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Tissue Chips Landscape (NCATS perspective) 

* DARPA $75 M

* AstraZeneca, 
GlaxoSmithKline and Pfizer
Reference Set Compounds
(2014-2017)

IQ Consortium MPS Affiliate: AbbVie, Alnylam, Amgen, Astellas, AstraZeneca, Biogen, Bristol-Myers Squibb, 
Company, Celgene, Eisai, Eli Lilly, Genentech, GlaxoSmithKline, Janssen Pharmaceuticals, Merck & Co., Merck 
KGaA, Mitsubishi Tanabe, Novartis, Pfizer, Sanofi, Seattle Genetics, Takeda, Theravance, Vertex  

* Center for Advancement of 
Science in Space (CASIS) or
International Space Station –
National Laboratory 
$8 M in kind per launch 
* NASA  task orders with 
implementation partners

2018 – 2022 Disease Models for Efficacy Testing

2016 – 2020 Building Confidence in MPS
Tissue Chips Testing Centers and Database Center
RFA-TR-16-006, RFA-TR-18-005, RFA-TR-18-006
- 2 TCTCs and 1 MPS Database Center $24 M

Disease Models
RFA-TR-16-017
NHLBI, NIAMS, NIBIB, NICHD, NIDCR, NIDDK, NIEHS, NINDS, 
ORWH
- 13 awards $75 M 
RFA-DK-17-035 Type 2 Diabetes
- 3 awards $15 M 

Nociception, Addiction, and Overdose
RFA-TR-19-003
- 5 awards ($25 M HEAL)

Alzheimer's Disease-Related Dementias
RFA-NS-19-027
- 1 award $7.5 M 

US Food and Drug Administration

2010 – 2012
Regulatory Science

NIH – FDA Joint 
Leadership Council 

on 
Advancing 

Regulatory Science

RFA-RM-10-006 
- Heart and Lung 
Micromachine was one 
of 4 awards

NIH $18 M
FDA $2.25 M

2012 - 2017 
Toxicity Studies

NCATS Tissue 
Chips for Drug 

Screening 

RFA-RM-11-022
- 10 awards

RFA-RM-12-001
- 8 awards

NCATS $50 M

Common Fund, NIBIB, 
NCI, NICHD, NIEHS, 
ORWH $25 M

2016 - 2021 
Accelerated Aging Models

Tissue Chips in Space

RFA-TR-16-019
- 5 awards $12 M

RFA-TR-18-001 (joined by 
NIBIB)
- 4 awards $10 M

Self-sustaining 
beyond NCATS 

support

Establishment of NCATS
December 2011

Slide courtesy of Danilo Tagle (NIH/NCATS)



Tissue Chips are already in use for internal portfolio decision-making by Pharma

Marx et al., ALTEX 37(3):364-394, 2020. doi: 10.14573/altex.2001241

Target 
identification

Lead 
optimization

PK/TK

Preclinical 
safety

Preclinical 
efficacy



US FDA Office of Chief Scientist, Office of Commissioner:
Alternative Methods Working Group https://www.fda.gov/science-research/about-science-research-fda/advancing-alternative-methods-fda

Research projects using “tissue chips” at US FDA (examples):
• CDER: Division of Applied Regulatory Science – testing commercial liver, heart, liver-heart platforms
• CBER: Developing/improving test methods for cell-based product characterization (safety and effectiveness)
• CTP: Using organo-mimetic human lung airway-on-a-chip to test various tobacco and related products

https://www.fda.gov/science-research/about-science-research-fda/advancing-alternative-methods-fda


NASA and HHS

NCATS

Other NIH 
ICs

NHLBI

NIBIBNINDSNIDCR

ORWH

OD

NIEHS NIAMS

NICHD

NIDDK
NCI

Other 
Countries

Asia
Europe

Australia

Other 
Interests

• Cancer Biomimetics (NCI)
• Microphysiological Systems (MPS) for Modeling 

Diabetes (NIDDK)
• ImmuneChip: Engineering Microphysiological

Immune Tissue Platforms (NIBIB) 
• Nervous system MPS (NIMH)
• Human Three-Dimensional Cell Model Systems for 

Alzheimer's Disease-Related Dementias (NINDS) 
• Trans-agency Blood-Brain Barrier Interface (NHLBI) 
• Biomimetics for Infectious diseases (NIAID)

• NCATS-NASA State of the 
Science Workshop: 3D Tissues 
and Microphysiological Systems

