
Am J Transl Res 2025;17(12):9290-9303
www.ajtr.org /ISSN:1943-8141/AJTR0167469

https://doi.org/10.62347/MIIS3722

Original Article
MiR-183-5p modulates inflammatory response and 
apoptosis in diabetic nephropathy by targeting the TTP
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Abstract: Objective: To clarify the involvement of miR-183-5p, tristetraprolin (TTP), and inflammatory cytokines in 
Diabetic nephropathy (DN). Methods: This retrospective study included 10 patients with DN, 10 patients with type 
2 diabetes (T2DM) and 10 controls. Expression levels of miR-183-5p and TTP in T2DM patients and DN patients 
were detected, and the correlation between miR-183-5p, TTP, and inflammatory cytokines were analyzed. Renal 
tubular epithelial cells (HK-2) served as the cell model. The expression of TTP and cytokines in the cell cultures 
was detected using qRT-PCR or ELISA. Results: miR-183-5p promoted inflammation and apoptosis in the context of 
hyperglycemia. TTP was identified as the direct target of miR-183-5p. Elevated miR-183-5p expression in HK-2 cells 
resulted in increased inflammatory cytokine release and enhanced apoptosis. miR-183-5p inhibitors significantly 
reduced the levels of inflammatory cytokines in HK-2 cells. Conclusions: MiR-183-5p accelerates DN development 
through its action on TTP, thereby presenting a new therapeutic avenue for DN.
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Introduction

Diabetic nephropathy (DN) is the most common 
microvascular complication of diabetes and a 
leading cause of chronic complication-associ-
ated mortality in diabetic patients [1-3]. Its clini-
cal manifestations include proteinuria, edema, 
hypertension, and progressive deterioration of 
renal function. DN plays a crucial role in driving 
the progression of end-stage renal disease 
(ESRD), which is rising annually [4, 5]. Currently, 
no specific treatment exists for DN, and pa- 
tients generally have poor clinical outcomes. 
Consequently, identifying biomarkers and effe- 
ctive targets for early diagnosis are particularly 
important. Although the underlying mecha-
nisms remain incompletely understood, recent 
studies have shown that multiple microRNAs 
(miRNAs) exhibit abnormal expression in DN 
patients and participate in ND processes, such 
as mesangial extracellular matrix (ECM) accu-
mulation and podocyte injury [6-8]. Therefore, 
miRNA-based research may offer novel insights 
for clinical management of DN.

MiRNAs are short RNA sequences approxi-
mately 19 to 25 nucleotides in length, derived 

from endogenous genes and widely present in 
eukaryotes and viruses [9, 10]. Each miRNA 
can regulate multiple genes, while multiple miR-
NAs can collectively regulate the same genes. 
MiRNAs bind to and active the RNA-induced 
silencing complex (RISC). Studies have con-
firmed that miRNAs participate in various path-
ological processes of DN through different 
mechanisms. MiRNAs are associated with 
hemodynamic changes in DN [11], regulate cell 
cycle [12], and contribute to inflammatory and 
immune responses. Evidence suggests that 
under hyperglycemic conditions, the upregula-
tion of some miRNAs, such as miRNA-146a, can 
directly inhibit their target genes - TNF Receptor-
Associated Factor 6 (TRAF6) and Interleukin-1 
Receptor-Associated Kinase 1 (IRAK1) - thus 
inhibiting inflammatory response in DN [6, 13]. 
Therefore, by acting on target genes to sup-
press inflammatory responses, miRNAs may 
exert beneficial effects during the early stages 
of DN.

Zinc finger protein-36 (ZFP36) gene encodes 
tristetraprolin (TTP), an RNA-binding protein 
capable of binding to the ARE region of multiple 
target gene mRNAs to promote their degrada-
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tion. TTP is expressed at low levels in a variety 
of cells, and its overexpression can be induced 
by factors such as phobosyl, insulin, mitogen 
and apolipoprotein. Studies have shown that 
multiple intracellular signaling pathways regu-
late TTP expression, phosphorylation, subcel-
lular localization, and interaction with other 
proteins, and these processes are crucial for 
pathological progression of inflammation and 
malignancies [14, 15]. However, few reports 
exist on the correlation between TTP and clini-
cal factors or biochemical indicators in DN 
patients. This study aims to investigate the 
effects of miR-183-5p on TTP regulation and 
inflammatory cytokine levels in DN patients, 
elucidate the interaction between miR-183-5p 
and TTP, and clarify their role in DN 
pathogenesis.

