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CHAPTER 1

Introduction

Adapted from Journal of Crohn's and Colitis 2008 Jun;2(2):99-106

 and Inflammatory Bowel Disease Monitor 2010;11(2):57–64.



  

Inflammatory bowel disease (IBD) refers to chronic diseases that cause 

inflammation of the intestines. The most common inflammatory bowel 

diseases are ulcerative colitis (UC) and Crohn's disease (CD). These 

disorders have both distinct and overlapping pathologic and clinical 

characteristics. Ulcerative colitis is characterized by recurring episodes of 

inflammation limited to the mucosal layer of the colon. It almost 

invariably involves the rectum and may extend in a proximal and 

continuous fashion to involve other portions of the colon. Crohn's 

disease is characterized by chronic, relapsing transmural inflammation 

and ulceration, and may affect any part of the gastrointestinal tract from 

the oral cavity to the anus, but typically involves the ileum, colon or 

perianal region. Their pathogenesis remains incompletely understood.1

Epidemiology, clinical manifestation and diagnosis

Incidence rates range from 2.2 to 14.3 cases per 100 000 person-years 

for UC and 3.1 to 14.6 cases per 100 000 person-years for CD in 

North America.2 In Europe, the overall incidence per 100 000 person-

years is 5.6.3 Prevalence rates range from 37 to 246 cases per 100 000 

persons for UC and from 26 to 201 cases per 100 000 for CD. IBD can 

present at any age, although the peak incidence occurs between the 

ages of 15 and 30 years.4 There is no gender specificity.

The major symptoms of IBD are abdominal pain, (bloody) diarrhea and 

generalized fatigue. Patients can also experience fever and weight loss. 

Frequent complications of CD are intestinal obstruction, fistula and 

abscess formation, and extra intestinal manifestations, such as cutaneous 

ulcerations, uveitis, and arthropathy. The diagnosis of IBD is established by 

the clinical features and can be confirmed by endoscopic, radiologic, and 

histopathologic examination.5 Biopsy specimens from inflamed gut 

mucosa typically show inflammation, distorted crypt architecture, and 

crypt abscesses.

Treatment and prognosis

The choice of treatment of IBD depends on the location of the disease, 

its severity, and response to earlier therapy. Most clinicians initially treat 

patients with steroids, 5-aminosalicylic acid (5-ASA) agents, and 

antibiotics. Patients who are steroid dependent, and those with 

moderate to severe disease needing induction therapy with conventional 

corticosteroids, can be treated with azathioprine, mercaptopurine, and 

methotrexate. These so called immunomodulating drugs have been 

shown to be effective in inducing clinical remission, but their widespread 

use is limited by their toxicity. Infliximab and newer generation antibodies 

to tumor necrosis  factor (TNF)-α (certulizomab, adalimumab) have 

been shown efficacious as well, but are not able to maintain remission in 
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most patients. Thereby, the treatment of IBD remains challenging for 

treating physicians. 

In most patients with IBD, the course is chronic and intermittent. The 

disease responds less well to medical therapy with time and 

approximately 50-70% of the patients require surgical resection during 

the course of the disease. In the case of CD, surgery is accompanied by 

a high recurrence rate. On top of that, many patients have already had 

resections and are therefore at risk for developing short bowel 

syndrome. Consequently, there is an unmet need for more effective 

therapeutic strategies.

STEM CELL THERAPY 
A classical definition of a stem cell is a cell that has the capacity for self-

renewal and the ability to give rise to one or more types of 

differentiated progeny.6, 7 Self-renewal is defined as the ability of a cell to 

proliferate while it maintains its proliferation and differentiation 

potential. Stem cells are known to exist in different tissues but their 

frequency, exact function and identity are generally not well understood. 

Both in animal models and in patients, it appears that bone marrow 

derived cells play a role in the healing process following intestinal injury8 

and that these cells may contribute to regeneration of various mucosal 

components.9-11 The bone marrow contains at least two types of stem 

cells. One population consists of CD34 positive hematopoietic stem cells 

(HSC) committed to differentiate into all blood cell types, including the 

myeloid and lymphoid lineages. A second population of stem cells 

remains less well characterized. These non-hematopoietic stem cells are 

thought to support hematopoiesis and are variously known as 

mesenchymal stem cells, marrow stromal cells, and, more recently, 

mesenchymal stromal cells, all designated by the acronym MSC.12 

Hematopoietic stem cell transplantation

Although more than fifty years ago hematopoietic stem cell 

transplantation (HSCT) was introduced as a treatment for injury, it is 

now principally used as treatment for hematologic and lymphoid 

cancers.13 Evidence that HSCT is an effective treatment for autoimmune 

diseases comes from animal models14, 15 and case reports from HSCT 

recipients with coexistent autoimmune diseases.16 Ever since, autologous 

HSCT has been performed in more than 700 patients with autoimmune 

diseases,17 the most frequent indications being systemic sclerosis, 

multiple sclerosis, rheumatoid ar thr it is  and systemic lupus 

erythematosus.  

