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Abstract

Chronic Kidney Disease (CKD) has now become a global public health problem. Renal Interstitial Fibrosis (RIF) is a common 
pathological feature of various chronic kidney diseases, and there is no effective treatment for RIF due to the complex pathogenesis. 
Recent studies have found that exosomal miRNAs play an important role in the diagnosis and treatment of RIF. This review 
summarises the current research on the role of exosomal miRNAs in RIF and their therapeutic applications and looks forward to the 
future development direction and prospect of exosomal research, which will provide new ideas for exosomal therapeutic research 
in RIF.
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Introduction 
Epidemiological studies have shown that the increasing inci-

dence of Chronic Kidney Disease (CKD) has become a serious public 
health problem worldwide[1], and Renal Interstitial Fibrosis (RIF) 
is the main pathological change in almost all CKD progressing to 
end-stage renal disease, and its formation can be divided into a re-
versible stage (including the inflammatory response stage and the 
pre-fibrotic formation stage) and an irreversible stage (scarring 
stage), and its main pathological The main pathological features 
include inflammatory cell infiltration, renal tubular atrophy, peritu-
bular capillary detachment, myofibroblast proliferation and exces-
sive deposition of Extracellular Matrix (ECM) [2]. miRNAs are a new 
class of non-coding RNAs with a special ring structure and resistant 
to degradation by nucleic acid exonucleases, with a length of about 
22 nucleotides, which can be encapsulated in Exosomes by Vesi-
cles (EVs) to constitute exosomal miRNAs [3]. Exosomal miRNAs 
are widely and stably present in humoral circulation and can be  

 
transported to target cells in vesicular form via blood circulation, 
thus regulating the pathophysiological processes in recipient cells. 
It has been demonstrated that after injury to renal proximal tubular 
epithelial cells, released EVs can specifically activate renal mesen-
chymal fibroblasts by carrying TGF-β1 mRNA and upregulate the 
expression of α-SMA, F-actin and collagen type I, which leads to RIF 
[4]. The aim of this paper is to summarise the function of exosomal 
miRNAs and their mechanism of action on renal interstitial fibrosis, 
and to provide a basis for the early diagnosis and treatment of renal 
interstitial fibrosis by exosomal miRNAs.

Production and Release of Exosomes and Exo-
somal MiRNAs

Exosomes are tiny vesicles with a phospholipid bilayer struc-
ture released from a variety of cells actively into extracellular and 
body fluids, with a diameter of about 40~160 nm[5], which are 
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widely present in blood, tears, urine, saliva, breast milk, ascites, 
and other body fluids, and can act on the target cells to change their 
gene phenotypes and modify the microenvironment in which they 
are located, and play a role in regulating the physiological activity 
of the target cells, and is one of the important means of intercellular 
communication [6]. miRNAs are a class of short-stranded non-cod-
ing RNAs with a length of about 18-24 nucleotides, which are highly 
conserved, can regulate gene expression at the transcriptional or 
translational level, and are involved in the regulation of inflamma-
tory responses, oxidative stress, and other physiological and patho-
logical processes [3]. miRNAs, as the regulatory genes of mRNAs, 
can regulate fibrotic diseases, and they can be encapsulated in the 
exosomes by EVs, constituting the exosomal miRNAs. miRNAs, exo-
somal lipid bilayer wrapped miRNAs can be protected from degra-
dation by RNA enzymes in body fluids. The formation and release 
process of exosomes and exosomal miRNAs can be divided into 
three phases: the initiation endocytosis phase, the Multivesicular 
Bodies (MVB) formation phase and the exosomal secretion phase 

[7]. Under different pathological states, miRNAs encapsulated and 
transported by exosomes stably exist in the humoral circulation and 
can mediate fibroblast proliferation and differentiation, mesenchy-
mal cell transformation and apoptosis through multiple signalling 
pathways, and thus play a regulatory role in fibrotic diseases [1], 
therefore, exosomal miRNAs are expected to be important markers 
for the diagnosis of fibrotic diseases and an important target for 
therapy.

Role of Exosomal miRNAs in the Pathogenesis 
of Renal Interstitial Fibrosis

Kidneys stimulated by various causes (e.g. mechanical injury, 
persistent infection, long-term exposure to toxins or radiation, au-
toimmune response, etc.) can ultimately result in abnormal degra-
dation and synthesis of extracellular matrix proteins in the renal 
parenchyma, which causes a large amount of extracellular matrix 
aggregation, resulting in severe disruption of the tissue structure, 
and ultimately leading to RIF (Figure 1) [2]. 

