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Ty TR HUMAN LUNG-ON-A-CHIP
Llfe ina Lab « The device is the size of a
Scientists have created a device computer memory stick and
that mimics the functions of a living * made from silicone rubber.
lung to test the effects of drugs.

N\, v
MEMBRANE VACUUM CHANNELS
A porous membrane splits the main When suction is applied to the side channels, the
channel. Human lung cells line the top membrane and celis stretch and relax rhythmically,
of the membrane, while human like during breathing.
capillary blood cells line the bottom. l ! l

AIR CHANNEL

CAPILLARY o
BLOOD-VESSEL
CELLS

HOW IT WORKS

Air flows over the top of the lung cells,and a
blood-like fluid containing immune cells flows
through the bottom. fowe

the immune cells moved through the membrane into the air
space to fight the bacteria.

Source: Wyss Institute for Biologically Inspired Engineering at Harvard Unlversity

Source: Wyss Institute for Biologically inspired Engineering at Harvard University
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Current drug development pathway

Compound

screening

o
10,000 drug candidates



How did we get here?

Perspective

Organoids: A historical perspective of thinking in
three dimensions

Marina Simian' and Mina J. Bissell2

lInstituto de Nanosistemas, Universidad Nacional de San Martin, San Martin 1650, Provincia de Buenos Aires, Argentina
Ziological Systems and Engineering Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720
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What is an organoid?

“...we define an organoid as a unit of function of a given organ that is
able to reproduce, in culture, a biological structure similar in
architecture and function to its counterpart in vivo. The origin of this
unit is today multiple, as it can come from a fragment of tissue, a stem
cell located in an adult organ, an embryonic stem cell, or an induced

pluripotent stem cell. ”

Simian & Bissell, 2017, JCB
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Journey through the milestones of tissue culture
that led to the development of organs on a chip...
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1906 Harrison HKanging drop Coverslip
Hanging drop cell

culture method S SRR T e oh

1926 Strangeways & Fell
Tube cultures

1952 Moscona & Moscona

Dissociation and aggregation of cells from organ
rudiments of the early chick embryo

Kidney Cell aggregaies  In vitro Hdnwﬂ«e structures

1956 Ehrmann & Gey
Reconstituted collagen from rat tails

1960-1977

1975 Michalopoulos and Pitot
Differentiation of hepatocytes on floating collagen gels

1977 Emerman and Pitelka
Culture of differentiated mammary epithelial cells on
floating collagen gels

Y ¢ 5 v
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1979 Timpl et al.
Characterization of laminin

1914 Thomson
Definition of cultures as "controlled” vs "uncontrolled"
when tissue organization and functionality are lost

B — 7P

Limb rudiment Dissociated cells

1929 Fell & Robison
Watch glass method

Damp
cotton
s wnoll

1954 Trowell ﬁ
Grid cell culture method

Explants —

Lens paper —

Media —

1957 Lasfargues
Dissociation of mammary glands into organcids using
collagenase from Clostridium

Mammary
gland

1973 Gahmberg & Hakomori; Ruoslahti et al.; Hynes
Discovery of Fibronectin

N

COOH 5

D
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1977 Orkin
Gel isolated from matrix
of chondrosarcomas,

EHS, known today as Matrigel

1984, 1985 Lee et al.

Basal and luminal polarity is
established when cells are on
floating collagen gels,as shown
by milk protein synthesis and
secretion into the medium.




1987 D.M. Bissell et al.; Li et al.

Demonstration of the functional use of laminin-rich gels
to support hepatocellular function or mammary gene
expression.

1991 Streuli et al.
Integrins regulate gene expression
: ECM

fi-casein

2006 Nelson et al.

Micropattern gels provide positional cues that establish
the range of action of TGF-f3 in morphogenesis vs
invasion
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2009 Sato et al.
“Mini-guts”: a culture system allows growth of epithelial
organoids from a single Lgr5-positive stem cell
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Gut fragments

2013 Lancaster et al.
Human brain organoids are generated from iPSCs
derived from cells from a patient with microcephaly.

