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INTRODUCTION
Despite a decrease in the occurrence of  infective diseases, 
autoimmune and chronic inflammatory disorders are 
on the increase in developed countries. Many of  these 
illnesses remain poorly understood due to the intricate 
network of  interactions among genetic, cellular and 
environmental factors underlying pathogenesis.  

Various theories have been developed as to the 
etiopathogenesis of  inf lammatory bowel disease 
(IBD), but so far none of  them has led to a therapy 
with long-term efficacy and free of  side effects. The 
advancement of  our knowledge of  the biological basis 
of  pathogenesis, combined with recent findings on the 
regenerative, trophic and immunoregulatory potential of  
stem cells, have triggered research that could lead to a 
significant evolution, or revolution, in the treatment of  
IBD. 

Mesenchymal and hematopoiet ic s tem ce l l s 
(MSCs and HSCs) are catalyzing the attention of  IBD 
investigators, physicians and clinicians. After a number 
of  case reports, and following initial steps within in vitro 
and in vivo models, cell-based approaches are now moving 
from the laboratory bench to the patient’s bed. Stem cell 
transplantation may soon become a therapeutic option for 
IBD.

Crohn’s disease (CD) and ulcerative colitis (UC), the 
two main forms of  inflammatory bowel diseases, are 
chronic, relapsing and remitting diseases profoundly 
affecting the quality of  life in an enlarging portion of  the 
population: their incidence and prevalence are growing 
in Western countries[1]. CD may affect every tract of  the 
digestive system-most commonly the ileal and colonic 
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Abstract
The incidence and prevalence of Crohn’s disease 
(CD) and ulcerative colitis (UC), the two major forms 
of inflammatory bowel diseases (IBD), are rising in 
western countries. The modern hygienic lifestyle is 
probably at the root of a disease where, in genetically 
susceptible hosts, the intestinal commensal flora 
triggers dysregulated immune and inflammatory 
responses. Current therapies ranging from anti-
inflammatory drugs to immunosuppressive regimens, 
remain inadequate. Advances in our understanding 
of the cell populations involved in the pathogenetic 
processes and recent findings on the regenerative, 
trophic and immunoregulatory potential of stem cells 
open new paths in IBD therapy. Hematopoietic and 
mesenchymal stem cells are catalyzing the attention 
of IBD investigators. This review highlights the pivotal 
findings for stem cell-based approaches to IBD therapy 
and collects the encouraging results coming in from 
clinical trials.
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tracts, and exhibits a histological pattern of  transmural 
inflammation. UC only affects the colon starting from 
the rectum and moving backward, the inflammation 
being localized in the mucosal layer. In both CD and UC 
an alteration of  the mucosa leads to the symptoms of  
the disease. CD can be complicated by the occurrence 
of  fistulas, abscesses and stenosis. 

Genetic, environmental and immunological factors 
contribute to the development of  inflammatory bowel 
disease. The “hygiene hypothesis” proposes a scenario 
in which a radical change of  lifestyle may have led to the 
shift from infective to chronic inflammatory diseases 
in Western countries. An immune system exposed to 
a low number of  antigens and struggling against only 
a few challengers, may be lapsing into an uneducated 
state. Thus its efforts at eliminating offending agents 
could then be ineffective or misdirected. The vary 
environmental modifications that brought humans to 
this hygienic lifestyle may have contributed to the rise of  
immune-based disorders.

IBD is thought to be the result of  an aberrant 
immune response to commensal bacteria and luminal 
antigens in a susceptible host. The “no bacteria, no 
colitis” paradigm summarizes the evidence obtained 
from animal models: experimental colitis can only be 
induced in a conventional, non-germ-free environment. 
The evidence supporting the existence of  a classic 
infectious agent causing IBD is weak. The enteric 
flora may trigger an inappropriate, “loss of  tolerance”- 
based immune response, further evolving to chronic 
inflammation and IBD.

The mucosal tolerogenic state is maintained by 
dynamic, strictly regulated, physical and immunochemical 
interactions in a complex crosstalk among the gut 
microbiome, gut luminal antigens, the intestinal epithelial 
barrier, lymphocytes, dendritic and mesenchymal cell 
populations[2]. The circuitry is coordinated so as to obtain 
a minimal persistent inflammatory state (physiological 
inflammation) able to control the enteric flora and to 
cope with non-self  antigens. In normal conditions the 
innate and adaptive immune systems cooperate in order 
to create this controlled status of  inflammation: in CD 
and UC the balance is lost.

IMMUNE-BASED DISORDERS
Analys is of  genet ics and immune responses in 
IBD patients and animal models sheds light on the 
biological function of  the metabolic pathways and cell 
populations with a central role in the immune tolerance 
network. Most of  the genetic factors that are so far 
known to contribute to susceptibility towards IBD act 
as key links in immune recognition and modulation. 
The existence of  a genetic predisposition for IBD 
has been demonstrated. Genome-wide screening in 
familial clusters has identified 7 loci with a linkage to 
IBD (IBD 1-7)[3]. Most linkage regions are associated 
with both CD and UC: this suggests the existence of  
common genetic features and mechanisms. The genes 
residing in the IBD loci (e.g. NOD2/CARD15, TNF-

alpha) are implicated in immune function and intestinal 
permeability[4-7]. Initially, connections between innate 
immune impairments and IBD emerged. The association 
between CD and NOD2/CARD15 mutations showed 
that innate pattern recognition impairments and bacterial 
sensing may undermine the host/microbe interplay at a 
critical point. The NOD2/CARD15 protein recognizes 
peptidoglycans (bacterial muramyl dipeptide, MDP) 
and is expressed by macrophages and dendritic cells. 
The mutated gene product fails to bind MDP. The 
production of  alfa-defensins by epithelial Paneth cells, 
expressing NOD2, is decreased in CD patients when 
NOD2 is mutated[8]. Innate and adaptive immunity are 
intimately interconnected, impaired mechanisms may 
simultaneously affect the two vast pathways of  immune 
response.

Cell populations and mediators of  adaptive immunity 
have been extensively investigated in IBD patients 
and murine models[9]. A dramatic increase in antibody 
production has been described both at the mucosal and 
at the systemic level in IBD patients. An alteration in 
the relative proportions of  the immunoglobulin classes 
has been found[10]. Autoantibody production has been 
investigated, but confirmation of  their existence is still 
needed[11].

T lymphocytes are recognized as central effector 
cells. Their activation in IBD is accompanied multiple 
alterations in the production of  cytokines and soluble 
mediators with proinflammatory and immunoregulatory 
significance. Consensus exists on the differing CD4 
helper polarization tendency between the two major 
forms of  IBD. In CD the IFN-gamma and IL-2 
producing Th1 CD4+ phenotype is predominant, while 
UC seems to be dominated by atypical Th2 CD4+ 
T-cells, producing TGF beta and IL-5, and by IL-13 
producing CD1d-restricted nonclassical Natural Killer 
T cells[12]. CD resembles experimental Th1-mediated 
colitis, whereas the features of  UC are recapitulated in 
models of  Th2-mediated colitis[13,14]. Observations in 
patients and murine models suggest that the suppressor 
activity of  CD4+ CD25high T regulatory cells may 
be abrogated or insufficient to balance the chronic 
inflammation at the mucosal level[15]. Murine models 
confirm the ability of  CD4+ CD25high T regulatory 
cells to prevent or ameliorate experimental colitis[16], 
indicating the positive effect of  anergy induction 
in the inflammatory environment. The suppressor 
activity of  immunoregulatory populations, mediated by 
cytokines like IL-10 and TGF-beta, may fail because 
of  a disruption of  the signaling pathway in activated T 
cells: Smad7 overexpression antagonizes the TGF-beta 
dependent inhibition of  T proliferation[17].

