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Abstract. Fibrotic skin diseases are characterized by the accu-
mulation of collagen. The hallmarks of fibrotic skin diseases 
are unbalanced fibroblast proliferation and differentiation, 
extracellular matrix production and transforming growth 
factor‑β signalling. Numerous studies have investigated the 
possibility that microRNAs (miRNAs or miRs) are involved 
in the pathogenesis of certain fibrotic diseases, including skin, 
heart, lung and liver diseases. miRNAs are a class of small 
non‑coding RNAs, which modify gene expression by binding 
to target messenger RNA (mRNA) and blocking the translation 
or inducing the degradation of target mRNA. The biological 
relevance of miRNAs has been investigated in physiological 
and pathological conditions, and there is increasing evidence 
that the miR‑29 family is associated with fibrotic diseases. The 
aim of the present review is to provide an up‑to‑date summary 
of current knowledge on the latest developments associated 
with the miR‑29 family and fibrotic skin diseases.
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1. Introduction

Fibrotic skin disease is an umbrella term for a group of 
diseases, which is driven by inflammation, autoimmune 
mechanisms or environmental factors (1). Examples include 
all forms of scleroderma, graft‑versus‑host disease (GvHD), 
nephrogenic fibrosing dermopathy, mixed connective tissue 
disease, scleromyxedema, scleredema, eosinophilic fasciitis, 
keloids and hypertrophic scars. Fibrotic skin diseases have 
a significant negative effect on quality of life, specifically 
including issues with self‑esteem.

A hallmark of fibrotic skin diseases is the involvement of 
the extracellular matrix (ECM), which occurs as a result of 
pathological and/or abnormal wound healing (1). Progression 
of fibrosis is a complex process and consists of immune, 
autoimmune and inflammatory mechanisms, as  well  as 
certain cytokines and chemical or physical factors  (1,2). 
Fibrotic skin diseases may be accompanied by psychological 
issues, as a result of reduced self‑esteem. A small number of 
treatment options are useful; however, further therapeutic strat-
egies are required for the management of skin fibrosis (3,4). 
Accumulating clinical and experimental evidence indicate that 
the distribution of the balance of ECM remodelling is a key 
component (5).

Generally, tissue fibrosis occurs following injury and 
presents an abnormal wound healing process  (5‑7). Skin 
fibrosis progression may be followed by chronic inflammation, 
inflammation and intrinsic profibrotic changes in fibroblasts, 
and involves cytokines, growth factors and different cell 
types (2,8). Endothelial cells, when damaged, release certain 
cytokines that activate immune cells. As a result, activated 
immune cells secrete fibrotic growth factors. Different 
cytokines and growth factors, such as transforming growth 
factor (TGF)‑β, interleukin‑4 (IL‑4), interferon‑γ and tumour 
necrosis factor (TNF)‑α, connective tissue growth factor 
(CTGF) and platelet‑derived growth factor (PDGF), partici-
pate in skin fibrosis. Growth factor actions lead to proliferation 
of fibroblasts and they differentiate into myofibroblasts during 
the fibrosis process (9,10).

Following the discovery of microRNAs (miRNAs or miRs) 
in the early 2000s, studies have begun to discuss their roles 
in the physiological and pathological processes of diseases, 
including fibrosis (11). miRNAs are small non‑coding RNAs 
(18‑25 nucleotides) that block the translation or induce the 
degradation of target messenger RNA (mRNA) (12). miRNAs 
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have different expression patterns and regulate various 
biological (such as cellular differentiation and cellular prolifera-
tion) and pathological (cancer and neurodegenerative disease) 
processes (11,13‑16). Increasing evidence indicates that miRNAs 
participate in fibrotic disorders, including those of the skin, 
heart, kidney, liver and lung (3,6,8). Previous studies have evalu-
ated the possible roles of miRNAs in skin diseases (3,4,8,17,18).

The miR‑29 family includes miR‑29a, miR‑29b‑1, 
miR‑29b‑2 and miR‑29c. This family demonstrates anti‑fibrotic 
activity and regulates a number of ECM proteins, including 
collagens, fibronectin, laminin, matrix metalloproteinase‑2 
(MMP‑2), secreted protein acidic and rich in cysteine (19‑25). 
Accumulating data suggest that the miR‑29 family may be 
important in the homeostasis of the ECM.

In the present review, the role and function of the miR‑29 
family is summarized, with an emphasis on its role in the 
pathogenesis of fibrotic skin diseases, and its potential as a 
therapeutic molecule.