• NIH ICs, FDA, NASA, BARDA, 
CDC, ISS-NL

• BARDA
• Translational Research Institute for Space Health
• NASA Human Research Program
• EPA – animal-free testing by 2035
• USGS
• VA

Growing Partnerships and Investments in MPS beyond NCATS

Slide courtesy of Danilo Tagle (NIH/NCATS)



Organotypic Culture Models for Predictive Toxicology Center (2013) - $18 million
R835736 Vanderbilt - Pittsburgh resource for organotypic models for predictive toxicology University of Pittsburgh

Vanderbilt University 2014-2019

R835737 Human models for analysis of pathways (H-MAPs) center University of Wisconsin -
Madison 2014-2019

R835738 Predictive toxicology center for organotypic cultures and assessment of AOPs for engineered 
nanomaterials

University of Washington 2014-2020

R835802 Cardiotoxicity adverse outcome pathway Texas A&M University
North Carolina State University 2015-2021

Advancing Actionable Alternatives to Vertebrate Animal Testing for Chemical Safety Assessment (2018) - $4.25 million
R839501 Instrumenting phenotypic immunological responses to toxicants that threaten human reproduction Vanderbilt University 2019-2022

R839502 Skeletal teratogenicity of industrial and environmental chemicals predicted with human pluripotent 
stem cells in vitro

University of California -
Riverside 2019-2022

R839503 Reducing the reliance on early-life stage testing with relevance to euryhaline fishes Oregon State University
Louisiana State University 2019-2022

R839504 A Neurovascular Unit on Chip for reducing animals in organophosphate neurotoxicology Vanderbilt University 2019-2020

R839505 Multiplexed human BrainSphere developmental neurotoxicity test for 6 key events of neural 
development

The Johns Hopkins University 2019-2022

Advancing Toxicokinetics for Efficient and Robust Chemical Evaluations (2019) - $4 million
RD840027 Integrated blood brain barrier – computational model development Purdue University 2020-2023
RD840029 Toxicokinetic screening of zebrafish cytochrome P450 enzymes for in vitro-in vivo extrapolation Woods Hole Oceanography Inst. 2020-2023
RD840031 Measuring toxicokinetics for Organ-on-Chip devices Vanderbilt University 2020-2023

RD840032 Integrating tissue chips, rapid untargeted analytical methods and molecular modeling Texas A&M University
North Carolina State University 2020-2023

RD840033 An in vitro-in silico hybrid approach for high-throughput estimation of trans-barrier permeability University of Nevada - Reno 2020-2023

US EPA “Safer Chemicals Research Grants”

https://www.epa.gov/research-grants/safer-chemicals-research-grants

https://www.epa.gov/research-grants/safer-chemicals-research-grants


What is “Fit for Purpose” for Organotypic Models at EPA?
• “Most of the statutes and regulations surveyed include statements such as the 

necessity of upholding scientific standards and using “the best available science,” 
which may include NAMs” – Animal tests used by the EPA are NOT always required!

• “The authority for EPA’s research programs arising from these statutes is broadly 
written and does not constrain the Agency from developing or advancing the use of 
NAMs” – Non-animal tests that are “the best available science” CAN be used!

• “The Administrator’s directive and similar text in section 4(h)(1) of TSCA note the 
need for information of “equivalent or better” scientific quality and relevance to 
animal test-based results” – The comparator for NAMs at EPA is ANIMAL data!

• Need to “Develop a scientific confidence framework to evaluate the quality, 
reliability, and relevance of NAMs” – How do we know it is “best available science”?



http://nas-sites.org/emergingscience/meetings/bioplatform/

http://nas-sites.org/emergingscience/meetings/bioplatform/


Texas A&M University Tissue Chip TESTING Center (TEX-VAL)

Proximal kidney tubule Himmelfarb/Kelly (Univ. Washington)
Neurovascular unit (BBB) Wikswo (Vanderbilt)
Bone +/- tumor Vunjak-Novakovic (Columbia)
Gut enteroid Donowitz/Estes (JHU/BCM)
Skin from iPS cells Christiano (Columbia)
Heart Healy (UC-Berkeley)
Vasculature +/- tumor Hughes (UC-Irvine)/George (UC-Davis)
Skeletal muscle Truskey (Duke)
Liver (multi-cell) Taylor (University of Pittsburgh)
Liver Healy (UC-Berkeley)
White fat Healy (UC-Berkeley)

Arteriole-scale vessel Truskey (Duke)

Salivary gland Benoit (U-Rochester)

Vascularized kidney Himmelfarb/Kelly (Univ. Washington)

