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Chronic kidney disease (CKD) results in high morbidity and mortality worldwide causing a huge socioeconomic
burden. MicroRNA (miRNA) exert critical regulatory functions by targeting downstream genes and have been
associated with many pathophysiologic processes including CKD. In fact, many studies have shown that the
expression of various miRNAs was significantly changed in CKD. Current investigations have focused on re-
vealing the relationship between miRNAs and CKD states including diabetic nephropathy, lupus nephritis, focal
segmental glomerulosclerosis and IgA nephropathy. In this review, we summarize the latest advances elucidating

miRNA involvement in the progression of CKD and demonstrate that miRNAs have the potential to be effective
biomarkers and therapeutic targets for subsequent treatment.

1. Introduction

Chronic kidney disease (CKD) is an important cause of morbidity
and mortality worldwide with a cumulative mortality rate of 20.6%
over the past 10years [1]. Renal fibrosis, the endpoint of CKD, is
characterized as an abnormal tissue regeneration process that causes
cellular stress and tissue damage [2—4]. Renal fibrosis is associated with
the dysregulation of several chemokines and growth factors, including
transforming growth factor-f1, (TGF-f1) renin-angiotensin system,
lipid metabolism factor, and uremic toxins [5-12].

Recent studies have shown that the expressions of miRNAs are al-
tered in CKD, and miRNAs play important roles in CKD (Table 1).
miRNAs, a type of non-coding RNAs, is transcribed from DNA sequences
into primary miRNAs, processed into precursor miRNAs and then to
mature miRNAs, which generally target the 3’ untranslated region of
the target mRNAs to promote the degradation or translational inhibi-
tion of mRNAs [13] (Fig. 1). The mature miRNAs, which play an im-
portant part in different biological and pathological processes, are small
non-coding single-stranded RNAs that consist of approximately 18-25
nucleotides [14]. miRNAs exert the major cellular regulatory processes,
such as migration, proliferation, differentiation, and apoptosis [15,16].
Many studies have demonstrated that miRNAs are closely associated
with the occurrence and development of CKD [17,18]. Herein, we re-
viewed the recent advances of miRNAs in the clinical progression of
CKD, and highlighted that miRNAs could be used as the biomarkers and
therapeutic targets for CKD.
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2. Regulation of miRNAs in DN

Diabetic nephropathy (DN) is characterized by glomerular basement
membrane thickening, podocyte foot processes destabilization, me-
sangial cells (MC) proliferation, and extracellular matrix (ECM) accu-
mulation [19,20]. Podocyte apoptosis, MC hypertrophy, oxidative da-
mage, and inflammation play major roles in the pathological progress of
DN, and the altered expression of miRNAs is observed in all these
processes, which indicate the critical role of miRNAs [21-23].

2.1. Regulation of miRNAs on fibrosis

Both miR-23b and miR-30e were downregulated in the renal tissues
of db/db mice, whereas miR-135a was upregulated [24-26]. miR-23b
was identified as a suppressor of epithelial-to-mesenchymal transition
(EMT) in DN and miR-23b overexpression attenuated EMT by targeting
the high-mobility group A2 through PI3K-AKT signaling pathway in
high glucose (HG)-induced human proximal tubule epithelial (HK-2)
cells. In addition, the increase in miR-23b improved renal morphology,
fibrotic responses, and renal functions in db/db mice [24]. The down-
regulation of miR-30e in DN resulted in increased GLIPR-2 expression
and accelerated EMT and inhibited renal tubule epithelial cell pro-
liferation, while miR-30e overexpression downregulated the expression
of vimentin, alpha-smooth muscle actin (a-SMA), collagen I and fi-
bronectin, and upregulated E-cadherin expression. These results in-
dicated the renoprotective effect of miR-30e in DN [25]. miR-135a was
progressively increased in the serum and kidney of DN patients, the

Received 13 November 2018; Received in revised form 9 January 2019; Accepted 9 January 2019

Available online 11 January 2019
0009-8981/ © 2019 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/00098981
https://www.elsevier.com/locate/cca
https://doi.org/10.1016/j.cca.2019.01.008
https://doi.org/10.1016/j.cca.2019.01.008
mailto:suwei831@foxmail.com
https://doi.org/10.1016/j.cca.2019.01.008
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cca.2019.01.008&domain=pdf

H. Zhao et al.

Clinica Chimica Acta 491 (2019) 59-65

Table 1
Expression changes of different miRNAs in CKD.
Status MicroRNAs Changes Organs or cells Targets Ref.
DN miR-23b Down Renal tissue of db/db mice HMGA2 [24]
HG-induced HK2 cells
miR-30e Down Renal tissue of db/db mice GLIPR-2 [25]
HG-induced RTECs
miR-135a Down Kidneys of type 2 diabetic rats Egrl [26]
miR-181a-5p Down Renal tissues of type 2 diabetic rats Egrl [27]
HG-induced HK2 cells
miR-27a Up Glomeruli of DN rat PPAR [28]
HG-induced GMCs
miR-23a Up Renal tissues of diabetic patients SnoN [29]
HG-induced HK2 cells
miR-34a-5p Up Renal tissues of HFD/STZ-induced DN mice SIRTI [30]
miR-217 Up HG-induced podocytes PTEN [31]
miR-29¢ Up Kidney glomeruli of db/db mice Spryl [32]
HG-induced podocytes
miR-20b Up HG-induced podocytes SIRT7 [33]
miR-218 Up HG-induced podocytes HO-1 [34]
miR-34c Down HG-induced podocytes Notchl and Jaggedl [35]
miR-134-5p Up Renal tissue of db/db mice Bcl-2 [36]
HG-induced podocytes
miR-27a Up Glomeruli of DN rat PPAR [371
HG-induced GMCs
miR-30s Down Glomeruli of DN rat Mtdh [38]
HG-induced podocytes
miR-214 Up Renal cortex of diabetic db/db mice PTEN [23]
HG-induced MCs
miR-196a Down Kidney cortex of mice p27/kipl [39]
miR-451 Down Kidney tissue of db/db DN mice Ywhaz [40]
HG-induced MCs
miR-155 Up HG-induced HK-2 cells Sirtl [41]
miR-146a Down Kidney tissue of DN mice Nox4 [42]
HG-induced HK-2 cells
miR-25 Down Serum and kidney tissues of DN patients PTEN [43]
miR-451 Down PBMCs of DN patients LMP7 [44]
HG-induced MCs
miR-21 Up Kidney tissue and serum in DN mice Smad7 [45]
LN miR-9 Up Renal tissue of LN patients STK3 [50]
hsa-miR-371-5p Down Kidney tissue of patients with LN HIF-1 alpha [51]
miR-130b Up Blood samples of lupus nephritis patients PTEN [52]
miR-10a Down Renal tissue of class III and IV LN patients L8 [48]
HMCs treated with LN antibodies
miR-148a-3p Up Glomeruli and serum of LN mice PTEN [53]
miR-663a/miR-423-5p Up Renal tissues of LN patients and mice TNIP2 [54]
miR-146a Down PBMCs of LN patients TRAF6 [55]
miR-410 Down Renal tissue of MRL/lpr mice IL-6 [56]
let-7 Up Renal tissue of LN patients TNFAIP3 [571
FSGS miR-135a Up Glomeruli of FSGS patients TRPC1 [62]
ADR-treated MPC5
miR-135a and miR-135b  Up Glomeruli of FSGS patients ADR-treated podocytes GSK3 beta [63]
miR-193a Up Glomeruli of FSGS patients PODXL and NPHS1 [58]
miR-206 Up Glomeruli of FSGS mice WT1 [64]
miR-30s Down Podocytes of FSGS patients TRPC6, PPP3CA, PPP3CB, PPP3R1and [65]
NFATC3
IgAN miR-374b Up B cells of IgAN patients PTEN and Cosmc [68]
let-7b Up PBMCs and B-lymphocytes of IgAN patients GALNT2 [66]
miR-148b Up PBMCs of IgAN patients C1GALT1 [69]
miR-200bc/429 cluster Down Renal tissues of IgAN TWEAK [70]
IgAN podocytes and HK2 cells
miR-29b-3p Down Renal tissues of IgAN patients CDK6 [71]
miR-320 Up Renal tissues and urinary of IgAN patients PTEN [72]
miR-21 Up Glomerular and tubular-interstitial tissues of IgAN PTEN [73]
patients
IgAN podocytes and HK2 cells
Uuuo miR-382 Up Kidneys of UUO mice HSPD1 [74]
Uuuo miR-302d Up Kidneys of UUO mice T beta RII [75]
Ang Il-induced fibrosis miR-29b Down Ang II-induced NRK-52E cells PIK3R2 [77]
Uuuo miR-21 Up Kidneys of UUO mice Smad7 [76]
TGFp-induced fibrosis ~ miR-200a Down TGFpB-induce HK-2 cells CTNNB1 [78]
Uuo miR-34a Up Kidneys of UUO mice Bcl-2 [79]
TGF-B1-treated fibroblasts
Ang Il-induced fibrosis ~miR-221 Down Kidneys of Ang II-induced mice Ets-1 [80]
Ang II-induced NRK-49F cells
5/6 nephrectomy miR-29¢ Down Kidneys of 5/6 nephrectomy rat COL2A1 and TPM1 [81]

