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Abstract

Cytokines are pleiotropic substances that are known to participate in inflammatory and
immune responses as well as cell differentiation and proliferation. Interleukin-6 (IL-6) is a key
cytokine with pro-inflammatory function. Wound healing is a complex cascade of physiologic
events comprising inflammation, proliferation and remodeling, and proceeds with the
integrated actions of different cells, cytokines, and the extracellular matrix. Aberrant wound
healing results in keloid formation which causes disfigured appearance, discomfort,
psychological stress, and patient frustration.

In this review, the role of IL-6 signaling pathway in the pathogenesis of keloid is assessed
and its potential as a therapeutic target is addressed. The existing data suggest that IL-6
mediated inflammation is a key player and may be considered as a common causative factor
for development of keloid. Furthermore, in a recent comprehensive study, we confirmed the
functional role of IL-6 signaling in keloid pathogenesis.

Accordingly, inhibitory strategies of IL-6 signaling pathway by targeting the IL-6
receptors, its downstream effecters, or other molecules influencing this pathway appear to
have considerable potential as new therapeutic or preventive challenges for keloid. Hopefully,
several IL-6 blocking agents including a humanized antibody to IL-6 receptor have been
developed and successfully used in clinical trials of inflammatory diseases. It is likely that these
agents may prove worthy in the treatment or prevention of keloid as well. Future in-depth
exploration of such challenges will shed light on their efficacy and safety for clinical application
in keloid.
(J Nippon Med Sch 2007; 74: 11―22)
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Introduction

Wound healing is a complex cascade of physiologic
events comprising inflammation, proliferation and
remodeling, and proceeds with the integrated
actions of different cell types, cytokines, and the

extracellular matrix. Aberrant wound healing results
in keloid formation, causing disfigured appearance,
discomfort, psychological stress, and patient
frustration. Keloid develops after dermal injury and
classically occurs on certain parts of the body,
specifically, on the shoulder, anterior chest wall, and
earlobes (Fig. 1). Keloid is characterized by
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Fig. 1 Clinical appearance of keloid on anterior 
chest wall. The scars appear to have a 
central constriction part and expand from 
both lateral sides, probably due to skin 
tension. (Courtesy of Dr. Mamiko Tosa, 
Department of Plastic Surgery, Nippon 
Medical School).

Fig. 2 Histological feature of keloid tissue stained 
with  hematoxylin  and  eosin  showing 
abundant disordered collagen bundles and 
fibroblastic  cell  proliferation.  Original 
magnification × 40.

excessive collagen synthesis and fibroblastic cell
proliferation1,2 (Fig. 2). It is unique to humans and
has not yet been seen or produced in rodents, thus
encountering the problem of the lack of
experimental animal models for in vivo studies.
Many factors such as skin tension, wound infection,
racial difference, genetic predisposition, immune
dysfunction, and sebaceous gland density have been
implicated in the etiology of keloid3,4. Most of these
factors involve inflammatory and immune responses.

Cytokines, particularly interleukin-6 (IL-6), play
pivotal roles in controlling the immune system and
communication among cells of mammals. As
intercellular mediators, they regulate differentiation,
growth, survival, and effecter functions of cells.
They are secreted mainly by lymphocytes and
macrophages, but other cell types including
fibroblasts and endothelial cells also secret them6.
Cytokines act by altering the function of target cells
in a paracrine or autocrine fashion. Several common
structural and functional characteristics exist among
cytokines including that they are: glycosylated
polypeptides, biologically active at very low
concentrations, pleiotropic i.e. having multiple
effects, bind to receptors on the cell surface, and
exert additive, synergistic or antagonistic effects7.
The overall outcome of event will thus be
determined by various interactions among these
effects.

