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Advances in design and engineering of nanoscaleeiglsystems with distinct physical and biochermpraperties are
beginning to positively impact clinical practicerafiny levels. These include disease diagnosisraading, detection
of molecular changes responsible for disease pattemijs and site-specific targeting of therapeutients with

triggered-release mechanisms. Indeed, researchargeting of pharmaceutical, therapeutic, and ribatjic agents via
intravenous and interstitial routes of administrativith multifunctional nanoparticulate entitiesdamanoconstructs is
at the forefront of projects in nanomedicine, bié thiological performance of such nanosystems stifjuires

optimization as well as reducing their toxicity axid off target sites. The underlying processesogitity are also

complex, multifaceted and have had limited investa@ns at intracellular environments.

We are engaged in tailor-made engineering of nasmopaceuticals and advanced nucleic acid-basedrootst Here,
we design and fully characterize a wide range mfl}i peptidic, polymeric and inorganic nanomatelilataries and
apply a multidisciplinary approach to unravel thelecular basis of nanocarrier/nanomaterial perforceaand toxicity
on the basis of "structure-activity” assessmentsediular and subcellular (single-cell, single-arge and real-time
microscopy) as well as biological fluid levels inngbination with and by improving/optimizing the fiemance of the
state-of-the-art bio-nanotechnology techniques.olibh such approaches, we have made significantnadsain

understanding of key mechanistic processes thaflaeglipid fusion processes as well as interactorees between
macromolecular cargo and the nanocarrier in termstability optimization and developing new extraad intra-
cellular release mechanisms. Furthermore, our iated and interdisciplinary approaches have allovegdational

design, nanoengineering and tuning of safer advhfzectional nanomedicines (e.g., polymersomesstymes and
polymeric nanoparticles, and peptidic complexeg)liapble to parenteral administration and partidyldor CNS

disorders, cancer, cardiovascular diseases andmnfatory conditions. Some of our recent breakthnsuigclude
design of peptidic-based nanoparticles/therapeetitibiting high specificity for the human brainrebral endothelial
cells and applicable to the Alzheimer’s diseasé, development of safe polymer-killer gene completegged with
camelid antibody fragments (VHH) for selective dastion of colon and breast cancers cells.

Our efforts are further beginning to provide 'bemohrk’ protocols for toxicity evaluation of nanonieides and

polyplexes at different levels, as the sensitigityl precision of standard toxicological procedamesof arguable value
in nanomedicine research as it is limited to spgtéxtreme toxicity. One key finding was realizatiof the role of

polymer conformation in different triggering thesti line of the innate immune defence system, &fsown as the
complement system. This observation has importeatibgs in design of safe stealth nanocarrierdemnprevention of

nanomedicine-mediated infusion reactions. Accongingur findings have raised further challenges fafe

engineering of nanoparticle surfaces with polynibet was previously considered to be inert and. 3Afe are now
paying attention to the role of other physical paegers, such as the shape and the extent of naictgpdeformability

to overcome problems with the immune system.
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