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Abstract
Purpose Besides conventional kidney diseases diagnostics, micro RNAs (miRNAs) assessment in urine and serum is con-
sidered to be a promising non-invasive method of diagnostics of renal parenchymal diseases and valuable therapeutic target 
also. The purpose of the study was to investigate the role of several miRNAs as a markers of kidney damage.
Methods Assessment of 45 chronic kidney disease (CKD) patients stage 1–4 and 17 healthy control. Sample of urine and 
blood was taken from each participant for molecular analysis using Real Time PCR method to identify such micro-RNAs 
as: hsa-miR-155-5p, hsa-miR-214-3p, hsa-miR-200a-5p, hsa-miR-29a-5p, hsa-miR-21-5p, hsa-miR-93-5p, and hsa-miR-
196a-5p. Basic biochemical test was done. Analysis was performed in CKD patients group and subgroup with chronic glo-
merulonephritis (CGN) confirmed by kidney biopsy. Moreover, analysis was performed in subgroup with different estimated 
glomerular filtration rate (eGFR) (according to CKD–EPI equation: eGFR < 60 ml/min, eGFR > 60 ml/min) and different 
daily protein excretion (DPE): (DPE < 3.5 g; DPE > 3.5 g).
Results Increased relative expression of hsa-miR-29-5p, hsa-miR-21-5p, and hsa-miR-196a-5p and decreased expression 
of hsa-miR-155-5p, hsa-miR-214-5p, hsa-miR-200a-5p, and hsa-miR-93-5p was demonstrated in urine of analyzed CKD 
patients. In subpopulation of chronic glomerulonephritis (CGN) patients, there was higher level of expression in urine of 
hsa-miR-155-5p, hsa-miR 214-3p, hsa-miR-93-5p, and hsa-miR-196a-5p in CGN with DPE < 3.5 g. CGN patients with 
eGFR < 60 ml/min showed higher expression level of miRNAs such as hsa-miR-214-3p, hsa-miR-29-5p, hsa-miR-93-5p, and 
hsa-miR-196-5p in urine. There was increase in hsa-miR 155-5p, hsa-miR-214-3p, and hsa-miR-200a-5p serum expression 
level in CKD population and reduction of hsa-miR-29a-5p, hsa-miR-21-5p, and hsa-miR-93-5p expression. Increased level 
of expression of hsa-miR-155-5p; hsa-miR-214-3p, hsa-miR-200a-5p, and hsa-miR-29-5p was found in CGN patients with 
eGFR > 60 ml/min.
Conclusion Increased relative expression of profibrogenic miRNAs in urine or serum of CKD patients with eGFR > 60 ml/
min and DPE < 3.5 g may indicate higher degree of fibrosis at early CKD stages.

Keywords Chronic kidney disease (CKD) · microRNAs expression · Tubulointerstitial compartment damage · Kidney 
fibrosis

Introduction

Chronic kidney disease (CKD) affects approximately 11% 
of adults worldwide and it seems to be an increasing health 
problem both in Western countries and low-income countries 

[1, 2]. Diabetes mellitus, hypertension, primary glomerulo-
nephritis are three leading causes of CKD and end-stage kid-
ney disease (ESKD). Irrespective of primary origin of renal 
damage the final common pathway is tubulointerstitial fibro-
sis which determine final outcome. Tubulointerstitial dam-
age is initiated at early stages of CKD and it is a complex 
of pathological processes characterized by increased oxida-
tive stress, inflammation, neoangiogenesis and fibrosis [3, 
4]. Chemokines such as TGF-β, MCP-1, RANTES, PDGF, 
Ang II and others are involved. Percutaneous fine-needle 
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kidney biopsy is considered to be a gold standard in the 
diagnostics of kidney diseases. Histological analysis of renal 
tissue may be helpful in detecting structural changes, both 
in glomerular and tubulointerstitial compartment and seems 
to be decisive in further strategy of nephroprotection. Dis-
advantages of kidney biopsy are an invasive nature of this 
procedure and possible complications. Therefore, we are 
still strong need for novel non-invasive methods of kidney 
diseases assessment. The novel approach in diagnostics of 
kidney disease comprise gene expression analysis in renal 
tissue, analysis of urinary proteins (especially low molecular 
weight protein) and miRNAs analysis. MiRNAs are small, 
non-coding RNA oligonucleotides that act as an important 
negative regulators of gene expression. They are important 
in both physiological processes but their dysregulation play 
also role in many pathological conditions. MiRNAs regulate 
cells proliferation, differentiation, inflammation, angiogen-
esis and oncogenesis [5]. They are associated with various 
diseases such as cancer (i.e. renal cell carcinoma), heart fail-
ure, coronary artery disease, kidney diseases, and allograft 
dysfunction [6].

MiRNAs are considered to be not only biomarkers but 
therapeutic target also. For example, mir208a has been 
identified as a potential biomarker of early phase of myo-
cardial infarction [7]. The miR-21 is strongly related with 
pathogenesis of tubulointerstitial fibrosis in native kidney 
and in kidney allograft and higher expression of mir21 was 
reported in this condition [8]. On the other hand, endog-
enous miR-204-5p which is one of the most abundantly 
expressed miRNAs in human kidneys play a protective role 
in kidneys injury related with long-lasting hypertension and 
diabetic kidney disease (DKD) [9].

