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Abstract: The early detection of chronic kidney disease (CKD) is key to reducing the burden of
disease and rising costs of care. This need has spurred interest in finding new biomarkers for
CKD. Ideal bi-omarkers for CKD should be: easy to measure; stable; reliably detected, even when
interfering substances are present; site-specific based on the type of injury (tubules vs. glomeruli);
and its changes in concentration should correlate with disease risk or outcome. Currently, no single
can-didate biomarker fulfills these criteria effectively, and the mechanisms underlying kidney fibrosis
are not fully understood; however, there is growing evidence in support of microRNA-mediated
pro-cesses. Specifically, urinary exosomal microRNAs may serve as biomarkers for kidney fibrosis.
In-creasing incidences of obesity and the recognition of obesity-associated CKD have increased
interest in the interplay of obesity and CKD. In this review, we provide: (1) an overview of the current
scope of CKD biomarkers within obese individuals to elucidate the genetic pathways unique to obesi-
ty-related CKD; (2) a review of microRNA expression in obese individuals with kidney fibrosis in the
presence of comorbidities, such as diabetes mellitus and hypertension; (3) a review of thera-peutic
processes, such as diet and exercise, that may influence miR-expression in obesity-associated CKD;
(4) a review of the technical aspects of urinary exosome isolation; and (5) future areas of research.
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1. Introduction

It is currently estimated that 37 million people have chronic kidney disease (CKD),
and 48% of those with severely reduced kidney function are unaware [1]. CKD is missed
early in the course of the disease for multiple reasons. First, the disease process is indolent,
causing patients to seek help late in the process when irreversible harm has already taken
place. Second, the diagnostic tests used in current clinical practice are fraught with pitfalls,
causing delays in recognition and treatment. The most common diagnostic measure is
serum creatinine, which is often used as a surrogate for the estimated glomerular filtration
rate (eGFR) for CKD staging and progression [2]. This test must be interpreted differently
for different age groups and body habitus, and the observed values can vary with collection
time/hydration status [3]. Other diagnostic criteria, such as urinary protein and microal-
bumin levels, can be attributed to causes other than CKD, and require an accurate first
morning sample or 24 h urine collections [4]. Often, by the time these tests are noted to
be abnormal, CKD is established [4], as underscored by 2017 data reporting that treating
Medicare beneficiaries with CKD cost over USD 84 billion [1].
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The early detection of CKD is key to reducing the burden of disease and rising costs
of care. This identified need has spurred interest in finding new biomarkers for CKD.
Furthermore, the increasing incidence of obesity and the recognition of obesity-associated
kidney disease has increased interest in the interplay of obesity and CKD [5]. In this
review we provide: (1) an overview of the current scope of CKD biomarkers within obese
individuals to elucidate the genetic pathways unique to obesity-related CKD; (2) a review
of microRNA expression in obese individuals with kidney fibrosis in the presence of
comorbidities such as diabetes mellitus and hypertension; (3) a review of therapeutic
processes such as diet and exercise that may influence miR-expression in obesity-associated
CKD; (4) a review of the technical aspects of urinary exosome isolation; and (5) future areas
of research.

1.1. Current Scope of CKD Biomarker Research

An ideal biomarker for CKD should be: easy to measure; stable; reliably detected even
when interfering substances are present; site-specific based on the type of injury (tubules vs.
glomeruli); and its changes in concentration should correlate with disease risk or outcome.
Currently, there is no single candidate that fulfills these criteria effectively [6].

Approaches to finding valid biomarkers have centered around two main philosophies.
Unbiased approaches involve harnessing the power of proteomics and metabolomics to help
identify candidate biomarkers that are changed by CKD. In contrast, biased approaches
are based on hypotheses related to glomerular or tubular injury pathophysiology [7].
Plasma biomarkers of tubular injury (KIM-1), repair (YKL-40), or inflammation (MCP-1,
suPAR, TNF receptor-1 (TNFR-1), and TNFR-2) may identify children with CKD at risk for
glomerular filtration rate (GFR) decline. Urinary biomarkers, including α1-microglobulin,
KIM-1, and TFF-3, have been found to have the most clinical correlation with mortality
in adult CKD patients [6]. Goknar et al. evaluated early urine kidney injury markers
(microalbuminuria, NAG, NGAL, and KIM-1) in obese children and reported that obese
children had higher urinary NAG and KIM-1 levels compared with lean controls [8]. The
quest to detect specific unique kidney biomarkers in obese children is more difficult, because
they are more likely to have an overlap with cardiac or metabolic factors as opposed to lean
children [8].

1.2. MicroRNAs as Candidate Biomarkers for Kidney Fibrosis in Obesity

Kidney fibrosis is the buildup of scar tissue within the parenchyma, and it represents
the common final pathway before end-stage kidney disease (ESKD). Indeed, cortical inter-
stitial expansion is the best histologic predictor of kidney functional decline in CKD [9]. The
mechanism underlying kidney fibrosis is not well understood; however, there is growing ev-
idence in support of a microRNA-mediated process [10]. Specific microRNAs are involved
at different stages of kidney fibrosis via different biological pathways [9]. MicroRNA expres-
sion profiles may be utilized in clinic as biomarkers in body fluid (blood/urine) for the early
detection of kidney fibrosis and, thus, CKD. The identification of noninvasive biomarkers
for the early diagnosis of kidney disease, such as urinary microRNA, would be clinically sig-
nificant, specifically for feasibility in pediatric populations. Several of the urinary exosomal
microRNAs that may serve as potential biomarkers for kidney fibrosis (CKD) and obesity
are described herein (miR-21, miR-29, miR-146, and miR-200). For our review, we used
the HMDD (the Human microRNA Disease Database) v3.2 (http://www.cuilab.cn/hmdd,
accessed on 23 August 2022) [11], which curates experiment-supported evidence for human
microRNA (miRNA) and disease associations. We searched for miR associated with CKD
and obesity in the HMDD. Furthermore, we performed a comprehensive literature review
based on references from the HMDD using PubMed, including the search terms “(chronic
kidney disease OR CKD) AND (obesity) AND (microRNA OR miR OR miRNA)” from
2010 onwards, written in English-language journals. Our goal was to review miR which
had an overlap of published associations with both CKD and obesity. Figure 1 shows the
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overlap of candidate microRNAs and pathways associated with obesity, inflammation, and
kidney-specific outcomes.
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Figure 1. Candidate microRNAs and pathways associated with obesity, inflammation, and kidney-
specific outcomes. Figure 1 shows the overlap of candidate microRNAs and pathways associated
with obesity, inflammation, and kidney-specific outcomes. (A). miR-21 is associated with kidney
fibrosis and obesity-related inflammation (via TGF-B/Smad3) and diabetes. miR-29 is associated with
kidney fibrosis and inflammation (via TGF-B/Smad3 and SP1) and obesity. miR-200 is associated
with kidney fibrosis and tubular atrophy (via TGF-B/SP1). (B). miR-146 is associated with kidney
fibrosis and heightened inflammatory states (overweight and obesity (via NF-KB and IL-1)).

