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Abstract
Aims: To evaluate the potential of urinary miR-451 as a biomarker at different stages of diabetic nephropathy.

Methods: A total of 45 subjects having stage 3 chronic kidney disease (n=15) or stage 5 chronic kidney disease
(n=15) and 15 healthy volunteers were included. Data on patient demographics, laboratory findings [creatinine,
estimated glomerular filtration rate, urinary protein excretion] target genes and functions of the selected MicroRNAs
associated with diabetic nephropathy and fold differences in the level of MicroRNA expression in blood and urine and
the correlation of urine and plasma MicroRNA expression with estimated glomerular filtration rate were recorded.

Results: MiR-195 expression level among stage 3 chronic kidney disease patients was higher in plasma
samples compared to the control group, while it was significantly lower in the urine samples (p=0.036). In the stage
5 chronic kidney disease patient group, while the expression level was significantly higher in the plasma samples
(p=0.005), urine sample expression was lower but not significantly different than the control group. Compared to the
controls, miR-451 expression level was higher in the plasma samples of stage 3 chronic kidney disease patients,
but significantly lower in the urine samples (p=0.019). Among the stage 5 chronic kidney disease patients, there
was significantly higher level of expression in plasma samples (p=0.007) and significantly lower expression in urine
samples (p=0.022) than the control group.

Conclusions: Our study is original with its investigation of MicroRNA expressions at different stages of chronic
kidney disease. Especially the statistically significant changes in the expression of miR-195 and miR-451 make

these MicroRNAs come forward as good noninvasive biomarker candidates.
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Introduction

Diabetes mellitus (DM), with increasing prevalence rates, causes
microvascular complications such as nephropathy, retinopathy, and
neuropathy and macrovascular complications such as coronary artery
disease, atherosclerosis, hypertension and stroke [1]. Many factors
play a role in the development of complications. Increased oxidative
stress due to hyperglycemia, advanced glycation end products (AGEs),
protein kinase C (PKC) and mitogen-activated protein kinase (MAPK)
activity increase secretion of cytokines, chemokines, angiotensin II, and
transforming growth factor-p1 (TGF-B1) [2,3]. Among these, TGF-
B1 leads to diabetic nephropathy (DN) development by increasing
profibrotic gene expression [4,5]. While hyperfiltration and mesangial
hypertrophy develop at early stages of DN, basal membrane thickening,
podocyte dysfunction, proteinuria, tubulointerstitial fibrosis, and
glomerulosclerosis develop later in the process [6,7].

DN is the most common cause of end-stage renal failure worldwide.
Early diagnosis of DN reduces renal complication risk and mortality
and morbidity rates of the patients. Though microalbuminuria is
the standard test used for the early stage diagnosis of DN, there are
many studies reporting it as inadequate [8]. Since microalbuminuria
is evaluated via immunoassay method, only the immunoreactive form
of albumin can be measured [9]. Over the recent years, new techniques
and biomarkers have been adopted for early stage diagnosis and
progression evaluation of DN.

MicroRNAs (miRNA) are single stranded RNA molecules with 20

to 23 nucleotides in length, taking place in each step of the cell cycle but
protein coding. They display their functions at the posttranscriptional
stage as a negative regulator in the series specific modulation of
gene expression. In the biogenesis steps of miRNA, first the primary
transcript pri-miRNA is formed by RNA polymerase II (RNA Pol II) in
the nucleus. Then, pri-miRNA is sliced by Drosha and Pasha to form
pre-miRNA that is the precursor molecule. Pre-miRNAs are transferred
to cytosol via the nuclear membrane protein "exportin-5". The pre-
miRNA is sliced by the transactivation-responsive RNA binding
protein (TARBP) and Dicer in the cytoplasm and forms short RNA. Of
the short RNAs, double stranded molecules are formed, one containing
the guide miRNA and the other containing the series conjugated to
the guide miRNA. The guide strand of the double-stranded molecule
is combined with the RNA induced silencing complex (RISC) and
causes the targeted messenger-RNA (mRNA) cleavage or blocks its
translation. miRNAs bind with the 3’UTR sequence of one or more
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mRNAs with partial or full complementarity [10]. miRNAs are
involved as regulators in cell proliferation, differentiation, apoptosis,
neoplastic transformation, and apoptosis. miRNAs, unlike mRNAs,
having a highly stable structure, have been used as a potential clinical
biomarker as they are easily obtained from primarily blood and also
urine, saliva, amniotic fluid, breast milk, sweat, seminal fluid and
tissues [11,12]. Today, approximately 28 miRNA that are directly
related to pathogenesis of DN are defined [13].