—®--o-N

Skin fibroblasts from  IPSC Cerebral
Healthy or patient donor organoids

1989 Barcellos-Hoff et al. 1992 Petersen et al.

Use of a laminin-rich matrix to develop assays of
mammary morphogenesis and to distinguish between
healthy and malignant human epithelial cells.
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Mammary epithelial cells Breast cancer cells

2001 Simian et al.

Use of 3D collagen cultures
to study the mechanisms of
mammary gland branching
morphogenesis

2008 Eiraku et al.

Self-organized formation of polarized cortical tissues
from ESCs using 3D aggregation cultures

Cortical tissues

2012 Nakano et al.

Formation of a
self-organized optic
cup structure from
human ESCs in

3D culture




Pubmed citations per year
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WHY?

do we culture cells?



1906 Harrison
Hanging drop cell
culture method

Hanging drop Coverslip

e

Microscope slide with depression

{ @ > = S CAVITY SLIDE
——————————
4~ | " "SAMPLE PLACED
R ON COVERSLIP
i WITH LOOP
o SR :— - 73
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The Roval Society of Dedicine.

Marcus Beck Laboratory Reports.—No. 2.

Some Further Researches on the Cultivation of Tissues
in vitro.

By Davip TroMmsoN, M.B., Ch.B.Edin., D.P.H.Cantab.'

Read before a Meeting of the Society on May 11, 1914.

The PrESIDENT, Sir Francis H. CHAMPi\IEYS, Bt., M.D., in the Chair.

1914 Thomson

Definition of cultures as "controlled" vs "uncontrolled”
when tissue organization and functionality are lost
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Limb rudiment Dissociated cells
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1929 Fell & Robison
Watch glass method

Damp Plasma Dissected
cotton clot tissue
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Moscona and Moscona, 1952
Dissociation and aggregation of cells from organ rudiments

Kidney Cell aggregates
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Grid cell culture method

Metal grid

Explants
Lens paper

Media
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Use of collagen: 1956

 Huzella, T. 1932. Orientation de la croissance des cultures de tissus
sur la trame fibrillaire artificielle coagulée de |a solution de collagene.
SACr. Soc. Biol. Paris. 109:515.

1956 Ehrmann & Gey
Reconstituted collagen from rat tails

Dissolution
in acetic acud 1 /o NaOH
Collagen
Rat tail extraction pH ~3.5 pH~65-7  gel
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The Growth of Cells on a Transparent
Gel of Reconstituted Rat-Tail Col-
lagen™?

RoBERT L. EHRMANN ® and GEORGE O. GEY,* Divi-
sion for Cellular Pathology, Department of Surgery,
The Johns Hopkins Hospital and Medical School,
Baltimore, Md.
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Ehrmann and Gey 1401
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1957 Lasfargues

Dissociation of mammary glands into organoids using
collagenase from Clostridium

Mammary Primary
gland mammary
organoid

TABLE 1

Effect of different collagenase concentrations on the
dissociation of the mammary tissue

CONCENTRATION EXPOSURE TIME RESULTS AT 37°0.
mg/ml hours
0.025 18 Partial dissociation
0.050 3 Beginning of dissociation
0.100 2 Partial dissociation
0.200 2 Advanced dissociation

The tissue is finely minced in the collagenase solution and reduced to tiny frag-
ments of 1 mm square or less, Simms”’ saline is the solvent used for the collagenase.

Lasfargues, EY. 1957. Anat. Rec. 127:117-129.
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1960-1977 =
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Culture of different cell types on collagen | gels

Acellular collagen gel layer
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HIGH-YIELD PREPARATION OF
ISOLATED RAT LIVER PARENCHYMAL CELLS

A Biochemical and Fine Structural Study

M. N. BERRY and D. 8. FRIEND

From the Division of Clinical Pathology and the Department of Pathology, University of
California School of Medicine, San Francisco, California 94122

2.

le.nx 4 Phase and electron mlcrognphl of liver cells during p jion with taini
idase and coll Adj patic parenchymal cells remain contiguous around bile cm-
hculn (be), but endothelul (Arrous) and Kupfier cells are fragmented and separated from cords of paren-
chymal cells. Glycogen (g) appears as large pools of poorly stained particles. The appearance of this
binucleate liver cell is otherwise comparable to that of the normal cell before perfusion. (I), lipid. X 5500;

