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Summary 
Mesenchymal stem cells (MSCs) are immunosuppressive cells that might be useful for 
the treatment or prevention of graft-versus-host disease (GVHD). This possibility is 
currently under investigation. 
 
Transplantation using hematopoietic stem cells (HSCs) is an effective therapy to treat 
various types of cancers and disorders of the blood. There are two major different types 
of stem cell transplantations: autologous transplants, where the patients' own stem cells 
are used, and allogeneic transplants, where cells from a donor are used. Allogeneic stem 
cell transplantation can cause GVHD, which is when the immune cells in the transplant 
attack the patient’s cells. GVHD is classified as either acute or chronic, based on the time 
of onset, distinct pathological pathways and clinical presentation. The GVHD reaction 
can occur up to six months after allogeneic transplantation. 
 
MSCs were first described in 1976. They are multipotent stem cells and are known to 
differentiate into a variety of mesenchymal tissues under specific conditions. MSCs are 
involved in tissue regeneration, where they travel from the bone marrow to the damaged 
tissue after injury. The undifferentiated MSCs produce important growth factors and 
cytokines that increase the expansion and differentiation of HSCs. MSCs also create a 
niche in the bone marrow to improve HSC engraftment. The anti-proliferative, 
immunomodulatory and anti-inflammatory effect of MSCs have put them in focus as a 
potential therapeutic agent in disorders caused by the immune system, such as GVHD. 
 
Scientists are currently working  with  the  MSCs to develop a possible treatment or 
prevention therapy. Clinical trials have been carried out and the MSCs are showing great 
potential for the treatment and the prevention of GVHD in patients receiving allogeneic 
HSC transplants. However, more research within this field is needed before we will see a 
standard treatment for GVHD in the clinic.   
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Introduction 
Mesenchymal stem cells (MSCs) are immunosuppressive cells that might be useful in the 
treatment or prevention of graft-versus-host disease (GVHD). The possibility of using 
MSCs for this purpose has been investigated previously, by Le Blanc et al. (2004, 2006, 
2007a, 2007b, 2008), Polchert et al. (2008) and Lazarus et al. (2005) among others and 
this report summarizes publications in this area.  

Background 

Stem Cell Transplantation 
Transplantation using hematopoietic stem cells (HSCs) is an effective therapy for various 
types of cancers and disorders of the blood such as leukemia and aplastic anemia (Socié 
et al. 1999, Goker et al. 2000). There are two major different types of stem cell 
transplantations; autologous transplantations, where the patients own stem cells are used, 
and allogeneic transplantations, where cells from a donor are used. When the stem cell 
transplantation is allogeneic, it is important that the donor’s immune system markers are 
closely related to the patient’s markers, to decrease the risk of potential complications 
(The Bone Marrow Foundation 2001, Web  2008).  There  are  four  steps  in  the process 
of allogeneic stem cell transplantation. The first step in the process is the collection of 
stem cells from a donor. If the therapy is autologous, the stem cells are frozen and stored 
until they are needed. In the case of allogeneic stem cell transplantation, the cells are 
preferably collected from the donor when needed (Macmillan Cancer Support 2003, 
Multiple Myeloma Research Foundation 2008). The stem cells are most commonly 
collected from the bone marrow for allogeneic therapy. By using a needle and a syringe, 
the surgeon removes bone marrow from the pelvis during general anesthesia (Multiple 
Myeloma Research Foundation 2008). The patient then undergoes a series of irradiation 
treatments and chemotherapies to reduce the leukemia or cancer. These treatments will 
eliminate the cells causing the disorder, but will also kill the cells of the immune system, 
making the patient very vulnerable to infections and other disorders. The third step before 
transplantation is a high dose of chemotherapy, sometimes followed by total body 
irradiation. This will totally eradicate the patient’s bone marrow and wipe out the 
immune system. The forth and final step is the transplantation of the HSCs. The stem 
cells are given through a drip, much like having a blood transfusion (Macmillan Cancer 
Support 2003, Multiple Myeloma Research Foundation 2008). The cells start to migrate 
to the bone marrow where they begin the process of producing blood cells. It will take 
approximately 2-4 weeks for the HSCs to engraft to the bone marrow and start producing 
new blood cells and build up a new immune system (Culter and Antin 2001, Multiple 
Myeloma Research Foundation 2008). During this time the patient has to be treated with 
antibiotics, due to the lack of immune system function after the chemotherapy. This 
period accounts for much of the morbidity and mortality associated with the procedure 
(Macmillan Cancer Support 2003, Culter and Antin 2001). A stem cell transplant will 
allow for much higher dose chemotherapy than usual, since it will help rebuild the 
destroyed immune system. This may help to improve the chances for curing some types 
of cancer (Macmillan Cancer Support 2003).  
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Allogeneic stem cell transplantation can cause graft-versus-host disease (GVHD), where 
the immune cells in the transplant attack the patient’s cells, preventing a widespread 
application of this therapy type (Saliba et al. 2007, Polchert et al. 2008 Multiple 
Myeloma Research Foundation 2008). 50% of stem cell transplant recipients will develop 
GVHD after allogeneic transplantation (Jacobsohn and Vogelsang 2007, Polchert et al. 
2008), and it has been said that “the greatest preventative measure [for GVHD] has been 
intentional underutilization of stem cell transplantation” (Polchert et al. 2008). 
 