1.3. miR-21

miR-21 is highly expressed in kidney tissue and is upregulated in the urine/blood
of patients with a degree of kidney fibrosis [9,10,12,13]. MiR-21 has also been used as
a marker for kidney fibrosis in kidney transplantation recipients [9,14,15], and has been
observed to be upregulated in patients who are undergoing peritoneal dialysis (treatment
for those experiencing kidney failure) [16]. Within the miR-21 family, miR-21-5p has been
found to be associated with fibrosis and kidney survival in patients with IgA nephropathy
(an autoimmune disease that targets kidneys) [17]. MiR-21 expression is closely linked
to transforming growth factor (TGF)-β1 signaling, a key pathway for kidney fibrosis, in
which TGF-β1 induces the upregulation of miR-21 [9,10,12,16,18,19]. The TGF-β/Smad3
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signaling pathway is also implicated in obesity, inflammation, and diabetes [20]. The TGF-
β/Smad3 mechanistically links many comorbidities with obesity through its profibrotic,
remodeling, and proinflammatory functions [21]. MiR-21 is associated with obesity-related
inflammation (Figure 1A) [22]; miR-21 inhibition has been shown to be associated with
reduced body weight, as well as adipocyte size and serum triglycerides [23]; miR-21 is
upregulated in subcutaneous adipose tissue in studies of human obesity [24].

1.4. miR-29

Members of the miR-29 family have been found to be predictive urinary markers for
kidney fibrosis and kidney-specific inflammatory states. Urinary miR-29b is significantly
downregulated in IgA nephropathy patients compared to healthy controls [15]. Urinary
miR-29c downregulation was associated with early kidney fibrosis in patients with lupus
nephritis (LN) and was correlated with both kidney function and the degree of fibrosis in
CKD patients [25,26]. MiR-29c and miR-29b impact kidney fibrosis via the TGF-β/Smad3
signaling pathway, as demonstrated in a number of in vivo and in vitro models [27,28].
The suppression of miR-29 expression by TGF-β and SP1 promotes collagen production
and kidney fibrosis [27–29]. Simultaneously, the miR-29 family has also been observed in
obesity-related inflammation pathways (Figure 1A) [22,30]. A miR-29c study identified the
involvement of miR-29c as a marker for maternal obesity and suggested a possible role of
such for pre- and postnatal growth, through similar obesity–inflammation pathways [30].

1.5. miR-200

Inconsistencies have been found regarding the role of miR-200 in kidney fibrosis in
mouse model studies [9,10]. MiR-200 appears to play a role in glomeruli epithelial mes-
enchymal transformation (EMT) via the TGF-B signaling pathway, an important aspect
of regular kidney function [7,9]. In humans, a 2017 study by Zununi et al. found that the
dysregulation of urinary miR-200b (and miR-21) was associated with interstitial fibrosis
and tubular atrophy in kidney transplant recipients [31]. MiR-200 has also been found to
be an important target for obesity, in that it is linked to the alteration of leptin and insulin
signaling, specific to the upregulation of hypothalamic miR-200a [32]. As described previ-
ously, TGFB-Beta/Smad3 signaling has been implicated in various obesity–inflammation
pathways, including the endocrine organ secretion of adipocytokines (e.g., leptin and
resistin) (Figure 1A) [33].

Given the overlapping microRNAs implicated in kidney fibrosis and obesity-related
pathways (Figure 1A); future research should focus on delineating the relationship and
potential clinical use of urinary microRNAs as biomarkers for high-risk individuals for
kidney fibrosis and future CKD.

1.6. miR-146

miR-146 is a known inflammation-related microRNA (Figure 1B) [6,9]. MiR-146a’s
upregulated expression has been observed in kidney and urinary samples from diabetic
nephropathy (DN)/glomerular endothelial injury; IgA nephropathy patients; lupus nephri-
tis; and kidney transplant recipients [9,34–36]. MiR-146a is regulated via the inflammatory
pathway NF-kappa B. NF-κB is a key mediator of the inflammatory response, and its
dysregulation has been associated with kidney fibrosis [37,38]. Under proinflammatory
conditions, miR-146a is transcriptionally upregulated via Toll-like receptor IL-1 through
the activation of the NF-kappa B [9,37,38]. Similarly, as observed in kidney-specific inflam-
mation, the dysregulation of miR-146 may contribute mechanistically to the heightened
inflammatory state associated with overweight and obesity [39].

2. MicroRNA Expression in Obese Individuals with CKD in the Presence of Comorbidities

The expression of CKD microRNAs in an obese patient is complex, as it is not un-
common for obese patients to have comorbidities and lifestyle factors that may impact
the CKD etiological pathway. Given the well-documented biological associations amongst
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obesity, diabetes mellitus (especially as it affects nephropathic pathways), and impaired
vascular function, genetic markers associated with these conditions may also have a role to
play in identifying CKD in obese individuals. The families of mir-126 and miR-770 have
been shown to robustly predict the progression of diabetic nephropathy [40]. Individually,
miR-126 is typically expressed in endothelial cells and has been shown to be significantly
associated with vascular-related processes and diseases [41,42]. In relation to CKD, miR-126
has been shown to have altered levels in the serum and in the brain of mice with CKD [42].
Studies with human participants have supported this association, showing that plasma
levels of miR-126 (more specifically, miR-126-3p) were significantly higher in those with
diabetic kidney disease (DKD) compared to those without it [43]. The pathway for miR-126
is also related to miR-223 expression. miR-223 is a hematopoietic factor regulating the car-
diac glucose metabolism and cholesterol homeostasis [44]. After accounting for estimated
GFR levels, lower levels of miR-126 or miR-223 have been associated with lower survival
rates in patients with CKD [42].

Additional examples of the multifaceted relationships between CKD, obesity, and
comorbidities include the miR-let-7b and miR-148b pathways and miR-103a-3p. Initial
experimental evidence has shown miR-148b and miR-let-7b to regulate the O-glycosylation
process of immunoglobulin A1 in patients with IgA nephropathy [45], while, later, cohort-
based research demonstrated that renal miR-148b levels were significantly and indepen-
dently correlated with CKD progression in IgAN patients [46]. miR-103a-3p has been ex-
tensively researched and connected with a myriad of regulatory cellular processes, such as
cellular stress, angiogenesis, and cell division, as well as being significantly associated with
diabetes, cancer, and Alzheimer’s disease [47]. Within the CKD context, miR-103a-3p has
been shown to play a significant role in the development of hypertensive nephropathy [48],
leading to the discovery of a novel miR-103a-3p/SNRK pathway involving angiotensin II,
contributing to kidney injury [49].

