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1. Introduction
Dendritic cells (DC) are highly specialized antigen-presenting cells (APC) that are pivotal in
regulating the balance between immune tolerance and protective immunity. This functional
versatility is highlighted in the context of allogeneic hematopoietic stem cell transplantation
(allo-HSCT), where DC are crucial for the induction and modulation of graft-versus-host
reactions. Furthermore, in the process of immune restoration after allo-HSCT, DC play a
central role in generating protective immunity against pathogens. The importance of DC in
directing the immune system during the complex immunological situation after allo-HSCT
warrants further research, aimed at uncovering the therapeutic potential they hold in this
setting.

2. Role of dendritic cells in the development of acute graft-versus-host
disease following allogeneic hematopoietic stem cell transplantation
Allo-HSCT is a well-established and valuable therapeutic option for a variety of lifethreatening malignant and non-malignant diseases (Gratwohl et al., 2010). In cancer, alloHSCT has been mainly applied to treat leukemia and lymphoma patients (Gratwohl et al.,
2010). Immunologic graft-versus-leukemia (GVL) effects mediated by allogeneic
lymphocytes present in the graft are major contributors to its success. A number of distinct
donor cell subsets have been identified that may play a role in the GVL responses after alloHSCT. These include natural killer cells (Gill et al., 2009; Ruggeri et al., 2007), T cells reactive
to tumor-specific or tumor-associated antigens (TAA; Molldrem et al., 2002; K. Rezvani &
Barrett, 2008), and T cells reactive to host minor histocompatibility (miHC) antigens
(Falkenburg et al., 2002, 2003; Riddell et al., 2002, 2003).
*

Both authors contributed equally

www.intechopen.com

128

New Advances in Stem Cell Transplantation

2.1 Development of acute graft-versus-host disease following allogeneic
hematopoietic stem cell transplantation
A major obstacle that substantially limits the therapeutic potential of allo-HSCT is the
occurrence of graft-versus-host reactions against healthy host tissues, resulting in graftversus-host disease (GVHD). GVHD is a major cause of morbidity and mortality following
allo-HSCT. The overall incidence lies between 30% and 60% with a mortality rate of
approximately 50% (Barton-Burke et al., 2008). It is a complex multi-step process, involving
innate and adaptive immunity and affecting many organs, including skin, liver and the
gastrointestinal tract (Ball & Egeler, 2008; Ferrara et al., 2009).
Billingham was the first to describe GVHD (Billingham, 1966). According to the Billingham
criteria, three conditions must exist in order for GVHD to occur after allogeneic
transplantation: (1) the donor graft must contain viable and immunologically functional
effector cells, (2) the donor and recipient must be histoincompatible, and (3) the recipient
must be immunocompromised.
The series of events that contribute to the development of acute GVHD (as described by
Ferrara & Reddy, 2006; Goker et al., 2001) can be divided in three phases (Goker et al., 2001).
The first phase – conditioning phase – starts before the engraftment. This phase involves
tissue damage caused by pre-transplantation myeloablative radiation/chemotherapy
regimens, followed by release of lipopolysaccharide and secretion of proinflammatory
cytokines, upregulation of adhesion molecules and enhanced expression of major
histocompatibility complex (MHC) molecules on recipient tissues. The proinflammatory
environment will also activate APC. The second phase – induction and expansion phase –
starts with the recognition of the histoincompatible host tissue antigens by donor T cells.
This phase involves T cell activation, stimulation, proliferation and differentiation.
Activated host APC play a key role in the second phase of the graft-versus-host reaction by
presenting mismatched recipient antigens to donor T cells. The first two phases constitute
the afferent phase of GVHD. Finally, the third phase – effector phase – represents the actual
clinical phase of acute GVHD and involves direct and indirect damage to host cells
contributing to aggravation of GVHD.
From these models, it is clear that donor T cells play a crucial role in evoking GVHD after
allo-HSCT. Simultaneously, donor T cells represent major mediators of GVL effects.
Therefore, research efforts are aimed at separating GVL reactions from GVHD (Li et al.,
2009a; Mackinnon et al., 1995; A.R. Rezvani & Storb, 2008). A key question is whether GVL
activity and GVHD are fundamentally different mechanisms, or whether they are both
clinical manifestations of similar graft-versus-host reactions.
Preclinical model systems and clinical trials designed to investigate the possibility of
selectively activating graft-versus-host reactions that result in GVL effects without GVHD,
have led to new insights in the pathophysiology of GVL responses and GVHD after alloHSCT (Li et al., 2009a; A.R. Rezvani & Storb, 2008). In a more complex model of human
GVHD and GVL pathophysiology (Li et al., 2009a), differentiation of activated T cells into
the distinct subsets T helper (Th)1/cytotoxic T cell (Tc)1, Th2/Tc2, Th17 or regulatory T
(Treg) cells is taken into account. These T cell subsets differ both in cytokine profiles and in
their graft-versus-host activities. Activated Th1/Tc1 cells can directly attack host tissue and
initiate specific inflammatory immune responses that lead to both GVL responses and acute
GVHD. Th2 cells on the other hand, evoke antigen-specific cellular and humoral immune
responses resulting in GVL responses, but also in chronic GVHD. Notably, Th2 cytokines
may inhibit the development of acute GVHD. Activated Th17 cells potentiate inflammation
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and lead to acute GVHD, whereas the Th1 cytokine interferon (IFN)- can suppress Th17
responses to decrease GVHD. Donor Treg cells suppress GVHD, but the effect of Treg cells
on GVL responses remains to be further elucidated. The T cell subsets that are most likely
associated with shifting the balance away from GVHD towards GVL responses are Th1/Tc1,
 T and Treg cells (Li et al., 2009a).
2.2 Dendritic cells in the development of acute graft-versus-host disease
Early models have mainly focused on the central role of T cell activation and cytokine
release in the pathophysiologic process of GVHD. The 1966 Billingham criteria clearly
accounted for the presence of viable and immunologically functional effector cells as a
prerequisite for the development of GVHD (Billingham, 1966). More recent models of
GVHD (Choi et al., 2010; Ferrara & Reddy, 2006; Goker et al., 2001; Li et al., 2009a) also take
into account the key role of antigen presentation in its development by stating that
activation of APC precedes activation and clonal expansion of T cells in the immune
cascade. Host APC play a crucial role in the graft-versus-host reaction by presenting
mismatched recipient antigens to donor T cells (Goker et al., 2001). In allo-HSCT with a
histocompatible donor, the relevant antigens are miHC antigens (Falkenburg et al., 2002,
2003; Ridell et al., 2002, 2003). APC digest miHC antigens into short peptides that are linked
to MHC molecules and presented on the surface of APC as allopeptide-MHC complexes.
Physical interaction between the allopeptide-MHC complexes and antigen-specific T cell
receptors (TCR) then leads to recognition and activation of antigen-specific T cells (Clark &
Chakraverty, 2002; Goker et al., 2001).
Following allo-HSCT, a unique situation is created in which both host- and donor-derived
APC co-exist within the host. Thus, foreign miHC antigens can be presented by either hostderived or donor-derived APC. The latter case implies effective cross-presentation of
recipient miHC antigens by donor-derived APC (Shlomchik, 2003). The roles of host- and
donor-derived APC in the development of GVHD have been examined in experimental
mouse studies. In a murine allogeneic bone marrow transplantation (BMT) model,
Shlomchik and colleagues showed that host-derived APC were necessary and sufficient to
initiate GVHD (Shlomchik et al., 1999). Donor APC on the other hand, while redundant for
the onset of GVHD, were required to maximize the GVHD (Matte et al., 2004). A model
focusing on the role of host-derived APC in the effector phase of GVHD demonstrated that
tissue-resident APC control migration of alloreactive donor T cells into the tissues and
subsequent local development of GVHD (Zhang et al., 2002).
APC represent a heterogeneous population of cells with varying antigen-presenting
capacities. As the most specialized and professional APC of the immune system, DC are
highly efficient in processing and presenting antigens (Mellman & Steinman, 2001). The role
of DC in GVHD has been investigated and confirmed in various experimental settings
(Mohty, 2007; Mohty & Gaugler, 2008; Xu et al., 2008).
Allo-HSCT can change the origin (host- versus donor-derived), number, lineage and
activation level of DC in the host (Clark & Chakraverty, 2002). Several studies have
examined the role of DC counts and subsets in the development and severity of GVHD.
Based on their immunophenotype and functional properties, DC can be classified into
myeloid conventional DC (cDC) and plasmacytoid DC (pDC) (Liu, 2001). A murine BMT
model demonstrated that host-derived DC are necessary and sufficient for priming donor
T cells to cause acute GVHD (Duffner et al., 2004). In humans, peripheral blood DC
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chimerism experiments have been performed following allo-HSCT to analyze the
contribution of different DC subsets to GVHD (Boeck et al., 2006; Chan et al., 2003; Pihusch
et al., 2005). Findings of Chan et al (Chan et al., 2003) confirmed the importance of host DC,
because persistence of the DC at day 100 after allo-HSCT was correlated with GVHD. On the
other hand, graft-versus-host reactions were also detected in patients that had DC
exclusively of donor origin (Boeck et al., 2006). Lower counts of cDC and pDC in patients
were associated with an increased risk for acute GVHD (Horváth et al., 2009; Lau et al., 2007;
Rajasekar et al., 2008; Reddy et al., 2004; Vakkila et al., 2005). In addition, higher numbers of
donor pDC following allo-HSCT decreased the risk of developing chronic GVHD, but also
increased the risk of relapse, possibly due to interference with GVL reactions (Waller et al.,
2001). In contrast to these data, higher pDC numbers in the graft or in the recipient after
allo-HSCT have also been found to correlate with the development of chronic GVHD (Clark
et al., 2003; Rossi et al., 2002). Next to absolute numbers, also activation status can be
predictive of GVHD, with activated cDC being highly correlated with acute GVHD (Lau et
al., 2007). Taken together, experimental data suggest that different DC subsets have different
effects on GVHD and GVL reactions, but further research is required to unravel the exact
role of each subset.