The involvement of  cell populations other than the 
classical immunological ones in immune modulation 
and IBD pathogenesis is becoming clear. Epithelial, 
endothelial, mesenchymal cells and platelets cooperate 
in modulating the immune response, and play a role 
in the establishment and protraction of  inflammatory 
processes, in recovery and in tissue remodeling (Figure 1).  
Intestinal epithelial cells (IECs) have been claimed to 



act as non professional antigen-presenting cells. In the 
inflamed mucosa, IECs inappropriately express HLA-
DR class Ⅱ and costimulators of  the B7 family[18]. In 
healthy subjects antigen presentation by IECs results in 
activation of  a CD8+ regulatory T cell subset through a 
non classical MHC classⅠpathway. IECs interact with the 
T compartment through members of  the CEA family and 
CD1d, and in normal conditions expand a CD8+ VB5.1+ 
subset of  T cells with regulatory functions. In IBD IECs a 
defective expression of  CEA family members and CD1d 
occurs, leading to a failure in expansion of  the regulatory 
subset and to a proliferation of  CD4+ T cells with the 
production of  inflammatory cytokines[19,20]. Moreover, 
UC IECs fail to express MHC I molecules and CD IECs 
express HLA-E, MICA and MICB, but not CD1d, failing 
to expand the regulatory T cell subset[21]. 

Endothelial cells control the egression of  migrating 
leukocytes in a complex process mediated by cytokines, 
chemokines and adhesion molecules. A deficit in nitric 
oxide synthase (NOS) production has been found in IBD 
intestinal microvascular endothelial cells. Impairment 
of  NO-dependent vasodilation may result in decreased 
perfusion and poor wound healing[22]. Thrombosis is a 
frequent complication in IBD patients and platelets are 
implicated, but interest in these entities has risen following 
the definition of  their immunological properties[23]. 
Platelets become activated in IBD patients and contribute 
to exacerbating inflammation through the release of  
CD40, which triggers a broad spectrum response in the 
intestinal microvasculature, stroma, and immune cells[24]. 

The role of  mesenchymal cells in mucosal homeostasis 
and microenvironmental modeling is far more critical 
than previously thought. Traditionally considered as 

extracellular matrix (ECM) producers, fibroblasts were 
thought to be a passive cell population responsive to the 
chronic inflammatory environment and causing fibrotic 
complication[25]. Fibroblasts are the main source of  
matrix metalloproteinases (MMPs); proteolytic enzymes 
responsible for ECM degradation and ultimately for 
tissue destruction during inflammation. Interactions with 
activated T-cells potently stimulate fibroblast production 
of  MMPs and result in tissue injury[26,27].

MESENCHYMAL CELLS AND RESTITUTIO 
AD INTEGRUM
Epithelial ulcerations caused by inflammatory process 
recover via tissue remodeling in the normal intestine. 
Resolution of  inflammatory activity is associated with 
repair processes, and mesenchymal cells have a central 
role in coordinating these events to help remodeling. The 
repair processes in UC patients are usually able to restore 
a normal intestinal architecture, but in CD patients an 
excessive fibrosis frequently leads to the formation of  
strictures and obstructions. Fibrosis is one of  the main 
complications and a recurrent finding in IBD patients: 
it is associated with mesenchymal cell persistence and 
hyperplasia, tissue disorganization and fibrillar collagen 
deposition.

Isolation and characterization of  intestinal fibroblasts 
has allowed the determination of  some peculiar 
biological features of  IBD fibroblasts, for example they 
display significantly higher proliferation and collagen 
secretion rates than normal intestinal fibroblasts. Such 
evidence suggests that a fibroblast subset may be 
functionally activated in the IBD intestine[28,29].

Figure 1  Schematic representation of normal and IBD mucosal tissues. In normal conditions the innate and the adaptive immune systems cooperate in order to 
create a controlled status of inflammation: In IBD the balance is lost.
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Recent findings suggest that mesenchymal cells 
derived from bone marrow stem cells may have an 
important role in repair processes and fibrosis[30]. 
Intestinal subepithelial myofibroblasts (ISEMFs) are 
located under the basement membrane, juxtaposed 
with the base of  epithelial cells. These mesenchymal 
cells regulate a number of  epithelial cell functions such 
as proliferation, differentiation and ECM metabolism, 
affecting the growth of  the basement membrane[31]. 
They cooperate in pathogen sensing and actively 
participate in immune responses[32]. Moreover, they exert 
important functions in tolerance induction[33]. ISEMFs 
control mucosal repair processes by ECM manipulation, 
cytokine and growth factor release. Two separate 
mechanisms mediate the repair operations. Restitution is 
the first, a response to minor to moderate injury, when 
the basement membrane remains intact. Here, ISEMFs 
promote the proliferation and migration of  residual 
epithelial cells over the denuded area by the release 
of  TGF-beta, EGF, aFGF, bFGF and inflammatory 
cytokines. When the wound is deep and a reconstruction 
of  the subepithelial tissues is needed, mesenchymal cells 
proliferate and form a new basement membrane, over 
which epithelial cells will then proliferate and migrate. 
ISEMFs are therefore responsible for a crucial process 
in mucosal repair: the maintenance and reconstitution of  
the basement membrane.

Alpha-SMA positive ISEMFs are increased in IBD 
mucosa as compared with normal mucosa, and the 
increase is very marked at the edges of  UC ulcerations[34]. 
A higher ISEMF proliferation rate and growth factor 
secretion could account for CD fibrogenesis[28]. This cell 
population, actively participating in ECM metabolism 
and basement membrane turnover, is a major effector in 
the tissue remodeling process. Inflammatory cytokines 
and growth factors like TGF-beta, PDGF-BB, KGF, 
IGF-1 and EGF control MMP and their tissue inhibitor 
(TIMP) expression in ISEMFs, and it has been shown 
that the expression of  MMPs and TIMPs is elevated 
in the inflamed mucosa of  IBD patients[35]. ECM 
metabolism and inflammatory responses are regulated 
in close association: in colonic SEMFs TNF-alpha, IL-1 
beta and IL-17 induce the expression of  chemokines 
like monocyte chemoattractant protein-1 (MCP-1) and 
interleukin-8 (IL-8) together with MMPs[36]. IL-11, a 
chemokine with antiinflammatory properties, is able 
to inhibit the production of  IL-1 beta, TNF-alpha and 
other proinflammatory cytokines from LPS-stimulated 
macrophages. Data from animal models show that in 
the gastrointestinal tract IL-11 can prevent or improve 
acute and chronic inflammation[37]. ISEMFs secrete 
IL-11 in response to inflammatory cytokines like IL-1 
beta, TGF-beta and IL-22. Activated T cells are the main 
source of  IL-22, and this cytokine induces secretion 
of  IL-11 by ISEMF. Mesenchymal cells thus display 
suppressive immunomodulatory properties[38]. ISEMFs 
provide support for epithelial cell proliferation and 
regeneration, having a role in the restitutio ad integrum in 
IBD. Evidence is mounting as to their role in forming 
the niche that accommodates epithelial stem cells and 

in determining epithelial cell fate: pericryptal ISEMFs 
are the main source of  morphogenic signaling[39]. Wnt 
signaling for example, has specific functions in the 
intestinal crypt stem cell region. Through its receptor, 
Fzd, expressed in both ISEMFs and crypt epithelium, 
Wnt triggers paracrine and autocrine responses. Nuclear 
localization of  beta-catenin/T cell factor (TCF) is 
confined to epithelial cells at the bottom of  the crypts, 
and upregulated by Wnt signaling. FoxF proteins are key 
mesenchymal factors that control Wnt expression and 
ECM deposition, affecting epithelial cell proliferation, 
polarization and differentiation[40]. 

