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Content: Diabetic kidney disease (DKD), commonly termed diabetic nephropathy (DN), is characterized by oxidative stress and renal tubular epithelial cells apoptosis driven by high glucose (HG).Objective: To explore the protective effects and underlying mechanism of xanthohumol in DN mice and HG-induced HK-2 cells.Materials and methods: The STZ-treated mice and HG stimulated HK-2 cells were applied to establish in vivo and in vitro DN models. The concentrations of blood glucose, serum creatinine, BUN and urine creatinine, and β-n-acetylglucosaminidase (NAG) activity was determined. The pathological changes of renal tissues were evaluated by Masson and periodic acid schiff (PAS) staining. TNF-α, IL-1β and IL-6 levels were detected using ELISA. Furthermore, CCK-8 assay and flow cytometer analysis were applied for determining HK-2 cells viability and apoptosis, respectively. Gene and protein levels was evaluated by qRT-PCR analysis and western blot/IHC. The relationship between lncRNA SNHG10 and miR-378b was confirmed by luciferase reporter assay.Results: Xanthohumol effectively improves DN-stimulated kidney structural and functional abnormalities. LncRNA SNHG10 was downregulated in the renal tissues of DN mice and HG induced HK-2 cells, while this inhibition was reversed by xanthohumol treatment. We also noted that xanthohumol remarkably reversed HG induced HK-2 cells injury. Upregulation of lncRNA SNHG10 also improved DN in mice. Meanwhile, downregulation of SNHG10 reversed the effects of xanthohumol on HG-induced HK-2 cells. Additionally, miR-378b directly targeted lncRNA SNHG10.Conclusion and discussion: Xanthohumol inhibited the progression of DN by regulating SNHG10/miR-378b, indicating a novel understanding of xanthohumol in DN progression and providing a latent therapeutic target for DN therapy.Keywords: xanthohumol, diabetic nephropathy, renal fibrosis, SNHG10/miR-378b, interstitial fibrosis, inflammatory response
INTRODUCTION
Diabetic kidney disease (DKD), commonly termed diabetic nephropathy (DN), a severe complication of diabetes, is a common cause of chronic kidney disease (Hostetter, 1985). The typical pathological features of DN include glomerular and tubular hypertrophy, glomerular basement membrane thickening, inflammatory infiltration and renal interstitial fibrosis (Hu et al., 2023; Jiang et al., 2020). Increasing evidence has shown that continuous high glucose environment, oxidative stress and inflammatory response induce cell death of renal tubular epithelial cells (RTECs), which plays a key role in the occurrence and development of DN (Chen et al., 2022; Wang et al., 2022). However, due to the multiple influencing factors and complex process, the pathogenesis of DN is still unclear, and there are no effective prevention and control measures currently. At present, the treatment and management strategies of DN mainly focus on reducing body weight, blood glucose and pressure (Tang et al., 2021), and the common first-line treatment of DN is renin-angiotensin system inhibitors (Ishibashi et al., 2023). Therefore, a better understanding of the pathogenesis of DN and the search for new biomarkers are still urgently needed.
Xanthohumol is a natural pentenyl flavonoid compound, also known as hops, isolated from the female inflorescence of Humulus lupus (Girisa et al., 2021). Recently, increasing evidences have shown that multiple cellular targets of xanthohumol have been identified in human cancer cells, including non-small cell lung cancer (Zhao et al., 2023), colon cancer (Torrens-Mas et al., 2022) and breast cancer (Sun et al., 2018). Xanthohumol has also been reported to restore hepatic glucolipid metabolism balance in type 1 diabetic rat models (Lima-Fontes et al., 2017). Xanthohumol can reduce type 2 diabetes-associated oxidative stress by downregulating galectin-3 (Luís et al., 2018). Ma et al. suggested that xanthohumol protects cognitive performance in diabetic model rats by inhibiting protein kinase B/nuclear factor kappa-B pathway (Ma et al., 2021b). Costa et al. revealed that xanthohumol can ameliorate diabetic-related metabolic dysfunctions in mice (Costa et al., 2017). Wang et al. confirmed that xanthohumol alleviates type II diabetes mellitus-induced liver steatosis and fibrosis by mediating the NRF2/RAGE/NF-kappaB signaling pathway (Wang et al., 2021). Furthermore, Li et al. have found the protective effect of xanthohumol on human renal cells and in STZ-induced DN mice by activating Nrf2 signaling pathway, suggesting that xanthohumol might serve as a promising therapeutic drug candidate for DN treatment (Li et al., 2023). A recent study indicated that xanthohumol attenuates hyperglycemia-induced renal tubular injury potentially through the inhibition of TXNIP expression (Zhang et al., 2025). However, the therapeutic effect and mechanism of xanthohumol in DN remain to be explored.
Long noncoding RNAs (lncRNAs) are a class of non-coding RNAs with a length of over 200 nucleotides, which regulate gene expression by acting as microRNAs sponges (Wu et al., 2023; Nojima and Proudfoot, 2022). LncRNAs are thought to be involved in tumor growth and metastasis through a variety of molecular mechanisms, including breast cancer (Zhang et al., 2023a; b), gastric cancer (Gong et al., 2023) and non-small cell lung cancer (He et al., 2021). Increasing evidences have revealed that lncRNAs are associated with the development of DN, such as lncRNA SOX2OT (Chen et al., 2021), lncRNA NEAT1 (Li et al., 2020a) and lncRNA XIST (Long et al., 2023). Therefore, it is important to explore the expression form and potential mechanism of lncRNAs in DN to understand the pathogenesis of DN. Small nucleolar RNA host gene 10 (SNHG10), a newly identified long non-coding RNA, has been reported to promote the osteosarcoma proliferation and invasion by wnt/beta-catenin signaling (Zhu et al., 2020). In addition, lncRNA SNHG10 upregulates BIN1 to suppress the tumorigenesis and epithelial-mesenchymal transition of epithelial ovarian cancer through sponging miR-200a-3p (Lv et al., 2022). However, the role of SNHG10 in DN remains unclear. Bioinformatics analysis showed that miR-378b is the target gene of SNHG10. miR-378b has been shown to be involved in the regulation of insulin sensitivity (Li et al., 2020b), and it plays an important regulatory role in organ fibrosis (Hyun et al., 2016). Therefore, we hypothesize that SNHG10 may play a role in DN by regulating miR-378b.
Thus, our investigation was designed to determine whether xanthohumol exerted its protective effect in DN by regulating the expression of lncRNA SNHG10 and explore the molecular regulatory mechanism. Our resulting findings provide new insights into the clinical treatment of DN.
MATERIALS AND METHODS
Establishment of animal models and treatment