2. miRNAs

miRNAs are a class of non‑coding RNAs that regulate 
mRNA processing at the post‑transcriptional level (26). In 
1993, Lee et al  (27) discovered the first miRNA, lin‑4 in 
Caenorhabditis elegans. In the early 2000s, Reinhart et al (28) 
identified the second miRNA, let‑7 and, during the 2000s, 
more than a dozen miRNAs were identified in plant and 
animal species  (11,12,29). The chromosomal locations of 
miRNAs affect their expression and function. While the 
majority of mammalian miRNA genes are located in intronic 
regions, certain miRNA genes are located in exons, and ~30% 
are located in intergenic regions (13,30).

3. miR‑29 family

The miR‑29 family consists of four miRNAs: miR‑29a, 
miR‑29b‑1, miR‑29b‑2 and miR‑29c. miR‑29a and miR‑29b‑1 
are encoded by genes located on chromosome 7 (7q32.3), 
whereas miR‑29b‑2 and miR‑29c are encoded on chromo-
some  1 (1q32.2). All three miRNAs share an identical 
5‑nucleotide sequence in their seed region, which results in 
an overlap in the genes they target (22). Expression levels of 
miR‑29 family members are regulated by multiple transcription 
factors, including Myc, nuclear factor (NF)‑κB and Gli (20,31).

The miR‑29 family appears to exert a range of regulatory 
functions, controlling apoptosis (32,33), proliferation (34,35) 
and differentiation (36,37). The antifibrotic activity of the 
miR‑29 family is primarily based on its ability to target ECM 
genes. Various studies have independently demonstrated 
that the miR‑29 family targets >20 ECM‑associated genes, 
including collagen, elastin and integrin B1; therefore, the 
miR‑29 family is a major target of this miRNA family (22,24). 
miR‑29 family members are actively involved in the fibrotic 
processes of various types of tissue, such as liver (25,36,37), 
pulmonary  (19,38,39), cardiac  (40,41) and renal  (24,42), 
as  well  as in systemic sclerosis  (23,43‑45), trabecular 
meshwork (9) and bone remodelling (20,21,46).

Downregulation of different miR‑29 family members 
has been reported in the liver  (25,37,47,48), lungs  (19,49), 
heart (25,41), kidneys (50,51) and skin (23) (Fig. 1).

4. miR‑29 family in the pathogenesis of fibrotic skin diseases

The association between downregulated miR‑29 expression 
levels and tissue fibrosis has been reported in different tissues, 
and it is not surprising that the miR‑29 family is described 
as the ‘master fibromiRNA’ due to its pivotal role during the 
process of fibrosis (44). The roles of miR‑29 individually in 
fibrotic skin diseases are discussed further in the following 
sections.

5. Systemic sclerosis (SSc)

SSc is an autoimmune disease that is closely associated with 
inflammation and fibrosis (7). The pathogenesis of this disease 
remains unclear and there is no effective treatment. The 
miR‑29 family is predominantly evaluated in scleroderma, 
with regard to other fibrotic skin diseases. Maurer et al (23) 
demonstrated that miR‑29a post transcriptionally regulates 
collagens in  vitro and in  vivo. The authors investigated 
primary skin fibroblasts and bleomycin‑induced skin fibrosis 
in mice. It was determined that miR‑29a was significantly 
downregulated in SSc fibroblasts and skin sections compared 
with healthy control samples. Furthermore, miR‑29a expres-
sion was demonstrated to be decreased by major profibrotic 
mediators, TGF‑β, PDGF subunit B and IL‑4. Inhibition of 
TGF‑β signalling reregulates the miR‑29 levels in SSc fibro-
blasts and bleomycin‑induced mice (23). Kawashita et al (43) 
evaluated   patients diagnosed with scleroderma and grouped 
all patients according to the subtypes of the disorder. It was 
determined that serum miR‑29a was downregulated only in 
the scleroderma spectrum disorders. Furthermore, the authors 
demonstrated that collagen levels were upregulated in the 
SSc patients. Notably, a correlation between reduced miR‑29a 
levels and increased right ventricular systolic pressure was 
determined in patients with SSc (43‑45). Ciechomska et al (52) 
demonstrated that TGF‑β‑activated kinase‑binding protein 
is a novel target of miR‑29a, and it regulates TIMP metal-
lopeptidase inhibitor 1, which is a key molecule for ECM 
deposition. Jafarinejad‑Farsangi et al  (53) determined that 
miR‑29a possesses pro‑apoptotic properties in addition to 
its anti‑fibrotic effects. The protein expression of B  cell 
lymphoma‑2 (Bcl‑2) family was altered by miR‑29a in dermal 
fibroblasts from SSc patients and miR‑29a induced apoptosis 
in this type of cell. Mcl‑1, an anti‑apoptotic BCL2 family 
member, is a target of miR‑29b and is a member of the Bcl‑2 
family; therefore, the miR‑29 family directly or indirectly 
affects Mcl‑1 (53,54). According to Takemoto et al (55) hair 
miR‑29a levels in patients with scleroderma were markedly 
reduced when compared with the controls.

miR‑29 is not the only miRNA that is involved in the 
pathogenesis of SSc. As discussed by Zhu et al (56), at least 
four other miRNAs are involved in SSc. Among these, miR‑21 
and miR‑92a promote fibrosis, while miR‑150 and miR‑196a 
exert antifibrotic effects.

