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Abstract
Inflammatory bowel disease (IBD) affects a part of the 
young population and has a strong impact upon qual-
ity of life. The underlying etiology is not known, and 
the existing treatments are not curative. Furthermore, 
a significant percentage of patients are refractory to 
therapy. In recent years there have been great advanc-
es in our knowledge of stem cells and their therapeutic 
applications. In this context, autologous hematopoietic 
stem cell transplantation (HSCT) has been used in ap-
plication to severe refractory Crohn’s disease (CD), with 
encouraging results. Allogenic HSCT would correct the 
genetic defects of the immune system, but is currently 
not accepted for the treatment of IBD because of its 
considerable risks. Mesenchymal stem cells (MSCs) 
have immune regulatory and regenerative properties, 
and low immunogenicity (both autologous and allo-
genic MSCs). Based on these properties, MSCs have 
been used via  the systemic route in IBD with promising 
results, though it is still too soon to draw firm conclu-
sions. Their local administration in perianal CD is the 
field where most progress has been made in recent 
years, with encouraging results. The next few years will 
be decisive for defining the role of such therapy in the 
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management of IBD.
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Core tip: Treatments with mesenchymal and hema-
topoietic stem cells offer a potential that requires in-
depth investigation. Existing studies are encouraging 
yet inconclusive. We are at a point of inflexion where 
these new therapies are seen to afford major curative 
potential. The coming years will be decisive. The infor-
mation obtained from ongoing and future clinical trials 
may lead a revolution in inflammatory bowel disease 
management and its impact upon patients. Undoubt-
edly, as twenty-first century gastroenterologists, we 
must expand the scope of our specialty and seek multi-
disciplinary interaction for the benefit of our patients.
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INTRODUCTION
Ulcerative colitis (UC) and Crohn’s disease (CD) are the 
two main conditions found in inflammatory bowel dis-
ease (IBD). The incidence and prevalence of  IBD have 
gradually increased in recent years. It is estimated that 
in Europe 1.4 million and one million people may have 
UC and CD, respectively[1]. In the United States over 
1.3 million people have IBD[1]. Furthermore, in the last 
few decades there has been an increase in the disease in 
low-incidence zones as South Korea, China, India, Iran 



Lebanon, Thailand, the French West Indies, North Africa 
and Japan[2,3]. IBD poses an important health problem, 
since its worldwide incidence is increasing[1], the condi-
tion affects young people, and persists for life - exerting a 
strong impact upon quality of  life, in the professional set-
ting, and in patients’ personal relations[4,5]. Furthermore, 
IBD is associated with considerable healthcare costs[6,7].

Although the etiology of  IBD remains unclear, there 
have been significant improvements in our knowledge of  
its physiopathology, allowing advances in treatment and 
a change in the current therapeutic objectives. Before the 
introduction of  anti-tumor necrosis factor-alpha (anti-
TNFα) drugs, the management of  IBD was centered on 
symptoms control. Drug substances (mesalazine, corti-
costeroids, thiopurines, methotrexate and cyclosporine) 
were used to induce and maintain disease remission. 
Although endoscopic disappearance of  the lesions was 
known to occur in CD patients subjected to thiopurine 
therapy[8], the significance of  mucosal healing was not 
known, and consequently did not constitute a therapeutic 
objective. The introduction in 1998 of  anti-TNFα drugs 
for the treatment of  CD improved the clinical outcomes 
of  therapy, and mucosal healing was found to be associ-
ated with a good prognosis, fewer hospital admissions 
and surgical operations, and improved quality of  life[9]. 
Later studies of  both CD and UC showed mucosal heal-
ing to be a therapeutic objective[10-17]. In this context, cur-
rent treatment focuses on achieving “deep remission” of  
IBD (symptoms control and endoscopic healing of  the 
mucosal lesions)[14,15,18,19]. The purpose of  treatment is to 
control the symptoms and the underlying intestinal in-
flammatory process (which is responsible for the progres-
sive intestinal damage), and to restore normal intestinal 
function. Accordingly, in CD we aim to avoid structural 
intestinal damage, reduce disability over the long term, 
and improve patient quality of  life. In the case of  UC, 
we aim to reduce the percentage of  colectomies and the 
incidence of  colorectal cancer, and improve patient qual-
ity of  life. All these strategies are aimed at changing the 
natural course of  the disease.

However, despite the efforts being made to optimize 
use of  the existing drugs, the current situation is far 
from ideal. Approximately one-third of  all CD patients 
fail to respond to anti-TNFα therapy (primary non-
responders)[9,11,20,21], and 10% of  all CD patients do not 
tolerate or are primary non-responders to all the drugs 
used for treating the disease. Among the individuals who 
do respond to anti-TNFα treatment, one-third show 
transient loss of  response and require either optimiza-
tion or a switch to another biological agent (second-
ary non-responders)[22]. Furthermore, despite the new 
therapeutic strategies, the number of  surgeries in CD 
remains stable[23]. Esophageal cancer (EC) is the second 
leading cause of  intestinal transplantation in adults, as 
a consequence of  the development of  intestinal failure 
secondary to multiple surgical operations. In this context, 
disease recurrence in the graft is the norm[24,25]. Perianal 
disease can be a serious problem that proves difficult to 

control with the existing treatments, and refractory cases 
are subjected to aggressive surgery associated with a 
considerable psychological impact for the patient[26,27]. In 
addition to the above, it must be mentioned that IBD is 
becoming more common in the pediatric population, and 
patients now report to the clinic as adults with a history 
of  multiple intestinal resections and immune modulat-
ing treatments with or without biological agents. In this 
population group, gastroenterologists predict that there 
may be a loss of  response over the long term, and the 
future of  these patients thus appears uncertain. Lastly, in 
some patients who do not respond to medical treatment, 
surgery is unable to solve the problem due to the location 
and extent of  the lesions.

The situation is different in the case of  UC, since in 
severe disease flare-ups and in patients resistant to medi-
cal treatment, costly surgery in the form of  colectomy is 
a therapeutic option.

All this leads us to seek new treatment options. In 
recent years, efforts have increasingly focused on the 
study and use of  cell therapies with T lymphocytes[28], 
tolerogenic dendritic cells[29] and both hematopoietic and 
mesenchymal stem cells (MSCs). The present review ex-
amines the role of  stem cells in the control of  IBD. An 
analysis is made of  the physiopathological principles of  
stem cell therapy, the results of  the studies carried out to 
date, and the future perspectives in this field.

