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A b s t r a c t

Objective: To investigate whether changes in the expression of perilipin 2 (PLIN2) in renal tubular 
epithelial cells can predict the decline in renal function in diabetic kidney disease (DKD) and to 
elucidate the mechanism by which PLIN2 promotes tubular epithelial cell damage in DKD. Methods: 
A retrospective cohort study was conducted involving 12 non-diabetic patients (as controls) and 
51 DKD patients. Demographic data and laboratory test results were collected. A simplified linear 
mixed-effects model was used to calculate the estimated glomerular filtration rate (eGFR) slope. 
The relationship between PLIN2 and renal function decline in DKD patients was analyzed using 
Spearman correlation and generalized linear models. In vivo experiments employed BKS-db/db 
mice and streptozotocin-induced diabetic mouse models. In vitro experiments used primary renal 
tubular epithelial cells treated with glucose, transfected with PLIN2 siRNA, or overexpressing PLIN2 
plasmids. Protein immunoblotting and immunofluorescence staining were used to detect PLIN2 
expression. Oil Red O staining assessed lipid droplet accumulation and a real-time cellular metabolic 
analyzer measured mitochondrial oxygen consumption rate (OCR). Results: The expression level 
of PLIN2 in renal tubules was significantly elevated in DKD patients compared to controls. Over a 
follow-up period of 24 (12, 39) months, the eGFR slope in DKD patients was -7.42 (-19.77, -2.09) mL/
(min·1.73 m²·year). The baseline percentage of PLIN2-positive area in renal tubules was significantly 
associated with changes in the eGFR slope during follow-up hazard ratio (HR) = 1.90, 95, suggesting 
the predictive value of tubular PLIN2 for renal function decline in DKD. Diabetic mouse models 
exhibited significantly increased lipid droplet accumulation and PLIN2 expression in renal tubules 
compared to controls. In vitro, glucose treatment induced lipid droplet accumulation and increased 
PLIN2 expression in renal tubular epithelial cells. PLIN2 knockdown significantly alleviated glucose-
induced lipid droplet accumulation, while PLIN2 overexpression exacerbated it. The decline in 
mitochondrial OCR caused by glucose treatment was mitigated by PLIN2 knockdown, whereas PLIN2 
overexpression directly reduced mitochondrial OCR. Conclusion: PLIN2 in renal tubules can predict 
renal function decline in DKD patients. PLIN2 inhibits mitochondrial oxidative respiration, promotes 
lipid droplet accumulation in renal tubular epithelial cells, and contributes to the progression of DKD.
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1. Introduction
Diabetic kidney disease (DKD) has become the leading 
cause of chronic kidney disease (CKD) in China. 
However, clinical indicators for assessing the risk of renal 
function decline in DKD remain insufficient. Studies 
have demonstrated increased levels of perilipin 2 (PLIN2) 
in the urine of DKD patients [1] and in the renal tissue 
of diabetic mouse models [2,3]. Furthermore, PLIN2 may 
contribute to the rapid progression of DKD mediated by 
fatty acids [4]. Nevertheless, the role of PLIN2 in DKD 
remains unclear. This study employs a retrospective 
cohort design to investigate the role of tubular PLIN2 in 
predicting renal function decline in DKD and explores 
the mechanism by which PLIN2 regulates lipid droplet 
accumulation to promote DKD progression in diabetic 
and renal tubular epithelial cell models.

2. Materials and methods
2.1. Study subjects and protocol
2.2.1. Study population
The study protocol was approved by the Ethics 
Committee of the Second Affiliated Hospital of Nanjing 
Medical University (Approval No. 2019KY097). Written 
informed consent was obtained from all participants. The 
study selected patients with type 2 diabetes complicated 
by diabetic kidney disease (DKD) who had undergone 
renal biopsies. Non-diabetic patients were included as the 
control group. Each participant had at least three recorded 
estimated glomerular filtration rate (eGFR) measurements 
during the follow-up period, with a minimum interval 
of three months between each measurement. Exclusion 
criteria included immune-related kidney disease, 
acute kidney injury, malignant tumors, previous renal 
replacement therapy, and severe diseases in other organs.

DKD was diagnosed based on renal pathology in 
accordance with the diagnostic criteria for type 2 diabetes 
established by the American Diabetes Association in 
2020 [5].