The aim of the study was to assess expression of micro-
RNAs such as: hsa-miR-29-5p, hsa-miR-21-5p, hsa-miR-
196a-5p, hsa-miR-155-5p, hsa-miR-214-5p, hsa-miR-
200a-5p, and hsa-miR-93-5p in serum and in urine and 
establish relationship with kidney function filtration rate and 
proteinuria. Additional analyses were performed in subpopu-
lation of chronic glomerulonephritis (CGN) patients.

Materials and methods

Study population

The study included 45 Caucasian patients. There were: 
21F and 24 M (mean age 52.36 ± 15.90). The patients were 
recruited from Outpatient Clinic of Department of Neph-
rology, Hypertension and Internal Medicine at Ludwik 
Rydygier University Hospital in Bydgoszcz. The control 
group consisted of 17 healthy volunteers matched according 
to age and sex (mean age 50.59 ± 8.75). Written informed 

consent was obtained from all participants included in the 
study. Fasting blood samples (of 2–3 ml volume) and sam-
ples of morning urine were collected for laboratory analyses.

The diagnosis of CKD was based on KDIGO 2012 
Guidelines. The causes of CKD were: diabetic kidney dis-
ease—3 patients, biopsy proven chronic glomerulonephritis 
(CGN)—21 patients; tubulointerstitial nephropathy (includ-
ing urolithiasis, obstructive nephropathy, gout nephropa-
thy)—8 patients; polycystic kidney disease—6 patients; 
hypertensive nephropathy—6 patients; unknown origin: 1 
patient. There were 8 patients at stage 1 CKD; 9 patients 
at stage 2; 17 patients CKD stage 3; 11 patients at stage 
4 CKD. Inclusion criteria were: age > 18 years old; CKD 
stage 1–4; stable clinical condition 4 weeks prior to enroll-
ment (no signs of any acute illness), no signs of inflam-
mation (CRP < 5.0 mg/l) or active immunological disease 
with renal involvement, written informed consent. Exclu-
sion criteria were: active immunosuppressive therapy, CKD 
stage 5. Comorbid conditions were: coronary artery disease 
(CAD) diagnosed in 6 patients, hypertension 44 patients, 
symptoms of congestive heart failure (CHF) were present 
in 2 patients; The patients who suffered from hypertension, 
required 2 or more antihypertensive agents. Treatment of 
hypertension was in accordance with current guidelines 
of ESH/ESC (2018). The goal of treatment was to reach 
blood pressure 130-139/70-79 mmHg if tolerated. The fol-
lowing medications were prescribed: angiotensin convert-
ing enzyme inhibitors (ACE-Is)—21 patients, angiotensin 
receptor blockers (ARBs)—18 patients, calcium channel 
blockers—24; β-blockers—24 patients, loop diuretics—24 
patients. Statins were prescribed in 25 patients. eGFR was 
calculated in each participant according to CKD-EPI for-
mula. Renal anemia was treated with darbepoetin-alfa use 
subcutaneously according to KDIGO Clinical Practice 
Guidelines to reach hemoglobin level between 10.0 and 
11.5 g/dl. The drug was prescribed in 2 patients. Chronic 
kidney disease—mineral and bone disorder (CKD-MBD) 
were treated according to KDIGO guidelines 2016 (Uptade 
on the management of CKD-MBD) using conventional 
therapy: vitamin D (paricalcitol in a dose 1.0 mcg daily 3 
times a week) and calcium–phosphorus binders (calcium 
carbonate in a dose from 3.0 to 6.0 g daily). Dietary coun-
seling was performed in each CKD individuals by dietician. 
In all patients and controls clinical evaluation with meas-
urements of body mass, height, and BMI calculations were 
performed. The clinical characteristics of the patients is 
presented in Table 1. The study protocol was approved by 
the local Bioethics Committee of the Nicolaus Copernicus 
University Collegium Medicum in Bydgoszcz (Reference 
number: 114/2018).

Histopathological characteristics of chronic glomerulo-
nephritis (CGN) patients is presented in Table 2.
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Molecular analysis

The 7 selected miRNAs were analyzed using quantitative 
real-time PCR (qPCR) in a group of patients with CKD and 
controls.