60

(continued on next page)



H. Zhao et al. Clinica Chimica Acta 491 (2019) 59-65

Table 1 (continued)

Status MicroRNAs Changes Organs or cells Targets Ref.

RPGN miR-92a Up Podocytes of RPGN patients and mice p57(Kip2) [82]

DN: diabetic nephropathy. LN: lupus nephritis. FSGS: focal segmental glomerulosclerosis. IgAN: IgA nephropathy. UUO: unilateral ureteral obstruction. RPGN:
rapidly progressive glomerulonephritis.

were associated with kidney dysfunction.

D$A 2.2. Regulation of miRNAs on podocytes apoptosis

@ Apoptosis of podocytes is a prominent feature of DN. The alteration
3 :}’ of miRNA expression levels plays an important role in regulating the
apoptosis of podocytes in DN. For example, the expressions of miR-217,
miR-29¢, miR-20b, and miR-218 were significantly upregulated,
TTTT T T T T T T TR T T TT whereas the expression of miR-34c was downregulated in HG-induced
primary miRNAs podocytes [31-35]. Knockdown of miR-217 attenuated the podocyte
\1, injury and restored insulin resistance and defective autophagy in HG-
@\\' cultured podocytes in vitro. Inhibition of phosphatase and tensin
= < homolog (PTEN), the target of miR-217 associated with cell viability

' % .. .. . . .
ﬁ::r and apoptosis, improved podocyte injury and insulin resistance and also
suppressed autophagy restoration [31]. The overexpression of miR-29¢
ﬁﬁ-ﬁﬁf -j\"T'T'T‘T‘T'TT‘TT‘T‘? promoted podocyte apoptosis, ECM accumulation, and the activation of
primary miRNAs Rho kinase that mediated various pathways involved in DN and re-
‘1‘ duced the level of its target Spryl protein. Knockdown of miR-29c re-
o m: duced albuminuria and mesangial matrix accumulation in db/db mice
e ey ... A 0,0, 0,0 [32]. The dysregulation of miR-20b enhanced podocytes apoptosis, but
/ miRNAs \ this process could be prevented by its target gene silent information
regulator 1 (SIRT7) [33]. The upregulation of miR-218 promoted po-
Target inhibition 1 Target degradation docyte apoptosis and p38 MAPK activation by downregulating HO-1
expression in HG-treated podocytes [34]. The overexpression of miR-
o e 34c inhibited podocyte apoptosis induced by HG and downregulated its
Rw D targets Notchl, Jaggedl, pro-apoptotic protein Bax, caspase-3 and
5/ W\ 'fﬂ»"‘f:'gﬁj%mkﬂ"ul’“hT’L‘.\Q"l\’ phosphorylated p53 whereas upregulated the level of anti-apoptotic
3 RERY gene Bcl-2 expression [35]. In addition, the upregulating miR-134-5p
Transcription regulation expression was identified in the kidney tissues of db/db mice and po-

docytes treated by HG; miR-134-5p led to the apoptosis of podocyte and
the downregulation of nephrin (a pivotal protein for renal filtration
barrier). Bcl-2 was identified as the target of miR-134-5p [36]. The
increased miR-27a expression was observed in patients with DN and
HG-treated podocytes while the expression of miR-30s was down-
regulated in the glomeruli of DN rat and HG-treated podocytes [37,38].
Overexpression of miR-27a promoted podocyte apoptosis and EMT and
aggravated podocyte injury by upregulating Snaill and a-SMA ex-
pression and downregulating podocin and synaptopodin expression.
miR-27a induced impaired renal function and podocyte injury via the
activation of PPARy/[-catenin signaling in DN rats [37]. Moreover,
miR-30s upregulation induced mouse podocytes (MPC5) apoptosis by
upregulating the expression of metadherin (Mtdh) (a potent modulator
of podocyte apoptosis) to activate p38 MAPK pathway [38]. These
studies indicated that several miRNAs were involved in podocyte
apoptosis, suggesting that miRNAs may serve as a novel therapeutic
target to improve podocyte apoptosis in DN.

Fig. 1.. The mechanisms of the regulation of miRNAs on targets genes. miRNAs
transcribe from DNA sequences into primary miRNAs and then processes into
precursor miRNAs and then mature miRNAs that generally target 3' un-
translated region of target mRNAs to promote degradation or translational in-
hibition of mRNAs.

renal tissue of db/db mice, and HG-induced human mesangial cells
(HMCs) and HK-2 cells. miR-135a promoted the synthesis of ECM, in-
cluding fibronectin and collagen I by downregulating the level of
transient receptor potential channel (TRPC) 1 [26]. The expression of
miR-181a-5p was reduced in the kidney of DN rats, while miR-27a was
increased in streptozotocin (STZ)-induced DN rats. The upregulation of
miR-181a-5p alleviated fibrosis by decreasing the expression of tran-
scriptional regulator (EGRL) to reduce the levels of pro-fibrotic genes
fibronectin and collagen I in HK-2 cells. The proliferation of MCs and
the expression of profibrotic genes, ECM accumulation, and proteinuria
were inhibited; however, the expression of PPARy was promoted in
STZ-induced DN rats when miR-27a was knocked down or antagonized
[27,28]. The expression of miR-23a and miR-34a-5p were upregulated
in the renal tissues of patients with type 2 diabetes and DN mice, re-
spectively, that led to the downregulation of SnoN expression, more
severe fibrosis, and activation of EMT in HG-induced HK-2 cells. The
overexpression of miR-34a-5p promoted fibrosis by inhibiting the silent
information regulator 1 (SIRT1) expression, which plays the central role
in tubulointerstitial fibrosis in DN [29,30]. These findings suggested
that miRNAs affected the progression of renal fibrosis in DN by tar-
geting their respective targets to regulate the expression of fibrosis-re-
lated genes. In addition, the abnormal expression levels of miRNAs

