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Identifying nanobiotechnology-based solutions 
for opportunities in personalized healthcare
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Challenges with the gold standard of tissue biopsy
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Liquid biopsy offers advantages over tissue biopsy
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Diversity in liquid biopsy biomarkers and analysis

Types of biomarkers

A subset of biomarker analysis methods
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Circulating tumor cells in liquid biopsy

Vortex Biosciences
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CELLSEARCH® is the only CTC-based liquid biopsy test 

•

•

•

•

•



IBM Translational Systems Biology and Nanobiotechnology

8

Circulating tumor DNA and cell-free DNA as biomarkers
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Many cfDNA and ctDNA tests available

cobas EGFR Mutation Test v2 Guardant360 Abbot RealTime IDH2

Natera panorama MaterniT21 Plus
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Extracellular vesicles as biomarkers for disease

Raposo and Stoorvogel, JCB 2013
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Applications

Biomarker

Concentration

Size

Challenges
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Circulating biomarkers in disease
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Lane et al., Clin Trans Med 2018

exosome-rna.com

EV-related Publications per Year

Timeline of extracellular vesicle discovery
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Extracellular vesicles in the clinic

•

•
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Exosome isolation
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EV isolation techniques and challenges



IBM Translational Systems Biology and Nanobiotechnology

15

•

•

IBM Research nanofabrication strategy in MRL
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•
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Clinical

Consumer

Goals

•

•
Research

Redefining healthcare at the nanoscale

Today

Future
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IBM nanoDLD for accelerating early detection of diseases

https://www.youtube.com/watch?v=FBJ02gheVFM
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Size-based Immunoaffinity

10. Nanoscale DLD (nanoDLD)

1.  Flow field-flow fractionation

2.  Immunoaffinity-based microfluidics

3.  Ciliated micropillars

6.  Deterministic lateral displacement

4.  ExoChip (immunoaffinity assay)

5.  Integrated immunomagnetic isolation

7.  Acoustic nanofilter (SSAW)

8.  ExoSearch chip (immunomagnetic bead capture)

9.  Electrophoretic migration through a dialysis membrane

11.  Exodisc isolation of exosomes (nanofilter)

13.  Viscoelastic flows

12.  Alternating current electrokinetic microarray

Publication chronology on microfluidic-based exosome isolation techniques

15.  Exosome total isolation chip (ExoTIC) filtration

17.  HB-Chip

14.  Acoustofluidics (taSSAW)

16.  Nanowires

18.  Asymmetric flow field-flow fractionation

19.  ICP electrokinetic concentrator

Dynamic forces

LOC implementations for EV isolation



IBM Translational Systems Biology and Nanobiotechnology

19

Principle of 
Operation
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Deterministic lateral displacement (DLD) technology
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Lysis and LabelingCTC Isolation Blood Cell 
Separation

Deterministic lateral displacement (DLD) technology
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Separation down to 20 nm with nanoscale resolutionTest Platform

nanoDLD chip mounted in flow 
cell for fluorescence imaging

ExosomesBeads DNA

1kb + 10kb 
mixture

nanoDLD separation of nanoscale colloids
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Simulation model Experimental verification

•

•

Understanding and utilizing the physics of nanoDLD
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0.5kb
1kb

10kb

Outlet

Multi-stage separation
full-width injection

Full-width separation with no dilution

•

•

Understanding and utilizing the physics of nanoDLD
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•

•

•

Prototyping

Large-Scale Integrated Designs

•

•

•

•

Advancing nanoDLD as a sample preparation technology
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Technology designed for large-scale manufacturing
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Multiplexed array chip architecture and operation
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In situ operation and calibration of integrated arrays
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Integrated array designs

Demonstration of sample processing

Cartridge-based sample loading

Benchtop ARES prototype system

Wafer-level processing

Automated liquid biopsy processing
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nanoDLD isolation of urine and serum EVs for off-chip analysis
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Benchmarking of nanoDLD exosome isolation
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Applying nanoDLD to prostate cancer prognosis and treatment
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•

•

a b c

nanoDLD-isolated RNA shows greater sequencing reproducibility

Sequencing only replicates nanoDLD replicates UC replicates
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Serum exosomes as prostate cancer (PCa) biomarkers
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Conclusions

Future work


