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Abstract
BACKGROUND
Diabetic kidney disease (DKD) is a major complication of diabetes mellitus. Renal tubular epithelial cell (TEC) damage, which is strongly associated with the inflammatory response and mesenchymal trans-differentiation, plays a significant role in DKD; However, the precise molecular mechanism is unknown. The recently identified microRNA-630 (miR-630) has been hypothesized to be closely associated with cell migration, apoptosis, and autophagy. However, the association between miR-630 and DKD and the underlying mechanism remain unknown.

AIM
To investigate how miR-630 affects TEC injury and the inflammatory response in DKD rats.

METHODS
[bookmark: _Hlk156307357]Streptozotocin was administered to six-week-old male rats to create a hyperglycemic diabetic model. In the second week of modeling, the rats were divided into control, DKD, negative control of lentivirus, and miR-630 overexpression groups. After 8 wk, urine and blood samples were collected for the kidney injury assays, and renal tissues were removed for further molecular assays. The target gene for miR-630 was predicted using bioinformatics, and the association between miR-630 and toll-like receptor 4 (TLR4) was confirmed using in vitro investigations and double luciferase reporter gene assays. Overexpression of miR-630 in DKD rats led to changes in body weight, renal weight index, basic blood parameters and histopathological changes.

RESULTS
[bookmark: _Hlk156310146][bookmark: _Hlk156307443][bookmark: _Hlk156307474]The expression level of miR-630 was reduced in the kidney tissue of rats with DKD (P < 0.05). The miR-630 and TLR4 expressions in rat renal TECs (NRK-52E) were measured using quantitative reverse transcription polymerase chain reaction. The mRNA expression level of miR-630 was significantly lower in the high-glucose (HG) and HG + mimic negative control (NC) groups than in the normal glucose (NG) group (P < 0.05). In contrast, the mRNA expression level of TLR4 was significantly higher in these groups (P < 0.05). However, miR-630 mRNA expression increased and TLR4 mRNA expression significantly decreased in the HG + miR-630 mimic group than in the HG + mimic NC group (P < 0.05). Furthermore, the levels of tumor necrosis factor-alpha (TNF-α), interleukin-1β (IL-1β), and IL-6 were significantly higher in the HG and HG + mimic NC groups than in NG group (P < 0.05). However, the levels of these cytokines were significantly lower in the HG + miR-630 mimic group than in the HG + mimic NC group (P < 0.05). Notably, changes in protein expression were observed. The HG and HG + mimic NC groups showed a significant decrease in E-cadherin protein expression, whereas TLR4, α-smooth muscle actin (SMA), and collagen IV protein expression increased (P < 0.05). Conversely, the HG + miR-630 mimic group exhibited a significant increase in E-cadherin protein expression and a notable decrease in TLR4, α-SMA, and collagen IV protein expression than in the HG + mimic NC group (P < 0.05). The miR-630 targets TLR4 gene expression. In vivo experiments demonstrated that DKD rats treated with miR-630 agomir exhibited significantly higher miR-630 mRNA expression than DKD rats injected with agomir NC. Additionally, rats treated with miR-630 agomir showed significant reductions in urinary albumin, blood glucose, TLR4, and proinflammatory markers (TNF-α, IL-1β, and IL-6) expression levels (P < 0.05). Moreover, these rats exhibited fewer kidney lesions and reduced infiltration of inflammatory cells.

CONCLUSION
MiR-630 may inhibit the inflammatory reaction of DKD by targeting TLR4, and has a protective effect on DKD.

Key Words: Diabetic kidney disease; MicroRNA-630; Toll-like receptor 4; Mouse model; Renal tubular epithelial cells damage; Hyperglycemic model

Wu QS, Zheng DN, Ji C, Qian H, Jin J, He Q. MicroRNA-630 alleviates inflammatory reactions in rats with diabetic kidney disease by targeting toll-like receptor 4. World J Diabetes 2024; In press

Core Tip: This study revealed that microRNA-630 (miR-630) expression in the renal tissue was significantly lower in diabetic kidney disease (DKD) rats than in normal rats. The miR-630 alleviates renal injury and inflammatory reactions in DKD rats by targeting toll-like receptor 4. Our findings provide new insights into the pathogenesis of DKD indicating that miR-630 may be a potential noninvasive biomarker for diagnosing and predicting the prognosis of DKD.