Sample collection and microRNA extraction

The whole blood sample (~ 5 mL) from the patients was 
collected in EDTA-containing vacutainers and transferred 
into a microtube. The samples were centrifuged at 1000×g 
at 4 °C for 10 min (× 2). Plasma was collected carefully and 
aliquoted in RNase-free tubes and stored at − 80 °C until 

future use. All plasma samples were completely thawed on 
ice and centrifuged at 3000×g at 4 °C for 5 min in to remove 
the remaining cell debris.MiRNAs from 200 µl of serum 
were isolated using the miRCURY™ RNA Isolation Kit-
Biofluids (EXIQON). Urine samples (~ 2 mL) were centri-
fuged at 4 °C at 10,000×g. MiRNAs from 200 µl of urine 
samples were extracted using MagMAX mirVana Total RNA 
Isolation Kit (Applied Biosystem™ by TermoFisher Scien-
tific). Exosomes were isolated from urine using the Total 
Exosome Isolation Reagent (from urine) (Invitrogen™ by 
Thermo Fisher Scientific). All extractions and preparation of 
the miRNA samples were conducted according to the manu-
facturer’s instructions. RNA Spike-In and SP2 were applied 
as internal controls. The Nanodrop ND-2000 (Thermo Sci-
entific) was used for the quantification of samples.

Reverse transcription (RT) reaction

Complementary DNA was synthesized using  TaqMan® 
Advanced miRNA cDNA Synthesis Kit (Applied Biosys-
tem™ by Life TechnologiesTM) with Universal RT primers. 
This cDNA synthesis kit uses 3ʹ poly-A tailing and 5ʹ liga-
tion of an adaptor sequence to extend the mature miRNAs 
present in the sample on each end. To improve detection 
of miRNA, the obtained cDNA were amplified using the 
Universal miR-Amp Primers and miR-Amp Master Mix to 

Table 1  Clinical characteristics 
and baseline biochemical 
parameters of CKD patients and 
control group

Normallydistributed data are expressedas mean ± SD and not normallydistributed data are expressed asme-
dian (IQR)
BMI body mass index, eGFR estimated glomerular filtration rate according to CKD-EPI equation, Hb 
hemoglobin, Alb serum albumin, TP serum total protein, TCH total cholesterol, LDL-C low density lipo-
protein cholesterol, HDL-C high density lipoprotein cholesterol, CRP C-reactive protein, TG triglycerides, 
UA uric acid

Parameter CKD group
(n = 45)

Control group
(n = 17)

p

Age (years) 52.36 ± 15.90 50.59 ± 8.75 0.7776
BMI (kg/m2) 27.65 ± 5.13 24.28 ± 3.30 0.0039
Serum creatinine (mg/dl) 1.58 ± 0.84 0.83 ± 0.17  < 0.0001
eGFR (CKD-EPI) ml/min/1.73  m2 56.47 ± 27.01 92.06 ± 17.11  < 0.0001
Hb (g/dl) 14.01 ± 1.66 14.41 ± 0.89 0.2221
Alb (g/dl) 4.29 ± 0.42 4.43 ± 0.28 0.1458
TP (g/dl) 7.02 ± 0.45 6.82 ± 0.31 0.1121
TCH (mg/dl) 202.14 ± 52.09 200.5 ± 43.6 0.8141
LDL-C (mg/dl) 114.74 ± 39.0 127.6 ± 27.22 0.1747
HDL-C (mg/dl) 51.7 (46.00–59.15) 61.5 (55.90–79.95)  < 0.05
TG (mg/dl) 142.8 (98.75–187.70) 103.6 (87.00–139.85) 0.24
CRP (mg/l) 1.5 (0.59–3.55) 0.8 (0.32–1.25) 0.05
Fibrinogen (mg/dl) 346.9 ± 99.41 240.41 ± 36.21  < 0.0001
UA (mg/dl) 6.89 ± 1.88 5.16 ± 1.05  < 0.0001
Calcium (mg/dl) 9.29 ± 0.41 9.0 ± 0.49 0.0377
Phosphorus (mg/dl) 3.58 ± 0.56 3.45 ± 0.55 0.8853

Table 2  Histopathological characteristics of chronic glomerulone-
phritis (CGN) patients

MCD minimal change disease, FSGS focal segmental glomeruloscle-
rosis, MPGN membranoproliferative glomerulonephritis

Histopathology evaluation Number 
of cases

MCD 2
IgA nephropathy 11
FSGS 2
Membranous nephropathy 2
Mesangioproliferative glomerulonephritis 2
MPGN 2
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uniformly increase the amount of cDNA for each target. 
According to the manufacturer’s recommendations, 3 steps 
were performed:

(1) the poly(A) tailing reaction (mix containing 2  μL 
of miRNA, 0.5 μL 10X Poly(A) Buffer, 0.5 μL ATP 
0.3 μL Poly(A) Enzyme and 1.7 μL RNase-free water 
were prepared, and were incubated at 37 °C for 45 min, 
and 65 °C for 10 min in a thermalcycler);

(2) the adaptor ligation reaction (to each reaction tube 
containing the adaptor ligation reaction product was 
transfer 15 μL of the RT Reaction Mix containing 6 μL 
5X RT Buffer, 1.25 ul dNTP Mix (25 mM each), 1.5 μL 
20X Universal RT Primer, 3 μL 10X RT Enzyme Mix 
and 3.3 ul RNase-free water and was incubated using 
the following cycling 15 min at 42 °C, and 5 min at 
85 °C); and

(3) the miR-Amp reaction (5 μL of the miR-Amp Reac-
tion Mix (25 μL 2X miR-Amp Master Mix and 2.5 μL 
20X miR-Amp Primer Mix, completed with RNase-free 
water) were transferred to 5 μL of the RT reaction prod-
uct and samples were incubated at 95 °C for 5 min, fol-
lowed by 14 cycles at 95 °C for 3 s and 60 °C for 30 s).

