


The µSiM Advantage
Now you see it, Now you don’t

No cell-cell contact and poor imaging Cell-Cell contact and molecular exchange through 
millions of nano/micro pores with outstanding imaging

Play video

https://nanomembranes.org/wp-content/uploads/si26-ws-slide02.mp4


Phase dark PMNs 
are abluminalPhase bright 

PMNs 
are luminal

BMECs in 
background

Salminen et al.,  (2020) 
Int. Bio., 12(11), 275–289

fMLP

PMNs on 
top of ECs

Phase contrast imaging @ 40X

LIVE AND LABEL FREE IMAGING OF LEUKOCYTE 
TRANSMIGRATION ACROSS AN ENDOTHELIAL BARRIER

Play video

https://nanomembranes.org/wp-content/uploads/si26-ws-slide03.mp4
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GLASS-LIKE IMAGING

Thick and 
visible

Thin and 
Invisible 

Play video

https://nanomembranes.org/wp-content/uploads/si26-ws-slide04a.mp4


Scalable production… but only for 
one project. 

Modular µSiM: Design Driven by Collaboration
2019

Engelhardt et al.

Hudecz et al. 

Schwarz et al.

Hundzec et al. 

2016-2019
Hand built devices: ~ 3-10 
devices a week
Device-to-device variability
Builder-to-builder variability
Different needs for every project

Need for 300-500!

µSiM

Shipped chips, received devices
2 weeks, 300 devices, >95% yield
All devices effectively the same
Used in genetic screens to discover 
essential S. aureus genes for bone 
infection in osteomyelitis

The modular µSiM
Mass production of components 
Rapid assembly by local users 
with no knowledge of microfab
Accessories and custom 
components to match individual 
lab needs/wants

So … 2022

McCloskey et al.,  (2022) Adv. 
Healthcare Mater., 202200804



trace-bmps.org





Play video

https://nanomembranes.org/wp-content/uploads/si26-ws-slide08.mp4


CUSTOMIZATION THROUGH MODULARITY: MEMBRANES

2 µm

2 µm

1 µm

NPN: nanoporous (60 nm)

Dual Scale: nanoporous w/ 3 µm pores

Microporous

de Mesy Bentley, et al., (2017) J Bone Miner Res, 32: 985
Masters, et al., (2019) Nanomedicine NBM, 21:102039
Masters, et al. (2020) PLoS Pathog 16(10): e1008988
Masters, et al., (2021) Frontiers in Microbiology, 16;12:723498

Osteocyte

Canaliculi

Underside SEM

APPLICATION: 
S.AUREUS INFECTION 

OF BONE



2 µm

2 µm

1 µm

NPN: nanoporous (60 nm)

Dual Scale: nanoporous w/ 3 µm pores

Microporous

Tissue Side

Salminen et al., (2019)Small 5:e1804111

APPLICATION:IMMUNE 
CELL TRANSMIGRATION

CUSTOMIZATION THROUGH MODULARITY: MEMBRANES

Play video

https://nanomembranes.org/wp-content/uploads/si26-ws-slide10.mp4


CUSTOMIZATION THROUGH MODULARITY: COMPONENT 2

Component 1

Component 2

Bridges as collagen anchors

< 1 mm thickness

100 µL to support collagen hydrogel
Anchors to support contraction by fibroblasts 

hToC needs:

150 µm tall
10 µL 

APPLICATION:TENDON HEALING

TGF-β

mTOR

Quiescent 
Tenocyte

ScxLIN+

Proliferative 
Fibroblast
Scx↓, p53↑

Activated 
Myofibroblast

αSMA↑, PTEN↓, p-Akt↑
p-4EBP1↑, p16↑

Senescent
Myofibroblast

γH2AX↑, BCL-2↑

SASP↑

Circulating Monocytes

Injury

SASP

Chronic 
Inflammation

EC Barrier

human Tendon 
on a Chip (hToC)

Resident Macrophage Infiltrated Macrophages



DONEC QUIS NUNC

Component 1

Component 2

CUSTOMIZATION THROUGH MODULARITY: COMPONENT 2
APPLICATION:HIGH RESOLUTION IMAGING

9.00 4.5

18.00

16.00

18.00

9.00

200 µm tall
Works with 10X - 40X

Lower working distance needed to enable 60 - 100X imaging
Still maintain bottom channel fluid access

High resolution needs needs:

300 µm

100 µm

125 µm
Total working 

distance = 600 µm 

100 µm
200 µm

Total working 
distance = 225 µm 

300 µm

2 hr pulse, 40 min 
chase of 0.5 µM 
Alexa 647 labelled 
TfR antibody – only 
hAstro on µSiM 
deviceDiana Hudecz (Nielsen 

Lab @ Arhaus, Denmark)
Live vesicle trafficking. 
1st ever on a membrane.