INTRODUCTION
Diabetic kidney disease (DKD), a chronic kidney condition due to diabetes, is characterized by a steady decline in glomerular filtration rate and the onset and progression of albuminuria. End-stage renal failure is more common in patients with DKD than with chronic glomerulonephritis[1-4]. The primary early morphological alterations in DKD include glomerular and tubular hypertrophy, thickening of the glomerular basement membrane, fusion of foot processes, and growth of the mesangial matrix. These alterations progress to various degrees of tubulointerstitial fibrosis, which ultimately causes the loss of renal function[5]. However, the molecular mechanisms underlying DKD remain unclear.
Renal tubular epithelial cell (TEC) damage has been linked to DKD[6]. The TEC epithelial mesenchymal transition (EMT), a key mechanism in renal interstitial fibrosis, has gained recent attention[7]. EMT is caused by a complex interaction between several variables, including the inflammatory response, hypoxia, oxidative stress, growth factors, signaling pathways, microRNA (miRNA), and transcription factors Snail, Slug and Twist[8]. Therefore, focusing on these pathways may help comprehend the molecular mechanisms underlying damage to TECs in DKD. The miRNAs are small noncoding RNAs consisting of 19-23 nucleotides that negatively regulate posttranscriptional gene expression by targeting the 3’-untranslated regions (3’UTR) of protein-coding messenger RNA (mRNA) transcripts; which play important roles in different physiological and pathological processes[9,10]. Because miRNA imbalance is directly associated with pathological processes in DKD, miRNAs may serve as diagnostic biomarkers and therapeutic targets. For instance, DKD is promoted by increased expression of toll-like receptor 4 (TLR4) when miR-203 is expressed at low levels[11]. The overexpression of miR-92b can minimize renal fibrosis and restore miR-92b expression to normal levels in the kidneys of mice with DKD[12].
The miR-630, a recently identified miRNA, is closely linked to tumor cell development and apoptosis and demonstrates aberrant expression in various malignancies, including liver cancer, colon cancer, gastric cancer, and other tumors[13,14]. Liu et al[15] reported that miR-630 targets TLR4 in immunoglobulin A (IgA) nephropathy to control the production of glycosylated IgA1 in tonsils. Studies on the expression and function of miR-630 in DKD-related renal tissue and the underlying pathophysiological mechanisms are lacking.
In this study, we assessed the relative expression of miR-630 mRNA in the kidney tissue of DKD rats and found that its expression was considerably lower than that in normal rats. Mechanistic studies have indicated TLR4 as the target gene for miR-630; therefore, miR-630 can be considered a possible pharmacological target for DKD treatment and a non-invasive biomarker for diagnosing DKD and determining its prognosis.

MATERIALS AND METHODS
Animals and cells
Sixty specific pathogen-free male Sprague-Dawley rats (6-wk-old and weighing 200 ± 20 g), were provided by the Experimental Animal Center of Jiangsu University. The rats were housed in the experimental animal feeding room at a temperature of 21 °C, humidity of 55 °C, and a 12-h light/dark period. Prior to the experiments, all rats were fed the same diet for one week. The rat renal TECs (NRK-52E) cell line was purchased from the Treasure Cell Bank of the China Academy of Sciences. The rat renal TECs (NRK-52E) cell line was purchased from the TreasureCell Bank of the China Academy of Sciences.

Reagents
Streptozotocin (STZ) was purchased from Shanghai Aiyan Biotechnology Co., Ltd. The citrate buffer was purchased from Beijing Noble Food Technology Co., Ltd. Lentiviral negative control (LV-NC), LV-miR630 and primers were all purchased from ABclonal. RIPA lysis buffer and BCA kits were purchased from Beyotime. The TLR4 antibody was purchased from Affinity. Enzyme-linked immunosorbent assay (ELISA) kits for interleukin-6 (IL-6), IL-1β and tumor necrosis factor-α (TNF-α) were purchased from Mlbio.

Instruments
The BK-200 automatic biochemical analyser was purchased from BIOBASE, the DR3518G enzyme-labelled instrument was purchased from Wuxi HiwellDiatek, the FluorChem HD2 gel imaging system was purchased from protein simple, and the CytoFLEXS flow cytometry was purchased from Beckman.

