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Background: Autophagy plays a crucial role in maintaining cellular
homeostasis, and its dysregulation has been implicated in the pathogenesis of
type 2 diabetes mellitus (T2DM) and its complications, including diabetic
nephropathy (DN). This study aimed to evaluate key autophagy markers in
T2DM patients with and without DN.

Materials and Methods: A total of 66 T2DM patients were enrolled and
divided into two groups: 33 with DN (cases) and 33 without DN (controls).
Serum levels of autophagy markers (LC3-II, Beclin-1, and p62/SQSTM1) were
measured using ELISA. Clinical and biochemical parameters, including fasting
blood glucose (FBG), HbAlc, serum creatinine, and urinary albumin-to-
creatinine ratio (UACR), were also assessed.

Results: DN patients exhibited significantly higher levels of p62/SQSTM1
(p<0.01) and lower levels of LC3-II and Beclin-1 (p<0.05) compared to non-
DN diabetic patients. A positive correlation was observed between p62 and
UACR (r = 0.52, p<0.01), while LC3-II and Beclin-1 showed negative
correlations with renal function markers.

Conclusion: Impaired autophagy, indicated by altered levels of LC3-II, Beclin-
1, and p62, is associated with DN in T2DM patients. These markers may serve
as potential indicators of disease progression and therapeutic targets.
Keywords: Autophagy, Diabetic nephropathy, Type 2 diabetes, LC3-II, Beclin-
1, p62.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a chronic
metabolic  disorder characterized by insulin
resistance and hyperglycemia, affecting millions
worldwide.l. Among its complications, diabetic
nephropathy (DN) is a leading cause of end-stage
renal disease (ESRD), contributing to significant
morbidity and mortality.’! DN develops due to
prolonged hyperglycemia-induced damage to renal
glomeruli and tubules, resulting in proteinuria,
declining glomerular filtration rate (GFR), and
eventual kidney failure.’] Despite advances in
glycemic control and renoprotective therapies, the
prevalence of DN remains high, necessitating a
deeper understanding of its molecular mechanisms to
identify novel therapeutic targets.

Autophagy, a highly conserved cellular recycling
process, plays a crucial role in maintaining cellular
homeostasis by degrading damaged organelles,
misfolded proteins, and lipid droplets. In the
kidney, autophagy helps podocytes and tubular
epithelial cells cope with metabolic stress, oxidative
damage, and protein overload 1. Emerging evidence
suggests that dysregulated autophagy contributes to
the pathogenesis of diabetic complications, including
DN.[! Under diabetic conditions, persistent nutrient
excess and oxidative stress impair autophagic flux,
leading to the accumulation of toxic aggregates and
cellular dysfunction”

Key Autophagy Markers Include: LC3-II
(Microtubule-associated protein 1A/1B-light chain
3): A critical component of autophagosome
formation; its levels reflect autophagic activity.[®]
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Beclin-1: A regulator of autophagosome initiation;
its downregulation is linked to impaired autophagy.’
p62/SQSTM1 (Sequestosome-1): A selective
autophagy substrate that accumulates when
autophagy is suppressed.['”’

Previous studies have reported altered autophagy in
diabetic kidneys, with some showing reduced LC3-II
and Beclin-1 and elevated p62 in animal models of
DN.UL2L However, clinical data on autophagy
markers in T2DM patients with and without DN
remain limited. Some studies suggest that autophagy
may be upregulated in early diabetes as a
compensatory mechanism but becomes dysfunctional
as nephropathy progresses.'’)  Given these
conflicting observations, further research is needed to
clarify the role of autophagy in human DN.

This study aimed to evaluate serum levels of LC3-II,
Beclin-1, and p62 in T2DM patients with and without
DN to determine whether autophagy impairment
correlates with renal dysfunction. We hypothesized
that DN patients exhibit suppressed autophagy, as
indicated by decreased LC3-II and Beclin-1 and
increased p62, compared to diabetic controls without
nephropathy. Understanding these associations may
provide insights into autophagy’s role in DN
progression and identify potential biomarkers for
early detection and therapeutic intervention.

