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Abstract 

Purpose: To investigate the correlations between miR-384 expression and renal damage in lupus 
nephritis (LN). 
Methods: Lupus nephritis and normal tissues were collected during surgery. The relative miR-384 
expression was evaluated by extracting RNA and performing quantitative real time PCR (qRT-PCR) 
assays. Expression of ten-eleven translocation (TET3) mRNA and protein were measured by qRT-PCR 
and western blotting, respectively. The 24-h urine protein, serum complement C3, and serum creatinine 
were determined using commercial enzyme-linked immunosorbent assay (ELISA) kits. TargetScan and 
luciferase assays were used to validate the binding site for miR-384 and its target mRNA. Relationships 
among miR-384, TET3, and renal damage were analyzed by Spearman rank-order correlation 
coefficients. 
Results: MiR-384 expression increased in LN tissues and was positively correlated with the activity 
index (AI) and chronicity index of LN, whereas miR-384 expression and serum complement C3 were 
negatively correlated. Positive correlations were observed between miR-384 expression and 24-h urine 
protein, serum creatinine, and systemic lupus erythematosus disease AI. TargetScan and luciferase 
assays indicated that the TET3 3′-UTR was the direct target of miR-384. MiR-384 upregulation inhibited 
TET3 mRNA and protein expression, and was negatively associated with renal damage in LN. 
Conclusion: MiR-384 upregulation contributes to renal damage in LN by targeting the 3′-UTR of TET3 
mRNA, suggesting that miR-384 is a potential biomarker and therapeutic target in LN. 
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INTRODUCTION 
 
Systemic lupus erythematosus (SLE) is a 
chronic, systemic autoimmune disease that 
involves many organs, including the kidney [1]. 
Most patients with SLE develop lupus nephritis 
(LN) within 5 years [1]. Current therapeutic 

approaches for LN  primarily use immune-
suppressive drugs and anti-inflammatory 
medications [1]. However, the adverse effects of 
these medications include infection, infertility, 
and metabolic disturbances, which severely 
affect the quality of life of LN patients [1]. 
Therefore, new therapeutic strategies should be 
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developed with improved long-term efficacies. 
Recent studies found that DNA methylation is 
involved in the pathogenesis of LN [2]. Inhibition 
of DNA methylation suppressed the 
autoreactivity of T cells  in CD4+ cells from lupus 
patients [3], indicating that modification of 
aberrant DNA methylation in LN may be a new 
therapeutic strategy. 
 
Small noncoding microRNAs (miRNAs) have 
inhibitory effects on protein translation by directly 
targeting the 3′-untranslated region (3′-UTR) of 
mRNAs [4]. Many studies revealed that miRNAs 
were involved in the regulation of innate and 
adaptive immune responses [4]. For example, 66 
aberrant miRNAs were identified using miRNA 
microarray chip analysis of renal biopsies of LN 
patients [5]. MiR-183 slowed the progression of 
LN and prolonged the survival of LN mice by 
reducing the immune complex component level, 
downregulating urine protein level, and restoring 
the number of Treg and T17 cells by targeting 
mTOR [6]. The expression of miR-130b-3b was 
upregulated in early LN, was positively correlated 
with 24-h proteinuria and renal chronicity index 
(CI), and facilitated renal damage in early LN by 
binding to the 3′-UTR of ERBB2IP [7]. However, 
the effect of miR-384 on LN is still not clear. 
Therefore, this study investigated the correlation 
between miR-384 expression and renal damage 
in LN and explored its underlying mechanism. 
The results of this study are expected to provide 
a new therapeutic approach for LN. 
 
EXPERIMENTAL 
 
Human kidney tissue samples 
 
Lupus tissue samples (n = 56) were collected 
from LN patients, and normal kidney tissue 
samples (n = 23) were collected from patients 
with renal tumor as the normal control group 
(Table 1). The kidney tissue samples were 
collected at the Second Affiliated Hospital of 
University of South China and approved by the 
Medical Ethics Committee of University of South 
China (approval no. 20190620), in accordance 
with the Declaration of Helsinki [8]. All clinical 
materials complied with informed consent from 
patients. 
 
Cell culture and transfection 
 
Human glomerular mesangial cells (HMCs) were 
purchased from Ningbo Mingzhou Biotechnology 
Company (Mingzhoubio, China). HMCs were 
cultured in high-glucose DMEM supplemented 
with 10 % fetal bovine serum (FBS, Beyotime, 
China) and 1% penicillin-streptomycin 
(Invitrogen, USA) at 37 °C in a 5 % CO2 

atmosphere. A total of 1 × 106/well of HMCs were 
seeded in 6-well plates. The miR-384 mimics, 
miR-384 inhibitor, and its negative control (NC 
inh) were dissolved in Nanopure water and 
mixed with Lipofectamine 2000 (Invitrogen, USA) 
to form a transfection complex (1 ng/µL) 
according to the manufacturer’s instructions. 
Then, 200 µL of transfection complex was added 
to the cultured cells with FBS-free medium for 8 
h. FBS-free medium was replaced with normal 
medium supplemented with 10 % FBS, and the 
transfected cells were cultured for another 48 h 
for further study. 
 