2.3. Regulation of miRNAs on MC hypertrophy and autophagy

Glomerular MC hypertrophy is one of the most important patholo-
gical features of DN. Relevant studies have shown that the expression
levels of some miRNAs can regulate MC hypertrophy. For example, it
was demonstrated that miR-214 expression was increased whereas miR-
451 expression was decreased in the kidneys of db/db mice. The ex-
pression of miR-155 was upregulated in the patients with DN, whereas
the expression of miR-196a was downregulated in the kidneys of DN
mice [23,39-41]. Moreover, the overexpression of miR-155 reduced the
expression of autophagy-associated proteins LC3-II and ATG5. In
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addition, the overexpression of miR-196a significantly inhibited the
expression of p27/kipl and restored the hypertrophic morphology of
MC. Oppositely, inhibition of miR-214 expression markedly upregu-
lated PTEN expression that can inhibit MC hypertrophy, reduced the
expression of SM22, a-SMA, and collagen IV, and attenuated albumi-
nuria and mesangial expansion [23]. In addition, the knockdown of
p27/kipl attenuated MC hypertrophy induced by miR-196a inhibition
[39]. The overexpression of miR-451 repressed MC hypertrophy and
the expression of p-p38 MAPK and p-MKK3 by inhibiting YWHAZ [40].
In conclusion, the expression of miRNAs can regulate MC hypertrophy
and autophagy in DN.

2.4. Regulation of miRNAs on oxidative stress and inflammation

Oxidative stress and inflammation also contribute to DN [21]. Nu-
merous studies have shown that miRNAs can regulate the generation of
reactive oxygen species (ROS) and expression of inflammation-related
genes. For example, the level of miR-146a, miR-25, and miR-451 were
declined in the serum and kidney tissues of patients with DN and kidney
tissues of DN mice [42-44]. The overexpression of miR-146a down-
regulated NOX4 and reduced ROS generation to alleviate oxidative
stress and inflammation [42]. The overexpression of miR-25 reduced
ROS production and inhibited the apoptosis of renal tubular epithelial
cells induced by HG by activating PTEN/AKT pathway [43]. The
downregulation of miR-451 prevented the activation of LMP7/NF-xkB
pathway. The overexpression of miR-451 resulted in the reduction of
urinary microalbumin excretion, blood glucose, and glomerular injury
in the kidneys of db/db DN mice and also inhibited proinflammatory
molecules transcription including tumor necrosis factor-a (TNF-a), in-
terleukin-18 (IL-18), myeloid differentiation factor88 (MYD88), and
intercellular adhesion molecule-1 (ICAM-1) in MC [44].

The expression of miR-21 was significantly increased and followed
by the downregulation of Smad7 in the kidney tissues and serum in DN
mice. Serum miR-21 was associated with renal function, which was
characterized by an increase in albumin-creatinine ratio (ACR) and
decrease in creatinine clearance. Moreover, the expression of miR-21
was positively correlated with the expression of collagen IV [45].

3. Regulation of miRNA in lupus nephritis (LN)

Lupus nephritis (LN) is the most common complication of systemic
lupus erythematosus, and nearly 30% of these will develop to end-stage
renal disease (ESRD) and the hallmarks of LN performed as the injury of
podocyte injury and HMC proliferation [46-48]. Therefore, inflamma-
tion mediated by autoimmune in glomerulus and interstitium is the
primary cause of LN [49].

3.1. Regulation of miRNAs on MC proliferation or apoptosis in LN

The expression of miR-9 was upregulated, whereas the expression of
hsa-miR-371-5p was downregulated in the kidney tissues of patients
with LN [50,51]. The overexpression of miR-9 inhibited the expression
of serine/threonine kinase 3 (STK3), whereas miR-9 deficiency resulted
in STK3 upregulation, enhanced viability and decreased apoptosis of
MC, and the activation of MAPK pathway. This study first demonstrated
that the expression of miR-9 improved LN by regulating STK3 and
MAPK pathways [50]. The overexpression of hsa-miR-371-5p repressed
the proliferation of HMC and induced the apoptosis of HMC by en-
hancing HIF-1a expression [51]. In addition, the levels of miR-130b
and miR-148a-3p were elevated in the blood samples of patients with
LN and glomeruli and serum of LN mice, respectively, whereas miR-10a
was decreased [48,52,53]. The downregulation of miR-130b reduced
the expression of PTEN and promoted the apoptosis of MC [52]. The
upregulation of miR-148a-3p promoted the proliferation of MC and the
expression of proliferating cell nuclear antigen (PCNA), whereas it re-
duced the phosphatase and tensin homology on PTEN level. The
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inhibition of miR-148a-3p or the overexpression of PTEN inhibited the
proliferation of MC [53]. Collectively, the expression of miRNAs can
regulate MC hypertrophy and apoptosis in LN.

3.2. Regulation of miRNAs on inflammatory cytokines in LN

Both miR-663a/miR-423-5p and Let-7 were increased in the kidney
tissues of patients with LN, whereas miR-146a and miR-410 were de-
creased in the peripheral blood monouclear cells (PBMCs) of patients
with LN and kidney tissues of MRL/Ipr mice [54-57]. The expression of
TNFAIP3 interacting protein 2 (TNIP2) was downregulated by miR-
663a or miR-423-5p mimic transfection, whereas TNIP2 expression was
upregulated by miR-663a or miR-423-5p inhibition in HEK293T cells,
indicating a negative correlation between miR-663a/miR-423-5p and
TNIP2 [54]. In addition, the expression of miR-146a showed a re-
versible relationship with inflammatory cytokines interleukin-1f3 (IL-
1pB), interleukin-6 (IL-6), interleukin-8 (IL-8), and TNF-a, whereas TNF
receptor-associated factor 6 showed a positive correlation [55]. More-
over, the expression of miR-410 was declined in the kidney tissues of
MRL/Ipr mice. The overexpression of miR-410 significantly reduced IL-
6 and fibrotic factors (TGF-$1, collagen I, collagen III) to inhibit fibrosis
in SV40MES13 cells [56]. The increase of let-7 inhibited the expression
of tumor necrosis factor and a-induced protein 3, whereas it enhanced
the activity of NF-xB in HEK293T cells [57].

