloid
scars, with distinct cellular and matrix organiza-
tion at the periphery and center of scars. The
implications of these variations becomes more
relevant as investigative techniques become even
more focused. The continued evolution of the
understanding of the underlying biological
mechanisms of hypertrophic and keloid scar will
require an even more sophisticated characteriza-
tion of the source material that is being studied.
Ideally, this characterization will include clinical
data describing the cause and maturation of the
scar tissue, the part of the scar biopsied, but also,
where possible, the subsequent response of the
scar to treatment.

Andrew Burd, M.D.

Division of Plastic and Reconstructive Surgery
Department of Surgery

Prince of Wales Hospital

Shatin, Hong Kong
andrewburd@surgery.cuhk.edu. hk
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