Materials and methods

Patient information and sample collection

Blood samples were collected from 10 healthy 
volunteers, 10 patients with type 2 diabetes 
mellitus (T2DM), and 10 DN patients at Nantong 
First People’s Hospital. The healthy control 
group comprised individuals with normal blood 
pressure and no history of diabetes, kidney dis-
ease or other severe illness. There were no sta-
tistically significant differences in age or gen-
der distribution among the study groups. All 
subjects underwent rigorous screening to 
ensure the absence of acute infections, auto-
immune diseases, malignancies, or other 
severe chronic conditions that could substan-
tially influence miRNA expression profiles. This 
retrospective study was approved by the Ethics 
Committee of Nantong First People’s Hospital, 
covering all tissue specimen collection and 
experimental protocols. 

Cell culture and transfection

HK-2 cells and human renal glomerular mesan-
gial cells (HRGMCs) were purchased from  
the American Type Culture Collection (ATCC, 
Manassas, VA, USA). Cells were cultured in 
RPMI 1640 medium supplemented with 10% 
fetal bovine serum (Gibco, Life Technologies) 
and 1% penicillin/streptomycin (Hycult, Life 
Technologies). Cells were maintained in a con-
stant-temperature sterile incubator at 37°C 
with 5% CO2 and digested with 0.25% trypsin. 
The TTP-overexpressed plasmid, validated by 

transfection and sequencing, underwent mono-
clonal amplification after successful sequenc-
ing. DNA extraction was performed per kit 
instructions, with concentration determined. 
Following the plasmid transfection reagent 
manual, the TTP-overexpressed plasmid was 
transfected into the cells in the logarithmic 
growth phase, and corresponding unloaded 
control groups were established. Medium was 
changed 5 hours after transfection, and the 
protein and RNA were extracted every 24 hours 
to verify the expression of relevant target genes 
and proceed with subsequent experiments. 
MiR-183-5p mimics and negative controls were 
transfected into HK-2 cells at a concentration 
of 50 nmol/L. After 24 hours of transfection, 
cell samples were collected for biological 
assays. To establish a hyperglycemic stimula-
tion model, standard concentration of glucose 
(5.5 mM), high concentration glucose (25 nM), 
and high concentration mannitol (25 nM) were 
added to the renal tubular epithelial HK-2 cells.

ELISA assay

Interleukin (IL)-6 and tumor necrosis factor-
alpha (TNF-α) levels were measured utilizing 
IL-6 and TNF-α ELISA kit (Elascience, Wuhan, 
China). Absorbance at 450 nm wavelength was 
measured using an ELISA reader (MultiskanEX, 
Lab systems, Helsinki, Finland). Each experi-
ment was repeated five times, and the mean 
value was recorded. Creatinine (Cr), blood urea 
nitrogen (BUN), hemoglobin A1c (HbA1c), tri-
glyceride (TG), and albumin were determined 
using an automatic biochemical analyzer 
(CS400, Changchun Dirui Medical Technology 
Co., Ltd., Changchun, China).

MTT assay

Cells at the logarithmic phase were seeded at a 
density of 3.0×104 cells/mL into a 96-well 
plate, with 100 μL per well. After cell attach-
ment, each well was processed according to 
experimental groups. After 72 h of incubation, 
20 μL MTT (5 mg/mL) (Beyotime, Shanghai, 
China) was added to each well, followed by 
additional 4 h incubation. Then, the superna-
tant was aspirated, followed by addition of 150 
ml DMSO into each well. After rapid dissolution, 
the absorbance value at 490 nm wavelength 
was measured (MultiskanEX, Lab systems, 
Helsinki, Finland).
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Flow cytometry

Three replicates were established for each 
group. Cells were collected after 48 h and 72 h 
of trypsin digestion. The cells were resuspend-
ed in 250 μL binding buffer at a concentration 
of 1×105 cells/mL. Five μL Annexin-V-FITC and 5 
μL propidium iodide (PI) (Beyotime, Shanghai, 
China) were sequentially added to the resus-
pension, followed by incubation on ice for 15 
min in the dark. Four hundred μL refresh mixed 
buffer was added and mixed thoroughly. 
Quantitative analysis was performed using a 
flow cytometer (Partec CyFlow Space, Münster, 
Germany) and FlowJo software (Tree Star, 
Ashland, OR, USA). Each experiment was 
repeated in triplicate.