3. Dendritic cell-based therapy and allogeneic hematopoietic stem cell
transplantation
Over the past decade several approaches of DC-based therapy in allo-HSCT settings have
been scrutinized, yielding some promising results with regard to decreasing GVHD,
optimizing GVL reactions and restoring protective immunity against pathogens.
3.1 Dendritic cell-based therapy to reduce graft-versus-host-disease and enhance
graft-versus-leukemia effects
Allogeneic T cells have the capacity to kill residual malignant cells in the host, but also to
destruct normal host tissue contributing to GVHD, which can be life-threatening and limits
the use of allo-HSCT. While T cell depletion of the graft is a very effective way of reducing
the risk of GVHD, it also diminishes the GVL effect, thereby increasing the risk of relapse.
Hence, a more refined approach is needed to balance graft-versus-host reactions after alloHSCT. Given the inherent key regulatory function of DC, DC-based therapy is considered
an attractive approach to shift the balance in favor of GVL reactions.
3.1.1 Dendritic cell-based therapy to reduce graft-versus-host-disease
The finding in murine BMT models that host APC are necessary for GVHD to develop
(Matte et al., 2004; Shlomchik et al., 1999), led the authors to suggest that depletion of host
APC before the conditioning regimen should prevent GVHD without the need for
prolonged immunosuppressive treatment.
Antibody-mediated depletion of DC was investigated in a chimeric human/mouse model of
GVHD, in which severe combined immunodeficient (SCID) mice received a xenogeneic
transplantation with human peripheral blood mononuclear cells (PBMC) (Wilson et al.,
2009). Antibodies against the DC activation marker CD83 were injected in host mice 3 hours
before injection of human PBMC. This therapeutic intervention almost completely
prevented lethal GVHD, whereas negative control mice all developed severe GVHD.
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Moreover, mice treated with anti-CD83 antibodies required no further immunosuppressive
therapy and possessed functional T cell immunity in vitro (Wilson et al., 2009).
These data support further investigation of in vivo depletion of host and/or donor APC as a
way of preventing GVHD in allo-HSCT recipients. This strategy makes redundant both
T cell depletion, thereby preserving the memory T cell pool, and T cell-targeted
immunosuppression, which greatly hampers GVL responses and protective immunity.
However, the effect of DC depletion on GVL responses still needs to be investigated in
animal allo-HSCT models including in vivo leukemic challenge. Some concern can be raised
about potential interference of DC depletion with the GVL effect, because in mice studies
antigen-presentation by host APC has been shown to be important in mediating GVL
responses following donor lymphocyte infusions (DLI) (Chakraverty et al., 2006; Mapara et
al., 2002). Furthermore, DC depletion might result in a delayed restorage of immunity
against pathogens (Clark & Chakraverty, 2002).
More thorough elucidation of the role of distinct DC subsets in allo-antigen responses after
allo-HSCT will pave the way to depletion of undesirable or expansion of desirable DC
subsets. In this context, a study of Li et al. (Li et al., 2009b) has shown that manipulating the
content of donor APC subsets in allo-HSCT grafts can enhance the GVL effect without
increasing GVHD. In their study, leukemia-bearing mice that received hematopoietic stem
cells (HSC) and CD11b-negative donor APC had substantially enhanced survival compared
to recipients of HSC alone, HSC and T cells, or HSC and CD11b-positive APC.
Another promising strategy to modulate allo-antigen responses following allo-HSCT
involves DC engineered to boost their tolerogenic or regulatory capacities.
In a study of Reichardt et al (Reichardt et al., 2008), DC were isolated directly from mice
bone marrow and spleen cells using positive magnetic cell selection and exposed to
rapamycin for 24 hours. Adoptive transfer of rapamycin-treated DC of host origin, but not
donor origin, administered together with the bone marrow transplant, reduced GVHD
severity and led to improved survival of recipient mice in a dose-dependent way. The
reduced expansion of alloreactive T cells could account for the beneficial effects on GVHD
and survival, but carries the risk of reducing the GVL effect.
In two other studies with similar methodology (Chorny et al., 2006; Sato et al., 2003), DC
were generated from murine bone marrow cells using granulocyte macrophage colonystimulating factor (GM-CSF) and either interleukin (IL)-10 and transforming growth factor
(TGF)- 1 or vasoactive intestinal peptide (VIP) for 6 days. Then, lipopolysaccharide (LPS)
was added for 2 days to induce activation, followed by injection of the DC 2 days after BMT.
Results of both studies demonstrated that host-matched DC, but not host-mismatched DC,
prevented the onset of severe GVHD in recipient mice in a dose-dependent way. In order to
study the effect of DC therapy on GVL responses, mice were challenged with P815 or A20
malignant cells. BMT recipient mice that received host-matched DC were not only protected
from lethal GVHD, but also maintained a strong GVL effect and survived significantly
longer than control animals (Chorny et al., 2006; Sato et al., 2003).
In conclusion, the administration of specifically engineered DC appears to be a favorable
means of modulating alloreactivity after allo-HSCT, because they are able to reduce the risk
of severe GVHD, while maintaining the benefits of the GVL effect. Clinical trials will have to
show if these beneficial effects can also be seen in humans. Considering that only hostmatched DC were able to protect the recipient from severe GVHD and conserve a strong
GVL effect in these murine models, it seems likely that the DC will have to be tailored to
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every individual patient. Although this will be costly and labor-intensive, it can be costeffective if proven beneficial in allo-HSCT.
3.1.2 Dendritic cell-based therapy to enhance the graft-versus-leukemia effect without
aggravating graft-versus-host-disease
Donor alloreactive T cells responsible for the GVL effect target a broad range of allogeneic
antigens and may thereby lead to GVHD. Hence, there is much interest in developing
strategies that can direct the immune reaction towards specific antigens only or primarily
expressed on malignant cells, so-called TAA.
As key regulators of the immune system, DC are inherently capable of inducing tumorspecific immune responses (Steinman & Banchereau, 2007). Various clinical studies have
already explored the use of DC loaded with TAA as cellular cancer vaccines for
hematological malignancies (Smits et al., 2011; Van de Velde et al., 2008). Thus far, results
are often modest, but there is proof of principle that a DC vaccine can lead to eradication of
malignant cells in an antigen-specific manner. Promisingly, in a phase I/II study by our
group, vaccination with autologous monocyte-derived DC loaded with Wilms’ tumor 1
(WT1) protein-encoding mRNA was able to convert partial remission into complete
molecular remission in two patients in the absence of any other therapy (Van Tendeloo et
al., 2010). These clinical responses were correlated with vaccine-associated increases in WT1specific CD8+ T cell frequencies.
While DC vaccines are thoroughly being investigated in clinical trials for their capacity to
induce tumor-specific immune responses, only few trials addressed their use in the setting
of HSCT. In the context of autologous hematopoietic stem cell transplantation (auto-HSCT)
for multiple myeloma (MM), a clinical trial in 27 patients suggested a benefit in overall
survival of vaccination with autologous idiotype-pulsed APC, given at 4 time points after
auto-HSCT, compared to historical controls (Lacy et al., 2009).
In allo-HSCT, the dynamic immunological situation that follows transplantation due to the
scollision of donor and host immune system adds complexity to the development of DCbased therapy. Hitherto, it is unclear whether donor- or host-derived DC would be best