MATERIALS AND METHODS

This study employed a case-control observational

design to compare autophagy markers (LC3-II,

Beclin-1, p62) between two groups of type 2 diabetic

(T2DM) patients:

* Cases: T2DM patients with diabetic nephropathy
(DN).

* Controls: T2DM patients without DN.

The study was conducted from [Month/Year] to

[Month/Year] at [Hospital/Clinic Name].

Inclusion Criteria

» Diagnosed with T2DM (ADA criteria: HbAlc >
6.5% or fasting glucose > 126 mg/dL).

*  Willing to provide written informed consent.

» Stable renal function (no acute kidney injury in
past 3 months).

Exclusion Criteria

* Non-diabetic kidney discase (e.g.,
glomerulonephritis, polycystic kidney disease).

* Active infections, cancer, or autoimmune
disorders.

» Pregnancy or lactation.

*+ Use of immunosuppressants or autophagy-
modulating drugs.

Sample Size Calculation

» Formula: Based on a previous study [Reference],
we assumed:

o Mean difference in LC3-II levels = 0.6 ng/mL.
o Standard deviation = 0.8.
o Power =80%, a=0.05 (two-tailed).

» Calculation: Using G*Power 3.1, the required
sample size was 30 per group. To account for
dropouts, we enrolled 33 per group (Total N=66).

Procedure for data collection

1. Patient Recruitment: Consecutive sampling from
clinic registries.

2. Baseline Data:

o Demographic (age, sex, diabetes duration).
o Clinical (BMI, blood pressure, medication
history).

3. Laboratory Tests:

o Blood: Fasting glucose, HbAlc, lipid profile,
creatinine.

o Urine: UACR (early-morning spot urine).

o Autophagy markers: Serum LC3-II, Beclin-
1, p62 (ELISA kits from [Company]).

4. Storage: Serum aliquots at -80 °C until analysis.

Statistical Analysis: Data entered into Excel. SPSS

v26.0 (ANOVA, t-tests, Pearson correlation).

RESULTS

The study included 66 T2DM patients (33 DN cases,
33 non-DN controls) with comparable age (58.4 + 9.2
vs. 56.1 + 8.7 years, p=0.32) and sex distribution
(54.5% vs. 60.6% males, p=0.62). The DN group had
significantly higher systolic blood pressure (142 + 14
vs. 134 + 11 mmHg, p=0.01) and HbAlc levels (8.5
+ 1.2% vs. 7.9 = 1.1%, p=0.04), suggesting poorer
metabolic control. Diabetes duration trended longer
in the DN group (10.2 £ 3.8 vs. 8.5 + 3.2 years,
p=0.06), though not statistically significant. No
differences were observed in BMI, diastolic BP, or
lipid profiles (all p>0.05).

Table 1: Baseline Characteristics of Study Participants

Characteristic DN Group (n=33) Non-DN Group (n=33) p-value
Age (years) 584+£9.2 56.1 £8.7 0.32
Male, n (%) 18 (54.5%) 20 (60.6%) 0.62
Diabetes Duration (years) 10.2+3.8 85+3.2 0.06
BMI (kg/m?) 29.1+43 283+3.9 042
SBP (mmHg) 142+ 14 134+ 11 0.01*
DBP (mmHg) 86+9 82+8 0.08
HbAlc (%) 8.5+1.2 79+1.1 0.04*
FBG (mg/dL) 162 +32 148 + 28 0.07
Total Cholesterol (mg/dL) 198 +42 184 + 38 0.15
*p<0.05 considered significant (Student’s t-test/Chi-square test).
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Table 2: Renal Function and Autophagy Markers

Parameter DN Group (n=33) Non-DN Group (n=33) p-value
UACR (mg/g) 145.6 £ 62.3 18.4+6.2 <0.001*
eGFR (mL/min/1.73 m?) 483 +12.1 85.6£14.2 <0.001*
Serum Creatinine (mg/dL) 1.8+0.6 0.9+0.2 <0.001*
LC3-1I (ng/mL) 1.8+0.5 24+0.6 0.02*
Beclin-1 (ng/mL) 32+0.9 41+1.0 0.01*
p62 (ng/mL) 65+18 42+13 <0.01*

*p-values from Mann-Whitney U test (non-normal data).

