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ABSTRACT 
Allogeneic hematopoietic stem cell transplantation (HSCT) has been presented as a 
promising immunotherapy not only against hematological malignancies but also against 
solid tumors. Different solid tumors such as renal cell, breast, colon, prostate and 
advanced primary liver cancer have been treated with HSCT at our center. Treatment 
with HSCT gives rise to an anti-tumor response so called graft-versus-tumor (GvT) 
effect that has been demonstrated as tumor regression of metastasis.  
Before transplantation, patients receive non-myeloablative conditioning also known as 
low intensity conditioning (LIC) or reduced intensity conditioning (RIC) that eradicates 
the bone marrow to a lesser extent, allowing place for the new hematopoietic stem cells 
from the donor. The presence of remaining tumor cells or mixed chimerism threatens 
the patient with disease relapse after the LIC/RIC regimen. Therefore, the GvT effect 
after LIC/RIC regimen relies on donor lymphocyte infusions (DLI), i.e. adoptive 
immunotherapy that can contribute to full donor chimerism. 
A common complication after HSCT is graft-versus-host disease (GvHD), i.e. the 
attack of the transplanted cells against the patient’s epithelial cells in the skin, bowel 
and liver. It seems that donor T lymphocytes mediate both GvHD and the GvT effect, 
since the risk for tumor recurrence is higher when donor T lymphocytes are depleted 
from the transplant. Therefore, a patient having mild acute or chronic GvHD, has a 
predictable high chance of the GvT effect. 
In paper I, we studied inflammatory and anti-inflammatory cytokines in serum using 
ELISA in four patients with metastatic renal cell and two with colon cancer. We found 
dominating TNF-α and IFN-γ levels in serum, which correlated with tumor regression. 
In paper II, we retrospectively determined the risk factors for complications in 48 
patients with solid tumors receiving LIC as compared to RIC regimen. We reported that 
engraftment and development of donor B cell chimerism occurred earlier in patients 
receiving LIC than in patients receiving RIC. The best GvT effect was demonstrated in 
patients with advanced primary liver cancer who had previously undergone liver 
transplantation. The most favorable GvT effect was found in patients who received DLI 
and developed chronic GvHD. A tendency for prolonged survival was found in patients 
receiving RIC compared to the LIC group. 
In paper III, we measured cytokine secretion using ELISpot during DLI given to four 
patients with solid tumors and four with hematological malignancies. Increased 
expression of TNF-α, IFN-γ, IL-10 and IL-12 in mononuclear cells (MNC) was found 
in patients with favorable outcome of disease response after DLI.  
In paper IV, we detected and identified tumor-reactive T lymphocytes from an HLA-
identical sibling against tumor cells from a patient with pancreatic cancer using flow-
cytometric assay of specific cell-mediated immune responses in activated whole blood 
(FASCIA). Using CDR3 size spectratyping tumor-reactive T lymphocytes could be 
distinguished from T lymphocytes activated against peripheral blood MNC from the 
patient. 
In conclusion, these findings might give a better treatment aiming at a more effective 
GvT effect. Monitoring cytokines before DLI could predict those patients who will gain 
from immunotherapy. Combining FASCIA and CDR3 size spectratyping might be a 
way to identify, isolate, in vitro expand and infuse tumor-specific T lymphocytes from 
donors in order to intensify the GvT effect.                
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1 SUMMARY 
Allogeneic hematopoietic stem cell transplantation (HSCT) has been presented as a 
promising immunotherapy not only against hematological malignancies but also against 
solid tumors. Different solid tumors such as renal cell, breast, colon, prostate and 
advanced primary liver cancer have been treated with HSCT at our center. Treatment 
with HSCT gives rise to an anti-tumor response so called graft-versus-tumor (GvT) 
effect that has been demonstrated as tumor regression of metastasis.  
Before transplantation, patients receive non-myeloablative conditioning also known as 
low intensity conditioning (LIC) or reduced intensity conditioning (RIC) that eradicates 
the bone marrow to a lesser extent, allowing place for the new hematopoietic stem cells 
from the donor. The presence of remaining tumor cells or mixed chimerism threatens 
the patient with disease relapse after the LIC/RIC regimen. Therefore, the GvT effect 
after LIC/RIC regimen relies on donor lymphocyte infusions (DLI), i.e. adoptive 
immunotherapy that can contribute to full donor chimerism. 
A common complication after HSCT is graft-versus-host disease (GvHD), i.e. the 
attack of the transplanted cells against the patient’s epithelial cells in the skin, bowel 
and liver. It seems that donor T lymphocytes mediate both GvHD and the GvT effect, 
since the risk for tumor recurrence is higher when donor T lymphocytes are depleted 
from the transplant. Therefore, a patient having mild acute or chronic GvHD, has a 
predictable high chance of the GvT effect. 
In paper I, we studied inflammatory and anti-inflammatory cytokines in serum using 
ELISA in four patients with metastatic renal cell and two with colon cancer. We found 
dominating TNF-α and IFN-γ levels in serum, which correlated with tumor regression. 
In paper II, we retrospectively determined the risk factors for complications in 48 
patients with solid tumors receiving LIC as compared to RIC regimen. We reported that 
engraftment and development of donor B cell chimerism occurred earlier in patients 
receiving LIC than in patients receiving RIC. The best GvT effect was demonstrated in 
patients with advanced primary liver cancer who had previously undergone liver 
transplantation. The most favorable GvT effect was found in patients who received DLI 
and developed chronic GvHD. A tendency for prolonged survival was found in patients 
receiving RIC compared to the LIC group. 
In paper III, we measured cytokine secretion using ELISpot during DLI given to four 
patients with solid tumors and four with hematological malignancies. Increased 
expression of TNF-α, IFN-γ, IL-10 and IL-12 in mononuclear cells (MNC) was found 
in patients with favorable outcome of disease response after DLI.  
In paper IV, we detected and identified tumor-reactive T lymphocytes from an HLA-
identical sibling against tumor cells from a patient with pancreatic cancer using flow-
cytometric assay of specific cell-mediated immune responses in activated whole blood 
(FASCIA). Using CDR3 size spectratyping tumor-reactive T lymphocytes could be 
distinguished from T lymphocytes activated against peripheral blood MNC from the 
patient. 
In conclusion, these findings might give a better treatment aiming at a more effective 
GvT effect. Monitoring cytokines before DLI could predict those patients who will gain 
from immunotherapy. Combining FASCIA and CDR3 size spectratyping might be a 
way to identify, isolate, in vitro expand and infuse tumor-specific T lymphocytes from 
donors in order to intensify the GvT effect.                
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2 INTRODUCTION 
 
2.1 IMMUNE SYSTEM 

 
The era of immunology started in 1796 when Edward Jenner inoculated cowpox, or 
vaccinia, to induce protection against human smallpox; thereby the term vaccination 
was introduced. But it took one century until Robert Koch discovered that 
microorganisms cause infectious diseases. Today, we know about four categories of 
foreign microorganisms: viruses, bacteria, pathogenic fungi and parasites. The first 
success of vaccination was achieved by Louis Pasteur in 1880, when he, with a rabies 
vaccine, cured a boy bitten by a rabid dog. In 1884 Ilja Metjnikov discovered that 
phagocytic cells, which he called macrophages, can engulf microorganisms. One 
decade later, Emil von Behring and Shibasaburo Kitasato discovered that the serum of 
animals immune to diphtheria or tetanus contained antitoxic compounds, later called 
antibodies. Today we know that the immune system is an extraordinarily complex and 
well-organized system, which consists of the innate and the adaptive immunity.1   
 
The innate immunity, also called natural or native immunity is the first line of defense 
against microbial infectious agents and reacts always in a similar fashion to the 
microbes. This immunity is non-specific and recognizes different microbial structures 
such as pathogen-associated molecular patterns, e.g. gram-negative bacterial 
lipopolysaccharide, bacterial flagellin and peptidoglycan. However, the innate system is 
able to discriminate between self and non-self, which is an important determination 
before an immune response takes place. Activation of the innate immune system 
happens immediately and does not develop an immunological memory. The 
components of the innate immunity are epithelia in the skin, gastrointestinal tract and 
respiratory tract, phagocytes such as neutrophils and macrophages, dendritic cells (DC), 
natural killer (NK) cells, cytokines, and plasma proteins, including the proteins of the 
complement system.   
 
The adaptive immunity, also called acquired immunity is initiated by specific antigens, 
which are recognized by antigen receptors on lymphocytes. This immunity creates a 
memory after exposure of an antigen and reacts more rapidly after repeated exposure to 
the same antigen. The components of the adaptive immunity are antigen presenting 
cells (APC), DC, B and T lymphocytes, which all interact with cytokines, chemokines 
and immunoglobulins (Ig) to create a specific immune response against foreign 
antigens.              
  
The innate immune system interacts with the adaptive immune system; after 
engulfment and phagocytosis of microbes and foreign antigens by macrophages or DC 
the adaptive immunity becomes activated by expression of the co-stimulatory 
molecules B7.1 (CD80) and B7.2 (CD82) on DC. The activated DC migrates to 
peripheral lymphoid organs, the lymph nodes and become mature APC. In the lymph 
nodes, protein antigens from the microbe are displayed for recognition by T 
lymphocytes. The recognition engages antigen processing on APC together with major 
histocompatibility complex (MHC) on T lymphocytes.  
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Proteins degraded in the cytosol of any nucleated cell are processed in the cytoplasm, 
displayed by class I MHC molecules and presented to CD8+ T lymphocytes, also called 
cytotoxic T lymphocytes (CTL). Extracellular proteins degraded in the endocytic 
vesicles of APC are displayed by class II MHC molecules and presented to CD4+ T 
lymphocytes, also called T helper (Th) lymphocytes. A naive T lymphocyte is activated 
when it receives two signals. The first signal is provided when the T cell receptor 
(TCR) on T lymphocytes binds to the peptide:MHC complex. The second signal or co-
stimulatory signal is provided when CD80 or CD86 on APC binds to CD28 on the T 
lymphocyte. These two signals are required for full lymphocyte activation; whereafter 
intracellular signals give raise to proliferation and differentiation of T lymphocytes.2  
 
In addition, the immune system plays an important role in defense against malignant 
diseases, by recognizing and eliminating the transformed cells.3    
    
          
2.1.1 Components of the immune system 

 
Macrophages are phagocytic cells located in different tissues in the body. After 
maturation, they leave the circulation and migrate into tissues, ready to recognize, 
ingest and destroy foreign microbes. Macrophages are found in connective tissue, in the 
submucosal layer of the gastrointestinal tract, in the lung, along certain blood vessels in 
the liver (Kupffer cells) and in the spleen. Immature DC in peripheral tissue are also 
capable for phagocytosis. When they engulf a microbe or a foreign antigen they mature 
into APC and migrate to the lymph nodes where the antigen recognition and processing 
take place.4 Neutrophils are short-lived cells in the blood but they are not present in 
healthy tissues. They also have the ability to phagocyte foreign microbes entering the 
blood stream.  
           