Atria on a chip George (UC-Davis)

Bone joint & cartilage Tuan (University of Pittsburgh)

Small Airway Huh (University of Pennsylvania)

Vascularized Liver 
(vLAMPS)

Taylor (University of Pittsburgh)

Vascularized micro-Liver Hughes (UC-Irvine)

Oct. 2016 – Sept. 2019 (TEX-VAL 1.0) Oct. 2018 – Sept. 2021 (TEX-VAL2.0)



TEX-VAL Tissue Chip Testing: Diversity of experience with MPS
Static cultures “Gravity Flow” cultures “Forced Flow” cultures



Tissue Chip Model
# Wells/Chips

# Data Points in  
MPS Database

# Images in
MPS Database

# Videos in  
MPS Database

Data 
Upload

Data 
Availability

2D 3D 2D 3D 2D 3D 2D 3D
Proximal Tubule, U-Washington 500 91 4,057 2,878 151 1,254 - - Complete Available

Blood-Brain Barrier, Vanderbilt - 9 - 1,289 - - - - Complete Available

Bone/Tumor, Columbia 462 234 1495 7,669 256 114 - - Complete Available

Skin, Columbia - 224 - 1,512 - 157 Complete December 2020

Cardiac Tissue, UC-Berkeley 1091 141 9,084 9,456 1,069 1,164 146 124 Complete September 2020

Gut Enteroid, Baylor College Med 4,488 1,382 4,488 6,656 - - - - Complete December 2020

Vascularized Tumor, UC-Irvine 320 69 320 3,370 - 1,596 - - Complete Available

Liver, UC-Berkeley 90 81 2,736 6,509 180 126 - - Complete December 2020

Liver (multi-cell), U-Pitt 220 90 5,985 7,279 565 224 - - Complete Available

White Adipose, UC-Berkeley 626 104 4,736 600 32 32 - - Complete October 2020

Skeletal Muscle, Duke - 192 - 21,568 - 2,758 - - Complete December 2020

Atrial Cardiomyocyte (2.0), UC-Davis 178 6 2,624 3,768 - - - - In progress -

Kidney (2.0), U-Washington - 21 - 796 - 167 - - In progress -

TOTAL 7,975 2,638 35,525 73,350 2,253 7,435 146 124

TEX-VAL Status of Depositing Data to U-Pitt MPS Db (Oct. 2020)
https://upddi.pitt.edu/microphysiology-systems-database/

https://upddi.pitt.edu/microphysiology-systems-database/


Industry

Bristol-Myers  
Squibb

Sanofi-Aventis

American  
Chemistry Council

Government

NIH-NCATS

NIH-NIEHS-NTP

EPA-NCCTE

Organ/MPS  
selection

TEX-VAL
experiments  

and data  
sharing

MPS
“onboarding”  

by      
Consortium  
member(s)

2020 Work Plan:
(including the “fit for purpose”)
•Kidney (glomerulus and tubule)
•Liver (multicellular)
•Gut (different gut sections)
•Lung (air-liquid interface)

TEX-VAL Tissue Chip Testing Consortium (2020 - …)



“Chemical _____ 
is NOT a hazard 

for _______”

Replace animal test 
_________ with

cell-based test ______

“Best available 
science”?

About that… “FIT FOR PURPOSE” again…
“Best available 

science”?

Marx et al., ALTEX 37(3):364-394, 2020. 
doi: 10.14573/altex.2001241



July 21, 2014

Weihsueh Chiu (EPA)

“Questions and Needs 
in Environmental Health 
and Risk Assessment 
Communities”

https://youtu.be/byaodNMCjf8

Case example 1:

Case examples 2-3:

https://youtu.be/byaodNMCjf8


Case #1: Understanding kidney TK using in vitro NAM [reabsorption]

Sakolish et al. Toxicol In Vitro. 63:104752, 2020. doi: 10.1016/j.tiv.2019

What is needed (experimental or from the literature):
• Free fraction of tested compounds in buffer and cell media
• Recovery from proximal tubule devices seeded with RPTECs
• Recovery from blank tissue chips
• Chip-to-human extrapolation model (dimension and flow)
• Knowledge of human kinetics for tested compounds (fu)

No reabsorption

Very high reabsorption Some reabsorption

Tubular secretion
Measured and predicted 
cadmium concentrations 

in chip effluent and 
human urine

It’s a tissue chip! Of only one part of one organ…
Plus, there is no vascular channel, only renal 

reabsorption and no tubular secretion…



Case #2: Deriving a “safe dose” using NAMs [iPSC-CM, cardiac rhythm]