HSCT includes conditioning (immune ablation with high dose 

chemotherapy, total body irradiation and/or anti-lymphocyte antibodies), 

in which the bone marrow cells of the host are completely eliminated, 

followed by the infusion of either autologous or allogeneic stem cells. 

The HSCs are either directly harvested from the marrow or mobilized 

from bone marrow or blood before being harvested by apheresis. High 

dose immune ablation is an intensive treatment with risks of severe 

complications which on rare occasions have been fatal. In autologous 

transplantation, the individual’s own HSCs are harvested to be returned 

after conditioning. The graft is typically depleted of T-cells to avoid the 

10    Chapter one



reinfusion of autoreactive T-cells. In allogeneic transplantation, the HSCs 

are harvested from a donor, usually a human leukocyte antigen (HLA) 

matched sibling. In addition to the complications associated with 

conditioning, allogeneic HSCT is  associated with a much higher 

transplant-related morbidity, due to graft-versus-host disease (GvHD), 

aplastic anemia, and hematological malignancies, and also a higher 

mortality rate (15-25% vs. 3-5%18) due to a considerable risk on GvHD. 

In view of the risks related to allogeneic transplantation most patients 

treated for autoimmune disease have received autologous transplants.

Hematopoietic stem cell transplantation in IBD patients for other indications

The possibility that autologous HSCT could be an effective treatment for 

IBD was suggested by the improvement of the clinical course of disease 

in patients with CD that received autologous transplantation for other 

indications.19-23 The first published abstract dates from 1993 and 

describes two year clinical remission in two patients with active IBD 

treated with autologous HSCT for breast cancer.19 Long term clinical 

remission after autologous HSCT was reported in a patient with clinical 

disease control of CD up to seven years following transplantation for 

non-Hodgkin lymphoma.21 Similar results were obtained in a 30-year-old 

patient with a ten year history of severe CD who developed Hodgkin’s 

disease and remained in complete treatment-free remission of both 

diseases three years after autologous HSCT24 and in an IBD patient who 

received HSCT for acute myeloid leukemia and had normal findings 

during ileo-colonoscopy at 1, 2, 3, and 5 years after transplantation.23

Similar to the first experience with autologous HSCT in IBD, the effect 

of allogeneic HSCT on IBD was initially described in patients treated for 

hematological malignancies. The first case report was published in 1998 

and described a 35-year-old male free of symptoms and signs of CD 

eight years post allogeneic marrow transplantation for acute leukemia.25 

A second report in the same year described six patients that underwent 

allogeneic transplantation for leukemia between 1962 and 1982.26 In this 

report, five out of six patients had active CD at time of transplantation. 

One patient died of septic complications 97 days after transplantation, 

the other five patients remained free of disease activity for more than 

one year post-transplantation. Only one out of these five patients 

relapsed during the follow up period of up to 15 years post-

transplantation. Interestingly, the only patient that developed a mixed 

donor-host hematopoietic chimerism following allogeneic HSCT 

continued to have active CD. In a retrospective study by Ditschkowski et 

al., ten out of eleven patients remained free of symptoms following 

allogeneic HSCT for hematological malignancies with a median follow-up 

time of 34 months.27 In another case report,28 a 41-year-old man with 

CD underwent al logeneic HSCT for lymphoma. Fol lowing 

transplantation, his bowel symptoms ceased and he was able to stop all 

immunosuppressive drugs. Eighteen months after transplantation 

colonoscopy showed no evidence of CD activity. Remission of UC 

following allogeneic HSCT has also been described.29, 30 Two patients, 

each with a long history of psoriasis  and UC, received an allogeneic 

HSCT for leukemia and remained in full remission four and twelve years 

after transplantation. 
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The coincidental treatment of IBD with both autologous and allogeneic 