suited for use in immunotherapy aimed at increasing GVL responses. In this regard, murine
models demonstrated that host APC are crucial for GVL reactions and that donor APC,
although not strictly necessary, can contribute to the GVL effect (Matte et al., 2004; Reddy et
al., 2005). This is similar to what is observed in GVHD, which is not surprising given that
both are manifestations of graft-versus-host immunity. Therefore, avoiding aggravation of
GVHD is an important concern when developing DC-based strategies aiming to augment
GVL immunity after allo-HSCT.
Next to GVHD, another concern regarding DC vaccination to boost GVL responses is its
effectiveness when given shortly after allo-HSCT, considering the immunosuppressive state
of patients at that time. Murine vaccination studies have shown, however, that tumor lysatepulsed bone marrow-derived DC administered early after auto- or allo-HSCT can elicit
effective anti-tumor immunity (Asavaroengchai et al., 2002; Moyer et al., 2006).
Furthermore, DC vaccination around the time of HSCT could have some benefits, such as
lower tumor burden, donor T cells that are not tolerant to host antigens and low numbers of
host Treg cells (Hashimoto et al., 2011).
A total of 6 patients have been involved in three clinical reports of DC vaccines after alloHSCT. Donor monocyte-derived DC were used for vaccination, pulsed with recipient tumor
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cells (Fujii et al., 2001; Tatsugami et al., 2004) or with WT1 peptide (Kitawaki et al., 2008).
Only one trial reported clinical, but transient responses in 4 relapsed patients with
hematological malignancies in the absence of GVHD (Fujii et al., 2001). There were no
detectable responses nor GVHD in the other two cases (renal cell carcinoma and acute
myeloid leukemia). In the trial reporting clinical responses, patients were infused both with
donor monocyte-derived DC pulsed with irradiated patient tumor cells and with donor
T cells primed by these DC, which might both have contributed to the observed responses.
A fourth study involving 20 MM patients investigated DLI and/or host-derived DC
vaccination (Levenga et al., 2010). The authors concluded that partial T cell-depleted alloHSCT can be combined with pre-emptive DLI and recipient monocyte-derived DC
vaccination to increase graft-versus-myeloma effects with limited GVHD.
In conclusion, early results of clinical DC vaccination in the context of HSCT are promising
with no or limited GVHD, but because of the small study populations and lack of controls,
further research is required.
Instead of engineering DC ex vivo and then transferring them to patients, another approach
is to directly target them in vivo. To our knowledge, this approach has not been tested yet in
the allo-HSCT setting.
However, in 8 patients with Hodgkin disease, non-Hodgkin lymphoma or advanced-stage
breast cancer, auto-HSCT was followed by immunotherapy with fms-like tyrosine kinase
receptor-3-ligand (Flt3-L) for 6 weeks (Chen et al., 2005). Flt3-L is a hematopoietic growth
factor, essential for the development of DC from progenitor cells. This phase I study
demonstrated that vaccination with Flt3-L was safe and well-tolerated, resulting in
increased frequencies and absolute numbers of circulating immature DC and their
precursors in patients’ blood without affecting other mature cell lineages. The expanded DC
were mostly pDC and were shown here to enhance T cell activation and NK cell cytotoxicity
against tumor cells in vitro after Toll-like receptor 9-ligand administration, but are also
known to play a role in antiviral immunity and in preventing GVHD (Arpinati et al., 2003).
In correspondence with these data, others have also suggested that mobilization of specific
DC subsets through Flt3-L administration might be a feasible way to target DC in vivo (Eto
et al., 2002; Teshima et al., 2002), but more research is needed to unravel the functional
diversity of these mobilized DC.
3.2 Dendritic cell-based therapy to restore protective immunity against pathogens
Viral and fungal infections are an important cause of morbidity and mortality in patients
following HSCT (Gratwohl et al., 2005). These patients have increased susceptibility for
primary infection, reinfection and also reactivation of latent viruses due to hampering of
their immune system by two main factors (Smits & Berneman, 2010). Firstly, there is the
immunosuppressed state accompanying HSCT, often further increased by medication given
to prevent GVHD. Secondly, the intense pre-transplantation chemotherapy conditioning
regimen, intended to destroy a large part of blood cells, is believed to eliminate memory
T cells. Furthermore, early after HSCT dysfunctional DC lead to severely impaired
development of antigen-specific T cells (Safdar, 2006). Considering their central role in
innate and adaptive immunity, DC seem the ideal candidate for immunotherapy aimed at
bringing about the swift restoration of immunity against pathogens in this particular setting.
With regard to DC-based therapy for antifungal immunity after allo-HSCT, much
knowledge was obtained from research by the group of Romani. They showed in murine
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models of allo-HSCT that DC discriminate between different fungal morphotypes or their
corresponding RNA with regard to maturation, cytokine production and Th1 cell priming
both in vitro and in vivo (Bacci et al., 2002; Bozza et al., 2003; d’Ostiani et al., 2000). Similarly,
also human monocyte-derived DC were found to react differently in terms of cytokine
production and activation of IFN- -producing T cells.
Subcutaneous vaccination of mice with DC pulsed with Candida yeasts or Aspergillus
conidia (or transfected with the corresponding RNA) on days 1 and 7 after T cell-depleted
allo-BMT dramatically increased the recovery of antifungal resistance to subsequent fungal
challenge (Bacci et al., 2002; Bozza et al., 2003).
They also demonstrated that Flt3-L-expanded and thymosin 1-treated IL-4-expanded
monocyte-derived DC were capable of inducing antifungal immunity as well as allogeneic
transplant tolerance (Romani et al., 2006). Overall, the findings of the group of Romani
suggest a role for active DC vaccination very shortly after allo-HSCT to restore antifungal
immunity and show that expansion of distinct DC might allow more specific regulation of
post-transplantation immunity (Montagnoli et al., 2008; Perruccio et al., 2004).
Over the last 10 years, DC have established a firm foothold in immune-based strategies
aimed at restoring antiviral (and especially anti-CMV) immunity following allo-HSCT.
Monocyte-derived DC from CMV-seropositive HSCT donors pulsed with CMV
peptide/lysate or transfected with an adenoviral vector encoding CMV-peptide, have been
used with great success to expand CMV-specific cytotoxic T lymphocytes (CTL) ex vivo
(Micklethwaite et al., 2008; Peggs et al., 2001; Szmania et al., 2001). Clinical trials examining
adoptive transfer of these DC-expanded CMV-specific CTL to allo-HSCT recipients
demonstrated that this is a safe method capable of restoring functional anti-CMV immunity
early after transplantation (Micklethwaite et al., 2007, 2008; Peggs et al., 2009). Although a
minority of the patients developed GVHD after adoptive transfer of CMV-specific CTL, this
was most likely not related to the infusion itself.
Another study showed that DC transfected with CMV pp65-encoding RNA can successfully
expand autologous CMV-specific CTL in vitro from both seropositive and -negative patients
after allo-HSCT, suggesting that CMV-loaded DC vaccination could provide a valid clinical
alternative to adoptive CTL transfer (Heine et al., 2006).
Also for measles virus (MV), DC vaccination could be a favorable approach as results of an
in vitro study with MV-loaded DC from HSCT patients showed that these DC significantly
induced autologous MV-specific T cells from the naïve repertoire (Nashida et al., 2006).
Clinical trials are needed, however, to validate whether viral antigen-loaded DC vaccination
can indeed live up to the promising results obtained with adoptive virus-specific CTL
transfer.

