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Abstract. In the development of diabetic nephropathy, 
pathological damage such as interstitial fibrosis and cell 
apoptosis often occur in renal tubules. In the present study, 
diabetic and control group mice were randomly treated 
with vitamin D3 or vehicle for 6 months. In addition, 
human renal tubular epithelial (HK‑2) cells were cultured 
in high‑glucose medium and treated with vitamin D3 or the 
oxidative inhibitor NAC. Immunohistochemistry, western 
blotting, quantitative PCR), and ELISA showed that vitamin 
D3 decreased the expression of α‑smooth muscle actin and 
E‑cadherin in renal tubular epithelial cells, improving 
interstitial fibrosis. It also downregulated the ratio of 
Bax/Bcl2 protein, alleviating apoptosis in renal tubular 
epithelial cells. Furthermore, vitamin D3 significantly 
inhibited oxidative stress response in renal tubular epithe‑
lial cells and blocked the (Thioredoxin Interacting Protein) 
TXNIP/NLRP3 inflammatory pathway. Therefore, vitamin 
D3 can protect renal tubular epithelial cells from fibrosis 
and apoptosis by inhibiting oxidative stress response and 
blocking the TXNIP/NLRP3 inflammatory pathway in 
diabetic nephropathy.

Introduction

Diabetes is one of the key factors posing a threat to human 
health (1). The global prevalence of diabetes is expected to 
rise notably, with the number of patients projected to increase 
from 171 million in 2000 to 366 million globally in 2030 (2), 
emphasizing the need for innovative therapeutic strategies. 

Diabetic nephropathy (DN), as the most common complica‑
tion of diabetes, leads to chronic kidney and end‑stage renal 
disease (3,4), presenting a challenge in diabetes management. 
While the primary causes of DN, including renal hemody‑
namic abnormality and metabolic disorders caused by high 
blood sugar, are well‑recognized (5,6), there remains a lack of 
effective treatments targeting these underlying mechanisms. 
The present study aims to address this gap by exploring the 
potential of vitamin D3 as a novel therapeutic agent in miti‑
gating renal damage in DN, thereby offering a translational 
perspective to understanding of DN treatment.

In diabetes, elevated blood glucose levels lead to increased 
generation of reactive oxygen species (ROS) in cells, which 
serves a crucial role in the development of DN (7,8). ROS can 
activate the thioredoxin interacting protein (TXNIP/NLRP3 
inflammatory pathway, leading to renal fibrosis (9,10). 
Furthermore, oxidative stress responses aggravate cellular apop‑
tosis by promoting DNA damage within cells (11). Therefore, 
inhibiting oxidative stress is an important target for treating DN.

1,25‑dihydroxyvitamin D3 (1,25(OH)2D3) is the active 
metabolite of vitamin D and possesses various biological 
functions such as calcium regulation, pleiotropy, blood pres‑
sure control, immune modulation, apoptosis inhibition and 
anti‑angiogenesis (12‑15). Additionally, in endothelial cells, 
vitamin D3 has anti‑inflammatory and antioxidant effects (16). 
Vitamin D3 can protect endothelial cells by decreasing 
oxidative stress reactions and inhibiting the TXNIP/NLRP3 
inflammatory response pathway (9). However, it is unclear 
whether vitamin D3 has therapeutic effects on renal tubular 
epithelial cells in DN.

The present study aimed to investigate the effects of vitamin 
D3 on oxidative stress reactions and the TXNIP/NLRP3 inflam‑
matory response pathway in diabetic mice. Specifically, we 
sought to determine whether vitamin D3 could alleviate apop‑
tosis and fibrosis in renal tubular epithelial cells, thus offering a 
potential therapeutic approach for diabetic nephropathy (DN)'.