Figure 1: Role of exosomal miRNAs in the pathogenesis of renal interstitial fibrosis.

After receiving various stimuli, the normal kidney causes cellu-
lar abnormalities, with renal proximal tubular epithelial cells and 
glomerular endothelial cells releasing exosomes carrying TGF-β1 
mRNA, respectively, which leads to excessive accumulation of ex-
tracellular matrix, resulting in renal interstitial fibrosis. In the de-
velopment of RIF, exosomal miRNAs released by different types of 
cells play their regulatory roles through different pathways. For ex-
ample, after renal proximal tubular epithelial cell injury, exosomes 
are released, and exosomes carrying TGF-β1 mRNA can activate 
renal mesenchymal fibroblasts, and TGF-β1 rapidly activates re-
pair or (and) regenerative responses, promotes the proliferation 
of fibroblasts, and up-regulates the expression of α-SMA, F-actin, 
and collagen type I, which ultimately leads to fibrosis of the kid-

ney[4]. The exosomes released from glomerular endothelial cells 
after glomerular endothelial cell injury carry a large amount of 
TGF-β1mRNA, which promotes the expression of α-SMA in glomer-
ular thylakoid cells through the TGF-β/Smad3 signalling pathway, 
resulting in the over-accumulation of renal extracellular matrix and 
the formation of renal fibrosis [8]. According to Delic, et al., [9]. both 
telmisartan and riglitazidin normalized urinary exosomal miR-29c 
levels, a miRNA that exerts an antifibrotic effect in nephrectomised 
rat models. The study by He, et al., [9]. and others also found that 
exosomal miRNAs are key regulators in the progression of diabetic 
nephropathy that have a regulatory effect on RIF. Therefore, exoso-
mal miRNAs can be involved in the occurrence and development of 
RIF by mediating multiple pathological factors.
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Exosomal miRNAs and the Diagnosis of Renal 
Interstitial Fibrosis

Renal puncture biopsy is currently the golden index to under-
stand the process of renal fibrosis, but this is an invasive operation, 
which is traumatic to organ tissues and difficult to take material, 
difficult to repeat in the short term, and difficult to understand 
the process of renal fibrosis in real time and dynamically due to 
the limitation of examination conditions. Therefore, finding a re-
al-time, dynamic and easy to promote the application of renal fibro-
sis detection method is an urgent need for clinical diagnosis. The 
exosomes in body fluids have the most diagnostic potential, which 
carry a variety of substances such as miRNAs, rRNAs, proteins and 
other substances from intracellular sources and can be stably ex-
pressed. Human experiments [10] also found that miR-29c in exo-
somes extracted from urine was negatively correlated with Smad3 
and MMP2, and the expression level of miR-29c was also negatively 
correlated with the renal chronicity index (i.e., scores of glomer-
ulosclerosis, fibrous crescent, tubular atrophy, and mesenchymal 
fibrosis, with higher scores being more severe fibrosis), suggesting 
that miR-29c in exosomes can be used as a new biomarker for the 
diagnosis of renal fibrosis.

At this stage, the technology of isolating exosomes is very ma-
ture, which can perform real-time quantitative analysis of miRNAs 
and proteins. Lv, et al., [11]. collected urine samples from 32 CKD 
patients and 7 control patients, and the results of the study showed 
that the levels of exosomal renal fibrosis-related miRNAs (miR-29 
and miR-200) in the urine of CKD patients were significantly de-
creased compared with those in normal controls, suggesting that 
the urinary levels of miR-29c in exosomes can be used to reflect 
the degree of renal function and histological fibrosis, and is a new, 
non-invasive marker of renal fibrosis. The universally applicable 
microRNA quantification and stability of exosomal miRNAs further 
emphasise their unique potential as novel, non-invasive biomark-
ers of CKD. In addition, one study [12] analysed the mRNA levels 
of CD2-associated protein (CD2⁃accosiatedprotein, CD2AP) and 
Synaptopodin (SYNPO) in urinary exosomes of patients with kid-
ney disease and found that the level of CD2AP mRNA in urinary exo-
somes of patients with kidney disease decreased with the increase 
of urinary protein, and was negatively correlated with the renal 
fibrosis degree was negatively correlated with renal fibrosis, there-
fore, urinary exosomal source of CD2APmRNA can also be used as 
a marker of renal function and RIF in patients with kidney disease.