Baseline data collected included height, weight, 
blood, and urine samples for biochemical analysis, as 

well as blood pressure and heart rate measurements taken 
in the clinic. Blood pressure and heart rate were measured 
three times at one-minute intervals, and the average value 
was used as the final measurement. eGFR was calculated 
using the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) equation based on serum 
creatinine (http://www.nkdep.nih.gov). The eGFR slope 
[mL/(min·1.73m²·year)] during the follow-up period was 
calculated using a simplified linear mixed-effects model. 

2.1.2. Diabetic mouse models
The animal experimental protocol was approved by 
the Ethics Committee of Nanjing Medical University. 
Spontaneous diabetes models were established using 
BKS-db/db mice (strain No. T002407, GemPharmatech), 
with db/m mice serving as controls. Mice were sacrificed 
at 16 weeks of age.

For streptozotocin (STZ)-induced diabetic models, 
8-week-old C57BL/6J mice (Vital River) were used. 
A single dose of STZ (120 mg/kg) was administered 
via the tail vein. Mice with fasting blood glucose levels 
consistently above 16.7 mmol/L were considered diabetic. 
Mice were sacrificed in the 16th week after STZ injection, 
and kidney tissue samples were collected.

2.1.3. Primary renal tubular epithelial cell culture and 
treatment
Primary renal tubular epithelial cells were isolated using 
a collagenase digestion-density gradient centrifugation 
method [6]. Kidneys from 2- to 3-week-old mice were 
harvested, and the renal cortex was separated from the 
outer membrane and medulla. The cortex was minced and 
filtered through 80-, 100-, and 200-mesh stainless steel 
sieves. Renal tubules retained on the 200-mesh sieve were 
collected and digested with 0.25% trypsin to obtain high-
density cell layers. Cells were cultured in DMEM/F12 
medium containing 10% fetal bovine serum. Media were 
replaced after cell attachment, and cells were passaged 
3–4 times to achieve morphological stability, followed by 
purity verification.

When cell confluence reached 80%, the medium 
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was replaced with a serum-free culture medium. Cells 
were treated with 30 mmol/L D-glucose, while control 
cells were treated with an equivalent concentration of 
D-mannitol to exclude the effect of glucose-induced 
hyperosmolarity. Cells were transfected with 50 nmol/
L small interfering RNA (siRNA) or negative control 
(siNC), or with 1 µg/mL PLIN2-overexpressing plasmid 
(pPLIN2) or the empty vector pcDNA3.

2.2. Main reagents and instruments
PLIN2 antibody (15294-1-AP) was purchased from 
Proteintech; laminin antibody (ab44941) was purchased 
from Abcam; Oil Red O (O0625), STZ (S0130), 
D-glucose (G8270), and D-mannitol (M4125) were all 
purchased from Sigma-Aldrich; PLIN2 siRNA (siPLIN2; 
5’-GGA UAA GAC CAA AGG AGC ATT-3’, 5’-UGC 
UCC UUU GGU CUU AUC CTT-3’), siNC (5’-UUC 
UCC GAA CGU GUC ACG UTT-3’, 5’-ACG UGA 
CAC GUU CGG AGA ATT-3’), pPLIN2, and pcDNA3 
were all purchased from Nanjing Yike Biotechnology 
Co., Ltd.; Oligomycin (HY-N6782), carbonyl cyanide 
4-(trifluoromethoxy) phenylhydrazone (FCCP; HY-
100410), Antimycin A (HY-17559), and rotenone (HY-
B1756) were purchased from MedChemExpress; 
Lipofectamine 3000 (L3000015) and Opti-MEM I 
reduced serum medium (11058021) were purchased from 
Invitrogen; Seahorse XF Pro cellular real-time metabolic 
analyzer was purchased from Agilent; P800 automated 
biochemical analyzer was purchased from Roche; Eclipse 
80i microscope was purchased from Nikon.

2.3. Main experimental methods 
2.3.1. Western blot
After renal cortical tissue or cells were lysed, protein 
samples of equal concentration were prepared. These 
samples were separated by polyacrylamide gel 
electrophoresis, transferred to a nitrocellulose membrane, 
and then blocked. The membrane was incubated with 
primary and secondary antibodies sequentially, and signal 
intensity was analyzed using ImageJ software.

2.3.2. Immunofluorescence staining 
Renal cortical tissue or cells were sectioned into 3 μm 
thin slices, fixed, and blocked. Primary antibodies were 
added, followed by fluorescence-labeled secondary 
antibodies for incubation. Nuclei were stained with 
4’,6-diamidino-2-phenylindole (DAPI) and sealed. 
The samples were observed and photographed under 
a fluorescence microscope. The percentage of PLIN2-
positive area within the renal tubules was analyzed in 10 
fields per sample using ImageJ software.

