
Clinical Trial/Experimental Study

1

Medicine®

MicroRNA-204 may predict the renal function in 
patients with chronic kidney disease
Guo Xiaoyun, BDa, Li Hongjun, BDb, Meng Cuijing, BDc,*, Rong Li, BDa , Zhang Mei, BDd

Abstract 
Background: Chronic kidney disease significantly affects human health by loss of excretory kidney function. MicroRNAs have 
potential predictive and therapeutic significance for chronic kidney disease and fibrosis-related kidney diseases. This study aimed 
to investigate expression profiling and clinical significance of microRNA-204 (miR-204) expression in patients with chronic kidney 
disease.

Methods: A total of 126 patients with chronic kidney disease and age-matched 126 healthy controls were enrolled in this study. 
Blood samples were collected from participants and expression levels of miR-204 were detected using reverse transcription 
quantitative polymerase chain reaction. Expression of inflammatory cytokines in glomerular cells was measured using reverse 
transcription quantitative polymerase chain reaction. Inflammatory cytokines in serum were analyzed using enzyme-linked 
immunosorbent assay in all participants. Multivariate Cox-regression analysis was used to analyze the association between serum 
level of miR-204 and inflammation, renal fibrosis, and degree of chronic kidney disease.

Results: Chronic kidney disease patients had higher inflammatory cytokines including IL-1β, IL-6, TNF-α, IL-10, and IL-17 
than healthy volunteers. Expression levels of inflammatory cytokines (IL-1β, IL-6, TNF-α, IL-10, and IL-17) were upregulated 
in patients with chronic kidney disease compared to healthy volunteers. Serum level of miR-204 was lower in chronic kidney 
disease patients than healthy patients. Expression of miR-204 was higher in healthy volunteers than patients with chronic kidney 
disease. In addition, expression of miR-204 was lower in glomerular cells in chronic kidney disease patients than those in the 
healthy volunteers. Furthermore, higher serum level of miR-204 was associated with better renal function in chronic kidney disease 
patients than patients who had lower serum level of miR-204. High serum levels of miR-204 were associated with degree of renal 
fibrosis and injury of chronic kidney disease patients. Multivariate Cox-regression analysis identified expression of miR-204 was 
positively correlated with inflammation in patients with chronic kidney disease.

Conclusion: Outcomes indicate that serum levels of miR-204 are downregulated in serum in patients with chronic kidney 
disease. Data suggest that serum levels of miR-204 can be used to evaluate the renal function in patients with chronic kidney 
disease.

Abbreviations: miR-204 = microRNA-204, miRNAs = microRNAs.
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1. Introduction
Chronic kidney disease is one of global health problems and 
it is mainly caused by renal ischemia-reperfusion injury, sepsis, 
and nephrotoxicant.[1] Chronic kidney disease is characterized 
by deterioration in kidney function, inflammatory cell infiltra-
tion in renal tissue, and manifested by an increase in serum 
creatinine level.[2] Severity of chronic kidney disease depends 
on the function of glomerular cells and the status may vary 
based on chronicity.[3,4] Clinically, chronic kidney disease can 
slow deterioration of kidney function or persistent kidney 

dysfunction, which is associated with an irreversible loss of 
kidney cells and nephrons, and further leads to chronic kidney 
disease.[5] Hypoxic injury caused by oxidative stress injury in 
chronic kidney disease is thought to be the common under-
lying mechanism of chronic kidney disease regardless of the 
etiology of the kidney diseases.[6–8] Inflammation is the major 
underlying mechanism of glomerular cells dysfunction, and 
data show strong associations between glomerular cells dys-
function and risk of chronic renal failure.[9] Chronic kidney 
disease is associated with incident cardiovascular disease by 

 

The authors have no funding and conflicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are 
available from the corresponding author on reasonable request.
a  Department of Nephrology, Second Hospital of Tianjin Medical University, 
Tianjin, China, b  Department of Infection Immunity, Second Hospital of Tianjin 
Medical University, Tianjin, China, c  Department Medical Record, Mudanjiang 
Medical University Affiliated Hongqi Hospital, Mudanjiang, Heilongjiang, China, 
d  Department of Rheumatology, General Hospital of Tianjin Medical University, 
Tianjin, China.

