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Abstract 

The role of enteric nervous system in gastrointestinal motility disorders in children has been better understood in recent 

years. One of the well-researched among these disorders is Hirschsprung disease (HSCR), also known as congenital 

intestinal aganglionosis. Even with current advances in the surgical management of HSCR significant postoperative 

morbidity such as defecation problems and enterocolitis occur despite correctly performed surgery. The need for 

adopting alternate forms of therapy in HSCR disease is well realized and stem cell therapy may provide this path in 

future.  

The understanding of embryology of neural crest stem cells and enteric nervous system progenitor cells and their 

migration to locations in the gut provided the early clues for stem cell therapy in HSCR. Identification of these cells in 

postnatal tissues at various anatomical locations including the intestines of infants, children and even patients with HSCR 

has provided the impetus for more intense research in this area. The autologous source of neural crest stem cells from 

the gut of HSCR patients is a major development in not being immunogenic. Despite these advances, several issues still 

remain to be solved before adoption of stem cell therapy for HSCR in humans. 

This mini-review highlights the current status and future directions of the role of stem cell therapy in therapy of HSCR.  
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Introduction 

     In paediatric surgical practice, patients with congenital 
or acquired gastrointestinal motility disorders constitute 
a significant proportion. The etiology, presentation, 
severity, management issues, short and long term 
outcomes of therapy and health care costs of these 
disorders fall into a very wide spectrum [1,2] 
Hirschsprung disease (HSCR), internal sphincter 
achalasia, and pseudo obstructions are a few examples of 
such disorders seen in children.  
 
     Over the past few decades, the role of enteric nervous 
system (ENS) in these motility disorders has been better 
understood. One of the well-researched of these disorders 
is HSCR which is also the most common of the ENS 
abnormalities seen in children [1-3]. The affected segment 
of bowel in HSCR is aganglionic and tonically contracted. 
The aganglionic segment extends from the anus 
proximally to rectosigmoid junction in about 70% of 
HSCR patients, to more proximal levels of colon in 20% 
and the whole of colon in less than 10% [3-5]. 
 
     Despite the modern improvements in diagnosis and 
therapy of HSCR, post-surgical outcome still shows 
significant morbidity [1,2]. The morbidity includes 
persisting constipation, fecal incontinence, HSCR 
associated enterocolitis and rarely need for permanent 
stoma. The causes for these are many and may reflect 
dysfunction of the residual ganglionic segment, abnormal 
anal sphincter function, retention of part of aganglionic 
distal bowel and sequelae of removal of part or whole of 
the rectum. Postoperative enterocolitis has been 
documented in the range of 4.6% to 54% with recurrent 
enterocolitis in about 5% [3,4]. Enterocolitis carries a risk 
of mortality even now [5,6]. The need for additional 
modes of therapy in the armamentarium of surgeons 
managing HSCR is thus justified and stem cell therapy has 
provided hope in this direction [3,5,6]. 
 

ENS development and Basis for Stem Cell Use in 
HSCR 

     The neural crest stem cells (NCSC) which migrate from 
the region of branchial arches to the bowel wall form the 
principal source of ENS cells [1,6,7]. These run along the 
vagal nerves to colonize the distal gut and travel the 
longest compared to any other set of cells during 
embryogenesis. In the pelvic region, the ENS is 
supplemented from sacral part of neural crest [1]. The 
neural crest-cells derived from sacral region reach the 
colon after the vagal neural crest cells but cannot by 
themselves avoid the occurrence of HSCR in the absence 

of vagal neural crest cells. A small population of vagal 
neural crest cells are sufficient to form ENS in the colon 
[1].  
 
     NCSC persist in the postnatal gut in animals and 
humans. Enteric nervous system progenitor cells derived 
from NCSC have been obtained from the bowel of 
embryonic, postnatal and adult animals (e g Mice and rat) 
and also the human gut in immediate postnatal period, in 
infants, in HSCR patients and normal adults [7,8]. ENS 
forming embryonic stem cells derived from various 
sources when grown in culture form neurospheres or 
neurosphere-like bodies (NLBs). The NLBs when 
transplanted into aganglionic embryonic mouse gut, 
differentiated into enteric nerve phenotypes at 
appropriate locations. The transplanted cells were 
capable of giving action potentials and receiving fast 
excitatory postsynaptic potentials [1,9]. 
 
     Lately, full thickness and submucosal biopsies (of size 1 
cm or less) from infants have been expanded in culture to 
form NLBS capable of migration and differentiation into 
neurons similar to those obtained from animal sources 
[7,8,10,11]. The big advantage of using ganglionated 
bowel (from HSCR patients) as stem cell source is the 
avoidance of immune rejections in the recipient site [11-
14]. Extra mucosal laparoscopic (minimally invasive) 
biopsies would make it easy to obtain sufficient enteric 
nerve forming stem cells (ENSC) even in neonates with 
HSCR.  
 