miRNAs contribute to DN development via multiple paths.
There are studies from recent years that evaluate the level of renal
fibrosis by miRNA gene expression analysis [14]. According to the
hypotheses of these studies, miRNAs lead to renal fibrosis by causing
changes in TGF-f, extracellular matrix and epithelial-mesenchymal
transformation [15,16].

Among these, TGF-B1 that causes proliferation in extracellular
matrix, fibroblast, and myofibroblasts has the most important role [17].
Number of TGF-B1 receptors increase with renal damage, activating
the TGF-B/Smad3 pathway and fibrosis is initiated [18]. In vitro studies
show that miR-192 increases TGF-P1 levels and regulation of other
miRNAs, and causes hypertrophy, glomerular expansion and fibrosis
in renal mesangial cells [19,20]. Recently, miR-192 level in the urine
sample and proteinuria were compared in the prediction of interstitial
fibrosis, and the miR-192 level was observed to be a good indicator [21-
23]. Putta et al. have shown that renal fibrosis and proteinuria can be
reduced by specifically inhibiting miR-192 [24].

miR-21 is one of the miRNAs that often has increased expression
in solid organ tumors [25]. Studies also showed that miR-21 plays a
role in DN pathogenesis [26,27]. Increased miR-21 expression inhibits
renal mesangial cell proliferation via PTEN/PI3K/Akt pathway and
takes on a preventative role against nephropathy development by
reducing glomerular hypertrophy and albuminuria [28].

It has been shown that miR-195 can play a role in fibrosis via
pathways that are effective on both endothelial (EndMT) and epithelial
(EMT) mesenchymal transformation (microRNAs in kidney fibrosis
2013). It is known to be effective on elements such as TNF and SMAD3
in TGF- B1 signal pathway, and on Myc, TP53 and SMAD3 in Wnt
signal pathway. Its suppressing effect on SMAD3 in both pathways
gives way to the thought that it may be more effective on fibrosis [29].

In addition to the signal pathways that play a role in EMT, miR-
451 has also been shown to play a role in inflammation-related fibrosis
[30]. It has also been found to increase fibrosis in other tissues via TNF,
SMAD3, and AMH genes in TGF- p1 pathway that is another fibrosis
mechanism.

Increased expression of miR-124 has been shown to cause podocyte
secretion by reducing the podocyte uptake capacity in streptozotocin-
induced DN in Winstar rats. Under mechanic stress, miR-124 is
believed to target INTEGRIN a3p1, which is a cell-matrix binding
receptor [31].

Use of miRNA analyses in plasma and urine samples as a biomarker
in diabetic complications is important, because they can facilitate early
diagnoses of both the diseases and the complications. By modifying the
treatment and taking the necessary precautions, patient survival and
quality of life can be increased. Additionally, the less yielding nature
of miRNAs to decomposition and features such as being non-invasive
and easy to collect make it more likely to be preferred as a biomarker.
Despite this potential, there are very few studies that demonstrate use
of urine miRNA level measurement in the diagnoses and monitoring
of DN today [23].

In this study, we investigated the important roles of miRNAs in
DN pathogenesis and their use as a biomarker in the evaluation of DN
prognosis via urine and plasma level measurements.