Berry, M.N., and D.S. Friend. 1969. J. Cell Biol. 43:506—-520. eonr
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Cells on floating collagen | gels reach a higher
degree of differentiation

1975 Michalopoulos and Pitot
Differentiation of hepatocytes on floating collagen gels

1977 Emerman and Pitelka
Culture of differentiated mammary epithelial cells on
floating collagen gels

'
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1973-1979: Discovery of Fibronectin and Laminin

epithelial cell

laminins , cell-matrix Basement membrane
Tt - _ladhesions
‘perlecan; agrin T
nidogen,
laminin
ECM "\
N mw;fmal cell
D UNIVERSIDAD Nelson et al. Developmental Biology, Volume 401, Issue 1, 2015, 103—109 INS
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1977: Engelbreth, Holm, and Swarm isolate
EHS.....that is to say Matrigel
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By the 1980’s...

* Were able to culture cells

* Could make collagen | gels

* Could dissagregate different tissues using collagenase
* Had characterized basemente membrane components
* EHS (Matrigel was available)
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1984, 1985 Lee et al.

Basal and luminal polarity is
established when cells are on
floating collagen gels,as shown
by milk protein synthesis and
secretion into the medium.

* Lee, EY., G. Parry, and M.J. Bissell. 1984. Modulation of secreted
proteins of mouse mammary epithelial cells by the collagenous
substrata. J. Cell Biol. 98:146-155..

* Lee, C.S. Kaetzel, G. Parry, and M.J. Bissell. 1985. Interaction of
mouse mammary epithelial cells with collagen substrata: Regulation
of casein gene expression and secretion. Proc. Natl. Acad. Sci. USA.
82:1419-1423.
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Events related to milk production on floating
collagen | gels

Cells on Floating Inducthn = Milk
collagen | gels g collagen | gels (e Matrix - production
synthesis
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1987 D.M. Bissell et al.; Li et al.

Demonstration of the functional use of laminin-rich gels
to support hepatocellular function or mammary gene
expression.

In vivo 3D culture

D UNIVERSIDAD M.J. Bissell Biochm. Soc. Trans. 2007;35:18-22 INS
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1987 D.M. Bissell et al.; Li et al.

Demonstration of the functional use of laminin-rich gels
to support hepatocellular function or mammary gene
expression.

ECM - Apoptosisinduced
Polarization Autophagy by lack of contact
with ECM (anoikis)

D UNIVERSIDAD Gajewska et al. (2013). Autophagy in Development and Remodelling of Mammary .... INS

N Dr. Yannick Bailly (Ed.), InTech, DOI: 10.5772/54558
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How does the ECM govern milk production?

1991 Streuli et al.
Integrins regulate gene expression
ECM

/%;tegrin\

Y

Laminin-111 through B1 and B4 integrins governs milk production
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Assay to distinguish normal from malignant cells

1989 Barcellos-Hoff et al. 1992 Petersen et al.

Use of a laminin-rich matrix to develop assays of
mammary morphogenesis and to distinguish between
healthy and malignant human epithelial cells.

Mammary epithelial cells Breast cancer cells
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1990-2000: use of 3D cultures to study
morphogenesis

¢ |

oLl

% branching organoids
ysteezas
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KGF -

Simian et al. Development 2001;128:3117-3131
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Stem cell field: 1981

Establishment in culture
of pluripotential
cells from mouse embryos

M. J. Evans* & M. H. Kaufman

Departments of Genetics* and Anatomyt, University of Cambridge,
Downing Street, Cambridge CB2 3EH, UK
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1996: First neurosphere cultures

Neuron Astrocyte  Oligodendrocyte

Reynolds and Weiss, 1996. Dev. Biol 175, 1-13
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1998: Embryonic Stem Cell Lines Derive
rom Human Blastocysts

James A. Thomson et al. Science 1998;282:1145-1147
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Culture of mammary gland stem cells

A B

90 -
80 -

O Serum
& Serum-free

g O N
o O O
L ) !