*  Correspondence: Meng Cuijing, Mudanjiang Medical University Affiliated Hongqi 
Hospital, Mudanjiang, Heilongjiang 157000, China (e-mail: cuijing_meng@163.
com).

Copyright © 2025 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is 
permissible to download, share, remix, transform, and buildup the work provided 
it is properly cited. The work cannot be used commercially without permission 
from the journal.

How to cite this article: Xiaoyun G, Hongjun L, Cuijing M, Li R, Mei Z. 
MicroRNA-204 may predict the renal function in patients with chronic kidney 
disease. Medicine 2025;104:1(e41202).

Received: 18 December 2023 / Received in final form: 19 November 2024 / 
Accepted: 16 December 2024

http://dx.doi.org/10.1097/MD.0000000000041202

mailto:
mailto:
mailto:
https://orcid.org/0009-0009-4875-3929
mailto:
mailto:cuijing_meng@163.com
mailto:cuijing_meng@163.com
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


2

Xiaoyun et al.  •  Medicine (2025) 104:1� Medicine

increasing inflammatory cytokines.[10] Therefore, inflammation 
is a potential target in the treatment of chronic kidney disease.

MicroRNAs (miRNAs), 20 to 22 long small noncoding 
RNA molecules, are associated with posttranscriptionally 
regulate gene expression in cells.[11] The role of miRNAs in 
controlling signaling pathways implicating in human diseases 
makes their application in diagnostics a powerful novel tool 
for the early detection, prognosis, and the development of 
innovative diseases therapies.[12] It has been found that miR-
NAs have emerged as an early-warning biomarker indicating 
the progression of chronic kidney disease.[13] Evidence has indi-
cated that microRNA-204-5p (miR-204) upregulation allevi-
ates inflammation and oxidative stress, which further decreases 
cell injury.[14] In addition, miR-204 impairs MUC4-dependent 
activation of the extracellular signal-regulated kinase signal-
ing pathway and consequently ameliorates oxidative stress 
damage to renal tubular epithelial cells and prevents calcium 
oxalate kidney-stone formation.[15] Findings also suggest that 
miR-204 may play a protective role in high glucose-induced 
apoptosis and dysfunction in podocytes through down- 
regulation of Bdkrb2.[16] However, the role of miR-204 in the 
evaluation of the degree of chronic kidney disease has not been 
investigated in patients with chronic kidney disease. Therefore, 
it is important to investigate the role of miR-204 in evaluating 
the degree of renal fibrosis and injury in chronic kidney disease 
patients.

In this study, expression levels of miR-204 in serum and glo-
merular cells of patients with chronic kidney disease were investi-
gated. This study also analyzed the corrections between miR-204 
and renal function in patients with chronic kidney disease.

2. Methods

2.1. Participants

The cohort included chronic kidney disease patients (n = 126) 
and age and number-matched healthy controls (n = 126) were 
recruited in the Second Hospital of Tianjin Medical University 
between July 2021 and June 2022. This study was approved 
by the Ethic Committee of Second Hospital of Tianjin Medical 
University (Approval Number: 20210622RX1). Classification 
of patients with chronic kidney disease were defined accord-
ing to available data regarding albuminuria as described pre-
viously,[17] and diagnosed by 3 doctors. Health controls were 
confirmed by routine physical examinations. Exclusion criteria 
were as follows: (1) age < 18 years; (2) patients with cancer his-
tory; (3) the estimated survival time <12 months; (4) patients 
with diabetic nephropathy; (5) patients with end-stage kidney 
disease; and (6) patients had prior kidney transplant or had < 2 
serum creatinine levels during the admission. All patients gave 
written informed consent.