3. Effect of Diet and Exercise on MicroRNA Expression

While comorbidities may confound the biological pathways underlying obesity and
CKD, ameliorative health factors may also do the same. Just as urinary exosomal microR-
NAs may serve as biomarkers for kidney fibrosis, the expression of microRNA may also be
influenced by diet and activity levels impacting obesity. Diet can alter protein synthesis
and affect the proteins needed for microRNA processing, and there is evidence to suggest
changes in diet can alter metabolism and, thus, change microRNA expression. Given that
a change in diet and exercise routine may be commonly recommended to obese patients
with CKD, robust screening panels for this patient population must take these factors into
consideration.

Several key enzymes along the pathway may also be altered by diet [50]. Changing
dietary factors may lead to favorable changes in the microRNAs involved in kidney fibro-
sis, even in the absence of demonstrable weight loss. Thus, microRNAs may represent
independent biomarkers for kidney health not influenced by adiposity. Various diets and
dietary interventions, including high-fat (Western) diets, caloric restriction (CR), and the
use of bioactive micronutrients and plant derivatives, have been associated with epigenetic
changes that alter cellular signaling. These include DNA methylation, histone acetylation,
and changes in microRNA expression [51].

Families of microRNA known to be altered with specific diets include the miR-17,
miR-21, and miR-200 groups. The miR-200 family, which includes miR-200b, miR200c,
miR-429, and miR-548a, is consistently dysregulated in kidney disease, liver disease, neuro-
logic disease, collagen vascular diseases, and malignancies. On a high-fat diet, two of the
most significantly downregulated microRNA groups included miR-200b and miR-200c [51].

Similarly, exercise can influence microRNA expression independent of weight loss [52].
A meta-analysis of levels of circulating microRNA in obese and lean subjects showed
that physical activity had an impact on the levels of miRNAs such as miR-21, miR-126,
miR-192, miR-193b, and miR-221 in diabetic and prediabetic patients [53]. The level of
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miR-222, which was decreased in prediabetic compared to healthy patients, was increased
by physical activity in a study of healthy subjects [53]. These data suggest that circulating
miRNA signatures could also monitor responses to interventions.

The type of exercise can also influence microRNA expression. Resistance training
activates signaling cascades and induces epigenetic changes in pathways associated with
energy metabolism and insulin sensitivity [54,55]. Endurance exercise also causes modifica-
tions in the expression of specific microRNAs that promote protein synthesis [54,55] and
anti-inflammation pathways, which could be of importance in CKD.

4. Technical Aspects of Urinary Exosome Isolation

MicroRNA research for kidney disease [56] has suffered from technical issues that
have prevented their widespread usage as biomarkers. Aside from costs, the source of the
microRNA sample is important. While tissue expression or circulating serum microRNA
levels remain the most used tool, urinary microRNA expression [57] is now also a valid
tool with the discovery of kidney-specific microRNAs and a stable methodology to process
them within exosomes in the urine.

Investigators should be diligent when analyzing the microRNA content of urinary ex-
osomes, as urinary exosomal preparations are notorious for containing impurities that may
include nonexosomal microRNA [58]. Indeed, isolating urinary exosomes is challenging
due to the unique composition of urine, which contains numerous substances and materials
that can contaminate exosomal preparations [59]. Therefore, obtaining highly pure urinary
exosomal preparations that also contain high yields of exosomes can become tedious and
complicated [60]. It is generally recognized that when isolating exosomes from biological
fluids, the methods used to obtain higher protein yields from exosomal preparations often
result in sacrificing the purity of these exosomal preparations [61], and specifically isolating
exosomes from urine appears to be no exception [62].

Furthermore, there are other obstacles scientists may encounter when attempting to
isolate urinary exosomes. For instance, the gold standard for isolating exosomes from
biological fluids, including urine, is ultracentrifugation [63,64]. If laboratories do not have
reliable access to an ultracentrifuge, they may need to rely on commercially available
exosome isolation kits, which can be costly and possibly inapplicable when isolating exo-
somes from urine, and may result in urinary exosomal preparations that have suboptimal
yield/purity. It should be noted that, while ultracentrifugation is indeed the gold stan-
dard for isolating exosomes from urine, it is generally acknowledged that this method
still does not provide exosomal preparations devoid of contamination [58]. Incorporating
gradient-based isolation techniques into urinary exosome isolation protocols, which in-
volve ultracentrifugation, can robustly purify exosomal preparations [65]. However, using
gradient-based ultracentrifugation for exosome isolation is much more labor-intensive
and cumbersome [66], so difficulties may arise when laboratories attempt to utilize this
technique for urinary exosome isolation.

Other techniques may also be used to isolate exosomes from urine, which include ultra-
filtration, precipitation, immunoaffinity-based isolation, microfluidics, and size-exclusion
chromatography [67]. However, these alternative methods do have disadvantages, includ-
ing cost, time, and labor. Moreover, these methods are not as routinely used for urinary
exosome isolation when compared to ultracentrifugation, so protocol optimization may
prove difficult [68]. Regardless of which exosome isolation techniques are utilized, the
rigorous characterization of exosomal preparations [69,70] should be used to ensure that
urinary exosomes have been effectively isolated. Furthermore, depending on how urinary
exosomes are to be used downstream largely impacts whether characterized exosomes
are well-suited for precise downstream applications. For instance, there are various meth-
ods for enriching exosomes with transgenic microRNA [70,71], so that these modified
exosomes can be used to treat cultured cells. To determine whether urinary exosomes
contain a particular microRNA, an exosome degradation assay can be used [70,72,73].
However, if exosomal urinary microRNA is being used to assess clinical biomarkers via



J. Clin. Med. 2022, 11, 5271 7 of 10

downstream omics, then exosome preparations that lack nonexosomal microRNA should
only be used [74].

5. Future Implications

The early detection of CKD risk in all populations is key to reducing the burden of
disease. There is not one clear candidate that meets all requirements for a biomarker. The
answer lies in developing a matrix of clinical and biochemical markers, that, when scored
together, would place each individual at a specific level of risk for the progression of CKD.
Clinical calculators (e.g., https://kidneyfailurerisk.com/, accessed on 23 August 2022) exist
for adults, but lack sufficient early biomarkers to increase the accuracy of prediction. This
kind of scoring system would then become actionable as more therapies emerge in the
future to maintain kidney function. At the very least, such a system could separate patients
into low/high-risk categories, thus, enabling resource allocation to those at highest risk of
developing CKD.