Materials and methods

Animals. Male C57BL/6J mice (age, 8 weeks; weight, 20‑25 g; 
number, 24) were obtained from the Animal Research Center 
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of Hebei Medical University (Shijiazhuang, Hebei, China). 
The animals were housed in a specific‑pathogen‑free facility 
and maintained at a controlled temperature of 22±2˚C and 
relative humidity of 50±10%. They were subjected to a 12/12‑h 
light/dark cycle, with ad libitum access to food and water. 
The animal facility used in the study was certified by the 
International Association for Assessment and Accreditation 
of Laboratory Animal Care and all animal protocols used in 
this study were approved by the Experimental Animal Welfare 
Ethics Committee of Hebei Medical University (2022‑021).

Mice were randomly divided into groups and intra‑
peritoneally injected with 60 mg/kg streptozotocin (STZ). 
Mice were classified as diabetic if their blood glucose levels 
exceeded 16.7 mmol/l 48 h post‑streptozotocin (STZ) admin‑
istration. The glucose measurements were carried out using 
a standard glucometer (LifeScan) following a 12 h fasting 
period to minimize dietary impact. Blood samples were 
obtained via non‑invasive tail vein sampling, and glucose 
levels were measured at the 48‑h mark. Each mouse's glucose 
level was measured twice to ensure accuracy, with the average 
value being recorded. All procedures were conducted under 
consistent conditions to ensure the reliability and reproduc‑
ibility of the experimental outcomes. Age‑matched control 
mice received an equivalent amount of sodium citrate instead 
of STZ. The mice were randomly divided into four groups 
(n=6/group): i) Normal control (NC), mice were injected with 
sodium citrate and received intramuscular injection of DMSO 
at a concentration of 10%, dissolved in PBS; ii) NC + vitamin 
D3 (NC + VD), mice received sodium citrate and intramuscular 
injection of 233.3 U/kg body weight/week calcitriol (Shanghai 
Titan Technology Co., Ltd.) in DMSO at a concentration of 
10%, dissolved in PBS. This treatment commenced 4 weeks 
following diabetes induction and continued for 6 months; 
iii) type 1 diabetes group (T1D), STZ‑induced diabetic mice 
received intramuscular injection of DMSO at a concentra‑
tion of 10%, dissolved in PBS; iv) DM+VD, STZ‑induced 
diabetic mice received intramuscular injections of calcitriol 
dissolved in 10% DMSO in PBS at a dose of 233.3 U/kg body 
weight/week, starting from 4 weeks after diabetes induction 
for 6 months.

In consideration of the solvent properties required, DMSO 
was used based on its well‑established solubility proper‑
ties and widespread use as a solvent in similar experimental 
settings (17,18). This concentration was chosen to ensure the 
adequate solubility of the compounds under investigation, 
while minimizing potential adverse effects associated with 
higher concentrations. Preliminary experiments supported 
the efficacy and safety of this concentration, reinforcing its 
suitability (data not shown). Other studies corroborate the safe 
administration of 10% DMSO, aligning with the present find‑
ings and supporting the selection of this concentration (17,18).

The 6‑month analysis period was selected based on 
previous literature (9). This timeframe has been shown to be 
optimal for evaluating the therapeutic impact of vitamin D3 on 
the progression of DN, allowing comprehensive assessment of 
disease dynamics and treatment efficacy (9).

Due to the clinical symptoms of polydipsia and polyuria 
in diabetic mice, adequate feed and water was provided and 
increase the frequency of bedding replacement. Health and 
behavior of the animals was monitored 2‑3 times/week.

No animals were found dead. After the model was estab‑
lished, collect 24‑h urine samples and blood specimens, and 
then conduct biochemical indicator tests. At the end of the 
experimental period, the mice were euthanized by inhalation 
anesthesia with a high dose of isoflurane. For euthanasia, 
anesthesia was induced at a low concentration (1.0‑1.5%) of 
isoflurane, followed by high concentration (5%) for 3 min, 
causing the animal to lose consciousness. Cardiac arrest and 
cessation of breathing were used for determining animal 
death.