4. Regulation of miRNAs in focal segmental glomerulosclerosis
(FSGS)

FSGS is a frequent glomerular disease, which is a critical cause of
ESRD and characterized by the flattening of podocyte foot processes,
tubular atrophy, glomerular sclerosis, and interstitial fibrosis [58-60].
The expressions of miR-17, miR-451, miR-106a, and miR-19b were
differently decreased in the plasma of patients with FSGS. The over-
expression of miR-106a reduced PTEN, Bcl-2-like protein 11, and C-X-C
motif chemokine ligand 14 expression and inhibited podocyte apoptosis
[61]. However, the expression of miR-135a, miR-135b, miR-193a, and
miR-206 were elevated in the glomeruli of patients with FSGS, whereas
the expression of miR-30s was reduced in the podocytes of patients with
FSGS [58,62-65]. The upregulation of miR-135a inhibited TRPC1 ex-
pression in the glomeruli of patients with FSGS and adriamycin-treated
MPCS5. The ectopic expression of miR-135a aggravated podocyte injury
and accelerated podocyte apoptosis and disordered podocyte cytoske-
leton [62]. In addition, the overexpression of miR-135a and miR-135b
caused the activation of Wnt/p-catenin signaling pathway and induced
the nuclear translocation of B-catenin in MPC5. The ectopic expression
of miR-135a and miR-135b resulted in the disarray of the podocyte
cytoskeleton and podocyte injury [63]. The upregulation of miR-193a
expression repressed the expression of Wilms tumor 1 (WT1) and
thereby downregulated podocalyxin and nephrin expression and sev-
eral other genes vital for the podocytes architecture [58]. The upre-
gulation of miR-206 expression led to podocyte injury. The over-
expression of miR-206 repressed synaptopodin expression by
downregulating WT1 expression [64]. Another study demonstrated that
the deficiency of miR-30s enhanced the levels of pivotal components of
calcium/calcineurin signaling which may lead to podocyte injury, in-
cluding transient receptor potential channel 6 (TRPC6), protein phos-
phatase 3 catalytic subunit alpha (PPP3CA), protein phosphatase 3
catalytic subunit (PPP3C) a, protein phosphatase 3 catalytic subunit
(PPP3C) B, protein phosphatase 3, regulatory subunit B, alpha
(PPP3R1), and nuclear factors of activated T-cells ¢3 (NFATC3) at
mRNA levels [65].

5. Regulation of miRNA in IgAN

Immunoglobulin A nephropathy (IgAN) is a common form of pri-
mary glomerulonephritis characterized by aberrant O-glycosylation in
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the hinge region of IgA1 and mesangial deposition of pathogenic IgA or
injury to MCs [66]. IgAN has various potential biomarkers including
Baff, ST6GALNAC2, C1GALT1, and Cosmc in PBMCs and also IgA1 and
galactose-deficient IgAl in plasma [67]. Several recent studies have
reported that miRNAs are associated with the pathology of IgAN.

Upregulation of miR-374b was found in the peripheral blood
mononuclear cells cultures (PBMCs) of patients with IgAN as well as let-
7b or miR-148b were differently expressed in PBMCs of patients with
IgAN [66,68,69]. Upregulation of miR-374b promoted the proliferation
of B cells and aberrant glycosylation of IgA1 by upregulating PTEN and
Cosmc expression [68]. The overexpression of let-7b reduced the ex-
pression of GALNT2, which catalyzed the formation of O-glycan [66].
The overexpression of miR-148b inhibited the expression of C1GALT1,
whereas it increased the level of Gal-deficient IgA1 to promote aberrant
O-glycosylation of IgA1 [69]. These results demonstrated that abnormal
expression of miRNAs led to the abnormal O-glycosylation process of
IgA1, which induced IgAN. Targeting miRNAs may be a novel strategy
for the treatment of IgAN. Several studies showed that the levels of miR-
200bc/429 cluster and miR-29b-3p were declined in the kidney tissues
of patients with IgAN [70,71]. The overexpression of miR-200bc/429
cluster inhibited the release of inflammatory cytokines monocyte che-
moattractant protein-1 (MCP-1), IL-6 and regulated on activation,
normal T cell expressed and secreted (RANTES), and the activation of
the NF-xB pathway mediated by TWEAK in podocytes and HK-2 cells,
suggesting that miR-200bc/429 cluster can regulate IgAN inflammation
[70]. The downregulation of miR-29b-3p can inhibit inflammation by
activating the NF-kB pathway via upregulating CDK6 in the kidney
tissues of patients with IgAN [71]. These studies indicated that miRNAs
played an important role in IgAN by regulating the release of in-
flammatory cytokines.

In addition, the expression of miR-320 was markedly increased in
kidney tissues and urine of patients with IgAN [72]. The expression of
miR-21 was markedly increased in glomerular and interstitium of pa-
tients with IgAN and in podocytes and HK-2 cells. The inhibition of
miR-21 prevented fibrosis and AKT activation by promoting the ex-
pression of PTEN in podocytes and HK-2 cells from IgAN [73].

6. Regulation of miRNA in other types of CKD

Except for the four common CKD mentioned in the previous sec-
tions, the regulation of miRNAs also plays an important role in other
types of CKD such as Angll-induced EMT, unilateral ureteral obstruc-
tion (UUO)-induced fibrosis, and crescentic rapidly progressive glo-
merulonephritis (RPGN). The expressions of miR-382 and miR-302d
were elevated in the kidneys of UUO mice [74,75]. The overexpression
of miR-382 led to the downregulation of heat shock protein family D
(Hsp60) member 1 (HSPD1) expression and consequently enhanced
renal tubulointerstitial fibrosis [74]. The upregulation of miR-302d
reduced the expression of TGF-f type II receptor, the target of miR-
302d, EMT, and the mesangial production of fibronectin in renal epi-
thelial cell HKC8 [75]. The level of miR-21 was progressively upregu-
lated in the kidney tissues of UUO mice and in activated rat kidney
fibroblasts treated by TGF-B1. The overexpression of miR-21 promoted
fibrosis and fibroblasts activation by regulating TGF-1/Smad signaling
pathway [76]. In addition, the decreased miR-29b was found in NRK-
52E cells treated by Angll, and its downregulation promoted EMT by
activating PI3K/AKT signaling pathway [77]. The expression of miR-
200a was decreased in TGF-B1l-treated HK-2 cells, and its down-
regulation upregulated the expression of (-catenin and EMT process
[78].

The expression of miR-34a, which promoted tubular cell apoptosis
by downregulating anti-apoptotic protein Bcl-2, was significantly up-
regulated in tubulointerstitium and the microvesicles of kidney tissues
in UUO mice and TGF-PB1-treated fibroblasts [79]. However, the ex-
pression of miR-221 was downregulated in the fibrotic kidney tissues of
mice and NRK-49F cells treated with AnglIl. The expression of miR-221
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inhibited the expression of transcription factor ETS proto-oncogene 1
(Ets-1) that promoted the activation of fibroblasts [80]. The expression
of miR-29c was decreased in the kidneys of 5/6 nephrectomized rats,
which promoted interstitial fibrosis by upregulating collagen I and
tropomyosin la expression [81]. The expression of miR-92a was sig-
nificantly increased level in the podocytes of patients with RPGN and
mice. Knockdown of miR-92a upregulated the expression of p57/Kip2
and attenuated glomerular injury and albuminuria [82].

7. Conclusion

The regulation of miRNAs plays an important role in the patho-
genesis of CKD, and its alterations affect the development of CKD. The
expression of miRNAs is associated with multiple cellular processes and
various types of CKD, and it has the potential to be the biomarkers and
therapeutic targets for CKD treatment. Further in vitro and in vivo stu-
dies are required to elucidate the underlying mechanisms of miRNAs in
CKD. Although many miRNAs have yet to be studied, we anticipate that
these have the potential to be used clinically in the future.

