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1. Introduction 5. Results
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¢ Diabetes is a leading cause of early death, with half a billion cases worldwide, and

results from failure in the coordinated beta cell insulin secretory response from Untrapped 10 10 5 3 1
pancreatic islets’. Trapped 8 50 29 10 3
¢ Islet beta-cells form a functional unit and conventional cell culture struggles to Trap
model islet dynamics or physiological insulin secretion?. ..
g Efficiency = 44% | 83% = 85% @ 77% | 75%

Organ-on-a-Chip as a Model for Islet Dynamics

«* Organ-on-a-chip technology emulates 3D conditions present in living organs, with Top Middle Bottom
controlled microenvironment and constant perfusion. Channel Channel Channel

% Current systems of functional calcium imaging of islets in vivo at the single cell Untrapped 15 V4 V4
nvidul et cells and nfer ctona comeetity. Trapped 34 43 22

Computational Automation and the three R’s Trap

“* A more precise, efficient, and effective algorithm for analyzing islet-in-the-eye EfﬁCienCy 69% 86% 76%

connectivity data will allow for the reduction in use of animals for islet imaging
transplant.
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Islet on a Chip Design and Refinement:
¢ Test current chip designs and refine into novel chips capable of trapping islets

for reperfusable long-term experimentation ex vivo.
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Figure 3. (a) Efficiency at
various trap widths and for
the three trap channels. (b)
Segmental glucose readouts
recorded from trapped islets
perfused with 3mM and 20
mM glucose . (¢) Calcium

V. | | - | traces recorded from mouse
Islets via in vivo imaging
processed manually (top)
and using the detection and
motion correction algorithm
(bottom). Traces were
standardized to fO. Pearson
connectivity analyses
between these two traces
differed by ~3%.

ROI detection and Motion Correction:

+» Create an algorithm that, given few input parameters, automates region of
Interest (ROI) detection and motion correction for single cell resolution calcium
Imaging data.

3. ROI Detection and Motion Correction

Intensity of Fluorescence

Figure 1. In Vivo mges of a mouse islet. These islets express the intracellular
calcium fluorophore GCaMP 6 in their beta cells and calcium imaging can be

used to infer functional insulin secretory activity. (a-d) Automated ROI detection. 6. Conclusions

(e-1) X-Y motion correction. (a) Normal image, pre-processing. (b) filtered . _ _ _ L
image. (c) Initial ROI detection. (d) Filtered ROI selection. (e) Binary gradient %+ The algorithm detects regions of interest with high fidelity, corrects
deviation Iin the x and y planes, and saves in excess of 30 minutes of time

mask. (f) Image with filled holes and cleared borders. (g) Image with outlined _ _ =
centroid, red cross marking center. (h) Motion corrected image at frame 68. (i) per recording. The algorithm accurately recreates Pearson connectivity
analyses generated manually.

motion corrected image at frame 107.
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4. Islet on a Chip Design and Refinement The cgrrent chip _de5|gn traps |§Iets at a maximum c_)f 86% efflc_lency
allowing for continuous perfusion, but not reperfusion, of media.

Flow
7. Future Work

a Sensor 5
< Improved chip design should maintain or Figure 4. Novel Chip Design

Injecti . - - . .
Valve Increase trap efficiency while allowing for
continuous reperfusion.

¢+ Test more Pearson connectivity with data
generated by automated algorithm and
compare to manual data.

Microfluidic Chip
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