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Organs-on-Chips

- Microfluidic devices Microenvironn
- Human-derived cell material engineenng

- Physiological realism

- Design by ‘microenvironment
engineering’

i » Van der Meer, Van den Berg. Integrative Biology 2012,
4:461

Image: BIOS/Lab on Chip, UT

e Huh, Hamilton, Ingber, TRENDS in Cell Biology 2011,
21:745


https://www.sciencedirect.com/science/journal/09628924
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Lung-on-Chip

- Alveoli
- Epithelial-endothelial interface
- Air-liquid interface
- Mechanical strain
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Organ-on-Chip Technology

- Alveolus

- Small airway

- Proximal tubule
- Glomerulus

- Small intestine

_____________________________________________________________

e Huh, et al.. Science 2010, 328:1662

e Huh, et al.. Science Transl Med 2012, 4:147
* Benam, et al. Nature Methods 2016, 13:151 !
* Kim, et al. Lab on a Chip 2012, 12:2165 i
* Kim, et al. PNAS 2016, 113:e7 !
* Musah, et al. Nat Biomed Eng 2017, 1:0069 i
» Jang, et al. Integr Biol 2013 5:1119 I
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Blood Vessels-on-Chips

- Organ-on-chip engineering
- 3D tissues, linking chips into a ‘body-on-a-chip’
- Vascular biology

- Nutrient transport
- Inflammation, fibrosis, thrombosis

- Vessel wall
- Flow patterns
- Blood

- Perfusing an organ-on-chip with
blood

. Jain, Van der Meer, et al. Biomedical Microdevices 2016, 18:73
1 « Westein, Van der Meer, et al. PNAS 2013, 110:1357 i : Jain et al. NatCo
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Vessel-on-a-Chip: Vessel Wall

Vascular endothelium
Endothelial inflammation by TNF-a
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Vessel-on-a-Chip: Blood Perfusion

25 um Endothelium Endothelium TNF-a
e D e e ==
Collagen Collagen Collagen

i * Jain, Van der Meer, et al. Biomedical Microdevices 2016, :
i 18:73 |
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< Jain, Van der Meer, et al. Biomedical Microdevices 2016, 18:73

» SEM Image: James Weaver, Wyss Institute

Thrombus-on-a-chip Thrombus-in-a-mouse
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Vessel-on-a-Chip in Organs-on-Chips

- Lung-on-Chip
- Epithelium treated with
lipopolysaccharide (LPS)
- Endothelial activation
- Platelet aggregation

== Untreated
— LPS o

=
o
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Platelet aggregation
o
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+ Jain, Barille, Van der Meer, et al. Clinical Pharmacology i Endothelial  Epithelial-endothelial
& Therapeutics 2017, DOI:10.1002/cpt.742 ; mono-culture co-culture

o
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Vessel-on-a-Chip: Drug Efficacy & Toxicity

TNF-a + Eptifibatide

Drug response
Eptifibatide (Integrilin®)

Abciximab (ReoPro®) S 5
Patients with anti-platelet medication (aspirin and/or £ 4 = 4
. . ()

clopidogrel [Plavix®]) > 3 3
__________________________________________________________________ g s 2 _ 2 _
: « Jain, Van der Meer, et al. Biomedical Microdevices 2016, 18:73 i _S _g' 1 1 .
i + Jain, Barille, Van der Meer, et al. Clinical Pharmacology & , % © 0 - — 0
i Therapeutics 2017, DOI:10.1002/cpt.742 | ©
5 . P o g ; § 0 T 10 100 Healthy  Donors on
e Barille, Van der Meer, et al. Clinical Pharmacology & : Abciximab (ug/ml) donors anti-platelet

Therapeutics 2018, DOI:10.1002/cpt.1054 ! D
................................................................... medication



Vessel-on-a-Chip: Drug Efficacy & Toxicity

- CD40-CD40L (CD154) in T -cell Ty cell
function

- Anti-CD40L mAb (e.g. Hu5¢8)

- Trials with auto-immune patients
(e.g. Lupus, Crohn’s disease), and thepharmaletter
organ transplant recipients

Biogen halts remaining trials of Antova

Antigen
presenting
cell

after uncovering an additional thromboembolic event in a patient

importance attached to the drug, which some analysts have suggested could have had

blockbuster potential.

With:

e i | SIGN UP FOR OUR DAILY NEWSLETTER —r
fC ANCYNI F e o e Your emall here S A | —
a n SSe n | FHARMACEUTICAL COMPANIES — | | | | k J Our latest news direct to your inbox
oF 9""“"’“‘9""’“"’“ \_/ LN ALNL O S el hall g

i+ Barille, Van der Meer, et al. Clinical Pharmacology &

Therapeutics 2018, DOI:10.1002/cpt.1054
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Vessel-on-a-Chip: Drug Efficacy & Toxicity

Hu5c8-induced thrombosis
240 pg/ml Hudc8

Platelet aggregation (red)
Fibrin formation (cyan)
10 ng/ml soluble CD40L

Lupus patients plasma levels

With:

sCD40L

i+ Barille, Van der Meer, et al. Clinical Pharmacology &
Therapeutics 2018, DOI:10.1002/cpt.1054
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Vessel-on-a-Chip: Drug Efficacy & Toxicity