4. Conclusion
DC have been the subject of intensive investigation in mouse models to reduce the
occurrence of GVHD and enhance GVL reactions following allo-HSCT. Also in humans, it is
clear that DC play an important role in initiating and balancing graft-versus-host reactions.
Further clarification of differences between DC subsets in their capacity to shift the balance
away from GVHD towards GVL and anti-microbial reactions will help to translate the
promising mouse data into clinical success. Questions to be solved are which would be the
best time frame and strategy of immunotherapy to use in allotransplant patients. DC-based
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approaches to be further investigated include DC vaccines, adoptive transfer of in vitro
primed T cells and in vivo targeting of DC.

5. Acknowledgment
E.S. is postdoctoral researcher of the Research Foundation Flanders (FWO-Vlaanderen). This
work was supported in part by research grants of the FWO-Vlaanderen (G.0082.08), the
Belgian Foundation against Cancer, the Vlaamse Liga tegen Kanker, the National Cancer
Plan Action 29, the Agency for Innovation by Science and Technology (IWT-TBM) and the
Methusalem program of the Flemish Government.

6. References
Arpinati, M.; Chirumbolo, G.; Urbini, B.; Perrone, G.; Rondelli, D. & Anasetti, C. (2003). Role
of plasmacytoid dendritic cells in immunity and tolerance after allogeneic
hematopoietic stem cell transplantation. Transplant Immunology, Vol.11, No.3-4,
(July-September 2003), pp. 345-356, ISSN 0966-3274
Asavaroengchai, W.; Kotera, Y. & Mulé, J.J. (2002). Tumor lysate-pulsed dendritic cells can
elicit an effective antitumor immune response during early lymphoid recovery.
Proceedings of the National Academy of Sciences of the United States of America, Vol.99,
No.2, (January 2002), pp. 931-936, ISSN 0027-8424
Bacci, A.; Montagnoli, C.; Perruccio, K.; Bozza, S.; Gaziano, R.; Pitzurra, L.; Velardi, A.;
d'Ostiani, CF.; Cutler, J.E. & Romani, L. (2002). Dendritic cells pulsed with fungal
RNA induce protective immunity to Candida albicans in hematopoietic
transplantation. Journal of Immunology, Vol.168, No.6, (March 2002), pp. 2904-2913,
ISSN 0022-1767
Ball, L.M. & Egeler, R.M. (2008). Acute GvHD: pathogenesis and classification. Bone Marrow
Transplantation, Vol.41, Suppl.2, (June 2008), pp. 58-64, ISSN 0268-3369
Barton-Burke, M.; Dwinell, D.M.; Kafkas, L.; Lavalley, C.; Sands, H.; Proctor, C. & Johnson
E. (2008). Graft-versus-host disease: a complex long-term side effect of
hematopoietic stem cell transplant. Oncology Williston Park NY, Vol.22, No.11,
(October 2008), pp. 31-45, ISSN 0890-9091
Billingham, R.E. (1966). The biology of graft-versus-host reactions. Harvey Lectures 1966-67,
Vol.62, pp. 21-78, ISSN 0073-0874
Boeck, S.; Hamann, M.; Pihusch, V.; Heller, T.; Diem, H.; Rolf, B.; Pihusch, R.; Kolb, H.J. &
Pihusch, M. (2006). Kinetics of dendritic cell chimerism and T cell chimerism in
allogeneic stem cell recipients. Bone Marrow Transplantation, Vol.37, No.1, (January
2006), pp. 57-64, ISSN 0268-3369
Bozza, S.; Perruccio, K.; Montagnoli, C.; Gaziano, R.; Bellocchio, S.; Burchielli, E.;
Nkwanyuo, G.; Pitzurra, L.; Velardi, A. & Romani, L. (2003). A dendritic cell
vaccine against invasive aspergillosis in allogeneic hematopoietic transplantation.
Blood, Vol.102, No.10, (November 2003), pp. 3807-3814, ISSN 0006-4971
Chakraverty, R.; Eom, H.S.; Sachs, J.; Buchli, J.; Cotter, P.; Hsu, R.; Zhao, G. & Sykes, M.
(2006). Host MHC class II+ antigen-presenting cells and CD4 cells are required for
CD8-mediated graft-versus-leukemia responses following delayed donor leukocyte
infusions. Blood, Vol.108, No.6, (September 2006), pp. 2106-2113, ISSN 0006-4971