‘flip the chip’

Play video

https://nanomembranes.org/wp-content/uploads/si26-ws-slide12.mp4


Play video

https://nanomembranes.org/wp-content/uploads/si26-ws-slide13.mp4


DESIGN CUSTOM COMPONENT(S)

DESIGNED FOR MANUFACTURING (hToC EXAMPLE)

SMALL PRODUCTION RUN 

TEST AND REDESIGN (IF NEEDED)

LARGE PRODUCTION 
(100’S, 1000’S … 10,000’S) 

Anchors successfully retain collagen gel with 
cytokine-triggered myofibroblast contraction. 
Inset shows myofibroblasts more aligned 
when activated

Bridges as collagen anchors

< 1 mm 
thickness

Concept 

 

 

 

ALine Design
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µSiMhToC
Barrier Modeling3D Tissue Modeling w/ a Barrier Membrane Chip

Sensor Chips (B. Miller)

Apical 
Flow Insert

Basal 
Flow Bumpers

9 mm

18 mm

THE µSIM AS A MODULAR PLATFORM 
FOR TISSUE MODELING

Accessories
TEER Module

Advanced Systems



MANUFACTURED FLOW INSERT
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Grab flow insert 
with tweezers on 
smooth edges

1

Assemble μSiM 
and place in jig

3

Align flow insert with open 
well and gently adhere to 
membrane with tweezers



FLOW BUMPERS FOR RELIABLE BASAL FLOW
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e 2023

Multiple projects appeared that required basal flow. 
Howard Su’s methods proved unreliable in different hands.
Inspired by the flow insert …. The manufactured flow bumper. 



ADVANCED SYSTEMS
TEER and Impedance (Vinay Abyhankar @ RIT) Multifunctional Fluidics

Aditya Raghunandan 
@ UMichigan

IntegraSiM



What we do now … 

USERS & PROJECTS

active projects>30 
>10 pipeline projects

• Internal academic labs (UR)
• External academic labs (multi-institutions)
• Industry and Pharma

active labs~20 

CHIP PRODUCTION AND 
DISTRIBUTION

• Multiple formats
• Lot-level quality assurance 
• Accessories for fluidics, imaging, 

measurements
• Packaging, tracking and distribution
• Design and simulation files
• User on-boarding and training
• Protocol sharing (most are not QS grade)
• Technical Notes (blog)

chips per year5000+

Trace Services Eventually … 

QUALITY SYSTEM 
DEVELOPMENT

• Quality system development
• Regulatory-ready SOPs
• Change control & version management
• Centralized data stewardship & analytics
• Reproducibility testing infrastructure
• Regulatory engagement (ISTAND)
• MPS/NAMS statistical services

SOPS~50+
Multi-site reproducibility 

How do we it … 



TraCe-bMPS.org

Play video

http://TraCe-bMPS.org
http://TraCe-bMPS.org
http://TraCe-bMPS.org
https://nanomembranes.org/wp-content/uploads/si26-ws-slide20.mp4


⚕ 1. Define Biomedical Context 
Iden%fy the relevant %ssue unit (e.g., BBB, alveolus) and pathophysiological hallmarks (e.g., barrier leak, 
edema), and clinical benchmarks (biomarkers, imaging, PK/PD) to emulate.

💡 2. Formulate the Purpose within the disease context: disease mechanism, Drug MOA, toxicity, dose
State what the model is for: probing a disease mechanism, a drug's MOA, a toxicity, or a dose response. 
Together with the disease context, the purpose defines your 1+2 = Context of Use. 

🧫 3. Engineer the Microenvironment
What cells are needed and how will you source them (primary or iPSC). Start with a minimum. What 
matrix materials (eg. collagen IV, laminin) are required? Key biophysical inputs (eg. shear, stretch) or 
biochemical (eg. cytokines, oxygen)? START WITH A CARTOON. 

📊 4. Specify Functional Inputs and Outputs
Define dynamic inputs (e.g., LPS) or immune invasion. Timescale? Kinetics? How is phenyotype determined 
and when (TEER, permeability), molecular (cytokines, RNAseq), and structural (tight junctions). Define 
quantitative metrics and expectations for resolution, dynamic range, values at baseline, test conditions.
🔬 5. Design a Chip that is ‘fit for purpose’
Choose appropriate architecture (e.g., dual-channel, stacked membranes), with input/output ports, 
sensors (TEER, imaging), and multiplexable sampling. Enable automation and scaling.

BUILD YOUR OWN TISSUE CHIP

Don’t begin here!
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BRAIN INJURY FOLLOWING SYSTEMIC INFLAMMATION



ANTI-INFLAMMATORY 
STRATEGIES FOR SCARLESS 

TENDON REPAIR  

Monocyte invasion from a model circulation in the human tendon on a chip (hToC) 
from Linares  et al., (2025) Scientific Reports 15:3227

w/ Hani Awad



Human Tendon-on-a-Chip (hToC) as a Model of Tendon 
Injury and RepairInjured human flexor tendon

DAPI/𝛼SMA /CD31 
/CD45

SA
SPS

DAPI/𝛼SMA DAPI/Actin/iNOS
Modeling myofibroblast activation
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Modeling Leukocytes/EC interactions
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Modeling gene transcription (RNA-Seq)

Healthy
Tendon

+TGF-β1

vs
Healthy
Tendon

vs

Injured 
Tendon

Rapamycin dampens inflammatory response.
Flow-modified responses (Linares 2025).

‘Quad’ Culture ± TGF-
β

Modeling inflammatory secreDons

1. Ajalik, R.E.et al. Adv Healthc Mater, 2025. 14:e2403116. 
2. Linares  et al., (2025) Scientific Reports 15:3227

hToC

Play video

https://nanomembranes.org/wp-content/uploads/si26-ws-slide24.mp4


Play video

https://nanomembranes.org/wp-content/uploads/si26-ws-slide25.mp4


Play video

https://nanomembranes.org/wp-content/uploads/si26-ws-slide26.mp4


Your Turn!