Several treatment modalities have been
challenged for keloid scar including intralesional
injections of glucocorticosteroids, surgical excision,
cryotherapy and wound compression8. Intralesional
injections of human interferon alpha-2b9; and topical
applications of retinoids10,11, or electron beam
irradiation immediately after surgical removal of
keloid12,13 have also been employed. In the majority of
therapeutic modalities, variable results have been
encountered. Therefore, alternative therapies with
superior and uniform effect as well as lesser or no
hazard need to be developed. For example the
effects of the calcium antagonist verapamil on the
IL-6 and vascular endothelial cell growth factor
(VEGF) as well as cellular growth have been
evaluated in primary cultures of fibroblasts derived
from the central part of keloid lesions14. Compared
with peripheral and non-keloid fibroblasts, central
keloid fibroblasts grow faster and present an
increased production of both IL-6 and VEGF.
Treatment with verapamil reduces IL-6 and VEGF
production in central keloid fibroblast cultures,
decreases cellular proliferation and increases
apoptosis, thus providing a link with the beneficial
effect of calcium antagonists on keloids in vivo.

In the present article, the role of IL-6 signaling
pathway in the pathogenesis of keloid is reviewed
and its potential as a therapeutic target for future
clinical application is addressed.
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Fig. 3 IL-6  signal  transduction  pathway. 
Upregulation of IL-6 in keloid fibroblasts 
would  result  in  augmentation  of  the 
downstream target genes, leading to the 
increased transcription of several genes 
including  those  related  to  the  cell 
proliferation and matrix synthesis.

IL-6 Functions

Natural human IL-6 is a single-chain glycoprotein
with a relative molecular mass of 21K to 30K
depending on the cellular source and method of
preparation15,16. This variability in mass appears to be
due to extensive post-transcriptional modification17.
Higher molecular mass forms of natural IL-6 derived
from fibroblasts with a range of 45K to 85K has
been observed18. These forms have been shown to
be oligomeric complexes of post-translationally
modified IL-6. The post-translational modification of
IL-6 appears to have little or no effect on its
biological activity, as evidenced by the identical
activity of IL-6 derived from different recombinant
sources with that of natural IL-6.

IL-6 is an immunoregulatory cytokine that
activates a cell-surface signaling assembly composed
of IL-6, IL-6 receptor alpha (IL-6Rα), and the shared
signal transducer receptor (IL-6ST) also called
glycoprotein subunit gp130 (IL-6Rβ) receptor (Fig.
3). IL-6 exerts its action on target cells by binding
to IL-6Rα on cell membrane following which it

interacts with gp130 in the proper geometry to
facilitate transition into a high affinity signaling-
competent hexamer19,20. A soluble form of IL-6
receptor that lacks the cytoplasmic domain also
exists21,22. Binding of IL-6 to either the membrane-
bound or soluble form of IL-6 receptor in the
presence of gp130 transmits signal into cells. This
results in subsequent activation of signal
transducers and activators of transcription factors
such as Janus kinase (JAK)�signal transducer and
activator of transcription 3 (STAT3), mitogen-
activated protein kinase (MAPK)�extracellular
signal-regulated kinase ( ERK ) , and
phosphatidylinositol 3-kinase (PI3K). The MAPK
pathway activates several transcription factors
including ELK1 and nuclear factor (NF)-IL-6
(CCAAT enhancer-binding protein beta; CEBPB)
which promote cell proliferation and matrix
synthesis. On the other hand, STAT3 also
upregulates the transcription of genes encoding the
suppressor of cytokine signaling 3 (SOCS3) proteins
that are intracellular negative-feedback factors that
inhibit the JAK�STAT3 pathway. In the presence of
IL-6, serum-derived soluble IL-6 receptor (sIL-6R) has
a stimulatory effect on cells expressing gp13023.
Therefore, the IL-6�sIL-6R complex has been
regarded as the real target to be inhibited in vivo24.
Serum-derived soluble gp130 (sgp130) acts as an IL-6
antagonist in the presence of serum-derived sIL-6R
and IL-6, and also inhibits the biological effects of
leukemia inhibitory factor (LIF), oncostatin M (OSM),
and ciliary neurotrophic factor (CNTF)23. The
relative concentrations of sIL-6R and sgp130 and IL-
6 in serum may thus, in part, determine their
physiological effects. The important participants in
the IL-6 signaling pathway include the JAK1, JAK2
and protein-tyrosine kinase 2 (TYK2), the signal
transducers and activators of transcription factor
STAT1 and STAT3, the tyrosine phosphatase SHP2
[SH2 (Src homology 2) domain-containing tyrosine
phosphatase] and transcription nuclear factor NF-
kappaB and inhibitor of NF-kappaB kinase (IKK).
Furthermore, the IL-6 signaling pathway is involved
in cross-talk with NF-kappaB25 and is considered as a
target of NF-kappaB.