2.2. Parameters in participants

Parameters including body mass index, systolic blood pres-
sure, diastolic blood pressure, triglyceride, total cholesterol, 

low-density lipoprotein, high density lipoprotein, high-sensitivity  
C-reactive protein, estimated glomerular filtration rate, and 
glycated hemoglobin were measured using standard method as 
described previously.[18]

2.3. Reverse transcription quantitative polymerase chain 
reaction

Total RNA was extracted from blood samples and renal tissues 
using RNeasy Mini kit (Invitrogen Life Technologies, Carlsbad, 
CA). RNA (500 ng) was reverse transcribed into cDNA using 
cDNA Synthesis Kit (Product code: 11117831001, Roche, 
Shanghai, China). Expression levels of IL-1β, IL-6, TNF-α, 
IL-10, and IL-17 were performed with specific primers and 
then measured using a SYBR-Green qRT-PCR assay (Takara 
Bio, Inc., Dalian, China). The primers used for gene expression 
assays were listed in Table 1. The results were analyzed using 
the comparative threshold cycle method. Target gene expression 
was normalized by glyceraldehyde 3-phosphate dehydrogenase.

2.4. Measurement of miR-204 expression

Total RNA was extracted from blood samples and renal tis-
sues using RNeasy Mini kit (Invitrogen Life Technologies, 
Carlsbad, CA). Expression of miR-204 was analyzed using mir-
Vana™ qRT-PCR miRNA measurement kit (Ambion, Austin, 
TX) according to the manufacture’s instrument. The expression 
level of miR-148a was measured using a SYBR-Green qRT-PCR 
assay (Takara Bio, Inc.). The assays were performed in triplicate 
for all samples. RNU6B (catalog number 4440887, assay identi-
fier 001093; Life Technologies) was used as the normalizer and 
miRNAs expression level was calculated using2–ΔCt as described 
previously.[19]

2.5. Enzyme-linked immunosorbent assay

Blood samples were obtained from chronic kidney disease 
patients and healthy volunteers. Serum level of IL-1β, IL-6, 
TNF-α, IL-10, and IL-17 were assessed using commercial 
enzyme-linked immunosorbent assay kit (Hycult Biotech, Uden, 
Netherlands) according to manufacturers’ instrument.

2.6. Chronic kidney disease severity score

Chronic kidney disease severity score was evaluated according 
to Kidney Disease: Improving Global Outcomes criteria.[20] In 
brief, chronic kidney disease severity score in patients was deter-
mined by serum creatinine. 1 score: serum creatinine in patients 
increased 0.3 mg/dL within 48 hours or a 1.2 to 1.5 times from 
baseline within 7 days; 2 score: serum creatinine in patients 
increased 1.5 to 1.9 times increase in serum creatinine within 7 
days; 3 score: serum creatinine in patients increased 1.9 to 2.9 
times increase in serum creatinine within 7 days. 4 score: serum 
creatinine in patients increased 3.0 or more times increase in 
serum creatinine within 7 days.

Table 1

Sequences of primers were used in this study.

Gene name Sequence

IL-1 5ʹ-GGCTGCTTCCAAACCTTTGA-3ʹ 5ʹ-GAAGACACGGATTCCATGGT-3ʹ
IL-6 5ʹ-GTGAGGAACAAGCCAGAG-3ʹ 5ʹ-TGACCAGAAGAAGGAATGC-3ʹ
TNF-α 5ʹ-CTAAGCGGAATCTCAATAGCG-3ʹ 5ʹ-GGGACTCTCAATCCTCGTC -3ʹ
IL-10 5ʹ-CAAGGCAGTGGAGCAGGTGAAG-3ʹ 5ʹ-GCTCTGTCTAGGTCCTGGAGTCC-3ʹ
IL-17 5ʹ-TGATGCTGTTGCTGCTGCTGAG-3ʹ 5ʹ-TGGAACGGTTGAGGTAGTCTGAGG-3ʹ
GAPDH 5ʹ-AACTTTGGCATTGTGGAAGG-3ʹ 5ʹ-GGATGCAGGGATGATGTTCT-3ʹ

GAPDH = glyceraldehyde 3-phosphate dehydrogenase.
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2.7. Statistical analysis

Data are expressed as mean ± standard deviation or n (%). 
Comparison of miR-204 level between chronic kidney disease 
patients and healthy controls was conducted by Wilcoxon rank 
sum test. Multivariate Cox-regression analysis was used to evaluate 
the correction between level of miR-204 and renal function. Data 
were analyzed using GraphPad Prism 6.0 (GraphPad Software Inc., 
San Diego, CA). The significance level was set at P < .05.