2.3.3. Oil Red O staining 
Renal cortical tissue or cells were sectioned into 10 μm 
slices, washed with 60% isopropanol, and stained with Oil 
Red O in the dark. After staining, samples were washed 
and stained with hematoxylin to visualize the nuclei, then 
sealed and observed under a microscope. The percentage 
of Oil Red O-positive area in 10 fields per sample was 
analyzed using ImageJ software.

2.3.4. Measurement of cellular oxygen consumption 
rate (OCR)
In Seahorse XF Pro cell culture plates, 1×10⁵ cells were 
seeded per well. Baseline OCR was recorded, followed 
by the addition of 1 μmol/L oligomycin, 0.75 μmol/
L FCCP, 1 μmol/L Antimycin A, and rotenone, and 
OCR was recorded after each addition. The total protein 
concentration of the cells was used to normalize the OCR 
data (unit: μmol/(min·g)).

2.4. Statistical analysis
Statistical analysis was performed using SPSS 25.0 
and R software. Bartlett’s test was used to determine 
the distribution characteristics of variables. Normally 
distributed continuous variables were expressed as mean 
± standard deviation (SD), with comparisons between 
two groups conducted using the t-test and comparisons 
between multiple groups performed using analysis of 
variance (ANOVA). Non-normally distributed continuous 
variables were described as median (Q1, Q3), with 
comparisons between two groups performed using 
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the Mann-Whitney U test and comparisons between 
multiple groups using rank sum tests. Categorical 
variables were expressed as frequencies and percentages, 
with comparisons between groups conducted using 
the chi-square test. Spearman’s correlation analysis 
and generalized linear models were used to predict the 
relationship between PLIN2 and renal function decline 
in DKD patients. A P-value of < 0.05 was considered 
statistically significant.

3. Results
3.1. General baseline characteristics of study 
subjects
The clinical characteristics of the DKD cohort are shown 
in Table 1. The median follow-up time was 24 (12, 39) 
months, with an eGFR slope of −7.42 (−19.77, −2.09) 
mL(/min·1.73 m²·year).

3.2. Increased expression of PLIN2 in renal 
tubules of DKD patients
Immunofluorescence staining showed that PLIN2 was 
predominantly located in the renal tubules. Compared 
with the control group, the percentage of PLIN2-
positive area in the renal tubules of DKD patients was 
significantly higher (P < 0.05), as shown in Figure 1.

Figure 1. Expression or perilipin 2 (PLIN2) in kidney biopsy 
samples (immunofluorescence staining, scale bar = 50 μm). Red: 
PLIN2; Green: Laminin; Blue: DAPI. Mean ± SD. *P < 0.05 vs. 
control group

3.3. The percentage of PLIN2-positive area in 
renal tubules predicts renal function decline in 
DKD patients
As shown in Table 2, after adjusting for clinical 
characteristics such as eGFR, an increase in the 
percentage of PLIN2-positive area in the renal tubules 
at baseline was associated with a higher risk of an eGFR 
slope ≤ -5 mL/(min·1.73 m²·year) in DKD patients, with 
a hazard ratio (HR) of 1.90 [95% confidence interval (CI): 
1.00–3.58]. The HR for patients with a higher percentage 
of PLIN2-positive area in the renal tubules at baseline 
(quantile 2 vs. quantile 1) was 4.08 (95% CI: 1.20–13.93), 
suggesting that PLIN2 in renal tubules can predict renal 
function decline in DKD patients.

Table 1. Characteristics of the study population at baseline

Characteristics DKD (n = 51)

Age [year, median (Q1, Q3)] 57 (50, 64)

Female [n (%)] 15 (29.41)

Duration of diabetes [year, median (Q1, Q3)] 8 (3, 10)

Systolic blood pressure (mmHg, mean ± SD) 149.20 ± 21.14

Diastolic blood pressure [mmHg, median (Q1, Q3)] 85.00 (80.00, 91.00)

Fasting blood glucose [mmol/L, median (Q1, Q3)] 7.18 (5.82, 9.47)

HbAlc [%, median (Q1, Q3)] 7.40 (6.55, 8.30)

Total cholesterol [mmol/L. median (Q1, Q3)] 5.05 (3.89, 6.88)