The NF-kappaB and IKK proteins regulate many
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physiological processes, including the immune
responses, cell death and inflammation, and
disruption of NF-kappaB or IKK functions
contributes to many human diseases26. There are
many mechanisms that integrate the activity of NF-
kappaB and IKK proteins with other cell-signaling
pathways. The outcome of such events determines
the consequences of NF-kappaB and IKK activation
and eventually the cell fate26.

The IL-6 cytokine family is composed of IL-6, IL-
11, leukemia inhibitory factor, oncostatin M, ciliary
neurotrophic factor and cardiotrophin-1 (CT-1). IL-6
has pro-inflammatory function and is produced by a
variety of cell types including T cells, B cells,
monocytes, fibroblasts, keratinocytes, endothelial
cells, and mesangial cells. Its expression is regulated
by a variety of factors, including steroidal hormones,
at both the transcriptional and post-transcriptional
levels. IL-6 has been implicated in the pathogenesis
of many diseases including rheumatoid arthritis27,
multiple myeloma28, AIDS29, mesangial proliferative
glomerulonephritis30, Castleman disease31, Kaposi’s
sarcoma32, osteoporosis33 and sepsis34. In addition, IL-6
plays an active role in reproduction process and
aging35,36.

These observations have attracted strong interest
in both understanding the functional mechanisms
controlled by IL-6 and also developing antagonists
and agonists as potential therapeutic agents for the
treatment of IL-6-associated diseases.

IL-6 in Wound Healing and Keloid

Many studies have shown that cytokines
particularly IL-6 play important roles in the
pathogenesis of fibroproliferative lesions that
produce collagen. IL-6 produced by fibroblasts has
been linked to the pathogenesis of fibrosis associated
with rheumatoid arthritis, progressive scleroderma,
and pulmonary interstitial fibrosis37―40 as well as
abnormal wound healing lesions such as keloid.
Increased IL-6 gene expression and IL-6 production
in keloid patients has been reported, suggesting an
altered increased autocrine regulation of IL-6 by
keloid fibroblasts that signifies a central role for this
cytokine in the pathogenesis of keloid lesions41.

Moreover, the formation of keloid is associated with
accumulation of extracellular matrix ( ECM )
components mainly of collagen42,43 and fibronectin44.
Keloid fibroblasts have been shown to exhibit as
much as four-fold increase in the level of fibronectin
biosynthesis as compared to normal fibroblasts45,46.

Previous studies have shown that cytokines can
alter fibroblast proliferation, synthesis of ECM
components, as well as other functions that may
regulate pathogenesis of autoimmune fibrotic
diseases and keloid as well47―49. Interferon (IFN)-γ
regulates IL-6 secretion from fibroblasts by
stimulating the expression of MHC class II and CD
4050,51. IFN-γ has been also reported to increase
protein production, inhibit DNA synthesis, and
increase IL-6 expression in normal dermal
fibroblasts52. The production of IFN-α, IFN-γ, and
tumor necrosis factor (TNF)-β are markedly
depressed in keloid patients compared to normal
controls49. However, IL-1 and IL-2 production is not
significantly different between the two groups. In
contrast, keloid patients produce greater amounts of
IL-6, INF-β and TNF-α.

Among the cytokines, transforming growth factor
(TGF)-β1 has a potent fibrogenic activity53,54. The
expression of TGF-β1 is reduced in carbon
tetrachloride-induced liver fibrosis and at the wound
site in transgenic IL-6 deficient mice compared with
wild type mice55. Addition of TGF-β1 or IL-6 to
gingival fibroblasts promotes an increase in type I
collagen and a decrease in matrix metalloproteinase
(MMP)-1 and MMP-2 expression56. Taken together,
IL-6 may also induce collagen deposition by
induction of TGF-β1 gene expression. Increased
expression of IL-6 in normal rat skin induces
epidermal proliferation and inflammation57. TGF-β1
can promote re-epithelization of skin wounds in rats54