References

[1] A.C. Webster, E.V. Nagler, R.L. Morton, P. Masson, Chronic kidney disease, Lancet
389 (10075) (2017) 1238-1252.

H.H. Hu, D.Q. Chen, Y.N. Wang, Y.L. Feng, G. Cao, N.D. Vaziri, Y.Y. Zhao, New
insights into TGF-B/Smad signaling in tissue fibrosis, Chem. Biol. Interact. 292
(2018) 76-83.

D.Q. Chen, H.H. Hu, Y.N. Wang, Y.L. Feng, G. Cao, Y.Y. Zhao, Natural products for
the prevention and treatment of kidney disease, Phytomedicine 50 (2018) 50-60.
D.Q. Chen, Y.L. Feng, G. Cao, Y.Y. Zhao, Natural products as a source for anti-
fibrosis therapy, Trends Pharmacol. Sci. 39 (11) (2018) 937-952.

M. Wang, D.Q. Chen, L. Chen, G. Cao, H. Zhao, D. Liu, N.D. Vaziri, Y. Guo,

Y.Y. Zhao, Novel inhibitors of the cellular renin-angiotensin system components,
poricoic acids, target Smad3 phosphorylation and Wnt/B-catenin pathway against
renal fibrosis, Br. J. Pharmacol. 175 (13) (2018) 2689-2708.

M. Wang, D.Q. Chen, M.C. Wang, H. Chen, L. Chen, D. Liu, H. Zhao, Y.Y. Zhao,
Poricoic acid ZA, a novel RAS inhibitor, attenuates tubulo-interstitial fibrosis and
podocyte injury by inhibiting TGF-B/Smad signaling pathway, Phytomedicine 36
(2017) 243-253.

Z.H. Zhang, J.R. Mao, H. Chen, W. Su, Y. Zhang, L. Zhang, D.Q. Chen, Y.Y. Zhao,
N.D. Vaziri, Removal of uremic retention products by hemodialysis is coupled with
indiscriminate loss of vital metabolites, Clin. Biochem. 50 (17) (2017) 1078-1086.
D.Q. Chen, H. Chen, L. Chen, N.D. Vaziri, M. Wang, X.R. Li, Y.Y. Zhao, The link
between phenotype and fatty acid metabolism in advanced chronic kidney disease,
Nephrol. Dial. Transplant. 32 (7) (2017) 1154-1166.

L. Chen, T. Yang, D. Lu, H. Zhao, Y. Feng, H. Chen, D. Chen, N. Vaziri, Y. Zhao,
Central role of dysregulation of TGF-B/Smad in CKD progression and potential
targets of its treatment, Biomed. Pharmacother. 101 (2018) 670-681.

Y.Y. Zhao, Metabolomics in chronic kidney disease, Clin. Chim. Acta 422 (2013)
59-69.

X. Xu, J. Su, Z. Diao, Reduction in estimated glomerular filtration gate in patients
with elevated blood urea nitrogen but normal for any other markers of kidney
damage, J. Nephrol. Adv. 1 (1) (2015) 58-61.

Y.Y. Zhao, R.C. Lint, Metabolomics in nephrotoxicity, Adv. Clin. Chem. 65 (2014)
69-89.

J. O'Brien, H. Hayder, Y. Zayed, C. Peng, Overview of MicroRNA biogenesis, me-
chanisms of actions, and circulation, Front. Endocrinol. 9 (2018) 402 Lausanne.
X. Jiang, E. Tsitsiou, S.E. Herrick, M.A. Lindsay, MicroRNAs and the regulation of
fibrosis, FEBS J. 277 (9) (2010) 2015-2021.

L. Yan, K.R. Cai, K. Sun, J.Q. Gui, J. Liang, MiR-1290 promotes proliferation, mi-
gration, and invasion of glioma cells by targeting LHX6, J. Cell. Physiol. 233 (10)
(2018) 6621-6629.

Y. Luo, X. Cao, J. Chen, J. Gu, J. Zhao, J. Sun, MicroRNA-224 suppresses osteoblast
differentiation by inhibiting SMAD4, J. Cell. Physiol. 233 (10) (2018) 6929-6937.
O. Ichii, T. Horino, MicroRNAs associated with the development of kidney diseases
in humans and animals, J. Toxicol. Pathol. 31 (1) (2018) 23-34.

S. Ma, Y. Shang, H. Zhang, W. Su, Action mechanisms and therapeutic targets of
renal fibrosis, J. Nephrol. 1 (2) (2018) 4-14.

S.Y. Wang, X.X. Zhao, S.X. Yang, B.P. Chen, J. Shi, Salidroside alleviates high
glucose-induced oxidative stress and extracellular matrix accumulation in rat glo-
merular mesangial cells by the TXNIP-NLRP3 inflammasome pathway, Chem. Biol.
Interact. 278 (2017) 48-53.

C. Magee, D.J. Grieve, C.J. Watson, D.P. Brazil, Diabetic nephropathy: a tangled
web to unweave, Cardiovasc. Drugs Ther. 31 (5-6) (2017) 579-592.

H. Yaribeygi, M.T. Mohammadi, R. Rezaee, A. Sahebkar, Crocin improves renal
function by declining Nox-4, IL-18, and p53 expression levels in an experimental
model of diabetic nephropathy, J. Cell. Biochem. 119 (7) (2018) 6080-6093.

C. Qiao, W. Ye, S. Li, H. Wang, X. Ding, Icariin modulates mitochondrial function
and apoptosis in high glucose-induced glomerular podocytes through G protein-

[2]

[3]
[4]

[5]

[6

[71

[8]

[91

[10]

[11]

[12]
[13]
[14]

[15]

[16]
[17]
[18]

[19]

[20]

[21]

[22]


http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0005
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0005
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0010
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0010
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0010
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0015
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0015
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0020
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0020
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0025
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0025
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0025
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0025
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0030
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0030
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0030
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0030
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0035
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0035
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0035
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0040
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0040
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0040
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0045
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0045
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0045
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0050
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0050
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0055
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0055
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0055
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0060
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0060
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0065
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0065
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0070
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0070
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0075
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0075
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0075
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0080
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0080
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0085
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0085
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0090
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0090
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0095
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0095
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0095
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0095
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0100
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0100
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0105
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0105
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0105
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0110
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0110

H. Zhao et al.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

coupled estrogen receptors, Mol. Cell. Endocrinol. 473 (2018) 146-155.

X.X. Wang, E. Shen, Y.Z. Wang, J.H. Li, D.S. Cheng, Y.Q. Chen, D.K. Gui, N.S. Wang,
Cross talk between miR-214 and PTEN attenuates glomerular hypertrophy under
diabetic conditions, Sci. Rep. 6 (2016) 31506.

H.F. Liu, X.H. Wang, S.F. Liu, H.Z. Li, X.H. Yuan, B. Feng, H. Bai, B.H. Zhao,

Y.H. Chu, H.J. Li, Effects and mechanism of miR-23b on glucose-mediated epithe-
lial-to-mesenchymal transition in diabetic nephropathy, Int. J. Biochem. Cell Biol.
70 (2016) 149-160.