3. Results

3.1. Characteristic of patients with chronic kidney disease

A total of 126 chronic kidney disease patients and age-matched 
126 healthy subjects were recruited and participated in this 
study. Baseline characteristics and biochemical parameters of 
each group are shown in Table 2. No obvious differences in 
age, number, gender, body mass index, systolic blood pressure, 
diastolic blood pressure, triglyceride, total cholesterol, and 
low-density lipoprotein-C and high density lipoprotein-C were 
observed between 2 groups (P > .05). However, compared with 
healthy controls, injury severity score, high-sensitivity C-reactive 
protein, glycated hemoglobin and Albuminuria were markedly 
increased in patients with chronic kidney disease, and estimated 
glomerular filtration rate was considerably reduced (P < .05). 
The flow diagram of this study is demonstrated in Figure 1.

3.2. Expression of miR-204 in chronic kidney disease patients

Serum level of miR-204 was compared between patients with 
chronic kidney disease and healthy controls. As shown in 
Figure 2A, chronic kidney disease patients had lower serum 
level of miR-204 than healthy volunteers (P < .05). Outcomes 
exhibited that expression level of miR-204 in kidney tis-
sues was markedly downregulated in chronic kidney disease 
patients compared to those in healthy volunteers (1.44 ± 0.28 
vs 4.60 ± 0.68, P < .01) (Fig. 2B). Reverse transcription quanti-
tative polymerase chain reaction showed that the relative levels 

of miR-204 in the urine of the chronic kidney disease patients 
were significantly lower than those in the healthy control group 
(0.38 vs 3.22, P < .05; Fig. 2C).

3.3. Potential clinical diagnostic significance of miR-204 in 
chronic kidney disease patients

The clinical diagnostic of miR-204 was investigated based on 
the serum level of miR-204 in chronic kidney disease patients. 
The receiver operating characteristic curve demonstrated that 
miR-204 could use to diagnose chronic kidney disease patients 
from healthy individuals, with an area under the curve of 0.982, 
a sensitivity of 93.8%, and a specificity of 88.6% (Fig. 3). These 
data indicate that serum miR-204 has a high diagnostic value 
for patients with chronic kidney disease.

3.4. Associations between miR-204 and inflammatory 
factor in chronic kidney disease patients

Serum levels of inflammatory factors and associations between 
miR-204 and inflammatory factor were investigated in patients 
with chronic kidney disease. As shown in Figure 4A, chronic 
kidney disease patients had higher serum levels of IL-1β, IL-6, 
TNF-α, IL-10, and IL-17 than healthy volunteers. Outcomes 
also demonstrated that patients with chronic kidney disease 
presented relatively high mRNA levels of IL-1β, IL-6, TNF-α, 
IL-10, and IL-17 compared to healthy volunteers (Fig. 4B). A 
high inflammation score was observed in chronic kidney disease 
patients (Fig. 4C). Expression of miR-204 was negatively asso-
ciated with the inflammation score in chronic kidney disease 
patients (Fig. 4D).

3.5. Associations between miR-204 and renal function in 
chronic kidney disease patients

Associations between miR-204 and renal function in chronic kid-
ney disease patients were evaluated in this study. Higher serum 

Table 2

Characteristics of patients with chronic renal injury.

