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Abstract. Keloid is a fibro-proliferative lesion that develops as a result of abnormal wound healing in susceptible individuals. Many 

factors such as skin tension, wound infection, racial difference and genetic predisposition have been implicated in the etiology of keloid. 

MicroRNAs are highly conserved noncoding small RNA sequences and are key posttranscriptional gene regulators that contribute to the 

maintenance of differentiated cell phenotype. In this review, we outline the results of the studies on the expression of various miroRNAs in 

keloid as well as their role in pathogenesis of this lesion.  
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Keloid is a fibro-proliferative lesion characterized by 

excessive collagen deposition. It develops as a result of 

abnormal wound healing in susceptible individuals. Keloid 

is defined as a scar within the skin that grows beyond the 

confines of original wound. Many factors such as skin 

tension, wound infection, racial difference and genetic 

predisposition have been implicated in the etiology of 

keloid lesions [1]. They are characterized by 

overproduction of extracellular matrix (ECM) and 

invasiveness beyond the confines of original wound [2]. 

Excess deposition of ECM as collagen by fibroblasts is 

responsible for keloid but the etiology and mechanism are 

unknown still now. 

A number of treatment modalities have been employed 

to overcome keloid. In general, surgical excision alone has 

proved unsatisfactory because of a recurrence rate of 45-

100% [3]. This has led to the development of various 

adjuvant therapies including radiotherapy [4]. Recently, 

early postoperative electron beam (EB) irradiation has 

proved to be a well-tolerated and effective method in 

reducing the recurrence rate of keloid [5].  

Furthermore, the molecular mechanisms behind the 

effect of EB irradiation in reducing keloid recurrences 

revealed that the involvement of the interleukin 6 (IL-6) 

synthesis and ECM gene expression in keloid was 

inhibited in response to EB irradiation [5]. However, 

continuous efforts are needed to explore more effective 

and less hazardous modes of therapy and prophylaxis for 

this lesions. Understanding the mechanisms behind the 

development of the keloid scar is highly desirable in order 

to establish such approaches. We determined a functional 

role of IL-6 signaling in keloid scars. Keloid fibroblasts 

(KF) and counterpart normal fibroblasts (NF) were 

subjected to induction or inhibition of IL-6 or its specific 

receptor IL-6 receptor alpha and detection of their effects 

on ECM gene expression [6]. It was concluded that IL-6 

plays a pivotal role in the developmental mechanism(s) of 

keloid. 

MiRNAs, highly conserved noncoding small RNAs of 

19 to 26 nucleotides, are key posttranscriptional gene 

regulator that contribute to the maintenance of 

differentiated cell phenotype [7]. Mammalian miRNAs 

usually bind to the 3’ UTR of target mRNAs, promoting 

mRNA degradation and/or inhibiting translation of the 
protein-code genes [8]. In mammals, miRNAs are 

predicted to control the activity of approximately 30% of 

all protein-coding genes and have been shown to 

participate in the regulation of almost every cellular 

process. It is also highly likely that mechanisms that 

control translation initiation will have a significant impact 

on miRNAs-regulated gene expression [9]. Recently, some 

miRNAs have been reported to participate in fibrosis and 

ECM metabolism. A number of miRNAs, such as the miR-

21 and miR-29 families are emerging as common 

regulators of fibrosis and that directly target the translation 

of ECM components [10-14]. MiR-21 ratios are selectively 

increased in fibroblasts of the failing heart by the extent of 

interstitial fibrosis and cardiac hypertrophy. These findings 
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reveal that miR-21 as a disease target and antagomiR-21 as 

a therapeutic target in heart failure in mice model [14]. 

Administration of miR-21 antisense probes diminished the 

severity of experimental lung fibrosis in mice with 

bleomycin-induced fibrosis [15]. In addition, comparison 

of different miR-21 inhibitor as 8-mer or 22-mer 

oligonucleotide, treatment with 22-mer anti-miR-21 is 

ineffective in preventing cardiac disease in a mouse model 

[16]. Thus, miRNAs have important roles which suggest a 

new approach using miRNA therapeutics in fibrotic 

diseases. The mechanisms behind keloid pathogenesis 

remains unclear. 

 In a study, we attempted to clarify the differential 

analysis of miRNA expression in primary cell culture from 

KFs and NFs using miRNA microarray and then explored 

the function of miR-10a which showed the lowest 

expression level in KFs compared with NFs (unpublished 

data). We confirmed that miR-10a was statistically 

significantly under-expressed in KFs compared with NFs. 

