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Methods

Made with Biorender

• Diabetic endothelial dysfunction is driven by mitochondrial dysfunction 

and leads to macro- and microvascular complications, such as 

atherosclerosis and impaired wound healing. 

• Mitochondrial transplantation is a promising strategy to enhance 

mitochondria functionality in diabetic endothelium cells 

and restore damaged tissues.

Hypothesis: Mitochondrial transplantation to diabetic endothelial cells 

restores endothelial function via alleviating mitochondrial dysfunction 
induced in diabetes.

• Immunostaining was performed using CD-31 antibody (EC marker)

• Flow cytometry was performed using conjugated CD-31-APC antibody

• DHAECs were stained 

with JC-1 and 

compared to HAEC 

derived from a healthy 

donor
• Seahorse assay was 

performed after 72h of 

mitochondrial 

treatment

• JC-1 staining was 
performed 72h after 

mitochondria 

transplantation
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iPSC-MSC Mt

1. Establishment of mitochondrial dysfunction in diabetic endothelial cells, mitochondrial transplantation and improvements 

assessment post-transplantation

Co-culture system Isolated mitochondria

Histological assessment of 

angiogenesis

Mitochondria distribution in 

recipient tissue

Identifying the role of mitochondria 

in cell-mediated wound healing

Made with Biorender

➢Splinted circular 6 mm wound 

creation

➢Topical application of Mt 
suspension vs control

➢Image wound every other day until 

fully healed

➢Harvest at 24h, 4 days, and 7 

days post transplantation

• Several formulations of the gel were tested

• Mitochondria release from the gel was 

measured with NanoDrop

2. Mitochondrial transplantation in wound healing in vivo 

Confocal microscopy imaging revealed mitochondria presence in the gel and the 

surrounding tissue after 24 hours post-surgery.

Day 1 Day 3 Day 7

At 7 days post-wounding, mitochondrial treatment markedly improved wound healing 

compared to the vehicle control. The mitochondria treated group shows nearly 

complete re-epithelialization, reduced inflammation, and early signs of dermal 

remodeling, including structured tissue and emerging appendages. In contrast, the 

control group displays incomplete wound closure, persistent inflammation, and 

disorganized tissue architecture. 
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DAPI Anti-GFP MTC02

Mitochondria was transduced with 

pCT-Mito-GFP to enable 

mitochondria tracking and 

visualization.

Fluorescence microscopy revealed successful transfer of mitochondria 

from iPSC-MSC in a cocultured system and autologous isolated 

mitochondria transplantation to DHAEC with 72h post transplantation.

mitochondria | nuclei

DHAEC:MSC = 1:9 MSC mitochondria | nuclei | Endothelial cells (CD31+)

1 ug of mitochondrial protein per 5,000 DHAEC

Flow cytometry 

demonstrated mitochondrial 

transfer efficiency up to 

23.58% that increased with 

increasing ratio of MSCs to 

DHAECs.

DHAEC : iPSC-
MSC ratio

% of GFP+ 
DHAEC

1 : 1 4.72%

1 : 4 18.40%

1 : 9 23.58%

Transplantation of mesenchymal stem cell-derived mitochondria in diabetic endothelial cells

• Mitochondrial transfer from iPSC-MSC to DHAEC and exogenous mitochondria transplantation were 

validated with fluorescent microscopy and flow cytometry and transfer conditions were optimized. 

• DHAECs exhibit signs of mitochondrial dysfunction compared to HAECs.

• A 72-hour treatment with 1 ug of mitochondria (per 5,000 cells) improved mitochondrial respiration and 

membrane potential in in DHAEC. 

• Mitochondria-loaded MMP-degradable hydrogel visually led to improved wound closure in murine wound 

healing model. 

• Confocal microscopy revealed presence of mitochondria in the gel and wound-surrounding tissue. 

• Further in vivo studies will be conducted in diabetic mice.

• Further research will also assess mitochondria delivery for promoting angiogenesis in a 

diabetic wound healing model to identify if there is statistically significant improvements 

in vehicle vs mitochondria transplantation groups,

• Post-transplantation functional improvements in endothelial and mitochondrial function 

will be studied in future work. 

Transplantation of mitochondria in wound healing in vivo

A 48-hour treatment with 0.3 ug of isolated mitochondria (per 5,000 cells) improved maximal mitochondrial respiration and mitochondrial 

membrane potential in DHAEC, without significantly affecting ATP production. This directly suggests that our treatment enhances mitochondrial 

reserve capacity by improving electron transport chain efficiency, enabling a stronger response to metabolic stress without altering basal activity.

MSC mitochondria | nuclei | Endothelial cells (CD31+)

DAPI Anti-GFP MTC02 Empty gel                                                                                   Mitochondria-loaded gel
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