Methods
Model construction and processing: The experimental rats were randomly divided into a control group, model (DKD), model + negative control (NC) agomir (LV-NC), and model + miR-630 agomir (LV-miR-630) groups (n = 15 in each group). Six-week-old rats were fed adaptively for one week. Following a 12-h fast, the rats in the model and experimental groups received intraperitoneal injections of 60 mg/kg STZ solution to establish the DKD model, whereas the control group was injected with the same volume of sodium citrate buffer (0.1 mmol/L)[16]. After 72 h, blood was collected from the tail vein for analyzing glucose levels, and serum glucose ≥ 16.7 mmol/L was used for establishing the diabetic model. Urine was collected for 24 h, and the urine protein content was > 30 mg/24 h, for successful DKD modelling[17]. The rats in each experimental group were administered 100 μL of agomir NC and miR-630 agomir (50 nM) intravenously at weeks 2 and 5 after STZ injection, whereas rats in the model group received intravenous injections of equal volumes of normal saline. After 8 wk, the rats in each group were fasted for 12 h before blood samples were collected from the tail vein to detect fasting blood glucose. Urine was collected in a metabolic cage for 24 h 1 d before execution. The rats were injected intraperitoneally with 3% pentobarbital sodium (30 mg/kg), blood was collected from the abdominal aorta and kidneys, and the rats were sacrificed. The renal tissue was collected for further analysis.

Indicator monitoring: The mental state, color change of the hair and nails, activity, urine volume, and weight of rats were observed during administration. On the last day of the experiment, 24-h urine samples of the rats in a metabolic cage. After mixing, the samples were centrifuged at 3000 rpm (centrifugal radius: 16.5 cm) for 10 min, and the supernatant was collected to detect the 24-h urine protein quantification. Random blood glucose levels were measured, and the rats were anesthetized using an intraperitoneal injection of 3% pentobarbital sodium (30 mg/kg). Blood was collected from the abdominal aorta and centrifuged at 4 °C and 3500 rpm (centrifugal radius: 16.5 cm) for 15 min. Serum blood urea nitrogen (BUN) and creatinine levels were measured using a kit.

Calculation of renal weight index: The kidneys were washed with precooled normal saline, dried using filter paper and weighed, and the rat kidney index was calculated using the formula: Kidney index (%) = (total weight of bilateral kidneys/weight of rats) × 100.

Quantitative reverse transcription polymerase chain reaction detection of miR-630 and TLR4 mRNA expression
The TRIzol method was used to extract total RNA from each group. The expression of miR-630 and TLR4 mRNA was detected using a one-step reverse transcription fluorescence quantitative kit (Table 1 for primers). The reaction system and quantitative reverse transcription polymerase chain reaction (qRT-PCR) procedures were performed according to the manufacturer’s instructions, and 2-ΔΔCt method was used for relative quantitative analysis, with U6 and GAPDH as internal references.

Luciferase reporter assay
For the construction of wild-type and mutant TLR4 3’-UTR double-fluorescent reporter plasmids, 293T cells in the logarithmic growth period were inoculated in a 12-well cell plate at a density of 1 × 105 cells/well. Negative controls of TLR4-WT, TLR4-MUT, and miR-630 mimics or mimic NC were transfected into 293T cells according to the manufacturer’s instructions for LipofectamineTM2000. Three replicates were performed for each group of experiments. After 48 h of incubation, luciferase activity was detected using a double luciferase reporter gene detection kit.

Western blotting to detect TLR4 expression in renal tissue
[bookmark: _Hlk106196928]RIPA lysate was added to the tissues of each group, placed on ice for 20 min, and centrifuged at 4 °C and 13000 rpm at 4 °C for 20 min, and the protein content in the supernatant was determined using a BCA kit. The sodium-dodecyl sulfate gel electrophoresis was performed with a 35-μg protein solution, transferred to the polyvinylidene fluoride membrane, and sealed with a 2% BSA sealing solution. The primary antibodies were added at 4 °C and left overnight. The GAPDH antibody was used as the reference, and secondary antibodies were added and incubated for 1 h at room temperature. Enhanced chemiluminescence exposure imaging was performed using an Alpha Imager HP gel imaging system to analyze the results.

[bookmark: _Hlk156307246]Hematoxylin and eosin staining to detect renal injury
[bookmark: _Hlk156307272]The kidneys were fixed with 4% paraformaldehyde, routinely dehydrated, and embedded in paraffin. After dewaxing, the tissues were stained with hematoxylin and eosin (HE), followed by 1% hydrochloric acid ethanol differentiation, 0.6% ammonia return to blue, 0.5% eosin staining, conventional dehydration, xylene transparency, and neutral gum sealing. Renal injury was observed under a microscope (400 × magnification).