D. Zhao, J.H. Jia, H. Shao, miR-30e targets GLIPR-2 to modulate diabetic nephro-
pathy: in vitro and in vivo experiments, J. Mol. Endocrinol. 59 (2) (2017) 181-190.
F. He, F.F. Peng, X. Xia, C. Zhao, Q.M. Luo, W.M. Guan, Z.J. Li, X.Q. Yu, F.X. Huang,
MiR-135a promotes renal fibrosis in diabetic nephropathy by regulating TRPC1,
Diabetologia 57 (8) (2014) 1726-1736.

P. Xu, M.P. Guan, J.G. Bi, D. Wang, Z.J. Zheng, Y.M. Xue, High glucose down-
regulates microRNA-181a-5p to increase pro-fibrotic gene expression by targeting
early growth response factor 1 in HK-2 cells, Cell. Signal. 31 (2017) 96-104.

L.N. Wu, Q.Z. Wang, F. Guo, X.J. Ma, H.F. Ji, F. Liu, Y.Y. Zhao, G.J. Qin, MicroRNA-
27a induces mesangial cell injury by targeting of PPAR gamma, and its in vivo
knockdown prevents progression of diabetic nephropathy, Sci. Rep. 6 (2016)
26072.

H.P. Xu, F.Y. Sun, X.L. Li, L.N. Sun, Down-regulation of miR-23a inhibits high
glucose-induced EMT and renal fibrogenesis by up-regulation of SnoN, Hum. Cell
31 (1) (2018) 22-32.

M. Xue, Y. Li, F. Hu, Y.J. Jia, Z.J. Zheng, L. Wang, Y.M. Xue, High glucose up-
regulates microRNA-34a-5p to aggravate fibrosis by targeting SIRT1 in HK-2 cells,
Biochem. Biophys. Res. Commun. 498 (1) (2018) 38-44.

J. Sun, Z.P. Li, R.Q. Zhang, H.M. Zhang, Repression of miR-217 protects against
high glucose-induced podocyte injury and insulin resistance by restoring PTEN-
mediated autophagy pathway, Biochem. Biophys. Res. Commun. 483 (1) (2017)
318-324.

J.Y. Long, Y. Wang, W.J. Wang, B.H.J. Chang, F.R. Danesh, MicroRNA-29c is a
signature microRNA under high glucose conditions that targets Sprouty homolog 1,
and its in vivo knockdown prevents progression of diabetic nephropathy, J. Biol.
Chem. 286 (13) (2011) 11837-11848.

X.J. Wang, B. Lin, L. Nie, P. Li, MicroRNA-20b contributes to high glucose-induced
podocyte apoptosis by targeting SIRT7, Mol. Med. Rep. 16 (4) (2017) 5667-5674.
H.B. Yang, Q.J. Wang, S.T. Li, MicroRNA-218 promotes high glucose-induced
apoptosis in podocytes by targeting heme oxygenase-1, Biochem. Biophys. Res.
Commun. 471 (4) (2016) 582-588.

X.D. Liu, L.Y. Zhang, T.C. Zhu, R.F. Zhang, S.L. Wang, Y. Bao, Overexpression of
miR-34c inhibits high glucose-induced apoptosis in podocytes by targeting Notch
signaling pathways, Int. J. Clin. Exp. Pathol. 8 (5) (2015) 4525-4534.

X.X. Qian, J. Tan, L. Liu, S. Chen, N. You, H.J. Yong, M.L. Pan, Q. You, D.F. Ding,
Y.B. Lu, MicroRNA-134-5p promotes high glucose-induced podocyte apoptosis by
targeting bcl-2, Am. J. Transl. Res. 10 (3) (2018) 989—+.

Z.M. Zhou, J. Wan, X.Y. Hou, J. Geng, X. Li, X.Y. Bai, MicroRNA-27a promotes
podocyte injury via PPAR gamma-mediated (-catenin activation in diabetic ne-
phropathy, Cell Death Dis. 8 (2017) 652.

W.T. Liu, F.F. Peng, H.Y. Li, X.W. Chen, W.Q. Gong, W.J. Chen, Y.H. Chen, P.L. Li,
S.T. Li, Z.Z. Xu, H.B. Long, Metadherin facilitates podocyte apoptosis in diabetic
nephropathy, Cell Death Dis. 7 (11) (2016) e2477.

X.X. Wang, E. Shen, Y.Z. Wang, Z.Z. Jiang, D.K. Gui, D.S. Cheng, T.F. Chen,

N.S. Wang, MiR-196a regulates high glucose-induced mesangial cell hypertrophy by
targeting p27(kip1), J. Lab. Autom. 20 (4) (2015) 491-499.

Z. Zhang, X.M. Luo, S.T. Ding, J.X. Chen, T. Chen, X. Chen, H. Zha, L. Yao, X.Y. He,
H.M. Peng, MicroRNA-451 regulates p38 MAPK signaling by targeting of Ywhaz
and suppresses the mesangial hypertrophy in early diabetic nephropathy, FEBS Lett.
586 (1) (2012) 20-26.

Y. Wang, Z.J. Zheng, Y.J. Jia, Y.L. Yang, Y.M. Xue, Role of p53/miR-155-5p/sirt1
loop in renal tubular injury of diabetic kidney disease, J. Transl. Med. 16 (1) (2018)
146.

R.J. Wan, Y.H. Li, MicroRNA-146a/NAPDH oxidase4 decreases reactive oxygen
species generation and inflammation in a diabetic nephropathy model, Mol. Med.
Rep. 17 (3) (2018) 4759-4766.

H.C. Li, X.G. Zhu, J.W. Zhang, J. Shi, MicroRNA-25 inhibits high glucose-induced
apoptosis in renal tubular epithelial cells via PTEN/AKT pathway, Biomed.
Pharmacother. 96 (2017) 471-479.

Y. Sun, R. Peng, H.M. Peng, H.D. Liu, L. Wen, T.H. Wu, H. Yi, A.L. Li, Z. Zhang, MiR-
451 suppresses the NF-kappaB-mediated proinflammatory molecules expression
through inhibiting LMP7 in diabetic nephropathy, Mol. Cell. Endocrinol. 433 (C)
(2016) 75-86.

J. Wang, L. Duan, L. Tian, J. Liu, S. Wang, Y. Gao, J. Yang, Serum miR-21 may be a
potential diagnostic biomarker for diabetic nephropathy, Exp. Clin. Endocrinol.
Diabetes 124 (7) (2016) 417-423.

B. Obrisca, R. Jurubita, A. Andronesi, B. Sorohan, C. Achim, R. Bobeica,

M. Gherghiceanu, E. Mandache, G. Ismail, Histological predictors of renal outcome
in lupus nephritis: the importance of tubulointerstitial lesions and scoring of glo-
merular lesions, Lupus 27 (9) (2018) 1455-1463.

Z. Zhang, L. Niu, X. Tang, R. Feng, G. Yao, W. Chen, W. Li, X. Feng, H. Chen, L. Sun,
Mesenchymal stem cells prevent podocyte injury in lupus-prone B6.MRL-Faslpr
mice via polarizing macrophage into an anti-inflammatory phenotype, Nephrol.
Dial. Transplant. 33 (11) (2018) 2069.

P. Tangtanatakul, B. Thammasate, A. Jacquet, R. Reantragoon, T. Pisitkun,

Y. Avihingsanon, A. Leelahavanichkul, N. Hirankarn, Transcriptomic profiling in
human mesangial cells using patient-derived lupus autoantibodies identified miR-
10a as a potential regulator of IL8, Sci. Rep. 7 (1) (2017) 14517.