Male C57BL/6J mice (7 weeks old) were acquired from Hubei Beiente Biotechnology Co., Ltd. All mice were cultured in a specific pathogen-free environment with a standard light-dark cycle of 25°C for 12 h and had free access to food and water. The DN mouse model was established according to a previous study (Lv et al., 2023). Mice were fed a high-fat diet for 2 months, and then streptozotocin (STZ; 50 mg/kg) was injected intraperitoneally for 7 consecutive days to induce DN mouse model. Seven days after injection, C57BL/6J mice were monitored for blood glucose levels. The control group of mice continued to be fed a standard diet. Then mice were intraperitoneally injected with 25 mg/kg of Xanthohumol, control-plasmid or SNHG10-plasmid, and blood, urine, and renal tissues were collected for the following experiments. The animal experiments were approved by the Ethics Review Committee of Bestcell Model Biological Center (approval number 2024-01-29A).
Cell cultures and treatment
The HK-2 cells were acquired from ATCC and cultured in DMEM (c11885500BT, Gibco) supplemented with 10% fetal bovine serum and 1% penicillin-streptomycin at 37°C in a humidified atmosphere of 5% CO2. After overnight culture in serum-free medium, the HK-2 cells were pretreated with 50 uM Xanthohumol followed by 30 mM D glucose for 48 h. Cells were divided into following groups: Control (cells without any treatment); HG (cells were treated with 30 mM D glucose for 48 h); HG+Xanthohumol (cells were pretreated with 50 uM Xanthohumol followed by 30 mM D glucose for 48 h); HG+control-plasmid (cells were pretransfected with control-plasmid followed by 30 mM D glucose for 48 h); HG+SNHG10-plasmid (cells were pretransfected with SNHG10-plasmid followed by 30 mM D glucose for 48 h); HG+Xanthohumol+shRNA-SNHG10 (cells were pretreated with Xanthohumol and shRNA-SNHG10 followed by 30 mM D glucose for 48 h). The cells were collected for subsequent experiments.
Cell transfection and reagents
The control-plasmid and SNHG10-plasmid were conducted by ELK biotechnology and transfected into HK-2 cells using Lipofectamine® 2000 reagent (11668019, Invitrogen, USA) referring to the manual. After transfection, cells were obtained for following analysis. After 48 h, cells were harvested for the further analysis.
Biochemical assays
After treatment, Body weights were measured, and blood, serum, urine sample and renal tissues were collected. Urine sample was measured and centrifuged at 2000 g for 10 min to acquire supernatant. Urine albumin concentrations were measured using a mouse urine albumin ELISA kit (Cambridge, United States). Blood glucose level was detected using a blood glucose monitor (Boehringer, Germany). The serum creatinine levels were tested using a QuantiChrom Creatinine Assay Kit according to the instructions. The blood urine nitragen (BUN) level was determined using an automatic biochemistry analyser (Beckman Coulter Inc., United States). The renal to body weight ratio was analyzed.
PAS staining
The 4% paraformaldehyde (80096618, sinoreagent) fixed renal tissues were embedded in paraffin and sectioned at 2∼3 μm of thickness. Then, the sections were dewaxed, hydrated and oxidised by aqueous periodate. Next, the sections were stained with Schiff’s for 30 min and differentiated with 0.5% sodium thiosulfate aqueous solution (20039918, sinoreagent) twice. After washing with tap water, hematoxylin (H9627-25G, Sigma) stained the nuclei for 3 min and 1% hydrochloric acid (10011018, sinoreagent) was used for differentiation. After dehydration and transparency, the slices were sealed using neutral gum for histological analysis.
Masson staining
The 4% paraformaldehyde (80096618, sinoreagent) fixed renal tissues were embedded in paraffin and sectioned at 2∼3 μm of thickness. Then, the sections were dewaxed, hydrated and stained with Masson Staining Kit (G1006, servicebio) according to the scheme for histological analysis. Collagen fibers were dyed blue, muscle fibers and red blood cells were dyed red, indicating the content of collagen fibers in renal tissue and the degree of fibrosis.
Immunohistochemistry
Immunohistochemistry is used to detect renal tissue level of α-SMA, FN, Col-I and E-cadherin. The 4% paraformaldehyde (80096618, sinoreagent) fixed renal tissues were embedded in paraffin and sectioned at 5 μm of thickness. The sections were then incubated in citric acid buffer (10007118, sinoreagent) for 10 min and then heated using a microwave oven for antigen repair. After that, the sections were sealed with 5% BSA (4240GR250, Biofroxx) for 30 min, and then incubated overnight at 4°C using α-SMA (BM0002, Boster, 1:400), Fibronectin (Ab268020, Abcam, 1:500), Collagen Ⅰ (14695-1-AP1, Wuhan Sanying, 1:500) or E-Cadherin (20874-1-AP, Wuhan Sanying, 1:200) antibodies. These sections were then cultured in a secondary antibody for 30 min, stained with hematoxylin (H9627-25G, Sigma) and analyzed using a light microscope (CX31, Olympus) according to the scheme.
ELISA assay
After treatment, renal tissues or HK-2 cells were collected. Then, the levels of inflammatory factors (IL-1β, IL-6 and TNF-α) in renal tissues and the HK-2 cells supernatant were detected using IL-1β ELISA Kit (ELK1270/ELK1271, ELK Biotechnology), IL6 ELISA Kit (ELK1156/ELK1157, ELK Biotechnology), and TNF-α ELISA Kit (ELK1190/ELK1387, ELK Biotechnology) following the instructions, respectively. The optical density (OD) value of each well at 450 nm was detected following the manual.
qRT-PCR assay
Total RNA was separated from renal tissues or HK-2 cells which used TRIpure Total RNA Extraction Reagent (EP013, ELK, China) according to the synopsis. Total RNA was stored at −80°C. Then cDNA was synthesized using the EntiLink™ 1st Strand cDNA Synthesis Super Mix (EQ031, ELK Biotechnology). Then qRT-PCR was executed using the EnTurbo™ SYBR Green PCR SuperMix (EQ001, ELK Biotechnology). The level of LncRNA SNHG10 was determined using QuantStudio 6 Flex System (Life technologies). Primers sequences are presented in Table 1.
TABLE 1 | Primer sequences used for PCR.
[image: Table 1]CCK-8 assay
CCK-8 assay was conducted using CCK-8 detection kit (C0038, beyotime). After treatment, HK-2 cells were cultured in a 96-well plate. Then CCK-8 reagent (10 μL) was added to each well, followed by incubation at 37°C for 2 h. To evaluate cell viability, a microplate reader (DR-200Bs, Diatek) was used to measure the absorbance at 450 nm.
Western blot analysis
Total proteins were extracted by HK-2 cells in RIPA buffer (AS1004, ASPEN) supplemented with 1% PMSF (AS1006, ASPEN) and1% phosphatase inhibitors (AS1008, ASPEN). Lysates were centrifuged for 10 min at 4°C, and the supernatants were acquired. Proteins were resolved by SDS-PAGE kit (AS1012, AS1012) and transferred onto PVDF membranes (IPVH00010, Millipore). The membranes were blocked with 5% skimmed milk (AS1033, ASPEN) for 2 h and then cultivated with primary antibodies against α-SMA (ab124964, Abcam, 1:10000), Fibronectin (15613-1-AP, Proteintech, 1:500), Collagen Ⅰ (AF7001, affbiotech, 1:500) or E-Cadherin (#3195, CST, 1:1000) at 4°C overnight. After washing in TBST for three times, the membranes were cultivated with secondary antibodies (AS1107, ASPEN, 1:10000) for 2 h. The protein signals were visualized by ECL detection system reagents (AS1059, ASPEN) and quantified using ImageJ Software.
