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Summary 
 
The purpose of this project is to develop in vitro, cell based biosensors for environmental toxins. By using 

ArunA’s neural cell lines derived from both human embryonic stem cells (hESCs) and human induced pluripotent 
stem cells (hiPSCs), our goal is to provide a human neural cell based biosensor that is a more biologically 
relevant model of human physiology.     

 
This report describes the progress made in these major areas: (1) directed differentiation of hESC- and hiPSC-
derived neural progenitor cells into dopaminergic neurons; (2) directed differentiation of hESC- and hiPSC-
derived neural progenitor cells into astrocytes; (3) cell culture medium development for the maintenance and 
differentiation of ArunA’s neural cell lines as sensor elements for neurotoxicity; and (4) label-free, adhesive 
signature-based microfluidic cell separation. 

 
We received an award letter from NIH on a $700K grant funding the development of a label free microfluidic 
device for commercialization.  This method is described below and the progress we have made in the present 
grant contributed to a successful grant application and potentially new and better ArunA product lines.  
 
(1) Directed differentiation into dopaminergic neurons 

In our previous studies we successfully differentiated hESC-derived neural progenitor cells into mature 
neuronal populations demonstrating positive protein expression of dopaminergic markers with reproducible 
results over multiple rounds of differentiation.  Consequently, since our last Q2 report, we are in the process of 
developing a new dopaminergic progenitor cell line and dopaminergic differentiation kit for commercial release. 
We have completed multiple test rounds of different kit configurations, and we are in currently optimizing a 
differentiation protocol for customer use. We have also completed preliminary HPLC studies evaluating our 
cultures for dopamine release with favorable results indicating dopamine biosynthesis and degradation. Work 
has begun to repeat our dopamine release studies, as well as to further characterize our differentiated cultures 
for more extensive dopaminergic marker expression via immunocytochemistry and qPCR. Preliminary work has 
also been conducted whereby dopaminergic neuron differentiation protocols were translated to hiPSC-derived 
neural progenitor cells which showed positive protein expression of dopaminergic markers.  
 
(2) Directed differentiation into astrocytes 

Since our last Q2 report, we finished initial studies on differentiating hESC-derived neural progenitor cells into 
astrocytes using different media and supplement combinations to improve yield and quality. From these studies 
we have determined the optimal conditions so far for astrocytic differentiation with our cells. Gene expression 
profiles (qPCR) were also repeated successfully with favorable results for increased glial specific gene 
expression. Also since last report, cryopreservation studies of hESC-derived astrocytic progenitor cells have been 
conducted with high post thaw recovery rates. In addition, post thaw astrocyte cultures were able to be 
successfully co-cultured with neurons. Functional network based electrophysiological studies of 
astrocyte/neuron co-culture systems remain in progress. Considering the successful progress made in studies 
with hESC-derived neural progenitor cells, we have started translating our astrocytic differentiation protocols to 
hiPSC-derived neural progenitor cells.  

 
(3) Cell culture medium development 

Previously, we developed a new basal medium to propagate both hESC- and hiPSC-derived neural progenitor 
cells and enhance their differentiation into different mature neural cell types. We have completed evaluating 
neural progenitor proliferation, mature neuronal differentiation and neural marker expression of cells cultured 
in this new medium. We are now in the process of characterizing and validating the new medium for astrocyte 
differentiation of both hESC- and hiPSC-derived neural progenitor cells and resulting glial marker expression. 
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(4) Label-free, adhesive signature-based microfluidic cell separation 
We have begun collaboration with Georgia Tech to develop and establish the feasibility of using a novel 
microfluidic-based approach to efficiently isolate different cell populations based on their distinct ‘adhesive 
signature’ via controllable fluid forces. This label-free and non-enzymatic method is faster, simpler and higher 
throughput than current cell separation techniques. Preliminary data suggests that hESC- and hiPSC-derived 
neural cell types show distinct ‘adhesive signatures’ that are compatible for label-free microfluidic cell isolation 
and enrichment. If effective across multiple hiPSC lines (both healthy and diseased) and multiple derivations of 
neural cell types, this novel adhesion-based, label-free microfluidic system will shorten and streamline the 
scaled-up production of enriched populations of hiPSC-derived neural rosettes, neural progenitor cells and 
mature neuronal and glial cell types for direct use in cell-based assays. 
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