PHYSIOPATHOLOGY OF IBD
Advances in our knowledge of  the pathogenesis of  IBD 
are the basis for the development of  new treatments. 

At present, IBD is regarded as the result of  an ab-
normal host immune response to intraluminal antigens 
occurring in a genetically predisposed individual, with the 
production of  chronic inflammation of  the gastrointes-
tinal tract, accompanied by tissue destruction. IBD is the 
consequence of  complex interaction among genetic[30,31], 
environmental[1] and microbial factors[32], producing sus-
tained inflammation at intestinal level, favored by altera-
tion of  the mucosal barrier and immune system defects[33].

Under normal conditions, the intestine presents 
minimal physiological inflammation, despite exposure 
to a large number of  intraluminal microbial and food 
allergens, and the presence of  a significant number of  
lymphoid cells (80% of  all lymphocytes are located in 
the intestine)[33,34]. This situation is the result of  complex 
mechanisms involving innate immunity[35-39], represented 
by the epithelial mucosal barrier, innate cell immunity 
(leukocytes, monocytes, macrophages and dendritic cells), 
and innate humoral immunity (e.g., lysozyme, complement 
and interferons). While this innate response is not specif-
ic, it is able to differentiate so-called pathogen-associated 
molecular patterns, and to activate different intracellular 
mechanisms that condition or orientate the adaptive re-
sponse. On the other hand, dendritic cells serve as the 
link between innate and adaptive immunity, presenting 
antigens to naïve Peyer’s patch lymphocytes and inducing 
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their differentiation[40]. The Lymphocytes are the main ef-
fector cells of  the adaptive immune response, and are ac-
tivated at intestinal level to eliminate pathogenic antigens. 
Once the antigens have been eliminated, the lymphocytes 
are down-regulated, thereby maintaining intestinal ho-
meostasis[38]. Lymphocytes are memory cells, and when 
they are exposed again to an already identified antigen, 
the immune response is both faster and more potent than 
at first exposure. The physiological mechanisms whereby 
the intestine differentiates pathogenic and non-patho-
genic antigens, and the pathways involved in the correct 
maintenance of  intestinal homeostasis, are not clear. We 
do know that a balance between regulatory T cells (Treg) 
and effector T cells (Th1, Th2 and Th 17) is essential for 
intestinal homeostasis[41,42].

It remains unclear whether the inflammatory process 
damages the mucosal barrier and thus allows penetra-
tion of  the intraluminal antigens, thereby activating the 
inflammatory process, or whether mucosal barrier altera-
tion is the primary event that in turn triggers the inflam-
matory response.

In recent years there have been major advances in the 
knowledge of  the aspects that are believed to be involved 
in the development of  IBD.

The genetic bases of  IBD were recognized early in 
clinical practice in view of  the increased incidence of  the 
disease in homozygous twins, in first-degree relatives, and 
in certain ethnic groups[43-46]. At present, genome-wide 
association scan studies (GWAS) have identified over 
100 loci related to the development of  IBD[47]. A GWAS 
meta-analysis has revealed 77 genes associated to CD, the 
existence of  shared genes between CD and UC[30], and 47 
loci related to UC[31]. This suggests there are overlapping 
genes in both disease conditions which predispose to the 
development of  IBD [genes with expression products 
that encode for the interleukin (IL)-23 pathway, transcrip-
tion factors such as NK2, locus 3 (NKX2-3), SMAD3, 
STAT3, ZMIZ1 and c-REL], by encoding for proteins in-
volved in the innate and adaptive immune responses[48-50]. 
Likewise, there are genes implicated in the development 
of  CD such as NOD2, and genes that regulate autopha-
gia[51,52], while other genes are specifically associated to 
UC, such as the genes located on chromosome 6p21 (re-
lated to the major histocompatibility complex), or to mu-
cosal barrier integrity and defense[47]. On the other hand, 
genetic factors have been shown to be associated to the 
phenotype of  the disease, its pattern, evolutive course 
and response to drug treatment[53-57]. Genetic disorders 
in IBD are multiple and complex, and unfortunately we 
are able to predict less than 25% of  hereditary correla-
tions in IBD[58]. The exception is represented by IL-10 
receptor alteration, which is associated to severe CD, and 
seen in children refractory to treatment and with a good 
response to allogenic hematopoietic stem cell transplan-
tation (HSCT)[59]. 

Epidemiological studies have shown that environ-
mental factors are essential for the development of  IBD, 
and could account for the increase in the presence of  the 

disease in developing countries[1]. These environmental 
factors could exert a direct influence upon changes in 
the intestinal microbiota, or on the appearance of  new 
intraluminal antigens from foods or environmental toxic 
agents. Diet and antibiotics are the most important deter-
mining factors of  bacterial diversity in the gastrointestinal 
tract, and their modification runs parallel to the socioeco-
nomic development of  countries[60]. The microbiota plays 
a key role in the development of  IBD among genetically 
susceptible hosts[61]. In this regard, a recent publication 
addresses the possible infectious origin (produced by an 
unknown bacterium) of  a case of  colitis with histological 
data indicating chronicity and the presence of  granulo-
mas. The condition is considered idiopathic, and occurs 
in patients subjected to umbilical cord allogenic hemato-
poietic cell transplantation[62]. This opens a door to the 
future search for microbial agents in similar disease con-
ditions characterized by an unknown etiology.

Lastly, intestinal homeostasis is lost in IBD as a re-
sult of  defects in the intestinal epithelial barrier and/or 
imbalances between Treg and effector T cells (Th1, Th2, 
Th17) - giving rise to an inappropriate immune response 
to harmless intraluminal antigens (components of  the 
diet) or intraluminal bacteria[42,63].

It is currently accepted that the predominant inflam-
matory profile in CD involves a type Th1 and Th17 
activated CD4+ lymphocyte response, with an increase 
in interferon-γ (IFN-γ), TNFα, IL-17 and IL-22[64]. In 
UC, the cytokine profile is similar to that of  the natural 
killer (NK) cell mediated Th2 response, producing IL-5 
and IL-13. This latter interleukin is crucial for the de-
velopment of  UC, exerting cytotoxic action against the 
epithelial cells and positive feedback upon the NK cells, 
resulting in tissue damage[64,65].

