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Our research lies at the crossroads of biomedical engineering and respiratory medicine. Driven by a 

desire to uncover the scientific underpinnings of respiratory phenomena, we leverage such 

knowledge towards novel strategies for delivering pulmonary therapies, including foremost inhalation 

aerosols. Our interdisciplinary team bridges expertise spanning bioengineering, nanotechnology and 

cell physiology. Our methodologies integrate cellular in vitro experiments and in silico simulations to 

devise biologically relevant lung models, with broad applications to drug delivery as well as 

cytotoxicity. Given the complexity of the lungs, our strength revolves around a multiscale approach, 

from the alveolar microscales to macroscopic whole-organ models. We exemplify below some of our 

leading contributions and ongoing efforts in the field. 

 

Biomimetic in vitro lung-on-chip platforms: With formidable progress undergone in 

microfabrication, lung-on-chips provide profound new opportunities to probe at true scale the 

pulmonary environment and deliver biomimetic platforms of the in vivo milieu1. Microfluidic airway 

platforms have transformed the landscape to explore in vitro respiratory physiology and advance 

both basic research and translational medicine. Since inhalation drug screening methods are still 

overwhelmingly conducted in animal models, organ-on-chips offer the prospect of tangible 

alternatives. Lined with human cells, within a physiologically-faithful architecture, these can help 

reduce the need for animal 

studies and importantly offer 

more relevant human models.  

We are leading major 

developments of the most 

advanced lung-on-chips to 

date. We have designed the 

first artificially-breathing 

acinar networks (trees) that 

capture physiologically-realistic 

respiratory flows2. Our acinus-

on-chips represent the first in 

vitro diagnostic tool enabling quantitative monitoring of the dynamics of inhaled aerosols directly at 

the acinar scales. The life-size model lung allows direct and time-resolved observations of airborne 

particle trajectories and their patterns of deposition in alveoli. Supported by the European 

Commission (ERC, 2016-2021) and via European collaboration (German-Israel Foundation, 2017-

2020), we are expanding our platforms to advance precision medicine applications (Fig. 1). 

Patient cells can be collected from a biopsy, expanded and grown inside our devices allowing 

advanced diagnostic capabilities in addition to monitoring patient cell response to inhaled 

therapeutics for optimizing match. Ultimately, our in vitro models may provide off-the-shelf in vitro 

kits geared for end-users in biology, pharmacology and the pharmaceutical industry, interested in a 

wide range of cytotoxicity and drug screening assays. 

 

 

Figure 1: (a) Example of microfluidic alveolated airway model. (b) Close-
up of airways with alveolar epithelial cells grown on a porous membrane. 
Inset: Staining of cell nuclei (blue) and tight junctions (red) of monolayer.  
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Optimizing inhalation therapy in children: Inhalation therapy is a hallmark in treating pediatric 

respiratory disorders. Yet, drug deposition in the lungs of young populations remains adversely 

low (~5-40%). Inhalation devices and guidelines are typically derived from adult studies with 

dosages adapted for children according to body 

weight. Motivated by such shortcomings, we 

leverage in silico computational fluid dynamics 

(CFD) to explore opportunities for augmenting 

aerosol deposition, driven by physiological 

determinants (anatomy, breathing patterns) 

and aerosol transport dynamics3,4. Following 

multiscale approaches we have explored the 

fate of inhalation aerosols in models of the 

developing acinar airways and the evolution of 

aerosol deposition with growth5. Most recently, 

we have identified how deposition efficiency is 

captured by the existence of a narrow window 

of aerosol sizes optimizing deposition in upper 

airways. In the context of pediatric asthma 

therapy, our results translate to the existence 

of an optimal aerosol size range that evolves with age and inhalation device6 (Fig. 2). Supported by 

the European Commission (ERC Starting Grant), our ongoing efforts are suggesting a fresh outlook 

for pediatric inhalation therapies and support the prospect of child-specific inhalation therapies.  

 

 

Point-targeted delivery of magnetic aerosols: We are developing a therapeutic platform for 

targeted aerosol delivery to selected points in the lungs. Our first embodiment is motivated by lung 

cancer (e.g. carcinoma), with ~2M patients yearly and ~90% mortality. With the prospect of point-

targeted therapeutic delivery to airway tumors we aim to increase effective doses and 

dramatically reduce chemotherapeutic side effects. Our technology7 combines a smart inhaler 

delivering short pulsed aerosol boluses of magnetically-loaded therapeutic aerosols using FDA-

approved SPIONs (super-paramagnetic iron oxide nanoparticles), where aerosols are deposited 

using a designed external magnetic field. Our early in silico efforts have supported the prospect of 

such inhalation technique8,9. Following endorsement by the Israel Innovation Authority, we have 

developed a first prototype where a short aerosol bolus was successfully delivered to a desired point 

in 3D printed bronchial models using an external magnet, while all other aerosols were exhaled. Our 

longer term goals are to expand to ex and in vivo experiments. As a versatile inhalation platform, 

our technology may be further envisioned for early-stage treatment of severe infections, e.g. 

bacterial (pneumonia) and fungal (e.g. aspergilloma). 

 

Liquid-foam therapy (LIFT) for Acute Respiratory Distress Syndrome (ARDS): ARDS is an 

inflammatory lung condition caused for example by sepsis, pneumonia and head/chest injury, 

affecting annually 255,000 in the US alone. ARDS is characterized by depletion of the lungs’ inner 

liquid coating (pulmonary surfactant), which reduces surface tension forces and allows the lungs to 

expand. Patients lay in the intensive care unit with mortality rates ~40%. Although surfactant 

replacement therapy (SRT) is life-saving in neonates, administration methods for adults and even 

children remain inadequate. Traditional endotracheal surfactant liquid instillations used in newborns 

fail in larger lungs: liquid drains into pools, drowning these regions while leaving others untreated. 

Figure 2: Aerosol deposition patterns in upper airways 
of a 5 yr. old and adult, following a dry powder inhalation 
(DPI) maneuver. Lungs shown at same scale for ease of 
comparison. Optimal Inhalation therapy in children 
advocates smaller particle sizes (relative to adults). 
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To overcome these hurdles, our novel method 

uses liquid foam as a carrier for surfactant 

delivery10. Such an approach represents a 

paradigm shift in SRT, and more broadly, in the 

field of therapeutic pulmonary delivery. Unlike 

liquid installations, foam is “gravity defiant”: LIFT 

distributes homogeneously throughout the lungs, 

capable of delivering sufficient doses. In contrast 

to aerosols and liquid instillations, LIFT can flow 

through narrowed airways and penetrate beyond 

airway obstructions. In a proof-of-concept, we have 

demonstrated the feasibility of our technology, both 

in vitro in 3D printed and microfabricated airway 

models, and ex vivo in excised pig lungs using 

fluoroscopy (Fig. 3). Our promising technology has 

drawn considerable attention supported by the 

European Commission (Proof-of-Concept, 2018-

2020), and will fund our first pre-clinical in vivo 

experiments. LIFT holds tremendous potential beyond ARDS treatment and may be leveraged for 

other lung therapies, including stem cell delivery to treat Idiopathic Pulmonary Fibrosis (IPF) and 

Chronic Obstructive Pulmonary Disease (COPD). 
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Figure 3: Experiments ex vivo in 
porcine lungs. (a) Right lung after 
liquid installation with pooling (red 
circle). (b) Left lung following LIFT 
with homogenous delivery. Inset: 
LIFT reaches all small airways in 
an in vitro microfluidic model. 


