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ABSTRACT

Background: Chronic kidney disease (CKD) is an ailment marked by a reduction in the glomerular
filtration rate or the presence of proteinuria. Millions of people are affected worldwide, and so far,
the mechanisms underlying these effects remain mostly unknown. Recently, the role of microR-
NAs (miRNAs) in several cellular processes associated with the development of diseases has been
discovered. Studies have suggested that miR-149-5p may play a role in renal function and kidney
disorders and be linked with inflammation, fibrosis, or apoptosis within the kidneys. In addition,
miR-149-5p often targets signaling pathways, including TGF-B, Wnt/B-catenin, and NF xB. Hence,
this study focused on miR-149-5p and its biomarker, interleukin-6 (IL-6), as potential indicators of
CK D. Computational analyses were employed for miR-149-5p identification within CKD genome
seguences, revealing its potential involvement in disease processes. Methods: In this study, a total
of 20 patient and normal blood samples were collected and stored for analysis. To detect miR-149-
5p in CKD, target scanning, miRbase, and the National Centre for Biotechnology Information (NCBI)
database were used, whereas RNA fold, melt curve, and Ct were utilized to construct the secondary
structure and analyze miR-149-5p levels. A similar investigation was conducted to determine the
IL-6 gene's expression levels. Results: Upon thoroughly studying the secondary structure, hsa-miR-
149-5p's lowest free energy was found to be —52.70 kCal. Additionally, dys-regulation of miR-149-
5p and IL-6 expression in individuals with CKD was observed. miR-149-5p down-regulation and IL-6
over-expression pointed toward the potential role of these two molecules in the pathogenesis of
CKD. Conclusion: The computational techniques utilized explain miR-149-5p's role as a diagnostic,
predictive, and potentially effective therapeutic target for CKD. Moreover, these findings contribute
to a better understanding of CKD, along with miR-149-5p's role in developing novel treatments for

this disease.
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INTRODUCTION

CKD is an ailment marked by a reduction in glomeru-
lar filtration rate or the presence of proteinuria, with
diabetic nephropathy and hypertension being the pri-
mary cause and renal damage being the main factor in
most cases. Poor appetite, lethargy, insomnia, muscle
cramps, itching, and swollen feet and ankles are the
common symptoms of CKD. Two common indicators
of CKD are elevated levels of creatinine and reduced
albumin. Because a conclusive cure is not available
for this condition, the main aim from a clinical per-
spective is to reduce the progression of renal failure,
typically addressing sequelae such as left ventricular
hypertrophy, vascular calcification, and anemial™.
Numerous studies have reported microRNAs (miR-
NAs) as being innovative tools for disease diagnosis
or potential targets for therapy. miRNAs are non-
coding RNA (ncRNA) molecules that mainly partic-
ipate in the post-transcriptional regulation of genes
and are widely studied in the context of CKD. The

main sources of miRNAs are plasma, serum, urine,
or exosomes, which are small membrane vesicles con-
taining various proteins, lipids, and nucleic acids®.
MiR-149-5p, a conserved mRNA, has been identified
as a regulator of physiological processes such as in-
flammatory responses, adipogenesis, and cell prolif-
eration. This molecule is expressed in diverse tissues,
such as the brain, liver, and adipose tissue, and affects
gene expression as well as cellular activities (differ-
entiation, proliferation, and apoptosis). Recent stud-
ies indicate its function as an oncogene, along with
its role in regulating pathways like the Wnt signaling
pathway, crucial for cancer development and progres-
sion. Additionally, miR-149-5p plays a vital role in
the immune response and inflammation regulation,
whereas miR-149-5p dysregulation has been associ-
ated with numerous diseases like cancer, metabolic
disorders, and cardiovascular diseases®’. miR-149-
5p often targets signaling pathways, including TGF-
B, Wnt/B-catenin, and NFxB 8-10 Ag miRNAs can
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serve as biomarkers, changes in the expression lev-
els of miR-149-5p may provide insights into disease
progression and severity. Meanwhile, interleukin-6
(IL-6) plays a pivotal role in the pathogenesis of CKD,
promoting inflammation, fibrosis, and cardiovascular

problems 1.