Flow cytometry analysis
After treatment, HK-2 cells were plated into 96-well plates for 48 h. After that, the cells were obtained using centrifugal separation technology at 4°C for 5 min and washed with PBS (GNM20012, genomcell). Then cell apoptosis was measured by annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) apoptosis detection kit (AO2001-02P-G, Tianjin Sungene Biotech Co., Ltd) following the instructions. Finally, apoptotic cells were assessed using Flow cytometer (CytoFLEX, Beckman) and analyzed using Kaluza Analysis software.
Dual-luciferase reporter assay
TargetScan bioinformatics software was applied to predict the binding sites between SNHG10-plasmid and miR-378b. Then the SNHG10-3′UTR, which contains the miR-378b-plasmid binding site or mutated target site were compounded by genomic PCR and cloned into pGL-6-Luc (Promega, United States) to generate the reporter vector SNHG10-wild-type (SNHG10-WT) or SNHG10-mutated-type (SNHG10-MUT). Then HK-2 cells were transfected with SNHG10 wild-type or mutant portion combined with miR-378b-plasmid by applying Lipofectamine 2000 (11668019, Invitrogen) in accordance with the manual. Then the luciferase activity was determined by Dual-Luciferase Reporter Assay System (11668019, beyotime).
Statistical analysis
The data of three independent experiments were exhibited as the mean ± standard deviation (SD). Statistical analyses was evaluated using GraphPadPrism6.0. Differences were estimated with unpaired Student’s t-test or one-way ANOVA among groups. *P < 0.05, and **P < 0.01 indicated statistically significant difference.
RESULTS
Xanthohumol relieved STZ-induced renal injury in DN mice
To determine the effect of xanthohumol on kidney damage, STZ-induced DN mice were administered with 25 mg/kg xanthohumol. We observed that the body weights were reduced and the ratio of kidney weight/body weight were enhanced obviously in DN mice (Figures 1A,B), and xanthohumol treatment restored these changes. Moreover, STZ treatment led to the remarkable upregulation in the concentrations of blood glucose, NAG activity, urinary albumin, serum creatinine, urine creatinine and BUN (Figures 1C–H), while these influence of STZ were significantly reversed by xanthohumol. ELISA assay manifested that TNF-α, IL-1β, and IL-6 levels (Figures 1I–K) were significantly enhanced in the kidney tissues of STZ-induced DN mice, compared to that in control mice, demonstrating that STZ-induced DN mice had stronger inflammatory responses. However, xanthohumol reduced inflammatory responses in STZ-induced DN mice. These findings demonstrated that xanthohumol alleviated STZ-stimulated kidney injury in DN mice.
[image: Figure 1]FIGURE 1 | Effects of xanthohumol on renal function in STZ-induced DN mice. STZ-induced DN mice were intraperitoneal injection of 25 mg/kg xanthohumol, followed by the harvest of blood samples and renal tissues. (A,B) The body weights and the K/B weight ratio were calculated. (C) Blood glucose level was analyzed by Glucose meter. Urinary β-n-acetylglucosaminidase (NAG) activity (D), urinary albumin (ALB) (E), serum creatinine levels (F), urine creatinine levels (G), and blood urine nitragen (H) were measured using an automatic biochemistry analyser. (I–K) ELISA analysis of serum levels of TNF-α, IL-1β and IL-6. N = 3. **P < 0.01.
Xanthohumol relieved diabetes-induced renal interstitial fibrosis in the kidneys of DN mice
To further explore whether xanthohumol relieve renal fibrosis in STZ-induced DN mice, renal fibrosis was assessed by PAS staining and Masson staining and the expression level of fibrotic proteins and epithelial cell markers (FN, a-SMA, Col-I and E-cadherin) were determined by IHC. PAS staining unveiled that glomerular damage and tubulo-interstitial damage were notably increased in STZ-induced DN mice, compared to that in control mice, which was obviously improved by xanthohumol (Figure 2A). Masson staining demonstrated that notably enhanced renal tubulo-interstitial fibrosis in the kidney of DN mice (Figure 2B). Moreover, the expression levels of FN, a-SMA and Col-I were upregulated and E-cadherin was downregulated in DN mice (Figure 2C). However, xanthohumol treatment could remarkably relieve these tubulointerstitial lesions. Together, our findings strongly demonstrated that xanthohumol relieved diabetes-induced renal interstitial fibrosis, thereby blocking DN progression.
[image: Figure 2]FIGURE 2 | Effects of xanthohumol on pathological changes and renal interstitial fibrosis in the kidneys of DN mice. (A) PAS staining of pathological changes of renal tissues. (B) Renal tissue sections are stained with Masson and the pathological changes of renal tissues were assessed. Scale: 100 μm. (C) IHC analysis of FN, a-SMA, Col-I and E-cadherin in mouse renal tissues. N = 3. **P < 0.01.
Xanthohumol reversed the expression of lncRNA SNHG10 in the kidney tissues of DN mice
Increasing evidences have highlighted that abnormal expression of lncRNAs are associated with renal fibrosis in renal diseases. To detect the functional roles of lncRNA SNHG10 in the progression of DN, we determined the lncRNA SNHG10 expressions in the renal tissues from DN mice. qRT-PCR analysis revealed that lncRNA SNHG10 was downregulated in the renal tissues of DN mice as compared to that in control groups, and this inhibition was reversed by xanthohumol treatment (Figure 3). Our data indicated that abnormal expression of lncRNA SNHG10 may be linked with the pathogenesis of DN.
[image: Figure 3]FIGURE 3 | Effects of xanthohumol on the expression of lncRNA SNHG10 in the kidney tissues of DN mice. qRT-PCR analysis was used to measure lncRNA SNHG10 level in renal tissues from DN mice. N = 3. **P < 0.01.
Xanthohumol regulated HK-2 cells viability, apoptosis, renal interstitial fibrosis and inflammatory response by regulating lncRNA SNHG10
Moreover, an in vitro DN model was established by simulating renal tubular epithelial cells injury with high glucose, then the HK-2 cells were treated with 50 uM xanthohumol. CCK-8 assay and flow cytometer analysis were applied to determine HK-2 cells viability and apoptosis. As presented in Figures 4A–D-glucose suppressed the HK-2 cells viability and stimulated more apoptotic cells. However, these findings were partly reversed by xanthohumol. We also determined the expression of fibrotic proteins and epithelial cell markers, including FN, a-SMA, Col-I and E-cadherin, were determined by Western blot. Our data suggested that the expression of α-SMA, FN and Col-I were higher in high glucose-induced HK-2 cells than that in Control group. Furthermore, E-cadherin was downregulated in high glucose-induced HK-2 cells, compared with untreated cells. Nevertheless, we observed the opposite results in 50 uM xanthohumol treated cells (Figures 4D,E). To explore the effect of xanthohumol on inflammatory response, we detected TNF-α, IL-1β, and IL-6 levels in culture supernatant of HK-2 cells by ELISA. Our data demonstrated that high glucose notably promoted the secretion of inflammatory factor, and this promotion was inhibited by xanthohumol treatment (Figure 4F). In addition, results from Figure 4G suggested that xanthohumol enhanced the mRNA level of lncRNA SNHG10 in high glucose-induced HK-2 cells, as opposed to Control group. Our data confirmed that xanthohumol ameliorated diabetic nephropathy through suppression of renal fibrosis and inflammatory response by regulating lncRNA SNHG10 levels in the pathogenesis of DN.