Histology. Following 24 weeks of treatment, kidneys were 
isolated and fixed at room temperature) in 4% paraformalde‑
hyde for 24 h, followed by gradual dehydration. The kidney 
tissues were embedded in paraffin and cut into 4‑µm sections. 
Masson's trichrome staining was performed using the MARC 
SOP method and the specimens were imaged using an Olympus 
inverted microscope (Olympus Corporation; cat. no. BX51).

Cell culture. HK‑2 cells (American Type Culture Collection) 
were cultured in DMEM‑F12 (Gibco; Thermo Fisher 
Scientific, Inc.) containing 5% fetal bovine serum. At specified 
time points, HK‑2 cells were stimulated with normal glucose 
(5.6 mM), normal glucose + mannitol (24.4 mM), high glucose 
(30 mM glucose), high glucose + 50 nM vitamin D3) and high 
glucose + 10 nM NAC.

ELISA. Protein was extracted from kidney tissue and HK‑2 
cells. The levels of pro‑inflammatory cytokines (IL‑1β, IL‑6, 
TNF‑α) were determined using ELISA kits (R&D Systems) 
according to the manufacturer's instructions. Urine samples 
were centrifuged (4˚C) at 377.3 g. for 10 min to remove 
particulates. The levels of 8‑hydroxy‑2'‑deoxyguanosine 
(8‑OHDG) in urine were measured using a competitive ELISA 
kit (Nanjing Jiancheng Bioengineering Institute).

Immunohistochemistry. Kidney specimens were fixed in 4% 
paraformaldehyde and embedded in paraffin as aforemen‑
tioned. Kidney sections (0.4 µm) were immunostained using 
the PV kit (ZS‑GB BIO cat. no. PV‑6000) according to the 
manufacturer's instructions. Primary antibodies against 
TXNIP (1/200;ab188865;Abcam), NLRP3 (1/500;68102‑1‑Ig;P
roteintech.), Bax (1/200;50599‑2‑Ig;Proteintech.), Bcl2 (1/200; 
ab32124;Abcam), α‑smooth muscle actin (18:200;ab7817; 
Abcam), and E‑cadherin (1/300;20874‑1‑AP;Proteintech) 
were used for staining (4˚C,12 h). Positive staining was evalu‑
ated using Image‑Pro Plus 6.0 software (Media Cybernetics, 
Inc.) for quantitative analysis Specimens were imaged using 
an Olympus inverted light microscope (Olympus Corporation; 
cat. no. BX51; light; 400X).

Protein extraction and western blotting. Protein was 
extracted from renal cortex tissue and HK‑2 cells using lysis 
buffer (MilliporeSigma) according to standard procedures. 
Nuclear and cytoplasmic proteins were extracted from HK‑2 
cells using a commercial nuclear extraction kit (Active Motif, 
Inc.). Proteins (50 µg/lane) were separated by SDS‑PAGE and 
transferred onto PVDF membranes. The membranes were 
incubated overnight at 4˚C with primary antibodies against 
TXNIP (MBL International Co.), NLRP3 (Santa Cruz 
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Biotechnology, Inc.), Bax (Cell Signaling Technology, Inc.), 
Bcl2 (Cell Signaling Technology, Inc.), α‑SMA (Abcam) and 
E‑cadherin (Abcam). After incubation with goat anti‑rabbit 
or mouse IgG horseradish peroxidase‑conjugated secondary 
antibodies, the membranes were scanned using the Odyssey 
Fc system (LI‑COR Biosciences). Density analysis was 
performed using ImageJ software (National Institutes 
of Health).