Moreover, it appears that different isolation techniques are capable of recovering
distinct subtypes of exosomes, so prudence should be demonstrated when using exosomal
microRNAs for identifying diagnostic biomarkers [74]. Fortunately, there are many kits
commercially available that make microRNA extraction from exosomes both simple and
straightforward, so that high-integrity exosomal microRNA may be used effectively for
downstream analyses.

Author Contributions: Conceptualization, A.C.-G., S.G., B.A. and A.S.; methodology, A.C.-G., S.G.,
B.A. and A.S.; investigation, A.C.-G., S.G., B.A., A.S., A.E., M.B., J.B., K.H., B.C. and N.K.; resources,
A.C.-G., S.G., B.A. and A.S.; data curation, A.C.-G., S.G., B.A., A.S., M.B., J.B., K.H., H.P., E.T., B.C.
and N.K.; writing—original draft preparation, A.E., M.B., J.B., K.H., H.P., E.T., B.C., N.K., B.A., A.S.,
S.G. and A.C.-G.; writing—review and editing, A.E., M.B., J.B., K.H., H.P., E.T., B.C., N.K., B.A., A.S.,
S.G. and A.C.-G.; visualization, A.C.-G., A.E. and N.K.; supervision, A.C.-G., S.G., B.A. and A.S.;
funding acquisition, A.C.-G., S.G., B.A. and A.S. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. CDC, Centers for Disease Control and Prevention. Chronic Kidney Disease Basics. 2020. Available online: https://www.cdc.gov/

kidneydisease/basics.html (accessed on 23 August 2022).
2. Sandilands, E.A.; Dhaun, N.; Dear, J.W.; Webb, D.J. Measurement of renal function in patients with chronic kidney disease. Br. J.

Clin. Pharmacol. 2013, 76, 504–515. [CrossRef] [PubMed]
3. Herget-Rosenthal, S.; Bokenkamp, A.; Hofmann, W. How to estimate GFR-serum creatinine, serum cystatin C or equations? Clin.

Biochem. 2007, 40, 153–161. [CrossRef]
4. Levey, A.S.; Becker, C.; Inker, L.A. Glomerular filtration rate and albuminuria for detection and staging of acute and chronic

kidney disease in adults: A systematic review. JAMA 2015, 313, 837–846. [CrossRef] [PubMed]
5. Hall, J.E.; Henegar, J.R.; Dwyer, T.M.; Liu, J.; Da Silva, A.A.; Kuo, J.J.; Tallam, L. Is obesity a major cause of chronic kidney disease?

Adv. Ren. Replace 2004, 11, 41–54. [CrossRef]
6. Devarajan, P. The Use of Targeted Biomarkers for Chronic Kidney Disease. Adv. Chronic Kidney Dis. 2010, 17, 469–479. [CrossRef]

[PubMed]
7. Ding, W.; Mak, R.H. Early markers of obesity-related renal injury in childhood. Pediatr. Nephrol. 2015, 30, 1–4. [CrossRef]

[PubMed]
8. Goknar, N.; Oktem, F.; Ozgen, I.T.; Torun, E.; Kuçukkoc, M.; Demir, A.D.; Cesur, Y. Determination of early urinary renal injury

markers in obese children. Pediatr. Nephrol. 2014, 30, 139–144. [CrossRef]

https://kidneyfailurerisk.com/
https://www.cdc.gov/kidneydisease/basics.html
https://www.cdc.gov/kidneydisease/basics.html
http://doi.org/10.1111/bcp.12198
http://www.ncbi.nlm.nih.gov/pubmed/23802624
http://doi.org/10.1016/j.clinbiochem.2006.10.014
http://doi.org/10.1001/jama.2015.0602
http://www.ncbi.nlm.nih.gov/pubmed/25710660
http://doi.org/10.1053/j.arrt.2003.10.007
http://doi.org/10.1053/j.ackd.2010.09.002
http://www.ncbi.nlm.nih.gov/pubmed/21044769
http://doi.org/10.1007/s00467-014-2976-3
http://www.ncbi.nlm.nih.gov/pubmed/25322907
http://doi.org/10.1007/s00467-014-2829-0


J. Clin. Med. 2022, 11, 5271 8 of 10

9. Humphreys, B.D. Mechanisms of Renal Fibrosis. Annu. Rev. Physiol. 2018, 80, 309–326. [CrossRef]
10. Fan, Y.; Chen, H.; Huang, Z.; Zheng, H.; Zhou, J. Emerging role of miRNAs in renal fibrosis. RNA Biol. 2020, 17, 1–12. [CrossRef]
11. Huang, Z.; Shi, J.; Gao, Y.; Cui, C.; Zhang, S.; Li, J.; Zhou, Y.; Cui, Q. HMDD v3.0: A database for experimentally supported

human microRNA-disease associations. Nucleic Acids Res. 2019, 47, D1013–D1017. [CrossRef]
12. Denby, L.; Baker, A.H. Targeting non-coding RNA for the therapy of renal disease. Curr. Opin. Pharmacol. 2016, 27, 70–77.

[CrossRef]
13. Zhong, X.; Chung, A.C.K.; Chen, H.Y.; Meng, X.-M.; Lan, H.Y. Smad3-Mediated Upregulation of miR-21 Promotes Renal Fibrosis.

J. Am. Soc. Nephrol. 2011, 22, 1668–1681. [CrossRef] [PubMed]
14. Glowacki, F.; Savary, G.; Gnemmi, V.; Buob, D.; Van Der Hauwaert, C.; Lo-Guidice, J.-M.; Bouyé, S.; Hazzan, M.; Pottier, N.;

Perrais, M.; et al. Increased Circulating miR-21 Levels Are Associated with Kidney Fibrosis. PLoS ONE 2013, 8, e58014. [CrossRef]
[PubMed]

15. Zununi Vahed, S.; Zonouzi, A.P.; Ghanbarian, H.; Ghojazadeh, M.; Samadi, N.; Omidi, Y.; Ardalan, M. Differential expression of
circulating miR-21, miR-142-3p and miR-155 in renal transplant recipients with impaired graft function. Int. Urol. Nephrol. 2017,
49, 1681–1689. [CrossRef]

16. Wang, G.; Kwan, B.C.-H.; Lai, F.M.-M.; Chow, K.-M.; Li, P.K.-T.; Szeto, C.-C. Urinary miR-21, miR-29, and miR-93: Novel
Biomarkers of Fibrosis. Am. J. Nephrol. 2012, 36, 412–418. [CrossRef]