Characteristic Renal injury patients Healthy control P value

Number 126 (50.0%) 126 (50.0%) –
Age (Years) 48.30 ± 10.35 48.35 ± 10.50 .97
Gender (n, %)
Male 80 (63.5%) 82 (65.1%) .92
Female 46 (36.5%) 44 (34.9%) .94
BMI (kg/m2) 25.46 ± 2.46 26.02 ± 2.60 .86
SBP (mm Hg) 78.57 ± 8.89 77.40 ± 7.92 .90
DBP (mm Hg) 116.44 ± 12.56 110.20 ± 10.32 .84
Kidney injury grade
1 55 – –
2 38 – –
3 17 – –
4 11 – –
5 5 – –
TC (mmol/L) 180.44 ± 20.07 176.60 ± 18.05 .80
LDL cholesterol (mg/dL) 110.84 ± 18.22 105.42 ± 15.29 .72
HDL cholesterol (mg/dL) 60.80 ± 10.18 64.28 ± 12.16 .83
TG 160.46 ± 12.51 167.52 ± 13.27 .87
Injury severity score 10.5 ± 3.4 – –
hs-CRP (mg/L) 5.56 ± 0.76 0.42 ± 0.20 .004**
HbA1c (%) 9.01 ± 1.93 2.04 ± 0.72 .001**
eGFR 86.54 ± 12.67 101.40 ± 14.08 .022**
Albuminuria (mg/24 h) 7.94 ± 3.00 1.85 ± 0.50 .003**

BMI = body mass index, DBP = diastolic blood pressure, eGFR = estimated glomerular filtration rate, HbA1c = glycated hemoglobin, HDL = high density lipoprotein, hs-CRP = high-sensitivity C-reactive 
protein, LDL = low-density lipoprotein, SBP = systolic blood pressure, TC = total cholesterol, TG = triglyceride.
**P < .01.
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levels of miR-204 were associated with better renal function in 
chronic kidney disease patients than patients who had lower 
serum miR-204 levels (Fig. 5A). Multivariate Cox-regression 

analysis identified that high serum level of miR-204 was associ-
ated with degree of renal fibrosis and injury of chronic kidney 
disease patients (Fig. 5B).

Figure 1.  Flow diagram of the study design.

Figure 2.  Expression of miR-204 in patients with chronic kidney disease. (A) Serum level of miR-204 in patients with chronic kidney disease and healthy volun-
teers. (B) Expression level of miR-204 in kidney tissues between chronic kidney disease patients and healthy volunteers. (C) Relative expression levels of miR-
204 in the urine between chronic kidney disease patients and healthy volunteers. **P < .01 vs patients with chronic kidney disease. miR-204 = microRNA-204.
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4. Discussion
Considerable evidence now indicates that inflammation plays 
a central role in the initiation and progression of chronic kid-
ney disease.[21–23] miRNAs can alleviate sepsis-induced acute 
kidney injury by inhibiting renal inflammation.[24] Findings 
provide evidence of a prominent role for miR-204 in safe-
guarding the kidneys against common causes of chronic 
kidney disease.[25] In this study, we first examined the serum 
level of miR-204 and explored its diagnostic role in chronic 
kidney disease patients (Fig. 6). Outcomes suggest that serum 
miR-204 has a high diagnostic value for patients with chronic 
kidney disease. In addition, miR-204 can predict the degree 
of renal fibrosis and injury in patients with chronic kidney 
disease.

The clinical relevance of miR-204 in renal disease is sup-
ported by dysregulation of miR-204 in specimens obtained from 

patients with these diseases.[26] Findings show that sponging 
miR-204 provides a new mechanism to comprehend the patho-
genesis of chronic kidney disease.[14] However, the association 
between miR-204 and renal function in chronic kidney disease 
patients has not been investigated, yet. This study demonstrated 
that serum level of miR-204 was downregulated in chronic kid-
ney disease patients compared to healthy controls. Outcomes 
also have indicated that higher serum level of miR-204 is asso-
ciated with better renal function, degree of renal fibrosis and 
injury of chronic kidney disease patients. Patients with chronic 
kidney disease frequently along with renal dysfunction.[27] Thus, 
clarifying the role and indication of renal function is important 
to manage chronic kidney disease patients. In this study, data 
found that the reduction of miR-204 was negatively correlated 
with renal function and positively correlated with estimated glo-
merular filtration rate, suggesting that miR-204 may be related 
to the degree of chronic kidney disease.