Reverse transcription‑quantitative (RT‑q)PCR. Total RNA 
and cDNA were prepared from kidney tissue and HK‑2 cells 
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) and RNA PCR kit (Takara Bio Inc.) according to the 
manufacturer's instructions. The primers sequences are 
listed in Table SI. The PCR amplification conditions were 
as follows: Initial denaturation at 95˚C for 10 min, followed 
by 40 cycles at 95˚C for 15 sec and 60˚C for 60 sec. Relative 
mRNA levels of IL‑1β, IL‑6, TNF‑α, TXNIP, NLRP3, Bax, 
Bcl2, α‑SMA and E‑cadherin were determined using the 
SYBR Green PCR master mix (Applied Biosystems; cat. 
no. 4309155) and reactions were performed on an Agilent 
MX3000P QPCR system (Agilent Technologies, Inc.). The 
relative changes in gene expression were calculated using the 
2‑ΔΔCq method and all experiments were performed at least 
three times.

Statistical analysis. Data are presented as the mean ± SD. 
Continuous variable data that exhibited normality and homo‑
geneity of variance were analyzed using one‑way ANOVA 
followed by Tukey's HSD and Games‑Howell post hoc test. 
Otherwise, Mann‑Whitney U test was applied. Statistical anal‑
ysis was conducted using SPSS Statistics 21.0 (IBM Corp.). 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Vitamin D3 improves renal function damage and inflam‑
matory response in diabetic mice. Blood glucose levels in 
diabetic mice were significantly higher than in non‑diabetic 
mice (Fig. 1A). Treatment with vitamin D3 significantly 
decreased the kidney‑to‑body weight ratio, urinary 
albumin‑to‑creatinine ratio, serum creatinine and blood urea 
nitrogen levels in diabetic mice (Fig. 1B‑E). To evaluate the 
intensity of renal inflammation, RT‑qPCR and ELISA were 
used to detect expression levels of pro‑inflammatory factors 
such as IL‑1β, IL‑6 and TNF‑α (Fig. 1F‑K). Compared with 
the control, the expression of pro‑inflammatory factors was 
elevated in diabetic mice but attenuated after treatment 
with vitamin D3. These findings suggest that vitamin D3 
improved renal function damage and inflammatory response 
in diabetic mice.

Vitamin D3 inhibits tubulointerstitial fibrosis and cell 
apoptosis in diabetic mice. Tubulointerstitial fibrosis and 
cell apoptosis are key features in DN. To investigate whether 
vitamin D3 can improve reverse fibrosis and cell apoptosis, 
Masson's trichrome staining was performed on kidney sections 
(Fig. 2A). Compared with the control group, diabetic mice 
exhibited severe tubulointerstitial fibrosis, which was restored 

to a similar state as the control group following treatment 
with vitamin D3. Immunohistochemistry was used to detect 
expression of E‑cadherin, α‑SMA, Bcl2 and Bax (Fig. 2B). 
The results indicated a significant increase in the expression of 
the fibrosis marker α‑SMA in diabetic mice, which decreased 
following treatment with vitamin D3. E‑cadherin demon‑
strated a significant decrease in its expression in diabetic mice, 
with an increase following vitamin D3 treatment. Similarly, 
the Bax/Bcl‑2 ratio, an indicator of apoptosis, showed a 
similar trend in diabetic mice. These findings demonstrated 
that vitamin D3 not only alleviated tubulointerstitial fibrosis 
in diabetic mice but also inhibited apoptosis in renal tubular 
epithelial cells.

TXNIP/NLRP3 pathway mediates the effects of vitamin D3 in 
renal tubules. TXNIP/NLRP3 pathway is known to mediate 
endogenous inflammatory responses. Expression of TXNIP 
and NLRP3 significantly decreased following treatment 
with vitamin D3 in diabetic mice (Fig. 3A‑F). Therefore, it 
was hypothesized that in DN, vitamin D3 exerted its effects 
through the TXNIP/NLRP3 inflammatory pathway.

