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Introduction

• Lymphedema is chronic 
accumulation of protein-rich fluid 
due to impaired lymphatic 
drainage 

• Two types: primary (genetic) and 
secondary (acquired)

• ~ 250 million people affected 
around the world
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Trauma Related

• Lymphedema is the chronic 
accumulation of protein-rich fluid 
due to impaired lymphatic 
drainage 

• Two types: primary (genetic) and 
secondary (acquired)

• ~ 250 million people affected 
around the world

• After trauma to extremity, 25-
50% have chronic lymphedema
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Clinical Symptoms

• Feeling of heaviness/fullness

• Pitting edema

• Pain and tightness decreased ROM & 
mobility

• Recurrent cellulitis

• Worse when dependent

• Long term risk for angiosarcoma >10 
years
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Clinical Examples
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Progressive stages of lymphedema. By DocHealer - Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/ w/index.php?curid=64120589 

Stage 1 Stage 2 Stage 3 Stage 4
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Management of Lymphedema
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Microsurgical Treatment of Lymphedema
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Microsurgical Treatment of Lymphedema
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Management of Lymphedema
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• Benefits of treatments
• Symptomatic relief
• Slow disease 

progression
• Improve symptoms
• Reduce limb size
• Improve QoL

• But… there is NO CURE
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Surgical Procedure to Prevent Lymphedema

• LYmphatic Microsurgical Preventing Healing Approach (LYMPHA))
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Immediate Lymphatic-Venous Reconstruction (ILR/LYMPA)
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Mitigate Lymphedema by Stimulating Lymphatic 
Regeneration?

• Since lymphedema results from surgical lymphatic 
disruption & obstructed flow of lymph fluid…
• Microsurgical expertise is limited…

• Hypothesis: Can we prevent lymphedema by 
stimulating lymphangiogenesis & lymphatic 
regeneration with adjuvant pharmacologic therapy?
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Ideal Characteristics for Pro-Lymphatic Drug

• Nontoxic

• Bio-compatible / bio-degradable

• No side (off target) effects

• Efficient distribution to site / tissue bed of action

• Consistent action

• Easily and predictably metabolized or eliminated

• Inexpensive to make
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9-cis Retinoic Acid Prevents Lymphedema

2012

2016
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• Metabolite of vitamin A
• Required for development of chordate animals → Involved in axial pattern 

signaling
• FDA approved (topical) for: 

• Kaposi sarcoma skin lesions
• Severe chronic hand eczema

9-cis Retinoic Acid (alitretinonin)
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Hindlimb Model of Post-Surgical Lymphedema
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Vehicle 9-cis RA
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9-cis RA Mitigates Lymphedema
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Edema Lymphedema

9-cis RA Mitigates Lymphedema



20Division of Plastic and Reconstructive Surgery

How Does 9-cia RA Affect Lymphatic Endothelial 
Cells in vivo ?
• Spatial Transcriptomics

• Measure gene expression within tissue samples while preserving 
the spatial coordinates and structural context of the cells
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Spatial Transcriptomics 
Identifies IGFBP5 in 
Treated Distal Tissue
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Top differentially expressed genes 

• IGFBP5

• Eef2

• Col1a2

• Cst3

We focused on IGFBP5 as a candidate mediator of 
9-cis RA-induced lymphangiogenesis.
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Assessment of IGFBP5 Expression by in LECs and 
other Cell Types in vitro
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9-cisRA Preferentially Induces IGFBP5 in LECs
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LECs HUVECs
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9-cisRA Does Not Significantly Affect IGFBP5 in 
Other Cell Types
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Lymphocytes

Adipocytes

Fibroblasts
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IGF1 IGF2LECs

HUVECs

9-cisRA Selectively Activates IGF2 in LECs
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9-cisRA Does Not Significantly Alter IGF1/IGF2 in Other Cell 
Types
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IGF1 IGF2

Lymphocytes

Adipocytes
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9-cisRA Increases IGFBP5 Protein in LECs
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15kD
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IGFBP5 Knockdown Impairs LEC Proliferation
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IGFBP5 Localization in LECs In Vitro
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IGFBP5 Colocalizes with Lymphatic Endothelium 
In Vivo
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Understanding the Mechanism
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Proposed Mechanism of 9-cisRA-
Induced Lymphangiogenesis
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Two mechanistic questions:
1) Upstream: How does 9-cisRA induce IGFBP5?

2) Downstream: How does IGFBP5 affect LEC signaling?
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Testing RXR-alpha as an 
Upstream Regulator of 
IGFBP5
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CD3254
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Testing the IGF Axis 
Downstream of 9-cisRA and 
IGFBP5
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9-cisRA Transiently Activates AKT and ERK 
Signaling
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IGF1R/INSR Blockade Suppresses AKT but Not 
ERK Signaling
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Conclusions and Future Directions

• 9-cisRA mitigates lymphedema and promotes lymphatic remodeling in vivo. 

• Spatial transcriptomics identifies IGFBP5 as a candidate mediator in treated distal tissue. 

• 9-cisRA induces an LEC-specific IGFBP5/IGF2 response. 

• IGFBP5 is secreted by LECs and supports LEC proliferation. 

• RXR-alpha and IGF-axis signaling may link 9-cisRA to downstream AKT/ERK activation. 

• Future direction: Validate IGFBP5 function in vivo using IGFBP5 knockdown/knockout 
models.
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