17. Lopez-Anton, M.; Lambie, M.; Lopez-Cabrera, M.; Schmitt, C.P.; Ruiz-Carpio, V.; Bartosova, M.; Schaefer, B.; Davies, S.; Stone, T.;
Jenkins, R.; et al. miR-21 Promotes Fibrogenesis in Peritoneal Dialysis. Am. J. Pathol. 2017, 187, 1537–1550. [CrossRef] [PubMed]

18. Wang, J.Y.; Gao, Y.B.; Zhang, N.; Zou, D.W.; Wang, P.; Zhu, Z.Y.; Li, J.-Y.; Zhou, S.-N.; Wang, S.-C.; Wang, Y.-Y.; et al. miR-21
overexpression enhances TGF-beta1-induced epithelial-to-mesenchymal transition by target smad7 and aggravates renal damage
in diabetic nephropathy. Mol. Cell. Endocrinol. 2014, 392, 163–172. [CrossRef] [PubMed]

19. Van der Hauwaert, C.; Savary, G.; Hennino, M.F.; Pottier, N.; Glowacki, F.; Cauffiez, C. MicroRNAs in kidney fibrosis. Nephrol.
Ther. 2015, 11, 474–482. [CrossRef]

20. Liu, X.; Hong, Q.; Wang, Z.; Yu, Y.; Zou, X.; Xu, L. Transforming growth factor-beta-sphingosine kinase 1/S1P signaling
upregulates microRNA-21 to promote fibrosis in renal tubular epithelial cells. Exp. Biol. Med. 2016, 241, 265–272. [CrossRef]

21. Tan, C.K.; Chong, H.C.; Tan EH, P.; Tan, N.S. Getting ’Smad’ about obesity and diabetes. Nutr Diabetes 2012, 2, e29. [CrossRef]
[PubMed]

22. Yadav, H.; Quijano, C.; Kamaraju, A.K.; Gavrilova, O.; Malek, R.; Chen, W.; Zerfas, P.; Zhigang, D.; Wright, E.C.; Stuelten, C.;
et al. Protection from obesity and diabetes by blockade of TGF-beta/Smad3 signaling. Cell. Metab. 2011, 14, 67–79. [CrossRef]
[PubMed]

23. Zhang, X.-M.; Guo, L.; Chi, M.-H.; Sun, H.-M.; Chen, X.-W. Identification of active miRNA and transcription factor regulatory
pathways in human obesity-related inflammation. BMC Bioinform. 2015, 16, 76. [CrossRef]

24. Seeger, T.; Fischer, A.; Muhly-Reinholz, M.; Zeiher, A.M.; Dimmeler, S. Long-term inhibition of miR-21 leads to reduction of
obesity in db/db mice. Obesity 2014, 22, 2352–2360. [CrossRef] [PubMed]

25. Keller, P.; Gburcik, V.; Petrovic, N.; Gallagher, I.J.; Nedergaard, J.; Cannon, B.; Timmons, J.A. Gene-chip studies of adipogenesis-
regulated microRNAs in mouse primary adipocytes and human obesity. BMC Endocr. Disord. 2011, 11, 7. [CrossRef] [PubMed]

26. Solé, C.; Cortés-Hernández, J.; Felip, M.L.; Vidal, M.; Ordi-Ros, J. miR-29c in urinary exosomes as predictor of early renal fibrosis
in lupus nephritis. Nephrol. Dial. Transplant. 2015, 30, 1488–1496. [CrossRef]

27. Lv, L.-L.; Cao, Y.-H.; Ni, H.-F.; Xu, M.; Liu, D.; Liu, H.; Chen, P.-S.; Liu, B.-C. MicroRNA-29c in urinary exosome/microvesicle as a
biomarker of renal fibrosis. Am. J. Physiol. Renal. Physiol. 2013, 305, F1220–F1227. [CrossRef]

28. Fang, Y.; Yu, X.; Liu, Y.; Kriegel, A.J.; Heng, Y.; Xu, X.; Liang, M.; Ding, X. miR-29c is downregulated in renal interstitial fibrosis in
humans and rats and restored by HIF-α activation. Am. J. Physiol. Physiol. 2013, 304, F1274–F1282. [CrossRef] [PubMed]

29. Jiang, L.; Zhou, Y.; Xiong, M.; Fang, L.; Wen, P.; Cao, H.; Yang, J.; Dai, C.; He, W. Sp1 mediates microRNA-29c-regulated type I
collagen production in renal tubular epithelial cells. Exp. Cell Res. 2013, 319, 2254–2265. [CrossRef] [PubMed]

30. Wang, B.; Komers, R.; Carew, R.; Winbanks, C.E.; Xu, B.; Herman-Edelstein, M.; Koh, P.; Thomas, M.; Jandeleit-Dahm, K.;
Gregorevic, P.; et al. Suppression of microRNA-29 expression by TGF-beta1 promotes collagen expression and renal fibrosis. J.
Am. Soc. Nephrol. 2012, 23, 252–265. [CrossRef] [PubMed]

31. Vahed, S.Z.; Omidi, Y.; Ardalan, M.; Samadi, N. Dysregulation of urinary miR-21 and miR-200b associated with interstitial fibrosis
and tubular atrophy (IFTA) in renal transplant recipients. Clin. Biochem. 2017, 50, 32–39. [CrossRef]

32. Crépin, D.; Benomar, Y.; Riffault, L.; Amine, H.; Gertler, A.; Taouis, M. The over-expression of miR-200a in the hypothalamus of
ob/ob mice is linked to leptin and insulin signaling impairment. Mol. Cell. Endocrinol. 2014, 384, 1–11. [CrossRef]

33. Tan, C.K.; Leuenberger, N.; Tan, M.J.; Yan, Y.W.; Chen, Y.; Kambadur, R.; Wahli, W.; Tan, N.S. Smad3 Deficiency in Mice Protects
Against Insulin Resistance and Obesity Induced by a High-Fat Diet. Diabetes 2011, 60, 464–476. [CrossRef] [PubMed]

34. Carreras-Badosa, G.; Bonmatí, A.; Ortega, F.-J.; Mercader, J.-M.; Guindo-Martínez, M.; Torrents, D.; Prats-Puig, A.; Martinez-
Calcerrada, J.-M.; Platero-Gutierrez, E.; De Zegher, F.; et al. Altered Circulating miRNA Expression Profile in Pregestational and
Gestational Obesity. J. Clin. Endocrinol. Metab. 2015, 100, E1446–E1456. [CrossRef] [PubMed]

