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The First Artificial Organ: 1945

Willem Kolff, MD
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ESRD is increasingly common worldwide
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ESRD: Exceedingly high mortality

ESRD vs general population
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Transplantation is Wonderful — But
Not Entire Answer

100 Patients on list on Dec 31 each year
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Hart et al. OPTN/SRTR 2014 ANNUAL DATA REPORT, 2016, AJT



Why do we lack therapies to prevent ESRD?

Underinvestment?

Disease 2013 Budget % of 2013 NIH

(US Prevalence) NIH Budget Spending
per Patient
HIV/AIDS (1 million) $2,898,000,000 10% 52,898
Cancer (14 million) $7,477,000,000 26% S534
Alzheimer’s (5 million) $504,000,000 2% $101
Heart Disease (27 million) $1,634,000,000 6% S61
Diabetes (26 million) $1,007,000,000 3% S39
Kidney Disease (20 $591,000,000 2% S30
million)

Am J Public Health 2016



Re-Building a Kidney from hPS
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Kidney Organoids Recapitulate Nephrogeneisis




Organoids Respond to Injury
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hPS-derived Organoids: Obstacles

www.rebuildingakidney.org



Xenotransplantation: Back to the

Future?
1996:

* Pfizer invests S1b to investigate pig organ xenotransplantation

* 2 major hurdles:
— Rejection (largely from one sugar molecule)
— Infection: Concern over porcine retroviruses

* Plug pulled in early 2000s
* But:

REPORT

Genome-wide inactivation of porcine
endogenous retroviruses (PERVs)

Luhan Yang!23"t, Marc Giiell*>>f, Dong Niu'*!, Haydy George':, Emal Leshal,
Dennis Grishin’, John Aach’, Ellen Shrock!, Weihong Xu®, Jiirgen Poci', Rebeca
Cortazio!, Robert A. Wilkinson®, Jay A. Fishman®, George Church!»23"




Blastocyst Complementation: Moonshot
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Blastocyst Complementation: Moonshot

Blastocyst complementation generates exogenic
pancreas in vivo in apancreatic cloned pigs

Hitomi Matsunari®®<, Hiroshi Nagashima®®<"2, Masahito Watanabe®*, Kazuhiro Umeyama®*, Kazuaki Nakano®,
Masaki Nagaya®*, Toshihiro Kobayashi®, Tomoyuki Yamaguchi®, Ryo Sumazaki®, Leonard A. Herzenberg®?,

and Hiromitsu Nakauchi®2
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Hitomi Matsunari et al. PNAS 2013;110:4557-4562



Xenotransplantation, Blastocyst
Complementation: Obstacles

Xenotransplantation:

* Rejection is not limited to a-Gal
* Immunosuppression still be required

Blastocyst Complementation:

* Very early days!

e Efficiency unclear

 What pig derived cells would carryover (graft vs. recipient)



Conclusions

Kidney failure: tremendous clinical need
No major new therapies in many decades
Human kidney organoids: Promising

— Immediate application: toxicity testing, screening
— Need for scale: engineers, industry collaborators
Recent progress: surprising and remarkable

— Reason for cautious optimism
— Inter-disciplinary collaboration needed
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Chimeric pigs could grow human organs

Injecting human stem cells into pig embryos that have been genetically
modified to lack specific organs could produce an unlimited
supply of human organs for transplant

EJ CRISPR-Cas9 gene editing Can
DNA-cutting enzyme called Cas9
acts like molecular scissors to
snip through DNA of newly

fertilised pig embryo

B small grNA
molecule guides
scissors to specific
! sequence of DNA
“o——— to make cut

B Deleting key :
gene results in pig foetus
unable to grow particular
organ

ﬂ Human induced
pluripotent (iPS) stem
cells — capable of
becoming any cell type
— are obtained
from patient

are injected into embryos
at blastocyst stage.
Human-pig chimeric
embryos are implanted
into womb of sow

Organ A rig embryo
transplantation develops normally
Target organ is but target organ
tranplanted from is made out of

pig to patient patient’s cells

Sources: University of California, Davis, Royal Society of Biology © GRAPHIC NEWS

Graphic News, 2016



A1 pancreatogenesis- B1 Kusabira-Orange (huKO)
disabled pig (male) expressing pig (female)
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