and also induce epithelial cell migration and
proliferation58. In IL-6 deficient mice, lack of the IL-6
gene may delay re-epithelization through TGF-β1.
Furtheremore, mRNA and secreted protein levels of
pro-MMP-1 and MMP-3 are elevated in the
supernatants from normal skin fibroblasts after
treatment with IL-6, whereas no changes are
observed in hypertrophic scar fibroblasts treated
with IL-659. This suggested that suppression of
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MMPs may play a role in the excessive
accumulation of collagen formed in hypertrophic
scars. Other studies find that IL-6 could markedly
increase ECM elements such as MMP-1 and tissue
inhibitor of metalloproteinase (TIMP)-1 expression at
mRNA level and pro-MMP-1 at protein level60 as well
as collagen synthesis61,42. In conformity with these
results, we have also found that IL-6 peptide induces
collagen synthesis in human fibroblast cultures in
vitro12,62. Collectively, these findings suggest that
altered levels of immunoregulatory cytokines
particularly IL-6 and its receptor IL-6Rα may play a
significant role in the net increase in collagen
synthesis which characterizes keloid formation.

In view of the integral role of inflammation and
cytokines in the healing response, it is conceivable to
assume that they play a major part in the
pathogenesis of abnormal wound healing particularly
keloid. TNF-α is a potent pro-inflammatory cytokine
involved in activation of signaling events and
transcriptional programs including NF-kappaB. On
the other hand, IL-6 signaling pathway is considered
as a target of NF-kappaB. The difference in NF-
kappaB and its related genes expression and DNA
binding activity between keloid and normal skin
fibroblasts has been examined using specific cDNA
microarray63. NF-kappaB binding activity has been
assessed in the presence and absence of TNF-α.
Overall, TNF-α upregulates 15% of NF-kappaB
signal pathway related genes in keloid fibroblast
compared to normal skin. At the protein level, keloid
fibroblasts and tissues show higher basal levels of
TNF receptor-associated factors TRAF1 and TRAF
2�TNF-α complex, as well as inhibitor of apoptosis
(c-IAP-1) and NF-kappaB. Also, keloid fibroblasts
show a constitutive increase in NF-kappaB binding
activity in comparison to normal skin both with and
without TNF-α treatment. It is suggested that NF-
kappaB and its targeted genes, especially the anti-
apoptotic genes, may play a role in keloid
pathogenesis, and targeting NF-kappaB may help in
developing therapeutic interventions for the
treatment of keloid63.

In skin wound healing, IL-6 mRNA and protein
are detected in neutrophils, macrophages, and
fibroblasts in the wound sites64. In streptozotocin

induced diabetic mice, IL-6 levels in wound fluids
correlate with wound-healing rates65 and the
exogenous IL-6 administration reverses impaired
wound healing in immunosuppressed mice by
glucocorticoid66, suggesting the potential involvement
of IL-6 in skin wound healing. Furthermore, IL-6 is
shown to induce the proliferation of fibroblasts67 and
indirectly induce keratinocyte migration possibly
through a soluble fibroblast-derived factor and rapid
and sustained phosphorylation of STAT3 protein68

thus can efficiently influence wound healing.
It has been reported that transgenic IL-6 deficient