HSCT increased the interest in the possibility that stem cell 

transplantation could be of value in IBD treatment. Autologous HSCs are 

infused only to shorten the post-HSCT neutropenic interval, in contrast 

with allogeneic HSCT in which the recipient’s  immune and hematologic 

system is replaced with that of a healthy donor without the genetic 

predisposition to IBD. In this light it has been proposed that the risk of 

disease recurrence may be higher after autologous HSCT.31

Early studies on HSCT specifically for Crohn’s disease 

The first reports of autologous HSCT specifically given for the treatment 

of CD were published in 2003 and concerned five patients with severe 

disease activity refractory to conventional treatment and treatment with 

anti-TNFα antibodies, who received autologous HSCT.32-34 No serious 

transplantation related complications were reported and all patients 

entered clinical remission. Some of the colonoscopies however, showed 

persistent mild inflammation up to one year post-transplantation. A 

larger phase I study on twelve patients with chronic active refractory CD 

also suggested that autologous HSCT can have a beneficial effect on CD 

activity. Besides fever, the autologous HSCT was well tolerated by the 

patients. Adverse effects included hematemesis from a Mallory-Weiss 

tear, a prolonged febrile course, clostridium difficile-induced diarrhea, and 

diarrhea after an upper respiratory tract infection. After fifteen months 

only one patient developed a recurrence of active CD. All others 

maintained in clinical and drug-free remission, but similar to the patients 

described in the reports above with persisting nonsymptomatic 

histologic and/or radiologic evidence of CD.35 In Chapter 2 of this 

thesis, the data on the clinical effect of HSCT in three patients with 

refractory CD can be found. 

Potential risks of hematopoietic stem cell transplantation

HSCT may be an effective treatment for CD but is also associated with 

a high morbidity and mortality rate.36 In 390 patients undergoing 

autologous HSCT for various autoimmune diseases, a mobilization 

associated mortality of 1.5% and an overall procedure related mortality 

of 9% were found.37 Early toxicity is related to direct organ damage 

either from the agents used or due to infection and bleeding during the 

10–12 days of bone marrow aplasia following the immunosuppressive 

conditioning period. Late toxicity relates to malignancy development due 

to the chemotherapy and/or radiation exposure. In addition, HSCT is 

associated with complications such as veno-occlusive disease of the liver 

and acute and chronic GvHD.38 Although HSCT seems a reasonably 

successful treatment for CD it is clear that, given the considerable 

mortality rate of HSCT for autoimmune diseases, this treatment should 

only be considered in selected cases of CD. HSCT could be considered 

as a last resort in patients with debilitating disease refractory to all 

immunosuppressive drugs, including the different anti-TNFα compounds 

now available for treatment, and in patients in which surgery is not a 

treatment option. 
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MSC Transplantation 

HSCT is thought to result in clinical remission in CD due to the 

combination of the immunosuppressive conditioning regimen and the 

replacement of the derailed lamina propria immune cells that maintain 

the disease. A novel emerging stem cell treatment may offer the benefit 

of immunosuppression without the need for condit ioning 

chemotherapy, even when given as allogeneic transplant.  

Mesenchymal stromal cells (MSC) reside in almost every type of 

connective tissue. Friedenstein and colleagues were the first to identify 

an adherent, fibroblast-like population of cells in the bone marrow.39 

Once isolated, these cells adhere to plastic, are capable of developing 

colony forming-units, and proliferate in vitro. In addition, MSCs are 

multipotent cells capable of differentiating into multiple lineages of the 

mesenchyme, including fat, bone, and cartilage tissue. MSCs consist of a 

heterogeneous population of cells and thus far no unique marker has 

been identified that allows reproducible isolation of precursors with 

predictable developmental potential. The isolation and characterization 

of these cells therefore still relies on their ability to adhere to plastic and 

their expansion potential. Isolated and expanded MSCs express CD73, 

CD90 and CD105 and are negative for hematopoietic stem cell markers 

(CD14, CD34, CD45), thereby distinguishing them from the 

hematopoietic stem cells.40 Furthermore, MSCs do not express major 

histocompability complex (MHC) class II or co-stimulatory molecules 

and are poor antigen presenting cells that do not elicit a proliferative 

response in allogeneic lymphocytes, which suggests that MSCs are of low 

immunogenecity. Although MSCs are present in virtually all tissues, our 

current knowledge is based on MSCs isolated from accessible tissues 

(e.g. bone marrow, adipose tissue, and umbilical cord blood).

Immunomodulatory capacities of MSCs

The immunomodulatory functions of MSCs were examined in vitro by 

coculturing them with purified subpopulations of immune cells. It has 

been shown that MSCs suppress several functions of naïve and memory 

T-cells,41-43 B-cells,44 and natural killer cells45, 46 as  well as the 

differentiation, maturation, and function of dendritic cells (DCs).47 

Furthermore, expanded MSCs alter cytokine secretion profiles of DCs, 

naïve and effector T-cells, and natural killer cells to induce a more anti-

inflammatory or tolerant phenotype.48 Even though cell-cell contact 

plays a role in the interaction between MSCs and other immune cells, 

immunosuppressive mechanisms of MSCs are mainly mediated through 

soluble factors. MSCs constitutively produce transforming growth    

factor-β1 (TGF-β1), hepatocyte growth factor (HGF), interleukin 

(IL)-10, prostaglandin E2 (PGE2), soluble HLA-G5, and IL-6 (Figure 1). The 

latter inhibits monocyte differentiation towards DCs and MSC-DC 

interaction directs DC maturation towards an anti-inflammatory or 

regulatory phenotype, thereby decreasing their stimulation capability on 

T-cells.47 Other factors, such as the enzyme indoleamine 2,3-dioxygenase 

(IDO), are released upon stimulation with inflammatory cytokines such 

as IFNγ and TNFα. IDO metabolizes tryptophan to kynurenin, which 

causes depletion of local tryptophan and accumulation of toxic 

breakdown products, thereby suppressing both CD4 and CD8              
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Figure 1. Schematic illustration of the immunomodulatory effects of MSCs on different cells of the immune system. After activation, MSCs secrete various factors, such as PGE2, IDO, and 