35. Huang, Y.; Liu, Y.; Li, L.; Su, B.; Yang, L.; Fan, W.; Yin, Q.; Chen, L.; Cui, T.; Zhang, J.; et al. Involvement of inflammation-related
miR-155 and miR-146a in diabetic nephropathy: Implications for glomerular endothelial injury. BMC Nephrol. 2014, 15, 142.
[CrossRef] [PubMed]

http://doi.org/10.1146/annurev-physiol-022516-034227
http://doi.org/10.1080/15476286.2019.1667215
http://doi.org/10.1093/nar/gky1010
http://doi.org/10.1016/j.coph.2016.02.001
http://doi.org/10.1681/ASN.2010111168
http://www.ncbi.nlm.nih.gov/pubmed/21852586
http://doi.org/10.1371/journal.pone.0058014
http://www.ncbi.nlm.nih.gov/pubmed/23469132
http://doi.org/10.1007/s11255-017-1602-2
http://doi.org/10.1159/000343452
http://doi.org/10.1016/j.ajpath.2017.03.007
http://www.ncbi.nlm.nih.gov/pubmed/28495592
http://doi.org/10.1016/j.mce.2014.05.018
http://www.ncbi.nlm.nih.gov/pubmed/24887517
http://doi.org/10.1016/j.nephro.2015.03.007
http://doi.org/10.1177/1535370215605586
http://doi.org/10.1038/nutd.2012.1
http://www.ncbi.nlm.nih.gov/pubmed/23449528
http://doi.org/10.1016/j.cmet.2011.04.013
http://www.ncbi.nlm.nih.gov/pubmed/21723505
http://doi.org/10.1186/s12859-015-0512-5
http://doi.org/10.1002/oby.20852
http://www.ncbi.nlm.nih.gov/pubmed/25141837
http://doi.org/10.1186/1472-6823-11-7
http://www.ncbi.nlm.nih.gov/pubmed/21426570
http://doi.org/10.1093/ndt/gfv128
http://doi.org/10.1152/ajprenal.00148.2013
http://doi.org/10.1152/ajprenal.00287.2012
http://www.ncbi.nlm.nih.gov/pubmed/23467423
http://doi.org/10.1016/j.yexcr.2013.06.007
http://www.ncbi.nlm.nih.gov/pubmed/23806282
http://doi.org/10.1681/ASN.2011010055
http://www.ncbi.nlm.nih.gov/pubmed/22095944
http://doi.org/10.1016/j.clinbiochem.2016.08.007
http://doi.org/10.1016/j.mce.2013.12.016
http://doi.org/10.2337/db10-0801
http://www.ncbi.nlm.nih.gov/pubmed/21270259
http://doi.org/10.1210/jc.2015-2872
http://www.ncbi.nlm.nih.gov/pubmed/26406295
http://doi.org/10.1186/1471-2369-15-142
http://www.ncbi.nlm.nih.gov/pubmed/25182190


J. Clin. Med. 2022, 11, 5271 9 of 10

36. Wang, G.; Kwan BC, H.; Lai FM, M.; Chow, K.M.; Li PK, T.; Szeto, C.C. Elevated levels of miR-146a and miR-155 in kidney biopsy
and urine from patients with IgA nephropathy. Dis. Markers 2011, 30, 171–179. [CrossRef]

37. Khoshmirsafa, M.; Kianmehr, N.; Falak, R.; Mowla, S.J.; Seif, F.; Mirzaei, B.; Valizadeh, M.; Shekarabi, M. Elevated expression of
miR-21 and miR-155 in peripheral blood mononuclear cells as potential biomarkers for lupus nephritis. Int. J. Rheum. Dis. 2018,
22, 458–467. [CrossRef] [PubMed]

38. Mann, M.; Mehta, A.; Zhao, J.L.; Lee, K.; Marinov, G.K.; Garcia-Flores, Y.; Lu, L.-F.; Rudensky, A.Y.; Baltimore, D. Author
Correction: An NF-kappaB-microRNA regulatory network tunes macrophage inflammatory responses. Nat. Commun. 2018, 9,
3338. [CrossRef]

39. Zhang, L.; Liu, L.; Bai, M.; Liu, M.; Wei, L.; Yang, Z.; Qian, Q.; Ning, X.; Sun, S. Hypoxia-induced HE4 in tubular epithelial cells
promotes extracellular matrix accumulation and renal fibrosis via NF-kappaB. FASEB J. 2020, 34, 2554–2567. [CrossRef]

40. Park, S.; Moon, S.; Lee, K.; Park, I.B.; Lee, D.H.; Nam, S. Urinary and Blood MicroRNA-126 and -770 are Potential Noninvasive
Biomarker Candidates for Diabetic Nephropathy: A Meta-Analysis. Cell. Physiol. Biochem. 2018, 46, 1331–1340. [CrossRef]
[PubMed]

41. Wang, S.; Aurora, A.B.; Johnson, B.A.; Qi, X.; McAnally, J.; Hill, J.A.; Richardson, J.A.; Bassel-Duby, R.; Olson, E.N. The
Endothelial-Specific MicroRNA miR-126 Governs Vascular Integrity and Angiogenesis. Dev. Cell 2008, 15, 261–271. [CrossRef]

42. Fourdinier, O.; Schepers, E.; Meuth, V.M.-L.; Glorieux, G.; Liabeuf, S.; Verbeke, F.; Vanholder, R.; Brigant, B.; Pletinck, A.; Diouf,
M.; et al. Serum levels of miR-126 and miR-223 and outcomes in chronic kidney disease patients. Sci. Rep. 2019, 9, 4477. [CrossRef]
[PubMed]

43. Motshwari, D.D.; George, C.; Matshazi, D.M.; Weale, C.J.; Davids, S.F.G.; Zemlin, A.E.; Erasmus, R.T.; Kengne, A.P.; Matsha,
T.E. Expression of whole blood miR-126-3p, -30a-5p, -1299, -182-5p and -30e-3p in chronic kidney disease in a South African
community-based sample. Sci. Rep. 2022, 12, 4107. [CrossRef] [PubMed]

44. Chen, C.-Z.; Li, L.; Lodish, H.F.; Bartel, D.P. MicroRNAs Modulate Hematopoietic Lineage Differentiation. Science 2004, 303,
83–86. [CrossRef] [PubMed]

45. Serino, G.; Sallustio, F.; Cox, S.N.; Pesce, F.; Schena, F.P. Abnormal miR-148b Expression Promotes Aberrant Glycosylation of IgA1
in IgA Nephropathy. J. Am. Soc. Nephrol. 2012, 23, 814–824. [CrossRef]

46. Wen, L.; Wang, X.; Ji, F.; Wen, J.; Zhao, Z. Renal Megalin mRNA Downregulation Is Associated with CKD Progression in IgA
Nephropathy. Am. J. Nephrol. 2022, 53, 481–489. [CrossRef]

