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D. Huh et al, Science Trans. Med. 2011, 4, 1 (cover article)
SLAS Innovation Award (2012), NC3Rs Annual 3Rs prize (2012), TEDx 2015
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M. Mondrinos et al., in preparation

Human small airway epithelial cells

Mark Mondrinos
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Human lung endothelial cells
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Human small airway epithelial cells
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Smoking lung-on-a-chip




Airway tissue injury
Endoplasmic reticulum stress
Unfolded protein response

Airway remodeling



Endoplasmic reticulum stress

Unfolded protein response
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Donald Elliot Ingber (American, born 1956)
Dan Dongeun Huh (Korean, born 1974)

Wyss Institute for Biologically Inspired
Engineering at Harvard University (est. 2009)
Boston Children’s Hospital (est. 1869)

Human Organs-on-Chips 2008
Silicone rubber

Gift of the Wyss Institute for Biologically Inspired
Engineering at Harvard University, 2015

The Wyss Institute at Harvard University has
developed ten different types of “organs-on-chips,”
a still experimental technology designed to replace
often expensive and ethically fraught human or animal
testing in the pharmaceutical and medical industries.
The chips—including the kidney-on-a-chip and the
gut-on-a-chip—simulate human organ mechanical
and biochemical functions, and can be used singly
or in combinations to test the effects of new drug
treatments on human physiology. For example, the
lung-on-a-chip, a clear, flexible polymer lined with
bioengineered human airway and capillary cells, is
both better at predicting outcomes and less
expensive than animal testing, as demonstrated in
the Pharmaceutical Journal. Removing some of

the pitfalls associated with human and animal testing
means, theoretically, that drug trials could be
conducted faster and their viable results disseminated
more quickly.
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'Eye blinking



Human 0'11ne eye-on-a-chip



J. Seo et al., in preparation
2015 Collegiate Inventors Competition,
TEDx 2015
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Submerged culture Air-liquid Interface (ALI) culture
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Optical coherence tomagraphy (OCT)
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Normal

Blinking frequency: 0.2 Hz
v

Dry eye disease (DED)

Blinking frequency; 0.1 Hz







Human blinking eye-0n-2-chin
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'\ feproductive organs-on-a-chip



Placenta-on-a-chip Cervix-on-a-chip

BlOLines BlOLines ,
C. Blundell, E. Tess, A. Schanzer, C. Coutifaris, E.J. Su, J. Seo, E. Tess, S. Mark, A. Brown, L. Anton-Farringhton, M.
S. Parry, D. Huh, Lab Chip 2016 Elovitz, D. Huh

J.S. Lee, R. Romero, Y.M. Han, H.C. Kim, C.J. Kim, J.S.
Hong, D. Huh, JIMFNM 2015
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Microengineered
of human organs




“This work completely changed
the way we think about in vitro

)/%:\ model systems, and became a
Q basis for launching new funding
5;' r A programs”
2 eSS

NIH & FDA (Aug. 2011)

Human breathing lung-on-a-chip

“NIH will collaborate with
DARPA and FDA to develop a
chip to screen for safe and
effective drugs far more swiftly
and efficiently than current
methods, and before they are
tested in humans”

Obama (Sep. 2011)
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Living




Nature Reviews Drug Discovery | AOP, published online 20 March 2015; doi:10.1038/nrd4539

In recent years, this biomimetic micro-
systems approach has been used to establish
microengineered models that recapitulate

O rga ns-on "Ch | p S at th e fro n tl ers the structural and functional complexity of

human organs such as the liver, heart, lung,

Of d ru g d i S Cove ry intestine, kidney, brain and bone!-*2°, A

representative example is the lung-on-a-chip
microdevice that reconstitutes the mechani-
cally active alveolar—capillary barrier in the

Eric W. Esch, Anthony Bahinski and Dongeun Huh

http:/ /tedxtalks.ted.com/video/Engineering-human-organs-onto-a
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