Natural-killer cells are capable of killing certain tumor cells without the need for prior 
immunization or activation.5, 6 NK cells are activated in response to interferon (IFN)-β, 
IFN-γ and interleukin (IL)-12 and they can serve to contain virus infections until the 
adaptive immune response is generated and specific CTL are produced in order to clear 
the infection.7, 8 NK cell killing is mediated when infected cells or tumor cells lack the 
class I MHC molecule on their surface; thereby no signal is processed by the inhibitory 
killer cell immunoglobulin-like receptors (KIR) on the NK cell. This “missing” signal 
results in the killing of the infected/tumor cell by apoptosis via perforin/granzyme B 
and Fas/Fas ligand pathways.9, 10          
 
T lymphocytes are involved in the recognition of antigens and belong to the adaptive 
immune system. The TCR on T lymphocytes is a membrane-bound specific antigen 
recognition receptor. There are two main subsets of T lymphocytes, CD4+ T or Th 
lymphocytes and CD8+ T lymphocytes or CTL. Upon activation of antigens, naive 
CD4+ Th lymphocytes can differentiate to different subsets of effector cells, type 1 Th 
(Th1) or type 2 Th lymphocytes (Th2) depending on the cytokines they produce.  
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Th1 lymphocytes stimulate phagocyte-mediated ingestion, killing of microbes and 
induce cell-mediated immunity. Th1 development is induced by IL-12 produced by 
activated DC and macrophages, and by IFN-γ produced by NK cells or by the 
responding T lymphocytes themselves (paracrine activation). Th1 lymphocytes produce 
tumor necrosis factor (TNF)-α, IFN-γ, IL-2 and also to a lesser extent IL-10. Th1 
stimulus is maintained especially by the paracrine activity of IL-2.   
   
Th2 lymphocytes stimulate phagocyte-independent, mast cell/eosinophil-dependent 
allergic inflammation and induce a humoral immunity. Th2 development is induced by 
IL-4 produced by mast cells or by the T lymphocytes themselves in the absence of IL-
12. Th2 lymphocytes produce IL-4, IL-5, IL-10 and IL-13.  
 
Another CD4+ T lymphocyte subpopulation is regulatory T (Treg) lymphocytes, 
sometimes also called type 3 Th (Th3) lymphocytes, characterized by the phenotypic 
markers CD2511 and FoxP3.12, 13 They produce IL-10 and transforming growth factor 
(TGF)-β, and are important in suppression of the immune response. Development of 
Treg lymphocytes is generated when CD4+ lymphocytes recognize self-antigens in the 
thymus or peripheral tissues; thereby they play an important role in the maintenance of 
central and peripheral tolerance.14 Treg has been found at a higher frequency in the 
peripheral blood and in the tumor microenvironment of patients with pancreas, breast 
and ovarian cancer, and may induce peripheral ignorance of tumor cells, helping 
metastatic spread of the disease.15, 16   
 
More recently, type 17 Th (Th17) lymphocytes have been described which promote 
inflammation in a number of immunological reactions. Th17 development is induced 
by IL-1, IL-6 and IL-23 produced by activated DC and macrophages. Th17 
lymphocytes produce IL-17 and IL-22. In tumor immunology, these cells have been 
found in the tumor microenvironment in patients with ovarian cancer17 as well as in 
other solid tumors, such as hepatocellular, renal cell, prostate, pancreatic and colon 
cancer.18 These cells have also been reported in the development of graft-versus-host 
disease (GvHD) after hematopoietic stem cell transplantation (HSCT) (both HSCT and 
GvHD are discussed later).19                    
 
CD8+ T lymphocytes have cytotoxic function and upon activation of antigen and co-
stimulatory molecules they differentiate to CTL that are able to kill infected cells 
expressing the antigen. CTL kill infected cells by delivery of granule proteins, such as 
granzymes and perforin, into the infected cell. CTL can also kill by Fas/Fas ligand 
pathway, thereby inducing target cell apoptosis.    
 
B lymphocytes are also involved in the adaptive immunity. The B cell receptor exists 
both as membrane-bound antigen receptor or Ig and as secreted Ig. Upon activation B 
lymphocytes mature to Ig (antibody) producing plasma or memory cells. Secreted 
antibodies are the effector molecules of the humoral immunity.  
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2.1.2 T cell receptor genes 

 
T cell receptors and B cell receptors (Ig) on lymphocytes are responsible for antigen 
recognition, as mentioned above. Lymphocytes in the body have numerous copies of a 
single antigen receptor with a unique antigen-binding site, which determines the 
antigens that the lymphocyte can bind. To generate lymphocytes with a wide range of 
antigen specificities, a complex genetic mechanism for generating highly variable (V) 
regions of the TCR and Ig has evolved. These highly variable parts are encoded in 
several gene segments, a mechanism known as gene rearrangement. The basic 
mechanism of rearrangement for the TCR and Ig genes is common but in this thesis 
rearrangement of TCR is highlighted.  
 
The TCR consists of one α chain (TCRα) and one β chain (TCRβ), and each chain has a 
V region and a constant (C) region. The TCRα locus contains V and J gene segments 
(Vα and Jα), whereas the TCRβ locus contains V, D and J gene segments (Vβ, Dβ and 
Jβ). The TCR gene rearrangement takes place in the thymus.    
The TCR rearrangement mechanism is guided by conserved noncoding DNA 
sequences that flank the gene segments encoding the V region. These sequences are 
called recombination signal sequence (RSS) and consist of a conserved block of seven 
nucleotides (heptamer), which is always contiguous with the coding sequence followed 
by a nonconserved region (spacer) of 12 or 23 nucleotides, which is followed by a 
second conserved block of nine nucleotides (nonamer). A gene segment flanked by an 
RSS with a 12-base pair (bp) spacer can only be joined by a RSS with a 23-bp spacer. 
This is known as the 12/23 rule and makes sure that the gene segments are joined in the 
correct order.20 The recombination process is completed when recombination-activating 
genes (RAG)-1 and RAG-2 together with several DNA-modifying proteins are 
assembled with the 12-bp spaced and 23-bp spaced RSS.21  
The antigen-binding site of the V region of the TCR is formed by the complementarity-
determining regions (CDR) 1, 2 and 3. All three CDR are expressed on both TCRα and 
TCRβ. CDR1 and CDR2 loops are less variable and contact the MHC component of 
the ligand, whereas CDR3 is a hypervariable loop which contact the unique peptide 
component.22 The TCR rearrangement of TCRα and TCRβ chains is demonstrated in 
Figure 1.    
                    
             
2.2 CYTOKINES 

 
Cytokines are polypeptide growth factors that regulate the growth, differentiation and 
activation of various cell types. They can be either secreted or membrane-bound. On 
the target cells, cytokines bind to its receptors, and activate downstream signaling 
events that result in the required biological response.23 Cytokines are involved in many 
aspects of immunity and inflammation, including innate immunity, adaptive immunity, 
e.g. antigen presentation, bone marrow differentiation, cellular recruitment and 
activation, and adhesion molecule expression. Which cytokines are produced due to an 
immune response, depends on whether the response is cytotoxic, humoral, cell-
mediated or allergic.24 The cytokines examined in paper I and III are highlighted, as 
follows: TNF-α, IFN-γ, IL-4, IL-10, IL-12, IL-13 and TGF-β.  
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Figure 1. T cell receptor rearrangement of α and β TCR chains. Reprinted with permission from 
Janeway et al editors 2005.    
 
 
TNF-α is involved in systemic inflammation and is a member of a group of cytokines 
that stimulate the acute phase reaction. TNF-α is produced by activated lymphocytes, 
NK cells, macrophages, neutrophils, endothelial cells and mast cells. As mentioned 
above, in adaptive immunity, TNF-α is produced by Th1 lymphocytes. The primary 
role of TNF-α is regulation of different immune cells. TNF-α is also able to induce anti-
tumor immunity by either applying cytotoxicity directly on tumor cells or by 
stimulating anti-tumor response via apoptosis.  
 
Even though TNF-α is a potent activator of immune cells, interest for potential 
immunotherapeutic value of this cytokine to treat cancer has been moderated by its 
severe side effects. TNF-α is responsible for the severe cachexia that occurs in cancer 
and chronic infections.25 Furthermore, TNF-α induces vascular leakage and is the 
primary endogenous mediator of toxic shock and sepsis.26 These severe inflammatory 
reactions lead to fever and tissue destruction with endothelial damage. Acute treatment 
with neutralizing anti-TNF-α antibodies has reversed toxic shock and late organ failure 
in patients surviving 28 days after septic shock.27 Treatment with anti-TNF-α 
antibodies has been evoked as an effective therapy for autoimmune diseases such as 
rheumatoid arthritis, multiple sclerosis and inflammatory bowel disease.28-30   
In the context of allogeneic HSCT, TNF-α has been recognized as an important 
inflammatory cytokine of the ‘cytokine storm’, which is a relevant mediator in the 
pathogenesis of GvHD.31  
 
In murine studies, blockade of TNF-α with anti-TNF-α antibodies or by using TNF-α 
receptor-deficient recipients has resulted in diminished GvHD and graft-versus-
leukemia effect (GvL) (discussed later).32-35 Furthermore, murine donor T cell-derived 
TNF-α has been shown to contribute to GvHD and GvL effect.36  
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In human studies, patients with acute GvHD have been reported with elevated TNF-α 
levels in serum37-40 and clinical trials have shown recovery of GvHD during treatment 
with anti-TNF-α antibodies.41, 42   
 
IFN-γ plays an important role in the innate and adaptive immunity against viral and 
intracellular bacterial infections. IFN-γ is produced predominantly by T lymphocytes, 
NK cells and natural killer T (NKT) cells and to a lesser extent by DC and 
macrophages. As mentioned above, in adaptive immunity, IFN-γ is produced by Th1 
lymphocytes. The importance of IFN-γ in the immune system derives from its 
immunostimulatory and immunomodulatory effects. It stimulates NK cells for 
phagocytosis as well as mediates increased expression of class I and II MHC 
molecules. IFN-γ is also able to induce anti-tumor immunity by applying cytotoxicity 
directly on tumor cells.  
In murine studies, double-knockout mice lacking T and B lymphocytes and a 
transcription factor required for IFN-γ signaling, spontaneously developed 
adenocarcinomas of the colon, breast and lung.43 Mice deficient in cytokines IL-12 an 
IL-23, cytokines that stimulate IFN-γ production, were more sensitive to carcinogens 
and have shown enhanced tumor development as compared with normal mice.44  
In human studies, enhanced production of IFN-γ has been found in T lymphocyte 
clones isolated from patients with GvHD.45 In the study by Remberger et al, higher 
levels of IFN-γ in serum was found in patients who developed acute GvHD grade II-IV 
than in those with no or mild GvHD.39 IFN-γ has reported to contribute to the graft-
versus-tumor effect (GvT) (discussed later), where it was produced in CD8+ T 
lymphocytes in patients with renal cell cancer.46  
 