Materials and Methods

A total of 45 subjects were included in this study, who presented at
the Uludag University’s Nephrology and Endocrinology Departments
between July 2013 and March 2014. Among the participants, 15 had
stage 3 chronic kidney disease (CKD), 15 had stage 5 CKD, and 15
were healthy volunteers. The study was conducted after the approval of
the Clinical Research Ethics Committee of Uludag University School
of Medicine (2013-12/22). Demographic data of the patients were
recorded from the medical history and electronic files. All procedures
followed were in accordance with the ethical standards of the
responsible committee on human experimentation (institutional and
national) and with the Helsinki Declaration of 1975, as revised in 2008.
Informed consent was obtained from all patients for being included in
the study.

The participant inclusion criteria included being at the age of 18-
75 years of; having DM and hypertension for a minimum of 5 years,
systolic blood pressure < 140 mmHg or diastolic blood pressure <
90 mmHg under antihypertensive treatment. Patients with active
infection symptoms, malignancy diagnosis, kidney disease associated
with renal vascular disease, glomerulonephritis, polycystic kidney
diseases, anatomic abnormality associated with the urinary system or
an endocrine disease other than DM; who were under peritoneal dialysis
or hemodialysis treatment or pregnant were excluded from the study.

Blood pressure measurements were done by using an Erka (P.M.S
Instruments Ltd, Berkshire, United Kingdom) sphygmomanometer
following a minimum of a 5-minute rest from the right arm, in a seated
position. Venous blood samples were collected into tubes containing
ethylenediaminetetraacetic acid and were stored at -80°C. Urine
samples were transferred to the laboratory immediately after collection
and were stored at -80°C until the miRNA isolation procedure.
Glomerular filtration rate (GFR) of the patients was calculated using
the modification of diet in renal disease (MDRD, mL/min/1.73 m?)
formula [32]. Laboratory parameters such as blood hemoglobin, urea,
creatinine, electrolyte, albumin and parathyroid hormone levels and 24-
hour urinary protein excretion were obtained from the electronic records.

RNA extraction and quantification

miRNA isolation from the plasma samples was performed by
Qiagen miRNA Easy kit and from the urine samples by Norgen Urine
microRNA purification kit, following the manufacturers’ instructions.
miRNA concentrations and purity were determined with NanoDrop
2000 UV spectrophotometer (Thermo Scientific, USA) using the A260
/ 280 nm ratio.

Reverse transcriptase-polymerase chain reaction

Comparative reverse transcriptase-polymerase chain reaction (RT-
PCR) procedure with triplicate samples and 5 miRNAs with RNU6B
as the endogenous control was performed by using LightCycler 48011
device (Roche Diagnostics, USA) in the presence of negative control.
The relative expressions of miRNAs were calculated using the Ct
method. miRNA fold differences in the samples with different DN
stages compared to controls were calculated using 224 method.

Determination of miRNA Targets

miRWALK online database was used to determine the miRNA
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target genes (Table 1) [13]. miRWALK, by using KEDD and BioCArta
pathway databases, covers information on gene functions as well.

Statistical Analysis

Sabioscience online calculation program was used for miRNA
expression analyses [33]. For other statistical analyses, GraphPad Prism
version 6 (GraphPad Software, La Jolla California USA) was used.

Results

Clinical Data

A total of 45 volunteer participants were included in the study.

There were 11 females and four males among the 15 stage 3 CKD
patients, whose median age was 63.07 (range: 33-74) years. Among
the stage 5 CKD patients, four were female and 11 were male, and
their median age was 59 (range: 34-75). Of the 15 healthy volunteers
with GFR >60 mL/min, 11 were female and four were male, and their
median age was 41 (range: 35-46) years.

Demographic characteristics and laboratory results of the patients
are displayed in Table 2; and the fold differences of miRNA expressions
in blood and urine compared to the control group are presented in
Table 3.