6. Graft‑versus‑host diseases

A common complication associated with allogeneic hema-
topoietic stem cell transplantation is the development of 
GvHD, which is observed in 50% of recipient patients (57). 
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GvHD is an immune‑mediated disease, which leads to 
morbidity and mortality. The major problem regarding GvHD 
prognosis and treatment depends only on clinical progres-
sion and, the unique method for establishing the GvHD 
prognosis is to determine any validated laboratory tests and 
results (58). Given the involvement of the skin and immune 
system in GvHD, the role of miRNAs in the pathogenesis 
of GvHD has been hypothesized. Xiao et al (59) provided 
supporting evidence for this hypothesis, and demonstrated 
that the plasma levels of miR‑423, miR‑199a‑3p, miR‑93* 
and miR‑377 were significantly upregulated in patients with 
acute GvHD. In another study, Atarod and Dickinson (6) 
used Ingenuity Pathway Analysis to further investigate the 
interactions between the GvHD signalling pathway and 
miRNAs. The authors speculated that the miR‑29 family 
targets IL‑6 and TNF‑α, and acts as downstream regulators 
of tissue damage (60). Notably, a large number of molecules 
have a role in GvHD pathogenesis, and various miRNAs are 
likely to exert regulatory roles in this process. In vivo models 
of GvHD, as well as clinical samples from GvHD patients 
may be utilized to identify the precise roles of the miR‑29 
family in this disease.

7. Keloids

Keloids are defined as benign dermal tumours. Keloids gener-
ally occur following an abnormal wound healing; however, 
the pathogenesis remains unclear (61). Zhang et al (62) deter-
mined that all miR‑29 family members are expressed in keloid 
fibroblasts (KFs) and fresh skin biopsy specimens (obtained 
24‑48 h after surgery) and, in particular, miR‑29a is highly 
expressed in KFs. The authors also evaluated the interaction 
of miR‑29a and collagen type  III α1 chain (COL3α1) and 
demonstrated that miR‑29a directly regulates enhancement 
of collagen production. Furthermore, in normal fibroblasts, 
miR‑29a directly regulates collagen production via affecting 
TGF‑β expression (62). In another study, Liu et al (63) used 
microarray analysis for comparative miRNA profiling 
between keloid tissue and normal skin tissue samples. The 
authors identified 32 differentially expressed miRNAs, 23 
of which were upregulated in keloid tissue samples. Notably, 
miR‑21 was the most upregulated miRNA, whereas miR‑203 
was the most downregulated. Notably, none of the miR‑29 
family members were identified to be differentially expressed 
in the study. The most likely explanation for this observation is 
the stringent expression analysis, which excludes any miRNA 
that is not differentially expressed in all paired keloid‑normal 
tissues (63).

8. Hypertrophic scars

Hypertrophic scars occur as a result of trauma, injury, surgery 
or burns. This type of scar is characterized by excessive 
deposition of the ECM. The incidence is more frequent when 
compared with keloids (64). To the best of our knowledge, the 
first analysis of differential miRNA expression in hypertrophic 
scars was performed by Ning et al (65), who demonstrated 
that miR‑29b‑1 expression was downregulated in hypertro-
phic scar tissue samples when compared with healthy control 
tissue samples. In another study, Guo et al (66) demonstrated 
that miR‑29b treatment inhibited the TGF‑β1/Smad/CTGF 
signalling pathway in scalded model in mice. Zhou et al (67) 
reported that miR‑21 and miR‑200b are overexpressed in 
profibrotic hypertrophic scars, and speculated that these 
miRNAs are involved in the pathogenesis of hypertrophic scars 
through TGF‑β/Smad7/zinc finger E‑box‑binding homeobox 
1 signalling. In a follow‑up study, Li et al (68) reported that 
miR‑21 inhibitor suppresses hypertrophic scar growth in a 
mouse model. Furthermore, downregulation of miR‑143‑3p 
is associated with COLI/III accumulation, and upregulation 
of CTGF (also termed CCN2) expression hypertrophic scars. 
Mu et  al  (69) demonstrated that forced overexpression of 
miR‑143‑3p inhibits proliferation of hypertrophic scar fibro-
blasts, and induces apoptosis via the Akt/mechanistic target 
of rapamycin (mTOR) signalling pathway. Taken together, 
these results indicate that multiple miRNAs are involved in 
the pathogenesis of hypertrophic scars, and their effects are 
performed predominantly via TGF‑β‑mediated signalling.