[image: Figure 4]FIGURE 4 | Effects of xanthohumol on cells viability, apoptosis, renal fibrosis and inflammatory response in high glucose-induced HK-2 cells. HK-2 cells were exposed to high glucose and treated with 50 uM xanthohumol. (A) CCK-8 assay of cell viability. (B) Cell apoptosis was detected by Flow cytometry assay. (C) Quantification of apoptotic cells. (D,E) The expression of fibrotic proteins and epithelial cell markers, including FN, a-SMA, Col-I and E-cadherin, were determined by Western blot. (E) Quantification of FN, a-SMA, Col-I and E-cadherin expression relative to β-action. (F) The secretion of TNF-α, IL-1β and IL-6 were determined using ELISA. (G) The levels of lncRNA SNHG10 in HK-2 cells were measured by qRT-PCR analysis. N = 3. *P < 0.05, and **P < 0.01.
SNHG10-plasmid relieved STZ-induced renal injury in DN mice
Our results have revealed the relationship between DN occurrence and lncRNA SNHG10. To further explain the function of lncRNA SNHG10 in the pathogenesis of DN. STZ-induced DN mice were intraperitoneally injected with control-plasmid or SNHG10-plasmid and we observed that lncRNA SNHG10 was upregulated in the renal tissues from DN mice, compared with Control and control plasmid group (Figure 5A). Our results further confirmed that SNHG10-plasmid relieved STZ-induced renal injury in DN mice, as verified by increased body weights, decreased kidney weight/body weight ratio, blood glucose concentrations, NAG activity, 24-h urinary albumin, serum creatinine, urine creatinine and BUN (Figures 5B–I), compared with control plasmid group. After that, to delineate whether SNHG10-plasmid may reduce the inflammatory response in DN renal tissue, we detected the secretion of inflammatory factors, including TNF-α, IL-1β, and IL-6 levels. As documented in Figures 5J–L, the secretion levels of inflammatory factors in the SNHG10-plasmid group were visibly lower than those in the control plasmid group. Our findings demonstrated that upregulation of SNHG10 alleviated STZ-stimulated kidney injury in DN mice.
[image: Figure 5]FIGURE 5 | Effects of SNHG10-plasmid on renal function and inflammatory response in STZ-induced DN mice. STZ-induced DN mice were intraperitoneal injection of SNHG10-plasmid, followed by the harvest of blood samples and renal tissues. (A) The levels of lncRNA SNHG10 were measured by qRT-PCR analysis. (B) Body weights, (C) kidney weight/body weight ratio, (D) blood glucose concentrations, (E) NAG activity, (F) 24-h urinary albumin, (G) serum creatinine levels, (H) urine creatinine levels, and (I) blood urine nitragen in STZ-induced DN mice were determined by automatic biochemistry analyser. ELISA analysis of serum levels of TNF-α (J), IL-1β (K) and IL-6 (L). N = 3. *P < 0.05, and **P < 0.01.
Xanthohumol ameliorated DN through suppression of renal interstitial fibrosis by regulating SNHG10
Next, PAS and Masson staining unveiled that upregulation of SNHG10 remarkably relieved glomerular damage and renal tubulo-interstitial fibrosis in the kidney of DN mice (Figures 6A,B). Further IHC staining indicated the decreased FN, a-SMA and Col-I expression, as well as enhanced E-cadherin level in the renal tissues of SNHG10-plasmid treated DN mice, as opposed to control plasmid group (Figure 6C). Our data demonstrated that xanthohumol suppressed renal interstitial fibrosis of DN mice by regulating SNHG10.
[image: Figure 6]FIGURE 6 | Effects of SNHG10-plasmid on renal interstitial fibrosis in the kidneys of in STZ-induced DN mice. (A) Pathological changes of renal tissues were detected by PAS staining. (B) Pathological changes of renal tissues were detected by PAS staining. Scale: 100 μm. (C) IHC analysis of FN, a-SMA, Col-I and E-cadherin in mouse renal tissues. scale: 100 μm. N = 3. *P < 0.05, and **P < 0.01.
Xanthohumol ameliorated DN through suppression of renal interstitial fibrosis and inflammatory response by regulating SNHG10
To further explain the regulation of lncRNA SNHG10 and xanthohumol in the development of DN, we designed three shRNA to silence the expression of SNHG10 in HK-2 cells. RT-qPCR analysis confirmed the knockout efficiency of HK-2 cells, and we observed that shRNA-SNHG10-1 knockout decreased most significantly SNHG10 mRNA levels in HK-2 cells, compared with the other two plasmids (Figure 7A). Thus, shRNA-SNHG10-1 was selected for subsequent cell function experiments. Results from Figure 7B revealed that SNHG10 was upregulated in high glucose-induced HK-2 cells after SNHG10-plasmid or xanthohumol treatment, while this promotion was inhibited by 50 μM xanthohumol+shRNA-SNHG10. Further CCK-8 and FCM assay revealed that SNHG10-plasmid or xanthohumol promoted high glucose-induced HK-2 cells viability and reduced cells apoptosis (Figures 7C–E). However, we observed the opposite data in 50 μM xanthohumol+shRNA-SNHG10 treated cells. In addition, Downregulation of SNHG10 reversed the effects of xanthohumol or SNHG10-plasmid on renal interstitial fibrosis and inflammatory response in high glucose-induced HK-2 cells, as confirmed by enhanced α-SMA, FN, Col-I, TNF-α, IL-1β, and IL-6 levels, as well as suppressed E-cadherin expression (Figures 7F–H). Our findings demonstrated that xanthohumol ameliorates DN through suppressing renal interstitial fibrosis and inflammatory response by regulating SNHG10.
[image: Figure 7]FIGURE 7 | Downregulation of SNHG10 reversed the effects of xanthohumol on renal fibrosis and inflammatory response HK-2 cells. The high glucose-induced HK-2 cells were treated with xanthohumol or SNHG10-plasmid, followed by shRNA-SNHG10 stimulation. (A,B) The levels of SNHG10 in different groups were determined by qRT-PCR analysis. (C) CCK-8 assay of cell viability. (D) Cell apoptosis was detected by Flow cytometry assay. (E) Quantification of apoptotic cells. (F,G) Detection of fibrotic proteins and epithelial cell markers using Western blot assay. (H) ELISA analysis of serum levels of TNF-α, IL-1β and IL-6. N = 3. **P < 0.01.
MiR-142-3p was a target of lncRNA SNH 10