Triglyceride [mmol/L, median (Q1, Q3)] 1.77 (1.13, 2.95)

eGFR [mL/(min·1.73 m²), median (Q1, Q3)] 55.76 (44.54, 80.88)
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Table 2. Association of the baseline percentage of PLIN2-
positive tubules with an eGFR slope ≤ -5 mL/(min·1.73 

m²·year) in the DKD cohort at the 2-year follow-up

PLIN2-positive area in 
tubules (%)

DKD (n = 51)

HR (95% CI) P value

1−SD increment 1.90 (1.00, 3.58) 0.048

Quartile 2 vs. quartile 1 4.08 (1.20, 13.93) 0.025

3.4. Accumulation of lipid droplets and 
increased expression of PLIN2 in renal tubules 
of diabetic mice and primary renal tubular 
epithelial cells treated with glucose
Oil Red O staining showed that lipid droplets accumulated 
in the renal tubules of db/db mice compared with db/
m mice (Figure 2A). Immunofluorescence staining and 
Western blot results showed that the distribution and 

expression of PLIN2 were significantly increased in 
the renal tubules of db/db mice compared to db/m mice 
(Figure 2B and C). Similarly, in STZ-induced diabetic 
mice, lipid droplet accumulation (Figure 2D), as well as 
PLIN2 distribution (Figure 2E) and expression (Figure 
2F), were significantly higher compared to control mice.

In primary renal tubular epithelial cells treated 
with glucose, a large number of lipid droplets appeared 
(Figure 3A), and PLIN2 showed a punctate distribution 
in the cytoplasm (Figure 3B). PLIN2 expression 
increased with the duration of glucose treatment (Figure 
3C). These results suggest that diabetes leads to lipid 
droplet accumulation in renal tubular epithelial cells, 
accompanied by increased PLIN2 expression.

Figure 2. Accumulation of lipid droplets and expression of perilipin 2 (PLIN2) in the kidneys of diabetic mice. (A) Representative images of 
kidney sections from db/m and db/db mice assessed by oil red O staining (scale bar = 50 µm) and quantification of oil red O-positive area (n = 
5); (B) Representative images of kidney sections from db/m and db/db mice assessed by immunofluorescence staining for PLIN2 (red: PLIN2; 
green: laminin; blue: DAPI; scale bar = 50 µm); (C) Western blot analysis of PLIN2 protein expression in the kidney cortex of db/m and db/db 
mice (n = 3); (D) Representative images of kidney sections from control and STZ-induced diabetic mice assessed by oil red O staining (scale 
bar = 50 µm) and quantification of oil red O-positive area (n = 5); (E) Representative images of kidney sections from control and STZ-induced 
diabetic mice assessed by immunofluorescence staining for PLIN2 (red: PLIN2; green laminin; blue: DAPI; scale bar = 50 µm); (F) Western 
blot analysis of PLIN2 protein expression in the kidney cortex of control and STZ-induced diabetic mice (n = 3). Mean ± SD. *P < 0.05 vs db/
m or control group
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Figure 3. Accumulation of lipid droplets and expression of perilipin 2 (PLIN2) in glucose-treated renal tubular cells. (A) Representative images 
of control and glucose-treated renal tubular cells assessed by oil red O staining (scale bar = 10 µm) and quantification of oil red O-positive area 
(n = 4); (B) Representative images of control and glucose-treated renal tubular cells assessed by immunofluorescence staining for PLIN2 (red: 
PLIN2; blue: DAPI; scale bar = 10 µm); (C) Western blot analysis of PLIN2 protein expression in control and glucose-treated renal tubular 
cells (n = 3). Mean ± SD. *P < 0.05 vs mannitol group; #P < 0.05 vs glucose (12 h) group

Figure 4. Perilipin 2 (PLIN2) regulated the accumulation of lipid droplets in glucose-treated renal tubular cells. (A) Western blot analysis 
of PLIN2 protein expression in control and glucose-treated renal tubular cells transfected with siNC or siPLIN2 (n = 3); (B) Representative 
images of control and glucose-treated renal tubular cells transfected with siNC or siPLIN2 (oil red O staining, scale bar = 10 µm) and 
quantification of oil red O-positive area (n = 4); (C) Western blot analysis of PLIN2 protein expression in control and glucose-treated renal 
tubular cells transfected with pcDNA3 or pPLIN2 (n = 3); (D) Representative images of control and glucose-treated renal tubular cells 
transfected with pcDNA3 or pPLIN2 (oil red O staining, scale bar = 10 µm) and quantification of oil red O-positive area (n = 4). Mean ± SD. 
*P < 0.05 vs mannitol + siNC group or mannitol + pcDNA3 group; #P < 0.05 vs glucose + siNC group or glucose + pcDNA3 group