Comparison of the miR-21 expression levels with the control

miRNA ID | miRNA accession humber Target genes and functions of selected miRNAs related with DN

MAPK3 member of the MAP kinase family
MYC plays a role in cell cycle progression, apoptosis and cellular transformation
SMAD2
SMADZ3 functions as a transcriptional modulator activated by transforming growth factor-beta
SMADY?7 is a nuclear protein that binds the E3 ubiquitin ligase SMURF2
SMAD3 functions as a transcriptional modulator activated by transforming growth factor-beta
TGFB1 regulate proliferation, differentiation, adhesion, migration, and other functions in many cell types
CCND1 function as regulators of CDK kinases
APC a tumor suppressor protein that acts as an antagonist of the Wnt signaling pathway
JUN interacts directly with specific target DNA sequences to regulate gene expression
WNT1 functions in the induction of the mesencephalon and cerebellum
RELA NFKB2 bound to either REL, RELA
TLR4 plays a fundamental role in pathogen recognition
NFKB1 stimulates the expression of genes involved in a wide variety of biological functions

TNF involved in the regulation of a wide spectrum of biological processes including cell proliferation, differentiation
SMADS functions as a transcriptional modulator activated by transforming growth factor-beta
MYC plays a role in cell cycle progression, apoptosis and cellular transformation
CCND1 function as regulators of CDK kinases
MAPKS involved in a wide variety of cellular processes such as proliferation, differentiation
TP53 a tumor suppressor protein containing transcriptional activation, DNA binding
TLR4 plays a fundamental role in pathogen recognition
NFKB1 stimulates the expression of genes involved in a wide variety of biological functions

SMAD3 functions as a transcriptional modulator activated by transforming growth factor-beta
TNF involved in the regulation of a wide spectrum of biological processes including cell proliferation, differentiation
AMH is a member of the transforming growth factor-beta gene family
MAPK®9 involved in cellular processes such as proliferation, differentiation, transcription regulation and development

hsa-mir-21 MI0000077

hsa-mir-195 MI0000489

hsa-mir-451 MI0001729

Table 1: The target genes and functions of the selected miRNAs associated with diabetic neuropathy (DN).

Control (n=15) Stage 3 CKD (n=15) Stage 5 CKD (n=15)

Gender (female / male) 11/4 11/4 4/11
Mean + SEM
Age (years) 41.0+0.8 63.1+£3.0 59.0+ 3.2
Creatinine (mg/dL) 0.73 £ 0.04 1.83+0.22 4.66 + 0.65
eGFR (mL/min) 109.7 + 18.1 36.0£10.5 14.3+9.6
Hemoglobin (g/dL) 13.1+04 12304 109+04
Albumin (g/dL) 42+0.2 3.6+05 34105
Urinary protein excretion (g/day) 0.2+0.01 2905 3503
CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate; SEM: standard error of the mean
Table 2: Demographic characteristics and laboratory findings of the patients.
Urine Plasma
Stage 3 CKD Stage 5 CKD Stage 3 CKD Stage 5 CKD
Fold difference P value Fold difference P value Fold difference P value Fold difference P value
RNA U6*
Mir-192 3.25 0.119 1.84 0.145 3.76 0.114 -1.48 0.684
Mir-195 -1.09 0.036 -2.97 0.112 22.86 0.076 34.28 0.006
Mir-21 1.54 0.524 1.03 0.218 7.05 0.220 6.58 0.060**
Mir-124 84.09 0.212 38.58 0.228 -6.24 0.483 -40.45 0.299
Mir-451 -4.07 0.019 -9.51 0.003 34.31 0.075 15.47 0.007

*endogenous control
**marginally significant

Table 3: Fold differences in the level of miRNA expression in plasma and urine in stage 3 and 5 chronic kidney disease (CKD) patients compared to the control group.
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group showed that plasma and urine expressions were higher, not
significantly, by 7.0 and 1.5 fold, respectively among stage 3 CKD
patients; and although the fold changes were similar to stage 3 CKD
patients, 6.6 fold increase in the plasma expression was found to be
marginally significant (p=0.06), while it was not in the urine samples
(1.0 fold) of the stage 5 CKD patients.