MSCS AND HSCS: CONTRIBUTION TO 
INTESTINAL LINEAGES 
Adult bone mar row HSCs possess wel l -known 
multipotent capacities and are able to restore the entire 
haemopoietic compartment after myeloablation. The 
hypothesis that certain adult stem cells might possess a 
different, greater potential first came from the observation 
that in human bone marrow transplants donor cells were 
subsequently found in several recipient tissues[41]. The 
attention of  cell biologists moved to the bone marrow 
mesenchymal compartment and evidence regarding 
the stem potential of  stromal cells soon appeared: the 
plastic-adhering fibroblast-like population displayed a 
self  renewal capacity, high in vitro expansion potential 
and the ability to differentiate into multiple mesodermal 
lineages, e.g. osteoblasts, chondrocytes and adipocytes[42,43]. 
These cells, named MSCs and initially isolated from the 
bone marrow[44], were found to reside in several other 
tissues. MSCs possess migratory capacity, may be diversely 
distributed in vivo and may occupy a ubiquitous stem cell 
niche[45,46].

A remarkable amount of  evidence exists regarding 
the multilineage differentiation potential of  bone marrow 
stem cells. Marrow-derived cells have been shown to 
differentiate towards endodermal[47,48], mesodermal[49,50] 
and ectodermal commitments[51]. A unitarian theory 
on the derivation of  the intestinal epithelium from 
resident stem cells has been developed and widely 
accepted[52], but a number of  recent studies report 
a bone marrow contribution to gut epithelial and 
mesenchymal lineages[53-55], even at the single cell level[56]. 
A repopulation of  the gastrointestinal tissues occurs in 
bone marrow-transplanted patients and donor-derived 
cells engraft with a high efficiency in the areas of  mucosal 
ulceration undergoing regeneration[57]. Bone marrow sex-
mismatched transplantations were performed in mice and 
a stable engraftment of  alpha-SMA+, desmin-, F4/80-, 
CD34- pericryptal myofibroblasts of  donor origin was 
documented through in situ hybridization for the Y 
chromosome. The analysis of  intestinal biopsies from sex-
mismatched BM-transplanted patients with GvHD gave 
similar results[30]. Inflammatory cytokines and signals may 
be strong stimuli for the recruitment of  marrow stems in 
the areas of  mucosal damage. The engraftment of  BM-
derived ISEMFs was investigated by using mouse models 
of  chemo-induced acute colitis and IL-10-/- chronic 
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colitis. A significant increase in the number of  donor-
derived ISEMFs was found in the inflamed areas when 
compared with the normal adjacent mucosa[58].

MSCS: REGENERATION AND IMMUNE 
MODULATION
MSCs have been shown to differentiate into a wide 
range of  cell types and to produce a number of  growth 
factors and cytokines that are important for tissue repair 
and remodeling. Intense studies on the paracrine activity 
of  these cells suggest they are able to participate in tis-
sue healing and long-term repair as trophic mediators[59]. 
Of  fundamental interest for the treatment of  chronic 
inflammatory diseases is the fact that MSCs possess the 
ability to modulate the immune response and to persist 
at length in the tissues of  allogeneic transplanted recipi-
ents[60]. Cells with mesenchymal stem potential can be 
isolated from several tissues, with differences in yield and 
in differentiation capacity[46,61,62]. The best characterized 
MSC population is the one found in the bone marrow 
where the in vitro expansion protocol is almost standard-
ized[63] but due to the absence of  characteristic markers 
it is still impossible to prospectively isolate MSCs from 
fresh samples. Differences among laboratories in expan-
sion potential, differentiation capacity, gene expression 
and phenotype have been ascribed to slightly different  
in vitro culture and expansion conditions.

Several studies have demonstrated that MSCs possess 
valuable characteristics for tissue repair or regeneration: 
these cells have been shown to functionally integrate 
and remodel bone[64,65], cartilage[66] and myocardial tis-
sues[67-69]. MSCs display a further remarkable feature, the 
ability to migrate and home to the sites of  injury[70-73]. 
Early clinical trials have shown the benefits of  alloge-
neic MSC transplantation for the treatment of  graft-
versus-host disease (GVHD)[74]. A phase Ⅲ clinical trial 
is currently enrolling patients to evaluate the efficacy of  
ProchymalTM, an allogeneic bone marrow derived MSC 
preparation, for the treatment of  steroid refractory acute 
GVHD[75]. Human MSCs express intermediate-low lev-
els of  HLA classⅠ, low levels of  HLA class Ⅱ and do 
not activate allogeneic T cells. This ability to escape al-
loreactive recognition is probably due to a lack in the ex-
pression of  costimulatory molecules like B7-1, B7-2, CD 
40 and CD 40 ligand[76,77]. Moreover, MSCs suppress al-
logeneic T-cell proliferation and do not elicit an immune 
response after transplantation in immunocompetent 
recipients[69,76,78]. Several authors have reported the sup-
pression of  lymphocyte proliferation in primary mixed 
leukocyte reactions (MLR) and mitogen responses to 
phytohemagglutinin (PHA), concanavalin and tubercu-
lin[79,80]. Again, MSCs inhibit the T-lymphocyte activation 
mediated by anti CD3 and CD28 antibodies at primary 
and in vitro expanded cultures[76,81]. The molecular mecha-
nisms that enable MSC to abrogate lymphoproliferation 
are still unknown but several reports claim the impor-
tance of  soluble factors: modifications in the cytokine 
balance, such as an increase in IL-2 and IL-10 levels, are 

suggested to have lymphosuppressive ability[82-84].
IL-10 is a pleiotropic anti-inflammatory cytokine 

which potently suppresses antigen presentation by the 
down-regulation of  classical HLA-classⅠand Ⅱ, and 
which inhibits the synthesis of  pro-inflammatory cy-
tokines like IFN-gamma, IL-2, IL-3, TNFalpha and GM-
CSF[85]. Furthermore, IL-10 induces differentiation of  
regulatory T cells[86] and the secretion of  soluble HLA-G 
molecules by activated CD14+ peripheral blood mono-
cytes[87]. MSCs have been shown to improve the clinical 
outcome of  autoimmune disease, as a result of  suppres-
sive modulation of  the pathogenic T-cell autoimmune 
response[88].

ADVANCES IN CELL THERAPY: HSC 
AND MSC TRANSPLANTATION 
The long-term management of  inflammatory bowel 
disease depends on the intensity, location, endoscopic 
severity, clinical manifestations and complications of  the 
disease. Many cellular and molecular pathological path-
ways have been identified as therapy targets[89]. 

The common progression into an exacerbated form 
of  IBD requires an escalation from antiinflammatory 
(e.g. 5-aminosalicylates, corticosteroids), to immunosup-
pressant (e.g. azathioprine, mercaptopurine, cyclosporin) 
regimens or to biological drugs (e.g. infliximab anti-TN-
Falfa, vizilizumab anti-CD3), usually with limited suc-
cess. Non-responding IBD patients will frequently face 
the decision to undergo necessary invasive surgical pro-
cedures, although surgical intervention will not resolve 
the disease[89]. Since no curative options exist to date, a 
stem cell-based approach could drive a major change in 
disease management and treatment.

Impairment in the control of  intestinal immune cell 
function and turnover appears to be of  central impor-
tance for the dysregulated and protracted inflammatory 
response in IBD. A high-dose immune ablation regimen 
could allow detrimental T-lymphocyte repertoires to be 
eliminated and after HSC transplantation (HSCT) de-novo 
hematopoiesis would generate naive cells. Patients receiv-
ing an autologous HSCT are thought to be subject to an 
immune system reboot: the genetic defects would not be 
eliminated but remission could persist in the absence of  
deleterious environmental triggers. HSC allotransplanted 
patients probably experience a graft-versus-autoreactive 
(GVA) response and the immune system gets almost 
completely replaced. These concepts form the basis of  a 
new therapeutic approach to IBD, and a number of  case 
reports show long-lasting remission of  IBD patients un-
dergoing HSC or bone marrow transplantation.