Notably, the interaction between the miR‑29 family and 
TGF‑β has been revealed in cardiac and lung fibrosis (19,41). 
Following treatment of TGF‑β1 on miR‑29 knockdown IMR‑90 
cells, Cushing et al (19) demonstrated that certain genes were 
upregulated by TGF‑β and the authors observed that these 
genes predominantly consisted of miR‑29‑predicted targets. 
Decreased miR‑29 expression levels lead to upregulation of 
Col3A1 and Col4A1. Furthermore, the stimulation of TGF‑β1 
and knockdown of miR‑29 exhibit the same behaviour in lung 
cells, and lead to upregulation of specific genes, including 
Col1A1, Col3A1 and Col1A2. In certain cases, TGF‑β1 stimu-
lation may be insufficient compared with miR‑29 inhibition, 
and this suggests that downregulation of miR‑29 may facilitate 
TGF‑β‑mediated upregulation. Conversely, certain laminins, 
integrins, MMPs and ADAMs family are upregulated with 
downregulation of miR‑29, but not with TGF‑β1 stimula-
tion (19). Thus, these observations indicate that the miR‑29 
family regulates gene expression via TGF‑β‑dependent and 
‑independent signalling pathways.

Figure 1. Downregulated miR‑29 expression in different tissue samples, leading to fibrosis. The grey cells represent the downregulated members of the miR‑29 
family. miR, microRNA.
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9. miR‑29 family as therapeutic target for fibrotic skin 
diseases

The effective treatment options have not been established in 
fibrotic skin diseases. Current treatment options are far from 
adequate; they only provide relief and assist patients by easing 
the side effects associated with main fibrotic disease (3,8). 
Therefore, it is necessary to develop novel treatment options.

Recent evidence indicates that miRNAs may serve as 
therapeutic targets for certain fibrotic skin diseases. In partic-
ular, the miR‑21 and miR‑29 family have become prominent; 
however, considering that deregulated miR‑21 expression is 
also associated with other pathological conditions, it is possible 
that negative effects associated with miR‑21 deregulation may 
not be specific to fibrotic skin diseases (4,6).

Gay  et  al  (70) developed an miR‑29 upregulator for 
scleroderma treatment and have submitted a patent application 
(http://www.google.ch/patents/US20110218233). Considering 
the anti‑fibrotic properties of the miR‑29 family, this approach 
is considered to be a suitable treatment option. In addition, 
synthetic short double‑stranded oligonucleotide mimics and 
viral (lentiviral, adenoviral and adeno‑associated viral) vectors 
may be used for treatment of fibrotic skin diseases in order to 
increase miR‑29 expression (3,4,6).

The possibility of restoring downregulated miR‑29 expres-
sion via small molecules or synthetic oligonucleotides (miRNA 
mimics) has been investigated in different studies. In one 
example, Zhu et al (71) indicated that carvedilol, a non‑selective 
β‑adrenoreceptor antagonist, attenuates myocardial fibrosis in 
rats. The authors determined that carvedilol treatment exerts 
its effect via inhibition of Smad3 signalling and activation of 
miR‑29b expression. Forced overexpression by miRNA mimics 
also exerted similar effects, which was demonstrated by a 
significant decrease in Col1A1, Col3α1, and α‑smooth muscle 
actin expression levels in the two experimental conditions (71). 
In another example, van Rooij et al (41) suggested that restoring 
miRNA expression with synthetic oligonucleotides (miRNA 
mimics) or pharmacological inhibitors may be a useful approach 
to counteract the adverse effects of miR‑29 downregulation in 
myocardial fibrosis. Thus, these suggest that restoring miR‑29 
expression may facilitate with reversing fibrosis.

10. Conclusion

Fibrosis is a complex process that involves excessive deposition 
and reorganization of the ECM, leading to epithelial‑mesen-
chymal transition and TGF‑β activity. The activity of miRNAs 
is significant for fibrosis. Over the past decade, a numerous 
preclinical studies have revealed the role of miRNAs, particu-
larly the miR‑29 family, in fibrotic skin diseases. Briefly, 
downregulation of miR‑29 expression levels leads to increased 
ECM protein expression levels. In addition, TGF‑β signalling 
is responsible for decreased miR‑29 expression levels during 
the course of fibrosis. Therefore, targeting the miR‑29 family 
and TGF‑β may be an effective strategy for the treatment of 
fibrosis. A substantial level experimental evidence has indi-
cated that restoring downregulated miRNA expression with 
synthetic miRNA mimics may be a useful strategy to overcome 
fibrosis. However, such a strategy has certain technical (such 
as route of delivery and stability in circulation) and biological 

(targeted delivery, uptake rate and effective dose) limitations, 
which require further investigation using animal models and 
clinical trials.
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