IL-4 plays an important role in humoral immunity, specifically in the development of 
allergic immunity. IL-4 is produced by Th2 lymphocytes, mast cells, eosinophils and 
basophils. As mentioned above, IL-4 induces differentiation of naive Th lymphocytes 
to Th2 lymphocytes. Upon activation by IL-4, Th2 lymphocytes produce additional IL-
4. This cytokine induces B lymphocyte class switching from IgM to IgE. Increased 
production of IL-4 has been associated with allergies.47  
In murine models, T lymphocytes that had been experimentally manipulated to produce 
IL-4 and IL-10 were shown to inhibit development of acute GvHD.48, 49 
In human studies, one study has reported increased IL-4 producing cells in patients with 
acute GvHD as compared to patients without GvHD50, whereas another study showed 
no difference51, and a third study showed decreased IL-4 producing cells in patients 
with acute GvHD.52 
 
IL-10 inhibits activation and effector function of T lymphocytes, monocytes and 
macrophages. IL-10 is produced by both Th1 and Th2 lymphocytes, CTL, B 
lymphocytes and mast cells. The principal function of IL-10 is to limit and terminate 
inflammatory responses. This is the case, when IL-10 inhibits cytokines production, 
such as IFN-γ, IL-2 and TNF-α, and proliferation of Th1 lymphocytes by down-
regulating class II MHC molecules and the co-stimulatory molecule B7.  
In contrast, IL-10 has stimulatory effects on CD8+ T lymphocytes and induces their 
recruitment, cytotoxic activity and proliferation.53-56             
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In murine tumor cell lines, IL-10 suppressed T lymphocyte-mediated immunity by 
down-regulating class I MHC on tumor cells.57 In mice models of GvHD, 
administration of IL-10 after transplantation resulted in lethal outcome with increased 
mortality.58-60  
In human studies, IL-10 was present in large amounts in tumor biopsies from patients 
with ovarian cancer.61 Furthermore, increased IL-10 levels prior HSCT were correlated 
with lower incidence of GvHD and improved survival.62-64 In other studies, high levels 
of IL-10 after HSCT indicated a higher incidence of GvHD39, 65 and a poor prognosis 
for survival.66   
 
IL-12 is important in the induction of Th1 responses, in activation of NK cells and IFN-
γ production. IL-12 is produced by DC, macrophages and monocytes. As mentioned 
above, it is involved in the differentiation of naive Th lymphocytes into Th1 
lymphocytes. IL-12 mediates enhancement of the cytotoxic activity of NK cells and 
CTL. It is known as a factor, which can stimulate the growth and function of T 
lymphocytes. IL-12 stimulates the production of Th1 cytokines, including IFN-γ and 
TNF-α and suppresses the Th2 cytokines, such as IL-4 and IL-13.          
In murine studies, it was shown that IL-12 restores the ability of CD4+ CD25- T 
lymphocytes to proliferate and express activation markers during co-culture with 
Treg.67 IL-12 has been reported to play an important role in acute GvHD68, 69 and it also 
preserves the GvL effect.70, 71 
Also in human studies, high levels of IL-12 in plasma have been associated with the 
development of acute GvHD grade II-IV72 and with the GvL effect without increasing 
the risk for GvHD.73  
 
IL-13 has very similar features to IL-4, thus it also has important role in humoral 
immunity. As IL-4, IL-13 is produced by Th2 lymphocytes, mast cells, eosinophils and 
basophils but can also be produced by DC and NK cells.  
In murine studies, IL-13 has been reported to down-regulate anti-tumor responses to 
allow tumor growth. This anti-tumor response appeared when NKT cells were induced 
by tumors to secrete IL-13, thereby suppressing CTL responses against the tumor.74    
In human studies, development of acute GvHD grade III was associated with high 
levels of IL-13 produced by donor T lymphocytes prior to HSCT.75    
 
TGF-β is an immunosuppressive cytokine and inhibits effector function of both innate 
and adaptive immune cells. TGF-β is produced by monocytes, platelets, some T 
lymphocytes, chondrocytes, osteocytes, fibroblasts and tumor cells. In tumor 
immunology, TGF-β has been reported to promote cancer metastasis by enhancing 
tumor cell invasion and by inhibiting function of effector immune cells.76, 77 These 
findings have encouraged scientists to target TGF-β and its signalling pathway as 
immunotherapy against different cancer diseases.           
In murine studies, combination of a TGF-β monoclonal antibody and a vaccine resulted 
in the inhibition of tumor growth that was mediated by increased number and activity 
of CD8+ T lymphocytes.78-80   
In human studies, elevated levels of TGF-β in serum were associated with disease 
progression in patients with colorectal cancer81, 82 and with reduced amount of 
circulating DC.83 Furthermore, elevated TGF-β in plasma was reported in patients with 
breast84, hepatocellular85, 86, and lung cancer.87 
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2.3 ALLOGENEIC HEMATOPOIETIC STEM CELL TRANSPLANTATION 

 
Allogeneic HSCT is transplantation of adult hematopoietic stem cells from the bone 
marrow or peripheral blood to a patient from a healthy donor. The first clinical studies 
on allogeneic bone marrow transplantation (BMT) in humans were performed in 1957 
by Edward Donnal Thomas and colleagues.88 For the first time it was shown that 
relatively large amounts of bone marrow could be infused to patients when bone 
fragments and fat were removed. However, the results from these early studies were 
poor. The era of modern allogeneic BMT started after the discovery of the MHC and 
the human leukocyte antigen (HLA).89, 90 In 1972, it had become evident that allogeneic 
BMT could cure leukemia, severe aplastic anemia and severe combined 
immunodeficiency.91, 92 In 1975, Thomas et al reported results on BMT with HLA-
identical sibling donors.93, 94 In Sweden, the first allogeneic BMT was performed at our 
hospital in 1977.95 In 1979, it was reported that patients with leukemia who developed 
GvHD had a decreased risk of relapse compared to patients without GvHD; thereby the 
GvL effect was discovered.96 In 1980, the first allogeneic BMT was performed with a 
matched unrelated donor (MUD).97 Today, the majority of patients who lack an HLA-
identical sibling donor will find a suitable MUD among more than fourteen million 
donors and four hundred thousand cord blood units (Bone Marrow Donors Worldwide 
2010).     
 
 
2.4 ALLOGENEIC HSCT FOR SOLID TUMORS 

       
The anti-tumor potential of the GvL effect in patients with hematological malignancies 
provided the basis to select solid tumor patients that could benefit by a GvT effect 
following allogeneic HSCT. The existence of a GvT effect has been shown in mice 
with lymphosarcomas98 and mammary adenocarcinoma99, where development of 
spontaneous tumors could be protected by HSCT using either MHC antigen matched98 
or mismatched donor.99 In 1996, the first evidence of a possible allogeneic GvT effect 
in patients with metastatic breast carcinoma undergoing allogeneic HSCT with 
myeloablative conditioning was reported.100, 101 In one of these reports, the GvT effect 
was suggested due to regression of a metastatic breast carcinoma lesion in a patient 
receiving HSCT for relapsed acute myeloid leukemia (AML).100 In the other report, the 
GvT effect was supported when regression of liver metastasis was demonstrated 
together with severe acute GvHD in a patient transplanted for metastatic breast 
carcinoma.101 These reports were followed by a report from a single institution of 10 
patients with metastatic breast carcinoma treated with myeloablative conditioning 
followed by allogeneic HSCT.102 The first clinical evidence of donor immune-mediated 
antitumor effect was demonstrated in this study, where one patient had complete 
regression and five patients experienced partial responses of metastases. However, 
enthusiasm for this immunotherapy decreased by fatal toxicities associated with the 
transplantation procedure.  
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The outlook on using the GvT effect against solid tumors improved again after the 
introduction of non-myeloablative conditioning (discussed later). Non-myeloablative 
conditioning was introduced first in patients with hematological malignancies in order 
to reduce transplantation-related mortality and to enable transplantation in older 
patients or those with organ impairment, who could not tolerate myeloablative 
therapy.103-107 The first argument for non-myeloablative conditioning for solid tumors 
was that this conditioning could also be safer for elderly patients, as it has been the case 
for the older patients with hematological malignancies. Another argument for non-
myeloablative conditioning was that chemotherapy already had failed in some solid 
tumors and conditioning therefore only was needed to prevent rejection of stem cells 
from the donor.  
 
Already in 1928 spontaneous regression of metastasis was reported in a patient with 
metastatic renal cell carcinoma, thereby realizing that the immune system could control 
tumor growth.108 The first solid tumor to be treated with non-myeloablative 
conditioning was metastatic renal cell carcinoma motivated by previous studies on 
renal cancer cell’s susceptibility to immune response in vitro and in vivo.109-111  
In 1999, Childs et al reported the first allogeneic GvT effect with complete regression 
of metastases after non-myeloablative conditioning in a patient with metastatic renal 
cell carcinoma.112 One year later, this group reported a series of 19 patients with 
metastatic renal cell carcinoma who underwent allogeneic HSCT.113 Three patients had 
complete response and remained in remission 27, 25 and 16 months after HSCT. In 
addition, seven patients had partial response. In Sweden at our center and hospital, the 
first allogeneic HSCT with non-myeloablative conditioning was performed in August 
1999 in a patient with metastatic colon carcinoma. Since the first report by Childs et al, 
several studies have been performed on allogeneic HSCT in patients with renal cell114-

126, breast115, 117, 118, 120, 127-130, colon117, 131-134, ovarian120, 135-137, prostate120, advanced 
primary liver138 and pancreatic cancer.139-142 The outcome and results on tumor 
response of these studies mentioned above will be highlighted in more detail in the 
section describing the GvT effect.                
 
During the recent years, the use of allogeneic HSCT for solid tumors has been 
decreasing. This fact can be explained by a remaining high transplantation-related 
mortality and poor survival rates due to high tumor burden before transplantation, 
different conditioning types and immunosuppression strategies. Furthermore, 
development and approval of new therapeutic drugs against tyrosine protein kinases 
and kinase enzymes, such as sorafenib, sunitinib, temsirolimus and everolimus have 
also contributed to reduction in allogeneic HSCT application. Still, worldwide pilot 
studies on allogeneic HSCT with clinical observations of GvT effect found prolonged 
survival compared to conventional anticancer therapy.      
 