HLA-G.  These factors regulate the function and proliferation of NK cells, B-cells, and T-cells. Constitutively secreted IL-6 plays a role in the inhibition of alloantigen-induced generation and 

maturation of DCs and neutrophil activation. DC:  dendritic cell; HLA-G: human leukocyte antigen-G; IDO:  indoleamine 2,3-dioxygenase; IL: interleukin; IFN-γ: interferon-γ; MSC:  mesenchymal 

stromal cell; NO: nitric oxide; PGE2: prostaglandin E2; NK: natural killer ; Treg: regulatory T cell; TNF-α: tumor necrosis factor-α.



T-lymphocytes proliferation with mitogens and specific antigens.49, 50 

Although the involvement of the enzyme IDO has been consistently 

reported, IDO alone is not responsible for inhibition of T-cell 

proliferation, as IDO inhibitors were not able to restore proliferation of 

peripheral blood mononuclear cells (PBMCs). Moreover, MSCs lacking 

both IFNγ receptor 1 and IDO still exert immunomodulatory activity.51 

In mice, MSCs express very little IDO and is the induction of inducible 

nitric oxidase synthase (iNOS) essential in T-cell proliferation inhibition.52 

Available data on the interaction between MSCs and B-cells is 

controversial. MSCs have been shown to inhibit as well as stimulate B-

cell proliferation, depending on dose, source, and test system.53 For 

example, MSCs decrease proliferation and immunoglobulin secretion of 

B-cells in a 1:1 ratio,44 whereas in a lower concentration MSCs 

stimulates B-cell antibody secretion.54

Therapeutic applications of MSCs

Animal studies on models for tissue damage and autoimmune disease 

indicate that, similar to their immunosuppressive capacities in vitro, MSCs 

also display immunosuppressive capacities in vivo. For example, in a T-cell 

mediated experimental model of multiple sclerosis (MS) in mice, murine 

MSCs have been used to successfully treat experimental MS through the 

induction of peripheral T-cell tolerance.55 Systemically infused MSCs first 

show a wide-ranging distribution followed by homing to injured tissues,56 

including the gut,57 where they may participate in tissue repair. However, 

only a fraction of the systemically infused MSCs are traceable, and the 

fate of the remainder of the cells remains unknown. That intravenous 

infused MSCs entrapped as emboli are activated to secrete the anti-

inflammatory protein TSG-658 and that MSC derived molecules have 

anti-inflammatory properties,59 suggests that specific homing of MSCs to 

damaged tissues is not required for an effect.

In humans, the safety and feasibility of both local and systemic MSC 

administration has been studied in a variety of phase I and phase II trials. 

MSCs are low immunogenic and not restricted by MHC, therefore MSCs 

do not have to be human leukocyte antigen (HLA) matched to the 

recipient and can be infused without the need for conditioning 

chemotherapy, not even when given as allogeneic transplant. Both 

allogeneic and autologous MSCs are therefore currently under 

investigation. A great advantage of the allogeneic MSCs is their 

immediate availability. Furthermore, the age and fitness of the donor is 

controlled. MSC number and functionality decreases with age60, 61 and an 

ongoing discussion is whether MSCs might contribute to or if the MSCs 

are affected by the underlying disease. For instance, MSCs from patients 

with systemic lupus erythematosus yield low cell numbers and are 

difficult to grow in culture.62 Moreover, MSCs from patients with multiple 

myeloma are functionally defective and possibly contribute to the 

pathogenesis of the disease.63,64 Rationale for autologous application 

comes from data that MSCs may under certain conditions also be 

subject to immune rejection. In a  nonmyeloablated host, allogeneic 

MSCs are able to mount a T-cell memory response and consequently 

are eliminated.65 Comparable loss of immune privilege has been 

reported by others.66 
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The initial clinical trials were in patients with osteogenesis imperfecta67, 

followed by trials in which the immunosuppressive effects of the MSCs 

were used either to reduce the incidence of GvHD after allogeneic 

HSCT68 or as treatment of active disease, including GvHD of the gut.69 

Based on their ability to moderate T-cell response, MSCs are currently 

under evaluation in a range of (autoimmune) diseases (Table 1). 