DN patients exhibited severe renal impairment, with
higher UACR (145.6 + 62.3 vs. 18.4 £ 6.2 mg/g,
p<0.001) and lower eGFR (48.3 £ 12.1 vs. 85.6
142 mL/min/1.73 m? p<0.001) compared to
controls. Autophagy markers were significantly

dysregulated: LC3-I1 (1.8 £ 0.5 vs. 2.4 £ 0.6 ng/mL,
p=0.02) and Beclin-1 (3.2 £ 0.9 vs. 4.1 £ 1.0 ng/mL,
p=0.01) were reduced, while p62 accumulated (6.5 £+
1.8 vs. 4.2+ 1.3 ng/mL, p<0.01), indicating impaired
autophagic flux in DN.

Table 3: Correlation Between Autophagy Markers and Renal Parameters

Variable LC3-1I (r) Beclin-1 (r) po62 (r)
UACR -0.41* -0.38* 0.52**
eGFR 0.36* 0.32% -0.45%*
Serum Creatinine -0.39* -0.34* 0.48**

Pearson/Spearman correlation coefficient. *p<0.05; **p<0.01 (two-tailed).

Autophagy markers strongly correlated with renal
dysfunction. LC3-II and Beclin-1 showed inverse
associations with UACR (r=-0.41, p=0.02; r=-0.38,
p=0.03) and serum creatinine (r=-0.39, p=0.02; r=-
0.34, p=0.04), while p62 positively correlated with

these parameters (UACR: r=0.52, p<0.01; creatinine:
=0.48, p<0.01). Higher eGFR correlated with
elevated LC3-II (r=0.36, p=0.03) and Beclin-1
(r=0.32, p=0.04), but lower p62 (r=-0.45, p<0.01).

Table 4: Multivariate Regression Analysis of Autophagy Markers and DN Risk

Variable Adjusted OR 95% CI p-value
LC3-II (per 0.5 ng/mL |) 2.1 1.3-34 0.003*
p62 (per 1 ng/mL 1) 1.8 1.2-2.7 0.01%*
HbAlc (%) 1.5 1.1-2.0 0.02*

OR = Odds ratio; CI = Confidence interval (adjusted for age, sex, BMI).

After adjusting for age, sex, and BMI, reduced LC3-
I (OR=2.1 per 0.5 ng/mL decrease, 95% CI:1.3-3.4,
p=0.003) and elevated p62 (OR=1.8 per 1 ng/mL
increase, 95% CI:1.2-2.7, p=0.01) independently
predicted DN risk. HbAlc remained a significant
contributor (OR=1.5, 95% CI:1.1-2.0, p=0.02).

DISCUSSION

The findings of this study provide compelling
evidence that autophagy dysfunction plays a
significant role in the pathogenesis of diabetic
nephropathy (DN) in type 2 diabetes mellitus
(T2DM) patients. Our results demonstrate that
patients with DN exhibit a distinct autophagy profile
characterized by significantly lower levels of LC3-II
and Beclin-1, along with higher levels of p62,
compared to diabetic controls without nephropathy.
These molecular changes correlate strongly with
clinical markers of renal dysfunction, suggesting that
impaired autophagy may be a key contributor to the
progression of DN.