Graft-versus-Host-Disease 
Graft-versus-host-disease (GVHD) is a complication that occurs after a bone marrow or 
stem cell transplantation, when the newly transplanted material attacks the host. This 
happens when the transplanted donor-derived T-cells recognize and react to the 
recipient’s antigens and cells. The T-cell attack will result in a wide variety of host tissue 
injuries in varying degrees of clinical severity. (Goker et al. 2000, Medline Plus 2008). 
 
There are three factors required for the occurrence of graft-versus-host (GVH) reaction 
(Goker et al. 2000). The first is that the graft must contain a sufficient number of 
immunologically competent cells. The second is that the host should have important 
transplantation isoantigens lacking in the graft, so that the host will appear foreign, and 
thus capable of stimulating the donor cells antigenically. The third factor affecting the 
development of GVHD is the host’s immune system. In order for GVHD to develop, the 
host immune system must be incapable of mounting an effective immune response 
against the graft (Goker et al. 2000). The occurrence and severity of GVHD is strongly 
related to the human leukocyte antigen-mismatch (HLA-mismatch) between the donor 
and the recipient. For children with acute leukemia only 30% have a matched HLA donor, 
often a sibling. This means that 70% of transplants for this patient group are HLA 
mismatched, thus resulting in a higher risk for GVHD (Eapen et al. 2007, Rocha et al. 
2001).    
 
GVHD is clinically divided into acute and chronic GVHD (Goker et al. 2000, Saliba et al. 
2007). This is based on the time of onset, distinct pathobiological pathways, and the 
different clinical presentations. GVHD occurring within the first 100 days following 
allogeneic transplantation is classed as acute GVHD. Cronic GVHD is defined as GVHD 
that occurs after 100 days post-transplantation. But the time distinction is not always that 
clear-cut (Goker et al. 2000, Saliba et al. 2007). 
 
