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Introduction

Inflammatory bowel disease (IBD) is a complex disease 
characterized by an exaggerated mucosal immune response, 
manifesting as a chronic inflammatory process of the 
gastrointestinal tract in a genetically susceptible host (1). 
The two main subtypes are Crohn’s disease (CD) and 
ulcerative colitis (UC). At the time that gastrointestinal 
manifestation of UC tends to be more confined to the 
colon, with superficial continuous ulcerative process, CD 
can affect any part of the gastrointestinal tract, from mouth 
to anus, in a transmural, stricturing, and/or fistulizing 

patterns. Both results in significant alterations in quality 
of life due to remitting and relapsing symptoms of pain, 
increased stool frequency, hematochezia, anemia, intestinal 
obstruction, and potentially, surgery. However, these 
diseases are systemic disorders, and can affect many other 
organ systems. Extraintestinal manifestations are well 
described in the literature. While in many cases, these 
symptoms are believed to be a result of the underlying 
intestinal inflammatory process, the activity of other 
manifestations is found to be independent of the luminal 
disease activity.

The peak incidence is between ages 15–30, with a second, 
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relatively smaller, peak is in late adulthood in the 6th and 7th 
decade of age (2). Approximately 10–25% of IBD patients 
have one first degree relative with IBD (3). Interestingly, 
patients with family history of CD show similar disease 
phenotypes within affected family members (4). Having a 
positive family history of IBD remains the strongest risk 
factor for developing IBD (5).

Before 1998, when the Food and Drug Administration 
(FDA) first approved infliximab for the treatment of 
IBD, the cornerstones of medical therapy for IBD were 
corticosteroids and 5-aminosalicylate. Since then, biologic 
therapy has taken a prominent role in the treatment of 
IBD, and drugs in the anti-tumor necrosis factor (TNF) 
alpha (infliximab, adalimumab, certolizumab pegol, 
golimumab), anti-integrins (natalizumab, vedolizumab), 
and anti-interleukins (ustekinumab) classes have since been 
FDA-approved for the treatment of IBD. However, their 
cost, side effects, potential to develop loss of response, 
and, most importantly, their limited effect in some IBD 
patients, made scientists explore further treatment options. 
Patients who become refractory to medical management 
eventually require surgery; as up to 60% of patients with 
CD will require a surgical intervention at some point 
during their disease course (6), and 15% of UC patients will 
need colectomy (7). The ultimate goal in treating IBD is to 
achieve deep remission (symptom control and endoscopic 
healing of mucosal lesions), maintain maximal intestinal 
function, reduce long-term disability, and maintain a normal 
quality of life.

It has been reported that 33% of patients with CD do 
not respond to anti-TNF alpha therapy (8-10), and one 
third of responders will lose response at some point of their 
disease course to their current medical regimen (11). Based 
on all the foregoing and on advances in understanding 
of the pathophysiological mechanisms involved in IBD 
development, new biological drugs and stem-cell therapies 
continue to be investigated.

There is a growing evidence that stem-cell therapy can 
be an alternative method to treat ongoing tissue damage by 
resetting the underlying disease process, through alteration 
of the mucosal immune response (12,13). However, results 
from current clinical trials using both, hematopoietic stem 
cells (HSCs) and mesenchymal stem cells (MSCs), continue 
to be inconsistent. 

HSCs are multipotent cells that can be isolated from 
bone marrow, umbilical cord, or peripheral blood (14). 
They have self-renewal capabilities, and the potential to 
differentiate into blood and immune cells. Their ability 

to migrate to damaged tissue provides them with further 
properties to differentiate to epithelial or immune-
modulatory cells to restore normal mucosal tissue and 
integrity (15). MSCs are multipotent cells with potentials 
to differentiate to multiple mesoderm lineage cell types, 
such as adipocytes, myocardiocytes, chondrocytes, and 
osteoblasts (13,16,17). Their major sources of isolation for 
therapeutic purposes are bone marrow, umbilical cord, and 
adipose tissues. In addition to differentiation, MSCs have 
immunomodulatory capabilities to downregulate mucosal 
immune reactivity by promoting regulatory T-cell (Treg) 
formation (18), most potent immunosuppressive T cells, 
including inhibition of proliferation and function of Th1 
and Th17 cells, and promote tissue healing (19).