64

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

Clinica Chimica Acta 491 (2019) 59-65

S.-C. Hsieh, C.-Y. Tsai, C.-L. Yu, Potential serum and urine biomarkers in patients
with lupus nephritis and the unsolved problems, Open Access. Rheumatol. 8 (2016)
81-91 Research and Review.

L.A. Xu, S.Y. Bai, L.M. Zhang, B. Zhao, J. Sun, H.P. Wang, R. Wang, MicroRNA-9
influence lupus nephritis by targeting STK3 related MAPK signaling transduction
pathway, Int. J. Clin. Exp. Pathol. 10 (3) (2017) 2784-2793.

F.F. Yao, L.Q. Sun, W. Fang, H.M. Wang, D.S. Yao, R. Cui, J. Xu, L. Wang,

X.M. Wang, Hsa-miR-371-5p inhibits human mesangial cell proliferation and pro-
motes apoptosis in lupus nephritis by directly targeting hypoxia-inducible factor 1
alpha, Mol. Med. Rep. 14 (6) (2016) 5693-5698.

S.P. Wu, J. Wang, F. Li, Dysregulation of PTEN caused by the underexpression of
microRNA-130b is associated with the severity of lupus nephritis, Mol. Med. Rep.
17 (6) (2018) 7966-7972.

Q.J. Liu, X.J. Feng, W. Zhang, C. Wu, P.P. Kang, H.B. Li, S.B. Zhang, J. Hao,

M. Yang, S.X. Liu, MiR-148a-3p overexpression contributes to glomerular cell
proliferation by targeting PTEN in lupus nephritis, Am. J. Physiol. Cell. Physiol. 310
(6) (2016) C470-C478.

W.S. Wang, J.J. Gao, F.L. Wang, MiR-663a/MiR-423-5p are involved in the pa-
thogenesis of lupus nephritis via modulating the activation of NF-kappa B by tar-
geting TNIP2, Am. J. Transl. Res. 9 (8) (2017) 3796-3803.

Y.F. Zhu, Z.Z. Xue, L.Z. Di, Regulation of miR-146a and TRAF6 in the diagnose of
lupus nephritis, Med. Sci. Monit. 23 (2017) 2550-2557.

D.M. Liu, N. Zhang, J. Zhang, H.Y. Zhao, X.F. Wang, MiR-410 suppresses the ex-
pression of interleukin-6 as well as renal fibrosis in the pathogenesis of lupus ne-
phritis, Clin. Exp. Pharmacol. Physiol. 43 (6) (2016) 616-625.

J. Liu, L. Zhu, G.L. Xie, J.F. Bao, Q. Yu, Let-7 miRNAs modulate the activation of NF-
kappa B by targeting TNFAIP3 and are involved in the pathogenesis of lupus ne-
phritis, PLoS One 10 (6) (2015).

C.A. Gebeshuber, C. Kornauth, L.H. Dong, R. Sierig, J. Seibler, M. Reiss, S. Tauber,
M. Bilban, S.J. Wang, R. Kain, G.A. Bohmig, M.J. Moeller, H.J. Grone, C. Englert,
J. Martinez, D. Kerjaschki, Focal segmental glomerulosclerosis is induced by
microRNA-193a and its downregulation of WT1, Nat. Med. 19 (4) (2013) (481-+).
Y. Sato, H. Tsukaguchi, H. Morita, K. Higasa, M.T.N. Tran, M. Hamada, T. Usui,
N. Morito, S. Horita, T. Hayashi, J. Takagi, I. Yamaguchi, H.T. Nguyen, M. Harada,
K. Inui, Y. Maruta, Y. Inoue, F. Koiwa, H. Sato, F. Matsuda, S. Ayabe, S. Mizuno,
F. Sugiyama, S. Takahashi, A. Yoshimura, A mutation in transcription factor MAFB
causes focal segmental glomerulosclerosis with Duane retraction syndrome, Kidney
Int. 94 (2) (2018) 396-407.

F. Schena, F. Sallustio, G. Serino, MicroRNAs in glomerular diseases from patho-
physiology to potential treatment target, Clin. Sci. 128 (11) (2015) 775-788.

B. Xiao, L.N. Wang, W. Li, L. Gong, T. Yu, Q.F. Zuo, H.W. Zhao, Q.M. Zou, Plasma
microRNA panel is a novel biomarker for focal segmental glomerulosclerosis and
associated with podocyte apoptosis, Cell Death Dis. 9 (5) (2018) 533.

X.G. Yang, D.M. Wu, H.F. Du, F. Nie, X.L. Pang, Y. Xu, MicroRNA-135a is involved
in podocyte injury in a transient receptor potential channel 1-dependent manner,
Int. J. Mol. Med. 40 (5) (2017) 1511-1519.

X.G. Yang, X.Y. Wang, F. Nie, T.M. Liu, X.J. Yu, H.L. Wang, Q.Y. Li, R. Peng,
Z.M. Mao, Q. Zhou, G. Li, MiR-135 family members mediate podocyte injury
through the activation of Wnt/[B-catenin signaling, Int. J. Mol. Med. 36 (3) (2015)
669-677.

N. Guo, J. Guo, D.F. Su, MicroRNA-206 and its down-regulation of Wilms'Tumor-1
dictate podocyte health in adriamycin-induced nephropathy, Ren. Fail. 38 (6)
(2016) 989-995.

J.N. Wu, C.X. Zheng, X. Wang, S.F. Yun, Y. Zhao, L. Liu, Y.Q. Lu, Y.T. Ye, X.D. Zhu,
C.M. Zhang, S.L. Shi, Z.H. Liu, MicroRNA-30 family members regulate calcium/
calcineurin signaling in podocytes, J. Clin. Invest. 125 (11) (2015) 4091-4106.

G. Serino, F. Sallustio, C. Curci, S.N. Cox, F. Pesce, G. De Palma, F.P. Schena, Role of
let-7b in the regulation of N-acetylgalactosaminyltransferase 2 in IgA nephropathy,
Nephrol. Dial. Transplant. 30 (7) (2015) 1132-1139.

A. Eljaszewicz, K. Kleina, K. Grubczak, U. Radzikowska, P. Zembko,

P. Kaczmarczyk, M. Tynecka, K. Dworzanczyk, B. Naumnik, M. Moniuszko,
Elevated numbers of circulating very small embryonic-like stem cells (VSELs) and
intermediate CD14 + + CD16 + monocytes in IgA nephropathy, Stem Cell Rev. 14
(5) (2018) 686-693.

S. Hu, H. Bao, X.D. Xu, X.G. Zhou, W.S. Qin, C.H. Zeng, Z.H. Liu, Increased miR-
374b promotes cell proliferation and the production of aberrant glycosylated IgA1l
in B cells of IgA nephropathy, FEBS Lett. 589 (24) (2015) 4019-4025.

G. Serino, F. Sallustio, S.N. Cox, F. Pesce, F.P. Schena, Abnormal miR-148b ex-
pression promotes aberrant glycosylation of IgA1 in IgA nephropathy, J. Am. Soc.
Nephrol. 23 (5) (2012) 814-824.