mice exhibit impairment in skin wound healing in
parallel with a reduced activation of a transcription
factor, activated protein-1 (AP-1), at the wound site69.
Also a reduction in leukocyte infiltration, re-
epithelialization, angiogenesis, and collagen
deposition at wound sites have been observed in
transgenic IL-6 deficient mice compared with wild
type mice70. Finally, the administration of a
neutralizing anti-IL-6 monoclonal antibody
significantly delays wound closure in wild type mice.
It should be noted that the present effects on wound
healing process are observed under conditions of
inhibiting steady-state IL-6 levels required for
normal cellular biological function. A recent study
also reports modulation of α-smooth muscle actin (α-
SMA) expression by recombinant mouse IL-6 (rmIL-
6) peptide in the dermal fibroblasts from transgenic
IL-6 deficient mice71. In these fibroblasts, rmIL-6
peptide induces α-SMA, apparently transcriptionally
regulated depending on JAK1 kinase, thus
implicating an important role for IL-6 in pathologies
associated with myofibroblast deregulation such as
chronic wounds or contractures from burn injury.
Further evidences demonstrate that IL-6 can induce
collagen production and�or procollagen gene
expression in several types of cells including dermal
fibroblasts61,62. In fetal wound healing which is
characterized by minimal inflammation and a
scarless repair, less IL-6 protein and mRNA are
produced by fetal fibroblasts than adult fibroblasts
and IL-6 administration to fetal wounds results in
scar formation72. Thus, IL-6 deficiency can directly
reduce collagen deposition in wound sites. These
observations suggest that IL-6 has pivotal roles in
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Fig. 4 Immunoperoxidase staining for IL-6 in 
parrafin section of a keloid lesion shows 
moderate to strong staining for IL-6 in 
keloid fibroblasts as opposed to negative 
reaction in normal appearing fibroblasts 
located  at  immediately  sub-epidermis. 
Original magnification × 40. 
Inset: higher magnification of the squared 
areas (× 200). 

wound healing, perhaps by regulating leukocyte
infiltration and collagen deposition.

The formation of granulation tissue which is
associated with neovascularization is another phase
of wound healing. IL-6 is implicated in angiogenesis
by in vitro evidence of inducing proliferation of brain
microvascular endothelial cells and formation of
tube-like structures73 and also by induction of
vascular endothelial growth factor ( VEGF )
production74. Additionally, VEGF gene expression is
reduced at wound site of IL-6 deficient mice
compared to wild type mice69. These observations
suggest that IL-6 may also induce angiogenesis by
induction of VEGF production in the skin wound
healing.

Additional studies demonstrate increased
expression of the IL-6 gene in fibroblasts isolated
from patients with keloids when compared with
control fibroblasts using the ribonuclease protection
assay41. Subsequent detection of increased levels of
IL-6 secretion by keloid fibroblasts was also
demonstrated under unstimulated and stimulated
conditions using serum and IFN-γ. The results
suggest that IL-6 may play a significant role in the
pathogenesis of keloid.

The genetic basis of keloid formation has been
studied by genome-wide linkage analyses75. The
results have suggested the presence of susceptibility
loci on chromosomal regions 2q23 and 7p11 in a
Japanese family and an African-American family,
respectively. The observed locus heterogeneity may
well reflect the phenotypic heterogeneity and
spectrum of severity of this disease76. It is
noteworthy that the gene for fibroblast activation
protein alpha (FAP), a putative cell surface-bound
serine protease expressed in cancer stroma and
wound healing, maps to chromosome band 2q2377

and the gene for IL-6 is located at chromosome 7p21
in humans78. Whether these chromosomal region
concurrences reflect any etiologic or mechanistic
relationship remains to be uncovered.

The latent cytoplasmic transcription factor, STAT
3, is rapidly activated in response to various
cytokines especially IL-6, and growth factors. The
possible role of STAT3 in keloid scar pathogenesis
has been studied by examining skin tissue and

cultured fibroblasts from keloid patients79. Based on
the results obtained, enhanced expression and
phosphorylation of STAT3 are observed in keloid
tissue and in cultured keloid fibroblasts in vitro.
Increased activation of JAK2 is detected in keloid
fibroblasts, and suppression of JAK2 by its inhibitor
has repressed STAT3 phosphorylation. Inhibition of
STAT3 expression and phosphorylation by short
interfering RNA or Cucurbitacin I has resulted in
the loss of collagen production, impaired proliferation
and delayed cell migration in keloid fibroblasts. It
has been suggested that inhibitors of STAT3 may
be useful therapeutic strategies for the prospective
treatment of keloid.

