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Human peripheral blood mononuclear cells (PBMCs) \_Q i

« Key drivers of the immune responses to
pathogens

 Heavily involved in physiological homeostasis
regulatory mechanisms

 immune-mediated indicators of therapeutic
responsiveness

Advantages as biomarker:
* Minimally invasive

* Provide a more comprehensive overview of immune
status

https://www.the-scientist.com/
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Dynamic quantification of PBMC abundance \_% i

Our method : digital microfluidics (DMF)-based

Standard method: fl tomet
andard metno Oow cytometry electrochemical impedance spectroscopy (EIS)

dropbot
i DMF device

Dropbot system

» Sensitive and reliable

. -Si ' llel
. Relies on highly specialized and bulky Palm-sized device, automated and paralle

. operation
equipment Cost-effecti inimal human intervention
* Not realistic to monitor PBMC abundance on a OSterec IV?’ minimat human | e. ©
reqular basis  |deally for point-of-care (POC) testing

Liu, Y., et al. ACS omega 6.39 (2021): 25642-25651.
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Digital microfluidics (DMF) \_% i

Conventional lab-on-chip: __4X speed
« Permanently etched microchannels

« External modules: pumps and microvalves
Digital microfluidic lab-on-chip:

» Manipulation of liquids as discrete droplets . .

 Electrowetting-on-dielectric (EWOQOD): Dispense

Merge

« Automated and programmable, reconfigured on-
demand,

Liu, Y., et al. ACS omega 6.39 (2021): 25642-25651.
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Electrochemical impedance spectroscopy (EIS) \_Q i

Electronic-based detection
« Easy-to-miniaturize, rapid and real-time detection

Impedance (EIS) biosensor

« Utilizes a small amplitude, AC signal to probe the impedance characteristics

* Non-faradaic: change in the double layer capacitance (Cg) element

* (no direct current needed): minimum destructive on electrodes, label-free detection
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Layout of the integrated DMF device \_Q ]_/

DMF top plate Cross-section of the DMF device

ITO electrode

. ITO ground electrode

127 pm gap

Electrode FluoroPel

contacts
Droplet volume: 4 pL

Interdigitated |
electrode (IDE) §

1mm

Sensing electrodes (Au)

DMF bottom plate

~
Actuation electrodes

Overview of DMF device:
« bottom plate: actuation electrode array
« top plate: IDE sensing electrode
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Equivalent Circuit and Modeling of IDEs \_Q i
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Surface conjugation

Formation of thiol-carboxyl self-assembled monolayer (SAM)
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Effect of IDE geometry W MAYO CLINIC

Electric Field Intensity (V/m)
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Over 3-fold sensitivity improvement
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PBMC-Immunoassay in dynamic mode W MAYO CLINIC

Dynamic incubation mode: forward-backward-backward-forward

Dynamic:
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PBMC concentration (#/mL)

Comparison of impedance increment (dynamic vs stationary modes)

Impedance Increment (%) 242.7% 64.4% 26.9% 12.9%
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« A novel DMF platform integrated with an EIS-based biosensor for the
detection of PBMCs

 Low sample volume (4 pL) for rapid detection (20 min)

* Quantitative detection of PBMC abundance dynamic incubation modes
showed 2.4-fold enhanced detection signal detect as low as 104
PBMCs/mL, approximately two orders of magnitude less than the
biologically relevant range
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Thank you
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