47. Finnerty, J.R.; Wang, W.X.; Hébert, S.S.; Wilfred, B.R.; Mao, G.; Nelson, P.T. The miR-15/107 group of microRNA genes:
Evolutionary biology, cellular functions, and roles in human diseases. J. Mol. Biol. 2010, 402, 491–509. [CrossRef] [PubMed]

48. Taal, M.W.; Brenner, B.M. Renoprotective benefits of RAS inhibition: From ACEI to angiotensin II antagonists. Kidney Int. 2000,
57, 1803–1817. [CrossRef] [PubMed]

49. Lu, Q.; Ma, Z.; Ding, Y.; Bedarida, T.; Chen, L.; Xie, Z.; Song, P.; Zou, M. Circulating miR-103a-3p contributes to angiotensin
II-induced renal inflammation and fibrosis via a SNRK/NF-kappaB/p65 regulatory axis. Nat. Commun. 2019, 10, 2145. [CrossRef]

50. Gulyaeva, L.F.; Kushlinskiy, N.E. Regulatory mechanisms of microRNA expression. J. Transl. Med. 2016, 14, 143. [CrossRef]
51. Palmer, J.D.; Soule, B.P.; Simone, B.A.; Zaorsky, N.G.; Jin, L.; Simone, N.L. MicroRNA expression altered by diet: Can food be

medicinal? Ageing Res. Rev. 2014, 17, 16–24. [CrossRef]
52. Flowers, E.; Won, G.Y.; Fukuoka, Y. MicroRNAs associated with exercise and diet: A systematic review. Physiol. Genom. 2015, 47,

1–11. [CrossRef] [PubMed]
53. Villard, A.; Marchand, L. Diagnostic Value of Cell-free Circulating Micrornas for Obesity and Type 2 Diabetes: A Meta-analysis. J.

Mol. Biomark. Diagn. 2015, 6, 251. [CrossRef] [PubMed]
54. Da Silva, F.C.; da Rosa Iop, R.; Andrade, A.; Costa, V.P.; Gutierres Filho PJ, B.; da Silva, R. Effects of Physical Exercise on the

Expression of MicroRNAs: A Systematic Review. J. Strength Cond. Res. 2020, 34, 270–280. [CrossRef]
55. Barrón-Cabrera, E.; Ramos-Lopez, O.; González-Becerra, K.; Riezu-Boj, J.I.; Milagro, F.I.; Martínez-López, E.; Martínez, J.A.

Epigenetic Modifications as Outcomes of Exercise Interventions Related to Specific Metabolic Alterations: A Systematic Review.
Lifestyle Genom. 2019, 12, 25–44. [CrossRef] [PubMed]

56. Li, J.; Yong, T.Y.; Michael, M.Z.; Gleadle, J.M. Review: The role of microRNAs in kidney disease. Nephrology 2010, 15, 599–608.
[CrossRef]

57. Pardini, B.; Cordero, F.; Naccarati, A.; Viberti, C.; Birolo, G.; Oderda, M.; Di Gaetano, C.; Arigoni, M.; Martina, F.; Calogero,
R.A.; et al. microRNA profiles in urine by next-generation sequencing can stratify bladder cancer subtypes. Oncotarget 2018, 9,
20658–20669. [CrossRef] [PubMed]

58. Konoshenko, M.Y.; Lekchnov, E.A.; Vlassov, A.V.; Laktionov, P.P. Isolation of Extracellular Vesicles: General Methodologies and
Latest Trends. BioMed Res. Int. 2018, 2018, 8545347. [CrossRef]

59. Gheinani, A.H.; Vögeli, M.; Baumgartner, U.; Vassella, E.; Draeger, A.; Burkhard, F.C.; Monastyrskaya, K. Improved isolation
strategies to increase the yield and purity of human urinary exosomes for biomarker discovery. Sci. Rep. 2018, 8, 3945. [CrossRef]

60. Wachalska, M.; Koppers-Lalic, D.; Van Eijndhoven, M.; Pegtel, M.; Geldof, A.A.; Lipinska, A.D.; Van Moorselaar, R.J.; Bijnsdorp,
I.V. Protein Complexes in Urine Interfere with Extracellular Vesicle Biomarker Studies. J. Circ. Biomark. 2016, 5, 4. [CrossRef]
[PubMed]

http://doi.org/10.1155/2011/304852
http://doi.org/10.1111/1756-185X.13410
http://www.ncbi.nlm.nih.gov/pubmed/30398001
http://doi.org/10.1038/s41467-018-05720-5
http://doi.org/10.1096/fj.201901950R
http://doi.org/10.1159/000489148
http://www.ncbi.nlm.nih.gov/pubmed/29689545
http://doi.org/10.1016/j.devcel.2008.07.002
http://doi.org/10.1038/s41598-019-41101-8
http://www.ncbi.nlm.nih.gov/pubmed/30872798
http://doi.org/10.1038/s41598-022-08175-3
http://www.ncbi.nlm.nih.gov/pubmed/35260775
http://doi.org/10.1126/science.1091903
http://www.ncbi.nlm.nih.gov/pubmed/14657504
http://doi.org/10.1681/ASN.2011060567
http://doi.org/10.1159/000524929
http://doi.org/10.1016/j.jmb.2010.07.051
http://www.ncbi.nlm.nih.gov/pubmed/20678503
http://doi.org/10.1046/j.1523-1755.2000.00031.x
http://www.ncbi.nlm.nih.gov/pubmed/10792600
http://doi.org/10.1038/s41467-019-10116-0
http://doi.org/10.1186/s12967-016-0893-x
http://doi.org/10.1016/j.arr.2014.04.005
http://doi.org/10.1152/physiolgenomics.00095.2014
http://www.ncbi.nlm.nih.gov/pubmed/25465031
http://doi.org/10.4172/2155-9929.1000251
http://www.ncbi.nlm.nih.gov/pubmed/27308097
http://doi.org/10.1519/JSC.0000000000003103
http://doi.org/10.1159/000503289
http://www.ncbi.nlm.nih.gov/pubmed/31546245
http://doi.org/10.1111/j.1440-1797.2010.01363.x
http://doi.org/10.18632/oncotarget.25057
http://www.ncbi.nlm.nih.gov/pubmed/29755679
http://doi.org/10.1155/2018/8545347
http://doi.org/10.1038/s41598-018-22142-x
http://doi.org/10.5772/62579
http://www.ncbi.nlm.nih.gov/pubmed/28936252


J. Clin. Med. 2022, 11, 5271 10 of 10

61. Van Deun, J.; Mestdagh, P.; Sormunen, R.; Cocquyt, V.; Vermaelen, K.; Vandesompele, J.; Bracke, M.; De Wever, O.; Hendrix, A.
The impact of disparate isolation methods for extracellular vesicles on downstream RNA profiling. J. Extracell. Vesicles 2014, 3,
24858. [CrossRef] [PubMed]