Y. Guo, Y.J. Liao, MiR-200bc/429 cluster alleviates inflammation in IgA nephro-
pathy by targeting TWEAK/Fn14, Int. Inmunopharmacol. 52 (2017) 150-155.
L.N. Xing, H. Wang, P.H. Yin, Y.J. Liu, Y.F. Chi, Y.M. Wang, W. Peng, Reduced mir-
29b-3p expression up-regulate CDK6 and contributes to IgA nephropathy, Int. J.
Clin. Exp. Med. 7 (12) (2014) 5275-5281.

C.M. Li, J. Shi, Y. Zhao, MiR-320 promotes B cell proliferation and the production of
aberrant glycosylated IgA1l in IgA nephropathy, J. Cell. Biochem. 119 (6) (2018)
4607-4614.

H. Bao, S. Hu, C.M. Zhang, S.L. Shi, W.S. Qin, C.H. Zeng, K. Zen, Z.H. Liu, Inhibition
of miRNA-21 prevents fibrogenic activation in podocytes and tubular cells in IgA
nephropathy, Biochem. Biophys. Res. Commun. 444 (4) (2014) 455-460.

Y. Fang, T. Xie, N. Xue, Q. Kuang, Z. Wei, M.Y. Liang, X.Q. Ding, MiR-382 con-
tributes to renal tubulointerstitial fibrosis by downregulating HSPD1, Oxidative
Med. Cell. Longev. 2017 (2017) 4708516.

N. Faherty, S.P. Curran, H. O'Donovan, F. Martin, C. Godson, D.P. Brazil, J.K. Crean,
CCN2/CTGF increases expression of miR-302 microRNAs, which target the TGF


http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0110
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0115
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0115
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0115
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0120
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0120
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0120
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0120
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0125
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0125
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0130
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0130
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0130
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0135
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0135
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0135
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0140
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0140
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0140
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0140
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0145
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0145
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0145
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0150
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0150
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0150
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0155
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0155
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0155
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0155
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0160
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0160
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0160
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0160
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0165
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0165
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0170
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0170
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0170
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0175
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0175
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0175
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0180
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0180
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0180
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0185
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0185
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0185
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0190
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0190
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0190
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0195
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0195
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0195
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0200
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0200
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0200
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0200
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0205
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0205
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0205
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0210
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0210
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0210
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0215
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0215
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0215
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0220
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0220
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0220
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0220
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0225
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0225
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0225
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0230
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0230
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0230
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0230
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0235
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0235
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0235
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0235
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0240
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0240
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0240
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0240
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0245
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0245
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0245
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0250
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0250
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0250
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0255
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0255
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0255
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0255
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0260
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0260
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0260
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0265
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0265
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0265
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0265
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0270
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0270
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0270
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0275
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0275
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0280
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0280
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0280
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0285
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0285
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0285
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0290
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0290
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0290
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0290
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0295
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0295
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0295
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0295
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0295
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0295
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0300
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0300
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0305
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0305
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0305
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0310
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0310
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0310
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0315
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0315
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0315
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0315
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0320
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0320
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0320
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0325
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0325
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0325
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0330
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0330
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0330
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0335
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0335
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0335
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0335
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0335
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0340
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0340
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0340
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0345
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0345
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0345
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0350
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0350
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0355
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0355
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0355
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0360
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0360
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0360
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0365
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0365
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0365
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0370
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0370
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0370
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0375
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0375

H. Zhao et al.

[76]

[77]

[78]

[79]

type II receptor with implications for nephropathic cell phenotypes, J. Cell Sci. 125
(23) (2012) 5621-5629.

Q. Sun, J. Miao, J. Luo, Q. Yuan, H. Cao, W. Su, Y. Zhou, L. Jiang, L. Fang, C. Dai,
K. Zen, J. Yang, The feedback loop between miR-21, PDCD4 and AP-1 functions as a
driving force for renal fibrogenesis, J. Cell Sci. 131 (6) (2018).

H. Hu, S. Hu, S. Xu, Y. Gao, F. Zeng, H. Shui, MiR-29b regulates Ang II-induced EMT
of rat renal tubular epithelial cells via targeting PI3K/AKT signaling pathway, Int. J.
Mol. Med. 42 (1) (2018) 453-460.

Y. Gong, Z.X. Qin, B.S. Zhou, H. Chen, Z.M. Shi, J. Zhang, MicroRNA-200a inhibits
transforming growth factor 3 1-induced proximal tubular epithelial-mesenchymal
transition by targeting B-catenin, Nephron 137 (3) (2017) 237-249.

Y. Zhou, M.X. Xiong, J. Niu, Q. Sun, W.F. Su, K. Zen, C.S. Dai, J.W. Yang, Secreted
fibroblast-derived miR-34a induces tubular cell apoptosis in fibrotic kidney, J. Cell

65

[80]

[81]

[82]

Clinica Chimica Acta 491 (2019) 59-65

Sci. 127 (20) (2014) 4494-4506.

J. Di, L. Jiang, Y. Zhou, H.D. Cao, L. Fang, P. Wen, X.R. Li, C.S. Dai, J.W. Yang, Ets-1
targeted by microRNA-221 regulates angiotensin II-Induced renal fibroblast acti-
vation and fibrosis, Cell. Physiol. Biochem. 34 (4) (2014) 1063-1074.

Y. Fang, X. Yu, Y. Liu, A.J. Kriegel, Y. Heng, X. Xu, M. Liang, X. Ding, MiR-29c is
downregulated in renal interstitial fibrosis in humans and rats and restored by HIF-
alpha activation, Am. J. Physiol. Rena. Physiol. 304 (10) (2013) F1274-F1282.

C. Henique, G. Bollee, X. Loyer, F. Grahammer, N. Dhaun, M. Camus, J. Vernerey,
L. Guyonnet, F. Gaillard, H. Lazareth, C. Meyer, 1. Bensaada, L. Legres, T. Satoh,
S. Akira, P. Bruneval, S. Dimmeler, A. Tedgui, A. Karras, E. Thervet, D. Nochy,
T.B. Huber, L. Mesnard, O. Lenoir, P.L. Tharaux, Genetic and pharmacological in-
hibition of microRNA-92a maintains podocyte cell cycle quiescence and limits
crescentic glomerulonephritis, Nat. Commun. 8 (1) (2017) 1829.


http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0375
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0375
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0380
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0380
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0380
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0385
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0385
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0385
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0390
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0390
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0390
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0395
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0395
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0395
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0400
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0400
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0400
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0405
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0405
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0405
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0410
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0410
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0410
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0410
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0410
http://refhub.elsevier.com/S0009-8981(19)30021-X/rf0410

	microRNAs in chronic kidney disease
	Introduction
	Regulation of miRNAs in DN
	Regulation of miRNAs on fibrosis
	Regulation of miRNAs on podocytes apoptosis
	Regulation of miRNAs on MC hypertrophy and autophagy
	Regulation of miRNAs on oxidative stress and inflammation

	Regulation of miRNA in lupus nephritis (LN)
	Regulation of miRNAs on MC proliferation or apoptosis in LN
	Regulation of miRNAs on inflammatory cytokines in LN

	Regulation of miRNAs in focal segmental glomerulosclerosis (FSGS)
	Regulation of miRNA in IgAN
	Regulation of miRNA in other types of CKD
	Conclusion
	References