Hu5c8-induced thrombosis
10 ng/ml sCD40L
240 pg/ml Hudc8
Thrombin-antithrombin (TAT)
Complex release

TAT (ng/mL)

With:

janssen )' i @

» Barille, Van der Meer, et al. Clinical Pharmacology &
' Therapeutics 2018, DOI:10.1002/cpt.1054
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Vessel-on-a-Chip: Drug Efficacy & Toxicity

Hu5c8-induced thrombosis

Inhibited by interfering with Fcy Receptor
signaling

Platelet Coverage
(Fold Increase)
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» Barille, Van der Meer, et al. Clinical Pharmacology &
' Therapeutics 2018, DOI:10.1002/cpt.1054
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3D Vessels

- Blood vessels
- Circular
- Vessel-tissue interaction

e Herland, Van der Meer, et al. PLOS ONE 2016, i
11:e0150360 :


http://4.bp.blogspot.com/-oj-tkXkeHIQ/URPqf8nMGFI/AAAAAAAAAto/-ePaEpHNduk/s1600/retina.png

3D Vessels-on-a-Chip

- 3D lumens in extracellular
matrix
- Circular
- Co-cultures

i e Herland, Van der Meer, et al. PLOS ONE 2016, !
i 11:e0150360 |




3D BBB-on-Chip

Blood-Brain Barrier-on-Chip
3D lumens in extracellular matrix

Brain microvascular endothelial
cells

Pericytes
Astrocytes

Zoomed
Cross section

Cross section Side view

. Herland, Van der Meer, et al. PLOS ONE 2016,
11:e0150360
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Human cerebral endothelial cells, human astrocytes Green: VE-Cadherin Blue: Nuclei Red: F-actin



3D BBB-on-Chip

- Blood-Brain Barrier-on-Chip

- Permeability, Fluorescent 3 kDa
dextran

. Herland, Van der Meer, et al. PLOS ONE 2016,
11:e0150360
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Work in Progress! s

-capillary p =, :I"d

- Lung-on-chip

- Alveolus
- Small airway
‘ GUt_On_Chlp Zhou, Lin, et al.
- Small intestine Also: Musah, Ingber, et al.
- Colon

- Blood-brain-barrier-on-chip
- Kidney-on-chip

- Proximal tubule

- Glomerulus

- Heart-on-chip
- Liver-on-chip
- Skin-on-chip
- Eye-on-chip
- Cornea
- Retina

- Bone marrow-on-chip
- Pancreas-on-chip . B .
- Cancer-on-chip e » e

Huh, et al. UPenn. Lewis, Parker, Ingber, et al.

PtBlack MEA on
glass and PDMS
fluidic layer (bottom
channel)




Work in Progress!

- Body-on-a-chip?

* Huh, Hamilton, Ingber, TRENDS in Cell Biology 2011, i
21:745 |

Contractility and conduction

Immune response

Transport and clearance

Oral drug

TRENDS in Cell Biology



hDMT Organ-on-Chip Consortium “h D M T

www.hdmt.technology
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Wound Healing on-Chip

- Wound healing
- Endothelial monolayers
- Controlled damage
- Wound healing by endothelial migration

i« Van der Meer, et al. AJP Heart Circ Physiol 2010, 298:H719 | Wound healing under flow. Green, F-actin. Blue,nuclei



BBB-on-Chip

Neurovasculature
Co-cultures of endothelium, astrocytes
Pericytes, neurons

» Griep, Van der Meer, Van den Berg, et al. Biomedical
Microdevices 2013, 15:145

* Van der Helm, Van der Meer, Eijkel, Van den Berg,
Segerink. Tissue Barriers 2016, 4:€1142493

Green: PECAM-1/CD31, , Blue: Nuclei



BBB-on-Chips

Neurovasculature
Co-cultures of endothelium, astrocytes
Pericytes, neurons

Trans-endothelial Electrical Resistance
(TEER), permeability

» Griep, Van der Meer, Van den Berg, et al. Biomedical
Microdevices 2013, 15:145

* Van der Helm, Van der Meer, Eijkel, Van den Berg,
Segerink. Tissue Barriers 2016, 4:€1142493

Green: PECAM-1/CD31, , Blue: Nuclei



BBB-on-Chip

Cytokine release after 6 hours of 50 ng/ml TNF-a

3D BBB Chip Transwell
G-CSF 2§-CSF
15
GM-CSF IL-8 ) GM-CSF
IL-6 IL-17
—0O—Endo control =O=Endo TNF-a
_____________________________________________________________ ~@ Endo + Astro control “@~Endo + Astro TNF-a
+ Herland, Van der Meer, et al. PLOS ONE 2016, —8—Endo + Peri control —=Endo + Peri TNF-a

11:€0150360 i
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BBB-on-Chip

Cytokine release after 6 hours of 50 ng/ml TNF-a

3D BBB Chip -
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e Herland, Van der Meer, et al. PLOS ONE 2016, —8—Endo + Peri control =Endo + Peri TNF-t

11:€0150360