 
2.4.1 Conditioning 

 
Before transplantation, the patients receive a preparative regimen, so called 
conditioning that abolishes the bone marrow from malignant cells, allowing place for 
the new immune system from the donor, thereby providing immunosuppression to 
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prevent graft rejection. In patients with malignant diseases, it is important that the 
conditioning is as intensive as possible. Therefore, myeloablative conditioning is 
applied in these patients, where the conditioning consists of high doses of 
chemotherapy with or without irradiation. This conditioning eradicates as many as 
possible of the malignant cells, diminishes the tumor burden and prevents relapse of the 
disease. One commonly used myeloablative conditioning for patients with 
hematological malignancies is cyclophosphamide (Cy) followed by total body 
irradiation (TBI), 10 Gray (Gy) given at one session.94, 143 To decrease the toxicity of 
TBI and to allow a higher total dose of irradiation, fractionated irradiation is given 
today during a longer time period with a total dose of 11 to 15 Gy.144 An alternative to 
irradiation is the use of busulphan (Bu), followed Cy in patients with AML and 
children.145-149 
 
Non-myeloablative conditioning also known as low intensity conditioning or reduced 
intensity conditioning (RIC) has been developed in order to reduce transplantation-
related mortality for patients who could not tolerate a myeloablative regimen due to 
high age or organ dysfunction.104 Thus, the purpose of RIC is not to eradicate all 
malignant cells but to create immunosuppression in order to avoid graft rejection. The 
RIC regimen does eradicate the patient’s hematopoiesis but at the time of neutrophil 
engraftment both donor and patient lymphoid and myeloid cells are detectable, so 
called mixed chimerism.106 Thus, after RIC regimen followed by allogeneic HSCT, the 
presence of remaining leukemic or tumor cells or mixed chimerism threatens the 
patient with disease relapse. Therefore, the GvT effect after RIC relies on donor 
lymphocyte infusions (DLI), i.e. adoptive immunotherapy that can contribute to full 
donor chimerism as follows myeloablative conditioning. The low intensity conditioning 
consists of 2 Gy TBI together with fludarabine (Flu).104, 150 There are several RIC 
regimens in use consisting of Flu together with Cy, Bu and melphalan for patients with 
hematological malignancies and solid tumors.104, 151  
At our center, Center for Allogeneic Stem Cell Transplantation at Karolinska 
University Hospital, Huddinge, we used low intensity conditioning between 1999 and 
until May 2001, thereafter until today RIC was used with Flu and Cy for patients with 
solid tumors.  
                     
 
2.4.2 Stem cell source 

 
Initially, hematopoietic stem cells from the bone marrow were used for allogeneic 
transplantation. Hematopoietic stem cells are characterized by the expression of CD34 
on their surface. Their abundance is 1-2 % in the bone marrow and 0.2% in the 
peripheral blood.152 Being pluripotent cells, they can expand and mature into different 
types of blood cells. Hematopoietic stem cells from bone marrow are obtained from the 
donor by aspiration from the posterior iliac crest under general or spinal anesthesia.94  
 
Since the late 1970s, it is possible to mobilize CD34+ hematopoietic stem cells to the 
peripheral blood by administration of granulocyte colony stimulating factor (G-CSF) or 
granulocyte/macrophage colony stimulating factor (GM-CSF) to the donor.  
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Administration of G-CSF results in a graft of three or four times more CD34+ cells and 
one-log higher T and NK cell dose after leukapheresis. Fear of increased risk for acute 
GvHD due to increased number of T lymphocytes compared to the bone marrow graft, 
delayed the use of peripheral blood as source of stem cells for allogeneic HSCT until 
the 1990s. However, later studies have shown that G-CSF-mobilized peripheral stem 
cells result in a faster engraftment of neutrophils and platelets153, 154 than those from 
marrow without increasing the risk for acute GvHD.155, 156 The use of peripheral stem 
cells compared to bone marrow for allogeneic HSCT, is similar regarding the incidence 
of acute GvHD, relapse, transplantation-related mortality and survival. However, 
increased occurrence of chronic GvHD has been reported in association with the use of 
peripheral stem cells.157, 158  
At our center, all solid tumor patients (except two with advanced primary liver cancer) 
were transplanted with peripheral blood stem cells.  
 
The third stem cell source is the use of hematopoietic stem cells from umbilical cord 
blood. Umbilical cord blood contains a higher amount of hematopoietic stem cells and 
progenitor cells but the total number of CD34+ cells is 1-2 log fewer compared with 
bone marrow and peripheral stem cells.159 Unfortunately, the limited volume of cord 
blood is associated with a slower engraftment and an increased risk for graft 
rejection.160, 161 However, stem cells from cord blood are more tolerant to one or two 
HLA-antigen mismatches and to overcome the cell dose limitation, transplantation of 
two cord blood units for adult patients was introduced recently.162, 163       
               
 
2.4.3 Immunosuppression 

 
Immunosuppressive treatment is given after allogeneic HSCT to prevent graft rejection 
and severe acute GvHD. The treatment consists of different drugs, and the length and 
the intensity of the treatment depends on the underlying disease, the choice of donor, 
the conditioning type and the severity of acute GvHD. Today, the most common 
protocol in use is combination of cyclosporine-A (CsA) and methotrexate (MTX).164, 165 
Other drugs used in combinations are mycophenolate mofetil (MMF)166, tacrolimus167, 

168 and sirolimus.167, 169 Another approach to decrease the incidence of GvHD, is 
depletion of T lymphocytes from the graft or in vivo with anti-T lymphocyte antibodies, 
like OKT-3 and ATG. The regimens reduce the occurrence of acute GvHD but increase 
the incidence of graft rejection and relapse.170-172  
 
At our center, CsA in combination with MMF were used during the time of low 
intensity conditioning for patients with solid tumors, whereas CsA together with MTX 
is used today for patients who receive RIC. Patients with advanced primary liver cancer 
who underwent combined orthotopic liver transplantation and allogeneic HSCT, at our 
center, continued to receive the same immunosuppression for HSCT as for the liver 
transplantation, in order to protect against rejection of the liver graft.138 This 
immunosuppression consists of either CsA or tacrolimus in combination with steroids. 
After allogeneic HSCT, CsA or tacrolimus is combined with MMF or MTX.      
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2.4.4 Graft rejection  

 
Graft rejection or graft failure occurs when immunocompetent cells remain in the 
patient despite the conditioning given and induce rejection of the transplanted cells.  
With myeloablative conditioning, the incidence of graft rejection is around 2% if an 
HLA-identical sibling donor is used, and less than 5% with a MUD.173, 174 The use of 
RIC protocols and T cell depletion increases the incidence of graft rejection (relative 
risk 9.29).172     
 
 
2.4.5 Graft-versus-host disease 

 
A common complication after allogeneic HSCT is GvHD, i.e. the attack of the 
transplanted cells from the donor against the patient’s epithelial cells in the skin, bowel, 
liver and lung. Clinical manifestations of GvHD depend on the degree of donor/patient 
histocompatibility and graft alloreactivity to major host antigens. The incidence of 
GvHD can be as high as 85% in patients receiving allogeneic HSCT, depending on the 
type of donor and the degree of HLA-matching.165, 175-177 The severity of GvHD can be 
reduced by well matched HLA-antigens between patient and donor, thereby also 
accelerate engraftment.178 Despite full match of HLA between patient and donor, 
GvHD may still develop due to differences in minor histocompatibility antigens 
(mHag).179 Studying the pathogenesis of GvHD, it was shown that infiltrating donor T 
lymphocytes play an important role in this mechanism.180 Thus, donor T lymphocytes 
mediate both GvHD and the GvT effect, therefore the main goal in this field is to 
design methods where cells responsible for GvHD can be distinguished from those 
cells that exert the GvT effect.  
 
GvHD exists in two forms, as acute and as chronic. Acute GvHD often occurs during 
the first 100 days after allogeneic HSCT or after administration of DLI. However, 
patients who have received RIC may develop acute GvHD later than three months. 
Acute GvHD involves tissue injury in the skin, liver and intestinal mucosa.181 The 
severity of acute GvHD is graded between 0 and IV.182 Grade 0 means absence of acute 
GvHD, grade I includes skin rash of less than 50% of the body surface, grade II 
involves skin rash on more than 50% of the body surface and/or mild liver involvement 
and/or mild diarrhea. Acute GvHD grade III affects the liver and/or gut more severe 
and grade IV includes erythroderma with bullous formation or severe liver disease with 
ascites and high serum levels of bilirubin or bowel inflammation with massive diarrhea 
with or without hemorrhages and ileus.183, 184 The pathophysiology of acute GvHD is 
divided in three steps.  
  
The first phase of acute GvHD occurs during the conditioning treatment before the 
donor cells are infused. Tissue damage occurs caused by the conditioning regimen, the 
underlying disease and infections. The damaged tissue initiates an immune response by 
secreting cytokines, upregulating adhesion molecules and activating DC. During this 
phase, the most commonly inflammatory cytokines are TNF-α and IL-1 secreted by 
activated DC.185 These inflammatory cytokines increases the expression of adhesion 
molecules and co-stimulatory molecules.  
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In the second phase, after infusion of the graft, presentation of host antigens to donor T 
lymphocytes occurs in the lymph nodes, thereby activation of donor T lymphocytes are 
induced. Subsequently, the activation of donor T lymphocytes stimulates first 
proliferation and finally differentiation into effector T lymphocytes. The inflammatory 
cytokines involved in this phase are IL-2 and IFN-γ.186 IL-2 induces clonal expansion 
of activated T lymphocytes and their differentiation into CTL. IFN-γ, together with IL-
2, induces further T lymphocyte expansion and induces CTL and NK cell responses. 
 
In the third phase, inflammation and more tissue damage are caused by secretion of 
inflammatory cytokines and effector T lymphocytes. Cell-mediated killing is induced 
by the perforin/granzyme B and Fas/Fas ligand cytolytic pathways, NK cells and the 
release of nitric oxide.187 This process continues with more inflammation and tissue 
damage, thereby triggering new activated donor T lymphocytes at the inflammation site 
and keeps the GvHD ongoing. 
 