Masson staining to observe the histological changes in the kidney
The slices were dewaxed in water. Sections were stained with the prepared Weigert hematoxylin staining solution for 5-10 min, differentiated with an acidic ethanol differentiation solution for 5-15 s, and washed with water. The Masson blue-stained solution returned to blue after 3-5 min and was washed with water. After washing with distilled water for l min, the sections were stained with Ponceau magenta dye solution for 5-10 min. The weak acid working solution used in this procedure was prepared using a 2:1 ratio of distilled water to the weak acid solution. The sample was washed with the weak acid working solution for 1 min, then washed with the phosphomolybdic acid solution for 1-2 min, and washed again with the prepared weak acid working solution for l min. The sample was placed directly in the aniline blue dye solution for 1-2 min and then washed with the prepared weak-acid working solution for 1 min. The sample was quickly dehydrated using 95% ethanol for 2-3 s and anhydrous ethanol three times for 5-10 s each time. The sections were transparentized with xylene three times for 1-2 min each and sealed with neutral gum.

IL-6, IL-1β and TNF-α levels in renal tissue detected using ELISA
Renal tissue was ground on ice and transformed into a 10% tissue homogenate. The levels of IL-6, IL-1β and TNF-α in renal tissue were detected according to the instructions of the TNF-α ELISA kit.

Statistical analysis
All statistical analyses were performed using SPSS 17.0 (IBM Corp., Armonk, NY, United States) and GraphPad Prism 9.0 software, and the results are expressed as the mean ± standard error (mean ± SEM) or mean ± SD. The T-test, one-way ANOVA, and SNK-q tests were used for intergroup and intragroup mean comparisons. A P-value of 0.05 indicated statistical significance. Correlation analyses were performed using Pearson correlation analysis and linear regression.

RESULTS
General observation
Rats in the normal group were in a good mental state, lively and active, with bright eyes, sensitive reactions, and white and shiny fur. The model rats were depressed; their fur was yellow, dry, and dirty; their movements were slow; and they exhibited symptoms such as excessive drinking, excessive eating, excessive urination, and thin feces. Over time, some rats with DKD exhibited varying degrees of abdominal distension. Rats in the miR-630 agomir group had better general conditions than those in the model group.

Expression of miR-630 mRNA in kidney tissue of DKD rats and the pathological changes in kidney tissue
[bookmark: OLE_LINK8264][bookmark: OLE_LINK8265]As demonstrated in Figure 1A, compared with the control group, miR-630 mRNA expression in the DKD group declined considerably, as did body weight, whereas blood glucose levels and the kidney weight index increased significantly (all P < 0.01). Pearson correlation analysis indicated that the level of miR-630 in rats was positively correlated with body weight and albumin but negatively correlated with renal weight index, urea nitrogen, serum creatinine (SCr), 24-h urine protein quantification, blood glucose, and other variables (Figure 1B). These findings imply that miR-630 expression in renal tissues is associated with clinical variables and may be associated with DKD. The results of the HE staining are shown in Figure 1C. The renal tissue cell structure remained unaltered in the control group, and no overt pathological alterations were observed. Enlarged or detached TECs, renal interstitial cell infiltration, mesangial hyperplasia, interstitial fibrosis, and glomerular edema were detected in the DKD group.

Overexpression of miR-630 inhibits TEC damage induced by high glucose in vitro
Figure 2A shows the expression levels of miR-630 and TLR4 in NRK-52E determined using qRT-PCR. The TLR4 and miR-630 mRNA expression levels in the normal glucose (NG) and high mannitol (HM) groups were not significantly different. Although miR-630 and TLR4 mRNA expression levels were significantly decreased in the high glucose (HG) and HG + mimic NC groups compared with those in the NG group, TLR4 mRNA expression levels considerably increased. Compared with the HG + miR-630 mimic NC group, the mRNA expression levels of miR-630 and TLR4 in the NG group substantially increased and decreased, respectively.
ELISA was used to determine the levels of TNF-α, IL-1β, and IL-6 in each group. The results are shown in Figure 2B. TNF-α, IL-1β, and IL-6 levels in the NG and HM groups were not altered considerably; however, the HG and HG + mimic NC groups demonstrated a significant increase than that observed in the NG group. The levels of TNF-α, IL-1β, and IL-6 in the HG + miR-630 mimic group were considerably lower than those in the HG + mimic NC group.
Figure 2C displays the results of western blot analysis used to determine the protein expression levels of TLR4, E-cadherin, E-smooth muscle actin (SMA), and collagen IV in each group. The expression levels of TLR4, E-cadherin, α-SMA, and collagen IV were not significantly altered in the NG and HM groups. E-cadherin expression levels in the HG group and HG + mimic NC group were significantly lower than those in the NG group, although TLR4, α-SMA, and collagen IV expression levels were significantly increased. Compared with the HG + mimic NC group, the expression levels of E-cadherin protein in the HG + miR-630 mimic group increased substantially, whereas those of TLR4, α-SMA, and collagen IV protein decreased significantly.