Furthermore, miR-149-5p, when dys-
regulated, may influence IL-6 expression, potentially
amplifying the inflammatory and fibrotic processes in
CKD. Therefore, understanding the role of miR-149-
5p in CKD could open avenues for therapeutic inter-
vention. Modulating the expression of this miRNA
might be explored as a potential strategy to mitigate

CKD-associated pathologies.
METHODS

Retrieval of CKD sequences and miRNAs

Data on human genome sequences was obtained
from the National Center for Biotechnology Infor-
mation (NCBI) web portal for the International Nu-
cleotide Sequence Database Consortium. The CKD
genome sequence was located using a free search en-
gine using the search term “chronic kidney disease
genome sequence in Homo sapiens” Following the
removal of repetitive and inadequate sequences, a
local nucleotide database dedicated to CKD-specific
genome sequences was established. The reference
sequence was obtained from human-reported miR-
NAs (http://www.mirbase.org/). The aforementioned
CKD database was then queried to identify homologs
within the miRNA dataset 2.

Identification of precursor miRNAs

Mature miRNAs were used as a starting point for
searches to find homologs in the CKD database.
miRNA sequences were used as search queries in
homology searches using the Basic Local Alignment
Search Tool (BLAST) 2.2.26+ against a recently cre-
ated local database specific to hypothyroidism, em-
ploying 0.01 as the e-value threshold while keeping all
other parameters at their default levels. For sequences
with a maximum of three mismatches, BLAST was
used to validate the non-protein encoding features.
The aligned section was then designated as a poten-
tial precursor (pre)-miRNA sequence !2.
Validation of candidate pre-miRNAs and
their targets

Using RNA fold, a secondary structure was derived,
yielding a mature miRNA sequence within the CKD
sequence. Several criteria were employed for confir-
mation: 1) the RNA structure should exhibit a suitable
stem-loop hairpin structure, 2) the mature miRNA
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should be located on one side of the hairpin struc-
ture, 3) the miRNA must have fewer than seven mis-
matches with the complementary miRNA in the op-
posing arm of the structure, and 4) the secondary
structure should possess more negative energy and an
A+U content of between 40 and 70%. Additionally,
target prediction was performed using TargetScan to
help find possible targets.

Sample collection

This study received approval from the Institutional
Ethics Committee (581/03/2023/UG/S RB/SMCH),
and all samples were gathered in strict adherence to
the Helsinki Declaration. The sample size for the
study was calculated using Gpower, and a set of 20
blood samples, comprising both CKD and normal
cases, was acquired from patients who provided in-
formed consent through the Department of Medicine
at aveetha Medical College and Hospitals. The De-
partment of Biochemistry at Saveetha Medical Col-
lege and Hospitals confirmed the diagnosis of hy-
pothyroidism. Following collection, the samples un-
derwent centrifugation. While spinning the blood
with an anticoagulant, the lighter plasma formed the
upper layer and was carefully extracted'3. This was
then preserved in a deep freezer at —20 °C for subse-
quent analysis.

INCLUSION AND EXCLUSION
CRITERIA

The study only accepted participants who were over
18 years old and able to provide informed consent. In-
dividuals with secondary complications, such as hy-
pertension or diabetes were excluded from participa-
tion.

RNA EXTRACTION AND
QUANTIFICATION

TRIzol reagent (Invitrogen, Carlsbad, CA, USA),
which was added to the plasma, was used for total
RNA extraction following the manufacturer’s instruc-
tions. Using a NanoDrop 2000 Lite spectrophotome-
ter from Thermo Fisher Scientific, both the quantity
and quality of the extracted RNA were evaluated. Af-
ter that, these samples were kept at —20 °C for later

analysis 4.

REVERSE TRANSCRIPTION

The obtained RNA was subjected to reverse transcrip-
tion. This process includes combining the RNA sam-
ple with an oligo (dT)18 primer (Promega, 50 uM) for
genes and a universal adapter for miRNAs, along with
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deoxyribonucleotide triphosphates (dANTPs, 10mM
each New England Biolabs, Inc.) and nuclease-free
water. This mixture was then incubated for 5 min-
utes at 65 °C and then immediately cooled, resulting
in a volume of 10 ul. Subsequently, the mixture was
supplemented with 5x prime buffer (New England Bi-
olabs Inc.), murine RNase inhibitor (New England Bi-
olabs, Inc.), reverse transcriptase (New England Bio-
labs, Inc.), and nuclease-free water, resulting in a fi-
nal volume of 20 ul. This mixture was then subjected
to incubation in a PCR (MiniAmp Plus thermal cy-
cler, Thermo Fisher) under the following conditions:
10 minutes at 30 °C, 30 minutes at 42 °C, and 5 min-
utes at 95 °C, followed by a final incubation at 4 °C.
cDNA was quantified using a Nanodrop Lite spec-
trophotometer and then stored at —20 °C for further