Safety issues and concerns 

In the limited number of patients treated with MSCs in the last decade, 

few adverse events have been attributed to MSC administration. 

Although acute toxicity appears low, little is known about long-term 

unwanted side effects. Also, as mentioned before, safety concerns remain 

concerning immunogenecity and the dysfunction of MSCs due to the 

underlying disease. Moreover, potential hazards include the possibility of 

malignant transformation, ectopic tissue formation and the possible 

xenogenic transmission of disease and antibody formation when fetal 

bovine serum (FBS) is added to the culture medium. In fact, reports 

showed that extensively in vitro expanded stem cells may be prone to 

malignant transformation.70 It has been demonstrated by some groups 

that MSCs stimulate the growth of cancers and promote metastasis in 

rodents,71-73 although an increased risk of tumor formation has never 

been confirmed in humans.74 Moreover, two main works reporting 

transformation of human MSCs in culture were recently retracted as 

obtained data were based on tumor cell contaminated MSC cultures.75 

Although reassuring, safety issues remain important and it is  therefore 

essential to carefully characterize MSCs passaged in vitro to maximize 

safety for the recipient. Furthermore, patients should be thoroughly 

screened before MSC administration as the cells might enhance the 

growth of unknown cancer.

MSCs for IBD

Data from experimental colitis models

MSCs have been studied in both dextran sulfate sodium (DSS) and 

trinitrobenzene sulfuric acid (TNBS) colitis, in mice as well as in rats 
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Autoimmune diseases 

• Diabetes mellitus, type 1 and 2 

• Systemic sclerosis (SSc)   

• Systemic lupus erythematosus (SLE) 

• Primary Sjögren's syndrome (pSS)  

Orthopedics 

• Fractures 

• Arthrosis and arthritis

• Chondral and meniscal lesions  

• Articular cartilage defects  

Neurology 

• Amyotrophic lateral sclerosis (ALS)   

• Ischemic cerebral stroke 

• Multiple sclerosis (MS)  

• Parkinson's disease 

Cardiology

• Myocardial ischemia  

• Dilated cardiomyopathy  

• Chronic ischemic left ventricular 

dysfunction secondary to myocardial 

infarction

Table 1. Overview of indications for MSC therapy.  Registered trials were found using the International Clinical Trials Registry Platform (ICTRP), available on www.who.int/ictrp.



(Table 2). Different sources of MSCs have been used; i.e. bone marrow 

(bmMSCs), adipose tissue (atMSCs) and, though not commonly used, 

gingiva (gMSCs). Interestingly, MSCs obtained from both syngeneic and 

allogeneic sources have been applied and also human MSCs were 

studied in wild type mice (xenogenic). Systemic route of administration 

was either via the tail vein (rat) or intraperitoneally (i.p.) in mice. The 

latter prederred in mice as MSCs, due to their large size, frequently 

entrap in the pulmonary circulation which can cause acute death due to 

asphyxia.76 Local administration was also studied by injecting the MSCs 

into the colonic submucosa.77

The first two articles published in 2008 showed beneficial effects of the 

bmMSC in both DSS78 and TNBS77 colitis in rats. These data were 

further supported by two articles from the same group on atMSCs. In 

their first article, the authors showed that systemic infusion of MSCs 

obtained from adipose tissue ameliorated the clinical and histopathologic 

severity of TNBS colitis, abrogating body weight loss, diarrhea and 

inflammation, and increasing survival.79 A second paper supported these 

data by showing that systemic infusion of atMSCs protects against 

experimental DSS colitis and sepsis. The therapeutic effect was 

associated with down-regulation of the Th1-driven inflammatory 

responses.80 Zhang et al. nicely demonstrated that also MSCs from 

human gingiva, a tissue source easily accessible from the oral cavity, have 

similar immunomodulatory and anti-inflammatory proper ties as 

bmMSCs. In addition, they showed that a comparable therapeutic effect 

was mediated in the acute model of DSS colitis. This effect was achieved 

by the suppression of inflammatory infiltrates and inflammatory 

cytokines/mediators, by the increased infiltration of regulatory T-cells, and 

by the expression of anti-inflammatory cytokine IL-10 at the colonic 

sites.81 

Recent data suggest that resting MSCs do not have significant 

immunomodulatory activity, but that the immunosuppressive function of 

MSCs has to be elicited by interferon-gamma (IFN-γ).49, 50 In Chapter 5, 
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Hematology

• Myelodysplastic syndromes

• Graft-versus-host disease (GvHD)

Dermatology 

• Epidermolysis bullosa  

• Burn injury 

• Diabetic foot

  

Nephrology 

• Diabetic chronic kidney disease   

• Lupus nephritis 

• Chronic allograft nephropathy 

• Allograft rejection after renal 

transplantation

Other 

• Osteogenesis imperfecta

• Liver cirrhosis 

• Periodontitis 

• Inflammatory bowel disease (IBD) 

  1 
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Ref.   Species Colitis model Donor source Tissue source Cell number Route Timing Sarifice Outcome of MSC treatment

81 C57BL/6 7 days 3% DSS human bm and g 2x106 i.p.
one day after DSS 
initiation

day 10
Amelioration of colitis. Suppression of inflammatory infiltrates and inflammatory 
cytokines/mediators. Increased infiltration of regulatory T cells and the 
expression of anti-inflammatory cytokine IL-10 at the colonic sites.