miR-630 targeted the downregulation of TLR4
TargetScan and other databases predicted that miR-630 has a binding site in the 3’-UTR of TLR4 (Supplementary Table 1 and Supplementary Figure 1) (Figure 3A). Based on the experimental findings using a double luciferase reporter gene, high levels of miR-630 substantially reduced the luciferase activity of the wild-type TLR4 plasmid (P < 0.01) but had no effect on the mutant TLR4 plasmid (Figure 3B).
Figure 3C shows the levels of miR-630 and TLR4 mRNA expression determined using qRT-PCR. Compared with the HG + mimic NC group, the mRNA expression of miR-630 increased significantly in the HG + miR-630 mimic group, whereas the mRNA expression of TLR4 was significantly decreased. The mRNA expression of miR-630 in the HG + miR-630 mimic + oe-TLR4 group was considerably lower than that in the HG + miR-630 mimic + oe-NC group; however, the mRNA expression of TLR4 was dramatically higher.
The ELISA results showed that miR-630 downregulated the levels of INF-α, IL-1 β, and IL-6 in TLR4 (Figure 3D). The levels of INF-α,IL-1 β, and IL-6 in the HG + miR-630 mimic group were considerably lower than those in the HG + mimic NC group. Compared with the HG + miR-630 mimic + oe-NC group, the TNF-α, IL-1β, and IL-6 levels were significantly increased in the HG + miR-630 mimic + oe-TLR4 group.
Western blotting was used to detect the protein expression levels of TLR4, α-SMA, collagen IV and E-cadherin, which were downregulated by miR-630 (Figure 3E). Compared with the HG + mimic NC group, the protein expression levels of TLR4, α-SMA and collagen IV in the HG + miR-630 mimic group decreased significantly, whereas the protein expression level of E-cadherin increased significantly. Compared with the HG + miR-630 mimic + oe-NC group, the expression levels of TLR4, α-SMA and collagen IV proteins in the HG + miR-630 mimic + oe-TLR4 group were significantly increased, whereas the expression level of E-cadherin protein was significantly decreased.

Overexpression of miR-630 improves the biochemical changes in DKD model rats
Figure 4A summarizes the body weight, renal weight index, blood sugar, 24-h urinary protein, BUN, and SCr. No significant differences in body weight, renal weight index, blood glucose, 24-h urinary protein, BUN, or SCr levels was observed between the DKD and DKD + NC agomir groups. Compared with the DKD + NC agomir group, the body weight increased significantly in the DKD + miR-630 agomir group, and the renal index decreased significantly. As shown in Figure 4A, no significant differences in blood glucose levels were observed between the DKD and DKD + NC agomir groups. Compared with the DKD + NC agomir group, blood glucose levels in the DKD + miR-630 agomir group decreased significantly. Figure 4C summarizes the results of the automatic biochemical analyzer; no significant difference in 24-h urine protein, BUN, and SCr levels were observed between the DKD and DKD + NC agomir groups. Compared with the DKD + NC agomir group, the contents of 24-h urine protein, BUN, and SCr levels in the DKD + miR-630 agomir group decreased significantly.

Effects of miR-630 overexpression on TLR4, TNF-α, IL-1β,and IL-6 in DKD rats
The mRNA expression levels of miR-630 and TLR4 were measured using qRT-PCR. As shown in Figure 4B, no significant differences in the mRNA expression levels of miR-630 and TLR4 were observed between the DKD and the DKD + NC agomir groups. Compared with the DKD + NC agomir group, the mRNA expression of miR-630 in the DKD + miR-630 agomir group increased significantly, whereas the mRNA expression of TLR4 decreased significantly. The protein levels of IL-6, IL-1β, and TNF-α were detected by ELISA. As shown in Figure 4C, no significant difference in the contents of IL-6, IL-1β, and TNF-α was observed between the DKD group and the DKD + NC agomir group. Compared with the DKD + NC agomir group, the contents of IL-6, IL-1β, and TNF-α in the DKD + miR-630 agomir group decreased significantly. The expression levels of TLR4, E-cadherin, α-SMA, and collagen IV were detected by western blotting. As shown in Figure 4D, no significant difference in the expression levels of TLR4, E-cadherin, α-SMA and collagen IV was observed between the DKD group and the DKD + NC agomir group. Compared with the DKD + NC agomir group, the expression of E-cadherin protein in the DKD + miR-630 agomir group was significantly increased, whereas the expression of TLR4, α-SMA, and collagen IV protein was significantly decreased.