studies 1415,

Expression using qRT-PCR

For the miR-149-5p and IL-6 genes, expression stud-
ies were conducted using the cDNA produced using
Sybr Green (Takara, Japan). GAPDH was used as
the housekeeping control for IL-6, and U6 was used
for miR-149-5p. The primers required for this pro-
cess were purchased from Origene, and the BioRad
CFX96 Realtime System was used for expression ex-
periments. The temperatures for PCR cycling were as
follows: initial denaturation for one cycle at 95 °C for
30 seconds, denaturation for 5 seconds at 95 °C, and
annealing for 30 seconds for a maximum of 40 cycles
with a melt curve. The 27244 technique was used
to calculate the gene expression for each test in dupli-

cate 1415,

Statistical analysis

The mean of the duplicate experiments with the
standard error of the mean (SEM) was calculated.
Student’s T-test was applied using GraphPad Prism
10.1.0. to assess differences between the groups, with
significance considered at a value less than 0.05 (*).
Meanwhile, Tukey’s test was used to determine the
statistical significance between the groups.

RESULTS

Identification of pre-miRNA and its sec-
ondary structure

MiRNAs are crucial in modulating gene expression,
exerting influence over the development and progres-
sion of diseases; thus, identifying the specific miRNA
associated with CKD holds promise for early de-
tection and therapeutic interventions. Employing a
computational approach, we embarked on the task

Figure 1: The figure represents the secondary
structure of miR-149-5p with mature sequence
determined using RNA fold, determined using
RNA fold, revealing a minimal free energy of
52.80 kCal.

of identifying these miRNAs. To accomplish this,
precursor miRNAs were collected from the miRbase
database, while the CKD sequences were sourced
from the NCBI database. After the meticulous exam-
ination of a substantial number of sequences, a sin-
gle miRNA, hsa-miR-149a-5p, was discerned within
the CKD genome sequences. This discovery was fa-
cilitated by employing RNA fold, which revealed hsa-
miR-149-5p’s mature sequence, with the lowest free
energy of 52.80 kCal.

Figure 1 illustrates the secondary structure of hsa-
miR-149-5p, while Table 1 provides the stem-loop
and mature sequence of miR-149-5p. Additionally,
Table 2 presents comprehensive information regard-
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Figure 2: Figure represents the expression Levels of miR-149-5p in CKD and control sample P < 0.05 is con-
sidered statistically significant.
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Figure 3: Figure represents the expression levels of IL6 in CKD vs normal patients. The IL6 levels were signif-
icantly elevated in CKD when compared to normal. (*P < 0.05, Control vs CKD).
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Figure 4: Figure shows negative correlation between miR-149-5p and IL-6 (p-value < 0.05).

Table 1: The stemloop and mature sequence of miR-149a-5p

Sequence

No Structure
1 Stem-loop
2 Mature miRNA

GCCGGCGCCCGAGCUCUGGCUCCGUGUCU
UCACUCCCGUGCUUGUCCGAGGAGGGAGGGAGGG
ACGGGGGCUGUGCUGGGGCAGCUGGA

UCUGGCUCCGUGUCUUCACUCCC

Table 2: The pre-miRNA length, minimum free energy, mature sequence, match extent, and A+U% content of

has-miR-149-5p

Source Source Pre- Minimum Mature Sequence Match Strand A+U%
miRNA organ- miRNA Free Extent
ism length Energy
miR-149-5p Homo 89 - 52.70 UCUGGCUCCGUGU 23/23 5p 26.9
sapiens keal CUUCACUCCC

Table 3: The target genes of miR-149-5p with their molecular function and biological process

Molecular function

Molecular function

No Target Protein

1 Interleukin 6

2 BCL2 binding component 3
3 Transmembrane protein 234
4 Tetraspanin 14

5 Zinc finger protein 74

Multifunctional cytokine
Binding of BCL2

Signal transmission

Enzyme binding activity

transcription

Cellular function
Cell apoptosis

Transfer of molecules across the mem-
brane

Notch signalling

Inhibits acetylation
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ing the length of the pre-miRNA, minimum free en-
ergy, mature sequence, match extent, and A+U% con-
tent of hsa-miR-149-5p.