TUNEL assay

Following fixation, cells in each group were pro-
cessed according to the TUNEL kit protocol 
(Beyotime, Shanghai, China). A 0.1% citric solu-
tion containing 0.1% Tween X-100 was added 
and incubated on ice for 3 min. Then, 50 μL 
TUNEL reaction solution was added to each 
sample, placed in a humidified chamber, and 
incubated at 37°C for 1 h. Subsequently, 100 
μg/L DAPI nuclear stain was added and incu-
bated for 8 min. The field film was captured 
using a fluorescence microscope (OLYMPUS, 
BX51TF type). Apoptotic nuclei appeared green, 
and apoptotic cells were counted by a patholo-
gist that blinded to the grouping. Five random 
fields per section were counted.

qRT-PCR

RNA was isolated and purified using Takara 
total RNA extraction kit (Invitrogen, Carlsbad, 
CA, USA), and the RNA concentration was mea-
sured. RNA was converted to cDNA using the 
Takara Reverse Transcription Kit (Invitrogen, 
Carlsbad, CA, USA), followed by staining and 

sub-holes were set in each group, and the pro-
cedure was performed three times.

Dual luciferase reporter gene assay

TTP was identified as a target of miR-183-5p 
via TargetScan analysis. TTP mRNA 3’-UTR frag-
ments containing the miR-183-5p target site 
and TTP 3’-UTR fragments with target site 
mutations were inserted into a reporter vector 
(designed by Shanghai Jima Biotechnology  
Co., Ltd.). Cells were harvested during the  
exponential growth phase and seeded into 
6-well plates at a density of 1×106/cells/ 
well. Upon reaching 90% confluency, cells  
were transfected with miR-183-5p mimics 
using LipofectamineTM2000 (Invitrogen, Carls- 
bad, CA, USA) according to manufacturer’s 
instructions. After 24 h of simultaneous  
transfection, the relative luciferase activity was 
measured and analyzed according to the guide-
lines of the dual-luciferase reporter assay 
system.

RNA pull-down

RNA sequences containing biotin were digest-
ed with RNase-free DNaseI and then purified 
using the RNeasy MiniKit (Invitrogen, Carlsbad, 
CA, USA). One μg of labeled RNA was placed in 
RNA structure buffer (10 mmol/L, TrispH7, 0.1 
mol/L, KCl, 10 mmol/L, MgCl2). This was heat-
ed at 95°C for 2 minutes, and incubated on ice 
for 3 min. The solution was maintained at room 
temperature for 30 min to allow RNA to form 
appropriate secondary structures. For cell 
lysate extraction, 400 ng labeled RNA and 500 
μL RIP buffer were added into the centrifuge 
tube, and incubated at standard temperature 
for 1 h. Then, 50 μL streptavidin agarose arose 
beads were added, followed by incubation for 1 
h. Washing occurred five times with RIP buffer, 
and samples were collected for RT-PCR 
detection.

Table 1. The primers used for real-time PCR
Target gene Forward sequence (5’ to 3’) Reverse sequence (5’ to 3’)
TTP CTTTCCCCTTCTGCCTTCTC TGGTGCTGGGGGTAGTAGAC
IL-6 CCGGAGAGGAGACTTCACAG CAGAATTGCCATTGCACAAC
TNF-α GCTGAGCTCAAACCCTGGTA CGGACTCCGCAAAGTCTAAG
GAPDH AGAACATCATCCCTGCATCC CACATTGGGGGTAGGAACAC
U6 ATTGGAACGATACAGAGAAGATT GGAACGCTTCACGAATTTG
TTP: tristetraprolin; IL-6: interleukin-6; TNF-α: tumor necrosis factor-alpha.

fluorescence quantitative real-
time PCR. Primer sequences 
are listed in Table 1. GAPDH 
served as the internal refer-
ence. Relative quantification 
was performed using the 2-∆∆Ct 
method. ABI PRISM 7300 se- 
quence detection system (App- 
lied Biosystems, Foster City, 
CA, USA) was applied to quan-
tify gene expression. Three 
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Animal models and experimental design

Male db/db mice and their age-matched lean 
control db/+ littermates were purchased from 
Wuhan Experimental Animal Center, all aged 6 
weeks. Mice were housed under specific patho-
gen-free conditions with a 12-hour light/dark 
cycle, provided with standard chow and ad libi-
tum water. At 8 weeks of age, db/db mice were 
randomly assigned into three groups (n = 5 per 
group): db/db control group, db/db+ NC inhibi-
tor group (tail-vein injection, 5 nmol), and db/
db+miR-183-5p inhibitor group (tail-vein injec-
tion, 5 nmol). The inhibitors were dissolved in 
sterile phosphate-buffered saline (PBS) and 
administered weekly for 4 weeks. The db/+ 
control mice received PBS injections as vehicle 
controls. Mice were euthanized by gradual CO2 
exposure at a rate of 20% of the cage volume 
per minute. Respiratory cessation was con-
firmed, followed by cervical dislocation as a 
secondary confirmation method to ensure ani-
mal death. All experimental procedures were 
approved by the Institutional Animal Care and 
Use Committee and conducted in accordance 
with the Guidelines for the Care and Use of 
Laboratory Animals.