Real‑time PCR

7 miRNAs (hsa-mir-155-5p, hsa-mir-214-3p, hsa-mir-
200a-5p, hsa-mir-29a-5p, hsa-mir-21-5p, hsa-mir-93-5p, 
and hsa-mir-196a-5p) were selected for analysis based on 
involvement in pathways relevant to CKD, especially renal 
fibrosis according to relevant literature and bioinformatics 
tools  (GeneCards®—the Human Gene Database TargetS-
can, miRDB—MicroRNA Target Prediction Database, 
and HMDD—the Human microRNA Disease Database). 
The expression level of miRS was examined by  TaqMan® 
Advanced miRNA Assays (Applied Biosystems).

miRBase ID Chromosome 
location

Mature miRNA 
sequence

Targets (miRDB)

hsa-mir-155-5p Chr.21: 
25,573,980–
25,574,044 
[+]

UUA AUG 
CUA AUC 
GUG AUA 
GGG GUU 

701 predicted 
targets

hsa-mir-214-3p Chr.1: 
172,138,798–
172,138,907 
[−]

ACA GCA GGC 
ACA GAC 
AGG CAGU 

322 predicted 
targets

hsa-mir-
200a-5p

Chr.1–
1,167,863–
1,167,952 
[+]

UAA CAC UGU 
CUG GUA 
ACG AUGU 

438 predicted 
targets

hsa-mir-29a-5p Chr.7–
130,876,747–
130,876,810 
[−]

ACU GAU 
UUC UUU 
UGG UGU 
UCAG 

885 predicted 
targets

miRBase ID Chromosome 
location

Mature miRNA 
sequence

Targets (miRDB)

hsa-mir-21-5p Chr.17: 
59,841,266–
59,841,337 
[+]

UAG CUU AUC 
AGA CUG 
AUG UUGA 

469 predicted 
targets

hsa-mir-93-5p Chr.7: 
100,093,768–
100,093,847 
[−]

CAA AGU 
GCU GUU 
CGU GCA 
GGUAG 

1319 predicted 
targets

hsa-mir-
196a-5p

Chr17: 
48,632,490–
48,632,559 
[−]

UAG GUA 
GUU UCA 
UGU UGU 
UGG 

370 predicted 
targets

Real-time PCR amplifications were performed using 
TaqMan MicroRNA Assays, consisting of an RNA-spe-
cific stem-looped RT primer and  TaqMan® Assay (for-
ward and reverse primers and FAM™ dye-labeled MGB 
probe. The 20 μL reactions mixes were prepared. Each 
qPCR was performed in duplicate and contained 5 μL of 
10× diluted reverse transcription product, 10 μL  TaqMan® 
Fast Advanced Master Mix (2X) and 1 μL of primer and 
hydrolysis probe mix of the  TaqMan® Advanced miRNA 
Assay (20X). After 20 s incubation at 95 °C, amplification 
was performed for 40 cycles at 95 °C for 1 s and at 60 °C 
for 20 s. Each sample was run in duplicate in each qPCR 
reaction. The amplification reaction was performed on the 
 LightCycler® 480 (Roche, Basel, Switzerland). The cycle 
number at which the amplification plot crossed the threshold 
was calculated (CT). Expression levels of mature miRNAs 
were calculated based on the comparative threshold cycle 
method (RQ =  2−ΔΔCt). Relative expression levels were cal-
culated using miRNA levels after normalization. Threshold 
cycle (Ct) values of selected miRs were normalized to hsa-
mir-484 and hsa-mir-16.

Biochemical evaluation

The blood sample were taken in each subjects for assess-
ment of serum creatinine, serum albumin (Alb), total protein 
(TP), uric acid (UA), C-reactive protein (CRP), hemoglobin 
(Hb), total cholesterol (TCH), LDL-cholesterol (LDL-C), 
HDL-cholesterol (HDL-C), triglycerides (TG), serum cal-
cium (Ca), serum phosphorus (P), fibrinogen (g/dl) were 
measured by routine laboratory methods.

Statistical analysis

Statistical analysis was performed using the Statistica 7.0 
PL software (StatSoft Inc., Tulsa, OK, USA). The obtained 
data are presented as mean ± standard deviation (SD) and the 
median and top and bottom quartiles are given for variables 
that were not normally distributed. Distribution of variables 
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was analyzed using the Shapiro–Wilk test. Statistical analy-
sis was performed using the Student’s t test. If any variable 
was not normally distributed, the U Mann–Whitney test 
was used. Qualitative data were compared by means of the 
χ2 test. Linear correlation between variables was analyzed 
using: Spearman rank correlation coefficient (for samples 
with non-normal distribution) and Pearson’s correlation 
coefficient (for samples with normal distribution) also. p 
value < 0.05 was considered as statistically significant.

