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Hematopoietic stem cell transplantation (HSCT) is the only curative therapy for patients with chemotherapy-
resistant hematologic malignancies that are usually fatal in absence of treatment. Hematopoietic stem cell
transplantation is associated with significant early and late morbidity and mortality. Graft-versus-host disease,
infections, and relapse are the most important causes of mortality after HSCT. Until now, these complications
have been managed mainly with pharmacological drugs, but in some situations, this approach clearly shows
its limit. As such, there is a significant need for novel therapies for the treatment of complications after allogeneic
HSCT. In this review, the currently available adoptive immunotherapies offering an alternative in case of treat-
ment failure of HSCT complications will be described. The results of the main clinical trials based on immune
cell infusion will be discussed and the strategies aiming at maximizing cytotoxic T-lymphocyte, regulatory
T-cell, natural killer cell, cytokine-induced killer cell, and γδ T-cell efficacies in the context of immunotherapy
approaches after allogeneic HSCT in patients with hematologic malignancies will be gathered.

© 2015 Elsevier Inc. All rights reserved.

Contents

Graft-Versus-Host Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Role of Tregs in Human GVHD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Regulatory T Cells in Clinical Trials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261

Relapse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Donor Lymphocyte Infusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Tumor-Specific CTLs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Minor Histocompatibility Antigen-Specific CTLs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Tumor-Associated Antigen–Specific CTLs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 262
γδ T Cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 262
Cytokine-Induced Killer Cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 263
Natural Killer Cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 264

Cross-Talk Between Tregs and NK Cells After HSCT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 264
Conclusion and Future Directions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265
Conflict of Interest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265
Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is a
potentially curative strategy for hematologic malignancies [1], solid

malignancies [2], and other nonmalignant diseases [3]. Early and late
complications after allo-HSCT include graft-versus-host disease
(GVHD), disease relapse, and infections [4]. These complications limit
the efficacy of hematopoietic stem cell transplantation (HSCT), and its
outcome depends on numerous variables, such as the type of disease,
age of the patient, stage of disease progression, and therapies used.
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Importantly, graft-versus-tumor (GVT) effects or recognition of cancer
cells by donor T cells is the primary objective sought with this therapy.
Unfortunately, GVHD and GVT are tightly associated, and the pathways
of one can lead to the other. Therefore, novel methods of augmenting
the GVT and treatments of complications after allo-HSCT are needed.
This reviewwill focus especially on current adoptive immunotherapeu-
tic approaches (eg, cytotoxic T lymphocytes [CTLs], γδ T cells, cytokine-
induced killer [CIK] cells, natural killer [NK] cells, and regulatory T cells
[Tregs]) developed to treat the complications occurring after allo-HSCT
in patients with hematologic malignancies (Fig 1).

Graft-Versus-Host Disease

Graft-versus-host disease is primarily a donor T cell–mediated syn-
dromewhereby T cells in the graft elicit an immune response, resulting
in host tissue damage [5]. Hematopoietic stem cell transplantation re-
cipients typically receive conditioning regimens consisting of chemo-
therapy and/or radiation to eliminate their underlying malignancy and
facilitate the engraftment of allogeneic stem cells. However, the condi-
tioning regimen can cause damage to host tissues, triggering the release
of proinflammatory cytokines and activating the innate immune sys-
tem, including host antigen-presenting cells [6]. Donor T cells in the
graft interact with activated host antigen-presenting cells, recognize
presented host peptides as foreign, and differentiate into cytokine-
producing T effector cells. The ensuing proinflammatory cytokine
storm recruits other effector cells, such as NK cells and macrophages.
This perpetuates the proinflammatory cytokine cascade that is a hall-
mark of acute GVHD (aGVHD) and results in direct tissue damage, gen-
erally to a restricted set of organs (eg, skin, liver, and gastrointestinal
tract) [7]. A second phase of GVHD, known as chronic GVHD (cGVHD),
tends to have amore delayed presentation in patients, broader organ in-
volvement, and clinical features that bear strong resemblance to auto-
immune disorders [8]. Both aGVHD and cGVHD can be characterized
as resulting from an imbalance between the effector and regulatory
arms of the immune system [9]. Clinical approaches that restore

effective immune regulation are, therefore, an attractive treatment
strategy for GVHD.

Regulatory T cells are characterized by the coexpression of CD4, high
levels of surface CD25, and a master switch transcription factor called
forkhead box P3 (Foxp3) that suppresses autoreactive lymphocytes
and control innate and adaptive immune responses [10]. As they sup-
press exuberant immune system activation and promote immunologic
tolerance, they have been a focal point of research studies designed to
mitigate the severity of GVHD in early-stage clinical trials.

Role of Tregs in Human GVHD

Conflicting results have been published about the role of Tregs in
GVHD. Magenau et al [11] showed that aGVHD was associated with a
decrease of Tregs frequency in the peripheral blood of allo-HSCT recip-
ients; moreover, several reports demonstrated a decreased frequency of
Tregs in the peripheral blood of patients with high clinical grades of
aGVHD as compared to patients with lower grade aGVHD [12,13]. Sim-
ilar results have also been observed in cGVHD, where the frequency of
Tregs negatively correlated with disease severity [12,14]. However,
not all studies have demonstrated a correlation between reduced
Tregs frequency and GVHD severity. Schneider et al [15] observed that
cGVHD patients had increased numbers of peripheral blood
CD4+CD25+ Tregs as compared to individuals without cGVHD. This
was supported by 2more recent studies that reported increased periph-
eral Tregs numbers in transplant recipients that developed cGVHD com-
pared with those with no GVHD [16,17].

The reason for the differences observed in these studies is not entire-
ly clear. For the most part, however, studies have failed to demonstrate
that the Tregs frequency and/or absolute numbers predict the occur-
rence of GVHD; potential reasons include (a) sampling of a nonrepre-
sentative compartment (peripheral blood may not reflect gut/skin
populations) or (b) inadequate sensitivity with current techniques to
discriminate host antigen-specific T cells/Tregs, where potentially larger
differences might be observed.

Fig 1. Complications after allo-HSCT such as GVHD and disease relapse can be managed by adoptive immunotherapeutic approaches (eg, Tregs, CTLs, γδ T cells, CIK cells, or NK cells).
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