Hematopoietic stem cell transplant (HSCT) in 
IBD

Current studies continue to focus on autologous HSCT, 
which is intended to reset the immune system by de novo 
regeneration of T-cell repertoire, and repopulation of 
epithelial cells by bone-marrow derived cells to help 
patients achieve clinical and, potentially, endoscopic 
remission. Allogeneic HSCT carries high morbidity and 
mortality rate for treatment of IBD, and has been used 
for monogenic diseases, like IL-10 deficiency, as it would 
correct the disease by building a new immune system in the 
host (18,19).

There has been an increasing interest in autologous 
HSCT in patients with severe CD who are refractory 
to treatment. A single-center cohort from Spain studied 
the effect of autologous HSCT in 29 patients with CD, 
unresponsive to current available therapies (20). Seventy 
percent of patients achieved drug-free clinical remission 
at 6 months of follow up. The proportion of patients who 
remained in drug-free remission state at 5 years of follow up 
was 15%. Interestingly, 80% of patients who relapsed were 
successfully managed with medical therapy. The largest 
multi-center randomized trial published to date, the ASTIC 
Trial, reported no benefit of HSCT over mobilization 
alone at 1 year, for primary endpoint of steroid-free clinical 
remission for 3 months with mucosal healing and absence 
of radiological evidence of active inflammation (21). Yet, 
critics of this trial have deemed autologous HSCT as 
a promising treatment for severe refractory CD, as the 
predefined primary endpoint for the ASTIC trial was the 
most stringent ever used for a clinical trial in CD compared 
to drug trials. Data was further analyzed using traditional 
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endpoints for clinical trials of conventional therapy in CD, 
and autologous HSCT showed a statistically significant 
clinical and endoscopic benefits, although it was associated 
with a high burden of adverse events, with infections being 
the most common (22).

Mesenchymal stem cell transplant (MSCT) in 
IBD

Due to their immunosuppressive properties and their 
role in tissue repair, MSCs seem to be a promising tool 
in immune-regulatory and regenerative cell therapy in a 
variety of medical conditions. Major advantages of MSCs 
over HSCT are their low immunogenicity properties, non-
myeloablative technique; without total body irradiation, 
and eliminating the need for chemotherapy. The idea of 
low immunogenicity of MSCs originates from the fact 
that they express low levels of major histocompatibility 
complex (MHC) class I, not MHC class II, without 
costimulatory molecules that would activate T cells during 
the infusion process. MSCT has been evaluated for the 
treatment of IBD in two different modalities; intra-
lesional injection to treat fistulas in CD, and intravenous 
administration to treat luminal CD and UC. Local injection 
of autologous and allogeneic MSCs have shown positive 
results in multiple case series and randomized controlled 
trials compared to placebo in patients with complicated 
fistulizing disease, not responding to traditional therapies 
with immunomodulators, anti-TNF alpha agents, and 
local management, including surgery (23,24). A 12-patient, 
6-month, phase 1 trial has shown an 83% rate of complete 
clinical healing and radiological evidence of response of 
complicated fistulas in CD patients treated with intra-
fistulous autologous MSCT (25). A different phase I study 
of four patients suffering from one or more refractory, 
complex CD fistulas were treated with a single intra-fistula 
injection of autologous MSCs. Healing was seen in 6 out 
of 8 fistulas at 8 weeks, and partial closure with decreased 
drainage was observed in the 2 remaining fistulas. There 
were no adverse effects at 12- to 22-month follow-up (26).  
The same investigator further looked at response to intra-
fistula MSCs in a phase II trial. Forty nine patients with 
complex perianal fistulas were randomly assigned to 
treatment with intra-lesional injection of fibrin glue or 
fibrin glue plus adipose tissue-derived MSCs, followed 
by a second double dose of adipose tissue-derived MSCs 
if fistula healing was not achieved at 8 weeks. Seventeen 
out 24 patients receiving adipose tissue-derived MSCs 