Results

There was an increase of the relative expression level of 
three miRNAs molecules: hsa-miR-29-5p, hsa-miR-21-5p, 
and hsa-miR-196a-5p in urine of CKD patients. The hsa-
miR-29-5p molecule showed the highest, almost twofold 
increase in expression. The expression of hsa-miR-21-5p 
and hsa-miR-196a-5p in the study group increased 1.15-fold 
and 1.26-fold, respectively, compared to the control group. 
The other molecules: hsa-miR-155-5p, hsa-miR-214-5p, 
hsa-miR-200a-5p, and hsa-miR-93-5p are characterized by a 

reduced level of expression in the urine in the CKD group. It 
was shown an over sevenfold decrease in expression of mir-
155-5p, 1.3-fold, 3.2-fold, and 1.7-fold reduction in expres-
sion, of hsa-miR-214-5p, hsa-miR-200a-5p and hsa-miR-
93-5p respectively, compared to the control group. These 
data are presented in Table 3. Moreover, increased expres-
sion of the same miRNAs i.e. hsa-miR-29-5p, hsa-miR-
21-5p, and hsa-miR-196a-5p was detected in subgroup of 
CGN and non-CGN and in further analysis of CKD groups 
with different filtration function (i.e. eGFR < 60 ml/min 
and eGFR > 60 ml/min) and proteinuria (i.e. DPE < 3.5 g 
and DPE > 3.5 g) (Table 3). We also analyzed the serum 
and urine level of abovementioned miRNAs expression in 
subpopulation of CGN patients. In urine, there was higher 
relative level of expression of hsa-miR-155-5p, hsa-miR 
214-3p, hsa-miR 93-5p, and hsa-miR 196a-5p in CGN with 
DPE below 3.5 g (Table 3). Interestingly, in CGN pts with 
eGFR < 60 ml/min there was higher expression level of 4 
miRNAs such as hsa-miR-214-3p, hsa-miR-29-5p, hsa-miR-
93-5p, hsa-miR-196-5p (Table 3).

In the serum of analyzed CKD patients, it comes 
to increase in hsa-miR-155-5p; hsa-miR-214-3p, and 

Table 3  The relative expression of miRNAs: hsa-miR-29-5p, hsa-
miR-21-5p, hsa-miR-196a-5p, hsa-miR-155-5p, hsa-miR-214-5p, 
hsa-miR-200a-5p and hsa-miR-93-5p in urine of CKD, CGN and 

non-CGN patients with different renal function (eGFR > 60  ml/
min/1.73m2 and eGFR < 60 ml/min/1.73m2) and different proteinuria 
(DPE > 3.5 g and DPE < 3.5 g)

Additional analysis was also performed in subpopulation of CGN
R relative expression of MiRNAs, CKD chronic kidney disease, CGN chronic glomerulonephritis, DPE daily protein excretion

hsa-mir-155-5p hsa-mir-214-3p hsa-mir-200a-5p hsa-mir-29-5p hsa-mir-21-5p hsa-mir-93-5p hsa-mir-196a-5p

R CKD vs control 0.14 0.73 0.32 1.88 1.15 0.59 1.26
R CGN vs control 0.18 0.82 0.11 1.56 1.00 0.73 1.32
R Non-CGN vs control 0.11 0.68 0.60 2.06 1.25 0.52 1.22
R DPE < 3.5 g vs 

control
0.16 0.78 0.38 1.91 1.05 0.70 1.30

R DPE > 3.5 g vs 
control

0.06 0.37 0.04 1.45 1.15 0.60 1.26

R CKD-EPI < 60 ml/
min vs Control

0.11 0.80 0.36 1.96 1.30 0.57 0.83

R CKD-EPI > 60 ml/
min vs control

0.19 0.64 0.26 1.74 0.98 0.63 1.01

Subpopulation of 
CGN

hsa-mir-155-5p hsa-mir-214-3p hsa-mir-200a-5p hsa-mir-29-5p hsa-mir-21-5p hsa-mir-93-5p hsa-mir-196a-5p