Luciferase reporter assay 
 
A total of 1 × 106 cells/well of HMCs were seeded 
in 6-well plates and cultured overnight. The 3′-
UTRs of ten-eleven translocation (TET3) with 
wild-type (TET3-wt) or mutant (TET3-mut) miR-
384 binding site sequences were cloned into 
pmirGLO vector. The HMCs were co-transfected 
with cloned pmirGLO vector. The miR-384 
mimics or their negative controls were 
transfected as described above. Luciferase 
activity was measured with the Dual-Luciferase 
Reporter (DLR) Assay System (Promega, USA). 
 
RNA extraction and quantitative real time 
PCR (RT-qPCR) assay 
 
Total RNAs were extracted using the TaKaRa 
MiniBEST Universal RNA Extraction Kit 
(TaKaRa, China). The concentrations of 
extracted RNAs were measured using a 
NanoDrop Microvolume Spectrophotometer 
(ThermoFisher, USA) before reverse 
transcription. The QIAGEN Multiplex PCR Kit 
(QIAGEN, Germany) was used for reverse 
transcription to cDNA. The RNA expression level 
was measured using the SYBR Green 
Quantitative RT-qPCR Kit (Sigma-Aldrich, USA) 
and the StepOnePlus system (Applied 
Biosystems, USA). The primer sequences 
(Sigma-Aldrich, USA) are listed in Table 1.  
 
Table 1: Primer sequences used in this study 
 
Gene Primer sequence 
β-
Actin

Forward: 5′-AGCCTCGCCTTTGCCGA-3′  
Reverse: 5′-CTGGTGCCTGGGGCG-3′

TET3 Forward: 5′-GCGCGGCATGGTATGAA-3′ 
Reverse: 5′-
ACTCGAGGTAGTCAGGGCATTCT-3′ 

 
The relative miR-384 expression level was 
determined using miScript Primer Assay 
(QIAGEN, Germany) and normalized with U6 
small RNA. Relative RNA expression was 
calculated using 2−ΔΔCt method. 
 



Zhang et al 

Trop J Pharm Res, December 2020; 19(12): 2573 
 

Western blotting 
 
Total protein was extracted using RIPA buffer 
(Abcam, UK), and the protein concentration was 
measured using the Bradford Protein Assay Kit 
(Beyotime, China). Then, 5 µg of protein was 
loaded and electrophoresed on a 15 % 
polyacrylamide gel (SDS-PAGE). Proteins were 
transferred from SDS-PAGE to PVDF 
membranes (Merck KGaA, Germany). The PVDF 
membranes were blocked with Blocker BSA 
buffer (Thermo Fisher, USA), and then incubated 
with TET3 primary antibodies (CST#85016, 
1:500 dilution) and β-actin (CST#4967, 1:5000 
dilution) at 4 °C overnight. Horseradish 
peroxidase (HRP)-linked anti-rabbit IgG 
(CST#7074, 1:2000 dilution) was used to probe 
target proteins. BeyoECL Moon (Beyotime, 
China) was used to detect the protein blot 
signals. 
 
ELISA assay 
 
Urine and blood samples were collected one day 
before renal biopsy and stored at −80 °C. After 
24-h, urinary protein, serum creatinine, and 
serum complement C3 were measured using the 
Human Urine Protein ELISA Kit, Human S-
Creatinine ELISA Kit, and Human Complement 
C3 ELISA Kit (MyBioSource, Canada), 
respectively, according to the manufacturer’s 
instructions. 
 
Measurement of the activity index (AI) and 
chronicity index (CI) of LN and SLE disease 
activity 
 
The AI and CI of LN were measured using the 
US National Institutes of Health (NIH) scoring 
system [9]. The SLE disease activity was 
obtained using the Systemic Lupus 
Erythematosus Disease Activity Index (SLEDAI) 
[10]. 
 
Statistical analysis 
 
The results were analyzed using GraphPad 
Prism 8.1.0 and are expressed as mean ± SD. 
Student’s t-test was computed to analyze 
statistical differences between two groups. P < 
0.05 was considered as statistically significant. 
 