80 C57Bl/6 acute colitis: 7 days 5% DSS at 105–5×106 i.p. day 2 day 5-14

C57Bl/6

chronic colitis: two cycles of 7 
days with 3% DSS, followed by a 
10-day period without DSS 
supplementation

at 1x106 i.p. day 7 each cycle day 10 or 26

91 male Lewis rats
DSS colitis with bone marrow 
hypoplasia: busulphan i.p. day 0, 
1% DSS day 5 - 10

SDTG (CAG-
EGFP) rat

bm 2x104/g tail vein day 7 day 10
Less severe colitis due to restoration of epithelial barrier integrity, no changes in 
cytokine expression

78 male Lewis rats 7 days 4% DSS syngeneic bm 5x106 tail vein day 0, 2, and 4 day 7

Reduction in bloody stools, weight loss, colon shortening, and microscopic 
injuries. Decrease in mRNA expression of TNF-alpha, IL-1beta, and COX-2 in the 
rectum of MSC treated rats. Suppression of VEGF, HGF, and b-FGF. Green-
fluorescent-labeled MSCs in lamina propria of inflamed regions.

Ref.   Species Colitis model Donor source Tissue source Cell number Route Timing Sarifice Outcome of MSC treatment

79 BALB/c 
3 or 5 mg TNBS in 50%EtOH 
intrarectally

human, 
allogeneic and 
syngeneic

at 105–106 cells i.p.
12 hours after TNBS 
installation

day 3 and 10

BALB/c 
4 or 5 mg TNBS in 50%EtOH 
intrarectally

human at 1x106 i.p.
2 consecutive days 
starting day 6

day 14

BALB/c  1.5 mg TNBS day 0 and 9 human at 1x106 i.p.
12 hours after the 
first infusion of TNBS

day 14

77
male Sprague-
Dawley rats

0.15 M TNBS in 35% EtOH syngeneic bm 1x107
injected into the 
colonic 
submucosa 

immediately after the 
TNBS-induced colon 
injury

day 6
The engrafted MSCs survived and accelerated healing of TNBS-induced colitis. 
After the implantation, the MSCs became potential sources of VEGF and       
TGF-β1, angiogenic and immunomodulating factors, in colon tissues.

Amelioration of the clinical and histopathological severity of colitis. Less weight 
loss, diarrhoea and inflammation, and increase in survival. Downregulation of the 
Th1-driven inflammatory responses.

Protection against colitis, reduction in histopathologic signs and infiltration of 
macrophages, lymphocytes, and neutrophils. Reduced levels of inflammatory 
cytokines (TNF-α, IFN-γ, IL-6, IL-1β, and IL-12) and chemokines. Abrogation of 
established colitis. Increased levels of the anti-inflammatory/regulatory cytokine IL-
10. Reduction of disease recurrence.

human, 
allogeneic and 
syngeneic

Table 2. Published studies with mesenchymal stromal  cells in experimental models of colitis. A literature search in Pubmed was performed using the following keywords, alone or in combina-

tion: ‘mesenchymal stem cell’, ‘mesenchymal stromal cell’, ‘colitis’, ‘crohn’s disease’ and ‘inflammatory bowel disease’.



the effects of IFN-γ prestimulation of MSCs (IMSCs) was assessed in 

vitro and in animal models of colitis, demonstrating an enhanced 

therapeutic activity of MSCs after IFN-γ exposure.

Clinical trials in patients with Crohn’s disease

Currently, multiple trials on MSCs for the treatment of CD are 

registered in the public registries for clinical trials (Table 3). The indication 

is either active luminal disease, for which MSCs are injected 

intravenously, or fistulizing disease, for which MSCs are injected locally in 

fistula tracts. Cells are isolated from bone marrow or from adipose tissue 

and from either the patient itself (autologous) or from a healthy donor 

(allogeneic). At least three companies are currently investigating the 

application of MSCs in Crohn’s disease, i.e. Anterogen (Korea), Cellerix 

(Spain) and Osiris (USA). 