R DPE > 3.5 g vs 
control

0.12 0.42 0.06 No expression 0.93 0.58 0.23

R DPE < 3.5 g—
control

3.33 1.41 0.24 0.76 0.78 1.64 1.38

R CKD-
EPI > 60 ml/min 
vs control

2.13 0.81 0.13 0.37 0.76 1.19 0.84

R CKD-
EPI < 60 ml/min 
vs control

0.70 3.45 0.53 2.66 0.92 2.17 2.12



942 International Urology and Nephrology (2022) 54:937–947

1 3

hsa-miR-200a-5p expression levels. On the other hand, hsa-
miR-29a-5p, hsa-miR-21-5p, and hsa-miR-93-5p showed 
lower expression in patients in the CKD group in compare 
to the control group. These data are presented in Table 4. We 
noticed even threefold increase of mir-200-5p expression. 
There was 2, fivefold lower expression of hsa-miR-29a-5p 
and an almost twofold decrease in expression level of hsa-
miR-21-5p in CKD group. We also reported twofold lower 
level of hsa-miR-93-5p expression in serum. Small changes 
of expression level was confirmed for hsa-miR-196a-5p 
(Table 4). Assessment of relative expression of selected 
miRNAs in CKD population with different eGFR and DPE 
was also done. (Table 4). Moreover, it is worth to mention 
that in subanalysis of CGN pts we found increased expres-
sion of hsa-miR-155-5p; hsa-miR 214-3p, hsa-miR 200a-
5p and hsa-miR-29-5p in patients with eGFR > 60 ml/min. 
Extremely high expression level was also detected for hsa-
miR-155-5p; hsa-miR-214-3p; hsa-miR-200a-5p; hsa-miR-
29-5p and hsa-miR-196-5p in CGN patients with nephrotic 
syndrome range proteinuria (Table 4). Linear correlation 
between ΔCt values for analyzed profibrogenic miRNAs and 
some biochemical and clinical parameters such as serum 
creatinine concentration, eGFR, hemoglobin, albumin, total 
calcium, phosphorous, total cholesterol, daily protein excre-
tion, systolic and diastolic blood pressure (SBP, DBP) are 

presented in Tables 5 and 6. The results for multiple linear 
regression analysis for selected miRNAs as a dependent var-
iable in patients with CKD1-4 are given in Tables 7 and 8.

For example, in multivariate analysis, the relative 
expression of hsa-mir 155-5p is significantly associated 
with serum calcium (p = 0.0035), hemoglobin concentra-
tion (p = 0.0042), fibrinogen (p = 0.0006), UA (p = 0.0004) 
and eGFR (p = 0.04). Hsa-mir-21-5p in serum is signifi-
cantly associated with serum calcium (p < 0.0001), DBP 
(p < 0.0001), UA (p = 0.0028), fibrinogen (p = 0.0055). The 
relative expression of profibrogenic mi-RNAs in urine/serum 
of analyzed CKD population was shown in Figs. 1 and 2.

Discussion

The miRNAs are playing important role in kidney physiol-
ogy and pathology. Their role was proved in maintaining 
renal control over sodium and potassium handling and there 
is increasing evidence of their role in renal fibrosis. In lit-
erature, there are conflicting reports about changes of rela-
tive expression of profibrogenic miRNAs in urine, serum, 
and kidney tissue. Despite of this ambiguous reports, there 
have been a consent that miRNAs may participate in pro-
cesses of inflammation, oxidative stress and regulation of 

Table 4  The relative expression of hsa-miR-29-5p, hsa-miR-21-5p, 
hsa-miR-196a-5p, hsa-miR-155-5p, hsa-miR-214-5p, hsa-miR-
200a-5p and hsa-miR-93-5p in serum of CKD patients, CGN and 

non-CGN patients with different renal function (eGFR > 60  ml/
min/1.73  m2 and eGFR < 60 ml/min/1.73  m2) and different proteinu-
ria (DPE > 3.5 g and DPE < 3.5 g)

Additional analysis was also performed in subpopulation of CGN
R relative expression of MiRNAs, CKD chronic kidney disease, CGN chronic glomerulonephritis, DPE daily protein excretion

hsa-mir-155-5p hsa-mir-214-3p hsa-mir-200a-5p hsa-mir-29-5p hsa-mir-21-5p hsa-mir-93-5p hsa-mir-196a-5p

R CKD vs control 1.06 1.40 2.69 0.41 0.51 0.48 0.96
R CGN vs control 0.80 0.94 2.70 0.74 0.36 0.45 0.85
R Non-CGN vs control 1.16 1.51 2.69 0.32 0.61 0.49 1.03
R DPE < 3.5 g vs 

control
0.89 1.10 2.45 0.32 0.46 0.43 0.81

R DPE > 3.5 g vs 
control

2.51 4.27 6015 5.00 1.22 .07 3.21

R CKD-EPI < 60 ml/
min vs control

0.77 2.78 1.95 0.19 0.38 0.29 0.74

R CKD-EPI > 60 ml/
min vs control

2.51 4.27 6.15 5.00 1.22 1.07 3.21

Subpopulation of CGN hsa-mir-155-5p hsa-mir-214-3p hsa-mir-200a-5p hsa-mir-29-5p hsa-mir-21-5p hsa-mir-93-5p hsa-mir-196a-5p

