
RNA-seq Dataset -
Diabetic Retinopathy (DR)

Miccroarray Dataset -
Diabetic Nephropathy (DN)

Differential Expression 
Analysis

505 DEGs
（123 up / 383 down）

1200 DEGs
（550 up / 650 down）

WGCNA：Identify the hub genes in the key modules
 (KME > 0.7)

Turquoise: 362
DarkOrange: 124
Purple: 170

Blue: 280
Brown: 150
Yellow: 210

scRNA-seq Dataset -
Oxidative Stress

Filtering:
 nFeatures_RNA & 10% mitochondria

Clustering and cell annotation
(resolution = 0.7) 34 clustering
SingleR + Markers 8 celltypes

Venn Diagram

Endothelial cell (involved in OS) marker genes
The hub genes identified by DN and DR

Integrated Analysis
Functional Enrichment Analysis (GO/KEGG)
Consensus Oxidative Stress Signature Generation
LASSO : Therapeutic Biomarkers Prediction

FINAL DELIVERABLE: Identified OS-Related
Biomarkers & Therapeutic Targets for DN & DR

Introduction & Motivation

Research Hypothesis

Methods

DN and DR both represent microvascular lesion outcomes in
different tissues.  —Focus on the entire category
Oxidative stress is one of the main changes that lead to
endothelial dysfunction

Results

Retionpathy (eye)

retinal hemorrhages
hard exudates

Nephropathy (kidney)

Renal glomeruli
are damaged

increased protein leakage

basement membrane thickering

DIABETIC MICROVASCULAR COMPLICATIONS

GLOBAL DISEASE BURDEN COMPARISON (2024)

eNOS

NO Inflammatory factors

upregulated
ICAM-1/VCAM-1

increased
permeability

inflammatory cell
adhesion & infiltration

reduced eNOS/NO
production

Discussion
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Nature Killer cell: Macrophages: Fibroblasts:

Endothelial cell: B cell: Hepatocytes:

T cell: beta cell:

3. Determine the genes related to diseases based on the single-cell results of the combined
oxidative stress state

Hyperglycemia and lipotoxicity drive the deposition of extracellular
matrix through direct fibroblast activation and a comprehensive
mechanism involving immune cell recruitment and endothelial
dysfunction.

DN: A total of 505 DEGs
DR: A total of 969 DEGs

DEGs were selected based on the condition
that |log2FC| > 1 & Pvalue < 0.05

4. Selection of candidate biomarkers associated with disease
progression based on LASSO regression

The enrichment results indicate that
diabetic microvascular

complications are affected by the
interrelated and imbalanced

interaction between endothelial
genes, immune inflammation

activation, and matrix remodeling

Figure 6 Scatter plot of module feature correlation. The turquoise, dark orange and purple
modules belong to the DN results. The brown, turquoise modules belong to the DR results.

The selected NOTCH1, CELF2,
EMP3 and VGLL4 genes were found
to be related to disease progression.

The AUC values were all greater than
0.6, which proved the reliability.

Under high sugar conditions, the NOTCH1 signal is significantly
activated, leading to the loss of podocytes and the disruption of
tight junctions.
Significant dysregulation of CELF2 may disrupt the splicing
mechanism of endothelial cells, leading to a "splicing stress" state
and the loss of the ability to eliminate ROS.
EMP3 can mediate the endothelial-mesenchymal transition process
and drive the transformation of a pro-fibrotic phenotype
(indicating tissue damage).
VGLL4 is involved in the homeostasis of endothelial cells, and its
dysfunction can lead to pathogenic neovascularization.