had complete resolution of fistulas, 11 patients healed 
after the first injection and 6 patients needed a second 
injection, compared to 4 out of 25 in the control group. 
There was a significant improvement in quality of life in 
the treated group compared to controls (27). Allogeneic 
MSCT is an effective and safe treatment modality for 
complex perianal fistulas in patients with CD who did 
not respond to conventional or biological treatments, or 
both. A phase III, randomized, double-blind, parallel-
group, placebo-controlled, multi-center clinical trial of 212 
patients with refractory, complex, active perianal fistulas 
were treated with surgical closure of the internal opening 
of the fistulas followed by a single injection of either MSCs 
or placebo into the tissue adjacent to all fistula tracts and 
internal openings, in addition to their current treatment. At  
24 weeks of follow up, fistula closure rates—assessed 
by both clinical and MRI evaluation—were statistically 
significant higher in the MSC group compared to placebo, 
with a significantly shorter time to obtain closure of all 
treated external openings (28). Intravenous autologous 
MSCs therapy for luminal CD was evaluated in two studies 
with modest benefits, as it failed to sustain clinical remission 
with reported worsening of CD symptoms in some cases 

(29,30). Studies of allogeneic MSCs infused intravenously 
have shown superiority when compared to autologous 
studies in treatment of luminal CD. A phase I clinical trial 
of seven patients with IBD (four patients with CD and 
three with UC) were treated with intravenous allogeneic 
MSCs, while continuing their treatment regimens with 
steroids and/or immunosuppressors. After 3 months, a 
significant reduction in CD activity index (CDAI) and UC 
clinical activity index (CAI) scores were observed in all 
patients, as remission was achieved in 5 out of the 7 patients 
(2 patients with CD and 3 patients with UC). Endoscopic 
improvement was observed by a decrease in endoscopic 
index of severity score from 19.1 to 4.2 points at 4 months 
and from 14.5 to 3 points at 3 months in two CD patients, 
as well as a decrease in endoscopic activity index from 7 to 
5 at 5 months in a UC patient (31). In a phase II trial, 15 
patients with refractory active luminal CD were treated 
with allogeneic MSCs for 4 weeks. After 6 weeks, there was 
a reduction of the mean CDAI scores and improvement 
of mean quality of life scores in patients with luminal 
CD refractory to biologic therapy (32). The probably 
most important work in this field is a large (330 patients 
enrolled), multicenter, randomized, double-blind, phase 
III trial generated by Osiris Therapeutics. Patients will 
be treated with Prochymal™, an intravenous formulation 
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of MSCs derived from the bone marrow of healthy adult 
donors, at different IV doses for moderate-to-severe CD, 
with final results are expected in 2018. According to data 
reported to date, the safety profile appears to be favorable, 
and formation of aberrant tissue has not been detected (33).

Conclusions

IBD is a complex, relapsing and remitting, disease 
characterized by an exaggerated immune response in 
susceptible host. The symptoms and complications of the 
disease can be debilitating. Treat-to-target strategy in 
IBD focuses on achieving clinical and mucosal remission, 
prevent further disease progression, and maintain maximal 
function of the intestinal tract. The diversity of effective 
treatment modalities, with the emergence of new agents, 
changed the disease course in many patients with IBD, 
and provided more options in complicated, refractory 
cases. Hematopoietic and MSC therapy has been shown 
to be a potential alternative therapy for disease control 
in refractory IBD, mainly CD patients. MSCs offer a 
promising emerging therapy for patients with IBD due 
to their immunosuppressive properties, ability to migrate 
to areas of injury, and demonstration of colonic healing. 
Both intra-lesional autologous and allogeneic MSCs have 
demonstrated efficacy in fistulizing Crohn’s disease, while 
intravenous allogeneic MSCs have shown more promising 
results than autologous MSCs in luminal Crohn’s disease. 
The results from ongoing clinical trials will provide a 
valuable understanding of the future of stem-cell therapy 
as a treatment option in refractory cases of IBD, a disease 
whose pathogenesis remains unknown, and is notoriously 
difficult to treat.