Statistical analysis

Statistical analysis was conducted using SPSS 
17.0 (SPSS Inc., Chicago, IL, USA) and GraphPad 
Prism 6 software (GraphPad Software, Inc., San 
Diego, CA, USA). Data were expressed as mean 
± standard deviation. Multiple group compari-
son was conducted using one-way ANOVA, 
while pair-wise comparison was performed 
using a t-test. P < 0.05 was considered statisti-
cally significant.

Results

The clinical indexes of healthy controls, diabet-
ic patients and diabetic nephropathy patients 
were analyzed

Blood samples were collected from 10 healthy 
volunteers, 10 participants with T2DM, and 10 
DN patients. Changes in multiple indicators 
were analyzed. The results revealed that, com-
pared with the healthy control group, both the 
T2DM group and DN group demonstrated sig-
nificantly higher levels of TG, TA and UA, with 
higher levels in DN patients (Figure 1A-C). No 
significant differences were observed in BUN 

and Cr levels between the control group and 
T2DM group; however, the DN group showed 
significantly higher BUN and Cr compared with 
the other two groups (Figure 1D, 1E). HbA1c 
was significantly elevated in the T2DM and DN 
group compared with the control group, but 
with no significant difference between T2DM 
and DN groups (Figure 1F). UAER was notably 
higher in the DN group compared with the con-
trol and T2DM groups (Figure 1G).

Serum expression of TTP, miR-183-5p, and 
inflammatory markers in the three groups

The expression of miR-183-5p was significantly 
elevated in the T2DM and DN groups compared 
to the control group, with the level being signifi-
cantly higher in the DN group than the T2DM 
group (Figure 2A). In contrast, the expression 
trend of TTP was opposite to that of miR-183-
5p, with TTP markedly decreased in the T2DM 
and DN group (Figure 2B). In terms of inflamma-
tory markers, the DN group showed significant-
ly elevated expression of TNF-α and IL-6 com-
pared to the Control group and the T2DM group 
(Figure 2C, 2D). A positive correlation was 
observed between miR-183-5p expression and 
inflammatory factors (IL-6 and TNF-α) (Figure 
2E, 2F).

Expression patterns of TTP, miR-183-5p, and 
inflammatory markers in HK-2 cells exposed to 
high glucose

As previously mentioned, plasma levels of miR-
183-5p in patients with DN were different from 
those in the NC and T2DM groups. In this study, 
renal tubular epithelial cells (HK-2 cells) were 
cultured with high glucose, and the expression 
of miR-183-5p was measured. After high glu-
cose stimulation, the levels of miR-183-5p were 
markedly elevated, while no such effect was 
observed with mannitol treatment (Figure 3A). 
qPCR results demonstrated that TTP expres-
sion was notably downregulated in response to 
high glucose (Figure 3B). Further, analysis of 
inflammatory markers showed that high glu-
cose stimulation significantly increased IL-6 
and TNF-α expression (Figure 3C, 3D). Overall, 
miR-183-5p and inflammatory cytokines are 
elevated under hyperglycemic conditions, while 
TTP expression is decreased, suggesting the 
involvement of miR-183-5p and TTP in the 
inflammatory process under hyperglycemia.
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Figure 1. Comparison of laboratory parameters among control group, T2DM group and DN group. A. TG; B. TC; C. UA; D. BUN; E. Cr; F. HBA1c; G. UAER. *P < 0.05, 
**P < 0.01, ***P < 0.001. T2DM: type 2 diabetes mellitus, DN: diabetic nephropathy, TG: triglyceride, TC: serum total cholesterol, UA: uric acid, BUN, blood urea 
nitrogen, Cr: serum creatinine, HbA1c: Glycated hemoglobin, UAER: urinary albumin excretion rates.
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Inhibition of miR-183-5p re-
duced hyperglycemic-induced 
inflammation and apoptosis

To further investigate the regu-
latory effect of miR-183-5p on 
TTP, HK-2 cells were treated 
with a miR-183-5p inhibitor fol-
lowed by high glucose (HG) 
exposure. The findings showed 
that HG up-regulated miR-183-
5p levels, while the miR-183-
5p inhibitor effectively inhibit-
ed miR-183-5p levels (Figure 
4A). MTT assay indicated that 
HG exposure suppressed HK-2 
cell proliferation, which was 
restored by miR-183-5p inhibi-
tor (Figure 4B). Findings from 
IL-6 and TNF-α expression 
tests showed that HG exposure 
upregulated the levels of IL-6 
and TNF-α, which was reversed 
by miR-183-5p inhibitor (Figure 
4C, 4D). 