Effects of overexpression of miR-630 on glomerular morphology in DKD rats
The results of the HE test are shown in Figure 5A. In the DKD and DKD + NC agomir groups, glomerular swelling, TEC swelling or falling off, renal interstitial cells infiltrating inflammatory cells, and some mesangial hyperplasia and interstitial fibrosis were observed. Renal pathological changes were alleviated and were accompanied by a small amount of inflammatory cell infiltration in the DKD + miR-630 agomir group. The Masson test results are shown in Figure 5B, and many blue-stained collagen fibers appeared in the renal glomeruli of rats in the DKD and DKD + NC agomir groups. Few blue-stained collagen fibers in the kidney tissue of rats were observed in the DKD + miR-630 agomir group.

DISCUSSION
The prevalence of DKD has been increasing globally, with significant morbidity and mortality. The pathophysiology of DKD is complex and has not been elucidated to date. Numerous studies have now established the role of miRNA in the occurrence and progression of diabetic nephropathy[18]. The expression levels of miR-21, miR-146a-5p, miR-10a-5p, miR-874, and miR-192 are significantly increased in diabetic nephropathy, whereas miR-26a-5p, miR-451, and miR-155 are expressed at low levels[17,19-21]. Among them, miR-21 functions by targeting the PTEN gene, thereby promoting the activation of the Akt kinase signaling pathway, which in turn increases the production of the renal fibrosis proteins type I collagen a2 and mucin and glomerular hypertrophy[17]. By targeting the ZEB1/2 gene, miR-192 activates the transforming growth factor-beta signaling pathway, increasing the transcription of the renal fibrosis protein Coll2 and the amount of albumin in urine[21].
The recently identified miRNA, miR-630, is a noncoding single-stranded RNA fragment with a length of 21-23 nucleotides that regulates gene expression at the translational level and participates in several pathophysiological processes, including cell proliferation and differentiation[22], apoptosis[23], and immune response[24]. Aberrant expression of the miR-630 gene has been reported in numerous malignancies, such as liver, colon, and gastric cancers[14,25]. Moreover, miR-630 is strongly associated with autophagy, cell proliferation, migration, and apoptosis[26-28]. However, the expression and functions of miR-630 in the renal tissues of patients with DKD are unknown. A rat model of DKD was created by intraperitoneally injecting STZ. The 24-h urinary total protein, SCr, and BUN levels increased and the model rats manifested clear signs of diabetes. The model was successful because it revealed the characteristic renal pathological abnormalities of DKD when stained with Masson’s trichrome and HE. Furthermore, the expression of miR-630 was investigated, which was much lower in DKD renal tissue than in normal renal tissue, indicating that miR-630 may play a role in the pathogenesis of DKD.
Inflammation is crucial for the pathogenesis of DKD[29]. TLR4, the first confirmed member of the toll-like family in humans, can activate signaling pathways such as the nuclear factor-kappa B and mitogen-activated protein kinase family pathways after interacting with ligands in vivo, which increases the production of inflammatory markers and activates an inflammatory response[30]. Activation of the TLR4 signaling pathway is closely related to the pathogenesis of diabetic nephropathy, and the expression of TLR4 and related inflammatory factors TNF-α, IL-6, and IL-1β increases during the occurrence and development of diabetic nephropathy[31,32]. This work used a bioinformatics website to predict that miR-630 may combine with the 3’-UTR of TLR4 and a twofold luciferase assay to confirm that TLR4 was the direct target of miR-630. Overexpression of miR-630 in DKD rats caused a decrease in TLR4 expression and the levels of the proinflammatory molecules TNF-α, IL-6, and IL-1β, demonstrating a negative regulatory link between miR-630 and TLR4. To prevent TLR4 from being translated and transcribed, miR-630 attaches to its 3’-UTR on the mRNA, which inhibits the synthesis of the proinflammatory protein TNF-α. In addition, overexpression of miR-630 in DKD rats led to an improvement in general health, an increase in weight, a drop in renal index, an improvement in urine protein and renal function, and a reduction in renal pathological damage. Consequently, miR-630 overexpression could reduce the inflammatory response and mesenchymal trans-differentiation of diabetic nephropathy. Moreover, the contents of TNF-α, IL-6, and IL-1β significantly decreased, and the expression of the renal tubular epithelial marker protein E-cadherin increased, whereas the expression of the mesenchymal marker proteins α-SMA and collagen IV decreased.
In addition, as shown in Figure 4A, overexpression of miR-630 can significantly reduce blood glucose levels, which may prevent the progression of DKD. However, the role of miR-630 in promoting insulin secretion has not been demonstrated, which requires further study and exploration. In conclusion, this study showed that miR-630 targets TLR4, and inhibits the inflammatory response that results in DKD, and exerts protective effects on the kidney under diabetic conditions.

