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Nanotechnologies to Address Disease

Biomedical Research Tools Drug Discovery Tools




Targeting Targeted Therapies

Targeting the Pathway
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MAPK pathway

Cell growth, proliferation, survival

Targeting the Location

Avoiding Problem Tissues



P-selectin is Released to the Surface
of Activated Endothelial Cells

Habertheuer, BioMed Research International 2014:325725
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P-selectin is Expressed in Human Cancers
on Blood Vessels, Stroma, and Cancer Cells
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Shamay, et al. Science Translational Medicine 2016

Yosi Shamay



Fucoidan, a Fucosylated, Sulfated Polysaccharide
Binds P-Selectin
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-High affinity to P-selectin (~20nM)
-Structural element for building nanoparticles

Rouzet, Journal of Nuclear Medicine (2011)
Cho, Carbohydrate Polymers (2012)



Nanoparticle Synthesis
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Shamay, et al. Science Translational Medicine 2016



Machine Learning and QSAR Facilitate Nanoparticle
Synthesis with Diverse Drugs

- r(3)

Nanoparticle = (0D + ID +2D + 3D +4D)
self-assembly molecular properties

Quantitative Structure-Nanoparticle
Assembly Prediction (QSNAP)

Shamay, et. al., Nature Materials, 2018



Radiotherapy Induces P-selectin Expression in Vasculature

No Irradiation

Lewis Lung Carcinomas.c Hallahan D et al. Cancer Res (1999)



Nanoparticles Bind to Irradiated Endothelial Cells

PBS +TNFa

FiPAX

DexPAX




Nanotechnologies to Address Disease

Biomedical Research Tools Drug Discovery Tools




Fluorescent Reporters from Carbon Nanotubes

Tissue-Penetrating Signal

Near-IR Emission

Excitation:
Visible Near-IR

Respond to Local
Solvent Environment

DNA/Polymer-Encapsulated
Carbon Nanotube




Carbon Nanotube Near-Infrared Fluorescence
is Structure-Dependent

Semiconducting Nanotubes:
Near-Infrared Emission
900-1600 nm

Narrow Band Emission
Structure/Diameter-
Dependent
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Tools for Research, Drug Discovery, and Diagnosis

Sensor Implant to Measure Drug PK
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Live Cell Reporter of Endolysosomal Lipids
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Harvey, Nano Lett (2019)
Nanosensor Implant for Non-
Invasive Detection of miRNA

Jena, ACS Nano (2017)
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Harvey, Nat Biomed Eng (2017)

Detection of HE4 in Ovarian Cancer
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Williams, Sci Adv (2018)



Nanotube
emission

Harvey, et. al., Nature Biomedical Engineering 2017
Williams et al. Science Advances, 2018



CNTs: Optical Materials in Need of Outreach

Ao, et. al., J. Am. Chem. Soc., 2016, 138 (51), pp 16677-16685



Bring in the Artists?

Joseph Cohen



NanoArt Out of the Lab
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The Mind’s Eye

Joseph Cohen (American, b.1982)
MSP-001 (Multi-Spectrum Painting), 2019

Enriched carbon nanotubes, separated carbon nanotubes, sodium deoxycholate, WBV™, tracer dyes and phosphorescent pigments on linen

24 x 24 inches



SWIR (Excitation: 590 nm 3 x 30 w LED)
INGaAs Array Camera



SWIR (Excitation: 630 nm 3 x 30 w LED)
INGaAs Array Camera



The Mind’s Eye

Joseph Cohen (American, b.1982)
MSP-001 (Multi-Spectrum Painting), 2019

Enriched carbon nanotubes, separated carbon nanotubes, sodium deoxycholate, WBV'™ , tracer dyes and
phosphorescent pigments on linen

24 x 24 inches



Nanosensor Paint

Applied on glass surface

Free-standing film
Budhathoki-Uprety, Nat Commun (2019)



Nanosensor Paint for Microalbuminuria
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Budhathoki-Uprety, Nat Commun (2019)
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