Flow cytometry results showed 
that HG exposure promoted 

Figure 2. Expression of miR-183-5p, TTP, and inflammatory factors in three groups. A. Comparison of serum miR-
183-5p level among the three groups; B. Comparison of serum TTP level among the three groups; C. Comparison 
of serum TNF-α levels among three groups; D. Comparison of serum IL-6 levels among three groups; E. Correlation 
analysis between miR-183-5p and IL-6; F. Correlation analysis between miR-183-5p and TNF-α. ***P < 0.001. TTP: 
tristetraprolin; IL-6: interleukin-6; TNF-α: tumor necrosis factor-alpha.

Figure 3. Expression of miR-183-5p, TTP, and inflammatory factors in HK-2 
cells under high glucose condition. A. miR-183-5p expression; B. TTP ex-
pression; C. IL-6 expression; D. TNF-α expression. **P < 0.01, ***P < 
0.001. TTP: tristetraprolin; IL-6: interleukin-6; TNF-α: tumor necrosis factor-
alpha.



MiR-183-5p promotes the progression of diabetes nephropathy

9296	 Am J Transl Res 2025;17(12):9290-9303

Figure 4. Inhibition of miR-183-5p reduced hyperglycemia-induced inflammation and apoptosis. A. miR-183-5p expression detected under different treatment; B. 
Cell proliferation measured after various treatments; C. IL-6 expression assessed following different treatments; D. TNF-α expression assessed following different 
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HK-2 cell apoptosis, and miR-183-5p inhibitor 
significantly reduced the apoptosis rate (Figure 
4E). The findings from TUNEL apoptosis were 
consistent with those from flow cytometry. The 
content of TUNEL positive HK-2 cells signifi-
cantly increased after HG induction, while miR-
183-5p inhibitor reduced HG-induced apopto-
sis (Figure 4F). Further detection of apoptosis-
related proteins showed that HG induction sig-
nificantly up-regulated the level of Bax but 
reduced the level of Bcl-2, which were reversed 
by miR-183-5p inhibitor (Figure 4G, 4H). In 
HG-treated HRGMCs, miR-183-5p expression 
was significantly upregulated, while transfec-
tion with miR-183-5p inhibitor effectively re- 
duced miR-183-5p expression (Supplementary 
Figure 1A). Additionally, HG treatment increased 
TNF-α secretion (Supplementary Figure 1B), 
upregulated the pro-apoptotic protein Bax 
(Supplementary Figure 1C), and induced apop-
tosis (Supplementary Figure 1D). Notably, inhi-
bition of miR-183-5p markedly attenuated 
these HG-induced inflammatory and apoptotic 
responses. 

To further confirm whether the effects brought 
by HG treatment were caused by the metabolic 
action of glucose or merely due to the non-spe-
cific stress response resulting from increased 
osmotic pressure, we added the mannitol 
osmotic control group (5.5 mM glucose +19.5 
mM mannitol) and detected the levels of cell 
inflammation and apoptosis. Our results show 
that inflammatory markers and apoptosis were 
significantly higher in the HG group compared 
to both NG and MG groups, while the MG group 
shows only mild changes, suggesting that the 
observed effects were primarily driven by high 
glucose metabolism rather than osmotic stress 
(Supplementary Figure 2).

TTP was identified as a target gene of miR-
183-5p

Subsequently, we started to identify the poten-
tial target of miR-183-5p under hyperglycemic 
conditions. Through TargetScan analysis, we 
determined that TTP is a potential target of 
miR-183-5p. Results revealed a highly con-
served miR-183-5p binding site within the 
3’-UTR region of TTP (Figure 5A). To examine 

whether the binding of miR-183-5p to TTP 
mRNA resulted in translational inhibition, we 
cloned the 3’-UTR of TTP into the luciferase 
reporter vector pmirGLO and simultaneously 
constructed a mutant. In renal tubular epitheli-
al cells, transient co-transfection of miR-183-
5p with wild-type (WT) TTP 3’-UTR significantly 
inhibited luciferase reporter expression; how-
ever, mutations of the TTP binding site abol-
ished this inhibition (Figure 5B). These out-
comes collectively indicate that miR-183-5p 
directly interacts with TTP by binding its 3’-UTR 
region and suppresses its function. 