Completed trials

Safety of local application of atMSCs in the treatment of fistulizing CD 

was demonstrated in a phase I clinical trial in which in total nine fistulas 

in four patients were inoculated with autologous atMSCs. Although the 

results are preliminary and follow-up is short, they are interesting as after 

8 weeks 75 percent of these fistulas were considered healed and no 

adverse effects were observed in any of these patients.82 This phase I 

study was followed by a multicenter, randomized, controlled trial 

sponsored by Cellerix to evaluate the efficacy and safety of atMSCs. 

Forty-nine patients with complex perianal fistula from cryptoglandular 

disease (n=35) or CD (n=14) were included. Patients received fibrin 

glue or 20 million cells plus fibrin glue intralesionally. Fistula healing was 

evaluated at 8 weeks. If not healed, a second dose of fibrin glue or 40 

million cells plus fibrin glue was administered, with healing evaluated 8 

weeks later. Healing was defined as absence of drainage and complete 

reepithelization of the external openings. The proportion of patients 

whose fistulas were healed was significantly higher with atMSCs than 

with fibrin glue alone in the CD as well as the non CD patients.83 Osiris 

Therapeutics uses Prochymal™, MSCs obtained from the bone marrow 

of healthy adult volunteer donors. Although a significant decrease of the 

Crohn’s disease Activity Index (CDAI) score was observed in the phase I 

trial, 84 the company recently terminated a phase III trial because of a 

high placebo response rate. Unfortunately, the results have not yet been 

published in peer reviewed journals. In Chapter 3 the feasibility and 

safety of the intravenous application of autologous MSCs obtained from 

the bone marrow (bmMSC) of CD patients, was assessed in a phase I 

trial.85 

Ongoing studies

The Royal Perth Hospital (Australia) has just launched a multicenter 

phase II trial in 20 patients to evaluate the safety and efficacy of weekly 

intravenous infusion for 4 weeks with allogeneic bmMSCs. The University 

Hospital La Paz in Madrid is performing a phase I/IIa trial on allogeneic 

atMSCs in the local treatment of recto-vaginal fistula in CD. The Leiden 

University Medical Center (LUMC) is currently investigating the safety 

and preliminary efficacy of allogeneic bmMSCs in the induction of 

response for active fistulizing CD in a dose escalation study.
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Main trial ID Title Indication Cell type and source Dose Delivery route Time of delivery Primary endpoint Phase and design
Patient 
number

Site/company

Recruiting

NCT01011244
A Phase II Clinical Study of ADIPOPLUS (Autologous Cultured Adipose-
derived Stem Cell) for the Treatment of Crohn's Fistula to Evaluate 
Safety and Efficacy

Fistula autologous/at in fistula site
1) Efficacy: more than half closure of fistula (week 8) 2)Safety: 
Clinically measured abnormality of laboratory tests and adverse 
events

Phase II, uncontrolled Anterogen Co., Ltd.

NCT01090817
A Multicentre Australian Phase 2 Study to Evaluate Safety and Efficacy 
of Mesenchymal Stromal Cells for Treating Biologic Refractory Crohn's 
Disease

Luminal allogeneic/bm
2x106/kg recipient 
weight

intravenous weekly for 4 weeks
Clinical response to MSC: Reduction of Crohn's disease Activity 
score by 100 points or more at six weeks post start of therapy

Phase II, non-
randomized, 
historical controls

20 Royal Perth Hospital

NCT00999115
Clinical Trial in Phase I-IIa to Study the Feasibility and Security of the 
Allogenic Use of Adipose-derived Stem Cells for the Local Treatment of 
Recto-vaginal Fistula in Crohn´s Disease

Recto-vaginal fistula allogeneic/at 20x106 cells intralesional injection
at baseline with a possible second 
administration of 40x106

Percentage of subjects in whom the external openings of the 
treated rectovaginal fistula have closed (12 weeks)

Phase I-IIa 10
Biomedica del Hospital 
Universitario la Paz

NCT01020825
A Prospective Study for the Assessment of the Long-term Safety and 
Efficacy of Cx401 in Patients Taking Part in the FATT-1 Trial

Perianal fistula autologous/at 20 and 40x106 intralesional injection
Cumulative incidence of adverse events (clinical or laboratory) 
attributed to the study therapy in the preceding FATT-1 
randomized trial (CX401 or fibrin glue) (6 months)

Prospective, 
observational

150 Cellerix

NCT01144962
Dose-escalating Therapeutic Study of Allogeneic Bone Marrow Derived 
Mesenchymal Stem Cells for the Treatment of Fistulas in Patients With 
Refractory Perianal Crohn's Disease

Perianal fistula allogeneic/bm
10, 30, 90x106 or 
placebo

intralesional injection baseline
 1) The number of adverse and serious adverse events and 2) a 
reduction in the number of draining fistulas (12 weeks)