62. Sáenz-Cuesta, M.; Arbelaiz, A.; Oregi, A.; Irizar, H.; Osorio-Querejeta, I.; Muñoz-Culla, M.; Banales, J.; Falcón-Pérez, J.M.;
Olascoaga, J.; Otaegui, D. Methods for extracellular vesicles isolation in a hospital setting. Front. Immunol. 2015, 6, 50. [CrossRef]
[PubMed]

63. Yang, D.; Zhang, W.; Zhang, H.; Zhang, F.; Chen, L.; Ma, L.; Larcher, L.M.; Chen, S.; Liu, N.; Zhao, Q.; et al. Progress,
opportunity, and perspective on exosome isolation—efforts for efficient exosome-based theranostics. Theranostics 2020, 10,
3684–3707. [CrossRef] [PubMed]

64. Chen, C.Y.; Hogan, M.C.; Ward, C.J. Purification of Exosome-Like Vesicles from Urine. Methods Enzymol. 2013, 524, 225–241.
[PubMed]

65. Yu, L.-L.; Zhu, J.; Liu, J.-X.; Jiang, F.; Ni, W.-K.; Qu, L.-S.; Ni, R.-Z.; Lu, C.-H.; Xiao, M.-B. A Comparison of Traditional and Novel
Methods for the Separation of Exosomes from Human Samples. BioMed Res. Int. 2018, 2018, 3634563. [CrossRef] [PubMed]

66. Sidhom, K.; Obi, P.O.; Saleem, A. A Review of Exosomal Isolation Methods: Is Size Exclusion Chromatography the Best Option?
Int. J. Mol. Sci. 2020, 21, 6466. [CrossRef] [PubMed]

67. Merchant, M.L.; Rood, I.M.; Deegens, J.K.J.; Klein, J.B. Isolation and characterization of urinary extracellular vesicles: Implications
for biomarker discovery. Nat. Rev. Nephrol. 2017, 13, 731–749. [CrossRef] [PubMed]

68. Vojtech, L.; Woo, S.; Hughes, S.; Levy, C.; Ballweber, L.; Sauteraud, R.P.; Strobl, J.; Westerberg, K.; Gottardo, R.; Tewari, M.; et al.
Exosomes in human semen carry a distinctive repertoire of small non-coding RNAs with potential regulatory functions. Nucleic
Acids Res. 2014, 42, 7290–7304. [CrossRef] [PubMed]

69. Stamatikos, A.; Knight, E.; Vojtech, L.; Bi, L.; Wacker, B.K.; Tang, C.; Dichek, D.A. Exosome-Mediated Transfer of Anti-miR-33a-5p
from Transduced Endothelial Cells Enhances Macrophage and Vascular Smooth Muscle Cell Cholesterol Efflux. Hum. Gene Ther.
2020, 31, 219–232. [CrossRef]

70. Peterson, M.F.; Otoc, N.; Sethi, J.K.; Gupta, A.; Antes, T.J. Integrated systems for exosome investigation. Methods 2015, 87, 31–45.
[CrossRef] [PubMed]

71. Hergenreider, E.; Heydt, S.; Tréguer, K.; Boettger, T.; Horrevoets, A.J.G.; Zeiher, A.M.; Scheffer, M.P.; Frangakis, A.S.; Yin, X.; Mayr,
M.; et al. Atheroprotective communication between endothelial cells and smooth muscle cells through miRNAs. Nat. Cell Biol.
2012, 14, 249–256. [CrossRef] [PubMed]

72. Ong, S.-G.; Lee, W.H.; Huang, M.; Dey, D.; Kodo, K.; Sanchez-Freire, V.; Gold, J.D.; Wu, J.C. Response to letter regarding article,
"Cross talk of combined gene and cell therapy in ischemic heart disease: Role of exosomal microRNA transfer". Circulation 2015,
131, e385. [CrossRef] [PubMed]

73. Mussack, V.; Wittmann, G.; Pfaffl, M.W. Comparing small urinary extracellular vesicle purification methods with a view to
RNA sequencing—Enabling robust and non-invasive biomarker research. Biomol. Detect. Quantif. 2019, 17, 100089. [CrossRef]
[PubMed]

74. Tang, Y.-T.; Huang, Y.-Y.; Zheng, L.; Qin, S.-H.; Xu, X.-P.; An, T.-X.; Xu, Y.; Wu, Y.-S.; Hu, X.-M.; Ping, B.-H.; et al. Comparison of
isolation methods of exosomes and exosomal RNA from cell culture medium and serum. Int. J. Mol. Med. 2017, 40, 834–844.
[CrossRef] [PubMed]

http://doi.org/10.3402/jev.v3.24858
http://www.ncbi.nlm.nih.gov/pubmed/25317274
http://doi.org/10.3389/fimmu.2015.00050
http://www.ncbi.nlm.nih.gov/pubmed/25762995
http://doi.org/10.7150/thno.41580
http://www.ncbi.nlm.nih.gov/pubmed/32206116
http://www.ncbi.nlm.nih.gov/pubmed/23498743
http://doi.org/10.1155/2018/3634563
http://www.ncbi.nlm.nih.gov/pubmed/30148165
http://doi.org/10.3390/ijms21186466
http://www.ncbi.nlm.nih.gov/pubmed/32899828
http://doi.org/10.1038/nrneph.2017.148
http://www.ncbi.nlm.nih.gov/pubmed/29081510
http://doi.org/10.1093/nar/gku347
http://www.ncbi.nlm.nih.gov/pubmed/24838567
http://doi.org/10.1089/hum.2019.245
http://doi.org/10.1016/j.ymeth.2015.04.015
http://www.ncbi.nlm.nih.gov/pubmed/25916618
http://doi.org/10.1038/ncb2441
http://www.ncbi.nlm.nih.gov/pubmed/22327366
http://doi.org/10.1161/CIRCULATIONAHA.114.014467
http://www.ncbi.nlm.nih.gov/pubmed/25802264
http://doi.org/10.1016/j.bdq.2019.100089
http://www.ncbi.nlm.nih.gov/pubmed/31194192
http://doi.org/10.3892/ijmm.2017.3080
http://www.ncbi.nlm.nih.gov/pubmed/28737826

	Introduction 
	Current Scope of CKD Biomarker Research 
	MicroRNAs as Candidate Biomarkers for Kidney Fibrosis in Obesity 
	miR-21 
	miR-29 
	miR-200 
	miR-146 

	MicroRNA Expression in Obese Individuals with CKD in the Presence of Comorbidities 
	Effect of Diet and Exercise on MicroRNA Expression 
	Technical Aspects of Urinary Exosome Isolation 
	Future Implications 
	References