In 1993 the first case of  CD regression after autolo-
gous HSC transplantation for hematopoietic malignancy 
was reported[90]. More cases then started to be recorded: in 
1996 one UC and two CD patients treated for coincidental 
malignancies experienced a remission from IBD after high 
dose chemotherapy and autologous HSCT[91]. In 1998 
the case of  a 9-year-old patient with CD was reported: 
after autologous BM transplantation for non-Hodgkin’s  
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lymphoma, a clinical and laboratory CD remission oc-
curred and lasted for at least 7 years[92]. In the same year 
the clinical outcome of  six CD patients undergoing allo-
geneic transplantation for hematological malignancies was 
reported. In one patient the inactive CD remained inactive 
for at least 15 years without immunosuppression and in 
three patients with active CD the pathology became inac-
tive[93]. In 2000 the case of  a 30-year-old patient with a 
10-year history of  severe CD was reported: after develop-
ing Hodgkin’s disease he received an autologous peripheral 
blood HSCT and remained in remission for both diseases 
for at least 3 years after transplant[94]. In 2001 a case report 
described the remission of  a 57-year-old UC patient after 
an autologous peripheral blood HSCT performed for 
breast cancer chemotherapy[95]. In 2002 a report showed 
the case of  a CD patient, treated with autologous HSCT 
for acute myeloid leukemia, who remained in clinical re-
mission from both diseases for 5 years[96]. More recently a 
complete normalization of  the Chrohn’s Disease Activity 
Index (CDAI) was reported after HSC transplantation 
in two patients with severe, non responsive, infliximab-
resistant CD[97]. Two further cases were reported by the 
same group[98]. A phase I HSCT trial involving 12 patients 
with refractory CD showed evidence of  beneficial effects 
from autologous HSCT[99]. Peripheral blood stem cells 
were mobilized with cyclophosphamide plus G-CSF and 
CD34+ enriched. Eleven of  the 12 patients underwent 
remission with a significant reduction in the CDAI index. 
A recent phaseⅠ-Ⅱ study investigated the safety and effi-
cacy of  autologous HSCT without CD34+ enrichment in 
patients with refractory CD: 3 out of  4 patients obtained 
and maintained clinical and endoscopic remission, despite 
withdrawal of  all drugs[100]. All of  these reports encourage 
further studies on HSC transplantation in IBD. A radical 
ablation of  an aberrant immune system followed by autol-
ogous reconstitution may regenerate a naïve, non aberrant 
immune compartment. The European phase Ⅲ “ASTIC” 
trial has been designed to investigate the potential clinical 
benefit of  autologous HSCT after high-dose immune ab-
lation in non-responding patients with severe CD.

Transplant conditioning calls for an aggressive immu-
nosuppression regimen that may play a role in inducing 
remission, but patients with severely impaired mucosal 
barrier function undergoing such a regimen may worsen 
their plight and face even more severe consequences. 
Nevertheless, the management of  CD and UC compli-
cations is a major goal of  therapy. IBD patients develop 
non-healing, long-lasting ulcerations which are very re-
sistant to common treatments and to advanced surgical 
cure. MSCs may allow a therapeutic approach targeting 
the site of  injury, aimed at tissue regeneration and at lo-
cal immune modulation.

Adipose tissue-derived MSCs[101] have been shown 
to possess promising potential for ulceration healing in 
perianal manifestations. A young patient with CD and 
recurrent rectovaginal fistula was treated with autologous 
stem cell transplanation using lipoaspirate-derived MSCs. 
At the time of  the stem cell therapy the patient had been 
treated with different surgical and medical procedures, 
including infliximab infusion, without effective manage-

ment of  the manifestations. Autologous adipose tissue 
derived MSCs were isolated, expanded for three or fewer 
passages and injected into the rectal mucosa; the rectal 
opening approaching from the posterior vaginal wall was 
closed with absorbable stitches prior to cell injection. A 
complete closure of  the wound was demonstrated one 
week after the injection without any adverse events[102].

The group designed a prospective PhaseⅠclinical tri-
al involving 5 CD patients to study the safety and the ef-
ficacy of  stem cell transplantation in perianal manifesta-
tions and complications using autologous adipose tissue-
derived stem cells. Three × 106 to 30 × 106 cells were 
injected directly under each lesion. Healing of  the fistula 
was considered achieved when a total epithelialization of  
the external opening was evident. They observed com-
plete healing in six of  the eight procedures[103]. These 
reports describe an innovative approach to the local 
treatment of  CD manifestations, based on in situ deliv-
ery of  autologous MSCs. Whether MSCs contribute to 
tissue regeneration by direct differentiation, by trophic 
effect or by immunomodulatory functions has not been 
investigated yet and could become a matter of  concern. 
ProchymalTM, developed by Osiris Therapeutics Inc.[75], is 
a preparation for intravenous infusion of  bone marrow-
derived MSCs obtained from healthy adult donors. The 
ProchymalTM phase Ⅱ clinical trial was a prospective, 
randomized and open label trial. Patients with moder-
ate to severe CD (CDAI > 220), who had previously 
failed treatment with steroids, infliximab and other im-
munosuppressive agents, were enrolled and received two 
infusions of  the preparation. Every patient evaluated 
reported a reduction in CDAI, and a statistically signifi-
cant decrease in mean CDAI scores, from 341 to 236, 
occurred by day 28 after the infusions. Improvement was 
rapidly obtained, with an average CDAI reduction of  
62 points by day 7. One-third of  the patients reported 
Inflammatory Bowel Disease Questionnaire (IBDQ) 
scores of  at least 170, indicating they had achieved clini-
cal remission of  their disease. The Food and Drugs 
Administration recently allowed ProchymalTM to advance 
to a phase Ⅲ double-blind placebo-controlled trial via 
Fast Track for the treatment of  CD. After GvHD, CD 
is the second indication for which Osiris received Fast 
Track status to advance to Phase Ⅲ. Osiris received 
orphan drug designation from the FDA and the Euro-
pean Medicine Agency (EMEA) for ProchymalTM. This 
intravenous preparation of  MSCs may have peripheral 
immunomodulatory functions, leading to abrogation of  
the pathological inflammation typical of  CD. MSCs may 
contribute to tissue regeneration by direct differentiation 
toward intestinal lineages[104], but they may also have tro-
phic functions in the healing environment and their im-
munomodulatory ability may arrest disease protraction 
(Figure 2).

CONCLUSION AND FUTURE PROSPECTS
IBD are thought to be the result of  an abnormal 
immune response to commensal bacteria and luminal 
antigens in a susceptible host. The intermittent and 
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aggressive presentation of  the pathology profoundly 
affects the quality of  life of  the patients. The inadequacy 
of  conventional therapies and the current understanding 
of  IBD biology are motivating investigators to develop 
novel approaches to IBD treatment: the advancement in 
stem cell-based therapies could drive a major change. 