Identification of targets

TargetScan analysis pinpoints potential targets for the
specific miRNA. Through this approach, several sig-
nificant transcripts targeted by miR-149-5p, includ-
ing IL-6, cyclin 1, BCL-2, cell division cycle 73, and
transferrin receptor, among others, were identified.
Table 3 provides an overview of these targets, along
with their associated molecular functions and biolog-
ical processes.

Gene expression analysis of miR-149-5p
and IL-6

qRT-PCR gene expression analysis revealed the levels
of miR-149-5p and IL-6 in blood samples from CKD
patients, which were compared with those of normal
individuals. When compared, CKD patients, partic-
ularly individuals with hypothyroidism, showed sig-
nificant down-regulation in miR-149-5p levels and an
increase in IL-6 levels. These findings suggest a po-
tential role for miR-149-5p as well as IL-6 in CKD,
which is to be further investigated.Figure 2 and Fig-
ure 3 depict the differential gene expression of miR-
149-5p and IL-6 in CKD and normal blood samples.
The relationship between increased IL-6 levels and de-
creased miR-149-5p levels in CKD patients suggests
an inverse or negative correlation (as shown in Fig-
ure 4), thereby suggesting a systematic relationship
between the two, with changes in one being associated
with opposite changes in the other.

DISCUSSION

CKD is a major threat to public health, impacting
millions of individuals, as it represents a progres-
sive and irreversible decline in kidney function that
can ultimately progress to end-stage renal disease
(ESRD). Inflammation, marked by an increase in pro-
inflammatory cytokine levels such as IL-6, has a key
role in the genesis of CKD. CKD is characterized by
a chronic inflammatory state and increased oxidative
stress, both of which contribute to disease progression
and complications. Simultaneously, the dysregula-
tion of key signaling pathways, such as NFxB, Wnt/3-
catenin, and TGF-3, is implicated in CKD pathophys-
iology. These pathways are associated with inflamma-
tion, fibrosis, and abnormal cellular responses in the
kidneys. Studies indicate that miR-149-5p frequently
targets these signaling pathways 8-1°. Moreover, miR-
149-5p has the potential to impact the cellular re-
sponse to oxidative stress and inflammatory processes
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within the kidneys. By modulating these pathways,
miR-149-5p may influence the intricate balance be-
tween inflammation and oxidative stress, contribut-
ing to the overall progression of CKD. Moreover,
the observed relationship between elevated IL-6 levels
and decreased miR-149-5p levels in individuals with
CKD implies the presence of an inverse correlation.
Such a correlation holds significance as it highlights
a reciprocal influence between IL-6 and miR-149-5p
levels, shedding light on potential regulatory mecha-
nisms or interactions within the context of CKD.
Understanding these relationships provides valuable
insights into the in tricate molecular dynamics as-
sociated with CKD pathology and may have impli-
cations for diagnostic or therapeutic approaches tar-
geting these molecular components. Understanding
theroleofmiR-149-5p in inflammation and oxidative
stress holds significant clinical relevance in the con-
text of CKD. Moreover, insights into miR-149-5p’s
regulatory role could in form the development of tar-
geted therapeutic interventions, aiming to modulate
inflammation and oxidative stress to slow CKD pro-
gression. The clinical implications extend to person-
alized medicine, where understanding miR-149-5p’s
involvement may lead to tailored interventions based
on the specific molecular mechanisms underlying in-
flammation and oxidative stress in individual CKD
patients. Overall, deciphering theroleofmiR-149-5p
in CKD pathophysiology offers a promising avenue
for advancing diagnostic and therapeutic strategies,
ultimately improving patient outcomes in this preva-
lent and challenging condition.

CONCLUSIONS

In this study, we comprehensively assessed miR-149-
5p and IL-6 expression in CKD patients compared
to a control group of healthy individuals. Gaining a
profound understanding of these molecular compo-
nents holds the promise of pioneering new pharma-
ceutical strategies and enhancing therapeutic options
for this prevalent condition, ultimately improving pa-
tient care for those with renal issues and consequently
reducing morbidity and mortality rates.

ABBREVIATIONS

CKD: Chronic kidney disease; miRNA: microRNA;
IL-6: Interleukin 6; ncRNA: non-coding RNA;
NCBI: National Centre for Biotechnology Informa-
tion; BLAST: Basic Local Alignment Search Tool;
dNTP: deoxyribonucleotide triphosphates; ESRD:
end-stage renal disease



Biomedical Research and Therapy 2023, 10(12):6103-6109

ACKNOWLEDGMENTS

Sekar D is a recipient of the Extramural Grants
(2019-0106/CMB/ ADHOC/BMS and 5/4/8-
18/CD/2021-NCD-II), Indian Council of Medical
Research (ICMR), Government of India, and their
support is duly acknowledged.