# of spheres / 10,000 cells
H
o

30 -
20 -
: : 10
100 pm 0 ' ' —cemim
EGF bFGF  EGF+bFGF  No GF

Gabriela Dontu et al. Genes Dev. 2003;17:1253-1270
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A
Differentiation

2D culture
i) Serum/collagen

-.2.1. oo:
2 =

A

Mixed  Myoepithelial Epithelial *

ii) Matrigel + prolactin

v

Alveolar

Acinar structure Ductal-acinar structure

Primary culture

®

v
-

v

Primary mammosphere

Dissociated to single

cells

.

2y

B
Self renewal

Culture in suspension, serum- free,
EGF, bFGF

Second generation of spheres

Dissociated to single cells

v

N generation of spheres

Gabriela Dontu et al. Genes Dev. 2003;17:1253-1270
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2008 Eiraku et al.

Self-organized formation of polarized cortical tissues
from ESCs using 3D aggregation cultures

Cortical tissues

dissociated mES cells

quick aggregation

Bf1/Dapi Bf1/Emx

. - b+
s %
. 2" N
¥ s -
o
)
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. »
s #4 ’

Immunostaining

sl \eey \wo/ \eem i
’ £t ‘. o’

Day 0 Day 7
suspension suspension &
GMEM/KSR ) DMEM/F12/N2 h

NACIONAL DE
SAN MARTIN

D UNIVERSIDAD Eiraku et al. 2008. Self-organized formation of polarized cortical tissues from ESCs... Cell Stem Cell. 3:519—-532.
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2009 Sato et al.

“Mini-guts": a culture system allows growth of epithelial
organoids from a single Lgr5-positive stem cell

£

e
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: Co e O

Gut fragments

e la
A ':/Ila\v'
,—2 Villus
’ g ;‘\éj domain
Crypt domain
I:: I NACIONAL DE Sato et al. 2009 Single Lgr5 stem cells build crypt-villus structures in vitro... Nature. 459:262-265
SAN MARTIN
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2009 Sato et al.
“Mini-guts": a culture system allows growth of epithelial

organoids from a single Lgr5-positive stem cell

Gut fragments

METHODS SUMMARY

Mice. Outbred mice 6-12 weeks old were used. Generation and genotyping of
the Lgr5-EGFP-Ires—CreERT2 allele’ has been described previously’. Rosa26—
lacZ or YFP—Cre reporter mice were obtained from Jackson Labs.

Crypt isolation, cell dissociation and cell culture. Crypts were released from
murine small intestine by incubation for 30 min at 4 °C in PBS containing 2 mM
EDTA (Supplementary Methods). Isolated crypts were counted and pelleted. A
total of 500 crypts were mixed with 50 pl ofMatrigel (BD Bioscience) and plated in
24-well plates. After polymerization of Matrigel, 500 pl of crypt culture medium
(Advanced DMEM/F12 (Invitrogen)) containing growth factors (1050 ngml ™"
EGF (Peprotech), 500ngml~" R-spondin 1 (ref. 11) and 100ngml~' Noggin
(Peprotech)) was added. For sorting experiments, isolated crypts were incubated
in culture medium for 45 min at 37 °C, followed by trituration with a glass pipette.
Dissociated cells were passed through cell strainer with a pore size of 20 pm.
GFP", GFP'" and GFP™ cells were sorted by flow cytometry (MoFlo; Dako).
Single viable epithelial cells were gated by forward scatter, side scatter and pulse-
width parameter, and by negative staining for propidium iodide. Sorted cells were
collected in crypt culture medium and embedded i containing Jagged- 1
peptide (1 pM; AnaSpec) at 1 cell per well (in 96-well plates, 5 pl Matrigel). Crypt
culture medium (250 pl for 48-well plates, 100 pl for 96-well plates) containing
Y-27632 (10 uM) was overlaid. Growth factors were added every other day and the
entire medium was changed every 4 days. For passage, organoids were removed
from Matrigel and mechanically dissociated into single-crypt domains, and then
transferred to fresh Matrigel. Passage was performed every 1-2 weeks with a 1:5
split ratio.
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The same technology was used for culture of:

e Stomach: Barker, N., M. Huch, P. Kujala, M. van de Wetering, H.J. Snippert,
J.H. van Es, T. Sato, D.E. Stange, H. Begthel, M. van den Born, et al. 2010.
Lgr5+ve stem cells drive self-renewal in the stomach and build long-lived
gastric units in vitro. Cell Stem Cell. 6:25-36