In a previous study using cDNA microarray global
gene expression analysis and further corroborations,
we have identified a high expression of IL-6 mRNA
and protein in keloid fibroblasts as compared to
nonlesional dermal fibroblasts (Fig. 4)12. We have
further predicted the involvement of IL-6 and its
signaling pathway in keloid pathogenesis using the
Pathway Assist software (Strategene, La Jolla, CA)
that allows the user to explore gene interaction
networks represented in the ResNet database; a
comprehensive database of molecular networks
applied to the whole PubMed database (Fig. 5)80.
Subsequently, we have conducted a comprehensive
study and have confirmed that the key elements of
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Fig. 5 Functional associations among differentially expressed genes in keloid 
fibroblasts. An original graphical network represented by the Pathway Assist 
software predicts the involvement of IL-6 cytokine in keloid pathogenesis. 
Squares marked with “+” or “ － ” denotes positive or negative effect on the 
gene in the direction of arrows. The upregulation of IL-6 leads to the 
upregulation of several genes that promote cell proliferation or extracellular 
matrix production or inhibit apoptosis in parallel with downregulation of several 
genes that promote apoptosis or matrix degradation or inhibit cell proliferation.

the IL-6 signaling pathway, IL-6 and its receptor IL-6
Rα and gp130 (IL-6Rβ) together with a number of
downstream targets including JAK1, STAT3, RAF1
and ELK1 are upregulated at mRNA and protein
levels in keloid fibroblasts compared to normal
fibroblasts62. Importantly, we and others have
confirmed co-expressions of IL-6 and its receptors
IL-6Rα and gp130 in keloid fibroblasts and tissues
12,41,62. These findings strongly suggest the existence
and activation of an autocrine IL-6 loop. Taken
together, we have speculated that the upregulation
of IL-6 gene may have conferred a positive effect
toward keloid formation through its downstream
targets in the IL-6 signaling pathway such as JAK�
STAT3 or MAPK�ERK or both leading to the
induction of fibroblastic cell proliferation and matrix
synthesis. In addition, the RAF1 isoform acts as the
upstream kinase linking RAS activation to the

MEK�ERK module and the RAF kinases transmit
signals that induce cell proliferation, differentiation,
and survival. The requirement of RAF1 for normal
wound healing in vivo and for the migration of
kerantinocytes and fibroblasts in vitro has been
recently shown81. As schematically depicted in
Figure 6, injury to the skin of genetically
predisposed individuals as a stimulus provokes an
autocrine IL-6 activation loop in fibroblasts that
stimulates JAK�STAT3 pathway (persistent STAT3
activation). This may be through the gain-of-function
mutations that render a responsible factor
constitutively active to mediate STAT3 activation
via the induction of an autocrine IL-6 activation loop.
As a result, fibroblast cell proliferation and collagen
synthesis persist in a slow and repetitive manner
leading to the formation of keloid.
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Fig. 6 Proposed model of IL-6 signaling in keloid 
development.  Injury  to  the  skin  of 
genetically predisposed individuals as a 
stimulus  provokes  an  autocrine  IL-6 
activation loop in fibroblasts that stimulates 
JAK/STAT3 pathway (persistent STAT3 
activation). This may be through the gain-of-
function mutations that render a responsible 
factor  constitutively  active  to  mediate 
STAT3 activation through the induction of 
an autocrine IL-6 activation loop. As a result, 
fibroblast cell proliferation and collagen 
synthesis persist in a slow and repetitive 
manner leading to the formation of keloid. 

Inhibitors of IL-6 Signaling Pathway

Inhibition of IL-6 affects the biological activity of
the protein and result in the interference of cell
signaling transduction and cell cycle progression.
The elevated level of IL-6 in keloid tissue than the
corresponding normal tissue suggests a greater
dependence on this cytokine by keloid for its
function. Hence, reduction in the IL-6 level may be
more deleterious to keloid tissue than normal tissue.
In other words, selective inhibition of keloid function
by targeting a common molecule required for signal
transduction of multiple growth stimulators may
provide an effective approach to treat keloid or
prevent its recurrences. Accordingly, inhibition of
the signal transduction pathway for IL-6 mediated
inflammation appears to be a key approach. This

may be accomplished through direct inhibition of the
signal transduction pathway utilizing a variety of
resources such as small inhibitory molecules or
antibodies to IL-6, IL-6 receptor, gp130 protein, JAK�
STAT and MAPK�ERK transcription factors, and
other molecules involved in these cascades. In
addition, other inhibitory challenges may include IL-
6 antisense oligonucleotide, partial peptides of IL-6 or
IL-6 receptor, and altered IL-6 peptide. Blocking IL-6
actions by use of a humanized antibody, tocilizumab,
which targets the IL-6 receptor, has been proven to
be therapeutically effective for several inflammatory
diseases such as rheumatoid arthritis, systemic
juvenile idiopathic arthritis, Castleman disease and
Crohn’s disease82. It is likely that these strategies
may prove useful in keloid treatment as well,
particularly the multiple keloid type.