Normal 
beating

⇑ Decay/ 
Rise Ratio

“Notch”
formation

⇓Amplitude 
+ ⇑ BPM

No beating

• In vivo: use published PD modeling data for 
concentration-response relationships for QTc

• In vitro: conduct Bayesian population PD 
modeling (Chiu et al. 2017) of decay-rise ratio

• Compare in vivo and in vitro concentration-
response relationships (e.g., median and CIs)

Qualitative Comparison: Clinical guidance: 95% for 10 ms change Mean change of 5 ms 1.2% change from baseline (NHANES)

Quantitative Comparison:

EC01=1% change:
Typical prediction 
error of < 3-fold!

Population of iPSC-CM [27 donors]   “Standard” donor iPSC-CM

Blanchette et al. Clin Pharmacol Ther. 105(5):1175-1186, 2019. doi: 10.1002/cpt.1259



Case #3: Risk characterization (population variability) [cardiac rhythm]

Blanchette et al. Toxicol Sci. 2020 (Accepted)

Margin of
exposure/safety

Toxicodynamic variability factors (TDVF)              Percent

En
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nm
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he

m
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82

)



…Some academics also gave a note of caution. "As a toxicologist who is passionate about replacement of animal testing 
with cell-based models, I welcome this announcement," said Ivan Rusyn, director of the Superfund Research Center at Texas 
A&M University. "However, a clear plan and milestones for how this vision will be implemented by the agency is needed to 
ensure that solid foundation exist for replacement of certain animal tests with alternative methods and that human health 
protection is not diluted by reducing the regulatory requirements on chemical safety," he told Chemical Watch.

• Are we ready to stop using animals for evaluating safety of EPA-regulated chemicals? NOT immediately

• When will we be ready to stop using animals for evaluating safety of EPA-regulated chemicals? NOT soon

• Is there a promise for organotypic models as NAMs? YES!! but EPA needs to define fit(s) for purpose

• Why not use “human on a chip” to replace animal tests? A combination of PBK modeling and 
organotypic model-derived hazard, mechanistic, TK and other data is likely to pave the way forward

• How can Administrator’s directive to reduce/eliminate animal testing benefit from organotypic models? 
The Agency shall continue supporting targeted research on the application of these models to EPA’s 
purpose(s) and to develop intramural capacity in the use of these new models



Special Thanks to Tissue Chip Developers: 
University of Washington: Elijah Weber, Edward Kelly, and Jonathan Himmelfarb

Duke University: Xu Zhang and George Truskey 

University of Pittsburgh: Celeste Reese, Richard DeBiasio, Larry Vernetti and Lans Taylor 

Baylor College of Medicine: Xi-Lei Zeng and Mary Estes 

Johns Hopkins University: Mark Donowitz

Columbia University: Zongyou Guo, Yanne Doucet, Alan Chramiec, Sue Halligan, Angela 
Christiano and Gordana Vunjak-Novakovic 

UC-Berkeley: Nikhil Deveshwar, Nathaniel Huebsch,  Felipe Montiel, Brian Siemons and 
Kevin Healy 

UC-Irvine: Duc Phan, Hugh Bender and Chris Hughes 

Vanderbilt University: Jackie Brown and John Wikswo

Courtney Sakolish
Yizhong Liu

Leoncio Vergara
Clifford Stephan

Yu-Syuan Luo
Alan Valdiviezo

Kyle Ferguson

Tissue Chip Testing Experiments:

Analytical Chemistry Experiments:

Faculty Collaborations:
Weihsueh Chiu
Arum Han

Fred Wright

University of Washington: Tomoki Imaoka, Edward Kelly, and Jonathan Himmelfarb

University of Pittsburgh: Celeste Reese, Richard DeBiasio, Larry Vernetti and Lans Taylor 

University of Pittsburgh: Zhong Li, Hang Lin

University of Rochester: Azmeer Sharipol, Lindsay Piraino, Hitoshi Uchida, Yuanhui Song, 
Catherine Ovitt, Lisa DeLouise and Danielle Benoit

University of Pennsylvania: Andrei Georgescu and Dan Huh

UC-Davis: Bhupinder Shergill, Sergey Yechikov, Steven George

Duke University: Xu Zhang and George Truskey 

Fabian Grimm
Zunwei Chen
William Klaren

Sarah Burnett
Alex Blanchette
Nan-Hung Hsieh

In Vitro Experiments & Modeling:
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