CONCLUSION
To our knowledge, our study was the first to report that the expression of miR-630 in renal tissue is significantly lower in DKD rats than in normal rats. These results revealed the underlying mechanism by which miR-630 alleviates renal injury and inflammatory reactions in rats with DKD by targeting TLR4. Taken together, our findings provide new insights into the pathogenesis of DKD and show that miR-630 may be a non-invasive biomarker for the diagnosis and prediction of the prognosis of DKD.

ARTICLE HIGHLIGHTS
Research background
Diabetic kidney disease (DKD) is a major complication of diabetes mellitus. Numerous studies have demonstrated that tubular epithelial cell (TEC) damage, which is strongly associated with the inflammatory response and mesenchymal trans-differentiation, plays a significant role in DKD; however, the precise molecular mechanism is unknown. The recently identified microRNA-630 (miR-630) has been hypothesized to be closely associated with cell migration, apoptosis, and autophagy.

Research motivation
The relationship between miR-630 and DKD and the underlying mechanism remains unknown.

Research objectives
The object of this study is to investigate how miR-630 affects TEC injury and the inflammatory response in DKD rats.

Research methods
Streptozotocin was administered to six-week-old male rats to create a hyperglycemic diabetic model, and in the second week of modeling, the rats were divided into control, DKD, negative control lentivirus, and miR-630 overexpression groups. After eight weeks, urine and blood samples were collected for the kidney injury assay, and renal tissues were removed for further molecular assays, such as real-time polymerase chain reaction, western blotting, enzyme-linked immunosorbent assay, and immunohistochemistry. The target gene for miR-630 was predicted using bioinformatics, and in vitro investigations and double luciferase reporter gene assays confirmed the association between miR-630 and toll-like receptor 4 (TLR4).

Research results
The expression level of miR-630 was decreased in the kidney tissue of rats with DKD (P < 0.05). In vitro experiments, the mRNA expression level of miR-630 was significantly lower in the high glucose (HG) and HG + mimic negative control (NC) groups than in the normal glucose group (P < 0.05). In contrast, the mRNA expression level of TLR4 was significantly higher in these groups (P < 0.05). The HG and HG + mimic NC groups showed a significant decrease in E-cadherin protein expression, whereas TLR4, α-smooth muscle actin (SMA), and collagen IV protein expression increased (P < 0.05). Conversely, compared with the HG + mimic NC group, a significant increase in E-cadherin protein expression and a notable decrease in TLR4, α-SMA, and collagen IV protein expression were observed in the HG + miR-630 mimic group (P < 0.05). In vivo experiments, DKD rats treated with miR-630 agomir exhibited significantly higher miR-630 mRNA expression than DKD rats injected with agomir NC. Additionally, rats treated with miR-630 agomir showed significant reductions in urinary albumin, blood glucose, TLR4, and proinflammatory markers (TNF-α, IL-1β, and IL-6) expression levels (P < 0.05). Moreover, these rats exhibited fewer kidney lesions and reduced infiltration of inflammatory cells.

Research conclusions
The miR-630 may inhibit the inflammatory reaction in DKD by targeting TLR4, and has a protective effect on DKD.