Compared to the control group, significantly higher levels of MiR-
124 expression in the urine samples of stage 3 and 5 CKD patients (84.1
and 38.6 fold, respectively) were observed, while the difference was
lower among stage 5 patients than in stage 3 patients. An evaluation
of the plasma levels yielded that the expression was lower among stage
3 and 5 patients compared to the control group (-6. 3 and -40.5 fold,
respectively) and the expression decreased by the increase in CKD stage.

In terms of miR-192 expression levels, stage 3 CKD patients had
similarly higher fold differences in plasma and urine samples (3.8 and
3.3 fold, respectively) compared to the control group. Stage 5 CKD
patients, on the other hand, had a lower plasma (-1.5 fold) and a higher
urine (1.8 fold) expression of miR-192 which were not significantly
different than the control group.

miR-195 expression level among stage 3 CKD patients was higher
in plasma samples compared to the control group (22.9 fold; p=0.075)
while it was significantly lower in the urine samples (1.1 fold; p=0.036).
In the stage 5 CKD patient group, while the expression level was
significantly higher in the plasma samples (34.3 fold; p=0.005), urine
sample expression was lower (-2.97 fold; p=0.111) but not significantly
different than the control group.

Compared to the controls, miR-451 expression level was higher
in the plasma samples of stage 3 CKD patients (34.3 fold; p=0.075),
but significantly lower in the urine samples (-4.1 fold; p=0.019).
Among the stage 5 CKD patients, there was significantly higher level
of expression in plasma samples (15.5 fold; p=0.007) and significantly
lower expression in urine samples (-9.5 fold; p=0.022) than the control

group.
Clinical correlations

We reviewed the correlations between the selected miRNAs with
significant or marginally significant plasma and urine expression
levels and eGFR in patients with CKD associated with diabetic and
hypertensive nephropathy (Figures 1 and 2).

The plasma miR-124 expression was lower among the stage 3
CKD patients compared to the control group, while higher levels were
observed in miR-21 miR-192, miR-195, and most markedly in miR-451
expressions; while in urine samples, significantly lower levels in miR-
195 and miR-451 expressions, and higher levels in miR-21, miR-124,
and miR-192 of expressions were detected (Figure 3).

Among the stage 5 CKD patients, plasma samples showed
insignificantly higher miR-21 expression, significantly higher miR-195
and miR-451 expressions, and lower miR-124 and miR-192 expressions.
Their urine samples showed increased miR-21, miR-124, and miR-192
expressions, decreased miR-195 expression and significantly higher
miR-451 expression (Figure 3).

Discussion

Diabetic and hypertensive nephropathy is the most common
cause of end-stage renal failure (ESRF) worldwide. Early diagnosis of
nephropathy reduces the risk of ESRF and leads to decrease in disease-
related mortality and morbidity rates. There is a need for easy-to-apply,
non-invasive, fast and reliable biomarkers for early diagnosis and

studies on miRNA expression analyses have been bringing hope to the
field.

The main factors that define the miRNA expression profile are
hyperglycemia, inflammatory cytokines, proteinuria, advanced age,
high blood pressure, and hypoxia. miR-192, miR-194, miR-204, miR-
215 and miR-216 among the miRNAs have been shown to be more
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expressed in renal fibrosis development [34]. Kato et al’s [35] rat
model study showed increased miR-192 expression in diabetic rats
and increased TGF-1 levels in mesangial cells. Krupa et al.’s [36] study
demonstrated tubulointerstitial fibrosis and GFR-related decreases
in miR-195 expression among patients with advanced DN. In Neal
et al.’s study, all miRNA levels were decreased in parallel to the renal
functions among patients with severe renal failure [37]. miRNAs are
excreted into urine via glomerular ultrafiltrate or tubular secretion.
Melkonyan et al.’s study determined 22 different miRNAs in the urine,
none of which were kidney-specific, and all were demonstrated to have
reached the kidney via blood circulation and were filtrated through the
glomeruli [38]. There are studies demonstrating that miR-192 decreases
with increased fibrosis and that miR-192 is reversely proportional to
the severity of DN as well [36, 39]. Similarly, in our study, compared
to the control group, miR-192 expression was 1.5 fold lower in plasma
and 1.8 fold higher in urine samples of stage 5 CKD patients, while it
was much higher in both plasma and urine samples (3.8 and 3.3 fold,
respectively) of stage 3 CKD patients.