The observed reduction in LC3-II, a critical
component of autophagosome membranes, indicates
diminished autophagic activity in DN patients. This
finding aligns with previous work by Yang et al,[!4]
who demonstrated that decreased LC3-II levels in

renal biopsies from DN patients were associated with
more severe glomerulosclerosis and tubulointerstitial
fibrosis. The parallel decrease in Beclin-1, a key
initiator of autophagy, further supports the concept of
impaired autophagic initiation in DN. These changes
likely reflect the detrimental impact of chronic
hyperglycemia and advanced glycation end-products
(AGESs) on autophagy machinery, as demonstrated in
in vitro studies showing that high glucose conditions
suppress Beclin-1 expression in podocytes.[!]

The accumulation of p62/SQSTMI1 in our DN cohort
is particularly noteworthy, as this protein serves as a
marker of autophagic flux. Elevated p62 levels
suggest that despite the presence of cellular debris
and damaged organelles requiring clearance, the
autophagic degradation process is inefficient. This
finding corroborates animal studies showing p62
accumulation in diabetic kidneys, where it promotes
oxidative stress and inflammation through sustained
activation of the Nrf2-Keapl pathway.['®! Our
observation that p62 levels strongly correlate with
albuminuria (UACR) and reduced eGFR provides
clinical validation of these experimental findings and
positions p62 as a potential biomarker for DN
progression.

When compared to similar clinical investigations, our
results both confirm and extend existing knowledge.
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A study by Fang et al,l'’! examining autophagy
markers in 120 T2DM patients reported comparable
reductions in LC3-II and Beclin-1 in DN patients,
though their cohort had more advanced CKD stages.
Notably, they found that the autophagy impairment
was more pronounced in patients with
macroalbuminuria than microalbuminuria,
suggesting a gradient of autophagy dysfunction with
DN severity. Our study adds to this by demonstrating
significant autophagy changes even in earlier stages
of DN, as evidenced by the strong correlations with
UACR and eGFR.

Another relevant study by Wang et al,'®! focused on
urinary exosomal autophagy markers in DN patients.
They reported that exosomal LC3-II levels were
significantly lower in DN patients and correlated with
histopathological changes on kidney biopsy. While
our study measured serum markers rather than
urinary exosomes, the consistent direction of findings
across different biological samples strengthens the
argument for autophagy's role in DN. The advantage
of serum markers, as used in our study, lies in their
easier clinical applicability for routine monitoring.
The pathophysiological implications of our findings
are substantial. Autophagy normally serves as a
protective mechanism by removing damaged
mitochondria (mitophagy) and preventing the
accumulation of toxic protein aggregates in renal
cells. The demonstrated autophagy deficiency in DN
patients likely contributes to several hallmark
features of DN, including podocyte loss, tubular
atrophy, and interstitial fibrosis. This is particularly
relevant given recent work showing that autophagy
maintains mitochondrial quality in renal cells, and its
impairment leads to increased reactive oxygen
species production.!'”!

From a therapeutic perspective, our results suggest
that strategies to enhance autophagy might slow DN
progression. Several existing diabetes medications,
including metformin and SGLT2 inhibitors, have
been shown to modulate autophagy in preclinical
studies. For instance, a 2023 randomized trial by Li
et al,? demonstrated that empagliflozin treatment
increased LC3-II levels and improved renal outcomes
in DN patients, supporting the clinical relevance of
autophagy modulation. Our findings provide a
mechanistic basis for these observations and suggest
that monitoring autophagy markers could help
identify patients who might benefit most from such
therapies.

CONCLUSION

In conclusion, our study provides robust clinical
evidence that autophagy impairment, characterized
by reduced LC3-II and Beclin-1 along with p62
accumulation, is a prominent feature of DN in T2DM
patients. These molecular changes correlate with
disease severity and may contribute to renal function
decline. The findings underscore the potential of

autophagy markers as both diagnostic tools and
therapeutic targets in DN. Future research should
focus on translating these molecular insights into
clinical applications that can improve outcomes for
patients with diabetic kidney disease.
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