www.intechopen.com

136

New Advances in Stem Cell Transplantation

Chan, G.W.; Gorgun, G.; Miller, K.B. & Foss, F.M. (2003). Persistence of host dendritic cells
after transplantation is associated with graft-versus-host disease. Biology of Blood
and Marrow Transplantation, Vol.9, No.3, (March 2003), pp. 170-176, ISSN 1083-8791
Chen, W.; Chan, A.S.; Dawson, A.J.; Liang, X.; Blazar, B.R. & Miller, J.S. (2005). FLT3 ligand
administration after hematopoietic cell transplantation increases circulating
dendritic cell precursors that can be activated by CpG oligodeoxynucleotides to
enhance T-cell and natural killer cell function. Biology of Blood and Marrow
Transplantation, Vol.11, No.1, (January 2005), pp. 23-34, ISSN 1083-8791
Choi, S.W.; Levine, J.E. & Ferrara, J.L. (2010). Pathogenesis and management of graft-versushost disease. Immunology and Allergy Clinics of North America, Vol.30, No.1,
(February 2010), pp. 75-101, ISSN 0889-8561
Chorny, A.; Gonzalez-Rey, E.; Fernandez-Martin, A.; Ganea, D. & Delgado, M. (2006).
Vasoactive intestinal peptide induces regulatory dendritic cells that prevent acute
graft-versus-host disease while maintaining the graft-versus-tumor response. Blood,
Vol.107, No.9, (May 2006), pp. 3787-3794, ISSN 0006-4971
Clark, F.J. & Chakraverty R. (2002). Role of dendritic cells in graft-versus-host disease.
Journal of Hematotherapy & Stem Cell Research, Vol.11, No.4, (August 2002), pp. 601616, ISSN 1061-6128
Clark, F.J.; Freeman, L.; Dzionek, A.; Schmitz, J.; McMullan, D.; Simpson, P.; Mason, J.;
Mahedra, P.; Craddock, C.; Griffiths, M.; Moss, P.A. & Chakraverty, R. (2003).
Origin and subset distribution of peripheral blood dendritic cells in patients with
chronisch graft-versus-host disease. Transplantation, Vol.75, No.2, (January 2003),
pp. 221-225, ISSN 0041-1337
d'Ostiani, C.F.; Del Sero, G.; Bacci, A.; Montagnoli, C.; Spreca, A.; Mencacci, A.; RicciardiCastagnoli, P. & Romani, L. (2000). Dendritic cells discriminate between yeasts and
hyphae of the fungus Candida albicans. Implications for initiation of T helper cell
immunity in vitro and in vivo. The Journal of Experimental Medicine, Vol.191, No.10,
(May 2000), pp. 1661-1674, ISSN 0022-1007
Duffner, U.A.; Maeda, Y.; Cooke, K.R.; Reddy, P.; Ordemann, R.; Liu, C.; Ferrara, J.L. &
Teshima, T. (2004). Host dendritic cells alone are sufficient to initiate acute graftversus-host disease. The Journal of Immunology, Vol.172, No.12, (June 2004), pp.
7393-7398, ISSN 0022-1767
Eto, M.; Hackstein, H.; Kaneko, K.; Nomoto, K. & Thomson, A.W. (2002). Promotion of skin
graft tolerance across MHC barriers by mobilization of dendritic cells in donor
hemopoietic cell infusions. The Journal of Immunology, Vol.169, No.5, (September
2002), pp. 2390-2396, ISSN 0022-1767
Falkenburg, J.H.; Marijt, W.A.; Heemskerk, M.H. & Willemze, R. (2002). Minor
histocompatibility antigens as targets of graft-versus-leukemia reactions. Current
Opinion in Hematology, Vol.9, No.6, (November 2002), pp. 497-502, ISSN 1065-6251
Falkenburg, J.H.; van de Corput, L.; Marijt, E.W. & Willemze, R. (2003). Minor
histocompatibility antigens in human stem cell transplantation. Experimental
Hematology, Vol.31, No.9, (September 2003), pp. 743-751, ISSN 0301-472X
Ferrara, J.L. & Reddy, P. (2006). Pathophysiology of graft-versus-host disease. Seminars in
Hematology, Vol.43, No.1, (January 2006), pp. 3-10, ISSN 0037-1963
Ferrara, J.L.; Levine, J.E.; Reddy, P. & Holler E. (2009). Graft-versus-host disease. The Lancet,
Vol.373, No.9674, (May 2009), pp. 1550-1561, ISSN 0140-6736

www.intechopen.com

Dendritic Cells in Hematopoietic Stem Cell Transplantation

137

Fujii, S.; Shimizu, K.; Fujimoto, K.; Kiyokawa, T.; Tsukamoto, A.; Sanada, I. & Kawano, F.
(2001). Treatment of post-transplanted, relapsed patients with hematological
malignancies by infusion of HLA-matched, allogeneic-dendritic cells (DCs) pulsed
with irradiated tumor cells and primed T cells. Leukemia & Lymphoma, Vol.42, No.3,
(July 2001), pp. 357-369, ISSN 1026-8022
Gill, S.; Olson, J.A. & Negrin, R.S. (2009). Natural killer cells in allogeneic transplantation:
effect on engrafment, graft-versus-tumor, and graft-versus-host responses. Biology
of Blood and Marrow Transplantation, Vol.15, No.7, (July 2009), pp. 765-776, ISSN
1083-8791
Goker, H.; Haznedaroglu, I.C. & Chao, N.J. (2001). Acute graft-vs-host disease: pathobiology
and management. Experimental Hematology, Vol.29, No.3, (March 2001), pp. 259-277,
ISSN 0301-472X
Gratwohl, A.; Brand, R.; Frassoni, F.; Rocha, V.; Niederwieser, D.; Reusser, P.; Einsele, H. &
Cordonnier, C. (2005). Cause of death after allogeneic haematopoietic stem cell
transplantation (HSCT) in early leukaemias: an EBMT analysis of lethal infectious
complications and changes over calendar time. Bone Marrow Transplantation, Vol.36,
No.9, (November 2005), pp. 757-769, ISSN 0268-3369
Gratwohl, A.; Baldomero, H.; Aljurf, M.; Pasquini, M.C.; Bouzas, L.F.; Yoshimi, A.; Szer, J.;
Lipton, J.; Schwendener, A.; Gratwohl, M.; Frauendorfer, K.; Niederwieser, D.;
Horowitz, M. & Kodera, Y. (2010). Hematopoietic stem cell transplantation: a
global perspective. Journal of the American Medical Association, Vol.303, No.16, (April
2010), pp. 1617-1624, ISSN 0098-7484
Hashimoto, D. & Merad, M. (2011). Harnessing dendritic cells to improve allogeneic
hematopoietic cell transplantation outcome. Seminars in Immunology, Vol.23, No.1,
(February 2011), pp. 50-57, ISSN 1044-5323
Heine, A.; Grünebach, F.; Holderried, T.; Appel, S.; Weck, M.M.; Dörfel, D.; Sinzger, C. &
Brossart, P. (2006). Transfection of dendritic cells with in vitro-transcribed CMV
RNA induces polyclonal CD8+- and CD4+-mediated CMV-specific T cell
responses. Molecular Therapy, Vol.13, No.2, (February 2006), pp. 280-288, ISSN 15250016
Horváth, R.; Budinský, V.; Kayserová, J.; Kalina, T.; Formánková, R.; Starý, J.; Bartůňková, J.;
Sedláček, P. & Špíšek, R. (2009). Kinetics of dendritic cells reconstitution and
costimulatory molecules expression after myeloablative allogeneic haematopoetic
stem cell transplantation: implications for the development of acute graft-versushost disease. Clinical Immunology, Vol.131, No.1, (April 2009), pp. 60-69, ISSN 15216616
Kitawaki, T.; Kadowaki, N.; Kondo, T.; Ishikawa, T.; Ichinohe, T.; Teramukai, S.; Fukushima,
M.; Kasai, Y.; Maekawa, T. & Uchiyama, T. (2008). Potential of dendritic-cell
immunotherapy for relapse after allogeneic hematopoietic stem cell
transplantation, shown by WT1 peptide- and keyhole-limpet-hemocyanin-pulsed,
donor-derived dendritic-cell vaccine for acute myeloid leukemia. American Journal
of Hematology, Vol.83, No.4, (April 2008), pp. 315-317, ISSN 0361-8609
Lacy, M.Q.; Mandrekar, S.; Dispenzieri, A.; Hayman, S.; Kumar, S.; Buadi, F.; Dingli, D.;
Litzow, M.; Wettstein, P.; Padley, D.; Kabat, B.; Gastineau, D.; Rajkumar, S.V. &
Gertz, M.A. (2009). Idiotype-pulsed antigen-presenting cells following autologous
transplantation for multiple myeloma may be associated with prolonged survival.