Improved knowledge of  the pathways leading to in-
flammation, and of  the implicated cytokines, cells and 
adhesion molecules, have allowed the identification of  
many therapeutic targets upon which to act. Until the 
causal agent can be identified, these are the advances 
which can help us in the search for new drug substances.

Stem cell therapy aims to modify the immune re-
sponse of  patients with IBD and repair the tissue damage 
caused.

STEM CELL THERAPY
Stem cells are characterized by asymmetrical division, giv-
ing rise to a cell with the same properties as the original 
cell (self-renovation), and another cell of  multilineage 
potency that can differentiate in one way or another de-
pending on environmental conditions.

There are different types of  stem cells, depending on 
their origin and functions[66].

Embryonic stem cells
These are pluripotent cells obtained from embryos, and 
which can produce all the tissues derived from the three 
embryonic layers both in vitro and in vivo.
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pertaining to hematological cell lines[70]. In clinical prac-
tice, HSCT was initially used to treat hematological malig-
nancies. Subsequently, as a result of  experimental studies 
in animals[71,72] and the clinical improvement experienced 
by patients with immune-mediated diseases (IMDs) 
subjected to HSCT due to malignant conditions[73,74], 
HSCT has become increasingly used in selected patients 
with IMDs refractory to conventional therapy[75,76]. The 
treatments used at present in application to IBD aim to 
control the inflammatory process but do not act upon 
the origin of  the disease. The therapeutic objective of  au-
tologous HSCT would be to restore the primary immune 
system of  the patient (resetting of  the immune system), 
after using chemotherapy to eliminate self-reactive T 
lymphocytes (lymphoablation) and memory cells, which 
would constitute the effectors of  the immune dysregula-
tion observed in CD[77], thereby inducing antigen toler-
ance over the long term. Based on studies carried out in 
other IMDs[78,79], the changes of  the new immune system 
could be the result of  reactivation of  thymus gland activi-
ty (with the restoration of  new polyclonal T cells) and the 
de novo induction of  Treg derived from the thymus, which 
would be essential for restituting tolerance of  harmless 
antigens[80-82]. Genetic factors are crucial in the develop-
ment of  IBD, and are not modified by autologous HSCT. 
IBD might reappear after exposure to triggering antigens, 
and the body would probably respond in the same way. 
However, and in the worst of  cases, the available thera-
pies may be prescribed earlier in an attempt to change 
the natural course of  the disease, or while waiting for the 
development of  new treatments.

In any case, allogenic HSCT can correct the genetic 
defects of  the patient by conforming a new immune 
system (that of  the donor), associated to ablation of  the 
immune cells of  the recipient[77]. This transplant strategy 
is currently not accepted as primary treatment for IMDs, 
due to its high associated mortality and complications 
rate.

In 1995, an international committee produced guid-
ance with the criteria and protocols for performing HSCT 
in patients with severe IMDs, including IBD[83]. The com-
mittee recommended autologous HSCT instead of  allo-
genic transplantation, due to its lower risk and toxicity.

HSCT in IMDs is carried out following the protocol 
used in the treatment of  hematological malignancies. 
In autologous HSCT, the hematopoietic stem cells are 
obtained from peripheral blood in 95% of  all cases. To 
this end, a first mobilization step is carried out, stimulat-
ing the production and release of  stem cells from the 
BM towards the peripheral blood compartment. The 
treatment scheme most widely used in CD is cyclophos-
phamide 1.5-2 g/m2 and granulocyte colony stimulating 
factor (G-CSF) 10 μg/kg per day[84-86]. Peripheral blood 
stem cells are then collected through apheresis followed 
by cryopreservation until HSCT is performed. Before re-
infusing the hematopoietic stem cells, some work groups 
use local protocols to purify cell culture, selecting CD34+ 
cells or selectively eliminating lymphocytes by means 

Multipotent adult stem cells 
These cells are found in all body tissues, where they may 
have reparatory functions. Hematopoietic stems cells 
(HSCs) and MSCs belong to this category. Both types are 
found in bone marrow, though MSCs can be obtained 
from different tissues (bone marrow, adipose tissue, um-
bilical cord, placenta, etc.), do not produce hematopoietic 
cells, and can differentiate towards cells belonging to the 
mesenchymal lineage.

Induced pluripotent stem cells
These are defined as artificial pluripotent stem cells[67] 
that can be generated from somatic cells following the 
introduction of  reprogramming factors (OCT314, SOX2, 
KLF4, c-MYC, NANOG and LIN28). These cells ac-
quire the same properties as pluripotent stem cells, and 
their phenotypic differentiation can be redirected accord-
ing to the culture media used. These cells pose no ethical 
problems, since they are not of  embryonic origin. As a 
result, they are currently under study for the development 
of  organs and the repair of  tissues carrying the genome 
of  the sick patient[68].

The use of  embryonic stem cells and induced plurip-
otent stem cells has been associated to the development 
of  teratomas following transplantation. This fact, and the 
present impossibility of  eliminating undifferentiated cells 
produced as a result of  division, poses a serious problem 
for clinical use[69].

Two types of  stem cell therapy are currently used for 
the treatment of  IBD: hematopoietic stem cell therapy 
and MSCs therapy (Table 1). Most treatment evaluations 
are made in CD patients, since in UC patients surgery is 
an option in the case of  resistance to therapy.

HEMATOPOIETIC STEM CELL THERAPY 
IN IBD
Hematopoietic stem cells are immature cells found in 
bone marrow, the bloodstream and the umbilical cord. 
They present glycoproteins as CD34+, CD 90+, CD38-, 
CD133 at surface level and can differentiate towards cells 

Table 1  Two types of stem cell therapy are currently used 
for the treatment of inflammatory bowel disease

Type of therapy Mechanisms of action

Hematopoietic stem cells Autologous transplant: Elimination of reactive 
T lymphocytes (lymphoablation, new recon-
stitution of the immune system of the patient 
with more tolerogenic naïve lymphocytes). 
The genetic predisposition of the patient is not 
modified
Allogenic transplant: Replacement of the im-
mune system with the donor immune system, 
correcting patient genetic predisposition. Not 
accepted due to high morbidity-mortality

Mesenchymal stem cells Systemic and local administration: Immune-
modulating and trophic action(autologous or allogenic)

Martínez-Montiel MP et al . Therapy with stem cells in IBD
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of  monoclonal antibodies (anti-CD52, anti-CD3, anti-
CD19 or anti-CD20)[84]. Other groups do not eliminate 
lymphocytes[85]. Finally, the conditioning stage (elimination 
of  self-reactive T cells) is carried out, using cyclophos-
phamide and anti-thymocyte immunoglobulin[86], and he-
matopoietic cell infusion is carried out at the end of  this 
stage.