The mechanism of chronic GvHD is less well studied and understood than acute 
GvHD. However, it has been shown that chronic GvHD develops due to the presence 
of alloreactive donor T lymphocytes.188 Chronic GvHD occurs beyond three months 
and it can reappear after previously determined acute GvHD but also without. The 
clinical manifestation of chronic GvHD is different from that of acute GvHD. Its 
symptoms resemble those of autoimmune conditions such as keratoconjuctivitis, 
dermatitis, liver dysfunction and immunodeficiency.189 Chronic GvHD is graded as 
limited or extensive.190  
 
Treatment of acute and chronic GvHD consists of high doses of steroids, CsA, or anti-T 
lymphocyte antibodies, like OKT-3 and ATG, IL-2 receptor antibodies, oral psoralen 
combined with extracorporal ultraviolet light A (PUVA).191, 192 Other treatments have 
also been reported with 1 Gy of total lymphoid irradiation and anti-B lymphocyte 
antibodies.193, 194          
      
 
2.4.6 Infections 

 
Infections are common after allogeneic HSCT due to immature immune system in the 
recipient followed by conditioning regimen and additional immunosuppressive 
treatments after transplantation in order to prevent GvHD. The abundance of different 
pathogens depends on the phase of the transplantation process. 
 
During the pre-engraftment phase or neutropenic period from day 0-30 after HSCT, 
gram-positive bacteria of the skin and mouth are responsible for Bacteremia.195 Gram-
negative infections of the gastrointestinal tract are not as common today as they were 
earlier due to successful prophylaxis and administration of broad-spectrum 
antibiotics.196 Regarding viral infections, reactivation of herpes simplex virus is most 
common during this phase and for seropositive patients antiviral prophylaxis is 
given.197, 198 Among fungal infections oro-esophageal candida is most common but 
aspergillus and candida can also cause invasive infections.199 
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The post-engraftment phase lasts until day 100 after transplantation and during this 
period cellular immunity is slowly recovering. Cytomegalovirus (CMV) reactivation is 
most prevalent during this phase and is often correlated to GvHD.200  
The risk of fatal outcomes from CMV disease has been reduced in the past due to the 
use of CMV prophylaxis and pre-emptive treatment based on sensitive 
qualitative/quantitative polymerase chain reaction (PCR)-based detection assays in 
order to monitor the viral load.201-204 Prophylactic treatment is administered to prevent 
opportunistic infections.205 
 
The late period starts beyond 100 days after transplantation and during this period the 
cellular and humoral immunity is not fully recovered. Reactivation of CMV, herpes 
simplex virus and varicella zoster virus (VZV) are common, especially in patients with 
chronic GvHD206, whereas bacterial infections are less common.  
        
 
2.4.7 Donor lymphocyte infusion 

 
DLI has been developed as an adoptive immunotherapy against relapse of the 
underlying disease for patients with hematological malignancies who received 
myeloablative conditioning followed by allogeneic HSCT. The allogeneic 
immunotherapeutic effect in humans was already noticed in 1979, when the incidence 
of GvHD was found to be associated with lower risk of relapse.96 Later it was 
demonstrated that patients receiving graft from a twin sibling were at higher risk of 
relapse when compared to HLA-matched sibling donors.207 The observation that donor 
T lymphocytes mediate both GvHD and the GvT effect was confirmed when depletion 
of T lymphocytes from the graft with an aim to prevent GvHD, increased the risk of 
relapse.172 These earlier findings confirmed the notion that donor T lymphocytes are the 
main effector cells on exerting the allogeneic GvT effect. 
 
The evidence that DLI has the potential to eradicate leukemic cells was already 
reported from the start suggesting a potent GvL effect in patients with chronic myeloid 
leukemia (CML).208 However, the GvL effect was less successful in patients with acute 
leukemias and other malignancies.209-213 The mechanism behind the promising 
immunological response to DLI in CML compared to acute leukemias is unknown. One 
suggestion is the slower progress of CML compared to the aggressive tumor 
development of acute leukemias. Another is the required time of DLI response (2-3 
months after administration) that allows the development of chronic GvHD in patients 
with CML. However, early administration of DLI and monitoring of minimal residual 
disease in patients with acute leukemias have given better GvL effect.214 
 
Although administration of DLI improves the GvL/GvT effect, it may also induce fatal 
GvHD. The severity of GvHD can be reduced if DLI is administered in escalating 
doses. This was reported in patients with CML, where the GvL effect was delayed with 
a time span of 6-12 months.215 However, the approach of administration of DLI in 
escalating doses is used in patients with acute leukemias and solid tumors.  
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After RIC regimen, DLI has been used in another approach, namely to convert mixed 
chimerism to full donor chimerism in patients with hematological malignancies216-219 
and solid tumors.113, 114, 116, 117, 128, 129, 134, 140, 141 In studies performed on patients with 
solid tumors, the indication for DLI was often tumor progression with mixed chimerism 
or without.     
          
Tumor response or prolonged survival after administration of DLI was demonstrated in 
patients with metastatic renal cell126, 220, colon220 and ovarian cancer.136 In the first 
study of Barkholt et al, 111-Indium labeled donor lymphocytes were infused into the 
hepatic artery of patients with renal cell or colon cancer. The donor lymphocytes were 
observed to home to metastases in the liver supporting the clinical response when one 
patient with renal cell and one with colon cancer showed stable size and number of 
metastases for 5 and 21 months, respectively.220 In the second study by Barkholt et al, 
124 patients with renal cell cancer from 21 European centers who had received DLI 
and developed chronic GvHD had the best overall survival (70% at 2-years).126 DLI 
seemed to promote GvHD and control disease progression in one out of two patients 
with ovarian cancer.136 
           
 
2.4.8 Graft-versus-tumor effect 

 
Early clinical observations on tumor response suggesting a possible GvT effect resulted 
in immunotherapies with IL-2 and IFN-α, and adoptive immunotherapy with 
lymphokine-activated killer cells (LAK) or tumor-infiltrating lymphocytes (TIL) in 
autologous settings.221-224 Furthermore, it was shown that TIL recognized melanoma-
associated antigens and these lymphocytes could infiltrate the tumors and could grow in 
vitro in medium containing IL-2.225, 226 Later, ex-vivo selected and expanded autologous 
lymphocytes were infused in patients with metastatic melanoma after lymphodepleting 
therapy demonstrating a response rate between 51% and 72%.227, 228 However, patients 
with metastatic melanoma did not benefit from the GvT effect in the allogeneic 
setting.229  
 
In the allogeneic setting, one approach to identify the GvT effect is the isolation of 
donor CTL that have the ability to kill leukemic or tumor cells from the patient with or 
without GvHD. Thus, one target peptide epitopes for CTL are mHag expressed on 
hematopoietic, epithelial or malignant hematopoietic cells. CTL specific for the mHag 
called HA-1 and HA-2 on hematopoietic cells induced remission in patients with CML 
and multiple myeloma.230 Furthermore, CTL specific for HA-1, HA-3 and HA-8 were 
isolated from patients with renal cell cancer, who showed partial tumor responses or 
stable diseases.123 However, it seems that infusion of mHag-specific T lymphocytes 
results in poor survival of the infused cells231, which may imply that these lymphocytes 
never reach the tumor environment.  
 
Another target peptide epitopes for CTL are tumor-associated antigens (TAA) 
expressed on tumor cells. CTL specific for Wilms’ tumor antigen 1 were detectable in 
patients with acute lymphoblastic leukemia with favorable tumor responses.232  
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In patients with colorectal cancer, carcinoembryonic antigen (CEA)-specific CTL were 
detectable with the onset of GvHD.133 In one patient CEA-specific CTL were 
associated with decreased CEA levels in serum and partial response of the tumor. From 
our group prostate-specific CTL were reported in a patient with prostate cancer 
associated with clinical remission.233 Recently, Takahashi et al detected donor-derived 
CTL from a patient with renal cell cancer after allogeneic HSCT and identified the 
target antigen of renal cell cancer-specific CTL.234 The target antigen was derived from 
human endogenous retrovirus type E and was selectively expressed in renal cell cancer 
cell lines and fresh renal cell cancer tissue but not in normal kidney or other tissues. 
Furthermore, one in vitro study showed superior renal cell cancer-reactive CTL 
responses of HLA-matched allogeneic T lymphocytes compared to autologous T 
cells.235 These results support the specific reactivity of allogeneic T lymphocytes 
against renal cell cancer. However, the lack of identified TAA restricts the use of 
adoptive T lymphocyte immunotherapy against tumor antigens after allogeneic HSCT. 
 
Another cell that plays an important role in the GvT effect is the NK cell. Due to the 
‘missing self ’hypothesis they are inhibited to act directly against class I MHC 
molecules on target cells.236 In murine studies, it was shown that NK cells had the 
capacity to migrate to the tumor, infiltrate and selectively kill tumor cells without 
killing normal cells. In a mHag mismatched mouse allotransplant model, immunization 
against leukemia or fibrosarcoma resulted in anti-tumor responses without the 
development of GvHD.237 In a recent study, NK cell-mediated GvHD reduction was 
demonstrated, where donor NK cells inhibited and lysed donor T lymphocytes 
activated during the initiation of GvHD.238 
 
In human studies, after allogeneic HSCT, donor NK cells may target malignant cells if 
the patients lack KIR that recognizes class I HLA allele groups that are present in the 
donor.239 NK cell alloreactivity could induce the GvL effect in patients with AML in 
both haploidentical240-242 and HLA-matched243-245 allogeneic settings with T cell 
depleted HSCT. The alloreactivity of the NK cells was demonstrated when the patients 
lacked the HLA-ligand for the donor-inhibitory KIR. However, this was not found in 
patients with acute lymphoid leukemia and CML.246 Furthermore, the NK cell 
alloreactivity did not work either in allogeneic HSCT without T cell depletion. This 
may be explained by two studies showing that T lymphocytes in the graft alter KIR 
expression on NK cells247 and Treg suppress cytotoxicity of the NK cells.248    
One in vitro study showed NK alloreactivity against melanoma and renal cell cancer 
cell lines by lysing the tumor cells in human KIR-ligand mismatch setting.249         
Recently, our group reported a safety analysis of donor-derived long-term ex vivo-
expanded human NK and NKT cells given as DLI to four patients with different solid 
tumors.250 Infusion of these cells did not cause acute GvHD or other severe side effects. 
One patient with hepatocellular cancer had decreased α-fetoprotein levels in serum 
following NK/NKT cell infusions suggesting a possible GvT effect.  
 
Clinical results of studies of the allogeneic GvT effect in patients with different solid 
tumors (such as renal cell, breast, colon, ovarian, pancreatic and advanced primary liver 
cancer) achieved until today will be highlighted below. 
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The first allogeneic GvT effect on metastatic renal cell cancer was reported by Childs et 
al112, observing a tumor response rate of 53% in 19 patients studied.113 Regression of 
metastases was delayed occurring at a median of 129 days after transplantation. Since 
the first report by Childs et al, several studies were performed with different 
conditioning regimens and immunosuppression treatments against GvHD.114-124 In all 
but two of these studies, GvT effect was reported with variable tumor response rates 
between 8% and 57%.114, 115, 117-123 In the two studies by Pedrazzoli et al and Rini et al, 
the absence of tumor response was due to the lack of adoptive immunotherapy (DLI) 
following HSCT124 and that patients with low performance status were enrolled in the 
study.116  
The largest series of allogeneic HSCT in patients with renal cell cancer was reported in 
a European multicenter trial including 124 patients from 21 centers.126 The tumor 
response rate was 32% and regression of metastases occurred at a median of 150 days 
after HSCT. Best overall survival of 70% at 2-years was seen in patients who had less 
than three metastatic sites, received DLI and developed chronic GvHD.   
 