To further validate miR-183-5p’s targeting of 
TTP, we introduced miR-183-5p mimics or 
inhibitors into HK-2 cells. Results confirmed 
that miR-183-5p mimic promoted miR-183-5p 
expression and suppressed TTP mRNA and pro-
tein expression, while miR-183-5p inhibitor 
reduced miR-183-5p expression (Figure 5C) 
and promoted mRNA and protein expression of 
TTP (Figure 5D, 5E). Next, RNA precipitation 
(Figure 5F) and RNA immunoprecipitation 
(Figure 5G) experiments further validated the 
targeting of miR-183-5p to the TTP 3’-UTR. The 
correlation analysis revealed a negative corre-
lation between miR-183-5p and TTP (Figure 
5H). 

In HG-treated HRGMCs, overexpression of miR-
183-5p suppressed TTP expression, and this 
effect was reversed by co-transfection with a 
TTP overexpression plasmid (Supplementary 
Figure 3A). Furthermore, when the TTP overex-
pression plasmid was co-transfected with the 
miR-183-5p mimic into HG-treated cells, the 
promoting effects of the miR-183-5p mimic on 
TNF-α secretion (Supplementary Figure 3B), 
Bax expression (Supplementary Figure 3C), and 
apoptosis (Supplementary Figure 3D) were 
abolished. These findings indicate that miR-
183-5p promotes HG-induced inflammatory 
response and apoptosis by directly targeting 
and suppressing TTP expression.

TTP overexpression reversed the pro-inflam-
matory effects of miR-183-5p and attenuated 
apoptosis

To validate the association between TTP and 
miR-183-5p in DN progression and elucidate 

treatments; E. Apoptosis detected by flow cytometry after different treatments; F. Apoptosis detected by TUNEL after 
different treatments. Scale = 25 μm. G. Bax expression assessed after different treatments; H. Bcl-2 expression as-
sessed after different treatments. **P < 0.01, ***P < 0.001. IL-6: interleukin-6; TNF-α: tumor necrosis factor-alpha; 
Bax: Bcl-2-associated X protein; Bcl-2: B-cell lymphoma 2.
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Figure 5. TTP was identified as the target gene of miR-183-5p. A. The binding sites of miR-183-5p and TTP; B. Dual luciferase reporter gene demonstrated the 
binding of miR-183-5p to TTP; C. The expression of miR-183-5p after various treatment; D, E. The expression of TTP after various treatment; F. The interaction of 
miR-183-5p with TTP RNA verified by RNA pull-down assay; G. The expression of miR-183-5p enriched with TTP antibodies detected by RIP; H. Correlation analysis 
of serum miR-183-5p and TTP in patients with DN. **P < 0.01, ***P < 0.001. TTP: tristetraprolin.
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their mechanism of action, we co-transfected 
the TTP plasmid and miR-183-5p mimics into 
HK-2 cells. Results demonstrated that the TTP 
overexpression plasmid effectively increased 
TTP expression in HK-2 cells, while the miR-
183-5p mimics significantly reduced TTP levels 
(Figure 6A). Cell proliferation assays revealed 
that TTP overexpression stimulated HK-2 cell 
proliferation, whereas the miR-183-5p mimic 
hindered HK-2 cell proliferation, and TTP over-
expression reversed the proliferation inhibition 
caused by miR-183-5p (Figure 6B). Analysis of 
IL-6 and TNF-α expression revealed that TTP 
overexpression significantly reduced the levels 
of IL-6 and TNF-α, whereas the miR-183-5p 
mimics upregulated the levels of both cytokines 
(Figure 6C, 6D). Apoptosis assays revealed  
that miR-183-5p mimics enhanced the apopto-
sis of HK-2 cells, and TTP overexpression coun-
teracted the pro-apoptosis effects of miR-183-
5p (Figure 6E). Analysis of apoptosis-associat-
ed molecules revealed that TTP overexpression 
inhibited Bax, while miR-183-5p mimics pro-
moted Bax expression, and TTP could reverse 
the pro-apoptotic influence induced by miR-
183-5p mimics (Figure 6F). The variation trend 
of Bcl-2 expression was opposite to that of Bax 
(Figure 6G).