Indirect inhibition of IL-6 mediated inflammation
may be achieved by several existing pharmaceutical
compounds including statins, bisphosphonates and
polyphenolic drugs. These compounds can interfere
with the signaling pathway for IL-6 mediated
inflammation 83,84. Statin and bisphosphonate
compounds inhibit the pathway of converting
mevalonate to cholestrol and deplete isoprenoids
which reduces the induction of IL-6 by activated
monocytes85,86.

On the other hand, polyphenolic compounds can
inhibit several pathways of signal transduction for
IL-6 mediated inflammation including activation of
tyrosine kinase, NF-kappaB and IKK complex87.
Alternatively, a combination of these compounds
may show superior effect for the therapy or
prevention of keloid. Finally, the state-of-art
molecular technology provides further grounds for
the development of small molecule peptides, small
inhibitory RNAs (sRNAs) or micro-RNAs targeting
the genes in the IL-6 signaling pathway for
therapeutic evaluations in keloid.

As IL-6 plays an important role in controlling the
immune system, interception of the IL-6 signaling
pathway may be considered as an
immunosuppressive challenge encompassing the
possibility of adverse effects and thus requiring
precautionary measures. In general, these may
include predisposing patients to opportunistic
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infections, hypertension, hyperglycemia,
dyslipidemia, and liver and kidney injuries. However,
lowering and maintaining the IL-6 level at its steady-
state level should not theoretically cause a major
adverse effect. Other important concerns that should
be taken into account include development of
allergic reactions to the drug, or production of
neutralizing antibodies against the drug, making it
ineffective.

Future Perspectives

The results of the existing studies on the role of
IL-6 in keloid pathogenesis are of highly important
clinical significance. It is possible that deregulation of
the IL-6 signal pathway might represent a common
molecular mechanism that contribute to the
pathogenesis of keloid. From a therapeutic point of
view, the appreciation of dysfunction of IL-6
signaling as the underlying molecular mechanism of
keloid immediately suggests that specific
stabilization of IL-6 activity would have a potential
therapeutic impact on keloid. This may be achieved
by inhibition of IL-6 or its receptors, IL-6Rα or IL-6
Rβ (gp130), or inhibiting targets downstream of the
IL-6 signaling pathway or other pathways targeting
IL-6 such as NF-kappaB or IKK. Fortunately, several
IL-6 blocking agents including a humanized anti-IL-6
receptor antibody has been developed and
successfully applied in clinical trials for the
treatment of several inflammatory diseases82. As
keloid is also considered an IL-6 mediated
inflammatory lesion, it is likely that such IL-6
blocking strategies work well in keloid patients too.
In this context, patients with multiple keloids would
probably be the candidate. However, this speculation
awaits future in-depth exploration of efficacy and
safety of such approach for clinical application in
keloid.

Given the important roles of IL-6 signaling
pathway in wound healing and the severe
consequences associated with disruption of IL-6
signals, it is conceivable that IL-6 may be subjected
to additional regulation and might have a target
spectrum much broader than the spectrum we
know about at present. To further elucidate the

involvement of IL-6 in keloid pathogenesis, it would
be important to identify additional linkages as well
as other novel IL-6 effectors. At present, the lack of
experimental animal models has vastly hampered in
vivo studies on keloid development. Future studies
may be focused on the identification of gain-of-
function mutations that render an existing or a
“novel” JAK�STAT3 stimulator constitutively active
to persistently stimulate STAT3 activation via the
induction of an autocrine IL-6 activation loop. These
experiments may be performed in vitro using
human and rodent fibroblast cell lines. Subsequently
the development of transgenic mice carrying such
mutations may prove useful as an animal model of
keloid.

Taken together, these efforts would certainly
broaden our knowledge of IL-6 biology and
potentially expand the therapeutic spectrum of IL-6
blocking strategies.
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