2023 Volume 8, Issue 2

-15-

3.5. PLIN2 regulates lipid droplet accumulation
After transfected with siRNA to knock down PLIN2 
expression (Figure 4A), the accumulation of lipid 
droplets in glucose-treated cells was alleviated (Figure 
4B). Conversely, after transfecting with a plasmid to 
overexpress PLIN2 (Figure 4C), the glucose-induced 
lipid droplet accumulation in cells was further aggravated 
(Figure 4D). This suggests that PLIN2 regulates lipid 
droplet accumulation in renal tubular epithelial cells.

3.6. PLIN2 regulates mitochondrial OCR in cells
OCR measurement results showed that after glucose 
treatment, the mitochondrial OCR in renal tubular 
epithelial cells (Figure 5A), including basal respiration, 
ATP production, maximal respiration, and spare 
respiratory capacity (Figure 5B), were significantly 
reduced compared to control cells. Transfection with 
siPLIN2 alleviated the impact of glucose on OCR. In 
contrast, transfection with the PLIN2-overexpressing 
plasmid directly decreased mitochondrial OCR in renal 
tubular epithelial cells (Figure 5A), including basal 
respiration, ATP production, maximal respiration, and 
spare respiratory capacity (Figure 5B). This suggests that 
PLIN2 regulates mitochondrial oxidative phosphorylation.

4. Discussion 
4.1. The value of renal tubular PLIN2 in 
assessing DKD kidney injury and progression
DKD affects approximately 40% of diabetic patients, 

leading to kidney failure, cardiovascular diseases, 
and death [7]. Identifying high-risk populations for the 
progression of DKD has always been a challenging and 
prominent issue in clinical diagnosis and treatment [8]. Due 
to clinical phenotypic differences, such as proteinuria 
fluctuation or even normalization, rapid decline in GFR, 
and non-proteinuric DKD, the reliability of diagnosing 
and assessing DKD based on proteinuria and eGFR 
has been widely debated [9]. Studies have shown that 
demographic characteristics, lifestyle, biochemical data, 
and other factors are associated with DKD progression. 
Potential biomarkers, such as tumor necrosis factor 
receptors 1/2 [10,11], transforming growth factor β and bone 
morphogenetic protein 7 [12,13], matrix metalloproteinases 
2/7/8/13 [14], and leucocyte methylation [15], have been 
identified. However, specific renal pathological 
changes, such as tubulointerstitial fibrosis and 
vascular sclerosis [16,17], are often directly related to 
kidney function decline in diabetic patients. Although 
DKD diagnosis does not rely on renal tissue biopsy, it is 
undeniable that renal pathological changes have a closer 
association with clinical progression compared to blood 
and urine markers. Evaluating the expression of PLIN2 in 
the renal tissue of DKD patients revealed its association 
with eGFR slopes during follow-up, suggesting that it can 
predict the progression of kidney function in DKD. Early 
detection of PLIN2 and intervention may benefit high-
risk populations for DKD progression.

Figure 5. Perilipin 2 (PLIN2) regulated mitochondrial aerobic respiration in renal tubular cells. (A) representative traces showing the oxygen 
consumption rate (OCR) in renal tubular cells after various treatments as indicated; (B) Summary of the OCR data for renal tubular cells from 
4 independent experiments. Mean ± SD. n = 4. *P < 0.05 vs mannitol + siNC group; #P < 0.05 vs glucose + siNC group; ∆P < 0.05 vs pcDNA3 
group
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4.2. The role of PLIN2 in regulating aerobic 
fatty acid metabolism in renal tubular epithelial 
cells in the progression of DKD
Almost all intrinsic renal cells and infiltrating inflammatory 
cells contribute to the progression of DKD [18]. However, 
recent studies suggest that GFR depends more on 
renal tubular cells than on glomerular cells [19], and the 
importance of renal tubules has been confirmed in both 
human and animal models [20]. Renal tubules significantly 
influence kidney hypertrophy and hyperperfusion, and 
their damage and loss are closely associated with eGFR 
decline and DKD progression [21]. Renal tubular epithelial 
cells contain abundant mitochondria and rely on fatty 
acid oxidation (FAO) within these mitochondria to 
efficiently produce energy and maintain physiological 
function. Abnormal FAO promotes cell injury [22], hinders 
cell repair [23], and is thus critical to the survival and 
function of renal tubules. Studies have indicated that lipid 
metabolism abnormalities are a central feature of kidney 
pathology [24], and are also common in DKD patients [21].