To investigate the possible molecular mechanism of lncRNA SNHG10 in regulating DN procession, TargetScan (http://www.targetscan. org) was applied to identify the latent targets of lncRNA SNHG10. As presented in Figure 8A, miR-378b contained complementary binding sites to the 3′-UTR of lncRNA SNHG10. To reveal the direct binding between lncRNA SNHG10 and miR-378b, SNHG10 (WT) and SNHG10 (MUT) luciferase reporters containing miR-378b NC or miR-378b mimics binding sites were individually constructed. The luciferase reporter assay revealed that miR-378b mimics prominently reduced the luciferase activity of lncRNA SNHG10 (WT) reporter in 293 T cells, while overexpression of miR-378b displayed little effect on luciferase activity in MUT-lncRNA SNHG10 transfected cells (Figure 8B). Our findings suggested that miR-378b directly targets lncRNA SNHG10.
[image: Figure 8]FIGURE 8 | MiR-378b directly targets lncRNA SNHG10 (A) The conserved target sites of miR-378b binding to SNHG10 3′-UTR were shown. (B) Luciferase activities in 293T cells transfected with WT- SNHG10 or MUT-SNHG10 and miR-378b mimic. N = 3. *P < 0.05.
DISCUSSION
DN, a major complication of diabetes mellitus, causes severe renal tubular and interstitial damage, and eventually leads to death (Cui et al., 2023). In recent years, it has been found that a variety of factors such as reactive oxygen species and high glucose can lead to diabetic kidney injury, which in turn leads to renal tubulointerstitial inflammation and fibrosis and promotes the progression of DN (Zhuang et al., 2022). With the in-depth study of DN, the role of tubulointerstitial lesions and interstitial fibrosis in the progression of DN has been widely concerned (Xu et al., 2024). However, the treatment of DN still lacks effective drugs, and more effective therapies need to be developed to improve the health of DN patients. Besides, screening natural small molecule drugs that have been applied in the market or clinical trials has high safety for the treatment of DN (Lv et al., 2023; Ma et al., 2021a). Xanthohumol, which has a variety of pharmacological activities (Zhu et al., 2023; Liu et al., 2020; Niederau et al., 2022), has been shown to have a certain protective effect in DN (Li et al., 2023). In this study, we studied the specific role and molecular mechanism of xanthohumol in DN both in vivo and in vitro.
STZ-treated DN mice models and HG-induced HK-2 cell models have been widely used to elucidate the pathogenesis of DN (Wang et al., 2022; Wang and Lu, 2022; Liu et al., 2023; Wang et al., 2024). In our study, DN mice model and HG-induced HK-2 cell model were used to investigate the effects of xanthohumol on DN. Our data confirmed that xanthohumol effectively improves DN-stimulated kidney structural and functional abnormalities through reducing albuminuria, glomerular and tubular injury, renal inflammation and interstitial fibrosis. We next investigated whether xanthohumol plays a protective role in HG-induced renal tubular epithelial cells. We observed that HG treatment significantly reduced cell viability and increased apoptosis rate, which is consistent with the results of other investigations (Wang et al., 2022; Wang and Lu, 2022). Furthermore, it has been shown that the exposure of HK-2 cells to high glucose can result in inflammation (Wang et al., 2022). And the stimulation of HG induces EMT and fibrosis in renal tubules, leading to persistent albuminuria, which is a characteristic of DN (Liu et al., 2023; Wang et al., 2024). These were verified in this report, as the fibrosis index and inflammatory factor levels were increased in the high glucose-induced HK-2 cells. Nevertheless, we observed the opposite finings in xanthohumol treated group. Our observations demonstrated that xanthohumol protects renal tubular epithelial cells from HG-induced injury through its anti-apoptotic and anti-inflammatory effects.
Accumulating evidences suggested that lncRNAs play a key role in various biological processes by recruiting chromatin modification complexes to their nuclear promoters to regulate the expression of target genes (Xu et al., 2023). Several studies have reported that lncRNAs are associated with the pathogenesis of DN. For example, Zhang et al. have suggested the biological effects of lncRNA CASC11 on aggravating DN by regulating FoxO1 (Zhang et al., 2023a; b). Moreover, report from Zhao et al. demonstrated that lncRNA MSC-AS1 aggravates DN by regulating the miR-325/CCNG1 axis (Zhao et al., 2022). LncRNA SNHG10 has been reported to be a participant in multiple tumor progression (Aini et al., 2022; Zhu et al., 2020). However, its potential function and mechanism in DN remain unclear. In this study, we confirmed the lower expression of SNHG10 in the renal tissues of DN mice and HG-stimulated HK-2 cells, and this inhibition was reversed by xanthohumol treatment. Thus, we hypothesized that SNHG10 is involved in the development and progression of DN. To further explain the function of lncRNA SNHG10 in the pathogenesis of DN, we investigated the roles of SNHG10-plasmid in DN mice model and in HG-induced HK-2 cells. Our data suggested that upregulation of SNHG10 alleviated STZ-stimulated kidney injury in DN mice and HG induced HK-2 cell injury. Meanwhile, we found that SNHG10 inhibition reversed the effects of xanthohumol on HK-2 cells, indicating that xanthohumol ameliorates DN through suppressing renal interstitial fibrosis and inflammatory response by regulating SNHG10.
LncRNAs can act as miRNA sponges, reducing their regulatory effect on mRNAs (Paraskevopoulou and Hatzigeorgiou, 2016). LncRNAs-mediated regulation of miRNAs affecting DN and propose novel molecular-level therapeutic strategies for DN (Tian et al., 2025; Li G. et al., 2021). In recent years, wide attentions have been paid to the functions of lncRNA-miRNA pairs in renal pathophysiology, especially in DN. For example, Yang et al. revealed that lncRNA MALAT1 promotes DN progression via miR-15b-5p/TLR4 signaling axis (Yang et al., 2022). Moreover, Gu et al. demonstrated that TUG1 overexpression alleviates kidney injury in DN mice and decreases the inflammatory response and fibrosis of high glucose-stimulated HK-2 cells via miR-145-5p/DUSP6 axis (Gu et al., 2019). To further investigate the underlying mechanism of SNHG10 in the DN progression, we searched for potential targets of SNHG10. In our report, bioinformatics and luciferase reporter analysis indicated that miR-378b was a potential target of SNHG10. MiR-378b was evidenced to be a vital regulator in the progression of diseases, including lung cancer (Wang et al., 2020), hepatic steatosis (Li N. et al., 2020) and hypoxic-ischemic brain damage (Li H. et al., 2021). Besides, Xiong et al. suggested the protective function of miR-378 in the ischemia-reperfusion injury during renal transplantation and interstitial fibrosis (Xiong et al., 2020). Given the regulatory role of miR-378b in insulin resistance (Li et al., 2020a) and organ fibrosis (Hyun et al., 2016), we hypothesize that SNHG10 may play a role in DN by regulating miR-378b. However, the specific role and molecular regulatory mechanism of miR-378b in DN still need to be further explored.