Having to cope with exuberant commensal flora and 
abundant non-self  antigens, a number of  cell popula-
tions cooperate to control intestinal mucosa integrity 
and to maintain a status of  persistent physiological in-
flammation. Impairments in immunological and regen-
erative functions at this level lead to IBD. The behavior 
of  classical immune cells appears dysregulated in IBD 
patients. T-lymphocytes are considered central effector 
cells, responsible for the release of  cytokines implicated 
in the onset and in the protraction of  the inflamma-
tion. A lack of  suppression is probably the cause of  
the abnormal and persistent activation of  the T-cell 
compartment. Immunomodulatory activity, impaired in 
IBD, is carried out by populations of  T regulators and 
by cell populations traditionally considered not involved 
in immunity. Aberrant epithelial and endothelial cell 
functions concur in the pathogenesis. Epithelial cells act 
as non-professional antigen presenting cells: defective 
expression of  molecules implicated in the expansion of  
immunoregulatory T-cells may cause a failure in the im-
mune inhibition. Deficits in cells of  the microvasculature 
causing inadequate perfusion could account for ineffec-
tive ulceration healing. A set of  intestinal subepithelial 
myofibroblasts (ISEMFs), a mesenchymal population 
juxtaposed to the mucosal epithelial layer exerting tro-
phic and immunomodulatory effects, become activated 

in IBD and impair correct tissue remodeling processes, 
so that the restitutio ad integrum ultimately fails (Figure 1). 
Stem cells residing in the bone marrow have been shown 
to contribute with their progeny to all of  these intestinal 
lineages and may be of  value and interest in clinical set-
tings. Clinical improvements in IBD patients have been 
reported after allogeneic and autologous transplantation 
of  hematopoietic and MSCs. After immune ablation 
and reconstitution via HSC transplantation, a reboot to 
a naive immune system could bring about long-lasting 
remission. In autologous transplantation genetic defects 
would persist, but the indulgence may last in the absence 
of  environmental triggers. In allogeneic transplantation 
the immune replacement would be more radical and 
potentially more reliable, but the risks associated with 
graft rejection and complications are probably too high 
for application in IBD. MSC only received the attention 
of  IBD investigators in recent times. Experimental and 
clinical data indicate that MSCs have great potential for 
those clinical applications that require tissue regenera-
tion or repair promotion, owing to their plasticity and 
their immunomodulatory properties. The biology of  
this stem population is still largely obscure, but their 
impressive differentiation potential, combined with ex-
ceptional trophic and immunomodulatory capacities, 
could make MSC an outstanding tool in IBD treatment 
(Figure 2). Pioneering works have reported impressive 
results: in mouse models and in IBD patients treated for 
coincidental malignancies, bone marrow-derived cells of  
donor origin contribute to tissue repair by differentiat-
ing towards the epithelial, myofibroblastic, endothelial 
and pericytic lineages in the areas of  inflammation. Bone 

Figure 2  Contribution of transplanted HSCs and MSCs to the immune compartment and to intestinal lineages. HSCs are able to restore the immune system to a 
naive state. MSCs contribute via direct differentiation to mesenchymal and non-mesenchymal lineages, exert trophic functions and modulate in a suppressive fashion 
the immune response.
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of nonclassical class I molecules by intestinal epithelial cells. 
Inflamm Bowel Dis 2007; 13: 298-307

22 Hatoum OA, Binion DG, Otterson MF, Gutterman DD. 
Acquired microvascular dysfunction in inflammatory 
bowel disease: Loss of nitric oxide-mediated vasodilation. 
Gastroenterology 2003; 125: 58-69

23 Weyrich AS, Zimmerman GA. Platelets: signaling cells in 
the immune continuum. Trends Immunol 2004; 25: 489-495

24 Danese S, de la Motte C, Sturm A, Vogel JD, West GA, 
Strong SA, Katz JA, Fiocchi C. Platelets trigger a CD40-
dependent inflammatory response in the microvasculature 
of inflammatory bowel disease patients. Gastroenterology 
2003; 124: 1249-1264

25 Pucilowska JB, Williams KL, Lund PK. Fibrogenesis. IV. 
Fibrosis and inflammatory bowel disease: cellular mediators 
and animal models. Am J Physiol Gastrointest Liver Physiol 
2000; 279: G653-G659

26 von Lampe B, Barthel B, Coupland SE, Riecken EO, Rosewicz 
S. Differential expression of matrix metalloproteinases and 
their tissue inhibitors in colon mucosa of patients with 
inflammatory bowel disease. Gut 2000; 47: 63-73

27 Monteleone G, Caruso R, Fina D, Peluso I, Gioia V, Stolfi 
C, Fantini MC, Caprioli F, Tersigni R, Alessandroni L, 
MacDonald TT, Pallone F. Control of matrix metalloprotei-
nase production in human intestinal fibroblasts by interleukin 
21. Gut 2006; 55: 1774-1780

28 McKaig BC, Hughes K, Tighe PJ, Mahida YR. Differential 
express ion of  TGF-beta  i soforms by  normal  and 
inflammatory bowel disease intestinal myofibroblasts. Am J 
Physiol Cell Physiol 2002; 282: C172-C182

29 Lawrance IC, Maxwell L, Doe W. Altered response of 
intestinal mucosal fibroblasts to profibrogenic cytokines 

marrow transplantation from an unaffected donor is able 
to ameliorate pathology in a mouse model of  chronic 
genetic-based colitis. Moreover, CD34- bone marrow- 
and peripheral blood-derived stem cells contributed to 
mucosal repair via neoangiogenesis in moderate-severe 
murine colitis and were effective in reducing the patho-
logic features associated with IBD[104]. Pivotal trials have 
demonstrated the efficacy of  MSC transplantation in 
patients with CD, though the mechanisms of  action un-
derlying the clinical effects of  MSCs still need clarifying 
and the follow-up periods need to be extended. Both 
HSC and MSC transplantation in IBD are currently be-
ing evaluated in Phase Ⅲ clinical trials.

Ways of  recognizing easily accessible and non-
controversial new sources of  pluripotent stem cells, such 
as term extraembryonal tissues[62,105] as well as improving 
methods for ex vivo isolation, expansion and delivery may 
become of  central interest. Moreover, MSCs displaying 
pluripotent, immunomodulatory and trophic potential, 
and suitable for implanting without manipulation in 
an allogeneic setting, would have obvious implications 
and may be promising “off  the shelf ” therapeutic 
approaches to IBD. In the future, the possibility of  
banking cord-blood derived HSC and placenta-derived 
MSCs[106], could enable these stem cells to be used both 
in autologous and in allogeneic transplantation settings.

REFERENCES
1 Sands BE. Inflammatory bowel disease: past, present, and 

future. J Gastroenterol 2007; 42: 16-25
2 Iweala OI, Nagler CR. Immune privilege in the gut: the 

establishment and maintenance of non-responsiveness to 
dietary antigens and commensal flora. Immunol Rev 2006; 
213: 82-100

3 Van Limbergen J, Russell RK, Nimmo ER, Satsangi J. The 
genetics of inflammatory bowel disease. Am J Gastroenterol 
2007; 102: 2820-2831

4 Brant SR, Shugart YY. Inflammatory bowel disease gene 
hunting by linkage analysis: rationale, methodology, and 
present status of the field. Inflamm Bowel Dis 2004; 10: 
300-311

5 Peltekova VD, Wintle RF, Rubin LA, Amos CI, Huang 
Q, Gu X, Newman B, Van Oene M, Cescon D, Greenberg 
G, Griffiths AM, St George-Hyslop PH, Siminovitch KA. 
Functional variants of OCTN cation transporter genes are 
associated with Crohn disease. Nat Genet 2004; 36: 471-475

6 Stokkers PC, de Heer K, Leegwater AC, Reitsma PH, Tytgat 
GN, van Deventer SJ. Inflammatory bowel disease and the 
genes for the natural resistance-associated macrophage 
protein-1 and the interferon-gamma receptor 1.  Int  J 
Colorectal Dis 1999; 14: 13-17

7 Stoll M, Corneliussen B, Costello CM, Waetzig GH, 
Mellgard B, Koch WA, Rosenstiel P, Albrecht M, Croucher 
PJ, Seegert D, Nikolaus S, Hampe J, Lengauer T, Pierrou 
S, Foelsch UR, Mathew CG, Lagerstrom-Fermer M, 
Schreiber S. Genetic variation in DLG5 is associated with 
inflammatory bowel disease. Nat Genet 2004; 36: 476-480

