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Why microphysiological systems?

Approximate calculation of culture media volume to cell/tissue volume
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Why microphysiological systems?

West et al. PNAS 2002
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Cross over point

West et al. Science 1997



Why microphysiological systems?

Botte et al. PNAS 2021Moraes et al. Intrg. Biol. 2013



Obesity/Diabetes: What goes wrong

Adipocyte Hypertrophy

Macrophage Recruitment
Change in Polarization

Insulin Resistance
Enhanced Fatty Acid Release

Hepatic Steatosis

Kupffer Cell Activation
Steatohepatitis

Insulin Resistance
Enhanced Glucose Release

ß-Cell Expansionß-Cell Death

Loss of Glycemic Control
Overt Diabetes

Slide courtesy of Andreas Stahl



Macrovascular Disease -> Heart Attacks/Strokes
Retinopathy -> Blindness
Nephropathy -> Kidney Failure
Steatosis -> Steatohepatitis -> Fibrosis -> Liver 
Failure/Hepatocarcinoma
Peripheral Neuropath -> Necrosis/Gang Green -> 
Amputations
Cognitive Dysfunction -> Alzheimer’s 
Disease/Neurodegeneration

Hyperglycemia Hyperlipidemia =
Chronic 
disease
Mortality

+

Obesity/Diabetes: What goes wrong

+ + = Diabetes

Fat Liver Islets

Slide courtesy of Andreas Stahl



Diabetes-on-Chip

Interrogation of tissue interaction in MPS Team
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Interconnection of MPS
Liver MPS

Lee-Montiel et al., Front. Pharmacol., 2021

Islet MPS

Goswami et al., In Review

1 2 3 4

Inlet 1 Inlet 2

INS GFP Syt-4

Fat MPS

Loskill et al., Lab Chip., 2017
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Interrogation of tissue interaction in MPS



Interconnection of MPS: sample outputs

Mature A-MPS

Load M in A-MPS

M migrate, form CLSs, 
interact with A in MPS
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Challenges in interconnection
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Common media Reliability of systemScaling of tissues
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Islet

Head

Isthmus

Body

Tail

Adapted from: Ionescu-Tirgoviste et al. Sci. Rep. 2015



Interspecies differences in islet features

Carbera et al. PNAS 2006

Briant et al. J. R. Soc. Interface 2017





Gold standard protocols for islet functionality

Adapted from: Davis et al. Cell Rep. 2020



Gold standard protocols for islet functionality

Calcium dye

Adapted from: Kenty et al. PLOS One 2015



Gold standard protocols for islet functionality

Goswami et al. Biophysical J. 2018Source: Agilent manual



Gold standard protocols for islet functionality

Source: Nair et al. Nat. Cell Biol. 2018



Islet β MPS



Islet β MPS



Functionality measurements in device

200 μm

200 μm



Islet β MPS



α-cell β-cell

Source: Andy Edwards

Dynamic range of functionality

Robust response

Source: Goswami et al. 2022

Adapted from: Benninger et al. 2022 & Wojtusciszyn et al. 2008

Computational model of functional range

δ-cell

Engineering robust tissues in MPS
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Cases run (1000 cells each):
i. Varying glycolytic component alone
ii. Varying ionic component alone
iii. Varying both i & ii

All cases were simulated with high glucose 
(10 mM) and low glucose (2mM). 



Constraining criterion

Adapted from: Kinard et al. 1999
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Constraining “firing” computational β-cells

1. Number of voltage peaks (NAP) ≥ 100

2. Number of FFT peaks (NFFT)
• Spiking (Class I) : NFFT > 40,000
• Bursting (Class II): 20,000 < NFFT ≤ 40,000
• Plateau (Class III): NFFT ≤ 20,000

Select simulation output variables
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Conclusions

• Microphysiological systems (MPS) are better in-vitro platform to 
recapitulate key metabolic features of tissues.

• MPS tissue integration will allow studying pertinent hallmarks & cross-
talks associated with human metabolic disease.

• Integration is technically challenging that requires multi-disciplinary 
approach.

• Synergistic coupling of computational tools with experiments can help 
many of these challenges associated with integration.