The conditioning regimens used vary according to 
the autoimmune disease and the treating center[87]. Non-
myeloablative conditioning regimens have been specially 
designed for IMDs. In the case of  IBD, lymphoablation is 
performed without irreversible destruction of  the hemato-
poietic cells of  the BM, and marrow function could be re-
covered without the infusion of  hematopoietic stem cells. 
Reinfusion is performed to shorten the duration of  BM 
aplasia. The reasons for not using myeloablative regimens 
would be safety in first place, since lymphoablative pro-
tocols present fewer complications and a lower mortality 
rate. On the other hand, IBD recurrence after autologous 
HSCT is highly probable, since the immune system of  the 
patient is regenerated. In turn, following a very aggressive 
initial phase, some IMDs undergo spontaneous remission 
for reasons that are unknown, and in these patients such 
aggressive therapy would be unnecessary[81]. 

Autologous HSCT in EC
The first case reporting the efficacy of  autologous HSCT 
in the control of  CD was published in 1993, and cor-
responded to a patient with non-Hodgkin lymphoma[88]. 
Subsequently, isolated cases of  IBD improvement in pa-
tients receiving autologous HSCT for malignancies were 
published[89-92]. In 2003, the Chicago group published the 
first series of  CD patients subjected autologous HSCT as 
primary treatment for IBD[93]. A later publication by this 
same group[84] reported the results of  autologous HSCT 
(phase Ⅰ trial) in 12 patients with CD and EC activity in-
dex (CDAI) scores of  250-450, refractory to conventional 
treatment, including infliximab. Eleven patients presented 
disease remission, defined by CDAI < 150, with a mean 
follow-up of  18.5 mo (range 7-37 mo). In 2008, Cassi-
notti et al[85] published the clinical results of  autologous 
HSCT in four CD patients. Clinical and endoscopic re-
mission was observed in three subjects after 16.5 mo of  
follow-up (phase Ⅰ-Ⅱ trial). Unlike the Chicago group, 
these authors do not perform CD34+ cell selection before 
hematopoietic stem cell infusion. Since then, some iso-
lated cases as well as larger patient series have been pub-
lished in which the primary objective of  HSCT has been 
the control of  refractory CD[82,94-96]. In the series pub-
lished by Hasselblatt et al[96], 56% of  patients achieved en-
doscopic healing of  mucosal lesions after cell transplan-
tation - these data being similar to those obtained in the 
phase Ⅲ trials with anti-TNFα[9-11]. The study carried out 
by Oyama et al[84] reported improvement of  CD following 
the cell mobilization phase with low dose cyclophospha-
mide and G-CSF, and suggested that the improvement 
may have been due to the action of  chemotherapy rather 
HSCT. However, Cassinotti reported worsening of  CD in 

three of  the four patients in the period between stem cell 
harvesting and transplantation. The phase Ⅲ Autologous 
Stem Cell Transplantation International Crohn’s Disease 
(ASTIC) study, sponsored by the European Crohn’s and 
Colitis Organisation (ECCO) and the European Group 
for Blood and Marrow Transplantation (EMBT), was 
designed to clarify this issue. The patients included in this 
study were randomized to two treatment arms: mobiliza-
tion chemotherapy with G-CSF and autologous HSCT 
in 30 d vs mobilization chemotherapy with G-CSF and 
conditioning with autologous HSCT after 13 mo. The 
preliminary results have been presented in the ECCO 
of  2013, concluding that HSCT appears to be effective 
in CD patients, affording endoscopic improvement of  
the lesions. However, it involves a risk of  adverse effects, 
and the end results referred to the trial objective are still 
awaiting analysis[97].

It is difficult to know the precise results of  autolo-
gous HSCT in CD, due to the few patients treated to 
date. In the series published by Burt et al[94], which is the 
most numerous to date, all patients (n = 24) entered re-
mission (CDAI < 150) after transplantation. Over subse-
quent follow-up, the percentage of  patients in remission 
without the need for CD treatment was 91%, 63%, 57%, 
39% and 19% after one, two, three, four and five years, 
respectively. Regardless of  the medication taken, the per-
centage of  patients annually in remission in the 5 years 
after transplantation was 70%-80%. Eighty percent of  
patients were in corticosteroid-free remission each year, 
in the 5 years after transplantation. Regarding the safety 
of  the procedure, infectious complications during the 
first year were the most significant problem, though mor-
tality was zero (one patient died in an accident). 

The overall safety of  HSCT in the treatment of  au-
toimmune diseases can be assessed from the two large 
recently published registries: that of  the EMBT, and the 
registry of  the British Society of  Blood and Marrow 
Transplantation (BSBMT). The results of  the observa-
tional study of  the EMBT, documenting the course of  
900 patients subjected to autologous HSCT between 
1996-2007, showed the 5-year survival rate to be 85%, 
with a patient disease-free rate of  43% - though there 
were important variations depending on disease type. In 
the multivariate analysis, mortality was found to be re-
lated to the experience of  the center (P < 0.003) and type 
of  autoimmune disease (P < 0.03). An age of  less than 
35 years (P < 0.004), transplantation after the year 2000 (P 
< 0.0015), and type of  autoimmune disease (P < 0.0007) 
were associated to a disease-free patient course[87].

In 2012, Snowden et al[86] published the results on 
HSCT in patients with IMDs documented in the BSBMT 
registry between 1997-2009 (70 transplants in 69 patients: 
55 autologous cell transplants and 15 allogenic trans-
plants). The survival rate in the case of  autologous trans-
plants was 85% in the first year and 78% after 5 years. 
The corresponding figures for allogenic transplantation 
were 87% and 65%, respectively. The disease-free rate 
for autologous transplants was 51% in the first year and 
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33% after 5 years. The corresponding percentages for al-
logenic transplantation were 80% and 65%, respectively. 
There were no differences in mortality in the two groups. 
The leading cause of  death was infection, while age was 
strongly correlated to survival (95% survival after 5 years 
among patients between 18-39 years of  age).