Suppression and activation study of miR-10a by 

microRNA inhibitor and retinoic acid in KFs and NFs from 

the culture supernatant revealed that IL-6 and procollagen 

type Ⅰ (PICP)  secretions were significantly inhibited by 

miR-10a inhibitor and activated by retinoic acid (RA) 

treatment. KF and NF derived cells were transfected with 

microRNA oligonucleotide mimic and inhibitor for miR-

10a. The secretion of PICP was reduced in miR-10a 

transfected KFs and NFs. HOXA1 was expressed at 

significantly higher levels in KFs compared to NFs. In RA 

treatment experiments, HOXA1 was increasing in KF at 

lower levels, but in miR-10a inhibitor treatment, HOXA1 

expression was significantly inhibited. Downregulation of 

miR-10a was consistent with direct HOXA1 dependent 

regulation. MiR-10a expression was inversed to that of 

HOXA1 expression. We found that HOXA1 is a direct 

target of miR-10a. On the RA treatment, miR-10a was 

significant overexpressed in KFs and NFs. Treated 

fibroblasts in each well were harvested for miR-10a qPCR 

assay and the culture supernatant in each well was 

analyzed for IL-6 and PICP secretion by ELISA method. 

These ELISA assays indicated that IL-6 concentrations 

were markedly increased in KFs compared with NFs in RA 

treatment. The molecular mechanisms of RA-mediated 

transcription regulation is not well-defined and little is 

known about the influence of RA signaling on miRNA 

regulation. Our own data demonstrate MiR-10a regulates 

the secretion of collagen synthesis in KFs and NFs. The 

secretion of type Ⅰ collagen was reduced in miR-10a 

transfected KFs and NFs. Especially, remarkably reduction 

was shown in miR-10a transfected KFs. Downregulation 

of miR-10a may be one of the mechanisms by which 

collagens are highly deposited in keloid tissues. These 

results suggested that miR-10a regulates the secretion of 

collagen synthesis in KFs and NFs. We concluded that 

miR-10a may be a promising new effective strategy for 

targeting keloid lesions. 

Keloid scaring develops as a result of abnormal wound 

healing that grows beyond the wound margins and exhibits 

inflammation, fibroblastic cell proliferation, and 

accumulation of excessive collagen deposits. Our previous 

study have shown that IL-6 secretion is significantly 

increased in KF compared to NF. IL-6 induces collagen 

synthesis in fibroblasts. Several downstream targets 

including JAK1, ATAT3, RAF1, and ELK1 are 

upregulated at mRNA and protein levels in KFs compared 

to NFs. In the IL-6 signaling pathway are upregulated at 

transcriptional and translational levels [6].  It is possible 

that deregulation of the IL-6 signaling pathway might 

represent a common molecular mechanism that contribute 

to the pathogenesis in 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 stabilization of IL-6 activity 

would have a potential therapeutic impact on keloid [17].  

We have also shown postoperative adjuvant electron beam 

(EB) irradiation as successful tool to reduce keloid 

recurrences. The molecular mechanism behind the effect of 

EB irradiation might hinder keloid formation by 

regularizing disturbances in the homeostatic equilibrium 

between inducer and inhibitor activities in the matrix 

system most likely through the IL-6 pathway [5].  

Recent evidence has shown that miRNA-21 had the 

highest fold change (6.87-fold) and miRNA-203 had the 

lowest expression level in keloid samples [18]. Another 

report demonstrated that downregulation of miRNA-196a 

may be one of the mechanisms by which collagens are 

highly deposited in keloid tissues [19]. MiRNA-19a/b 

played important role in the regulation of IL-6 and MMP3 

release in rheumatoid fibroblast-like synoviocytes [20].  

Similar to mRNA expression, miRNA expression has 

been found to be dysregulated in disease tissues in 

comparison with normal tissues. These dysregulated 

miRNA represent a novel pool of therapeutic targets and 

biomarkers, including those in tissue fibrosis. For example, 

the miR-29 family of miRNA is down-regulated in a 

mouse model of cardiac fibrosis following myocardial 

infarction [21]. In comparison with the normal skin tissues, 

miRNAs were aberrantly expressed in limited cutaneous 

scleroderma and diffuse cutaneous scleroderma skin 

tissues. MiRNAs whose expressions were correlated with 

systemic sclerosis fibrosis; miR-21, Mir-31, miR-146, 

miR-503, miR-145, and miR-29b were predicted to be 

involved [22].  

The miRNAs, miR-10a and miR-10b, are close 

homologs, differing by a single central nucleotide only. 

The miR-10a interacts with the 5, untranslated region of 

mRNAs encoding ribosomal proteins to enhance their 

translation [23].  Down regulation of miR-10a may 

increase upstream stimulatory factor 2 and contribute to 

the increase in cell proliferation of CML. Implicating a 

miRNA in the abnormal behavior of CML [24]. MiR-10a 

is sharply down-regulated during megakaryocytic 

differentiation [25]. Significant low endothelial expression 

of miR-10a detected in regions of athero-susceptibility was 

investigated by a combination of genomic profiling, 

miRNA manipulations and molecular analyses in freshly 

isolated arterial endothelium and in cultured cells [26]. On 

the contrary, miR-10b is highly expressed in metastatic 

breast tumors initiate robust invasion and metastasis. The 

miR-10b induced by the transcription factor Twist 
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proceeds to inhibit translation of the messenger RNA 

encoding homeobox D10, resulting in increased expression 

of a well-characterized pro-metastatic gene, RHOC. 