R DPE > 3.5 g vs 
control

2.09 4.78 7.81 10.68 0.71 1.15 2.88

R DPE < 3.5 g vs 
control

0.64 0.66 2.26 0.55 0.31 0.36 0.65

R CKD-EPI > 60 ml/
min vs control

1.40 1.53 4.32 1.35 0.58 0.70 1.09

R CKD-EPI < 60 ml/
min vs control

0.15 0.18 0.49 0.30 0.08 0.10 0.18
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TGF-β activity which are crucial in initiation of tubuloint-
erstitial fibrosis. On the other hand some miRNAs (such 
as miR-200a-5p) have been shown to halt progression of 
fibrosis. Tubulointerstistial fibrosis is regarded to be a final 
common pathway to end-stage kidney disease irrespectively 
of primary cause of kidney injury. This process is initiated 
at early stages of CKD and its degree is decisive for fur-
ther prognosis of individual patient [10]. The presence of 
profibrogenic miRNAs in urine and serum has been consid-
ered to be a promising and non-invasive method of assess-
ment of fibrosis in kidney diseases. In previous studies, it 
was demonstrated that miRNAs such as hsa-miR-21, hsa-
miR-23a, hsa-miR-27, hsa-miR-34a-5p, hsa-miR-93, hsa-
miR-132, hsa-miR-135, hsa-miR-155-5p, and hsa-miR-146 
are highly expressed in renal fibrotic tissues and play pivotal 
role in kidney fibrogenesis. On the other hand hsa-miR-23b, 
hsa-miR-29, hsa-miR-30, hsa-miR-34a, hsa-miR-192, hsa-
miR-200, and hsa-miR-433 are described downregulated and 
revealed an inhibitory effect on kidney fibrosis [11].

In our study, we found elevated expression of hsa-miR-
29-5p, hsa-miR-21-5p, hsa-miR-196-5p in urine in analyzed 
CKD patients. Higher relative level of expression of hsa-
miR-155-5p, hsa-miR-214-3p, hsa-miR-93-5p and hsa-
miR-196a-5p was found in subgroup of CGN patients with 
DPE < 3.5 g. There are many studies of miR-21-5p role in 
inflammatory responses and kidney fibrosis and its asso-
ciation with TGFβ1/Smads family signaling pathway [12]. 
In our study, there was an increase of hsa-miR-21-5p urine 
expression. Increased urinary Mir-21 expression was also 
confirmed in patients with diabetic kidney disease (DKD), 
IgA nephropathy and polycystic kidney disease (PKD) [13, 
14]. On the other hand, there are convincing data of hsa-
miR-196a and hsa-miR-29a protective role against kidney 
fibrosis [15, 16]. The process of epithelial–mesenchymal 
transition (EMT) and renal fibrosis is also controlled by 
miR -200a and miR-141. We showed increased relative 
expression of hsa-miR-200a in serum in analyzed CKD 
group. These two miRNAs have also an important impli-
cation in renal fibrosis development as demonstrated with 
animal experimental models of acute kidney injury (AKI) 
and CKD also [17].

Another miRNAs evaluated in the study was hsa-miR-
155-5p, which was higher in serum in subpopulation of CGN 
with eGFR > 60 ml/min and DPE > 3.5 g. Hsa–mir-155-5p 
seems to be an important part of tubulointerstitial damage. 
Hsa-miR-155-5p was shown to inhibit directly endothelial 
nitricoxide synthase (eNOS) production leading to increased 
oxidative stress. Inhibition of hsa-miR-155 may be a thera-
peutic target for improving endothelial dysfunction [10, 18].

In the experimental model of obstructive nephropathy 
inhibition of mir-29 by TGF-beta/Smad3 was related with 
enhanced renal fibrosis [19]. In our study, we found reduced 
relative expression level of hsa-miR-29 in serum of CKD Ta
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patients but higher level in urine samples. This may be a sign 
of enhanced fibrosis intensity. There was also decreased level 
of expression of hsa-miR-21-5p, hsa-miR-196-5p, and hsa-
miR-93-5p in serum also. These results may be interpreted 
as overactivation of fibrosis and augmented TGF–β activ-
ity may suppress above mentioned miRNAs. On the other 
hand the expression level of mir-29 was higher in serum 
in subpopulation of CGN patients with eGFR > 60/ml/min 
(Table 4). The expression of other profibrogenic miRNAs 

Table 6  Summary of statistically significant linear correlation between miRNAs in patients with CKD patients and laboratory/clinical measure-
ments

Results for urine assessment
eGFR estimated glomerular filtration rate, SBP systolic blood pressure, DBP diastolic blood pressure, Hb hemoglobin concentration

hsa-mir-155-5p hsa-mir-214-3p hsa-mir-
200a-5p

hsa-mir-29-5p hsa-mir-21-5p hsa-mir-93-5p hsa-mir-196a-5p

r p r p r p r p r p r p r p

eGFR (ml/min) 0.14 0.57 0.16 0.28 0.21 0.17 0.18 0.34 0.17 0.26 0.05 0.74 − 0.31 0.03
Creatinine (mg/dl) − 0.22 0.35 − 0.15 0.32 − 0.26 0.09 − 0.22 0.24 − 0.20 0.18 0.10 0.53 − 0.33 0.02
Hb (g/dl) 0.56 0.01 0.19 0.21 − 0.14 0.36 − 0.03 0.88 − 0.23 0.11 − 0.07 0.65 0.23 0.13
Calcium (mmo/l/l) − 0.31 0.23 − 0.27 0.09 − 0.16 0.33 − 0.38 0.05 0.10 0.55 0.12 0.48 − 0.18 0.26
SBP office 0.45 0.05 0.02 0.89 − 0.05 0.75 0.00 0.99 − 0.02 0.90 0.05 0.74 0.12 0.43
DBP office 0.14 0.55 0.13 0.38 − 0.09 0.54 − 0.04 0.83 − 0.03 0.82 0.10 0.53 0.21 0.15