Hyperacute GVHD is a form of acute GVHD that is frequently fatal, but fortunately a 
rare form of the disease (Goker et al. 2000, Saliba et al. 2007). It occurs within the first 
week after transplantation, and is characterized by fever, severe hepatitis and widespread 
inflammation to mention a few symptoms. Acute GVHD involves mainly three organ 
systems: the skin, the gastrointestinal tract and the liver. Clinically significant acute 
GVHD is defined as grade II – IV and higher, and occurs in 9% – 50% of patients 
receiving allogeneic transplant. If no prophylaxis with immunosuppressive drugs has 
been used, the risk of developing GVHD is 100% (Goker et al. 2000, Saliba et al. 2007). 
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Since medicines are prescribed to prevent GVHD, it is usually mild when it occurs. 
However, in some patients it might become very severe and even life-threatening 
(Messina et al. 2008). The GVHD reaction can occur up to six months after a stem cell or 
bone marrow transplantation. Occasionally the donor bone marrow is pre-treated before 
infusion, by depleting the T-cells from the graft. This is done because the T-cells are 
thought to play a role in the development of GVHD. It is done when there is a high risk 
of severe GVHD reaction such as when stem cells or bone marrow from an unrelated 
donor is used, and the HLA mismatch therefore might be higher. (Cancer backup 2003, 
Messina et al. 2008). The immunosuppressive medicines that are prescribed to prevent 
GVHD are based on mechanisms that interfere with T-cell activation and function 
(Messina et al. 2008). The current standard treatment for established GVHD is steroids, 
with a response rate of about 20-50%. The survival rate for patients that develop severe 
steroid resistant GVHD is very low (Le Blanc et al. 2008). 
 
If GVHD occurs, it does not mean that the transplant has failed. In contrast, some cells 
that are involved in the GVH reaction may also attack any cancer cells in the body that 
might have survived the second step of chemotherapy or irradiation therapy, and thereby 
reduce the risk of relapse. (Cancer backup 2003, Annéren C., personal communication). 
 
The role of mesenchymal stem cells for treatment of GVHD and their possible use to 
prevent development of GVHD is under investigation (Le Blanc and Ringdén 2006, 
Polcher et al. 2008, Le Blanc et al. 2007a). 
 

Mesenchymal Stem Cells 
Mesenchymal stem cells (MSCs) were first described by Fridenstein et al. in 1976 (Bobis 
et al. 2006). They are multi-potent stem cells and are known to differentiate into a variety 
of mesenchymal tissues, mainly osteoblasts, adipocytes and chondrocytes, under specific 
conditions (Selected Biosciences Stem Cells Market Report 2007/2008, Le Blanc and 
Ringdén 2006). The MSCs demonstrate site-specific differentiation after intravenous 
infusion, and they are progenitors of well defined tissues.  This  has  enticed  scientists to 
explore their role in regenerative medicine (Le Blanc and Ringdén 2006). 
 
The most commonly used source of MSCs today is the bone marrow, but MSCs can also 
be found in for instance adipose tissue, umbilical cord blood and Wharton’s jelly 
(umbilical cord).  The  bone  marrow  consists  of  only about 0.01% to 0.001% MSCs, 
while in adipose tissue MSCs can be found to a greater extent. (Bobis et al. 2006, van den 
Berk et al. 2008).  
 
MSCs are involved in tissue regeneration, where they travel from the bone marrow to 
damaged tissue after injury. However, the number of MSCs decreases with age, due to 
their differentiation into cells that build up our bodies. The greatest number of MSCs is 
found in neonates, whereas the amount of MSCs is reduced to about one-half at the age 
of 80 (Bobis et al. 2006). This may be one of the reasons why younger people have better 
regenerative ability after injury (Sukhikh et al. 2002).  
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The undifferentiated MSCs produce important growth factors and cytokines that increase 
expansion and differentiation of HSCs (Le Blanc and Ringdén 2006, Le Blanc and 
Ringdén 2007b). The MSCs also express numerous receptors that are important for the 
adhesion with HSCs (Deans and Moseley, 2000). MSCs create a niche in the bone 
marrow to improve HSC engraftment. They also have the ability to modify the response 
of inflammatory immune cells (Le Blanc and Ringdén 2006, Le Blanc and Ringdén 
2007b). MSCs are immunogenic to a limited extent, since they do not constitutively 
express the major histocompability complex (MHC) class II antigens or the T cell co-
stimulatory B7 molecule. It is also well known that MSCs suppress lymphocyte 
alloreactivity in vitro through HLA-independent mechanisms, and also mediate a 
systemic immunosuppressive activity in vivo that reduces inflammation (van den Berk et 
al. 2008, Le Blanc and Ringdén 2007b). The anti-proliferative, immunomodulatory and 
anti-inflammatory effect of the MSCs has put them in focus as a potential therapeutic 
agent in disorders caused by the immune system, such as GVHD (Le Blanc and Ringdén 
2006). 