www.intechopen.com

138

New Advances in Stem Cell Transplantation

American Journal of Hematology, Vol.84, No.12, (December 2009), pp. 799-802, ISSN
0361-8609
Lau, J.; Sartor, M.; Bradstock, K.F.; Vuckovic S.; Munster, D.J. & Hart, D.N. (2007). Activated
circulating dendritic cells after hematopoietic stem cell transplantation predict
acute graft-verus-host disease. Transplantation, Vol.83, No.7, (April 2007), pp. 839846, ISSN 0041-1337
Levenga, H.; Schaap, N.; Maas, F.; Esendam, B.; Fredrix, H.; Greupink-Draaisma, A.; de
Witte, T.; Dolstra, H. & Raymakers, R. (2010). Partial T cell-depleted allogeneic
stem cell transplantation following reduced-intensity conditioning creates a
platform for immunotherapy with donor lymphocyte infusion and recipient
dendritic cell vaccination in multiple myeloma. Biology of Blood and Marrow
Transplantation, Vol.16, No.3, (March 2010), pp. 320-332, ISSN 1083-8791
aLi, J.M.; Giver, C.R.; Lu, Y.; Hossain, M.S.; Akhtari, M. & Waller, E.K. (2009). Separating
graft-versus-leukemia from graft-versus-host disease in allogeneic hematopoietic
stem cell transplantation. Immunotherapy, Vol.1, No.4, (July 2009), pp. 599-621, ISSN
1750-743X
bLi, J.M.; Southerland, L.T.; Lu, Y.; Darlak, K.A.; Giver, C.R.; McMillin, D.W.; Harris, W.A.;
Jaye, D.L. & Waller, E.K. (2009). Activation, immune polarization, and graft-versusleukemia activity of donor T cells are regulated by specific subsets of donor bone
marrow antigen-presenting cells in allogeneic hemopoietic stem cell
transplantation. Journal of Immunology, Vol.183, No.12, (December 2009), pp. 77997809, ISSN 0022-1767
Liu, Y.J. (2001). Dendritic cell subsets and lineages, and their functions in innate and
adaptive immunity. Cell, Vol.106, No.3, (August 2001), pp. 259-262, ISSN 0092-8674
Mackinnon, S.; Papadopoulos, E.B.; Carabasi, M.H.; Reich, L.; Collins, N.H.; Boulad, F.;
Castro-Malaspina, H.; Childs, B.H.; Gillio, A.P.; Kernan, N.A.; Small, T.N.; Young,
J.W. & O’Reilly, R.J. (1995). Adoptive immunotherapy evaluating escalating doses
of donor leukocytes for relapse of chronic myeloid leukemia after bone marrow
transplantation: separation of graft-versus-leukemia responses from graft-versushost disease. Blood, Vol.86, No.4, (August 1995), pp. 1261-8, ISSN 0006-4971
Mapara, M.Y.; Kim, Y.M.; Wang, S.P.; Bronson, R.; Sachs, D.H. & Sykes, M. (2002). Donor
lymphocyte infusions mediate superior graft-versus-leukemia effects in mixed
compared to fully allogeneic chimeras: a critical role for host antigen-presenting
cells. Blood, Vol.100, No.5, (September 2002), pp. 1903-1909, ISSN 0006-4971
Matte, C.C.; Liu, J.; Cormier, J.; Anderson, B.E.; Athanasiadis, I.; Jain, D.; McNiff, J. &
Shlomchik, W.D. (2004). Donor APCs are required for maximal GVHD but not for
GVL. Nature Medicine, Vol.10, No.9, (September 2004), pp. 987-992, ISSN 1078-8956
Mellman, I. & Steinman, R.M. (2001). Dendritic cells: specialized and regulated antigen
processing mahines. Cell, Vol.106, No.3, (August 2001), pp. 255-258, ISSN 0092-8674
Micklethwaite, K.; Hansen, A.; Foster, A.; Snape, E.; Antonenas, V.; Sartor, M.; Shaw, P.;
Bradstock, K. & Gottlieb, D. (2007). Ex vivo expansion and prophylactic infusion of
CMV-pp65 peptide-specific cytotoxic T-lymphocytes following allogeneic
hematopoietic stem cell transplantation. Biology of Blood and Marrow Transplantation,
Vol.13, No.6, (June 2007), pp. 707-714, ISSN 1083-8791
Micklethwaite, K.P.; Clancy, L.; Sandher, U.; Hansen, A.M.; Blyth, E.; Antonenas, V.; Sartor,
M.M.; Bradstock, K.F. & Gottlieb, D.J. (2008). Prophylactic infusion of