The study of SHI, et al., [3]. also found that the expression of 
urinary exosomal miRNAs in patients with IgA nephropathy was 
positively correlated with the severity of renal fibrosis, and the 
working characteristic curves of the subjects suggested that the ex-
pression of urinary exosomal miRNAs could differentiate between 
patients with IgA nephropathy with different degrees of fibrosis, 
and it was better than the traditional clinical biochemical indexes 
such as blood creatinine. It suggests that urinary exosomal miRNAs 
can be used as a novel, non-invasive biomarker for diagnosing re-
nal fibrosis SONG, et al., [4]. collected renal puncture samples from 

32 diabetic nephropathy patients with high glucose stimulation of 
renal tubular epithelial exosomal miRNAs for systematic analysis 
and found that as the disease severity of patients with early-stage 
diabetic nephropathy increased, the higher the mRNA expression 
levels of TGF-β1 and CTGF in the patients’ urinary exosomes. This 
suggests that fibrogenic genes TGF-β1 and CTGF in the urinary exo-
somes of diabetic nephropathy patients may be important auxiliary 
biological markers for clinical diagnosis of early diabetic nephrop-
athy and its progression.

Exosomal miRNAs and the Treatment of Renal 
Interstitial Fibrosis

Exosomes play a bidirectional regulatory role in the develop-
ment of fibrosis, and in the progression of CKD, exosomes released 
from its damaged renal cells promote renal fibrosis, while exo-
somes released from stem cells inhibit fibrosis, which provides a 
theoretical basis that exosomes can be used as a therapeutic target 
for fibrosis. For example, Wang, et al., [13]. found that bone marrow 
mesenchymal stem cell-derived exosomes with high expression of 
miR-Let7c and low expression of type IV collagen, matrix metallo-
proteinase 9, and transforming growth factor β1 in animal exper-
iments of unilateral ureteral obstruction in mice had anti-fibrotic 
effects with a significant reduction in renal injury. This effect was 
antagonised if the exosome inhibitor GW4869 was used. Another 
study [14] confirmed that intramuscular injection of exosomes ex-
pressing miR-29 could effectively alleviate renal fibrosis and reduce 
the expression of transforming growth factor β, α-smooth muscle 
actin, and collagen in renal tissues. Jing, et al., [15-20]. explored the 
role of Human Umbilical Cord Mesenchymal Stem Cell Exosomes 
(huMSC-Ex ) in regulating renal fibrosis through the Unilateral Ure-
teral Obstruction (UUO) model of rat. Yes-Associated Protein (YAP) 
in renal injury repair. The results showed that HucMSC-Ex could in-
hibit RIF by promoting YAP ubiquitination and degradation through 
the delivery of CK1δ and β-TRCP, providing a novel approach for RIF 
treatment. On this basis, Yu, et al., [5]. injected huc-MSCs-derived 
exosomes containing adenovirus-TGF-β1 shRNA into UUO rats by 
tail vein and found that the exosomes were able to specifically tar-
get fibrotic renal tissues and repair renal interstitial fibrosis by 
inhibiting the TGF-β1/Smad 3 pathway. Of course, standardization 
and quality control issues should be addressed before exosomes 
are truly applied to clinical treatment. At present, there is still a lack 
of effective methods for exosome therapy for RIF, and many clinical 
trials are needed for validation.

Conclusion and Future Outlook
RIF, as a widespread pathological mechanism in renal diseas-

es, has been the focus of medical workers’ research, and how to 
slow down the process of RIF and improve the prognosis is an ur-
gent challenge. Among the various proposed potential treatments 
for renal fibrosis, exosomal miRNAs have gradually come into the 
limelight as a cell-free treatment. With the deepening of research, 
the mechanism of exosomal miRNAs involved in the development 
of RIF has been gradually revealed. With the continuous improve-
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ment of exosome detection technology, body fluid exosome biopsy 
method is expected to become a simple and non-invasive new tech-
nology to confirm the diagnosis of fibrosis. Meanwhile, the obvious 
differential expression of exosomal miRNAs plays an indispens-
able role in the development of organ fibrosis diseases. Although 
the research and development of exosomal miRNAs are also facing 
many challenges, exosomal miRNAs provide a new breakthrough 
point for exploring the mechanism of RIF and a new target for the 
future treatment of RIF. It is believed that with the development of 
science and technology and in-depth research, exosomal miRNAs 
will become an important tool for designing a new generation of 
diagnostic and therapeutic methods for RIF.
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