MSC as a Treatment for GVHD 
In a case study, the infusion of donor-derived MSCs in a patient with grade IV acute 
GVHD showed a striking immunosuppressive effect (Le Blanc et al. 2004). The authors 
isolated MSCs from the patient’s mother and the cells were infused intravenously. There 
was no toxicity after or during the infusion. Four days after the MSC infusion the 
frequency of diarrhea, caused by the GVHD, decreased from up to 20 times daily to only 
twice daily and after two weeks the patient resumed oral food intake. The patient 
experienced diarrhea, but no abdominal pain at day 150. This led to an additional dose of 
the MSCs before the patient was discharged, to assure complete GVHD treatment. These 
results agreed with a previous study by Bartholomew et al. (2002), in baboons, where 
mismatched MSCs engrafted to the gastrointestinal tissue after intravenous infusion 
(Bartholomew et al. 2002, Le Blanc et al. 2004). The treatment of GVHD when using 
MSCs, suggests that there is an immunosuppressive effect of MSCs in vivo rather than a 
development of tolerance (Le Blanc and Ringdén 2006). 
 
In a phase 2 experimental study between October 2001 and January 2007 Le Blanc et al. 
(2008) made the interpretation that infusion of MSC that are expanded in vitro, 
irrespective of the donor, might be an effective therapy for patients with steroid-resistant, 
acute GVHD. Patients of all ages and with grade II-IV steroid-resistant GVHD were 
administered MSCs at a median time of 103 days after HSC transplantation. None of the 
patients showed acute side-effects from the MSCs during or after the infusions. Nearly 
half of the patients had a complete response to the MSC treatment, eliminating GVHD. 
About one fifth of the patients receiving MSCs to treat GVHD had a partial response, 
while the remainder of the patients had worsening GVHD. Patients responding to the first 
dose of MSCs were administered an additional dose to prevent GVHD recurrence when 
the immunosuppressive drug treatment was reduced. 39 of 55 patients with steroid 
resistant GVHD responded to MSC treatment, and the study showed a higher survival 
rate of patients responding to MSC treatment than previous studies of patients with 
similar grade of acute GVHD. In conclusion, bone marrow derived MSCs might be a safe 
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and effective treatment for patients with severe, acute GVHD that does not respond to 
corticosteroids and other immunosuppressive therapies (Le Blanc et al. 2008). 
 
In a study from 2008, Polcher et al. validated previous studies by Le Blanc et al. (2008) 
showing that MSCs can treat GVHD successfully. This study was carried out in mice, 
and the successful treatment of GVHD was due to their ability to suppress donor T-cell 
proliferation. In a mouse model, addition of MSCs during ongoing GVHD significantly 
reduced GVHD mortality (Polchert et al. 2008). A study by Lazarus et al. (2005) showed 
that when MSCs were co-transplanted with HSCs in stem cell transplantation, 23 of a 
total of 46 patients developed acute GVHD. Within the patient group, 14 out of 19 
patients who received bone marrow transplants developed GVHD, while only 9 out of 27 
patients receiving peripheral blood stem cells developed acute GVHD (Lazarus et al. 
2005). Thus these results by Lazarus et al. (2005) showed that when MSCs were given at 
the same time as a bone marrow transplant with the purpose to prevent GVHD, the 
incidence of GVHD development was not significantly improved. 74% of the patients 
who were treated with MSCs developed GVHD and clinically significant GVHD after 
allogeneic transplantation without MSCs occurs in 9-50% of cases.  These results suggest 
the absence of necessary initiating factors for MSC activation when they are co-
transplanted with bone marrow. The hypothesis led to a study where Polchert et al. (2008) 
showed that interferon gamma (IFN-γ) can be used to initiate MSC immunosuppressive 
function. Pre-treating MSCs with IFN-γ before co-transplantation, with bone marrow 
derived HSCs, led to observations of significantly improved GVHD mortality (Polchert et 
al. 2008).  
 