Allogeneic HSCT with non-myeloablative conditioning in metastatic breast cancer 
exhibited tumor response rates between 16% and 37%.115, 118, 120, 128, 129 In the study by 
Bishop et al, the GvT effect was achieved by depletion of allogeneic T lymphocytes 
from the graft.128 After allogeneic HSCT these lymphocytes were administered at 
escalating doses to the patients. The tumor response rate was 33% and tumor regression 
occurred concomitantly with the development of GvHD. Carella et al used another 
strategy to enhance the GvT effect and decrease the non-relapse mortality, namely to 
administer high-dose chemotherapy with autologous graft before allogeneic HSCT.129 
The tumor response rate was 24% and no non-relapse mortality was noted during the 
first 100 days.  
The largest series of allogeneic HSCT in patients with breast cancer was reported from 
15 centers including 66 patients.130 Myeloablative conditioning regimen was used in 
59% of patients, whereas 41% received RIC. In the RIC group, more patients had poor 
pretransplant performance status (63% vs 26%). The tumor response rate was 31% in 
the myeloablative group and 29% in the RIC group. Patients who developed acute 
GvHD after RIC regimen had lower risk of relapse or progression than those who did 
not. Progression-free survival at 1-year was 23% with myeloablative conditioning and 
8% with RIC.   
    
Allogeneic HSCT in metastatic colon cancer has also demonstrated the existence of a 
GvT effect. Hentschke et al reported six patients transplanted with advanced disease, 
where regression of metastases was seen in one patient and another one had mixed 
response.117 The patient with mixed response had regression of lung metastases but 
progression of metastases in the liver. In the study by Kojima et al, four patients were 
treated and one patient achieved partial response and the others stable disease.132 
Carnevale-Schianca et al reported 15 patients, where one patient had partial response 
and three had stable disease.133  
The largest series of allogeneic HSCT in patients with colorectal cancer was reported 
from nine European centers including 39 patients.134 The tumor response rate was 46% 
and regression of metastases occurred at a median of 90 days after HSCT. Tumor 
regression occurred concomitantly with the development of GvHD and was achieved in 
59% of patients who experienced either acute or chronic GvHD.  



 

 26

The GvT effect was also demonstrated in patients with ovarian cancer.120, 136, 137 Bay et 
al presented five patients who had undergone allogeneic HSCT and four patients had 
tumor regression associated with the development of GvHD.136 In the study by Blaise 
et al, five patients were treated and three patients had a tumor response.120 
The largest series of allogeneic HSCT in patients with ovarian cancer was reported 
from six European centers including 30 patients.137 The tumor response was 50% and 
three patients had tumor regression in correlation to the development of acute GvHD. 
The median overall survival was 10.4 months. Patients who developed chronic GvHD 
had a better overall survival compared to those who did not (17.6 months vs 6.5 
months).  
 
Patients with unresectable metastatic pancreatic cancer have also undergone allogeneic 
HSCT.140-142 Takahashi et al reported five patients transplanted and two patients had 
tumor regression, whereas another two had decreased levels of the tumor markers CEA 
and CA19-9 in the serum.140 In the study by Kanda et al, seven patients were treated 
and tumor response was observed in two patients and another had decreased levels of 
CA19-9 in the serum.141 
The largest series of allogeneic HSCT in patients with unresectable pancreatic cancer 
was reported from three Japanese centers including 22 patients.142 The tumor response 
rate was 23% and the median survival was 139 days. Patients who developed chronic 
GvHD tended to survive longer than those who did not. 
At our center, two patients with resectable pancreatic cancer without metastasis 
underwent allogeneic HSCT with HLA-identical sibling donors in 2007. These two 
patients are alive, and with no sign of disease recurrence, three years after HSCT 
compared with the five control patients who all have died from their disease 
(unpublished data).  
 
Combined orthotopic liver transplantation and allogeneic HSCT for advanced primary 
liver cancer is only performed at our center in Sweden. Five patients with non-
resectable primary liver tumor have undergone orthotopic liver transplantation and 
were treated with allogeneic HSCT with non-myeloablative (low intensity 
conditioning) regimen.138 In two patients, no recurrence of the disease was observed at 
a follow-up of 10 and 26 months. In two patients, no engraftment of donor stem cells 
was seen, whereas one rejected the graft 2 months after HSCT. In two of the patients, a 
stable mixed donor chimerism was established.  
 
In conclusion, the existence a GvT effect against renal cell, breast, colon, ovarian, 
pancreatic and advanced primary liver cancer is suggested by the presented results. 
However, the use of allogeneic HSCT for solid tumors has been decreasing during the 
past years. One reason is the introduction of tyrosine protein kinases and kinase 
enzymes based medical therapies. Another reason is that the transplantation-related 
mortality is still high due to the patients´ physical condition to manage the 
transplantation. The allogeneic HSCT is therefore most successful in patients with low 
tumor load and good physical condition as reported by Barkholt et al.126  
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Inhibition or blockade of tyrosine kinases has increased survival in patients with poor 
prognosis251 or doubled the progression-free survival in pretreated patients with renal 
cell cancer.252 In patients with colon cancer treatment with antibodies against vascular 
endothelial growth factor (VEGF) or epidermal growth factor receptor (EGFR) have 
improved prognosis and have increased the median survival to 2 years.253, 254 Inhibition 
of VEGF or VEGF-signaling pathway by bevacizumab, or sunitinib or sorafenib has 
also produced anti-tumor responses in patients with renal cell cancer.252, 255, 256    
 
Finally, allogeneic HSCT would be improved even more in the future, if adoptive 
immunotherapies combined with new therapeutic drugs could be applied often in a 
stepwise space-rocket type of approach in order to reduce the tumor load. More specific 
adoptive immunotherapies that include genetic manipulation of donor lymphocytes as 
retroviral transfer of suicide genes and transfer of tumor-specific CTL against TAA, 
mHag or viral peptides, may also be promising strategies.   
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3 AIMS 
 
The general aim of this thesis was to investigate the anti-tumor or GVT effect after 
allogeneic HSCT in patients with different type of solid tumors.  
 
Specific aims were as follows: 
 

• To study inflammatory and anti-inflammatory cytokine response in patients 
after HSCT and to find a correlation between cytokine levels and anti-tumor 
response (paper I) 

 
• To determine the risk factors for complications in patients undergoing HSCT 

with low intensity as compared to reduced intensity conditioning regimen 
(paper II) 

 
• To explore if measurement of cytokine secretion during DLI given to patients 

after HSCT correlates with anti-tumor response (paper III) 
 

• To develop new methods for in vitro activation, detection and identification of 
tumor-reactive T lymphocytes from a patient with pancreatic squamous cell  
carcinoma as well as from an HLA-identical sibling (paper IV) 
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4 MATERIALS AND METHODS 
 
Patients included in the first three studies for this thesis were transplanted at Karolinska 
University Hospital Huddinge between 1999 and 2006. Patient characteristics are 
summarized in Table 1. 
 
 
4.1 BLOOD SAMPLES AND PREPARATION OF MONONUCLEAR CELLS 

 
In paper I, III and IV in this thesis, peripheral blood samples were used as starting 
material. In paper I, blood samples were collected within 1 month before and 1, 3, 6, 9 
and 12 months after SCT. At these time points, the patients were at the hospital for 
clinical check-ups and collecting blood samples at the same time was suitable. Blood 
sample collection is a non painful procedure for the patients and it is an easy and fast 
way to isolate mononuclear cells (MNC) or prepare serum.  
In paper III, blood samples were collected on one occasion from controls, and just 
before DLI as well as 1 and 3 weeks after DLI, from patients. The blood samples were 
centrifuged and MNC were isolated by Lymphoprep (Axis-Shield PoC As, Oslo, 
Norway) gradient centrifugation.  
In paper IV, blood samples were collected from a patient with pancreatic squamous cell 
carcinoma and an HLA-identical sibling. 
 
 
4.1.1 ELISA and ELISpot analyses  
  
For extracellular cytokine detection we used two different methods: enzyme-linked 
immunosorbent assay (ELISA) and enzyme-linked immunospot (ELISpot) techniques.  
 
The ELISA technique measures secreted protein (cytokine) in body fluids or 
supernatants from different cell cultures. The disadvantage of the assay is the 
intervention of soluble cytokine receptors and inhibitors and the degradation of 
proteins. Cytokines are mainly produced locally, for that reason the detection of 
cytokines in serum may sometimes be a rough method. However, when systemic levels 
are identified, it reflects a strong reaction and some interesting correlations have been 
revealed.     
 
In paper I, we used commercially available assays, i.e. automated chemiluminescence 
immunoassay (Immulite, DPC, Los Angeles, CA) for analyzing TNF-α and IL-10 and 
Quantikine ELISA kits (Quantikine R and D Systems, Minneapolis, Minn) for IFN-γ 
and TGF-β1 detection.  
     
The highly sensitive ELISpot assay detects cells that actively secrete cytokines 
reflecting in vivo immune responses at single cell level. The disadvantage of the assay 
is that one cannot determine the phenotype of the cells since the cells are washed away 
during the procedure. However, this problem can be overcome if the studied cell 
populations are purified. 
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Paper   I II III 
Time period of study  2000-2002 1999-2004 2001-2006 
Number of patients  6 48 8 
Males/Females  4/2 33/15 7/1 
Recipient age, range   47-66 28-77 35-67 
Diagnosis    
  AML   0 0 3 
  MPS   0 0 1 
  Renal cell carcinoma  4 17 1 
  Colorectal carcinoma  2 15 2 
  Primary liver carcinoma  0 11 0 
  Prostate carcinoma  0 2 1 
  Other solid tumors  0 3 0 
Donors    
  HLA-identical sibling  3 25 1 
  MUD   3 23 7 
Conditioning    
  Bu+Cy   0 0 1 
  Flu+Bu   0 0 2 
  Flu+Melphalan  0 0 1 
  Flu+TBI   5 23 0 
  Flu+Cy   1 25 4 
Graft source    
  PBMC   6 46 8 
  BM   0 2 0 
GvHD prophylaxis    
  CsA+MMF   5 19 0 
  CsA+MTX   1 21 8 
  Tacrolimus+MMF  0 3 0 
  Tacrolimus+MTX  0 5 0 
GvHD    
  acute 0   2 12 1 
  acute I-II   2 29 5 
  acute III-IV   2 7 2 
  chronic 0   3 37 6 
  chronic limited   3 11 2 
DLI    
  Number of patients  5 31 8 
  Number of DLI, range  1-5 1-11* 1-5 
* including infusions of ex vivo expanded mixed donor NK/NKT cells    
 
Table 1. Patient characteristics. 
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This assay has been shown to have both a sensitivity and specificity of up to 200 times 
greater than conventional ELISA by enumerating dynamically the number of cytokine 
secreting cells both at basal level and after specific antigen stimulation.257  
 
In paper III, PHA-stimulated MNC were analyzed by ELISpot assay for the cytokines 
TNF-α, IFN-γ, IL-4, IL-10, IL-12 and IL-13 (Mabtech AB, Stockholm, Sweden). All 
samples were tested in duplicates. One advantage of the analysis is that the cytokine 
secretion was evaluated by a single person. The ELISpot software counts the number of 
spots or spot forming cells (SFC) where each spot represents a single cytokine 
producing cell.  
 