Phase I-II, dose 
escalation

21
Leiden University Medical 
Center

Active, not recruiting

NCT00482092

A Phase III, Multicenter, Placebo-Controlled, Randomized, Double-Blind 
Study to Evaluate the Safety and Efficacy of PROCHYMAL[tm] (ex Vivo 
Cultured Adult Human Mesenchymal Stem Cells) Intravenous Infusion 
for the Induction of Remission in Subjects Experiencing Treatment-
Refractory Moderate-to-Severe Crohn's Disease

Luminal allogeneic/bm
600 or 1200 x106 or 
placebo

intravenous over 4 infusions in 2 weeks Disease remission (CDAI at or below 150) (28 days)

Phase III, multicenter, 
placebo-controlled, 
randomized, double-
blind 

270 Osiris Therapeutics

Completed

NCT00543374

A Phase III, Multicenter, Placebo-controlled, Randomized, Double-blind 
Durability and Retreatment Study to Evaluate the Safety and Efficacy of 
PROCHYMAL™ (ex Vivo Cultured Adult Human Mesenchymal Stem 
Cells) Intravenous Infusion for the Maintenance and Re-induction of 
Clinical Benefit and Remission in Subjects Experiencing Treatment-
refractory Moderate-to-severe Crohn's Disease

Luminal allogeneic/bm NA NA NA
1) Duration of clinical benefit 2) Re-induction of clinical benefit 
(6 months)

Observational, 
double blind, 
randomized, placebo-
controlled

Osiris Therapeutics

NTR1360
Bone Marrow Derived Mesenchymal Stem Cells for the Treatment of 
Refractory Crohn's Diseas

Luminal autologous/bm
2x106/kg body 
weight

intravenous 2 infusions, one week apart

1) Safety: rate of (serious) adverse events in the study 
population 2) Feasibility: determination of the number of 
expanded MSCs in relation to the amount of bone marrow 
collected, number of passages required and time to reach study 
target doses (week 6) 

Phase I, open label 10
Leiden University Medical 
Center

NCT00294112

A Phase II, Open-Label, Randomized Study to Evaluate the Safety and 
Efficacy of PROCHYMAL™ IBD (ex Vivo Cultured Adult Human 
Mesenchymal Stem Cells) Intravenous Infusion for the Treatment of 
Subjects Experiencing Moderate-to-Severe Crohn's Disease That is 
Refractory to Steroids and Immune Suppressants

Luminal allogeneic/bm
2 or 8x106/kg body 
weight

intravenous 2 infusions, one week apart Crohn's disease activity index (28 days)
Phase I, open label, 
randomized

10 Osiris Therapeutics

NCT00992485
A Phase I Dose Escalation Clinical Study of ADIPOPLUS (Autologous 
Cultured Adipose-derived Stem Cell) for the Treatment of Crohn's 
Fistula to Evaluate Safety and Efficacy

Fistula autologous/at Escalating doses in fistula site
1) Efficacy: closure of fistula (week 8) 2) Safety: Clinically 
measured abnormality of laboratory tests and adverse events

Phase I, dose 
escalation

9 Anterogen Co., Ltd.

NCT01144962
Dose-escalating Therapeutic Study of Allogeneic Bone Marrow Derived 
Mesenchymal Stem Cells for the Treatment of Fistulas in Patients With 
Refractory Perianal Crohn's Disease

Perianal fistula allogeneic/bm
10, 30, 90x106 or 
placebo

intralesional injection baseline
 1) The number of adverse and serious adverse events and 2) a 
reduction in the number of draining fistulas (12 weeks)

Phase I-II, dose 
escalation

21
Leiden University Medical 
Center

Table 3. Registered clinical trials on mesenchymal stromal cells in Crohn’s disease. Both recruiting and completed trials are listed (sources: clinicaltrials.gov and trialregister.nl).



Safety issues and concerns

In the case of autologous MSCs, an ongoing discussion is whether MSCs 

are affected by or may contribute to the underlying disease. For 

instance, MSCs from patients with systemic lupus erythematosus are 

difficult to expand in culture and yield low cell numbers62 and those 

from patients with multiple myeloma have been shown to be impaired 

and possibly contribute to the pathogenesis of the disease.86 Chapter 3 

therefore evaluates MSCs obtained from refractory CD patients, 

focusing on growth potential, yield, and functional properties. 

Previous studies showed that immunosuppressive drugs can be harmful 

to hematopoietic stem cells or endothelial progenitor cell proliferation, 

thereby affecting their functional capacities.87-90 We hypothesized that 

likewise, immunosuppressive agents might have an effect on MSC 

function and could, therefore, change the outcome of MSC therapy and 

affect safety. Chapter 4 investigates the interaction between MSCs and 

immunosuppressive drugs frequently used in the treatment of IBD.
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