AUTHOR’S CONTRIBUTIONS

Formal analysis, D.S; writing — original draft prepa-
ration, M. A; writing — review and editing; A.P; edit-
ing — revising; A.P. All authors read and approved the
final manuscript.

FUNDING

None.

AVAILABILITY OF DATA AND
MATERIALS

Data and materials used and/or analyzed during the
current study are available from the corresponding
author on reasonable request.

ETHICS APPROVAL AND CONSENT
TO PARTICIPATE

Not applicable.

CONSENT FOR PUBLICATION
Not applicable.

COMPETING INTERESTS

The authors declare that they have no competing in-
terests.

REFERENCES

1. Amaral S, Hwang W, Fivush B, Neu A, Frankenfield D, Furth S.
Serum albumin level and risk for mortality and hospitalization
in adolescents on hemodialysis. Clinical Journal of the Amer-
ican Society of Nephrology ; CJASN. 2008;3(3):759-67. PMID:
18287254.

2. Naugler WE, Sakurai T, Kim S, et al. Gender Disparity in Liver
Cancer Due to Sex Differences in MyD88-Dependent IL-6 Pro-
duction. Science. 2007;317(5834):121-124. Available from:
https://doi.org/10.1126/science.1140485.

3. Nguyen D, Ping F, Mu W, Hill P, Atkins RC, Chadban SJ.
Macrophage accumulation in human progressive diabetic
nephropathy. Nephrology (Carlton, Vic). 2006;11(3):226-31.
PMID: 16756636. Available from: https://doi.org/10.1111/j.
1440-1797.2006.00576.x.

. Ren FJ, Yao Y, Cai XY, Cai YT, Su Q, Fang GY.

. Yamashiro H, Siomi MC. PIWI-Interacting RNA in Drosophila:

Biogenesis, Transposon Regulation, and Beyond. Chemical
Reviews. 2018;118(8):4404-21. PMID: 29281264. Available
from: https://doi.org/10.1021/acs.chemrev.7b00393.

. Chen C, Li Y, Lu H, Liu K, Jiang W, Zhang Z, et al. Curcumin

attenuates vascular calcification via the exosomal miR-92b-
3p/KLF4 axis. Experimental Biology and Medicine (Maywood,
NJ). 2022;247(16):1420-32. PMID: 35666058. Available from:
https://doi.org/10.1177/15353702221095456.

. LiH, Jia Z Li A, Jenkins G, Yang X, Hu J, et al. Resveratrol re-

pressed viability of U251 cells by miR-21 inhibiting of NF-xB
pathway. Molecular and Cellular Biochemistry. 2013;382(1-
2):137-43. PMID: 23793554. Available from: https://doi.org/
10.1007/s11010-013-1728-1.

. Huang X, Wang L, Liu W, Li F. MicroRNA-497-5p inhibits pro-

liferation and invasion of non-small cell lung cancer by reg-
ulating FGF2. Oncology Letters. 2019;17(3):3425-31. PMID:
30867780. Available from: https://doi.org/10.3892/01.2019.
9954.

. Ren F, Yao Y, Cai X, Cai Y, Su Q, Fang G. Ren F jia, Yao Y, Cai

X yu, Cai Y ting, Su Q, Fang G ying. MiR-149-5p: An Impor-
tant miRNA Regulated by Competing Endogenous RNAs in Di-
verse Human Cancers. Frontiers in Oncology. 2021;11:743077.
Available from: https://doi.org/10.3389/fonc.2021.743077.

. Hibner K, Karwelat D, Pietsch E, Beinborn |, Winterberg S, Be-

denbender K, et al. NF-kB-mediated inhibition of microRNA-
149-5p regulates Chitinase-3-like 1 expression in human air-
way epithelial cells. Cellular Signalling. 2020;67:109498. PMID:
31837465. Available from: https://doi.org/10.1016/j.cellsig.
2019.109498.

MiR-149-
5p: An Important miRNA Regulated by Competing Endoge-
nous RNAs in Diverse Human Cancers. Frontiers in Oncol-
ogy. 2021;11:743077. PMID: 34722295. Available from: https:
//doi.org/10.3389/fonc.2021.743077.