Significantly, the level of miR-10b expression in primary 

breast carcinomas correlates with clinical progression [27]. 

A close relative of miR-10b, miR-10a has been recently 

reported to target HOX1, a gene that plays an oncogenec 

role in human mammary carcinoma cells [28], indicating 

that miR-10a might have an opposite rather than similar 

function in breast cancer. Homeobox A1 (HOXA1) is an 

experimentally validated downstream target of miR-10a, as 

shown by direct HOXA1 3, UTR-dependent suppression 

during megakaryocytopoiesis.  

During human megakaryotic differentiation, the main 

finding was down-regulation of miR-10a. Hypothetically, 

the down-regulation of microRNAs unblocks target genes 

involved in differentiation. MiR-10a expression is inverse 

to that of HOXA1, and we showed that HOXA1 is a direct 

target of miR-10a [25]. HOXA1 was expressed at 

significantly higher levels in KFs compared to NFs. In RA 

treatment, HOXA1 was increasing in KF at lower levels, 

but miR-10a inhibitor treatment, HOXA1 expression was 

significantly inhibited. Down-regulation of miR-10a 

consistent with direct HOXA1 dependent regulation.  

On the RA treatment, little is known about the 

influence of RA signaling on microRNA regulation. Up-

regulation of miR-10b was previously reported in RA-

induced neuronal differentiation of human embryonal 

carcinoma NT2/D1 cells [29], and an increase in miR-10a 

could be detected during RA-induced differentiation of 

mouse embryonic stem cell into smooth muscle cells [30]. 

MiR-10a is a key mediator of metastatic behavior in 

pancreatic cancer. Inhibition of miR-10a expression (with 

retinoic acid receptor antagonists) or function (with 

specific inhibitor) is a promising attracting point for anti-

metastatic therapies [31]. New technologies are emerging 

that utilize artificial miRNA target sites to exploit or 

inhibit endogenous miRNA regulation. This approach has 

been used to improve cell-specific targeting for gene and 

stem cell therapy studies and for animal transgenics and 

also to reduce the toxicity of oncolytic viruses and to 

attenuate viral vaccines [32]. 

Whereas microRNA-21 regulates the ERK-MAP 

kinase signaling pathway in cardiac fibroblasts, which has 

impacts on global cardiac structure and function, miR-21 

levels are increased selectively in fibroblasts of the failing 

heart, augmenting ERK-MAP kinase activity through 

inhibition of sprout homologue 1. This mechanism 

regulates fibroblast survival and growth factor secretion, 

apparently controlling the extent of interstitial fibrosis and 

cardiac hypertrophy. Silencing of miR-21 by specific 

antagomir reduces cardiac ERK-MAP kinase activity, 

inhibits interstitial fibrosis and attenuates cardiac 

dysfunction [14]. 

If the future proves that miRNAs are major players in 

inflammatory disorders, a new generation of RNA drugs 

could include small antisense RNAs that antagonize 

miRNA function [33]. Such antagomirs can be 

synthetically made [34] or encoded by DNA [35] and may 

specifically target an overexpressed miRNA. As an 

example of such strategy, stabilized RNA antagomirs has 

been recently followed up by the use of miR-10b-directed 

antagomirs in cancer treatment including anti-metastatic 

therapy [36]. Downregulation of miR-10a may be one of 

the mechanisms by which collagens are highly deposited in 

keloid tissues. In this regard, both miR-10a inhibitors and 

RA receptor antagonists are promising effective strategy 

for targeting keloid therapies.  

 

Conclusion 

In conclusion, microRNAs regulate gene expression 

and modulate critical processes involved in keloid 

development. In keloid, a number of microRNAs act as 

pro-fibrotic molecules and their upregulation induce 

fibroblast proliferation and collagen synthesis. Others have 

anti-fibrotic function and their downregulation promote 

fibroblast proliferation and collagen synthesis. Thus a 

balance between pro-fibrotic and anti-fibrotic microRNAs 

has to be maintained in order to prevent keloid formation. 

Various inflammatory processes involving IL-6 signaling, 

TGF-beta signaling, ECM deposition, fibroblast 

proliferation and differentiation, and EMT play important 

role in keloid pathogenesis. Therapeutic strategies should 

consider methods to upregulate anti-fibrotic miRNAs or 

downregulate pro-fibrotic miRNAs or both in the 

management of keloid.  
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