Targeting Ocular Neovascularization with Novel APE1/Ref-1 Inhibitors
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• Apurinic/Apyrimidinic endonuclease 1/Redox effector factor-1 (APE1/Ref-1)
serves dual functions: APE1 is an endonuclease with a role in DNA repair
and Ref-1 acts as a redox sensitive transcriptional activator.5
• Ref-1 can activate proangiogenic transcription factors such as HIF-1α and
NF-κB and is highly expressed in ocular tissues.5
• The small molecule APX3330 is a specific inhibitor of the redox activity of
this enzyme,5 and can block ocular neovascularization.6
Second generation compounds
APX2009 and APX2014 derived from
Ref-1 inhibitor
APX3330 were created to improve
upon APX3330’s therapeutic
effects.
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Here, we tested APX2009 and
APX2014 for their antiangiogenic
effects in vitro, ex vivo and in vivo in
the context of ocular
neovascularization for the first time.7

Mean ± S.E.M., n = 3 wells. **, p < 0.01; ***, p< 0.001 compared to
DMSO control (one-way ANOVA with Dunnett's post hoc test).
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Mean ± S.E.M., n = 4–5 choroids/per treatment;N =3–4 eyes.
****, p < 0.0001 (ANOVA with Dunnett’s post hoc test).
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Cells used in vitro:
• Human retinal microvascular endothelial cells (HRECs)
• Primate choroidal endothelial cell line (Rf/6a)

• in vitro they inhibit two types of ocular endothelial cells in assays
that recapitulate angiogenic properties: proliferation, invasion of a
matrix, capillary vessel formation, and migration.
• ex vivo both compounds inhibit choroidal vascular sprouting,
indicating potential efficacy in the treatment of wet AMD.
• in vivo APX2009 ameliorates pathological choroidal
neovascularization, similar to that seen in wet AMD patients
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Pathological ocular neovascularization is implicated in several blinding
diseases. These vessels are often friable and damage ocular tissues.1
Retinal neovascularization: retinopathy of prematurity (ROP) and
proliferative diabetic retinopathy
Choroidal neovascularization: wet age-related macular degeneration (AMD)
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1 2 .5 m g /k g A P X 2 0 0 9
2 5 m g /k g A P X 2 0 0 9
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Mean ± S.E.M., n = 8– 10 eyes/treatment. ns, non-significant;
****, p < 0.001 compared to DMSO control (one-way ANOVA with Tukey’s post hoc test).

Mean ± S.E.M., n = 3 per dose

Both compounds inhibited proliferation of
pathologically relevant cells
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Mean ± S.E.M., n = 3 per dose. **, p < 0.01; ***, p < 0.001 vs.
DMSO control (one-way ANOVA with Dunnett's post hoc test).

Novel compounds inhibit endothelial migration
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i.p. APX2009 significantly decreased choroidal
lesion volume without obvious ocular or
systemic toxicity

1.
2.
3.
4.
5.

Campochiaro, P. A. Ocular neovascularization. J Mol Med 91, 311-321, (2013)
Brian W. Fleck, and Neil McIntosh. Neoreviews;10:e20-e30 2009
https://retinavitreous.com/diseases/dm_pdr.php
http://www.premieridaho.com/macular-degeneration
Shah, F., et al. Exploiting the Ref-1-APE1 node in cancer signaling and other diseases: from bench to clinic.
Npj Precision Oncology, 1(1), 19. (2017).
6. Li Y, et.al. Inhibition ofAPE1/Ref-1 redox activity rescues human retinal pigment epithelial cells from oxidative
stress and reduces choroidal neovascularization. Redox biology 2:485-494. (2014)
7. Babu SPSP, et al. Ref-1/APE1 inhibition with novel small molecules blocks ocular neovascularization.
bioRXiv, doi: 10.1101/296590, (2018).