www.intechopen.com

Dendritic Cells in Hematopoietic Stem Cell Transplantation

139

cytomegalovirus-specific cytotoxic T lymphocytes stimulated with Ad5f35pp65
gene-modified dendritic cells after allogeneic hemopoietic stem cell
transplantation. Blood, Vol.112, No.10, (November 2008), pp. 3974-3981, ISSN 00064971
Mohty, M. (2007). Dendritic cells and acute graft-versus-host disease after allogeneic stem
cell transplantation. Leukemia & Lymphoma, Vol.48, No.9, (September 2007), pp.
1696-1701, ISSN 1042-8194
Mohty, M. & Gaugler, B. (2008). Inflammatory cytokines and dendritic cells in acute graftversus-host disease after allogeneic stem cell transplantation. Cytokine & Growth
Factor Reviews, Vol.19, No.1, (February 2008), pp. 53-63, ISSN 1359-6101
Molldrem, J.J.; Komanduri, K. & Wieder, E. (2002). Overexpressed differentiation antigens as
targets of graft-versus-leukemia reactions. Current Opinion in Haematology, Vol.9,
No.6, (November 2002), pp. 503-508, ISSN 1065-6251
Montagnoli, C.; Perruccio, K.; Bozza, S.; Bonifazi, P.; Zelante, T.; De Luca, A.; Moretti, S.;
D'Angelo, C.; Bistoni, F.; Martelli, M.; Aversa, F.; Velardi, A. & Romani, L. (2008).
Provision of antifungal immunity and concomitant alloantigen tolerization by
conditioned dendritic cells in experimental hematopoietic transplantation. Blood
cells, Molecules & Diseases, Vol.40, No.1, (January-February 2008), pp. 55-62, ISSN
1079-9796
Moyer, J.S.; Maine, G. & Mulé, J.J. (2006). Early vaccination with tumor-lysate-pulsed
dendritic cells after allogeneic bone marrow transplantation has antitumor effects.
Biology of Blood and Marrow Transplantation, Vol.12, No.10, (October 2006), pp. 10101019, ISSN 1083-8791
Nashida, Y.; Kumamoto, T.; Azuma, E.; Hirayama, M.; Araki, M.; Yamada, H.; Dida, F.;
Iwamoto, S.; Tamaki, S.; Ido, M.; Ihara, T. & Komada, Y. (2006). Development of a
dendritic cell vaccine against measles for patients following hematopoietic cell
transplantation. Transplantation, Vol.82, No.8, (October 2006), pp. 1104-1107, ISSN
0041-1337
Peggs, K.; Verfuerth, S. & Mackinnon, S. (2001). Induction of cytomegalovirus (CMV)specific T-cell responses using dendritic cells pulsed with CMV antigen: a novel
culture system free of live CMV virions. Blood, Vol.97, No.4, (February 2001), pp.
994-1000, ISSN 0006-4971
Peggs, K.S.; Verfuerth, S.; Pizzey, A.; Chow, S.L.; Thomson, K. & Mackinnon, S. (2009).
Cytomegalovirus-specific T cell immunotherapy promotes restoration of durable
functional antiviral immunity following allogeneic stem cell transplantation.
Clinical Infectious Diseases, Vol.49, No.12, (December 2009), pp. 1851-1860, ISSN
1058-4838
Perruccio, K.; Bozza, S.; Montagnoli, C.; Bellocchio, S.; Aversa, F.; Martelli, M.; Bistoni, F.;
Velardi, A. & Romani, L. (2004). Prospects for dendritic cell vaccination against
fungal infections in hematopoietic transplantation. Blood cells, Molecules & Diseases,
Vol.33, No.3, (November-December 2004), pp. 248-255, ISSN 1079-9796
Pihusch, M.; Boeck, S.; Hamann, M.; Pihusch, V.; Heller, T.; Diem, H.; Rolf, B.; Pihusch, R.;
Andreesen, R.; Holler, E. & Kolb, H.J. (2005). Peripheral dendritic cell chimerism in
allogeneic stem cell recipients. Transplantation, Vol.80, No.6, (September 2005), pp.
843-849, ISSN 0041-1337

www.intechopen.com

140

New Advances in Stem Cell Transplantation

Rajasekar, R.; Mathews, V.; Lakshmi, K.M.; Sellathamby, S.; George, B.; Viswabandya, A.;
Daniel, D.; Chandy, M. & Srivastava, A. (2008). Plasmacytoid dendritic cell count
on day 28 in HLA-matched related allogeneic peripheral blood stem cell transplant
predicts the incidence of acute and chronic GVHD. Biology of Blood and Marrow
Transplantation, Vol.14, No.3, (March 2008), pp. 344-350, ISSN 1083-8791
Reddy, V.; Iturraspe, J.A.; Tzolas, A.C.; Meier-Kriesche, H.U.; Schold, J. & Wingard, J.R.
(2004). Low dendritic cell count after allogeneic hematopoietic stem cell
transplantation predicts relapse, death, and acute graft-versus-host disease. Blood,
Vol.103, No.11, (June 2004), pp. 4330-4335, ISSN 0006-4971
Reddy, P.; Maeda, Y.; Liu, C.; Krijanovski, O.I.; Korngold, R. & Ferrara, J.L. (2005). A crucial
role for antigen-presenting cells and alloantigen expression in graft-versusleukemia responses. Nature Medicine, Vol.11, No.11, (November 2005), pp. 12441249, ISSN 1078-8956
Reichardt, W.; Dürr, C.; von Elverfeldt, D.; Jüttner, E.; Gerlach, U.V.; Yamada, M.; Smith, B.;
Negrin, R.S. & Zeiser, R. (2008). Impact of mammalian target of rapamycin
inhibition on lymphoid homing and tolerogenic function of nanoparticle-labeled
dendritic cells following allogeneic hematopoietic cell transplantation. Journal of
Immunology, Vol.181, No.7, (October 2008), pp. 4770-4779, ISSN 0022-1767
Rezvani, A.R. & Storb, R.F. (2008). Separation of graft-vs.-tumor effects from graft-vs.-host
disease in allogeneic hematopoietic cell transplantation. Journal of Autoimmunity,
Vol.30, No.3, (May 2008), pp. 172-179, ISSN 0896-8411
Rezvani, K. & Barrett, A.J. (2008). Characterizing and optimizing immune responses to
leukaemia antigens after allogeneic stem cell transplantation. Best Practice and
Research Clinical Haematology, Vol.21, No.3, (September 2008), pp. 437-453, ISSN
1521-6926
Riddell, S.R.; Murata, M.; Bryant, S. & Warren, E.H. (2002). Minor histocompatibility
antigens - targets of graft versus leukemia responses. International Journal of
Hematology, Vol.76, Suppl.2, (August 2002), pp. 155-161, ISSN 0925-5710
Riddell, S.R.; Berger, C.; Murata, M.; Randolph, S. & Warren, E.H. (2003). The graft versus
leukemia response after allogeneic hematopoietic stem cell transplantation. Blood
Reviews, Vol.17, No.3, (September 2003), pp. 153-162, ISSN 0268-960X
Romani, L.; Bistoni, F.; Perruccio, K.; Montagnoli, C.; Gaziano, R.; Bozza, S.; Bonifazi, P.;
Bistoni, G.; Rasi, G.; Velardi, A.; Fallarino, F.; Garaci, E. & Puccetti, P. (2006).
Thymosin alpha1 activates dendritic cell tryptophan catabolism and establishes a
regulatory environment for balance of inflammation and tolerance. Blood, Vol.108,
No.7, (October 2006), pp. 2265-2274, ISSN 0006-4971
Rossi, M.; Arpinati, M.; Rondelli, D. & Anasetti, C. (2002). Plasmacytoid dendritic cells: do
they have a role in immune responses after hematopoietic cell transplantation?
Human immunology, Vol.63, No.12, (December 2002), pp. 1194-1200, ISSN 0198-8859
Ruggeri, L.; Mancusi, A.; Burchielli, E.; Aversa, F.; Martelli, M.F. & Velardi, A. (2007).
Natural killer cell alloreactivity in allogeneic hematopoietic transplantation.
Current Opinion in Oncology, Vol.19, No.2, (March 2007), pp. 142-147, ISSN 10408746
Safdar, A. (2006). Strategies to enhance immune function in hematopoietic transplantation
recipients who have fungal infections. Bone Marrow Transplantation, Vol.38, No.5,
(September 2006), pp. 327-337, ISSN 0268-3369