* Pancreas: Huch, M., P. Bonfanti, S.F. Boj, T. Sato, C.J. Loomans, M. van de
Wetering, M. Sojoodi, V.S. Li, J. Schuijers, A. Gracanin, et al. 2013a.
Unlimited in vitro expansion of adult bi-potent pancreas progenitors
through the Lgr5/R-spondin axis. EMBO J. 32:2708-2721

* Colon: Sato, T., D.E. Stange, M. Ferrante, R.G. Vries, J.H. Van Es, S. Van den
Brink, W.J. Van Houdt, A. Pronk, J. Van Gorp, P.D. Siersema, and H. Clevers.
2011. Long-term expansion of epithelial organoids from human colon,
adenoma, adenocarcinoma, and Barrett’s epithelium. Gastroenterology.
141:1762-1772.
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* Liver: Huch, M., C. Dorrell, S.F. Boj, J.H. van Es, V.S. Li, M. van de
Wetering, T. Sato, K. Hamer, N. Sasaki, M.J. Finegold, et al. 2013b. In
vitro expansion of single Lgr5+ liver stem cells induced by Wnt-driven
regeneration. Nature. 494:247-250.
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Retroviral Reseeding Colony
transduction on feeder picking up

ES medium + bFGF

Induction of iPS cells
from human dermal
fibroblasts

TRA-2-49/6E

Takahashi et al 2007. Induction of pluripotent stem cells from
adult human fibroblasts by defined factors. Cell. 131:861-872.
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2013 Lancaster et al.
Human brain organoids are generated from iPSCs

derived from cells from a patient with microcephaly.

Skin fubroblasts from |PSC Cerebral
Healthy or patient donor organoids

b

| hES media, low bFGF | Neural induction media|Differentiation media| Differentiation media +RA|

| Suspension | Suspension | Matrigel droplet l Spinning bioreactor |
Day 0 Day 6 Day 11 Day 15
Embryoid Expanded

hPSCs bodnes {EBs) Neuroectoderm neuroepnheluum Cerebral tissue

Spinning droplet Stahonary

Cc S

Sox2 Tuj1 Hoechst
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i l / Cell sorting out Spatially restricted

lineage commitment

Differentiation

)

PSCs

Patient-derived

Disease
mutation

Genetic Organ
correction replacement

NACIONAL DE

SAN MARTIN and disease using organoid technologies. Science. 345:1247125. LT

D UNIVERSIDAD Lancaster, M.A., and J.A. Knoblich. 2014. Organogenesis in a dish: Modeling development INS



Biological Model Systems

Organoids Model organisms Humans

2D cell culture 3D cell culture
Organ-on-a-chip

Jackson & Lu, 2016. Integrative Biology, 13;8(6):672-83
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Approaches in generating tissue and organ models

Top-down approaches

Soluble
cues
. ®
o =i

| Organ-on-a-chip

1)

Biomaterials

Bottom-up approaches

Pluripotent Aggregation
stem cells

@
.. -
®e

+ Soluble cues
+ Biomaterials

Organoid formation
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Jackson & Lu, 2016

. Integrative Biology, 13;8(6):672-83
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Disease modeling

Drug screening Chemicals

Toxicology
Immune therapy & Aerosol Infllag;matory
Food Allergy soluble

biomarkers:
»= Cytokines
Food = Chemokines

Functional food

Stimuli
Cellular

phenotyping

Cell damage &
Cytotoxicity

Ramadan and Gijs, 2014. Lab Chip. 2015 Feb 7;15(3):614-36
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Thanks for listening & cheers!

Mina J. Bissell
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