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Tissue Engineered Intestine
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SCAFFOLD CELL SEEDING
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HEPARIN-BINDING E6F-LIKE GROWTH FACTOR

HB-EGF protects the brain from stroke
HB-EGF protects the heart from myocardial infarction
HB-EGF protects the kidneys, bladder and liver from injury

HB-EGF protects the intestines from various forms of injury
including NEC
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SCAFFOLD PREPARATION FOR PRODUCTION OF TEI

PLLA coating to
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" Allows slow sustained release of HB-EGF
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INTESTINAL STEM CELLS
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CELL SEEDING
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CELL ISOLATION PROTOCOL

cells, crypts, and villi

————— |
Harvest Intestin
remove smooth muscle layer
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COMPARISON OF TEI WITH NATIVE INTESTINE

Native Intestine Tissue Engineered Intestine
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EFFECT OF HB-EGF ONVILLOUS LENGTH OF TE]
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ENTERIC NERVOUS SYSTEM

®  Located in the intestinal wall

Enteric NSC

o S

e\ yenteric plexus T Largest division of PNS
Submucosal plexus ™ Intestinal motility, absorption, secretion

Neurons Glial cells

Native Intestine TEI Electrical Stimulation Applied
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ANASTOMOSIS OF TEI WITH NATIVE RAT INTESTINE

First Operation:
Scaffold seeded with crypts from GFP
rats and implanted into omentum

Second Operation:
TEIl anastomosed in-line
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COMMON METHOD OF TEl PRODUCTION

® Long lengths of intestine from individual animal(s) needed to obtain enough
stem cell containing crypts to seed a scaffold for implantation into a host animal

Bioabsorbable
Scaffold

Healthy Intestine

Crypts Host Animal

" Patients with SBS will have a very limited source of intestine for production of TEI



Nature. 2009 May 14:459(7244):262-5.
Single Lgr5 stem cells build crypt-villus structures in vitro without a

mesenchymal niche.

Enteroids can be
passaged and
maintained for

Lumen « =) many monthsin
- tissue culture
:,"\ \ without losing their
=7 ) e phenotype
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SIGNALING PATHWAYS THAT REGULATE ISC FATE
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Nature. 2009 May 14:459(7244):262-5.
Single Lgr5 stem cells build crypt-villus structures in vitro without a
mesenchymal niche.

Required components include:
* R-spondin 1 (Wnt agonist that
induces crypt proliferation)
* Noggin (BMP antagonist that

Lumen Coinm induces expansion of crypt

\ numbers upon passaging)

% » Signaling of EGF receptor
(associated with crypt
proliferation)

« Matrigel (rich in laminin, supports
3D enteroid growth)
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HYPOTHESIS

Cultured enteroids would be a viable tissue source for the
production of tissue engineered intestine
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ENTEROID EXPANSION
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LGRS- E_GFP Crypts  seed in Matrigel, ey aspirate
obtained from cultured with t = 5 through 30 ga enteroid
2x2 mm pieces of  enteroid growth o 0o needle fragments
jejunum (n=6) media

— ] —

seed in Matrigel, seed to PGA
enteroid cultured with 620 90 with Matrigel
fragments enteroid growth enteroids _
media Implant in
(passage 1) NOD/SCID mice

for 4 weeks




v
v -
Neuroendocrine cells

~ TE RIST’OLOGY

v
v

Intestinal stem cells

Enterocytes

A
Paneth cells




98 The biopsy is processed to establish
— enteroid cultures which are expanded

) ( through serial pssseHigiiLro. 3} Once enough enteroids are achieved

— through expansion, they are seeded
onto a bioabsorbable polymer scaffold.

ENTEROIDS WITHIN
3D CULTURE MATRIX

S

4 - » ENTEROIDS POLYMER
SCAFFOLD
ENTEROIDS ARE\

SEEDED ONTO THE
INNER LINING OF

A patient with short
bowel syndrome
receives either an
endoscopic biopsy
or a stoma biopsy.

THE SCAFFOLD
w 4
- ANASTOMOSIS
STU VIACH The scaffold is implanted OF INTESTINE MATURED
: : ENGINEERED
back into the abdomen to e

grow into intestine.

NATIVE
. INTESTINE

BIOPSY
PROBE

S8 Once matured, this intestine is

anastomosed in line with the
patient’s remaining intestine to
lengthen the bowel.

Graphic by Christina Uliman



FUTURE DIRECTIONS OF TEI WORK

" Continue to optimize these techniques (scaffold
materials, organoid culture, cell seeding,
implantation, growth factor infusion) for the
production of TEI

" Optimize production of TEl in large animals

® Use optimized techniques for the production of
human TEI
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