Table 7  Results of multiple linear regression analysis in patients with 
CKD

Results for serum assessment

MicroRNAs Variable Beta Standard error
Beta

p

mir-155-5p Calcium 0.42 0.13 0.0035

Hemoglobin − 0.41 0.13 0.0042

Fibrinogen − 0.59 0.15 0.0006

UA 0.64 0.16 0.0004

eGFR 0.32 0.15 0.0419

Multiple r = 0.66 r2 = 0.43 p = 0.0006

mir-214-3p DBP − 0.53 0.11  < 0.0001

Calcium 0.42 0.11 0.0004

Fibrinogen − 0.61 0.13  < 0.0001

UA 0.57 0.13  < 0.0001

Multiple r = 0.76 r2 = 0.58 p < 0.0001

mir-200a-5p Calcium 0.31 0.14 0.0381

UA 0.36 0.17 0.0449

Fibrinogen − 0.35 0.17 0.0492

Multiple r = 0.44 r2 = 0.19 p = 0.0374

mir-29-5p DBP − 0.44 0.13 0.0019

Calcium 0.37 0.13 0.0071

Fibrinogen − 0.46 0.16 0.0067

UA 0.37 0.16 0.0225

Multiple r = 0.61 r2 = 0.37 p = 0.0013

mir-21-5p Calcium 0.56 0.11  < 0.0001

DBP − 0.54 0.11  < 0.0001

UA 0.41 0.13 0.0028

Fibrinogen − 0.39 0.13 0.0055

Multiple r = 0.76 r2 = 0.57 p < 0.0001

mir-93-5p Calcium 0.51 0.10  < 0.0001

DBP − 0.54 0.10  < 0.0001

Hemoglobin − 0.42 0.10 0.0002

UA 0.45 0.12 0.0004

Fibrinogen − 0.48 0.12 0.0004

Multiple r = 0.82 r2 = 0.67 p < 0.0001

mir-196a-5p Calcium 0.52 0.10  < 0.0001

DBP − 0.54 0.11  < 0.0001

Fibrinogen − 0.60 0.13  < 0.0001

UA 0.42 0.12 0.0019

Hemoglobin − 0.30 0.11 0.0084

Multiple r = 0.79 r2 = 0.62 p < 0.0001

Table 8  Results of multiple linear regression analysis in patients with 
CKD

Results for urine assessment

MicroRNAs Variable Beta Standard 
error Beta

p

mir-155-5p Hemoglobin 0.53 0.12  < 0.0001
Total protein − 0.46 0.12  < 0.0001
BMI − 0.32 0.12 0.0098
SBP 0.31 0.12 0.0133
Multiple r = 0.69 r2 = 0.48 p < 0.0001

mir-214-3p BMI − 0.42 0.16 0.0114
UA 0.42 0.17 0.0175
Creatinine − 0.35 0.15 0.0233
Multiple r = 0.48 r2 = 0.23 p = 0.0137

mir-200a-5p Total cholesterol 0.41 0.13 0.0032
UA 0.60 0.16 0.0006
Creatinine − 0.41 0.14 0.0048
BMI − 0.36 0.15 0.0203
Multiple r = 0.62 r2 = 0.38 p = 0.0007

mir-29-5p No model
mir-21-5p No model
mir-93-5p No model
mir-196a-5p Creatinine − 0.55 0.13 0.0002

DBP 0.35 0.13 0.0108
Multiple r = 0.57 r2 = 0.33 p = 0.0003
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(hsa-miR-155-5p; hsa-miR-214-3p; hsa-miR-200a-5p, hsa-
miR-196-5p) was also higher in serum of CNG patients with 
eGFR > 60 ml/min. It may indicate that changes of relative 
expression of some profibrogenic miRNAs can be detected 
at early CKD stages.

In conclusion, increased relative expression of some 
profibrogenic miRNAs in urine or serum of CKD patients 
with eGFR > 60  ml/min and DPE < 3.5  g may indicate 
higher degree of fibrosis at early CKD stages. The assess-
ment of some miRNAs in urine or serum is considered to 

Fig. 1  The relative expression 
of profibrogenic miRNAs in 
CKD patients (urine assess-
ment)

Fig. 2  The relative expression 
of profibrogenic miRNAs in 
CKD patients (serum assess-
ment)

be a promising diagnostic method, especially in proteinuric 
kidney diseases.

The important limitation of the study was the fact that 
we were unable to assess serum or urine concentration of 
TGF-β, collagen or fibronectin which are strong markers of 
profibrotic processes. Moreover, we were unable to assess 
expression of abovementioned miRNAs in renal tissue 
obtained during kidney biopsy. This will be performed in 
further phase of the study. Further studies are required to 
assess the role of miRNAs as a diagnostics tool in kidney 
diseases.
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