Acknowledgements

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest 
to declare. 

References

1. Sartor RB. Mechanisms of disease: pathogenesis of Crohn's 
disease and ulcerative colitis. Nat Clin Pract Gastroenterol 
Hepatol 2006;3:390-407.

2. Shivashankar R, Tremaine WJ, Harmsen WS, et al. 
Incidence and Prevalence of Crohn's Disease and 
Ulcerative Colitis in Olmsted County, Minnesota 
From 1970 Through 2010. Clin Gastroenterol Hepatol 
2017;15:857-63.

3. Orholm M, Munkholm P, Langholz E, et al. Familial 
occurrence of inflammatory bowel disease. N Engl J Med 
1991;324:84-8.

4. Lashner BA, Evans AA, Kirsner JB, et al. Prevalence 
and incidence of inflammatory bowel disease in family 
members. Gastroenterology 1986;91:1396-400.

5. Satsangi J, Grootscholten C, Holt H, et al. Clinical 
patterns of familial inflammatory bowel disease. Gut 
1996;38:738-41.

6. Peyrin-Biroulet L, Harmsen WS, Tremaine WJ, et al. 
Surgery in a population-based cohort of Crohn's disease 
from Olmsted County, Minnesota (1970–2004). Am J 
Gastroenterol 2012;107:1693-701.

7. Targownik LE, Singh H, Nugent Z, et al. The 
epidemiology of colectomy in ulcerative colitis: results 
from a population-based cohort. Am J Gastroenterol 
2012;107:1228-35.

8. Hanauer SB, Feagan BG, Lichtenstein GR, et al. 
Maintenance infliximab for Crohn’s disease: the ACCENT 
I randomised trial. Lancet 2002;359:1541-9.

9. Colombel JF, Sandborn WJ, Rutgeerts P, et al. 
Adalimumab for maintenance of clinical response and 
remission in patients with Crohn’s disease: the CHARM 
trial. Gastroenterology 2007;132:52-65.

10. Sandborn WJ, Feagan BG, Stoinov S, et al. Certolizumab 
pegol for the treatment of Crohn’s disease. N Engl J Med 
2007;357:228-38.

11. Yanai H, Hanauer SB. Assessing response and loss 
of response to biological therapies in IBD. Am J 
Gastroenterol 2011;106:685-98.

12. Heslop JA, Hammond TG, Santeramo I, et al. Concise 
review: workshop review: understanding and assessing the 
risks of stem cell-based therapies. Stem Cells Transl Med 
2015;4:389-400.

13. Okamoto R, Watanabe M. Investigating cell therapy 
for inflammatory bowel disease. Expert Opin Biol Ther 
2016;16:1015-23.

14. da Silva Meirelles L, Chagastelles PC, Nardi NB. 
Mesenchymal stem cells reside in virtually all post-natal 
organs and tissues. J Cell Sci 2006;119:2204-13.

15. Kavanagh DP, Kalia N. Hematopoietic stem cell homing 
to injured tissues. Stem Cell Rev 2011;7:672-82.

16. Bieback K, Netsch P. Isolation, culture, and 



Stem Cell Investigation, 2017

© Stem Cell Investigation. All rights reserved. Stem Cell Investig 2017;4:95sci.amegroups.com

Page 5 of 5

characterization of human umbilical cord blood-
derived mesenchymal stromal cells. Methods Mol Biol 
2016;1416:245-58.

17. Pittenger MF, Mackay AM, Beck SC, et al. Multilineage 
potential of adult human mesenchymal stem cells. Science 
1999;284:143-7.

18. Mayne CG, Williams CB. Induced and natural regulatory 
T cells in the development of inflammatory bowel disease. 
Inflamm Bowel Dis 2013;19:1772-88.