Vitamin D3 alleviates fibrosis and apoptosis in HK‑2 
cells by inhibiting oxidative stress and the TXNIP/NLRP3 
inflammatory pathway. 8‑OHDG is a commonly used marker 
for oxidative stress. ELISA was used to measure the levels 
of 8‑OHDG in mouse urine (Fig. 4A). The results showed a 
significant increase in 8‑OHDG levels in the urine of diabetic 
mice, which was not observed in diabetic mice treated with 
vitamin D3. HK‑2 cells were treated with vitamin D3 under 
different glucose concentrations before RT‑qPCR experiments. 
Following 48 h incubation in HG medium, gene expression 
of TXNIP and NLRP3 was significantly increased in HK‑2 
cells. However, there was a significant decrease in expression 
of the fibrosis marker E‑cadherin (Fig. 4C, G and I). The 
expression of other fibrosis markers and apoptosis factors 
generally increased. The addition of vitamin D3 to HG 
medium notably prevented the upregulation of TXNIP and 
NLRP3 gene expression and decreased overall fibrosis and 
apoptosis in the cells (Fig. 4B‑F). Immunoblotting experi‑
ments with protein extract confirmed the trend observed in 
the RT‑qPCR results, particularly the decrease in E‑cadherin 
expression under HG conditions (Fig. 4G‑L). Taken together, 
these findings suggested that vitamin D3 alleviates fibrosis and 
cell apoptosis in HK‑2 cells by inhibiting oxidative stress and 
the TXNIP/NLRP3 inflammatory pathway.

Vitamin D3 mediates the TXNIP/NLRP3 inflammatory 
pathway by inhibiting oxidative stress. To confirm that vitamin 
D3 inhibits the TXNIP/NLRP3 inflammatory pathway by 
suppressing oxidative stress, HK‑2 cells were cultured with the 
oxidative stress inhibitor NAC under different glucose concen‑
trations. NAC‑mediated inhibition of intracellular oxidative 
stress effectively suppressed the TXNIP/NLRP3 inflammatory 
pathway at both mRNA and protein levels, thereby alleviating 
fibrosis and apoptosis in HK‑2 cells (Fig. 5A‑K).

Discussion

In recent years, there has been extensive discussion regarding 
the functions of vitamin D3. In addition to its role in calcium 
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and bone homeostasis, vitamin D3 also serves a role in 
anti‑inflammatory and oxidative stress inhibition (19). A 
wealth of evidence suggests that vitamin D3 deficiency can 
lead to various types of inflammatory disease, such as trans‑
plant rejection and inflammatory bowel and cardiovascular 
diseases (20). Therefore, understanding the anti‑inflammatory 
pathways of vitamin D3 may lead to identification of potential 
targets for treating these diseases.

The relationship between vitamin D3 and complica‑
tions of diabetes has become a research hotspot in recent 
years (21‑23). Here, vitamin D3 had a protective effect in 
DN. Treatment with vitamin D3 improved renal function 
and decreased inflammation in diabetic mice. Additionally, 
it partially reversed fibrosis and apoptosis in renal tubular 
epithelial cells. Activation of the TXNIP/NLRP3 inflamma‑
tory pathway was primarily due to HG‑induced oxidative 

Figure 1. Vitamin D3 improves renal function damage and inflammatory response in diabetic mice. (A) Comparison of blood glucose levels, (B) KW/BW 
ratio, (C) UACR and (D) serum creatinine and (E) urinary urea nitrogen ratio in mice. Expression of inflammatory factors (F) IL‑1β, (G) IL‑6 and (H) TNF‑α 
in detected by reverse transcription‑quantitative PCR. Expression of inflammatory factors (I) IL‑1β, (J) IL‑6 and (K) TNF‑α detected by ELISA. n=6. 
***P<0.001. UACR, urine Albumin to Creatinine Ratio (UACR), Kidney Weight (KW); Body Weight (BW), Blood Urea Nitrogen (BUN), Vitamin D3 (VD3), 
Streptozotocin (STZ).
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stress. Vitamin D3 was able to downregulate expression 
of TXNIP by inhibiting oxidative stress, thereby blocking 
the activation of NLRP3 and decreasing the inflammatory 
response, protecting renal tissue and preventing fibrosis and 
apoptosis in renal tubular epithelial cells. Additionally, the 
potential role of vitamin D3 in modulating blood glucose 
levels suggests involvement in several key molecular path‑
ways. Specifically, vitamin D3 may exert direct effects 
on pancreatic β cells, promoting insulin secretion via 
modulation of calcium homeostasis and β cell gene expres‑
sion (24). Future research will further elucidate these 
pathways, exploring their interactions and potential for ther‑
apeutic targeting to manage hyperglycemia and associated 
metabolic disorders.