8 Elphick DA, Mahida YR. Paneth cells: their role in innate 
immunity and inflammatory disease. Gut 2005; 54: 1802-1809

9 Brown SJ, Mayer L. The immune response in inflammatory 
bowel disease. Am J Gastroenterol 2007; 102: 2058-2069

10 MacDermott RP, Nash GS, Bertovich MJ, Seiden MV, 
Bragdon MJ, Beale MG. Alterations of IgM, IgG, and IgA 
Synthesis and secretion by peripheral blood and intestinal 
mononuclear cells from patients with ulcerative colitis and 

www.wjgnet.com

Lanzoni G et al . IBD: Toward a stem cell therapy                                         4623



in inflammatory bowel disease. Inflamm Bowel Dis 2001; 7: 
226-236

30 Brittan M, Hunt T, Jeffery R, Poulsom R, Forbes SJ, 
Hodivala-Dilke K, Goldman J, Alison MR, Wright NA. Bone 
marrow derivation of pericryptal myofibroblasts in the 
mouse and human small intestine and colon. Gut 2002; 50: 
752-757

31 Powell DW, Mifflin RC, Valentich JD, Crowe SE, Saada 
JI, West AB. Myofibroblasts. II. Intestinal subepithelial 
myofibroblasts. Am J Physiol 1999; 277: C183-C201

32 Otte JM ,  Rosenberg IM,  Podolsky DK.  Intest inal 
myofibroblasts in innate immune responses of the intestine. 
Gastroenterology 2003; 124: 1866-1878

33 Saada JI, Barrera CA, Reyes VE, Adegboyega PA, Suarez 
G, Tamerisa RA, Pang KF, Bland DA, Mifflin RC, DI Mari 
JF, Powell DW. Intestinal myofibroblasts and immune 
tolerance. Ann N Y Acad Sci 2004; 1029: 379-381

34 Andoh A, Fujino S, Okuno T, Fujiyama Y, Bamba T. 
Intestinal subepithelial myofibroblasts in inflammatory 
bowel diseases. J Gastroenterol 2002; 37 Suppl 14: 33-37

35 Okuno T, Andoh A, Bamba S, Araki Y, Fujiyama Y, Fujiyama 
M, Bamba T. Interleukin-1beta and tumor necrosis factor-
alpha induce chemokine and matrix metalloproteinase gene 
expression in human colonic subepithelial myofibroblasts. 
Scand J Gastroenterol 2002; 37: 317-324

36 Bamba S, Andoh A, Yasui H, Araki Y, Bamba T, Fujiyama 
Y. Matrix metalloproteinase-3 secretion from human colonic 
subepithelial myofibroblasts: role of interleukin-17. J 
Gastroenterol 2003; 38: 548-554

37 Bamba S, Andoh A, Yasui H, Makino J, Kim S, Fujiyama Y. 
Regulation of IL-11 expression in intestinal myofibroblasts: 
role of c-Jun AP-1- and MAPK-dependent pathways. Am J 
Physiol Gastrointest Liver Physiol 2003; 285: G529-G538

38 Andoh A, Zhang Z, Inatomi O, Fujino S, Deguchi Y, Araki 
Y, Tsujikawa T, Kitoh K, Kim-Mitsuyama S, Takayanagi A, 
Shimizu N, Fujiyama Y. Interleukin-22, a member of the 
IL-10 subfamily, induces inflammatory responses in colonic 
subepithelial myofibroblasts. Gastroenterology 2005; 129: 
969-984

39 Wong MH. Regulation of intestinal stem cells. J  Investig 
Dermatol Symp Proc 2004; 9: 224-228

40 Ormestad M, Astorga J, Landgren H, Wang T, Johansson 
BR, Miura N, Carlsson P. Foxf1 and Foxf2 control murine 
gut development by limiting mesenchymal Wnt signaling 
and promoting extracellular matrix production. Development 
2006; 133: 833-843

41 Fibbe WE, Noort WA. Mesenchymal stem cells and 
hematopoietic stem cell transplantation. Ann N Y Acad Sci 
2003; 996: 235-244

42 Prockop DJ. Marrow stromal cells as stem cells for 
nonhematopoietic tissues. Science 1997; 276: 71-74

43 Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, 
Mosca JD, Moorman MA, Simonetti DW, Craig S, Marshak 
DR. Multilineage potential of adult human mesenchymal 
stem cells. Science 1999; 284: 143-147

44 Friedenstein AJ, Petrakova KV, Kurolesova AI, Frolova GP. 
Heterotopic of bone marrow.Analysis of precursor cells for 
osteogenic and hematopoietic tissues. Transplantation 1968; 
6: 230-247

45 Chamberlain G, Fox J, Ashton B, Middleton J. Concise 
review: mesenchymal stem cells:  their phenotype, 
differentiation capacity, immunological features, and 
potential for homing. Stem Cells 2007; 25: 2739-2749

46 da Silva Meirelles L ,  Chagastelles PC, Nardi NB. 
Mesenchymal stem cells reside in virtually all post-natal 
organs and tissues. J Cell Sci 2006; 119: 2204-2213

47 Lagasse E, Connors H, Al-Dhalimy M, Reitsma M, Dohse 
M, Osborne L, Wang X, Finegold M, Weissman IL, Grompe 
M. Purified hematopoietic stem cells can differentiate into 
hepatocytes in vivo. Nat Med 2000; 6: 1229-1234

48 Poulsom R, Forbes SJ, Hodivala-Dilke K, Ryan E, Wyles 
S, Navaratnarasah S, Jeffery R, Hunt T, Alison M, Cook T, 

Pusey C, Wright NA. Bone marrow contributes to renal 
parenchymal turnover and regeneration. J Pathol 2001; 195: 
229-235

49 Ferrari G, Cusella-De Angelis G, Coletta M, Paolucci E, 
Stornaiuolo A, Cossu G, Mavilio F. Muscle regeneration by 
bone marrow-derived myogenic progenitors. Science 1998; 
279: 1528-1530

50 Orlic D, Kajstura J, Chimenti S, Jakoniuk I, Anderson SM, 
Li B, Pickel J, McKay R, Nadal-Ginard B, Bodine DM, Leri 
A, Anversa P. Bone marrow cells regenerate infarcted 
myocardium. Nature 2001; 410: 701-705

51 Eglitis MA, Mezey E. Hematopoietic cells differentiate into 
both microglia and macroglia in the brains of adult mice. 
Proc Natl Acad Sci USA 1997; 94: 4080-4085

52 Cheng H, Leblond CP. Origin, differentiation and renewal 
of the four main epithelial cell types in the mouse small 
intestine. V. Unitarian Theory of the origin of the four 
epithelial cell types. Am J Anat 1974; 141: 537-561

53 Okamoto R, Yajima T, Yamazaki M, Kanai T, Mukai M, 
Okamoto S, Ikeda Y, Hibi T, Inazawa J, Watanabe M. 
Damaged epithelia regenerated by bone marrow-derived 
cells in the human gastrointestinal tract. Nat Med 2002; 8: 
1011-1017

54 Brittan M, Hunt T, Jeffery R, Poulsom R, Forbes SJ, 
Hodivala-Dilke K, Goldman J, Alison MR, Wright NA. Bone 
marrow derivation of pericryptal myofibroblasts in the 
mouse and human small intestine and colon. Gut 2002; 50: 
752-757

55 Korbling M, Katz RL, Khanna A, Ruifrok AC, Rondon 
G, Albitar M, Champlin RE, Estrov Z. Hepatocytes and 
epithelial cells of donor origin in recipients of peripheral-
blood stem cells. N Engl J Med 2002; 346: 738-746