19. Stappenbeck TS, Miyoshi H. The role of stromal stem 
cells in tissues regeneration and wound repair. Science 
2009;324:1666-9.

20. Kuşkonmaz B, Ayvaz D, Aydemir Y, et al. Successful 
outcome with second hematopoietic stem cell 
transplantation in a patient withl IL-10R deficiency. Bone 
Marrow Transplant 2016;51:615-6.

21. Kotlarz D, Beier R, Murugan D, et al. Loss of 
interleukin-10 signaling and infantile inflammatory 
bowel disease: implications for diagnosis and therapy. 
Gastroenterology 2012;143:347-55.

22. Lopez-Garcia A, Rovira M, Jauregui-Amezaga A, et al. 
Autologous Hematopoietic Stem Cell Transplantation for 
Refractory Crohn’s Disease: Efficacy in a Single-Centre 
Cohort. J Crohns Colitis 2017;11:1161-8.

23. Hawkey CJ, Allez M, Clark MM, et al. Autologous 
hematopoetic stem cell transplantation for refractory 
Crohn's disease a randomized clinical trial. JAMA 
2015;314:2524-34.

24. Lindsay JO, Allez M, Clark M, et al. Autologous stem-cell 
transplantation in treatment-refractory Crohn's disease: 
An analysis of pooled data from the ASTIC trial. Lancet 
Gastroenterol Hepatol 2017;2:399-406.

25. Dietz AB, Dozois EJ, Fletcher JG, et al. Autologous 
mesenchymal stem cells, applied in a bioabsorbable matrix, 
for treatment of perianal fistulas in patients with crohn’s 
disease. Gastroenterology 2017;153:59-62.

26. García-Olmo D, García-Arranz M, Herreros D, et al. A 
phase I clinical trial of the treatment of Crohn's fistula by 
adipose mesenchymal stem cell transplantation. Dis Colon 
Rectum 2005;48:1416-23.

27. Garcia-Olmo D, Herreros D, Pascual I, et al. Expanded 
adipose-derived stem cells for the treatment of complex 
perianal fistula: a phase II clinical trial. Dis Colon Rectum 
2009;52:79-86.

28. Panès J, García-Olmo D, Van Assche G, et al. Expanded 
allogeneic adipose-derived mesenchymal stem cells 
(Cx601) for complex perianal fistulas in Crohn's disease: a 
phase 3 randomised, double-blind controlled trial. Lancet 
2016;388:1281-90.

29. Duijvestein M, Vos AC, Roelofs H, et al. Autologous bone 
marrow-derived mesenchymal stromal cell treatment for 
refractory luminal Crohn's disease: results of a phase I 
study. Gut 2010;59:1662-9.

30. Dhere T, Copland I, Garcia M, et al. The safety 
of autologous and metabolically fit bone marrow 
mesenchymal stromal cells in medically refractory 
Crohn's disease – a phase 1 trial with three doses. Aliment 
Pharmacol Ther 2016;44:471-81.

31. Liang J, Zhang H, Wang D, et al. Allogeneic mesenchymal 
stem cell transplantation in seven patients with refractory 
inflammatory bowel disease. Gut 2012;61:468-9.

32. Forbes GM, Sturm MJ, Leong RW, et al. A phase 2 study 
of allogeneic mesenchymal stromal cells for luminal 
Crohn's disease refractory to biologic therapy. Clin 
Gastroenterol Hepatol 2014;12:64-71.

33. Osiris Therapeutics. A phase III, multicenter, placebo-
controlled, randomized, double-blind study to evaluate 
the safety and efficacy of Prochymal ™ (ex vivo cultured 
adult human mesenchymal stem cells) intravenous infusion 
for induction of remission in subjects experiencing 
treatment-refractory moderate-to-severe Crohn’s disease. 
ClinicalTrials. Gov2010, NCTO0482092.

doi: 10.21037/sci.2017.11.04
Cite this article as: Salem GA, Selby GB. Stem cell transplant 
in inflammatory bowel disease: a promising modality of treatment 
for a complicated disease course. Stem Cell Investig 2017;4:95.


