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Abstract

Which MSM challenges are you addressing from the IMAG 2009 Report and how?
https://www.imagwiki.nibib.nih.gov/content/2009-imag-futures-report-challenges
(indicate which challenge (#) you’re addressing)
You may insert images by copying and pasting below
#5. Reproducible and reusable multiscale models that will be integrated and adopted into model-poor fields (e.g.  tissue engineering, regenerative medicine, drug and gene delivery, preventive interventions)

Are you using machine learning and or causal inference methods and how?
You may insert images by copying and pasting below
	No

Please briefly describe significant MSM achievements made (or expected).
You may insert images by copying and pasting below
	We developed a multiscale and multimodeller computing platform for the design of functionalized nanoparticles (NPs) for applications in disease imaging and targeted drug delivery. (1) At the hydrodynamic scale we capture detailed hydrodynamic interactions of different shaped NPs in the presence of confining boundaries such as blood vessel wall and with adhesion interactions. We include flexible NPs and interactions mediated by red blood cells. (2) At the adhesion scale we capture multivalent interactions between NPs and the cellular surface and include effects of compliance of a live cell membrane, glycocalyx, cytoskeleton, and cell surface heterogeneity. We compute binding avidity (effective association equilibrium constant for multivalent interactions)  for rigid and flexible NPs by accounting for enthalpic and entropic terms. (3) At the Pharmacokinetics scale we developed a next-generation pharmacokinetics model to integrate our results from the hydrodynamics and adhesion scales into results for tissue targeting in vivo. We include targeted, untargeted, and clearance mechanisms, as well as use big data repositories (e.g., The Cancer Genome Atlas) to profile molecular expression in a patient specific fashion. (4) We validated our models by comparing each scale of computation separately with independent experiments, and we validated the tissue biodistribution using in vivo measurements. We make predictions for rats and humans based on customizing the physiological and molecular parameters of our model. Physical and single molecule experiments were conducted to guide the choice of parameters for molecular interactions. The successful comparison and validation were achieved for a diverse range of nanoparticles including rigid spherical particles, flexible biocompatible nanogels, and nanoparticles made through DNA origami. The biomedical applications for our rational targeting platform include lung inflammation, and the actute respiratory distress syndrome.

Please suggest any new MSM challenges that should be addressed by the MSM Consortium moving forward.
You may insert images by copying and pasting below
	The quantitative description of multiple scales in biological processes are based on theories and models from different fields (e.g, systems biology, continuum mechanics, hydrodynamics). Clinical and health data are heterogeneous ranging from medcial records, imaging data, to molecular profiling. To integrate this diversity, MSM can explicitly focus on heterogeneous multiscale methods or Multimodeller Hyper Models which combine disparate models into one process/simulation framework. 

What expertise are on your team (e.g. engineering, math, statistics, computer science, clinical, industry) and who? 
Please list as “Expertise – Name, email”
	Clinical, Engineering - David M. Eckmann, ; Engineering, Math – Ravi Radhakrishnan, ; Pharmacology – Vladimir Muzykantov, ; Engineering, Math – Portonovo Ayyaswamy, ; Engineering – Andrew Tsourkas, 
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Next-generation pharmacokinetic models for targeted
nanocarriers for drug delivery and disease imaging applications:
* Rational design of therapeutic nanocarriers for drug delivery and imaging

* Predict nanocarrier distributionin tissues across organisms for personalized

medicine and one-health applications

Review: Nanocarrier Hydrodynamics and Binding in Targeted Drug Delivery: Challenges in Numerical Modeling and Experimental Validation,
Ayyaswamy, Muzykantov, Eckmann, Radhakrishnan; DOI: DOI: 10.1115/1.4024004