Autologous HSCT may be a valid option in patients 
with treatment-refractory CD. This therapy must be pro-
vided at specialized centers where correct patient screen-
ing is performed, and in which complications referred to 
both transplantation and autoimmune disease are known 
and can be treated. Further studies are needed to deter-
mine the precise role of  this procedure in CD treatment.

Allogenic HSCT in IBD
No descriptions were found in the literature of  allogenic 
HSCT as primary treatment for CD until 2009, when this 
technique was first used to treat a patient with mutation 
of  the IL10RA and IL10B genes (encoding for proteins 
ILR10R1 and ILR102, which form part of  the IL-10 
receptor). This mutation was identified in homozygosis 
in three children from the same family that developed 
proctitis early (at 3 mo of  age), with severe perianal dis-
ease refractory to treatment. Following allogenic HSCT, 
sustained CD remission was observed[59].

This treatment is not currently accepted as primary 
therapy for IBD and, with the exception of  the afore-
mentioned case, the results found in the literature cor-
respond to patients with neoplastic disease associated 
to IBD, in which the course of  the latter changed after 
HSCT. The most numerous allogenic HSCT series to 
date is that published by Ditschkowski et al[98]. In this se-
ries, 11 patients (7 with CD and 4 with UC) underwent 
allogenic HSCT due to hematological malignancies. All 
patients were subjected to myeloablative treatment and 
total body irradiation (except in two cases). One patient 
died of  sepsis, while the rest were found to be in com-
plete neoplastic disease remission after 34 mo of  follow-
up, with no clinical relapse of  IBD.

Lopez-Cubero et al[99] previously described 6 CD pa-
tients diagnosed with leukemia and subjected to allogenic 
HSCT. Five of  them had active CD before transplanta-
tion, and two had sclerosing cholangitis. All of  them 
received cyclophosphamide in the total body irradiation 
scheme. One patient died of  sepsis three months after 
transplantation. Four of  the remaining 5 patients re-
mained symptom-free during a period of  54-183 mo af-
ter transplantation. The patients with a clinical diagnosis 
of  primary sclerosing cholangitis showed improvement 
in alkaline phosphatase levels.

Similar findings have been described in a patient with 
CD and acute myeloid leukemia subjected to allogenic 
HSCT[100]. 

This procedure is not currently recommended in 
IBD, except in very specific cases such as mutation of  the 
IL-10 gene commented above. Its efficacy and risks have 
been described in the above section.

MSC THERAPY IN IBD
MSCs, also known as stromal cells, are adult pluripotent 
cells initially described by Friedenstein et al[101], who iso-
lated them from bone marrow. They are able to adhere 
to plastic surfaces, and can differentiate in vitro into chon-
drocytes, osteoblasts and adipocytes. The International 
Society for Cellular Therapy established the minimum 
criteria that must be met in order to classify a stem cell as 
an MSC[102]: (1) adherent to plastic under standard culture 
conditions; (2) express CD105, CD73 and CD90; (3) lack 
expression of  CD45, CD34, CD14 or CD11b, CD79a or 
CD19 and human leukocyte antigen (HLA)-DR; and (4) 
differentiate to osteoblasts, adipocytes and chondroblasts 
in vitro.

These cells have been identified in bone marrow, 
adipose tissue, connective tissue, umbilical cord and pla-
centa, and it is known that they are found in “niches” in 
different tissues - including the intestine[103,104]. In most 
clinical studies and in human therapy, MSCs are obtained 
from bone marrow, adipose tissue and umbilical cord. 
Adult bone marrow has been widely used to obtain MSCs 
for clinical purposes, though their presence in adult mar-
row is low (0.001%-0.01%), extraction is difficult, and the 
procedure also poses risks for the donor. Furthermore, 
the differentiation capacity of  these cells decreases with 
donor age, and expansion must be performed in culture 
media prior to administration of  the cells. As a result, 
alternative MSC sources have been explored[105]. A larger 
number of  MSCs can be obtained through liposuction; 
in vivo expansion is not required; cells can be adminis-
tered directly; and their properties are similar to those of  
MSCs obtained from bone marrow[106-108]. A recent study 
published by Melief  et al[109] shows that both types of  cell 
have similar immune modulating functions, though MSCs 
of  adipose tissue origin present a different cytokine se-
cretion profile, and their immune modulating effects are 
more potent that those of  MSCs obtained from bone 
marrow.

The use of  MSCs is based on their potential capacity 
to repair damaged tissues and inhibit inflammation and 
fibrosis[110,111]. In addition, the administration of  MSCs 
of  both autologous and allogenic origin requires no con-
ditioning phase, since these cells are not immunogenic: 
they express low levels of  class Ⅰ HLA antigens at sur-
face level and do not express type Ⅱ HLA antigens or T 
cell coactivators[112]. However, in immunocompetent mice 
it has been seen that the half-life of  these cells is notori-
ously shorter following second exposure. This suggests 
they do not evade the immune system entirely, and can 
be rejected[113-115]. These properties have defined MSCs 
as potentially useful for the treatment of  autoimmune 
diseases and in those processes in which tissue repair is 
needed[112]. 

The action mechanism is based on cell contact and 
paracrine action involving the release of  soluble factors 
(Figure 1).

As regards the immune regulating properties of  the 

Martínez-Montiel MP et al . Therapy with stem cells in IBD



1217 February 7, 2014|Volume 20|Issue 5|WJG|www.wjgnet.com

cells, they are capable of  regulating both innate and adap-
tive immunity[116]. Cell culture studies have shown that 
MSCs are able to suppress T cell proliferation[113]. How-
ever, MSCs do not possess intrinsic immunosuppressive 
capacity; instead, such capacity is acquired when cells are 
stimulated by proinflammatory cytokines such as INFγ, 
TNF-α and interleukin-1β[117]. Duijvestein et al[118] have 
shown MSC activation by INFγ to increase the immuno-
suppressive capacity of  cells and their in vivo therapeutic 
efficacy in mice with colitis induced by trinitrobenzene 
sulfonate. 