RESULTS 
 
MiR-384 was overexpressed in LN tissues 
 
MiR-384 was overexpressed in LN tissues 
compared to normal tissues (Figure 1 A). The 
relationship between miR-384 expression and LN 
was analyzed using Spearman’s rank-

order correlation. The expression of miR-384 
was positively correlated with AI in LN patients 
(Figure 1 B). Lupus nephritis patients with high 
miR-384 expression displayed higher CI scores 
than those with low miR-384 expression (Figure 
1 C). 
 

 
 
Figure 1: MiR-384 was upregulated in LN. (A) 
Expression of miR-384 was upregulated in LN 
patients. (B) AI score was positively correlated with 
miR-384 expression. (C) CI score was positively 
correlated with miR-384 expression. ***p < 0.005 
versus control (Ctrl). Ctrl, normal tissues (n = 23); LN, 
lupus nephritis (n = 56); AI, activity score of lupus 
nephritis; CI, chronicity index of lupus nephritis 
 
Expression of miR-384 was associated with 
renal damage in LN 
 
The expression of miR-384 was positively 
associated with 24-h urine protein in LN patients 
(Figure 2 A), whereas the level of serum 
complement C3 was reduced in patients with 
miR-384 overexpression (Figure 2 B). 
Spearman’s correlation coefficient between miR-
384 expression and serum creatinine was 
0.5532, with a p value less than 0.0001 (Figure 3 
C). A positive correlation was observed between 
miR-384 expression and SLEDAI (Figure 4 D). 
 

 
 
Figure 2: MiR-384 expression was positively 
correlated with renal damage in LN (n = 56). (A) The 
24-h urine protein was positively correlated with miR-
384 expression. (B) Serum complement C3 was 
negatively correlated with miR-384 expression. (C) 
Serum creatinine was positively correlated with miR-
384 expression. (D) SLEDAI was positively correlated 
with miR-384 expression. C3, serum complement C3; 
Cr, serum creatinine; SLEDAI, Systemic Lupus 
Erythematosus Disease Activity Index 
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Upregulation of miR-384 repressed TET3 
expression by targeting the 3′-UTR of TET3 
mRNA 
 
The molecular mechanism of miR-384 in LN was 
investigated using TargetScan 
(www.targetscan.org), which predicted that the 
3′-UTR of TET3 was a direct target of miR-384 
(Figure 3 A). This prediction was validated by a 
luciferase activity assay, which showed that 
luciferase activity was significantly reduced in 
HMCs that were cotransfected with the TET3-wt 
vector and miR-384 mimics (Figure 3 B). 
However, there were no significant differences 
between HMCs that were transfected with the 
TET3-mut vector and those transfected with miR-
384 mimics. To verify that miR-384 
downregulates TET3 expression, miR-384 
mimics, miR-384 inhibitors, and their negative 
controls were transfected into HMCs. The results 
indicated that miR-384 expression was 
significantly upregulated by miR-384 mimics and 
downregulated by miR-384 inhibitors (Figure 3 C, 
p < 0.001). Overexpression of miR-384 
downregulated TET3, whereas inhibition of miR-
384 upregulated TET3 at both protein and mRNA 
levels (Figures 3 D and E). 
 

 
 
Figure 3: The 3′-UTR of TET3 was the direct target of 
miR-384. (A) TargetScan identified the binding site 
between the TET3 3′-UTR and miR-384. (B) 
Luciferase activity was reduced in HMCs 
cotransfected with TET3-wt vector and miR-384 
mimics. (C) Expression of miR-384 was increased by 
miR-384 mimics and decreased by miR-384 inhibitors. 
(D) Overexpression of miR-384 downregulated TET3, 
whereas inhibition of miR-384 upregulated TET3 at the 
mRNA level. (E) Overexpression of miR-384 
downregulated TET3, whereas inhibition of miR-384 
upregulated TET3 at the protein level. All experiments 
were repeated three times. **p < 0.01 versus control or 
NC inh; ***p < 0.005 versus control or NC inh. Control, 
control mimics; NC inh, negative control of miR-384 
 

Upregulation of miR-384 was correlated with 
downregulation of TET3 
 
The RT-qPCR results demonstrated that the 
expression of TET3 mRNA was downregulated in 
LN tissues compared to normal tissues (p < 
0.001, Figure 4 A). The expression of TET3 
mRNA was negatively correlated with miR-384, 
with a Spearman’s correlation coefficient of 
0.5664 (p < 0.0001, Figure 4 B). Western blotting 
results indicated that the expression of TET3 
protein was lower in LN tissues than in normal 
tissues (Figure 4 C). 
 

