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Two Goals

1. Create a microneedle system for reliable painless skin ISF sampling
2. Discover breast cancer protein biomarkers in skin ISF



A Pilot Study of Breast Cancer ISF Biomarker
Laser micropores

1 hr vacuum

5 µL ISF

Bermudez, Early Cancer Detection Conference Poster, 2020



ISF is a Promising Diagnostic Compartment

Heikenfeld, Nat Biotechnol 37, 407–419, 2019



ISF is a Promising Diagnostic Compartment

Friedel, Nat Biomed Eng, 2023



ISF Continuous Glucose Monitoring



Literature Benchmarks
Microneedling

+ Vacuum
32G Needles

+ Positive pressure
Hydrogel

Microneedles

2-5 µL in 20 min >10 µL in <3 hr (64%) 4-8 µL in 3 min
Samant, Sci Transl Med 12, eaaw0285, 2020; Miller, Nat Comm Biol 1, 173, 2018; Zheng, Adv Health Mater 9, 1901683, 2020



Can we leverage 3D printing to 
improve ISF collection?



Design Criteria

• Collect 50 uL in 20 minutes (max est. 60 µL/cm2)
• Consistent penetration
• Mechanically robust
• Easy ISF retrieval from device
• Easy to apply
• Can sterilize



Continuous Liquid Interface Production (CLIP)

Hsiao, Sci Adv 8, eabq2846, 2022







Lattice Microneedle Array Patch (LMAP)

500 µm

Rajesh, JACS Au 2, 2426–2445, 2022



Fluid in skin is not free fluid

• Proteoglycans
• Glycoproteins
• Collagen
• Hyaluronic acid

Benias, Sci Rep 8, 4947, 2018



Diffusion alone is probably not enough

Self Diffusion Coefficient
Dermal ISF: 8.7 x 10-10 m2 /s
Water 40oC: 3.2 x 10-9 m2/s

Prausnitz, PNAS, 115(18), 4583-4588, 2018





Epidermis side Dermis side

Ex vivo Pig Back Skin Model





Frozen Pig Back Skin Frozen Pig Ear Skin

Epidermis

Dermis

Fresh Pig Ear Skin Frozen Human Skin

0.6 mg ISF 
Vacuum
3 sites x 14 min total
1.2 mm MAP

6.1 mg ISF 
Vacuum
1 site x 15 min
1.2 mm MAP

29.2 mg ISF 
Pressure
1 sites x 5 min
1.2 mm MAP

0.7 mg ISF 
Vacuum + pressure
1 site x 5 min
2.0 mm MAP

18.2 mg ISF 
Pressure
1 site x 5 min
2.0 mm MAP

2.8 mg ISF 
Pressure
1 site x 5 min
2.0 mm MAP

25.1 mg ISF 
Pressure
1 site x 5 min
2.0 mm MAP

32.2 mg ISF 
Pressure
1 sites x 5 min
1.2 mm MAP

ISF extraction only works on the dermis side



Failures in Postmortem Pigs and Rabbit



Hypothesis: shallow penetration due to indentation 

100 um

Prausnitz, J Contr Release 112 (2006) 357Zheng, Adv Health Mat 9 (2020) 1901683

Mouse skin Human skin



No staining After Gentian Violet

Inconsistent penetration of stratum corneum



Applicator No applicator

Spring-loaded applicator for more consistent 
penetration of stratum corneum



ISF leaks back upon microneedle removal

After skin insertion x 10 s
and removalFull reservoir

Dye leaks onto
skin



Putting it all together

• Applicator for consistent penetration
• Attach handheld vacuum for visual monitoring
• Apply pressure x 5 min
• Turn on vacuum momentarily while withdrawing microneedle



20.6 mg collected 



Conclusions

• Collect 50 uL in 20 minutes: 20 mg in 5 min in pig skin
• Consistent penetration: Applicator

Next Steps

• Ex vivo human skin
• Post-mortem animal studies
• Device iteration



Acknowledgement
Mentors: Joseph DeSimone, Sharon Pitteri, Steven Poplack
Desimone Lab: Netra, Madison, Yue, Gunilla, Micah, Ian
Stanford Breast Imaging Division, SCIT Program 