56 Krause DS, Theise ND, Collector MI, Henegariu O, Hwang 
S, Gardner R, Neutzel S, Sharkis SJ. Multi-organ, multi-
lineage engraftment by a single bone marrow-derived stem 
cell. Cell 2001; 105: 369-377

57 Okamoto R ,  Watanabe M. Cellular and molecular 
mechanisms of the epithelial repair in IBD. Dig Dis Sci 2005; 
50 Suppl 1: S34-S38

58 Bamba S, Lee CY, Brittan M, Preston SL, Direkze NC, 
Poulsom R, Alison MR, Wright NA, Otto WR. Bone marrow 
transplantation ameliorates pathology in interleukin-10 
knockout colitic mice. J Pathol 2006; 209: 265-273

59 Caplan AI, Dennis JE. Mesenchymal stem cells as trophic 
mediators. J Cell Biochem 2006; 98: 1076-1084

60 Caplan AI. Adult mesenchymal stem cells for tissue 
engineering versus regenerative medicine. J Cell Physiol 
2007; 213: 341-347

61 Pierdomenico L, Bonsi L, Calvitti M, Rondelli D, Arpinati 
M, Chirumbolo G, Becchetti E, Marchionni C, Alviano 
F, Fossati V, Staffolani N, Franchina M, Grossi A, 
Bagnara GP. Multipotent mesenchymal stem cells with 
immunosuppressive activity can be easily isolated from 
dental pulp. Transplantation 2005; 80: 836-842

62 Alviano F, Fossati V, Marchionni C, Arpinati M, Bonsi L, 
Franchina M, Lanzoni G, Cantoni S, Cavallini C, Bianchi 
F, Tazzari PL, Pasquinelli G, Foroni L, Ventura C, Grossi 
A, Bagnara GP. Term Amniotic membrane is a high 
throughput source for multipotent Mesenchymal Stem Cells 
with the ability to differentiate into endothelial cells in vitro. 
BMC Dev Biol 2007; 7: 11

63 Lennon DP, Caplan AI. Isolation of human marrow-derived 
mesenchymal stem cells. Exp Hematol 2006; 34: 1604-1605

64 Noel D, Djouad F, Jorgense C. Regenerative medicine 
through mesenchymal stem cells for bone and cartilage 
repair. Curr Opin Investig Drugs 2002; 3: 1000-1004

65 Pereira RF ,  O’Hara MD, Laptev AV, Halford KW, 
Pollard MD, Class R, Simon D, Livezey K, Prockop DJ. 
Marrow stromal cells as a source of progenitor cells 
for nonhematopoietic tissues in transgenic mice with a 
phenotype of osteogenesis imperfecta. Proc Natl Acad Sci 
USA 1998; 95: 1142-1147

4624     ISSN 1007-9327     CN 14-1219/R     World J Gastroenterol     August 7, 2008     Volume 14      Number 29

www.wjgnet.com



66 Wakitani S, Goto T, Pineda SJ, Young RG, Mansour JM, 
Caplan AI, Goldberg VM. Mesenchymal cell-based repair of 
large, full-thickness defects of articular cartilage. J Bone Joint 
Surg Am 1994; 76: 579-592

67 Tomita S, Li RK, Weisel RD, Mickle DA, Kim EJ, Sakai T, 
Jia ZQ. Autologous transplantation of bone marrow cells 
improves damaged heart function. Circulation 1999; 100: 
II247-II256

68 Shake JG, Gruber PJ, Baumgartner WA, Senechal G, Meyers 
J, Redmond JM, Pittenger MF, Martin BJ. Mesenchymal 
stem cell implantation in a swine myocardial infarct model: 
engraftment and functional effects. Ann Thorac Surg 2002; 
73: 1919-1925; discussion 1926

69 Ventura C, Cantoni S, Bianchi F, Lionetti V, Cavallini C, 
Scarlata I, Foroni L, Maioli M, Bonsi L, Alviano F, Fossati 
V, Bagnara GP, Pasquinelli G, Recchia FA, Perbellini A. 
Hyaluronan mixed esters of butyric and retinoic Acid 
drive cardiac and endothelial fate in term placenta human 
mesenchymal stem cells and enhance cardiac repair in 
infarcted rat hearts. J Biol Chem 2007; 282: 14243-14252

70 Pittenger MF, Martin BJ. Mesenchymal stem cells and their 
potential as cardiac therapeutics. Circ Res 2004; 95: 9-20

71 Mackenzie TC, Flake AW. Human mesenchymal stem 
cells persist, demonstrate site-specific multipotential 
differentiation, and are present in sites of wound healing 
and tissue regeneration after transplantation into fetal 
sheep. Blood Cells Mol Dis 2001; 27: 601-604

72 Bittira B, Shum-Tim D, Al-Khaldi A, Chiu RC. Mobilization 
and homing of bone marrow stromal cells in myocardial 
infarction. Eur J Cardiothorac Surg 2003; 24: 393-398

73 Kraitchman DL, Tatsumi M, Gilson WD, Ishimori T, 
Kedziorek D, Walczak P, Segars WP, Chen HH, Fritzges 
D, Izbudak I, Young RG, Marcelino M, Pittenger MF, 
Solaiyappan M, Boston RC, Tsui BM, Wahl RL, Bulte JW. 
Dynamic imaging of allogeneic mesenchymal stem cells 
trafficking to myocardial infarction. Circulation 2005; 112: 
1451-1461

74 Le Blanc K, Rasmusson I, Sundberg B, Gotherstrom C, 
Hassan M, Uzunel M, Ringden O. Treatment of severe acute 
graft-versus-host disease with third party haploidentical 
mesenchymal stem cells. Lancet 2004; 363: 1439-1441

75 Taupin P. OTI-010 Osiris Therapeutics/JCR Pharmaceuticals. 
Curr Opin Investig Drugs 2006; 7: 473-481

76 Di Nicola M, Carlo-Stella C, Magni M, Milanesi M, Longoni 
PD, Matteucci P, Grisanti S, Gianni AM. Human bone 
marrow stromal cells suppress T-lymphocyte proliferation 
induced by cellular or nonspecific mitogenic stimuli. Blood 
2002; 99: 3838-3843

77 Majumdar MK, Keane-Moore M, Buyaner D, Hardy WB, 
Moorman MA, McIntosh KR, Mosca JD. Characterization 
and functionality of cell surface molecules on human 
mesenchymal stem cells. J Biomed Sci 2003; 10: 228-241

78 Tse WT, Pendleton JD, Beyer WM, Egalka MC, Guinan EC. 
Suppression of allogeneic T-cell proliferation by human 
marrow stromal cells: implications in transplantation. 
Transplantation 2003; 75: 389-397

79 Le Blanc K, Tammik C, Rosendahl K, Zetterberg E, 
Ringden O. HLA expression and immunologic properties of 
differentiated and undifferentiated mesenchymal stem cells. 
Exp Hematol 2003; 31: 890-896

80 Rasmusson I ,  Ringden O, Sundberg B, Le Blanc K. 
Mesenchymal stem cells inhibit lymphocyte proliferation 
by mitogens and alloantigens by different mechanisms. Exp 
Cell Res 2005; 305: 33-41

81 Bocelli-Tyndall C, Bracci L, Spagnoli G, Braccini A, 
Bouchenaki M, Ceredig R, Pistoia V, Martin I, Tyndall A. 
Bone marrow mesenchymal stromal cells (BM-MSCs) from 
healthy donors and auto-immune disease patients reduce 
the proliferation of autologous- and allogeneic-stimulated 
lymphocytes in vitro. Rheumatology (Oxford) 2007; 46: 
403-408

