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Despite over 6
decades of research
the mortality of NEC
remains unchanged
and is as high as 50%

NEC is still a disease for which there
is currently no known cure



Growth factor therapy



Stem cell therapy



Novel methods of probiotic administration
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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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Neonatal necrotizing enterocolitis
Intestinal ischemia/reperfusion injury
Hemorrhagic shock and resuscitation
Cecal ligation and perforation
Radiation therapy‐induced intestinal injury
Intestinal anastomotic wound healing

 HB‐EGF protects the intestines from injury in all of these models
and also promotes intestinal anastomotic wound healing

1) C-section

2) Hypoxia
CLINICAL
“NEC”
HB-EGF

3) Hypothermia

4) Hypertonic feeds + LPS

Newborn mice
and rats
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Grade 0

Histological Grading:
0 normal
1 epithelial cell lifting or separation
2 necrosis to mid villus level
3 necrosis of entire villus
4 transmural necrosis

Grade 2

Grade 3

Grade 1

Grade 4
Severe
NEC
NEC

100 m

Breast Fed

5 µm

NEC

NEC+HB‐EGF

20 m
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Breast Fed

NEC

NEC + HB‐EGF

HB-EGF is a potent vasodilator that promotes
intestinal microvascular blood flow

Hormone-producing
entero-endocrine cells

Absorptive
enterocytes

CRYPT-VILLUS
JUNCTION
Mucous-producing
goblet cells
Transit
amplifying
compartment

Paneth
cells
Crypt base
columnar
cells

Antibacterial
proteinproducing
Paneth cells
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For new drugs, FDA requires studies in adults before babies
HB‐EGF extremely expensive to produce
Concern regarding growth factor involvement in tumor formation
Ability of HB‐EGF to protect intestinal stem cells intriguing…..

If HB‐EGF prevents NEC by protecting intestinal stem cells from injury,
could administration of stem cells protect the intestines from NEC?
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Located in wall of intestine

Longitudinal muscle
Circular muscle

Largest most complex division of PNS

Myenteric plexus
Submucosal plexus

Intestinal motility, absorption, secretion
Ganglion cells of
myenteric plexus

neurons

Ganglia containing neurons
and glial cells
Neurons

GI motility

glial
cells

Smooth
muscle

 Glial cells contribute to postnatal neurogenesis (growth of new neurons)
 Ablation of glial cells leads to intestinal inflammation similar to NEC

Clinical Observations:




ENS immaturity in prematures

poor intestinal motility

↑ vulnerability to NEC

Intestinal dysmotility is common after NEC suggesting ENS injury during NEC

Enteric nervous system abnormalities are present in human necrotizing enterocolitis:
potential neurotransplantation therapy.
Zhou Y, Yang J, Watkins DJ, Boomer LA, Matthews MA, Su Y, Besner GE.
Stem Cell Res Ther. 2013 Dec 25;4(6):157.

Research findings from Human NEC specimens :





Enteric neurons and glial cells are injured during human and experimental NEC
These abnormalities persist even months after survival from the acute disease
Could transplantation of NSC protect the intestines from NEC?
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Enteric neural stem cells
Glial cells

Enteric neurons

Neural stem cell transplantation in the prevention of experimental necrotizing enterocolitis.
Wei J, Zhou Y, Besner GE.
Pediatric Research 2015 July 78(1):29-37.






In our experimental NEC model, administration of NSC:

 protects the ENS from histologic injury
 preserves gut barrier function
 increases survival

Administration of HB‐EGF + NSC further protects the intestines from NEC
Genetic engineering of NSC to overexpress HB‐EGF further protects the
intestines from NEC
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Many locations of SC
Many types of SC exist

SC can be induced
to form many types
of cells

Which type of stem cell will best protect the intestines from NEC?