MSCs produce a range of  factors that have been 
implicated in immune modulating effects, such as in-
doleamine 2,3-dioxygenase, IL-6, IL-10, prostaglandin 
E2, transforming growth factor-β1, nitric oxide, heme 
oxygenase-1 and HLA-G5[109]. Through the production 
of  PGE, MSCs inhibit IL-2 production and T cell prolif-
eration, with stimulation of  the production of  T helper 
lymphocytes[119]. IL-10 and IL-6 act upon macrophages 
and monocytes, blocking their differentiation towards 
dendritic cells[120,121]. They also suppress NK cells, induce 

polymorphonuclear cell and cytotoxic T cell apoptosis, 
and promote the generation of  regulatory T cells[122]. 
These interleukins also inhibit B lymphocyte activa-
tion[123]. Upon coming into contact with activated T cells, 
MSCs induce the production of  IL-10 and HLA-G5[124]. 
In short, they inhibit innate immunity by blocking the dif-
ferentiation and maturation of  monocytes towards den-
dritic cells, inhibiting NK cells, and inducing neutrophil 
apoptosis. In induced colitis in mice, MSCs block T cells 
and increase regulatory T lymphocyte population, thereby 
modulating acquired immunity.

However, MSCs can acquire proinflammatory prop-
erties, depending on biological environment[125]. In this 
context, Nemoto et al[126], in a murine model, have shown 
that bone marrow MSCs constitute the main source of  
IL-7 production, and may play an etiopathogenic role in 
IBD by forming a niche for colitogenic CD4+ memory T 
cells in bone marrow. If  these findings are confirmed in 
humans, anti-IL-7 treatment might become a therapeutic 
target.

MSCs are able to repair tissues, stimulate angiogenesis 

Therapeutical properties 

IDO, IL-6, PGE2, TGFβ1, 
HLA-G5, IL-10, HGF

MSC

Ability to suppress T cell proliferation
Inhibit dendritic cell differentiation and maturation
Inhibit NK proliferation
Inhibit lymphocytes B proliferation and chemotaxis

Immunomodulatory ability
Modulate the innate and adaptative immune response

- +

Promote the generation of L Tr
Increase the level of IL-10 and TGF-β
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Proinflammatory properties
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Figure 1  Characteristics of multipotent mesenchymal cells. MSCs: Multipotent mesenchymal cells; IDO: Indoleamine 2,3 dioxygenase; IL: Interleukin; PGE2: 
Prostaglandin E2; TGFβ1: Transforming growth factor beta-1; HLA-G5: Human Leucocyte Antigen G5; HGF: Human growth factor; NK: Natural killer; Tregs: Regula-
tory T cells; BM-MSC: Bone-marrow-mesenchymal stem cell; CD4+: Activated lymphocytes CD4; IBD: Inflammatory bowel disease.

Martínez-Montiel MP et al . Therapy with stem cells in IBD



1218 February 7, 2014|Volume 20|Issue 5|WJG|www.wjgnet.com

and prevent fibrosis. Healing of  the intestinal lesions in 
IBD is the result of  control of  the underlying inflam-
matory process, and of  repair mechanisms that restore 
the integrity of  the epithelial barrier and repair intestinal 
damage. The initial applications of  MSCs in regenerative 
medicine were focused on their multilineage differentia-
tion capacity. However, recent reports have demonstrated 
that most of  the biological effects of  MSCs are mediated 
by paracrine mechanisms involving the secretion of  cyto-
kines, chemokines and growth factors[127-129]. Indeed, there 
are several observations of  positive MSC biological ef-
fects in numerous disease models despite a lack of  MSC 
differentiation and long-term engraftment into damaged 
or diseased tissue. These effects include a reduction of  
inflammation, apoptosis and fibrosis, improved wound 
healing and regeneration[130-133]. In addition, MSC biologi-
cal effects also may be exerted by the induction and stim-
ulation of  endogenous host progenitor cells to improve 
the regenerative process[134-136].

When administered via the systemic route (intraarterial 
or intravenous) or locally, the objective is to ensure that 
MSCs reach damaged tissue. However, the correct dose 
and administration route remain to be defined, and may 
even differ depending on the type of  lesion involved[69]. 
Forty-eight hours after systemic administration in ani-
mals, the cells are found to be located in the lung and liv-
er[137], while after 9-21 mo they are detected in the lungs, 
liver, pancreas, spleen, kidneys and skin[69,138].

The engraftment rate in these tissues is 0.1%-2.7%, 
and is similar for both autologous and allogenic MSC 
transplantation[138].

Another aspect to be taken into consideration is that 
the drugs used to treat IBD do not appear to alter MSC 
function[139].

MSCs were first used in clinical practice to treat graft-
vs-host disease (GVHD) in a patient with acute lymphoid 
leukemia refractory to therapy. Improvement was notable, 
and the patient remained free of  gastrointestinal lesions 
after one year[140]. 

The company Osiris has created an MSC product 
based on bone marrow from healthy donors (Prochy-
mal), and has designed a phase Ⅱ open-label study on 
the treatment of  acute GVHD. Two treatment arms 
were defined: one group received high-dose MSCs (8 
million MSCs/kg), while the other group received low-
dose MSCs (2 million MSCs/kg). Two infusions were ad-
ministered in both groups, spaced three days apart. The 
following results were obtained: 24 out of  31 patients 
showed complete clinical response (absence of  GVHD 
symptoms in skin, liver and gastrointestinal tract), while 
5 showed partial response[141]. However, a phase Ⅲ study 
involving a similar group of  patients failed to obtain sig-
nificant results in relation to the primary endpoint[142]. 

At present, MSCs are being used for repair and im-
mune modulating purposes in clinical trials on the treat-
ment of  cardiovascular and neurological disease, in the 
treatment of  autoimmune disorders, and in the manage-
ment of  post-radiotherapy tissue damage[128,130,132,135,136,143]. 

Laboratory-based studies reporting antineoplastic activity 
have recently been published[144].

Two types of  treatment with MSCs have been devel-
oped in IBD: systemic administration of  MSCs (intraar-
terial or intravenous) for the control of  intestinal inflam-
matory disease, and the local administration of  MSCs in 
perianal fistulizing CD.

Systemic MSCs therapy in IBD
The use of  MSCs for IBD treatment is based on their 
reparatory and immune modulating properties.

