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Tissue Engineered Intestine

SCAFFOLD CELL SEEDING



Hydrophilic

heparin binding  

domain

EGF-like
domain

Mature HB-EGF



▪ 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



HB-EGF

 IEC proliferation

 NF-κB activation

 PMN/ MΦ infiltration
 ROS production

Preserves gut barrier 
function

Preserves villous 
micovascular blood flow 

 eNOS expression 
potent vasodilator

 pro-inflammatory 
cytokine production

 iNOS expression and 
overproduction of NO

 PMN-EC interactions

Decreases bacterial 
translocation 

 IEC migration  IEC apoptosis

Protects ISC from injury 



PLLA coating to
 strength   SA

PGA Biofelt

PGA tubes formed by wrapping
around a metal mandrel 

Ethylene oxide gas sterilization 

HB-EGF coating to
improve TEI structure

Collagen coating to
 cell attachment

CO2 infusion to
HB-EGF

incorporation

HB-EGF

Scaffold 

fiber



Our condition:

900 psi = 62 bar

▪ Increases HB-EGF adherence to scaffold 
fibers

▪ Maintains growth factor activity

▪ Retains scaffold fiber shape and form

▪ Allows slow sustained release of HB-EGF 
to maintain viability of the cells to be 
seeded onto the scaffold material

HB-EGF

Scaffold

fiber
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Transit 
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SCAFFOLD CELL SEEDING

Villus

(differentiated 

epithelial cells)

Crypt

(intestinal stem cells and 

Paneth cells)

Stem Cell
Niche



Rat or mouse pups (5-day old) Mince and digest in 
enzymatic solution

Harvest Intestine and 
remove smooth muscle layer

Mixture of   individual 
cells, crypts, and villi

Purify crypts

Implant into abdominal cavity
of recipient animals

Seed scaffolds with
SC-containing crypts 



Tissue Engineered IntestineNative Intestine



Enteroendocrine

cells
Paneth

cells
Enterocytes Subepithelial

myofibroblasts
Proliferating

cells

TEI contains all of the cellular components of native intestine
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Scaffolds seeded with

concentrated crypts + NSC

TEINative Intestine

Myenteric plexus

Submucosal plexus

▪ Located in the intestinal wall

▪ Largest division of PNS

▪ Intestinal motility, absorption, secretion

Enteric NSC

Neurons Glial cells

Electrical Stimulation Applied



First Operation:

Scaffold seeded with crypts from GFP 

rats and implanted into omentum

Second Operation:

TEI anastomosed in-line



1 month post-op





Bioabsorbable

ScaffoldHealthy Intestine

Crypts Host Animal

▪ 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

▪ 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.
Sato T1, Vries RG, Snippert HJ, van de Wetering M, Barker N, Stange DE, van Es JH, Abo A, Kujala P, Peters PJ, Clevers H.

Enteroids can be 

passaged and 

maintained for 

many months in 

tissue culture 

without losing their 

phenotype 
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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.
Sato T1, Vries RG, Snippert HJ, van de Wetering M, Barker N, Stange DE, van Es JH, Abo A, Kujala P, Peters PJ, Clevers H.

Required components include:

• R-spondin 1 (Wnt agonist that 

induces crypt proliferation)

• Noggin (BMP antagonist that 

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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Cultured enteroids would be a viable tissue source for the 
production of tissue engineered intestine



LGR5-EGFP  crypts 

obtained from 

2x2 mm pieces of 

jejunum (n=6)

seed in Matrigel,

cultured with 

enteroid growth 

media

103 ± 24

enteroids
enteroid

fragments

seed in Matrigel,

cultured with 

enteroid growth 

media

(passage 1)

enteroid

fragments

seed to PGA 

with Matrigel

Implant in

NOD/SCID mice 

for 4 weeks

aspirate 

through 30 ga

needle

2 wks

620 ± 90

enteroids

2 wks



PAS 20X Goblet cells / Paneth cells

Enterocytes ISEMFS

Paneth cells

Intestinal stem cellsNeuroendocrine cells





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

▪ Optimize production of TEI in large animals

▪ Use optimized techniques for the production of 
human TEI



Yanchun Liu, PhD          Barrett Cromeens, DO 

http://www.niddk.nih.gov/