Contrary to Polchert et al. (2008), another study showed that the co-infusion of MSCs 
with HSCs in stem cell transplantation increased HSC engraftment without development 
of GVHD (Le Blanc et al. 2007a). The absence of GVHD may in part result from the 
immunomodulatory effects of MSCs. 
  

Discussion 
The development of GVHD after HSC transplantation limits the success rate of stem cell 
transplantation. Scientists are now examining the possibility to treat and prevent the 
occurrence of GVHD with cell therapy using MSCs. 
 
Using MSCs for the treatment of GVHD is showing great promise, but there are some 
contradictions in the work that has been carried out so far. Le Blanc et al. (2008) have 
performed transplantations where they co-infused MSCs and HSCs, which showed that 
GVHD development significantly decreased due to the immodulatory effects of the 
MSCs. In contrast, Polcher et al. (2008) showed that the MSCs need to be pre-treated 
with IFN-γ to effectively prevent the development of GVHD.  
 
Little is known about the mechanisms of suppression of GVHD by the MSCs. In vitro 
these cells show varying effects on the cells of the immune system, such as T-cells, 
natural killer cells, antigen presenting cells and B-cells (Le Blanc et al. 2008). Yet the 
biological relevance of these findings is unknown, although it has been suggested that 
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these cells might be involved in suppressing donor T-cell response to recipient 
alloantigen (Le Blanc et al. 2008). Immunological studies that specifically address this 
issue are needed to improve our understanding of the MSCs role in treatment and 
prevention of acute GVHD. 
 
Studies  have shown that immunogenetically mis-matched MSCs are as effective as 
HLA-identical or haploidentical cells. These findings are very important and suggest that 
a GVHD treatment using MSCs could be an off-the-shelf product. It is also very 
important considering cancer patients, whose own MSCs might not be available for 
GVHD treatment, making autologous treatment impossible. MSCs can be expanded in 
vitro and then frozen (Annéren C., Susarla, P., personal communication), which means 
that it would be possible to store MSCs so that they are always available to use for 
treatment of acute GVHD. One important thing to remember when talking about 
allogeneic MSCs and potential off-the-shelf products is that they cannot be expanded 
indefinitely. These stem cells are adult stem cells (ASC), as opposed to embryonic stem 
cells (ESC), and have a limited self renewal capability, meaning that they will start to 
differentiate into other cells after only a couple of passages (Annéren C., Susarla, P., 
personal communication). Thus, the in vitro expansion of allogeneic ASCs will be on the 
same scale as the expansion for autologous ASCs 
 
Today, MSCs are most commonly sourced from bone marrow. The extraction of bone 
marrow is a painful procedure, making other alternative sources, such as adipose tissue, 
interesting. Adipose tissue in large amounts can easily be obtained from e.g. plastic 
surgery and contains greater numbers of MSCs than bone marrow. Wharton’s jelly is 
another interesting source since it can be extracted from umbilical cords and banked 
together with cord blood. The MSC expansion process is currently carried out manually, 
and is a time consuming process. Several cell-culture-flasks are used during the 
expansion process, sometimes as many as 100-130 flasks, and the cells need to be re-
plated several times before an acceptable number of MSCs is achieved. To make an off-
the-shelf product possible, the expansion process needs to become more automated in 
order to scale up the process.  
 
The lack of a homogenous group, a group consisting of GVHD patients with the same 
original disease, makes it difficult to carry out larger studies to get a better understanding 
of the different biological components involved when MSCs are used as a GVHD 
treatment. Larger studies and control groups will be needed to further validate previous 
studies and to make MSCs a gold standard treatment for GVHD. 
 
In conclusion, MSCs are a possible secondary cell source that can be used, when making 
an allogeneic HSC transplantation, to decrease the risk of GVHD development and also 
to treat acute GVHD. 
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