Amniotic fluid (E14)

AF-MSC

AF-NSC

Bone Marrow (adult)

Intestine (2-3 do)

Femurs/Tibias

BM-MSC

E-NSC
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Lacteal
Epithelial lining

Lumen

Capillary

Injured epithelial cell

Venous blood
returning to the
systemic
bloodstream

Bowel Wall
A villus in the small intestine
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SC administered IV or IP preferentially engraft into injured intestine
SC can protect the intestines from NEC
Different types of SC have equivalent efficacy in protecting the intestines
from NEC

However.....
 When administered IV, many SC are trapped in the lungs
 SC have been implicated in tumor formation
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 Although SC engraft into injured intestine in our animal
models, the degree of engraftment is relatively low

 Mechanisms other than SC engraftment may mediate the
beneficial effects of SC

Exosomes as mediators of
cell‐to‐cell communication

Conventional mechanism of
cell‐to‐cell communication

Donor stem cell

Paracrine effects:
• Soluble proteins
• Secreted from secretory
granules of donor cells
• Affect cells in close proximity
by binding to recipient cell
surface membrane receptors
Target cell

• Bi‐lipid membrane vesicles 30‐100
nm dia
• Contain miRs, mRNAs, proteins
• Released by fusion of
multivesicular bodies with donor
cell membranes
• Exert local/remote effects on
recipient cells
• Present in blood, urine, saliva,
breast milk

Requires SC engraftment
Target cell

SC engraftment not required
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stem cell

HYPOTHESIS ‐ Exosomes mediate the ability of
stem cells to protect the intestine/ENS from NEC

Exosomes purified from MSC or NSC
and labeled with red fluorescent dye

Exosomes IV or IP

Intestinal injury

Hypoxia

Xenogen fluorescent imaging

A

L

St

B

Hypothermia

Hypertonic
feeds

Histology

L

St

C

D

SI

SI
NEC

NEC + exosomes

NEC

NEC + exosomes
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Grade 2-4 NEC

Grade 3-4 (severe) NEC
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SC‐derived exosomes:





engraft into injured intestine
as effective as SC in protecting the intestines from NEC
may be a novel non‐cell based future therapy for NEC
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Multifactorial
 Prematurity
 Low birth weight
 Enteral feeds
 Altered
intestinal
microflora

Altered
intestinal
microflora
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Fetal intestine is sterile in utero

INTESTINAL
EPITHELIAL CELLS
GUT‐ASSOCIATED
LYMPHOID TISSUE
(GALT)

After delivery colonized with BT
key to healthy gut development

INTESTINAL
EPITHELIAL CELLS
GUT‐ASSOCIATED
LYMPHOID TISSUE
(GALT)

Health‐promoting bacteria
such as Lactobacillus and
Bifidobacteria

Pathogenic bacteria such as
Clostridium, staphylococci,
and Klebsiella
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INTESTINAL
EPITHELIAL CELLS
GUT‐ASSOCIATED
LYMPHOID TISSUE
(GALT)

Health‐promoting bacteria
such as Lactobacillus and
Bifidobacteria

Pathogenic bacteria such as
Clostridium, staphylococci,
and Klebsiella

INTESTINAL
EPITHELIAL CELLS
GUT‐ASSOCIATED
LYMPHOID TISSUE
(GALT)

Health‐promoting bacteria
such as Lactobacillus and
Bifidobacteria

Pathogenic bacteria such as
Clostridium,
Clostridium staphylococci,
staphylococci
and Klebsiella

ICU
ABs
Formula
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Lactobacillus reuteri

Health‐promoting bacteria that counteract
negative effects of altered intestinal microflora
Decrease incidence and severity of NEC in
infants
Animal models:

 reduce intestinal permeability
 inhibit inappropriate inflammation
 reduce apoptosis
 stimulate enterocyte proliferation
 modulate T cell activation
 inhibit TLR4 activation

 Must be given at least
daily

 Several case reports of
bacteremia

 Do not significantly alter
host microbiome
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Planktonic state

Biofilm state
 BT stability
 BT activity

Free‐living
Lactobacillus reuteri

Lactobacillus reuteri surrounded by
matrix of DNA, proteins, lipids,
oligosaccharides

Fluorescent Microscopy

Scanning Electron Microscopy

+
Planktonic,
free‐living
Lactobacillus
reuteri

Biocompatible
microspheres

Biofilm allowed to form
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A

B

Lr Biofilm:




composed primarily of the
polysaccharide reuteran
(repeating glucose molecules)
reuteran produced by the
enzyme GtfW

reuteran

Lactobacillus reuteri
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(substrate of GtfW)

Maltose
Lactobacillus reuteri

(induces expression of GtfW)

Sucrose
Lactobacillus reuteri
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THANK YOU
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