In conclusion, the present study demonstrated that xanthohumol inhibited renal tubulointerstitial fibrosis by regulating the SNHG10/miR-378b pathway, thereby alleviating DN. Our study further clarified the mechanism of xanthohumol in DN and provided new therapeutic drugs for DN. In the future, we will further explore the effect of miR-378b on DN, hoping to further clarify the protective mechanism of xanthohumol on DN in clinical application.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The animal study was approved by the animal experiments were approved by the Ethics Review Committee of Bestcell Model Biological Center (approval number 2024-01-29A). The study was conducted in accordance with the local legislation and institutional requirements.
AUTHOR CONTRIBUTIONS
JH: Writing – original draft, Writing – review and editing. HL: Writing – original draft, Writing – review and editing. WY: Writing – original draft, Writing – review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by the Shanxi Provincial Department of Science and Technology-Basic Research - Natural Science Research (grant no. 202103021224348).
GENERATIVE AI STATEMENT
The author(s) declare that no Gen AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Aini, S., Bolati, S., Ding, W., Liu, S., Su, P., Aili, S., et al. (2022). LncRNA SNHG10 suppresses the development of doxorubicin resistance by downregulating miR-302b in triple-negative breast cancer. Bioengineered 13, 11430–11439. doi:10.1080/21655979.2022.2063592
 Chen, J., Ou, Z., Gao, T., Yang, Y., Shu, A., Xu, H., et al. (2022). Ginkgolide B alleviates oxidative stress and ferroptosis by inhibiting GPX4 ubiquitination to improve diabetic nephropathy. Biomed. Pharmacother. 156, 113953. doi:10.1016/j.biopha.2022.113953
 Chen, K., Yu, B., and Liao, J. (2021). LncRNA SOX2OT alleviates mesangial cell proliferation and fibrosis in diabetic nephropathy via Akt/mTOR-mediated autophagy. Mol. Med. 27, 71. doi:10.1186/s10020-021-00310-6
 Costa, R., Rodrigues, I., Guardão, L., Rocha-Rodrigues, S., Silva, C., Magalhães, J., et al. (2017). Xanthohumol and 8-prenylnaringenin ameliorate diabetic-related metabolic dysfunctions in mice. J. Nutr. Biochem. 45, 39–47. doi:10.1016/j.jnutbio.2017.03.006
 Cui, X., Li, Y., Yuan, S., Huang, Y., Chen, X., Han, Y., et al. (2023). Alpha-kinase1 promotes tubular injury and interstitial inflammation in diabetic nephropathy by canonical pyroptosis pathway. Biol. Res. 56, 5. doi:10.1186/s40659-023-00416-7
 Girisa, S., Saikia, Q., Bordoloi, D., Banik, K., Monisha, J., Daimary, U. D., et al. (2021). Xanthohumol from Hop: hope for cancer prevention and treatment. IUBMB Life 73, 1016–1044. doi:10.1002/iub.2522
 Gong, Z., Zhang, Y., Yang, Y., Yang, Y., Zhang, J., Wang, Y., et al. (2023). LncRNA LINC01094 promotes cells proliferation and metastasis through the PTEN/AKT pathway by targeting AZGP1 in gastric cancer. Cancers (Basel) 15, 1261. doi:10.3390/cancers15041261
 Gu, W., Yuan, Y., Wang, L., Yang, H., Li, S., Tang, Z., et al. (2019). Long non-coding RNA TUG1 promotes airway remodelling by suppressing the miR-145-5p/DUSP6 axis in cigarette smoke-induced COPD. J. Cell Mol. Med. 23, 7200–7209. doi:10.1111/jcmm.14389
 He, Y., Jiang, X., Duan, L., Xiong, Q., Yuan, Y., Liu, P., et al. (2021). LncRNA PKMYT1AR promotes cancer stem cell maintenance in non-small cell lung cancer via activating Wnt signaling pathway. Mol. Cancer 20, 156. doi:10.1186/s12943-021-01469-6
 Hostetter, T. H. (1985). Diabetic nephropathy. N. Engl. J. Med. 312, 642–644. doi:10.1056/NEJM198503073121008
 Hu, Q., Chen, Y., Deng, X., Li, Y., Ma, X., Zeng, J., et al. (2023). Diabetic nephropathy: focusing on pathological signals, clinical treatment, and dietary regulation. Biomed. Pharmacother. 159, 114252. doi:10.1016/j.biopha.2023.114252
 Hyun, J., Wang, S., Kim, J., Rao, K. M., Park, S. Y., Chung, I., et al. (2016). MicroRNA-378 limits activation of hepatic stellate cells and liver fibrosis by suppressing Gli3 expression. Nat. Commun. 7, 10993. doi:10.1038/ncomms10993
 Ishibashi, T., Morita, S., Furuta, H., Nishi, M., and Matsuoka, T. A. (2023). Renoprotective potential of concomittant medications with SGLT2 inhibitors and renin-angiotensin system inhibitors in diabetic nephropathy without albuminuria: a retrospective cohort study. Sci. Rep. 13, 16373. doi:10.1038/s41598-023-43614-9
 Jiang, Z. H., Tang, Y. Z., Song, H. N., Yang, M., Li, B., and Ni, C. L. (2020). miRNA-342 suppresses renal interstitial fibrosis in diabetic nephropathy by targeting SOX6. Int. J. Mol. Med. 45, 45–52. doi:10.3892/ijmm.2019.4388
 Li, F., Zhang, J., Luo, L., and Hu, J. (2023). Protective effects of xanthohumol against diabetic nephropathy in a mouse model. Kidney Blood Press Res. 48, 92–101. doi:10.1159/000528650
 Li, G., Zhang, J., Liu, D., Wei, Q., Wang, H., Lv, Y., et al. (2021a). Identification of hub genes and potential ceRNA networks of diabetic nephropathy by weighted gene Co-expression network analysis. Front. Genet. 12, 767654. doi:10.3389/fgene.2021.767654
 Li, H., Qi, J., Wei, J., Xu, B., Min, S., Wang, L., et al. (2021b). Long non-coding RNA ANRIL mitigates neonatal hypoxic-ischemic brain damage via targeting the miR-378b/ATG3 axis. Am. J. Transl. Res. 13, 11585–11596.
 Li, N., Jia, T., and Li, Y. R. (2020a). LncRNA NEAT1 accelerates the occurrence and development of diabetic nephropathy by sponging miR-23c. Eur. Rev. Med. Pharmacol. Sci. 24, 1325–1337. doi:10.26355/eurrev_202002_20190
 Li, Y. Y., Zhong, Y. J., Cheng, Q., Wang, Y. Z., Fan, Y. Y., Yang, C. F., et al. (2020b). miR-378b regulates insulin sensitivity by targeting insulin receptor and p110α in alcohol-induced hepatic steatosis. Front. Pharmacol. 11, 717. doi:10.3389/fphar.2020.00717
 Lima-Fontes, M., Costa, R., Rodrigues, I., and Soares, R. (2017). Xanthohumol restores hepatic glucolipid metabolism balance in type 1 diabetic wistar rats. J. Agric. Food Chem. 65 (34), 7433–7439. doi:10.1021/acs.jafc.7b02595
 Liu, H., Zhang, L., Li, G., and Gao, Z. (2020). Xanthohumol protects against Azoxymethane-induced colorectal cancer in Sprague-Dawley rats. Environ. Toxicol. 35, 136–144. doi:10.1002/tox.22849
 Liu, Z., Nan, P., Gong, Y., Tian, L., Zheng, Y., and Wu, Z. (2023). Endoplasmic reticulum stress-triggered ferroptosis via the XBP1-Hrd1-Nrf2 pathway induces EMT progression in diabetic nephropathy. Biomed. Pharmacother. 164, 114897. doi:10.1016/j.biopha.2023.114897
 Long, B., Wan, Y., Zhang, S., and Lv, L. (2023). LncRNA XIST protects podocyte from high glucose-induced cell injury in diabetic nephropathy by sponging miR-30 and regulating AVEN expression. Arch. Physiol. Biochem. 129, 610–617. doi:10.1080/13813455.2020.1854307
 Luís, C., Costa, R., Rodrigues, I., Castela, Â., Coelho, P., Guerreiro, S., et al. (2018). Xanthohumol and 8-prenylnaringenin reduce type 2 diabetes-associated oxidative stress by downregulating galectin-3. Porto Biomed. J. 4 (1), e23. doi:10.1016/j.pbj.0000000000000023
