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Background

32 million people in the US suffer from food allergies

Food allergies cause immune system dysfunction and painful
digestion

Many people with food allergies try elimination diets

Lots of failure due to timeliness and difficulty




Current Gaps

Food Sensitivity Tests Elimination Diets
Blood work required Time-consuming
Does not give good insight into Difficult to follow through with

overall digestive dysfunction
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Current common allergy testing methods present a trade off between
accuracy and risk of adverse reactions.
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Castano, Nicolas, et al. “Microfluidic Methods for Precision Diagnostics in Food Allergy.” Biomicrofluidics, vol.
14, no. 2, Apr. 2020, p. 021503. PubMed Central, https://doi.org/10.1063/1.5144135.



/  Key Features of the Gut
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Existing Gut-On-A-Chip Models
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Limitations with Current Technology

Balance of complexity and relevance
Cost
Ease-of-use
Incorporation of physiologically relevant cells
Currently use animal-derived or immortalized cell
lines
Unable to accurately mimic in vivo biology
Incorporation of biosensors and material that responds to
stimuli
Limited life span of cells on chip



Requirements for Modeling the Gut

Cellular 3D
composition Architecture

Dynamic flow
conditions

Motility
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Proposed Solution

A gut-on-a-chip system that can diagnose food allergies and sensitivities as well as
show the physiological response within the gut with less pain and high accuracy

e What the model will achieve:
- A vasculature of blood vessels that will help us detect the
immune cells response
- Real time measurements of live cells and subcellular processes
- Real mimicking of intracellular gut environment

e Benefits




Design Parameters
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Geometric Patterning & Confinement
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e Villi created using a dissolvable mold covered in collagen and seeded
with cells (current studies use Caco-2 cells)
e Membrane composed of porous PDMS (0.45 um pore size)
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Geometric Patterning & Confinement

e Endothelial cells
e Vacuum chambers assist in peristaltic movement
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Incorporating Cell Samples into the Chip

Upper endoscopy
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e Vascular Network
HUVECs or HIMECs
e Intestinal Network
primary human duodenal cells



Mimicking the Real Environment

Treat the PDMS with O, plasma Other Features
Increases hydrophobicity e Lumen channel - patient’s cells

Decreases gas escape
Lasts longer when kept and
used in vacuum space

Vascular channel
Microvilli
Contractions

Plasma treatment of PDMS for Microfiuidics. Princeton Scientific. (2019, October 16). Retrieved April 17, 2022, from
https://princetonscientific.com/plasma-treatment-equipment/plasma-applications/plasma-treatment-of-pdms-for-microfluidics/
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Delivering Allergens

Need to digest the food that is being tested and then deliver this into the intestinal
channel

» Perform enzyme activity and bile assays
* Prepare SSF, SGF and SIF stock solutions
* Perform pH-test adjustment experiment

Preparation

* Mix Food with SSF (1:1, (wt/wt)) 7-12
* Include CaCl, (1.5 mM in SSF) 13
2« Add salivary amylase, if necessary (75 U/mL) 14
* Incubate while mixing (2 min, 37 °C,pH7) 15,16

* Mix oral bolus with SGF (1:1 (vol/vol))

* Include CaCl, (0.15 mM in SGF)

* Add pepsin, gastric lipase (2,000, 60 U/mL)
* Incubate while mixing (2 h, 37 °C, pH 3.0)

* Mix gastric chyme with SIF (1:1 (vol/vol))

* Include bile (10 mM bile salts)

* Include CaCl, (0.6 mM in SIF)

* Add pancreatin (trypsin activity 100 U/mL)
* Incubate while mixing (2 h, 37 °C, pH 7.0
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BioSensing and Physiological Readouts

Biomarkers:

There's not yet a single universal biomarker to diagnose food
allergies.

Ideal: detect the different biomarkers simultaneously to effectively
track the disease

Cytokine Release and inflammation:

Visualize:
fluorescent
micrographs
and phase
contrast images
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https://www.sciencedirect.com/science/article/pii/S0142961220304427

Surface Plasmon Resonance

e Examine sensitive changes to optical properties induced by intracellular changes like
morphological changes and cell adhesion

e Cell degranulation

e Fix basophils with BA312 antibodies to the sensor surface and capture the change in
intensity and in cell refractive index upon activation in real time.
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Fabrication

Upper layer +
Light exposure porous
membrane
Mask
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2o Bond/Cure
Silicon wafer \ .

‘ ’ . - GUT-ON-A-CHIP
Silicon wafer with SU-8 structures
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Microbiota Research, Organs-on-a-Chip, Volume 4, 2022, 100013, ISSN 2666-1020, https://doi.org/10.1016/j.00¢.2021.100013.
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Testing

EverlyWell Test Results

Compare to food sensitivity tests or elimination diets
Compare immune response to reactions from other allergens (same patient)
Variety of tests to verify the results



Limitations

Sourcing cells from specific patients to test
Cost
Time to Manufacture

Does not account for interaction with other organ systems



Summary

New gut-on-a-chip model to test for food allergies and

intolerances

Combine characteristics from existing chip models
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