PLIN2 is one of the most well-known proteins in the 
family of lipid droplet-associated proteins, and it is the only 
member of this family with the broadest tissue distribution, 
particularly in renal tissue [25]. In the early stages of 
acute ischemic injury, a large accumulation of PLIN2-
positive lipid droplets is present in renal tubules, but such 
accumulation is not observed in obstructive chronic kidney 
disease (CKD) models [26]. Phosphatidylcholine-mediated 
rapid progression of DKD involves the participation of 
peroxisome proliferator-activated receptor δ (PPARδ)-
PLIN2 signaling [4]. PLIN2 is also associated with lipid 
accumulation in macrophages [27,28], and the infiltration 
of mononuclear macrophages expressing PLIN2 causes 
inflammation and capillary degeneration, which triggers 
diabetic retinopathy [29]. These findings suggest that 
PLIN2 is not simply a lipid droplet marker; its expression 
changes in diabetic renal tubules may directly participate 
in the progression of DKD. In this study, by intervening 
in the expression of PLIN2, its role in regulating 
lipid droplet accumulation in renal tubular epithelial 
cells induced by glucose was observed. Furthermore, 

increasing interference with PLIN2 expression alleviated 
the inhibitory effect of glucose on mitochondrial aerobic 
respiration, while overexpressing PLIN2 directly inhibited 
mitochondrial aerobic respiration. Therefore, PLIN2, as a 
key protein regulating mitochondrial aerobic respiration, 
mediates the oxidation and utilization of fatty acids in 
renal tubular epithelial cells, promoting the progression of 
diabetic tubular injury and renal function decline in DKD, 
acting both as a marker and a regulatory factor.

It is worth noting that overexpression of PLIN2 
can activate the PPARγ signaling pathway and inhibit 
podocyte apoptosis in DKD [30], suggesting that 
PLIN2 may play different roles in DKD. Knockout of 
PLIN2 increases the expression of PPARα and PPARγ 
coactivator 1α [31]. On the other hand, PPARγ and PPARα 
promote the expression of PLIN2 at the transcriptional 
level [32-35]. In different metabolic conditions and 
cell types, various genetic modifiers regulate PLIN2 
expression and post-translational modifications, including 
genes that control lipid metabolism and those involved in 
ubiquitination, transcription, and mitochondrial function 
[36]. PLIN2 regulates lipid hydrolysis, which is beneficial for 
muscle cells to moderately store lipids and utilize glucose 
oxidation instead of FAO for energy production [31]. This 
role is also crucial for the pluripotency of embryonic stem 
cells, as degradation of PLIN2 often leads to lipidome 
remodeling, particularly the decrease in cardiolipin and 
phosphatidylethanolamine, resulting in mitochondrial cristae 
defects and impaired FAO, which in turn reduces acetyl-CoA 
and histone acetylation [37]. In neutrophils, PLIN2 accelerates 
lipid droplet degradation by binding to PPARγ as it migrates 
from the nucleus to the cytoplasm [38]. PLIN2 also regulates 
the size of lipid droplets and the changes in neutral lipid 
composition in liver cells under fasting conditions [39]. 
Therefore, the expression of PLIN2 is closely related to 
PPAR, but how PLIN2 regulates renal tubular epithelial 
cell damage caused by DKD, such as promoting lipid 
droplet accumulation and inhibiting mitochondrial aerobic 
respiration, remains unclear. Whether PPAR plays an 
important role in PLIN2 regulation of DKD progression 
still requires further investigation.
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Detecting PLIN2 in renal tubules will help identify 
DKD populations at risk for renal function progression 
and provide a basis for precise intervention. The 
application value of PLIN2 in predicting DKD-related 
renal function decline needs to be verified in large cohort 
studies. The regulatory mechanism by which increased 
expression of PLIN2 causes lipid droplet accumulation 
and mitochondrial aerobic respiration impairment in renal 
tubular epithelial cells is unclear. Furthermore, whether 
PLIN2 plays a role in the progression of non-diabetic 

CKD remains to be elucidated.

5. Conclusion
In conclusion, PLIN2 in renal tubules can serve as a new 
approach for predicting renal function decline in DKD. 
The increased expression of PLIN2 affects mitochondrial 
aerobic respiration, mediating lipid droplet accumulation 
in renal tubular epithelial cells induced by glucose, 
thereby promoting the progression of DKD.
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