Several phase Ⅰ-Ⅱ studies involving autologous and 
allogenic MSCs have been published in recent years on 
the treatment of  IBD. 

In 2006, Onken et al[145] published an abstract on 
MSCs used to treat 10 patients with active CD (CDAI > 
220, C-reactive protein ≥ 5 mg/L) refractory to treat-
ment with corticosteroids, immune modulators and inf-
liximab. Use was made of  MSCs obtained by bone mar-
row puncture from healthy donors (Prochymal, Osiris). 
The patients were randomized to two groups, both of  
which received two intravenous doses of  MSCs, spaced 
one week apart. One group received high-dose MSCs (8 
million MSCs/kg), while the other group received low-
dose MSCs (2 million MSCs/kg). The primary endpoint 
was percentage clinical response, defined as a reduction 
in the CDAI score of  ≥ 100 points. Four weeks after the 
end of  treatment, and as a secondary endpoint, improve-
ment was observed in the inflammatory bowel disease 
questionnaire (IBDQ) scores during the same period. 
Nine patients completed the study. All subjects presented 
a mean reduction in CDAI score of  105 points on day 
28. The CDAI and IBDQ scores decreased to a greater 
extent in the high-dose group, though statistical signifi-
cance was not reached[145].

A phase Ⅲ, randomized and placebo-controlled 
trial was started by Osiris in 2007 (protocol 603, 
NCT00482092 clinicaltrials.gov)[146]. The aim was to in-
clude a large number of  patients with active CD (CDAI 
score 250-450; PCR ≥ 5) and a history of  intolerance 
or resistance to corticosteroids, immune modulators and 
biological drugs. The patients were randomized to four 
intravenous MSC infusions in two weeks. One group of  
patients received a total of  600 million cells (low dose), 
while the rest received 1200 million cells (high dose) or 
placebo. The primary endpoint was remission on day 28, 
while the secondary endpoints were clinical response, 
improvement in quality of  life, and reduction of  the 
number of  draining fistulas. In March 2009, with 207 pa-
tients enrolled, the trial was suspended because of  a high 
placebo response. Subsequently, the United States Food 
and Drug Administration authorized the reopening of  
the study, though no results are currently available[147].

More recently, phase Ⅰ studies have been published 
that allow us to know the safety and possibilities of  this 
type of  therapy. In 2010, Duijvestein et al[148] published 
the results of  a phase Ⅰ trial with intravenous MSCs ad-
ministered to 10 patients with CD refractory to cortico-
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steroids, immune modulators and anti-TNFα drugs. The 
cells were obtained by bone marrow puncture of  CD 
patients, and 9 subjects received two doses of  1-2 million 
cells/kg body weight, spaced one week apart. This study 
showed the autologous MSCs of  CD patients to be func-
tionally analogous to those of  healthy donors, maintain-
ing the same immune modulating properties, and without 
experiencing alterations due to the drugs administered to 
the patient. In relation to CD, the benefits obtained were 
few: only three patients showed improvement, with a re-
duction of  CDAI ≥ 70. The procedure proved safe, with 
no significant side effects.

In 2012, Liang et al[149] reported the results obtained 
in 7 patients with IBD (4 with CD and 3 with UC). In 
three cases MSCs were obtained from the bone marrow 
of  healthy donors, and in four cases from umbilical cord. 
The dose administered consisted of  one million cells/kg 
via the intravenous route. All the patients maintained their 
medication (corticosteroids and immune modulators) 
after the infusion of  MSCs. Five subjects showed remis-
sion, and the latter was maintained for over 24 mo in two 
of  them. Two CD patients and one UC patient showed 
improved endoscopic indices, and in all three of  these 
subjects biopsies revealed a decrease in the extent of  IBD 
and in intensity of  lymphoid infiltrate. Side effects were 
mild: one patient experienced facial flushing for 6 h after 
the infusion, while another experienced insomnia during 
the first night following infusion. One patient developed 
febricula and worsening of  diarrhea. These symptoms 
disappeared without medication of  any kind, and no 
other side effects were observed. 

Regarding the safety of  MSC treatment, clinical tri-
als conducted in human subjects have found the therapy 
to be safe, with no toxic effects or generation of  ectopic 
tissue. The most commonly reported side effect was 
transient fever[140,145,146,148-150]. MSCs may be infected with 
viruses (e.g., cytomegalovirus, herpes virus), and a case 
of  infection with Epstein-Barr virus has been reported 
in a patient with a lymphoproliferative process previously 
subjected to bone marrow conditioning treatment, fol-
lowed by the administration of  MSCs due to an episode 
of  GVHD[151,152]. As mentioned, a possible case of  bacte-
rial infection transmitted by umbilical cord hematopoietic 
stem cells has recently been reported[62].

The above data are promising, yet the number of  treat-
ed patients is small, the source of  MSCs diverse, and the 
regimens and doses different. It is therefore not possible 
to draw firm conclusions at this time. Strictly protocolized 
trials need to be conducted to draw valid conclusions.

Local MSCs therapy in fistulizing EC
MSCs treatment for perianal CD has been carried out us-
ing MSCs obtained from bone marrow or adipose tissue. 
We do not know exactly the mechanism of  how MSCs 
work in perianal fistulas. As we explained before, MSCs 
and expanded allogeneic adipose-derived stem cells 
(ASCs) have the potential to control systemic and local 
inflammatory pathways by suppressing the proliferation 

of  activated lymphocytes. By controlling the local inflam-
matory process they could induce cicatrization of  the 
fistula due to reparative properties.

Regarding the first cell source, the experience gained 
corresponds only to an Italian study published in 2008[153]. 
The authors treated 9 CD patients - 8 with complex peri-
anal fistulas and one with multiple enterocutaneous fistu-
las - using MSCs from bone marrow, serially injected into 
the fistular canal every four weeks, with an average of  
four doses in total. Remission was achieved in 7 of  the 10 
patients, while improvement was noted in the remaining 
three, with marked and significant reductions in the peri-
anal disease activity index and CDAI scores. The findings 
were confirmed by endoscopy and magnetic resonance 
imaging (MRI), and evident improvement of  the rectal 
inflammation was also evidenced. The authors postulated 
that part of  the effect may have resulted from stem cells 
reaching the lymph nodes, influencing T lymphocyte dif-
ferentiation and[154] apoptosis. 