 Lv, C., Cheng, T., Zhang, B., Sun, K., and Lu, K. (2023). Triptolide protects against podocyte injury in diabetic nephropathy by activating the Nrf2/HO-1 pathway and inhibiting the NLRP3 inflammasome pathway. Ren. Fail 45, 2165103. doi:10.1080/0886022X.2023.2165103
 Lv, W., Jia, Y., Wang, J., Duan, Y., Wang, X., Liu, T., et al. (2022). Long non-coding RNA SNHG10 upregulates BIN1 to suppress the tumorigenesis and epithelial-mesenchymal transition of epithelial ovarian cancer via sponging miR-200a-3p. Cell Death Discov. 8, 60. doi:10.1038/s41420-022-00825-9
 Ma, L., Wu, F., Shao, Q., Chen, G., Xu, L., and Lu, F. (2021a). Baicalin alleviates oxidative stress and inflammation in diabetic nephropathy via Nrf2 and MAPK signaling pathway. Drug Des. Devel Ther. 15, 3207–3221. doi:10.2147/DDDT.S319260
 Ma, S., Zhang, R., Li, L., Qu, H., Wang, J., Yang, Q., et al. (2021b). Xanthohumol protect cognitive performance in diabetic model rats by inhibiting protein kinase B/nuclear factor kappa-B pathway. Neuroreport 32 (8), 651–658. doi:10.1097/WNR.0000000000001595
 Niederau, C., Bhargava, S., Schneider-Kramman, R., Jankowski, J., Craveiro, R. B., and Wolf, M. (2022). Xanthohumol exerts anti-inflammatory effects in an in vitro model of mechanically stimulated cementoblasts. Sci. Rep. 12, 14970. doi:10.1038/s41598-022-19220-6
 Nojima, T., and Proudfoot, N. J. (2022). Mechanisms of lncRNA biogenesis as revealed by nascent transcriptomics. Nat. Rev. Mol. Cell Biol. 23, 389–406. doi:10.1038/s41580-021-00447-6
 Paraskevopoulou, M. D., and Hatzigeorgiou, A. G. (2016). Analyzing MiRNA-LncRNA interactions. Methods Mol. Biol. 1402, 271–286. doi:10.1007/978-1-4939-3378-5_21
 Sun, Z., Zhou, C., Liu, F., Zhang, W., Chen, J., Pan, Y., et al. (2018). Inhibition of breast cancer cell survival by Xanthohumol via modulation of the Notch signaling pathway in vivo and in vitro. Oncol. Lett. 15, 908–916. doi:10.3892/ol.2017.7434
 Tang, G., Li, S., Zhang, C., Chen, H., Wang, N., and Feng, Y. (2021). Clinical efficacies, underlying mechanisms and molecular targets of Chinese medicines for diabetic nephropathy treatment and management. Acta Pharm. Sin. B 11, 2749–2767. doi:10.1016/j.apsb.2020.12.020
 Tian, X., Zhou, M., Zhang, J., Huang, X., Jiang, D., Liu, J., et al. (2025). Mechanism of LncRNA-MiRNA in renal intrinsic cells of diabetic kidney disease and potential therapeutic direction. DNA Cell Biol . doi:10.1089/dna.2025.0026
 Torrens-Mas, M., Alorda-Clara, M., Martinez-Vigara, M., Roca, P., Sastre-Serra, J., Oliver, J., et al. (2022). Xanthohumol reduces inflammation and cell metabolism in HT29 primary colon cancer cells. Int. J. Food Sci. Nutr. 73, 471–479. doi:10.1080/09637486.2021.2012561
 Wang, G., Xu, G., and Wang, W. (2020). Long noncoding RNA CDKN2B-AS1 facilitates lung cancer development through regulating miR-378b/NR2C2. Onco Targets Ther. 13, 10641–10649. doi:10.2147/OTT.S261973
 Wang, H., Huang, S., Hu, T., Fei, S., and Zhang, H. (2022). Circ_0000064 promotes high glucose-induced renal tubular epithelial cells injury to facilitate diabetic nephropathy progression through miR-532-3p/ROCK1 axis. BMC Endocr. Disord. 22, 67. doi:10.1186/s12902-022-00968-x
 Wang, H., Li, Y., Wu, N., Lv, C., and Wang, Y. (2024). P4HB regulates the TGFβ/SMAD3 signaling pathway through PRMT1 to participate in high glucose-induced epithelial-mesenchymal transition and fibrosis of renal tubular epithelial cells. BMC Nephrol. 25 (1), 297. doi:10.1186/s12882-024-03733-5
 Wang, W., Chen, Z., Zheng, T., and Zhang, M. (2021). Xanthohumol alleviates T2DM-induced liver steatosis and fibrosis by mediating the NRF2/RAGE/NF-κB signaling pathway. Future Med. Chem. 13 (23), 2069–2081. doi:10.4155/fmc-2021-0241
 Wang, W., and Lu, H. (2022). High glucose-induced human kidney cell apoptosis and inflammatory injury are alleviated by Circ_0008529 knockdown via circ_0008529-mediated miR-485-5p/WNT2B signaling. Appl. Biochem. Biotechnol. 194, 6287–6301. doi:10.1007/s12010-022-04088-z
 Wu, T., Li, X., Yan, G., Tan, Z., Zhao, D., Liu, S., et al. (2023). LncRNA BCAR4 promotes migration, invasion, and chemo-resistance by inhibiting miR-644a in breast cancer. J. Exp. Clin. Cancer Res. 42, 14. doi:10.1186/s13046-022-02588-8
 Xiong, L., Ding, S., and Yang, T. (2020). The protective function of miR-378 in the ischemia-reperfusion injury during renal transplantation and subsequent interstitial fibrosis of the renal allograft. Int. Urol. Nephrol. 52, 1791–1800. doi:10.1007/s11255-020-02540-9
 Xu, W. L., Zhou, P. P., Yu, X., Tian, T., Bao, J. J., Ni, C. R., et al. (2024). Myricetin induces M2 macrophage polarization to alleviate renal tubulointerstitial fibrosis in diabetic nephropathy via PI3K/Akt pathway. World J. Diabetes 15, 105–125. doi:10.4239/wjd.v15.i1.105
 Xu, X., Liang, Y., Gareev, I., Liang, Y., Liu, R., Wang, N., et al. (2023). LncRNA as potential biomarker and therapeutic target in glioma. Mol. Biol. Rep. 50, 841–851. doi:10.1007/s11033-022-08056-y
 Yang, Z., Song, D., Wang, Y., and Tang, L. (2022). lncRNA MALAT1 promotes diabetic nephropathy progression via miR-15b-5p/TLR4 signaling Axis. J. Immunol. Res. 2022, 8098001. doi:10.1155/2022/8098001
 Zhang, Y., Dong, X., Guo, X., Li, C., Fan, Y., Liu, P., et al. (2023a). LncRNA-BC069792 suppresses tumor progression by targeting KCNQ4 in breast cancer. Mol. Cancer 22, 41. doi:10.1186/s12943-023-01747-5
 Zhang, Y., Pan, R., Shou, Z., and Zhao, Y. (2025). Xanthohumol attenuates TXNIP-mediated renal tubular injury in vitro and in vivo diabetic models. J. Nat. Med. 79 (2), 314–327. doi:10.1007/s11418-024-01863-6
 Zhang, Y., Shi, S., Lin, C., Che, L., Li, Y., Zeng, Q., et al. (2023b). Lncrna CASC11 aggravates diabetic nephropathy via targeting FoxO1. J. Med. Biochem. 42, 476–483. doi:10.5937/jomb0-42345
 Zhao, H., Cui, Y., Dong, F., and Li, W. (2022). lncRNA MSC-AS1 aggravates diabetic nephropathy by regulating the miR-325/CCNG1 Axis. J. Healthc. Eng. 2022, 2279072. doi:10.1155/2022/2279072
 Zhao, S., Cui, J., Cao, L., Han, K., Ma, X., Chen, H., et al. (2023). Xanthohumol inhibits non-small cell lung cancer via directly targeting T-lymphokine-activated killer cell-originated protein kinase. Phytother. Res. 37, 3057–3068. doi:10.1002/ptr.7799
 Zhu, L., Fan, X., Cao, C., Li, K., Hou, W., and Ci, X. (2023). Xanthohumol protect against acetaminophen-induced hepatotoxicity via Nrf2 activation through the AMPK/Akt/GSK3β pathway. Biomed. Pharmacother. 165, 115097. doi:10.1016/j.biopha.2023.115097
 Zhu, S., Liu, Y., Wang, X., Wang, J., and Xi, G. (2020). lncRNA SNHG10 promotes the proliferation and invasion of osteosarcoma via wnt/β-catenin signaling. Mol. Ther. Nucleic Acids 22, 957–970. doi:10.1016/j.omtn.2020.10.010
 Zhuang, L., Ge, X., Hu, X., Yang, Q., Pei, X., and Jin, G. (2022). miR-543 regulates high glucose-induced fibrosis and autophagy in diabetic nephropathy by targeting TSPAN8. BMC Nephrol. 23, 89. doi:10.1186/s12882-022-02716-8
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2025 Hao, Li and Yu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-16-1532517-g005.gif
wowns) g