Future Application

Selected References

SIRT1

Keap1-Nrf2 Pathway

NOTCH1

AGE-RAGE Axis

Inhibited by oxidative stress
eNOS activity        NO bioavailability
Increased inflammation (NK-kB)
Mitochondrial dysfunction
      Impaired vasodilation 

Activated by high glucose
VEGF expression
Nephrin       Podocyte loss
VE-cadherin/β-catenin dissociation
      Proteinuria | Vascular leakage

ROS

Disrupted by ROS overload
Keap1 binds Nrf2, prevents activation
   Antioxidant enzymes (HO-1, NQO1)
Increased cellular damage
      Oxidative damage accumulation and senescence

Activated by AGE accumulation
RAGE signaling cascade
   ICAM-1/VCAM-1 expression
Leukocyte adhesion & recruitment
      Vascular inflammation and Microvascular occlusion

NOTCH1, CELF2, EMP3 and VGLL4 each demonstrate direct or indirect
involvement in diabetic vascular damage at different levels, providing new
research targets for subsequent functional verification and future drug
development.

Future research plan:
Short-term (cell experiments): Focus on verifying the effects using the
splicing target of CELF2 and the endothelial-mesenchymal transition induced
by EMP3.
Medium-term (animal models): Develop endothelial cell-specific knockout
mice to verify the protective effect in diabetes models.
Long-term (clinical): Develop diagnostic reagents for analysis of clinical
samples.

Diabetes: 589 million people (1 in 9 adults)

Identification of Candidate Biomarkers for
Diabetic Complications via High Glucose-
Induced Endothelial Injury Mechanisms

Figure 3 The process design for data analysis presentation (The flowchart above was
created using Canva).

It has been ascertained: 

Hypothesis:
By characterizing the key regulatory genes in the reactive oxygen
network, potential biomarkers that can exert intervention and
therapeutic effects on both DN and DR will be discovered.

Diabetic Nephropathy (DN) and Retinopathy
(DR) are leading causes of mortality.
Among diabetic patients, DR accounts for
approximately 35%, while DN accounts for
about 20% to 40%.

Long-term high blood sugar levels can cause
damage to the microvasculature.

Induced oxidative stress is the
common inciting event driving

microvascular endothelial
dysfunction in both organs.

Reactive Oxygen Species (ROS): 

Strategy: 
Employ a comprehensive multi-
omics approach to cross-validate
the single-cell data in the ROS
model with human clinical data,
in order to identify common
therapeutic targets.

Figure 1 The current situation of diabetes (This picture was created using Canva).

Figure 2 ROS and endothelial injury 
(This picture was created using Canva).

1. Differentially expressed genes
 in the DN and DR groups

Figure 4 Analysis results of differential expression volcano plot. (Left) DN up-regulation
and down-regulation genes; (Right) gene up-regulation and down-regulation by DR.

2. Genetic modules that are significantly
associated with phenotypic expression

Figure 5 The results of the correlation between gene modules weighted by expression
values and phenotypes. (Left) DN result; (Right) DR result

Figure 7 The expression characteristics of the classic markers of
various cell types in the clustering results. Figure 8 Cell annotation umap plot.

The 427 characteristic expressed genes of
endothelial cells were extracted to find
intersections with the hub genes of DN and DR

Identified 36 overlapping genes

Figure 9 The candidate gene results obtained after correlating
DN, DR and genes under oxidative stress. Group 1 represents
the endothelial cell gene set; Group 2 represents the hub gene

set of DR. Group 3 represents the hub gene set of DN.

Figure 10 The GO enrichment results of 36 genes.

Figure 11 The KEGG enrichment results of 36 genes.

Figure 12 Automatic feature selection in LASSO regressio Figure 13 Model cross-validation calculation results

Figure 14 Selection of lambda.min (left) and lambda.1se (right). Figure 15 ROC curve validation

The common characteristics exhibited by DN and DR are manifested as
thickening of the microvascular basement membrane, absence of pericytes,
and extensive endothelial dysfunction. Therefore, the results of this study
provide a new mechanism-based explanation:
Endothelial cells are the direct targets of high glucose-induced damage,
and endothelial cell dysfunction can mediate mesenchymal
transformation to promote fibrotic remodeling.
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Figure 16 The influence of four candidate genes on diabetic microvascular lesions.
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