     Aganglionic bowel also has been found to be source for 
ENSC11. Using cell sorting technique p75-positive NCSC 
derived from thickened nerve trunks in aganglionic 
region of HSCR patients have been shown to form 
neurons in culture. This raises the possibility of their 
usage in autologous transplantation and inducing 
differentiation of these endogenous cells in situ as a 
therapy for aganglionosis [6,11]. The ganglionic and 
aganglionic bowels of short segment and long segment 
HSCR are better sources of ENSC when compared to 
bowel of total colonic and total intestinal aganglionosis 

[2]. 
 

Future directions of research 

     The above developments have significantly improved 
the possibility of using stem cells in HSCR therapy [1,2]. 
Future directions of research need to focus on deciding 
the appropriate source of stem cells, designing suitable 
models of aganglionic bowel to study effects of stem cell 
transplantation and correct ways of assessing cell 
migration, differentiation, connectivity, and function in 
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the transplanted bowel. Studies should aim to explore the 
results of stem cell transplantation in both embryonic and 
postnatal conditions [13,14]. 
     For clinical use of stem cell therapy in HSCR many 
practical challenges remain to be overcome. The ENSC 
derived from vagal distribution of NCSC have limited 
potential to generate ENS cells in vitro. Bone marrow-
derived mesenchymal stem cells have also shown promise 
as a source of autologous stem cells for ENSC generation 
but require manipulation of the soluble factors in their 
growth mediu [15]. Cell sorting in culture using markers 
such as Ret and p75 may provide a better source of ENS 
stem cells. Use of gut derived soluble factors appears to 
drive CNS-derived neuronal progenitor cells towards 
enteric phenotype development [16]. 
 
     Gene-environment interactions affect ENS 
development and play a role in pathogenesis of HSCR [17]. 
Current research has shown that the migratory capacity 
of transplanted cells along the length of the gut has been 
limited to few millimeters whereas the length of 
aganglionic segment in the most common type of HSCR is 
at least 10 cm. Microenvironment in the recipient gut and 
that of migrating cells such as glial cell line derived 
neurotrophic factor (GDNF) may play a part in promoting 
the migratory potential of transplanted cells. GDNF 
exposure in culture produced very significant increase in 
ENS cell number and neurosphere volume. Such GDNF 
treated cells when transplanted into the colon of 
postnatal mice in vivo, migrated twice the distance 
compared with controls [18]. Identification of such 
neurotrophic factors and treating or loading the stem 
cells with these factors is another area that needs further 
evaluation [19,20,21]. In HSCR patients with GDNF gene 
mutation, decreased expression of GDNF is expected in 
the aganglionic bowel. But surprisingly, decreased GDNF 
in the bowel has been shown even in the absence of GDNF 
mutation [21]. 
    
     Mutations in at least 16 genes have been implicated in 
the development of HSCR of which RET has been the 
major mutation studied [22]. Peyer’s patches of the gut 
have been found to be reduced in Ret 51/51 mutant mice. 
The role of RET signaling in gut immunity may explain the 
susceptibility to enterocolitis even after conventional 
corrective surgery. Modification of the recipient 
environment may be an area for research to avoid post 
therapy enterocolitis [6,19]. Apart from genetic factors, 
dietary nutrients and drugs influence the structure and 
function of ENS before and after birth. These have a 
possible role in the pathogenesis of HSCR (and irritable 
bowel syndrome) and can potentially be used in 
prevention of HSCR [17,23].  

     Defining the effective routeto deliver the stem cells to 
the aganglionic recipient gut and the number of injections 
required are other considerations in stem cell therapy. 
The stem cells can be injected throughthe serosa of the 
gut via laparotomy or laparoscopy. Intraperitoneal and 
intravenous injections are other possible choices [1]. The 
duration of viability of cells after successful implantation, 
the potential for neoplastic changes and the group of 
HSCR patients most likely to benefit from stem cell 
therapy are further aspects that require more definite 
answers.  
 

Conclusion 

     The ENS therapy for HSCR would have a definite role to 
play in management of HSCR in future though many 
hurdles remain. Obtaining autologous stem cells has the 
advantages of good supply and avoidance of 
immunological reactions. Use of minimally invasive 
procedures helps in obtaining the stem cells easily and 
also delivering them back into gut. Rigorously monitored 
clinical trials with formulation of good practice guidelines 
would pave the way for optimal use of stem cell therapy 
in HSCR patients reinforcing what Louis Pasteur said in 
1854 that “Chance favours the prepared mind”.  
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