82 Klyushnenkova E, Mosca JD, Zernetkina V, Majumdar 

MK, Beggs KJ, Simonetti DW, Deans RJ, McIntosh KR. T 
cell responses to allogeneic human mesenchymal stem cells: 
immunogenicity, tolerance, and suppression. J Biomed Sci 
2005; 12: 47-57

83 Beyth S, Borovsky Z, Mevorach D, Liebergall M, Gazit Z, 
Aslan H, Galun E, Rachmilewitz J. Human mesenchymal 
stem cells alter antigen-presenting cell maturation and 
induce T-cell unresponsiveness. Blood 2005; 105: 2214-2219

84 Sakaguchi S, Sakaguchi N, Asano M, Itoh M, Toda M. 
Immunologic self-tolerance maintained by activated T cells 
expressing IL-2 receptor alpha-chains (CD25). Breakdown 
of a single mechanism of self-tolerance causes various 
autoimmune diseases. J Immunol 1995; 155: 1151-1164

85 Yue FY, Dummer R, Geertsen R, Hofbauer G, Laine E, 
Manolio S, Burg G. Interleukin-10 is a growth factor for 
human melanoma cells and down-regulates HLA class-I, 
HLA class-II and ICAM-1 molecules.  Int J Cancer 1997; 71: 
630-637

86 den Haan JM ,  Kraal  G,  Bevan MJ.  Cutt ing edge: 
Lipopolysaccharide induces IL-10-producing regulatory 
CD4+ T cells that suppress the CD8+ T cell response. J 
Immunol 2007; 178: 5429-5433

87 Moreau P, Adrian-Cabestre F, Menier C, Guiard V, Gourand 
L, Dausset J, Carosella ED, Paul P. IL-10 selectively induces 
HLA-G expression in human trophoblasts and monocytes. 
Int Immunol 1999; 11: 803-811

88 Gerdoni E, Gallo B, Casazza S, Musio S, Bonanni I, 
Pedemonte E, Mantegazza R, Frassoni F, Mancardi G, 
Pedotti R, Uccelli A. Mesenchymal stem cells effectively 
modulate pathogenic immune response in experimental 
autoimmune encephalomyelitis. Ann  Neurol 2007; 61: 
219-227

89 Lichtenstein GR, Abreu MT, Cohen R, Tremaine W. 
American Gastroenterological Association Institute technical 
review on corticosteroids, immunomodulators, and 
infliximab in inflammatory bowel disease. Gastroenterology 
2006; 130: 940-987

90 Drakos PE, Nagler A, Or R. Case of Crohn’s disease in bone 
marrow transplantation. Am J Hematol 1993; 43: 157-158

91 Snowden JA, Brooks PM, Biggs JC. Haemopoietic stem 
cell transplantation for autoimmune diseases. Br J Haematol 
1997; 99: 9-22

92 Kashyap A ,  Forman SJ.  Autologous bone marrow 
transplantation for non-Hodgkin’s lymphoma resulting in 
long-term remission of coincidental Crohn’s disease. Br J 
Haematol 1998; 103: 651-652

93 Lopez-Cubero SO, Sullivan KM, McDonald GB. Course of 
Crohn’s disease after allogeneic marrow transplantation. 
Gastroenterology 1998; 114: 433-440

94 Musso M, Porretto F, Crescimanno A, Bondi F, Polizzi 
V, Scalone R. Crohn's disease complicated by relapsed 
extranodal Hodgkin's lymphoma: prolonged complete 
remission after unmanipulated PBPC autotransplant. Bone 
Marrow Transplant 2000; 26: 921-923

95 Marti JL, Mayordomo JI, Isla MD, Saenz A, Escudero P, Tres 
A. PBSC autotransplant for inflammatory bowel disease 
(IBD): a case of ulcerative colitis. Bone Marrow Transplant 
2001; 28: 109-110

96 Soderholm JD, Malm C, Juliusson G, Sjodahl R. Long-term 
endoscopic remission of crohn disease after autologous 
stem cell transplantation for acute myeloid leukaemia. Scand 
J Gastroenterol 2002; 37: 613-616

97 Craig RM, Traynor A, Oyama Y, Burt RK. Hematopoietic 
stem cell transplantation for severe Crohn’s disease. Bone 
Marrow Transplant 2003; 32 Suppl 1: S57-S59

98 Burt RK, Traynor A, Oyama Y, Craig R. High-dose immune 
suppression and autologous hematopoietic stem cell 
transplantation in refractory Crohn disease. Blood 2003; 101: 
2064-2066

99 Oyama Y, Craig RM, Traynor AE, Quigley K, Statkute L, 
Halverson A, Brush M, Verda L, Kowalska B, Krosnjar 
N, Kletzel M, Whitington PF, Burt RK. Autologous 

www.wjgnet.com

Lanzoni G et al . IBD: Toward a stem cell therapy                                         4625



hematopoietic stem cell transplantation in patients with 
refractory Crohn’s disease. Gastroenterology 2005; 128: 
552-563

100 Cassinotti A, Annaloro C, Ardizzone S, Onida F, Della 
Volpe A, Clerici M, Usardi P, Greco S, Maconi G, Porro 
GB, Deliliers GL. Autologous haematopoietic stem cell 
transplantation without CD34+ cell selection in refractory 
Crohn’s disease. Gut 2008; 57: 211-217

101 Zuk PA, Zhu M, Ashjian P, De Ugarte DA, Huang JI, 
Mizuno H, Alfonso ZC, Fraser JK, Benhaim P, Hedrick MH. 
Human adipose tissue is a source of multipotent stem cells. 
Mol Biol Cell 2002; 13: 4279-4295

102 Garcia-Olmo D, Garcia-Arranz M, Garcia LG, Cuellar ES, 
Blanco IF, Prianes LA, Montes JA, Pinto FL, Marcos DH, 
Garcia-Sancho L. Autologous stem cell transplantation for 
treatment of rectovaginal fistula in perianal Crohn's disease: 
a new cell-based therapy. Int J Colorectal Dis 2003; 18: 
451-454

103 Garcia-Olmo D, Garcia-Arranz M, Herreros D, Pascual I, 

Peiro C, Rodriguez-Montes JA. A phase I clinical trial of the 
treatment of Crohn's fistula by adipose mesenchymal stem 
cell transplantation. Dis Colon Rectum 2005; 48: 1416-1423

104 Khalil PN, Weiler V, Nelson PJ, Khalil MN, Moosmann 
S, Mutschler WE, Siebeck M, Huss R. Nonmyeloablative 
stem cell therapy enhances microcirculation and tissue 
regeneration in murine inflammatory bowel disease. 
Gastroenterology 2007; 132: 944-954

105 Miki T ,  Strom SC.  Amnion-derived pluripotent/
multipotent stem cells. Stem Cell Rev 2006; 2: 133-142

106 Parolini O, Alviano F, Bagnara GP, Bilic G, Buhring 
HJ, Evangelista M, Hennerbichler S, Liu B, Magatti M, 
Mao N, Miki T, Marongiu F, Nakajima H, Nikaido T, 
Portmann-Lanz CB, Sankar V, Soncini M, Stadler G, Surbek 
D, Takahashi TA, Redl H, Sakuragawa N, Wolbank S, 
Zeisberger S, Zisch A, Strom SC. Concise review: isolation 
and characterization of cells from human term placenta: 
outcome of the first international Workshop on Placenta 
Derived Stem Cells. Stem Cells 2008; 26: 300-311

S- Editor  Zhong XY    L- Editor  Lalor PF    E- Editor  Ma WH

4626     ISSN 1007-9327     CN 14-1219/R     World J Gastroenterol     August 7, 2008     Volume 14      Number 29

www.wjgnet.com