Regarding ASCs, a large number of  studies have 
been published over the last decade. The first such study 
dates back to 2003[155]. Based on the previously reported 
myogenic, adipogenic or chondrogenic differentiation 
potential of  these cells[156], ASC injection into a recto-
vaginal fistula of  a CD patient resulted in sealing of  the 
fistula. From this point onwards, a series of  studies were 
conducted to explore the usefulness of  these cells in this 
field. The first publication was a phase Ⅰ study[157] carried 
outperformed in 2005 to evaluate the safety and viability 
of  the treatment. ASCs were inoculated in 8 complex 
fistulas in 5 CD patients, with evaluation of  the response 
after 8 wk. The results showed re-epithelization of  the 
external fistular orifice, with complete sealing of  6 fis-
tulas (75%) and a partial decrease in suppuration in the 
remaining two (25%). No serious adverse effects were re-
ported. Biopsies obtained from the zone in two patients 
after 7 and 12 mo showed no evidence of  dysplastic 
transformation.

Following the results obtained, a new phase Ⅱ, ran-
domized, open-label, controlled multicenter study was 
published in 2009[158]. This study included 35 patients 
with complex cryptogenic fistulas, including 14 associ-
ated to CD, randomized to either fibrin glue or fibrin 
glue plus 20 million ASCs. Evaluations were made after 8 
wk and one year, with the possibility of  administering a 
second dose of  40 million ASCs in cases showing failure 
in week 8. Sealing of  the fistula, defined as closure of  
the external orifice and the absence of  suppuration in 
response to digital pressure, was recorded in 11 patients 
(46%) in the ASC treatment arm, vs in two patients (8%) 
in the non-cell therapy arm, after 8 wk. In turn, following 
both doses, sealing was recorded in 17 patients (71%) in 
the ASC treatment arm and in four patients (16%) in the 
fibrin glue treatment arm (RR = 4.43, 95%CI: 1.74-11.27, 
P < 0.001). Effectiveness was found to be similar on con-
sidering a cryptoglandular origin of  the fistulas vs fistulas 
associated to CD, though statistical significance was not 
reached in this latter subgroup due to the small number 
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of  patients involved. No adverse effects related to ASC 
use were reported.

The results of  the FATTI phase Ⅲ, randomized, 
single-blind, multicenter clinical trial were published in 
2012[159]. In this study IBD constituted an exclusion cri-
terion, and a total of  200 subjects diagnosed with simple 
cryptoglandular fistulas (confirmed by MRI) were in-
cluded. The patients were randomized to three groups: 
20 million ASCs (group A), 20 million ASCs with fibrin 
glue (group B), and fibrin glue with placebo (group C). 
The possibility existed of  a second dose of  40 million 
ASCs in week 12. The primary endpoint was fistular seal-
ing (re-epithelization of  the external orifice, with absence 
of  drainage and no collections as evidenced by MRI) in 
week 12 and in weeks 24-26. Of  the 200 randomized 
individuals, 183 received treatment, and 165 completed 
the study [per protocol (PP) analysis]. After 12 wk fistular 
sealing was observed in 26.5%, 38.33% and 15.25% of  
patients in groups A, B and C, respectively (P = 0.01). A 
second dose was administered in 61.5% of  patients, with 
fistular sealing in 39.1%, 43.3% and 37.3%, respectively (P 
= 0.79). Although the findings were not as promising as 
in previous studies, posterior analysis stratified by center 
revealed far better results for patients administered ASCs 
on comparing the center with the greatest experience vs 
the rest of  the participating centers: 45.55%, 83.3% and 
18.8% (P = 0.025 for treatment) vs 35.8%, 33.3% and 
42.6% for groups A, B and C, respectively. The multivari-
ate analysis moreover showed the fact of  having received 
treatment at the center with most experience to be a 
significant factor. The authors postulated that the dif-
ferent surgical protocol used in the treatment, as well as 
the experience of  the surgeon in using ASCs in perianal 
fistulas, may have been decisive. As regards the safety of  
treatment, there were no significant differences in adverse 
effects among the three groups. A total of  37 serious ad-
verse effects were recorded - three of  which were related 
to the procedures used, but none to use of  ASCs.

In that same year, the first study on donor adipose 
tissue expanded mesenchymal stem cells (eASCs) was 
published[160]. Up until that time, all treatments had been 
made with autologous MSCs, except in one case where 
donor cells were used[161]. This study used an eASC for-
mulation prepared by the company Cellerix (now Tige-
nix). Twenty-four patients with CD and complex perianal 
fistulas were enrolled. The primary endpoint was fistular 
closure in weeks 12 and 24, defined as the absence of  
suppuration, re-epithelization of  the external orifice, and 
the absence of  collections as evidenced by MRI. A start-
ing dose of  20 million cells was injected into the fistula, 
followed by a second dose of  40 million cells in the event 
of  incomplete closure in week 12. Of  the 24 patients 
included in the study, 16 completed the treatment period 
and, of  these, 69.2% experienced decreased suppura-
tion of  at least one of  the fistulas, 56.3% showed closure 
of  the treated fistulas, and 30% presented closure of  all 
fistular trajectories. The results were confirmed by MRI. 
There were two serious adverse effects (fever and perianal 

abscess), possibly related to the intervention, although 
both showed full recovery.

At present, a phase Ⅲ study is underway involving 
eASCs for the treatment of  complex fistulas in CD pa-
tients. This trial will contribute relevant information and 
may lead to future marketing of  the treatment. A new 
treatment option is thus under development that may 
revolutionize the management of  perianal fistulizing 
CD. The safety of  this cell product appears to have been 
confirmed by the different studies published to date. Ten 
years have passed since publication of  the first report, 
and follow-up studies have been made of  some of  the 
published series, without the detection of  anomalies[162].

CONCLUSION
At present, treatments with mesenchymal and hemato-
poietic stem cells offer a potential that requires in-depth 
investigation. Existing studies are encouraging yet incon-
clusive. We are at a point of  inflexion where these new 
therapies are seen to afford major curative potential. The 
coming years will be decisive. The information obtained 
from ongoing and future clinical trials may lead a revolu-
tion in IBD management and its impact upon patients. 
Undoubtedly, as twenty-first century gastroenterologists, 
we must expand the scope of  our specialty and seek mul-
tidisciplinary interaction for the benefit of  our patients.
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