In recent years, miRNAs have been regarded as potential bio-
markers of renal diseases due to its abundance, stability, and 
conservatism.[28] Early recognition and intervention of renal 
function are very important for reducing morbidity and mor-
tality. In addition, numerous studies have demonstrated that 
inflammation is involved in the cascade of events that lead to 
chronic kidney disease.[2,29,30] Importantly, inflammation may 
predict kidney injury and early recognition of regulatory factor 
of inflammation contributes to the diagnosis and prognosis of 
chronic kidney disease patients.[31] Here, we observed that levels 
of inflammatory factors increased by the reduction of miR-204, 
which might be a potential biomarker of chronic kidney dis-
ease. Further studies suggested that miR-204 protects against 
chronic kidney disease via the regulation of several targets with 
roles in inflammation and fibrosis.[25,26,32] Consistent with these 
reports, patients with chronic kidney disease showed lower 
levels of miR-204 and higher levels of inflammatory cytokines, 
which were negatively associated with degree of renal fibrosis 
and injury of chronic kidney disease patients.

Figure 3.  ROC curve analyzed the sensitivity and specificity miR-204 for 
patients with chronic kidney disease. miR-204 = microRNA-204, ROC 
= receiver operating characteristic.

Figure 4.  Associations between miR-204 and inflammatory factor in chronic kidney disease patients. (A) Serum inflammatory cytokines IL-1β, IL-6, TNF-α, 
IL-10, and IL-17 in chronic kidney disease patients. (B) mRNA level of IL-1β, IL-6, TNF-α, IL-10, and IL-17 in renal tissue in chronic kidney disease patients. (C) 
Inflammation score between chronic kidney disease patients and healthy volunteers. (D) Associations between serum of miR-204 and inflammation score in 
chronic kidney disease patients. **P < .01 vs patients with chronic kidney disease. miR-204 = microRNA-204.
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The miR-19b plays a critical pathologic role in tubulointer-
stitial inflammation, representing a new therapeutic target for 
kidney disease.[33] In addition, inhibiting miR-214-3p would alle-
viate tubular epithelial cell ferroptosis in cis-AKI via GPX4.[34] 
Data in this study showed that miR-204 expression was asso-
ciated with inflammatory cytokines expression in chronic kid-
ney disease patients. Furthermore, miR-373 exacerbates renal 
injury and fibrosis, which may provide a potential therapeutic 
strategy for renal fibrosis.[35] This study found that the level of 
miR-204 could identify chronic kidney disease patients from 
healthy individuals, which had a high clinical diagnostic value. 
Notably, outcomes in this study found that miR-204 may be 
useful factors to predict inflammation for chronic kidney 

disease patients. The reduction of miR-204 may indicate who 
have inflammation derived from chronic kidney disease. We also 
indicated that expression of miR-204 was negatively associated 
with the inflammation score in chronic kidney disease patients. 
Additionally, we also recognize that there are some limitations 
in the current study. It is necessary to further understand the 
role of miR-204 in diagnosis of renal function and analyze the 
associations with chronic kidney disease in more patients in our 
future study.

Several limitations should be addressed. First, the number 
of samples was few and performed at a single center in China. 
Second, this study did not measure the levels of miR-204 before 
and after kidney injury to determine whether miR-204 can serve 

Figure 5.  Associations between miR-204 and renal function in chronic kidney disease patients. miR-204 = microRNA-204. (A) Associations between miR-
204 and renal function in chronic kidney disease patients. (B) Associations between miR-204 and renal injury in chronic kidney disease patients. miR-204 = 
microRNA-204.

Figure 6.  miR-204 in chronic kidney disease. miR-204 = microRNA-204.
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as a representative marker for kidney damage and recovery. 
Third, the study did not collect the data on miR-204 expression 
in renal tissue. Therefore, further study with histological data 
should be investigated in patients with chronic kidney disease in 
more clinical samples.

5. Conclusion
In conclusion, findings in the current study indicate that 
serum level of miR-204 is a potential diagnostic biomarker 
for patients with chronic kidney disease. Serum level of miR-
204 is negatively associated with the degree of renal fibrosis 
and positively associated with renal function in chronic kid-
ney disease patients. This study suggests that miR-204 may be 
a promising diagnostic marker in patients with chronic kidney 
disease.
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