Increased expression of TXNIP in diabetes can lead to 
pathological damage such as glomerulosclerosis, interstitial 
fibrosis, cell apoptosis and inflammation (25‑28). TXNIP, 
as an oxidative stress sensor, serves a critical role in the 
regulation of NLRP3 inflammasome activation. Under 
normal conditions, TXNIP is bound to thioredoxin (TRX), 
which inhibits its function. However, under oxidative stress, 
TRX dissociates from TXNIP, leading to activation of the 

NLRP3 inflammasome and the production of inflammatory 
cytokines (29). By understanding the regulation of NLRP3 
inflammasome activation, specific inhibitors may be ratio‑
nally designed for the treatment and prevention of numerous 
types of immune‑ or metabolic‑based disease (30,31). HG 
induces production of ROS, which in turn activates oxida‑
tive stress responses (17,32,33). Activation of oxidative stress 
responses can convert the function of sensitive TXNIP from 
a thioredoxin inhibitor to an activator of the NLRP3 inflam‑
masome (34). In the present study, there was an increase in 
the expression of 8‑OHDG, a marker of oxidative stress, after 
HG stimulation of HK‑2 cells. Therefore, it was hypothesized 
that vitamin D3 exerts its protective effects on the kidney by 
inhibiting oxidative stress and blocking the TXNIP/NLRP3 
inflammatory pathway. To test this hypothesis, NAC was 
added to HG‑treated HK‑2 cells. NAC decreased expression of 
TXNIP and NLRP3, consistent with the effects of vitamin D3. 
Thus, the present study confirmed that vitamin D3 blocks the 
TXNIP/NLRP3 pathway by inhibiting oxidative stress. The 
present study investigated the mechanisms by which vitamin 
D3 may alleviate DN by inhibiting oxidative stress and the 
TXNIP/NLRP3 inflammatory pathway in renal tubular 

Figure 2. Vitamin D3 inhibits tubulointerstitial fibrosis and cell apoptosis in diabetic mice. (A) Masson's trichrome staining of animal tissue sections. 
(B) Expression of E‑cadherin, α‑SMA, Bcl2, and Bax detected by immunohistochemistry. Scale bar, 50 µm. Magnification, x400. n=6. **P<0.01, ***P<0.001. 
SMA, smooth Muscle Actin; VD3, vitamin D3; STZ, streptozotocin; IOD, integrated Optical Density.
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epithelial cells, offering new insights for potential therapeutic 
intervention.

The present study aimed to investigate the impact of nuclear 
and cytoplasmic components on the outcomes. However, upon 
analysis, no significant differences in protein expression 

between the nuclear and cytoplasmic fractions extracted from 
HK‑2 cells were observed. Therefore, these observations were 
integrated into a unified analysis to provide a coherent and 
comprehensive discussion of the overall protein expression 
profile.

