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Abstract:

platform, integrated circuit (chip) that simulates 
the activities, mechanics, and physiological 
response of an entire organ or an organ system. 
Our lab aims to create organ-on-a-chip devices to 
study the mechanism of various diseases. In the 

(1) Astrocyte-driven vasoconstriction impairs
glymphatic clearance in a human tauopathy-
on-chip model; (2) Monomeric and oligomeric

pathophysiological characteristics in astrocytes in
human glymphatics-on-chip models; (3) Three-
Dimensional Lymphatics-on-a-Chip Reveals
Distinct, Size-Dependent Nanoparticle Transport
Mechanisms in Lymphatic Drug Delivery.

Summary of Research:

The glymphatic system is a critical pathway 
for clearing metabolic waste from the brain by 

protein accumulation is strongly associated with 
impaired glymphatic clearance, yet the underlying 

study, we employed a three-dimensional human 

transport and mass clearance in a brain-mimetic 
extracellular matrix containing engineered blood 
vessels (BV) surrounded by primary astrocytes. 
We found that phosphorylated tau (p-tau) induced 
morphological transformation of astrocytes into 
a hypertrophic, hypercontractile state, leading to 
astrocyte-mediated vasoconstriction and impaired 
glymphatic clearance. Notably, p-tau did not 
affect blood endothelial cells directly, implicating 
astrocyte-dependent mechanisms in glymphatic 
deregulation. Pharmacological inhibition of non-
muscle myosin II with blebbistatin reversed 

astrocytic hypercontractility, restored BV diameters, and 

and underscore astrocytic contractility as a promising 
therapeutic target in AD.

Alzheimer's disease (AD) is marked by the aggregation of 

understood. We cultured astrocytes in a brain-mimicking 
three-dimensional (3D) extracellular matrix and revealed 

reactivity, but showed distinct Ca2+ changes in astrocytes. 

chip model containing astrocytes and endothelial cells with 

only reproduced the astrocytic atrophy, hyper-reactivity, and 

the components of the dystrophin-associated complex (DAC) 
and aquaporin-4 (AQP4) were properly maintained by the 

in the astrocytes.

Although nanoparticle-based lymphatic drug delivery 
systems promise better treatment of cancer, infectious 
disease, and immune disease, their clinical translations are 

mechanisms. Here, we employed a three-dimensional (3D) 
lymphatics-on-a-chip featuring an engineered lymphatic 

nanoparticles. We tested lymphatic drainage of different 

(NPs) using the lymphatics-on-a-chip device. In this study, 
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as expected, but the smaller NPs were captured by lymphatic 
endothelial cells (LECs) and accumulated within their cytosol, 
delaying NP transport into the lymphatic lumen, which was not 
observed in larger NPs. To examine the mechanisms of size-
dependent NP transports, we employed four inhibitors, dynasore, 
nystatin, amiloride, and adrenomedullin, to selectively block 
dynamin-, caveolin-, macropinocytosis-mediated endocytosis-, 
and cell junction-mediated paracellular transport. Inhibiting 
dynamin using dynasore enhanced the transport of smaller NPs 

accumulation, but showed no effect on larger NP transport. 
Interestingly, the inhibition of caveolin by nystatin decreased the 
lymphatic transport of larger NPs without affecting the smaller 
NP transport, indicating distinct endocytosis mechanisms used by 
different sizes of NPs. Macropinocytosis inhibition by amiloride 
did not change the drainage of all sizes of NPs; however, 
paracellular transport inhibition by adrenomedullin blocked 
the lymphatic transport of NPs of all sizes. We further revealed 

lymphatic endosomes to delay their lymphatic drainage, which 

a potential target to enhance the lymphatic delivery of smaller 
NPs. Together, our 3D lymphatics-on-a-chip model unveils size-
dependent NP transport mechanisms in lymphatic drug delivery.
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