 
4.1.2 Flow-cytometric Assay of Specific Cell-mediated Immune 

response in Activated whole blood   
 
 
Flow-cytometric assay of specific cell-mediated immune response in activated whole 
blood (FASCIA) analysis has been developed for the detection of specific immunity 
against several antigens.258, 259 For example, VZV specific immunity in children has 
been studied with FASCIA.260 In the study by Svahn et al, diluted whole blood was 
incubated with VZV-antigen and activated immune cells (T lymphocytes) against VZV 
were visualized by the identification of lymphoblasts displayed as large granular 
lymphocytes by their scatter profile using flow cytometry. So far, FASCIA has only 
been used to detect immunity against infectious agents, and the methodology has been 
based on peptide and/or protein antigens.  
 
The advantage of using FASCIA assay as compared to other methods of T lymphocyte 
activation is that the FASCIA assay requires only small amounts of blood and little 
time and labours and can thus be readily carried out on single samples as well as for 
large-scale studies.260 The use of whole blood samples without specific preparation of 
dendritic cells or cell separation saves a lot of time. Another advantage is the easy 
access to small volumes of blood where the cells experience an environment similar to 
that in vivo. The FASCIA technique also gives the possibility to a more sensitive read-
out than mixed lymphocyte reaction, and can be considered as an enhanced mixed 
lymphocyte reaction. In paper IV, we have used the FASCIA technology with patient-
derived tumor cells as targets and activated T lymphocytes as read-out.  
 
Diluted whole blood samples and the patient’s apoptotic/necrotic (apo-nec) tumor cells 
(discussed later) or irradiated MNC were examined by FASCIA for CD3+, CD4+, 
CD8+ cells and for the activation marker CD25 (Figure 2). Following FASCIA, 
CD4+CD25+ and CD8+CD25+ cells from the patient and his HLA-identical sibling 
were sorted with FACSAria (BD Biosciences, San José, CA) and analysed using 
FACSDiva software (BD Biosciences).  
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Patient blood sample

Dilution 1:10 
(RPMI)

1 x 106 cells

Primary culture of 
pancreatic tumor

2.5 x 104 tumor cells

Activated T cells

CD4+CD25+

CD8+CD25+ 

Lymfopreparation, 
irradiation (20 Gy)

2.5 x 104 MNC

Donor blood sample

Dilution 
1:10 
(RPMI)

1 x 106 cells

Flow-cytometric Assay of Specific Cell-mediated Immune responses in 
Activated whole blood (FASCIA)  

Irradiation 
(100 Gy)

 
 
 
Figure 2. Schematic description of the FASCIA procedure. 
 
 
 
4.2 PRIMARY CULTURE OF TUMOR CELLS 

 
In paper IV, fresh pancreatic cancer tissue was obtained from a patient with pancreatic 
squamous cell carcinoma undergoing pancreatic resection surgery ad modum Whipple. 
After surgical resection, the malignant phenotype of the tumor was assessed using light 
microscopy. The tumor represented a squamous epithelial cell malignancy using 
staining with hematoxyline-eosin demonstrating morphology of squamous cell 
carcinoma. Immunohistochemical staining showed that the cells were negative for 
neuroendocrine tumor markers chromogranin A and synaptophysin, thereby 
neuroendocrine tumor origin was excluded.  
 
After enzymatical digestion of the tumor, tumor cells were incubated and cultured. The 
initial growth rate was slow. After 3 weeks of incubation and feeding which comprised 
change of culture medium twice weekly, the tumor cells began to grow and on day 43 
these cells were split the first time by trypsinization. Following trypsinization, which 
removed most stroma derived cell types, the remaining adherent malignant cells were 
left untouched in the culture flask except for regular media changes. After two months 
of culturing, the malignant cells had grown to confluency and the majority of the cells 
appeared to be of epithelial origin and had a malignant phenotype. The prolonged 
culture period was expected due to the slow growth of the primary tumor and as a 
consequence of removal of contaminating stromal cells.  
 
The malignant cells demonstrated varying morphology where the majority of the cells 
had small and round nuclei with clearly visible nucleolis. Multinuclear cells as well as 
elongated “spindle” shaped cells, possibly representing motile forms, could be observed 
in the cell culture (Figure 3). 
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Apo-nec tumor cells were prepared from the patient’s tumor cells slightly modified as 
described by von Euw et al.261 After gamma irradiation at 100 Gray, the tumor cells 
were plated onto small culture flasks and incubated for 48 hours to complete the 
apoptotic process. To confirm that the tumor cells had become apoptotic and necrotic, 
Annexin V and Propidium iodide binding (Annexin V-FITC Apoptosis Detection Kit, 
BD Biosciences) and flow cytometric analysis were performed.      
 
 

A B

 
 
 
Figure 3. Primary culture of tumor cells from a patient with pancreatic squamous cell carcinoma. 
The figure show tumor cells from the patient at 36 (A) and 62 (B) days, respectively.  
 
       
 
4.3 CDR3 SIZE SPECTRATYPING  

 
CDR3 size spectratyping is based on amplification of 24 TCR Vβ genes and 
characterizes the relative usage of each Vβ gene subfamily and also identifies clonal T 
lymphocyte populations within each subfamily.262   
 
This method is sensitive and has the advantage to cover the entire Vβ repertoire as well 
as to detect changes in T lymphocyte repertoire that can not be performed with flow 
cytometric analysis. It can be applied for interpretation and identification of clonal T 
lymphocyte populations responsible for clinical in vivo reactions such as GvL/GvT 
effect and GvHD. The main disadvantage of the method is that it does not reveal the 
functional specificity of the T lymphocyte clones.  
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In paper IV, RNA from flow cytometry sorted cells from the patient and his HLA-
identical sibling was prepared using the commercially available QIAmp RNA Blood 
Mini Kit (QIAGEN, Hilden, Germany). cDNA was synthesized from RNA using the 
high-capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA).  
After cDNA synthesis, reverse transcription (RT)-PCR was performed to amplify the 
CDR3 of the TCR. A set of 28 Vβ-specific primers spanning all 24 TCR Vβ 
subfamilies were amplified by a constant 5’-end primer labelled with 6-fluorescein 
phosphor amidite (6-FAM).263  
 
The size distribution of each PCR product was analyzed using capillary electrophoresis 
on an ABI 3130 Genetic Analyzer (Applied Biosystems) allowing one base pair 
resolution. The fluorescence intensity of each band was quantified with the Peak 
Scanner Program (Applied Biosystems) and translated into a histogram displaying the 
length and intensity of each CDR3 fragment.  
 
              
4.4 RESPONSE EVALUATION CRITERIA IN SOLID TUMORS 

 
In patients with solid tumors, the tumor load was examined by computer tomography 
(CT) of the thorax and abdomen before SCT, and following every third month after 
SCT (paper I, II and III). Evaluation of tumor response was based on the international 
response evaluation criteria in solid tumors (RECIST).264  
 
In paper II, RECIST was not applicable in patients with advanced primary liver cancer 
because of the lack of pre-transplant metastases. Therefore, these patients were 
evaluated using clinical parameters based on the results of CT (thorax and abdomen), 
bone scans and magnetic resonance imaging of liver, bile ducts, and pancreas 
performed according to the same time schedule after SCT as for the other solid tumor 
patients, or autopsy examinations.  
 
In paper I, examination of tumor load was also evaluated based on our local method. 
We used the combined results of CT and autopsy examinations showing a decrease in 
size and/or number of metastases. Regression, progressive and stable disease were 
defined separately for each metastatic localization (lung tissue, pleura, lymph nodes 
and liver). Furthermore, an assessment of the total metastatic load was performed, 
defined as mixed response, stable disease and progressive disease. Each CT 
examination was compared with the closest preceding CT examination. 
 
There are both advantages and disadvantages with RECIST and our local method, 
respectively. One disadvantage of RECIST is the possibility to choose between the 
evaluation of target lesions or evaluation of both target and non-target lesions (i.e., the 
best overall response). Another disadvantage with RECIST is the choice of the five 
largest metastases per organ (and ten largest in total), which implies that smaller 
metastases in other organs are missed. Therefore, in some patients, the evaluation of the 
largest target lesions may occur only in one organ, thereby failing to detect the changes 
of other metastases. In contrast, our local method includes four main metastatic 
localizations independent of their initial size. Furthermore, an appearance of a new 
metastasis independently of the organ localization will be evaluated as progressive 
disease using RECIST, despite the regression of other metastases in the same or other 
organs. One disadvantage of our local method is that mixed response in some cases was 
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classified as tumor regression, i.e. despite the fact that progression was not totally 
absent in the patient. However, our evaluation method reflects the dynamics of the 
metastases over time because it compares the changes with the previous CT 
examination instead of the one which was performed pretransplantation as is done 
according to RECIST.    
 
RECIST has been developed within oncology where it was mainly used after chemo 
radiotherapy. This therapy initiates cell necrosis of metastases whereas immunological 
cell therapy triggers inflammation in the tumor. The inflammation appears as increased 
tumor size or volume estimated with radiological examinations, which is misleading 
since this will be classified as tumor progression with RECIST. Immunological cell 
therapy is therefore preferably evaluated when the inflammation has disappeared and 
the apoptotic/necrotic tumor cells appear as stable disease or regression of the 
metastases.  
 
 
4.5 STATISTICAL ANALYSES  

 
In paper I, the two-sided Fisher exact-test was used to compare the cytokine balance to 
tumor response.  
 