 
 
Figure 4: Expression of TET3 was downregulated in 
LN. (A) Expression of TET3 mRNA was 
downregulated in LN tissue. (B) Expression of TET3 
mRNA was negatively correlated with miR-384 
expression in LN tissue. (C) Expression of TET3 
protein was downregulated in LN tissue. ***p < 0.005 
versus control. Sample size: LN, n = 56; control, n = 
23 
 
TET3 expression was associated with renal 
damage in LN 
 
The expression of TET3 mRNA was significantly 
downregulated in patients with renal damage in 
LN (Figure 5). The reduced TET3 mRNA levels 
in LN were associated with increases in AI, CI, 
and SLEDAI scores (Figure 5 A, B, and F). The 
24-h urine protein and serum creatinine levels 
were negatively correlated with the expression 
level of TET3 mRNA (Figure 5 C and E), 
whereas serum complement C3 was positively 
correlated with the expression level of TET3 
mRNA (Figure 5 D). 
 
DISCUSSION 
 
Lupus nephritis is an aggressive glomeru-
lonephritis with histopathological features such 
as deposition of immune complexes, leukopenia, 
hematuria, and proteinuria. 
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Figure 5: Expression of TET3 mRNA was negatively 
correlated with renal damage in LN (n = 56). (A) The 
AI score was negatively correlated with TET3 mRNA 
expression. (B) The CI score was negatively 
correlated with TET3 mRNA expression. (C) The 24-h 
urine protein was negatively correlated with TET3 
mRNA expression. (D) Serum complement C3 was 
positively correlated with TET3 mRNA expression. (E) 
Serum creatinine was negatively correlated with TET3 
mRNA expression. (F) SLEDAI was negatively 
correlated with TET3 mRNA expression 
 
Patients with LN will develop chronic kidney 
disease within 5 years, and 10–30 % of these 
patients ultimately develop end-stage renal 
disease (ESRD) [11]. A better understanding of 
LN pathogenesis and new therapeutic strategies 
are necessary to improve the long-term 
prognosis for LN patients. This study identified 
miR-384 overexpression in LN patients, along 
with higher 24-h proteinuria and serum creatinine 
levels. The AI and CI scores of LN and the 
SLEDAI value were positively correlated with 
expression of miR-384. These results suggest 
that miR-384 contributes to renal damage and 
LN. 
 
MiR-384 is involved in many pathological 
processes. For example, upregulation of miR-
384 in bone marrow mesenchymal stem cells 
inhibited osteogenic differentiation and 
accelerated senescence by targeting Gli2, 
thereby promoting age-related bone loss. MiR-
384 prevents ischemia-reperfusion–induced 
activation of cardiac fibrosis and TGF-β–induced 
cardiac fibroblasts through a multitargeted TGF-
β/Wnt transactivation network [12]. The present 
study investigated the mechanism by which miR-
384 promoted renal damage in LN. TargetScan 
analysis predicted a complementary sequence 

between miR-384 and the 3′-UTR of TET3. The 
results from a luciferase assay confirmed that the 
3′-UTR of TET3 was the direct target of miR-384. 
 
TET3 is a member of the TET family of proteins, 
which catalyze the demethylation of cytosine. 
Loss of DNA methylation is one of the key 
pathological mechanisms of SLE [13]. 
 
The present study showed that TET3 mRNA and 
protein expression was reduced in renal biopsies 
of LN patients; by contrast, a previous study 
reported that TET3 expression increased in SLE 
CD4+ T cells [14]. These results suggested that 
TET3 was differentially expressed in immune and 
non-immune tissues of SLE patients, which might 
have different roles in regulating TET3 gene 
expression. 
 
Complement is a key immune system regulator 
and is involved in recruiting inflammatory cells, 
clearing immune complexes, mediating 
antimicrobial defense, and amplifying the 
humoral immune response [15]. Complement C3 
participates in the activation of all three 
complement pathways [16]. Consistent with a 
previous study, our results showed that the 
serum complement C3 level was reduced in LN 
patients. Serum creatinine and urine protein are 
two biomarkers that are widely used for 
diagnosis and monitoring of renal function [17]. 
 
The present study observed that increases in 
serum creatinine and 24-h urine protein were 
associated with miR-384 upregulation, 
suggesting that miR-384 promoted renal damage 
in patients with LN. By contrast, TET3 expression 
in LN kidney tissue was inversely correlated with 
serum creatinine and 24-h proteinuria, 
suggesting a protective effect of TET3 on renal 
function in LN. Combined with the Spearman’s 
correlation coefficients for AI, CI, and SLEDAI, 
the results of this study indicate that miR-384 
overexpression in LN exacerbated renal damage 
by directly inhibiting TET3. 
 
CONCLUSION 
 
This study observed miR-384 upregulation in LN 
tissues. Increases in 24-h proteinuria and serum 
creatinine levels were associated with miR-384 
upregulation. MiR-384 targeting of TET3 resulted 
in renal damage in patients with LN, indicating 
that miR384/TET3 may be a novel therapeutic 
target for LN. 
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