. Kreiner FF, Kraaijenhof JM, von Herrath M, Hovingh GK, von

Scholten BJ. Interleukin 6 in diabetes, chronic kidney dis-
ease, and cardiovascular disease: mechanisms and thera-
peutic perspectives. Expert Review of Clinical Immunology.
2022;18(4):377-89. PMID: 35212585. Available from: https:
//doi.org/10.1080/1744666X.2022.2045952.

. Saravanan S, Islam VI, Thirugnanasambantham K, Sekar D. In

Silico Identification of Human miR 3654 and its Targets Re-
vealed its Involvement in Prostate Cancer Progression. Mi-
croRNA (Sharigah, United Arab Emirates). 2016;5(2):140-5.
PMID: 27297584.  Available from: https://doi.org/10.2174/
2211536605666160610094230.

. Parvathy Sankar, Parvathy Sankar, Joscilin Mathew. Physiol-

ogy, Blood Plasma.; 2023.

. Krishnan R, Mani P, Sivakumar P, Gopinath V, Sekar D. Expres-

sion and methylation of circulating microRNA-510 in essen-
tial hypertension. Hypertension Research. 2017;40(4):361-3.
PMID: 27881848. Available from: https://doi.org/10.1038/hr.
2016.147.

. Rajkumar KV, Lakshmanan G, Sekar D. Identification of miR-

802-5p and its involvement in type 2 diabetes mellitus. World
Journal of Diabetes. 2020;11(12):567-71. PMID: 33384764.
Available from: https://doi.org/10.4239/wjd.v11.i12.567.

6109


https://www.ncbi.nlm.nih.gov/pubmed/18287254
https://doi.org/10.1126/science.1140485
https://www.ncbi.nlm.nih.gov/pubmed/16756636
https://doi.org/10.1111/j.1440-1797.2006.00576.x
https://doi.org/10.1111/j.1440-1797.2006.00576.x
https://www.ncbi.nlm.nih.gov/pubmed/29281264
https://doi.org/10.1021/acs.chemrev.7b00393
https://www.ncbi.nlm.nih.gov/pubmed/35666058
https://doi.org/10.1177/15353702221095456
https://www.ncbi.nlm.nih.gov/pubmed/23793554
https://doi.org/10.1007/s11010-013- 1728-1
https://doi.org/10.1007/s11010-013- 1728-1
https://www.ncbi.nlm.nih.gov/pubmed/30867780
https://doi.org/10.3892/ol.2019.9954
https://doi.org/10.3892/ol.2019.9954
https://doi.org/10.3389/fonc.2021.743077
https://www.ncbi.nlm.nih.gov/pubmed/31837465
https://doi.org/10.1016/j.cellsig.2019.109498
https://doi.org/10.1016/j.cellsig.2019.109498
https://www.ncbi.nlm.nih.gov/pubmed/34722295
https://doi.org/10.3389/fonc.2021.743077
https://doi.org/10.3389/fonc.2021.743077
https://www.ncbi.nlm.nih.gov/pubmed/35212585
https://doi.org/10.1080/1744666X.2022.2045952
https://doi.org/10.1080/1744666X.2022.2045952
https://www.ncbi.nlm.nih.gov/pubmed/27297584
https://doi.org/10.2174/2211536605666160610094230
https://doi.org/10.2174/2211536605666160610094230
https://www.ncbi.nlm.nih.gov/pubmed/27881848
https://doi.org/10.1038/hr.2016.147
https://doi.org/10.1038/hr.2016.147
https://www.ncbi.nlm.nih.gov/pubmed/33384764
https://doi.org/10.4239/wjd.v11.i12.567

	Computational and expression analysis of microRNA-149-5p and its target, interleukin-6, in chronic kidney disease
	Introduction
	Methods
	Retrieval of CKD sequences and  miRNAs
	Identification of precursor miRNAs 
	Validation of candidate pre-miRNAs and their targets  
	Sample collection

	Inclusion and exclusion criteria
	RNA extraction and quantification
	Reverse transcription
	Expression using qRT-PCR
	Statistical  analysis

	Results
	Identification of pre-miRNA and its secondary  structure
	Identification of  targets
	Gene expression analysis of miR-149-5p  and IL-6

	Discussion
	Conclusions
	Abbreviations
	Acknowledgments 
	Author's contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References


