
Basic Science

Summary



The HHT signalling pathway



• 3D structure of endoglin and BMP9







• HHT animal models

• Heterozygous

• Inducible KO

• Tissue specific KO – new Smad4

• Combined suppression/overexpression

• Antibodies Anti-BMP9/BMP10 
(transmammary delivery)

• Adenoviral vectors (ALK1 mut) brain
AVMs

• Zebra fish – endoglin / ALK1



• HHT animal models

• Myeloid lineage specific KO of ENG. 
Implications in infections

• Endoglin expression in SMCs. CRISPR –
siRNA. Implications in mural cell
recruitment

• HHT in vitro models

• Vascularized micro-organ (VMO). ECs & 
vSMCs mimicking arteries-veins network



Role of blood flow in endoglin-dependent

signaling:

Flow potentiates BMP9 signaling and 

promotes endoglin-ALK1 complexes







HHT treatments ?
Potential therapeutic targets:

VEGF, PI3K/AKT, TEK/Ang2 (Smad4),

CXCR4/CXCL12 (tip Ecs, integrin act.)

Repurposing of drugs: 

Tacrolimus (drug screening ID1 
reporter-Activator of ALK1). Previous
reports on liver transplant & ENG and 
ALK1 expression. Ongoing Clin. trial



HHT treatments ?
Potential therapeutic strategies:

Gene Therapy (AAV1- blood vessel)

Cell therapy. Induced pluripotent stem
cells (iPSCs). Unlimited source
combined with rescue of WT

Repurposing of drugs: 

Tacrolimus (Activator of ALK1). 
Previous reports on liver transplant & 
ENG and ALK1 expression



A human HHT model?

Charles Theurer



Currently, TRC105 is being investigated in 

multiple clinical trials in combination with other 

agents, including Avastin® and other VEGF 

inhibitors.  In clinical trials to date, TRC105 has 

been generally well tolerated as a single agent 

and in combination with VEGF inhibitors.  In 

addition, Santen Pharmaceutical Co., Ltd., is 

developing TRC105 as a treatment for wet age-

related macular degeneration ("AMD"), the 

leading cause of blindness in the western world.



Treatments of antigiogenic drugs 

related to the HHT signaling pathway 

reproduce HHT symptoms (epistaxis, 

telangiectasias, gingival bleeding):

TRC105 (ENG)

Dalantercept (BMP9/10)

PF03446962 (ALK1)
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Role of endoglin in integrin-mediated cell adhesion



HHT Genetics:

-Exon and intron flanking regions of 
known HHT genes

-Identify new mutations in non-coding
regions –intronic regions, promoters, 

regulatory regions

-NGS and RNAseq to identify new HHT 
genes and new gene modifiers