In vivo and in vitro studies conducted at early stages of DN
showed that miR-21 inhibited mesangial proliferation via PTEN/
PI3K/Akt pathway. At first, hypertrophy is tried to be overcome in
the glomeruli and the mesangial area by increasing miR-21 expression
but as DN progresses, proteinuria and fibrosis develop. Zhang et al.
administered miR-21 to cell lines and diabetic rats and demonstrated
an increase in urine albumin excretion by the end of four weeks [40].
In a more recent study based on the hypothesis that DN develops in
association with miR-21 expression in db/db rats, it was emphasized
that suppression of TGF-f and NF-«kB pathways by miR-21 may affect
fibrosis and inflammation, respectively; and that suppression of Smad7
can affect kidney damage [27]. In our study, both stage 3 and stage 5
CKD patients had higher miR-21 expression in both plasma and urine
samples compared to controls but this difference was higher among
the stage 3 patients most probably in association with degree of fibrosis
and hypertrophy.

miR-195, a member of the miRNA family that play a role in
DN etiology and physiology, show antiapoptotic features due to its
down-regulation. Chen et al.’s [41] rat model study showed that in
early stages of DN, miR-195 expression decreased, was along with a
reverse association between miR-195 expression level and glomerular
diameter. Higher than control urinary and plasma miR-195 expression
levels in stage 3 and stage 5 CKD patients, respectively in the present
study can be explained by the furthering of the renal parenchymal
damage and primarily renal cortex damage in relation with miR-195
down-regulation; shrinking in the glomeruli; fibrosis; and increased
apoptosis. Moreover, recent studies also showed that high glucose
concentration could elevate miR-195 expression [42,43].

Over-expression of miR-451 in DN inhibits glomerular and
mesangial cell proliferation both in vivo and in vitro [44]. During
early stages of DN, miR-451 expression decreases and glomerular
hypertrophy and mesangial proliferation develop. It has been
demonstrated that with miR-451, Ywhaz is targeted and mesangial
hypertrophy in earlier stages of DN is prevented via p38 MAPK signal
pathway. In our study, while the plasma level was higher, urine level was
significantly lower than controls among stage 3 CKD patients. In case
of stage 5 CKD patients, compared to stage 3 group, both plasma and
urine miR-451 expression levels were lower at a statistically significant
level. This finding matches with that of Calida et al.’s study that reported
decreased overall plasma miRNA levels in CKD [32]. Similarly, a study
conducted on kidney tissue reported higher expression of miR-451
in renal cortex of hypertensive patients compared to normotensive

subjects [45]. The higher levels of miR-451 expression in plasma and
tissue compared to normal individuals and the low expression levels
in urine samples makes us believe that the miR-451 in the urine may
be associated with DN. The significant correlation of the decrease in
miR-451 expression with eGFR values may be explained with this
miRNA preventing glomerular hypertrophy. The decreased miR-451
expression causes increased activity of signal pathways such as MAPK9
and SMAD3 and is believed to increase hypertrophy and therefore
development of DN.

Conclusion

Past studies have used urine and plasma samples from a very low
number of patients. Often the studies were conducted in rats and at cell
lines. Our study is original with its investigation of miRNA expressions
at different stages of CKD. Especially the statistically significant changes
in the expression of miR-195 and miR-451 make these miRNAs come
forward as good noninvasive biomarker candidates. The utility of these
miRNAs in the clinical practice, whose mechanisms of actions have
been discovered, should be investigated with larger-scale studies.
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