www.intechopen.com

Dendritic Cells in Hematopoietic Stem Cell Transplantation

141

Sato, K.; Yamashita, N.; Yamashita, N.; Baba, M. & Matsuyama, T. (2003). Regulatory
dendritic cells protect mice from murine acute graft-versus-host disease and
leukemia relapse. Immunity, Vol.18, No.3, (March 2003), pp. 367-379, ISSN 10747613
Shlomchik, W.D.; Couzens, M.S.; Tang, C.B.; McNiff, J.; Robert, M.E.; Liu, J.; Shlomchik M.J.
& Emerson, S.G. (1999). Prevention of graft versus host disease by inactivation of
host antigen-presenting cells. Science, Vol.285, No.5426, (July 1999), pp. 412-415,
ISSN 0036-8075
Shlomchik, W.D. (2003). Antigen presentation in graft-vs-host disease. Experimental
Hematology, Vol.31, No.12, (December 2003), pp. 1187-1197, ISSN 0301-472X
Smits, E.L. & Berneman, Z.N. (2010). Viral infections following allogeneic stem cell
transplantation: how to cure the cure? Leukemia & Lymphoma, Vol.51, No.6, (June
2010), pp. 965-966, ISSN 1026-8022
Smits, E.L.; Lee, C.; Hardwick, N.; Brooks, S.; Van Tendeloo, V.F.; Orchard, K.; Guinn, B.A.
(2011) Clinical evaluation of cellular immunotherapy in acute myeloid leukaemia.
Cancer Immunology Immunotherapy, Vol.60, No.6, (June 2011), pp. 757-769, ISSN
1432-0851
Steinman, R.M. & Banchereau, J. (2007). Taking dendritic cells into medicine. Nature,
Vol.449, No.7161, (September 2007), pp. 419-426, ISSN 0028-0836
Szmania, S.; Galloway, A.; Bruorton, M.; Musk, P.; Aubert, G.; Arthur, A.; Pyle, H.; Hensel,
N.; Ta, N.; Lamb, L.Jr.; Dodi, T.; Madrigal, A.; Barrett, J.; Henslee-Downey, J. & van
Rhee, F. (2001). Isolation and expansion of cytomegalovirus-specific cytotoxic T
lymphocytes to clinical scale from a single blood draw using dendritic cells and
HLA-tetramers. Blood, Vol.98, No.3, (August 2001), pp. 505-512, ISSN 0006-4971
Tatsugami, K.; Eto, M.; Harano, M.; Nagafuji, K.; Omoto, K.; Katano, M.; Harada, M. &
Naito, S. (2004). Dendritic-cell therapy after non-myeloablative stem-cell
transplantation for renal-cell carcinoma. The Lancet Oncology, Vol.5, No.12,
(December 2004), pp. 750-752, ISSN 1470-2045
Teshima, T.; Reddy, P.; Lowler, K.P.; KuKuruga, M.A.; Liu, C.; Cooke, K.R. & Ferrara, J.L.
(2002). Flt3 ligand therapy for recipients of allogeneic bone marrow transplants
expands host CD8 alpha(+) dendritic cells and reduces experimental acute graftversus-host disease. Blood, Vol.99, No.5, (March 2002), pp. 1825-1832, ISSN 00064971
Vakkila, J.; Thomson, A.W.; Hovi, L.; Vettenranta, K. & Saarinen-Pihkala, U.M. (2005).
Circulating dendritic cell subset levels after allogeneic stem cell transplantation in
children correlate with time post transplant and severity of acute graft-versus-host
disease. Bone Marrow Transplantation, Vol.35, No.5, (March 2005), pp. 501-507, ISSN
0268-3369
Van de Velde, A.; Berneman, Z.N.; Van Tendeloo, V.F. (2008) Immunotherapy of
hematological malignancies using dendritic cells. Bulletin du Cancer, Vol.95, No.3,
(March 2008), pp. 320-326, ISSN 0007-4551
Van Tendeloo, V.F.; Van de Velde, A.; Van Driessche, A.; Cools, N.; Anguille, S.; Ladell, K.;
Gostick, E.; Vermeulen, K.; Pieters, K.; Nijs, G.; Stein, B.; Smits, E.L.; Schroyens,
W.A.; Gadisseur, A.P.; Vrelust, I.; Jorens, P.G.; Goossens, H.; de Vries, I.J.; Price,
D.A.; Oji, Y.; Oka, Y.; Sugiyama, H. & Berneman, Z.N. (2010). Induction of
complete and molecular remissions in acute myeloid leukemia by Wilms' tumor 1

www.intechopen.com

142

New Advances in Stem Cell Transplantation

antigen-targeted dendritic cell vaccination. Proceedings of the National Academy of
Sciences of the United States of America, Vol.107, No.31, (August 2010), pp. 1382413829, ISSN 0027-8424
Waller, E.K.; Rosenthal, H.; Jones, T.W.; Peel, J.; Lonial, S.; Langston, A.; Redei, I.; Jurickova,
I.; Boyer, M.W. (2001). Larger numbers of CD4(bright) dendritic cells in donor bone
marrow are associated with increased relapse after allogeneic bone marrow
transplantation. Blood, Vol.97, No.10, (May 2001), pp. 2948-2956, ISSN 0006-4971
Wilson, J.; Cullup, H.; Lourie, R.; Sheng, Y.; Palkova, A.; Radford, K.J.; Dickinson, A.M.;
Rice, A.M.; Hart, D.N. & Munster, D.J. (2009). Antibody to the dendritic cell surface
activation antigen CD83 prevents acute graft-versus-host disease. The Journal of
Experimental Medicine, Vol.206, No.2, (February 2009), pp. 387-398, ISSN 0022-1007
Xu, J.; Zhou, T. & Zhang, Y. (2008). Role of dendritic cells and chemokines in acute graftversus-host disease. Frontiers in Bioscience, Vol.13, (January 2008), pp. 2065-2074,
ISSN 1093-9946
Zhang, Y.; Shlomchik, W.D.; Joe, G.; Louboutin, J.P.; Zhu, J.; Rivera, A.; Giannola, D. &
Emerson, S.G. (2002). APCs in the liver and spleen recruit activated allogeneic
CD8+ T cells to elicit hepatic graft-versus-host disease. The Journal of Immunology,
Vol.169, No.12, (December 2002), pp. 7111-7118, ISSN 0022-1767

www.intechopen.com

New Advances in Stem Cell Transplantation
Edited by Prof. Taner Demirer

ISBN 978-953-51-0013-3
Hard cover, 582 pages
Publisher InTech
Published online 24, February, 2012
Published in print edition February, 2012
This book documents the increased number of stem cell-related research, clinical applications, and views for
the future. The book covers a wide range of issues in cell-based therapy and regenerative medicine, and
includes clinical and preclinical chapters from the respected authors involved with stem cell studies and
research from around the world. It complements and extends the basics of stem cell physiology, hematopoietic
stem cells, issues related to clinical problems, tissue typing, cryopreservation, dendritic cells, mesenchymal
cells, neuroscience, endovascular cells and other tissues. In addition, tissue engineering that employs novel
methods with stem cells is explored. Clearly, the continued use of biomedical engineering will depend heavily
on stem cells, and this book is well positioned to provide comprehensive coverage of these developments.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Yannick Willemen, Khadija Guerti, Herman Goossens, Zwi Berneman, Viggo Van Tendeloo and Evelien Smits
(2012). Dendritic Cells in Hematopoietic Stem Cell Transplantation, New Advances in Stem Cell
Transplantation, Prof. Taner Demirer (Ed.), ISBN: 978-953-51-0013-3, InTech, Available from:
http://www.intechopen.com/books/new-advances-in-stem-cell-transplantation/dendritic-cells-in-hematopoieticstem-cell-transplantation

InTech Europe

InTech China

University Campus STeP Ri

Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A

No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia
Phone: +385 (51) 770 447

Phone: +86-21-62489820

Fax: +385 (51) 686 166

Fax: +86-21-62489821

www.intechopen.com

© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