OPS/images/fphar-16-1532517-g006.gif





OPS/images/fphar-16-1532517-g003.gif
uojssaidxe

OLOHNS YNMOU| 2ARE






OPS/images/fphar-16-1532517-g004.gif





OPS/images/fphar-16-1532517-t001.jpg
Gene quences(5'-3')

M-ACTIN Sense CTGAGAGGGAAATCGTGCGT

Antisense CCACAGGATTCCATACCCAAGA

M-SNHG10 sense. GGATTCTTCCTCCAGAATGAGG

antisense TATGGTACCTGGAATCAGAGGATC

H-ACTIN sense. ‘GTCCACCGCAAATGCTTCTA

antisense TGCTGTCACCTTCACCGTTC

H-SNHG10 sense TGGTTATTGACTTCCTACCCAGC

antisense CGGCTCCAAGACTACAGATTATG






OPS/images/fphar-16-1532517-g007.gif





OPS/images/fphar-16-1532517-g008.gif
ey
G

o'
& &





OPS/xhtml/nav.xhtml
Contents

		Cover

		Xanthohumol ameliorates diabetic kidney disease through suppression of renal fibrosis by regulating SNHG10/miR-378b		Content

		Objective

		Materials and methods

		Results

		Conclusion and discussion

		Introduction

		Materials and methods		Establishment of animal models and treatment

		Cell cultures and treatment

		Cell transfection and reagents

		Biochemical assays

		PAS staining

		Masson staining

		Immunohistochemistry

		ELISA assay

		qRT-PCR assay

		CCK-8 assay

		Western blot analysis

		Flow cytometry analysis

		Dual-luciferase reporter assay

		Statistical analysis





		Results		Xanthohumol relieved STZ-induced renal injury in DN mice

		Xanthohumol relieved diabetes-induced renal interstitial fibrosis in the kidneys of DN mice

		Xanthohumol reversed the expression of lncRNA SNHG10 in the kidney tissues of DN mice

		Xanthohumol regulated HK-2 cells viability, apoptosis, renal interstitial fibrosis and inflammatory response by regulating lncRNA SNHG10

		SNHG10-plasmid relieved STZ-induced renal injury in DN mice

		Xanthohumol ameliorated DN through suppression of renal interstitial fibrosis by regulating SNHG10

		Xanthohumol ameliorated DN through suppression of renal interstitial fibrosis and inflammatory response by regulating SNHG10

		MiR-142-3p was a target of lncRNA SNH 10





		Discussion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Generative AI statement

		Publisher’s note

		References









OPS/images/cover.jpg
’ frontiers | Frontiersin Pharmacology

Xanthohumol ameliorates
diabetic kidney disease through
suppression of renal fibrosis by
regulating SNHG10/miR-378b





OPS/images/fphar-16-1532517-g001.gif





OPS/images/fphar-16-1532517-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