Figure 3. TXNIP/NLRP3 pathway mediates the effects of vitamin D3 in renal tubules Expression of (A) NLRP3 and (B) TXNIP detected by reverse transcrip‑
tion‑quantitative PCR and (C) western blotting. Protein expression levels of (D) NLRP3 and (E) TXNIP. (F) Immunohistochemical analysis of expression of 
(G) TXNIP and (H) NLRP3. Scale bar, 50 µm. Magnification, x400. n=6. **P<0.01, ***P<0.001. TXNIP, thioredoxin interacting protein; VD3, vitamin D3; STZ, 
streptozotocin; IOD, integrated Optical Density.
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In conclusion, the present study demonstrated that vitamin 
D3 has a protective effect on renal tubular epithelial cells 
in diabetic mice. It alleviated interstitial fibrosis and cell 

apoptosis in renal tubules. Additionally, this protective effect 
is due to the ability of vitamin D3 to inhibit oxidative stress in 
renal tubules, thereby blocking the TXNIP/NLRP3 pathway.

Figure 4. Vitamin D3 alleviates fibrosis and apoptosis in HK‑2 cells by inhibiting oxidative stress and the TXNIP/NLRP3 inflammatory pathway. (A) Detection 
of 8‑OHDG in mouse urine by ELISA (n=6). Expression of (B) NLRP3, (C) E‑cadherin, (D) TXNIP, (E) α‑SMA and (F) Bax/Bcl2 in cells detected by reverse 
transcription‑quantitative PCR. (G) Expression of (H) NLRP3, (I) E‑cadherin, (J) Bax/Bcl2, (K) α‑SMA and (L) TXNIP in cells detected by western blot. n=4. 
*P<0.05, **P<0.01, ***P<0.001. TXNIP, thioredoxin interacting protein; VD3, vitamin D3; 8‑OHDG, 8‑Hydroxy‑2'‑deoxyguanosine; α‑SMA, α‑smooth muscle 
actin; STZ, streptozotocin; HG, high glucose.
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However, it is important to recognize the limitations of the 
present study. The present findings are based on a specific animal 
model and focused primarily on the TXNIP/NLRP3 inflamma‑
tory pathway, which may limit the generalizability of results to 
other models or human subjects. Furthermore, the present study did 
not explore the broader impact of vitamin D3 on systemic glucose 
homeostasis. To address these limitations, future studies should 
investigate the mechanistic pathways by which vitamin D3 influ‑
ences glucose homeostasis, alongside its renal protective effects.

The present study not only confirms that vitamin D3 can 
protect renal tubular epithelial cells in DN by inhibiting oxida‑
tive stress and blocking the TXNIP/NLRP3 inflammatory 
pathway but also highlights its potential as a novel therapeutic 
approach. These findings may facilitate application of vitamin 
D3 in the clinical management of DN, suggesting that it could 

Figure 6. Therapeutic potential of vitamin D3 in mitigating high 
glucose‑induced renal damage. Mechanistic insights into oxidative stress 
inhibition and TXNIP/NLRP3 signaling pathway blockade. HG, high 
glucose; VD3, vitamin D3; TXNIP, thioredoxin interacting protein.

Figure 5. Vitamin D3 mediates the TXNIP/NLRP3 inflammatory pathway by inhibiting oxidative stress. Expression of (A) NLRP3, (B) TXNIP, (C) α‑SMA, 
(D) E‑cadherin and (E) Bax/Bcl2 in cells detected by reverse transcription‑quantitative PCR and (F) western blotting. Protein expression of (G) NLRP3, 
(H) TXNIP, (I) α‑SMA, (J) E‑cadherin and (K) Bax/Bcl2. n=4. *P<0.05, **P<0.01, ***P<0.001. TXNIP, thioredoxin interacting protein; VD3, vitamin D3; 
8‑OHDG, 8‑hydroxy‑2'‑deoxyguanosine; α‑SMA, α‑smooth muscle actin; STZ, streptozotocin; HG, high glucose; NAC, N‑acetyl‑L‑cysteine.
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be a valuable addition to current treatment strategies. Future 
clinical trials are warranted to explore the efficacy of vitamin 
D3 in improving outcomes for patients with diabetic kidney 
disease, thereby translating the present findings from the 
laboratory to the clinic (Fig. 6).
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