Knockdown of miR-183-5p attenuated renal 
inflammation and apoptosis in db/db mice

Increased miR-183-5p expression and decrea- 
sed TTP expression were observed in the kid-
ney tissues of db/db mice. Administration of a 
miR-183-5p inhibitor effectively downregulated 
miR-183-5p levels (Supplementary Figure 4A) 
and upregulated TTP expression (Supplemen- 
tary Figure 4B). TUNEL staining revealed elevat-
ed apoptosis in the kidneys of db/db mice, 
which was significantly reduced upon inhibition 
of miR-183-5p (Supplementary Figure 4C). 
Additionally, increased IL-6 secretion (Supple- 
mentary Figure 4D) and reduced Bcl-2 expres-
sion (Supplementary Figure 4E) were observed 
in the kidney tissues of db/db mouse; miR-183-
5p inhibitor attenuated inflammatory cytokine 
production and enhanced expression of the 
anti-apoptotic protein Bcl-2. Histological analy-
sis by H&E staining showed normal glomerular 
and tubular architecture with no apparent 
mesangial matrix expansion or sclerosis in con-
trol mice. In contrast, db/db mice displayed 
coexisting glomerular hypertrophy and atrophy 
accompanied by mesangial matrix accumula-

tion, along with tubular vacuolization. Notably, 
treatment with the miR-183-5p inhibitor mark-
edly ameliorated these pathological changes 
and alleviated renal injury (Supplementary 
Figure 4F).

Discussion

The development of diabetic nephropathy (DN) 
involves the combined effects of multiple fac-
tors, including alterations in renal hemodynam-
ics, oxidative stress, and cytokines, all of which 
contribute significantly to disease progression 
[16, 17]. Studies using microarray technology, 
Dicer gene knockout, and various in vivo and in 
vitro experiments indicate that miRNA exert dif-
ferential effects on different cell types in DN. 
Therefore, the molecular interaction mecha-
nisms between miRNA and DN warrant further 
in-depth investigation. Gaining a thorough 
understanding of the targets of relevant miRNA 
can provide novel insights for the early diagno-
sis and management of DN.

Inflammatory and immune responses also play 
pivotal roles in the development and progres-
sion of DN. Inflammatory mediators (e.g., TNF-
α, monocyte chemoattractant protein (MCP-1)) 
and immune cells (e.g., Th1 and Th17) are all 
closely associated with DN development. 
Research on diabetic mice have demonstrated 
that overexpression of miRNA-29b attenuates 
renal fibrosis and inflammation, while miRNA-
29b knockout exacerbates these response 
[18]. As a key signaling pathway in DN, the 
NF-κB pathway participates in multiple biologi-
cal processes including immune responses 
and apoptosis. Its activation leads to upregula-
tion of pro-inflammatory factors like TNF-α and 
MCP-1, promoting macrophage infiltration [19]. 
Our experimental results indicate that overex-
pression of miR-183-5p in renal tubular epithe-
lial cells increases inflammatory cytokine lev-
els, whereas inhibition of miR-183-5p reduces 
inflammatory markers in tubular cells. Existing 
evidence supports the potential pro-inflamma-
tory role of miR-183-5p in the development and 
progression of DN.

TTP regulates various inflammatory cytokines, 
transcription factors, and inflammatory chemo-
kines, including TNF-α, IL-2, IL-6 and VEGF, and 
contributes to the progression of inflammation 
[20-22]. Via both in vitro assays and in vivo 
studies, It is reported that TTP in vascular endo-
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Figure 6. TTP overexpression reversed the pro-inflammation and pro-apoptosis effects induced by miR-183-5p. A. Detection of TTP expression. B. Detection of cell 
proliferation. C. Detection of IL-6 expression after different treatments. D. Detection of TNF-α expression after different treatments. E. Apoptosis was detected by 
flow cytometry after different treatments. F. Detection of apoptotic protein Bax after different treatments. G. Detection of anti-apoptotic protein Bcl-2 after different 
treatments. ***P < 0.001. TTP: tristetraprolin; IL-6: interleukin-6; TNF-α: tumor necrosis factor-alpha; Bax: Bcl-2-associated X protein; Bcl-2: B-cell lymphoma 2.



MiR-183-5p promotes the progression of diabetes nephropathy

9301	 Am J Transl Res 2025;17(12):9290-9303

thelial cells and macrophages can suppress 
the generation of proinflammatory cytokine 
mRNA and enhance the concentration of TTP in 
blood vessels, which can reduce the occur-
rence of vascular inflammation [23]. In addi-
tion, the TTP gene is located in the long arm of 
chromosome of 19q13.1, which is closely relat-
ed to metabolic syndrome. It has been reported 
that the polymorphism of the TTP gene in obese 
patients is closely related to body mass index, 
fasting blood glucose and LDL-C, and the TTP 
gene may be an important gene related to the 
obesity-related complications of metabolic syn-
drome [24, 25].