Research perspectives
The follow-up study needs to further confirm the expression difference of clinical human blood, urine or kidney tissue in diabetic nephropathy patients and its relationship with DKD staging, and further clarify the regulatory mechanism of its upstream signal pathway.
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Figure Legends
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[bookmark: _Hlk156308158][bookmark: _Hlk106196977]Figure 1 The expression of miR-630 in diabetic kidney disease rats. A: Differential expression of miR-630, renal weight index, and blood glucose in diabetic kidney disease rats; B: The correlations between the expression of miR-630 and clinical parameters, including body weight, serum albumin, renal weight index, blood urea nitrogen, serum creatinine and proteinuria, were analysed by Pearson correlation analysis and linear regression analysis; C: Pathological changes in renal tissue in rats under a high glucose environment (hematoxylin and eosin, × 400). n = 15. Data are presented as mean ± SD, aP < 0.001, bP < 0.001, cP < 0.001, dP < 0.001. DKD: Diabetic kidney disease.
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[bookmark: _Hlk156307328]Figure 2 Overexpression of miR-630 inhibits renal tubular epithelial cell damage induced by high glucose in vitro. A: Quantitative reverse transcription polymerase chain reaction detection of miR-630 and toll-like receptor 4 (TLR4) expression in rat renal tubular epithelial cells in a high glucose environment (NRK-52E); B: Detection of tumor necrosis factor-α, interleukin (IL)-1β and IL-6 expression in rat renal tubular epithelial cells (NRK-52e) under a high glucose environment by enzyme-linked immunosorbent assay; C: Western blot detection of NRK-52E TLR4 in rats under a high glucose environment α-smooth muscle actin and collagen IV protein expression. Data are presented as mean ± SD, aP < 0.01 vs normal glucose, and bP < 0.01 vs high glucose + mimic normal glucose. NG: Normal glucose, 5.6 mmol/L; HG: High glucose, 20 mmol/L; HM: High mannitol (5.6 mmol/L glucose + 14.4 mmol/L mannitol); TLR4: Toll-like receptor 4; α-SMA: α-smooth muscle actin; IL: Interleukin; TNF: Tumor necrosis factor.
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[bookmark: _Hlk156309382]Figure 3 Toll-like receptor 4 is the target gene of miR-630. A: Bioinformatic analysis showed the putative miR-630 target sites in the toll-like receptor 4 (TLR4) 3’-untranslated regions (UTR). The mutated nucleotides are underlined; B: The WT-TLR4 3’-UTR and the MUT-TLR4 3’-UTR reporters were cotransfected with miR-630 mimic or negative control into NRK-52Es. Forty-eight hours after transfection, the luciferase activities were measured; C: Quantitative reverse transcription polymerase chain reaction detection of miR-630-targeted downregulation of TLR4 mRNA expression levels; D: Enzyme-linked immunosorbent assay detection of tumor necrosis factor in miR-630-targeted downregulation of TLR4, α-smooth muscle actin (SMA), interleukin (IL)-1β, and IL-6 content; E: Western blotting was used to detect the protein expression of TLR4, α-SMA, collagen IV and E-cadherin downregulated by miR-630. Data are presented as mean ± SD, aP < 0.01 vs high glucose + mimic normal glucose, bP < 0.01 vs high glucose + miR-630 mimic + oe normal glucose. NG: Normal glucose, 5.6 mmol/L; HG: High glucose, 20 mmol/L; HM: High mannitol (5.6 mmol/L glucose + 14.4 mmol/L mannitol); TLR4: Toll-like receptor 4; α-SMA: α-smooth muscle actin; IL: Interleukin; TNF: Tumor necrosis factor; NC: Negative control.
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Figure 4 Overexpression of miR-630 improves the biochemical changes in diabetic kidney disease model rats. A: Effects of miR-630 overexpression on body weight, renal weight index, blood glucose, fasting blood glucose, 24-h urinary protein, blood urea nitrogen and serum creatinine in rats; B: Effect of overexpression of miR-630 on the expression of toll-like receptor 4 (TLR4) mRNA in diabetic kidney disease rats; C: MiR-630 was overexpressed, and the levels of interleukin (IL)-6, IL-1β and tumor necrosis factor-α were detected by enzyme-linked immunosorbent assay; D: MiR-630 was overexpressed, and the expression levels of TLR4, E-cadherin, α-smooth muscle actin and collagen IV were detected by western blotting. Data are presented as mean ± SD, aP < 0.01 vs diabetic kidney disease + normal glucose agomir. DKD: Diabetic kidney disease; FBG: Fasting blood glucose; 24 h UP: 24-h urinary protein; BUN: Blood urea nitrogen; Scr: Serum creatinine; TLR4: Toll-like receptor 4; α-SMA: α-smooth muscle actin; IL: Interleukin; TNF: Tumor necrosis factor; NC agomir: Negative control of lentivirus.
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Figure 5 Effects of overexpression of miR-630 on glomerular morphology in diabetic kidney disease rats. A: Effect of overexpression of miR-630 on glomerular morphology in diabetic kidney disease (DKD) rats (hematoxylin and eosin, × 200); B: Effect of overexpression of miR-630 on glomerular morphology in DKD rats (Masson, × 200). DKD: Diabetic kidney disease; NC agomir: Negative control of lentivirus.

Table 1 Primers for quantitative reverse transcription polymerase chain reaction
	Primers
	Sequence (5’-3’)

	TLR4 forward
	TAGCCATTGCTGCCAACATC

	TLR4 reverse
	ACACCAACGGCTCTGGATAA

	miR-630 forward
	TTGAGCTGGATTGGCGGGAT

	miR-630 reverse
	TTGACGGATGCGGAGGCT

	GAPDH forward
	TATGTCGTGGAGTCTACTGTGT

	GAPDH reverse
	GAGTTGTCATATTTCTCGTGG

	U6 forward
	CATCACCATCAGGAGAGTCG

	U6 reverse
	TGACGCTTGCCCACAGCCTT


TLR4: Toll-like receptor 4.
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