Our findings demonstrate that under hypergly-
cemia conditions, miR-183-5p specifically 
binds to TTP and promotes inflammatory and 
apoptotic responses. Prior reports have high-
lighted that miRNAs serve as key biomarkers 
for diverse complex diseases, including DN. 
Therefore, identifying crucial miRNAs in DN and 
objectively evaluating their expression are cru-
cial for the early diagnosis and management of 
this condition. To this end, we measured miRNA 
expression levels in plasma in patients with 
T2DM, DN, and healthy controls. Results 
showed that plasma miR-183-5p levels were 
significantly elevated in patients with T2DM 
and DN, consistent with the findings reported 
[26]. However, the underlying reasons for the 
differential expression of miR-183-5p remain 
unclear and may be related to the pathophysi-
ological response of hyperglycemia. 

The hypertonic state can activate multiple cel-
lular stress pathways, inducing oxidative stress, 
inflammatory responses, and apoptosis, which 
may interfere with the accurate assessment of 
glucose-specific biological effects. To eliminate 
this potential confounding factor, we added an 
isotonic mannitol control group (5.5 mM glu-
cose + 19.5 mM mannitol) in the key experi-
ments, ensuring its osmotic pressure level 
matched that of the high glucose group. Results 
showed that compared with the normal glucose 
group (NG), the mannitol group (MG) exhibited a 
slightly yet insignificant increased trend of 
inflammatory factors and apoptosis. In con-
trast, the HG group demonstrated a significant-
ly pronounced upregulation in both inflamma-
tory marker expression and apoptosis. These 
findings suggest that the observed upregula-
tion of miR-183-5p, downregulation of TTP, and 
significant enhancement of inflammation and 

apoptosis are mainly attributed to the metabol-
ic effect of high-concentration glucose rather 
than simple changes in osmotic pressure.

Conclusion

miR-183-5p contributes to the inflammatory 
response triggered by hyperglycemia and pro-
motes DN development through its action on 
TTP. These results offer new insights into the 
role of miR-183-5p in the diabetic milieu and 
pave the way for new therapeutic approaches 
for DN management.

Limitations

Although 25 mM glucose does increase osmot-
ic pressure compared to normal glucose condi-
tions (typically 5.5 mM), this concentration is 
commonly used in the literature to simulate 
chronic hyperglycemia in vitro. Furthermore, 
many studies employ low-glucose or normal-
glucose controls as baselines. Therefore, the 
lack of osmolarity control is a limitation of this 
study, which will be addressed in subsequent 
experiments. Another limitation is the small 
clinical sample size with only a preliminary find-
ing to determine potential differences in spe-
cific biomarkers. While the current findings rep-
resent preliminary observations aimed at iden-
tifying potential differences in specific biomark-
ers, future research will expand the clinical 
sample size to further validate these 
conclusions.
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Supplementary Figure 1. Inhibition of miR-183-5p alleviated inflammation and apoptosis in HG treated HRMMCs. 
A. miR-183-5p expression was detected after various treatment; B. TNF-α expression was detected after various 
treatment; C. mRNA expression of Bax. D. Apoptosis of HRMMCs detected by flow cytometry. ***P < 0.001. TNF-α: 
tumor necrosis factor-alpha; Bax: Bcl-2-associated X protein.

Supplementary Figure 2. The effect of osmotic pressure on inflammation and apoptosis. A. IL-6 expression; B. 
TNF-α expression; C. Bcl-2 expression; D. Bax expression. *P < 0.05, **P < 0.01, ***P < 0.001. HG: high glucose 
group. MG: mannitol group. NG: normal glucose. IL-6: interleukin-6; TNF-α: tumor necrosis factor-alpha; Bax: Bcl-
2-associated X protein; Bcl-2: B-cell lymphoma 2.
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Supplementary Figure 3. MiR-183-5p promoted inflammation and apoptosis in HG treated HRGMCs by upregulating TTP. A. TTP expression. B. TNF-α expression. C. 
Bax expression. D. Apoptosis. **P < 0.01, ***P < 0.001. TTP: tristetraprolin; TNF-α: tumor necrosis factor-alpha; Bax: Bcl-2-associated X protein.
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Supplementary Figure 4. Inhibition of miR-183-5p expression alleviated renal damage in db/db mice. A. miR-183-
5p expression; B. TTP expression; C. Apoptosis detected by TUNEL assay; Scale = 100 μm; D. IL-6 expression; E. 
Bcl-2 expression; F. Representative image of HE staining of renal tissue. Scale = 50 μm. ***P < 0.001. TTP: tristet-
raprolin; IL-6: interleukin-6; Bcl-2: B-cell lymphoma 2.