In paper II, the probability of overall survival was calculated according to the Kaplan 
and Meier method. Time to transplantation-related death, response, acute GvHD, and 
chronic GvHD were estimated using a non-parametric estimator of cumulative 
incidence curves. Competing events for transplant-related mortality were death in 
progressive disease for response, death without response, and death without GvHD. 
Patients were evaluated for tumor response and chronic GvHD if they survived more 
than three months. The differences between numbers of days to complete donor 
chimerism in T and B cells were compared using the Mann-Whitney U test. Analyses 
were performed using the cmprsk package (developed by Gray, June 2001), Splus 6.2 
software, and Statistica software (Statsoft Inc, Tulsa, OK, USA). A p-value <0.05 was 
considered statistically significant. 
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5 RESULTS AND DISCUSSION 
 
Allogeneic HSCT using non-myeloablative conditioning has been explored as 
immunotherapy against progressive disease in patients with different solid tumors. In 
the beginning of the SCT era, it has become clear that the transplanted immune cells 
were capable of eradicating tumor cells. This immunological anti-tumor effect or GvT 
effect has been studied by several groups with slightly varying results. This is most 
likely due to the different conditioning types, immunosuppression strategies and last 
but not least, differences in the patients underlying disease. The anti-tumor effect may 
be strengthened by DLI from the same stem cell donor when tumor progression 
threatens or mixed chimerism appears. DLI may also contribute to GvHD. The risk of 
GvHD may be reduced using escalating doses of DLI. However, it seems that donor T 
lymphocytes mediate both GvHD and GvT effect since the risk of tumor recurrence is 
higher when the donor T lymphocytes are depleted from the graft. Therefore, a patient 
having mild acute and/or chronic GvHD has potentially a high chance of the GvT 
effect.     
 
In the first three studies of this thesis, we investigated the anti-tumor effect in patients 
with different solid tumors undergoing HSCT. More specifically, in paper I and III, the 
anti-tumor effect in connection to cytokine release was examined. In paper II, we 
studied the outcomes after HSCT and reported the most favorable tumor response and 
the best anti-tumor effect. In paper IV, we showed that it was possible to detect and 
identify tumor-reactive T lymphocytes from an HLA-identical sibling against tumor 
cells from a patient with pancreatic squamous cell carcinoma. 
 
 
5.1 THE RELATION BETWEEN GVT EFFECT AND CYTOKINE RELEASE 

AFTER HSCT (PAPER I AND III) 

 
Previous studies from our group have revealed allogeneic GvT effect in patients with 
metastatic colon and renal cell carcinoma.117, 131 Hentschke et al reported disparate 
responses of metastases in one patient with colon and two patients with renal cell 
carcinoma, who had regression of lung metastases but progression of metastasis in the 
liver.117 Another study in our group showed higher levels of TNF-α, IFN-γ and IL-10, 
but lower levels of TGF-β1 in patients with myeloid leukemia who developed acute 
GvHD II-IV two weeks after SCT in contrast to those with no or mild GvHD.39  
 
These results prompted us to examine whether there is a correlation between cytokine 
release and tumor response in patients with different solid tumors. In paper I, we found 
a correlation between the two inflammatory cytokines TNF-α and IFN-γ and tumor 
regression in contrast to the two anti-inflammatory ones IL-10 and TGF-β1 which 
correlated with disease progression. In paper III, we reported a higher expression of 
TNF-α, IFN-γ, IL-12 (another inflammatory cytokine) and IL-10 in patients with tumor 
regression in contrast to those with disease progression during DLI therapy.   
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Mild acute GvHD grade I-II and chronic GvHD have been associated with the 
GvL/GvT effect resulting in leukemic/tumor cell regression126, 219, whereas severe acute 
GvHD can lead to transplantation related complications. Secretion of the inflammatory 
cytokines TNF-α and IFN-γ in serum has been reported during the conditioning before 
SCT and the development of acute GvHD.37, 39, 45 Antigen presenting cells of the host 
may activate donor T cells of the graft, thereby enhancing this inflammatory cytokine 
production.  
 
Previous studies reported high levels of TNF-α in serum and increased TNF-α and IFN-
γ producing MNC in patients with hematological malignancies who developed acute 
GvHD grade I-IV.40, 52 Similarly, increased TNF-α and IFN-γ levels in serum were 
found in three of our six patients in association with conditioning and acute GvHD 
early after SCT. Furthermore, in our patients, who were diagnosed with acute grade II-
III and chronic GvHD after DLI, also high expression of TNF-α and IFN-γ in MNC 
was found during DLI followed by tumor regression. However, in another study 
decreased IFN-γ producing MNC was reported in patients with hematological 
malignancies who had grade 0-I acute GvHD.50 
Since severe acute GvHD grade III-IV is associated with transplantation related 
complications, more thorough analyses for cytokines in two patient groups, acute 
GvHD grade I-II and grade III-IV, would be advantageous in order to be able to predict 
the outcome of DLI administration with escalating doses.    
 
IFN-γ may contribute to an anti-tumor effect by stimulating an immune response since 
it can up-regulate MHC class I expression on tumor cells.265 Thus, an increased tumor 
development mediated by IFN-γ deficiency may occur because of diminished control of 
target cell growth and apoptosis. High TNF-α and IFN-γ levels in serum found toward 
the end of the first year after SCT and secretion from MNC found in our studies during 
DLI therapy may contribute to the GvT effect and are in line with observations in other 
human studies. Increased expression of IFN-γ in T cells has been reported in patients 
with CML who achieved clinical remission after DLI.266 In contrast, decreased IFN-γ in 
MNC has been found in patients with hematological malignancies who relapsed 
compared to those with no signs of relapse.51 DLI containing T cells may contribute to 
an anti-tumor effect by enhanced IFN-γ production as was seen in some of our patients 
who showed regression of metastases after DLI. 
 
IL-10 was first described as an anti-inflammatory cytokine, but recent studies have 
shown that in some cases it acts as an inflammatory one.267 In some studies 
immunosuppressive activities were observed as expected, while in others IL-10 
augmented immune or inflammatory responses. The results regarding the levels of IL-
10 in serum after transplantation and their correlation to the incidence of GvHD are 
inconsistent. In some studies increased levels of IL-10 after HSCT have been related to 
low occurrence of acute GvHD.268, 269 In other studies high levels of IL-10 have been 
noted before or during acute GvHD.39, 40, 65, 66, 270-273  
 
Furthermore, the functional role of IL-10 producing cells in protective immunity has 
also been demonstrated in kidney274 and pancreatic islet275 transplant patients. The ratio 
of IFN-γ/IL-10 differed between non-rejecting and rejecting transplant patients. Low 
ratio due to high IL-10 secretion was found in patients with stable graft function.274, 275 
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In our study, high expression of IL-10 in MNC before DLI in patients with favorable 
outcome of disease response seemed to discern those patients who did not respond with 
low IL-10 secretion just before DLI. However, Schulz et al reported high circulating 
levels of IL-10 in patients who failed to respond to DLI, suggesting moderation of the 
immune system and thereby allowing the leukemic progression.276 In our study, 
patients with disease progression showed temporarily increased IL-10 expression in 
MNC in the samples obtained between each DLI. Thus, IL-10 might have suppressed 
the cytotoxic effect of donor lymphocytes against leukemic/tumor cells.    
 
The major biological function of IL-10 is to combat inflammatory responses267 and it is 
therefore difficult to decide whether IL-10 observed during an inflammatory response 
such as acute GvHD or GvT effect is due to the response or is secreted as a regulatory 
mechanism. In the future, we may envisage studies where IL-10 acts in synergy 
together with inflammatory cytokines supporting immune or inflammatory responses 
e.g., GvT effect following allogeneic HSCT.                             
 
IL-12 is a potent immunostimulatory cytokine and an inducer of Th1 cell activity and 
IFN-γ production. IL-12 has been reported to play an important role in acute GvHD and 
GvL effect. High levels of IL-12 in plasma were associated with the development of 
acute GvHD grade II-IV72 and with the GvL effect without increasing the risk for 
GvHD.73 In our study, high expression of IL-12 in MNC was found in patients with 
disease response, supporting the anti-tumor effect of this cytokine.       
 
Whether increasing number of infused CD3+ T cells using escalating doses of DLI 
does influence the balance of inflammatory/anti-inflammatory cytokines needs to be 
further studied in larger patient groups to determine optimal timing and setting of DLI 
administration.    
 
Based on our studies, patients seemed to benefit from DLI therapy, (i.e., tumor 
regression) when their MNC have high capacity to produce IL-10 and the inflammatory 
cytokines TNF-α, IFN-γ and IL-12. Measurement of the kinetics of these cytokines 
could predict how the immune response develops after allogeneic SCT. Monitoring 
these cytokines before administration of DLI could also predict those patients who will 
respond to DLI therapy. In the future, this monitoring might be useful for directing 
infusion of donor lymphocytes or NK cells or adoptively transferred tumor specific T 
cells of stem cell donor origin to intensify the GvT effect after allogeneic SCT against 
solid cancer.   
 
5.2 OUTCOMES AFTER HSCT (PAPER II) 

 
In 1999, when our centre started with allogeneic HSCT for patients with solid tumors, 
different non-myeloablative protocols were already in use for patients with 
hematological malignancies and also to some extent at other centers for patients with 
solid tumors. Our centre decided to utilize a low intensity conditioning with only 2 Gy 
TBI and Flu together with the immunosuppressive drugs CsA and MMF. However, in 
2001, the high risk of graft rejection prompted us to replace TBI by Cy, thus RIC with 
Flu and Cy was in use. 
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Non-myeloablative treatment is suitable for patients with solid tumors since the main 
emphasis is not to eradicate the hematopoietic cells in the bone marrow, as it is the case 
with myeloablative treatment for hematological malignancies. This treatment may also 
be effective for patients with solid tumors older than 50 years, which is the common 
age, since they could tolerate a transplant better if organ impairment is a difficulty.  
In this study, we report the outcomes after HSCT based on six years of experience in 48 
patients with different solid tumors such as renal cell, colorectal, prostate and advanced 
primary liver cancer, applying low or reduced intensity conditioning. 
 
There were equal numbers of patients in the two conditioning groups. The age of the 
donors was lower for patients treated with RIC, which could be explained by a larger 
proportion of unrelated donors in this group. Because solid tumor patients are often 
elderly, theirs siblings are also elderly, whereas donor registries worldwide have 
younger unrelated donors. 
 
Even though, rejection of stem cells occurred in double as many patients in the low 
intensity group than in the RIC group, no significant difference was found between the 
two conditioning groups. Our centre uses chimerism analysis of CD3+ cells to define 
rejection. To better predict rejection, NK cells may also play an important role in 
chimerism analysis. Less than 50% of donor T and NK cells on day 14 after HSCT has 
indicated an increased risk for rejection in patients given low intensity conditioning.277    
 
Patients receiving low intensity conditioning had a shorter neutropenic phase and 
earlier development of donor B cell chimerism than patients treated with RIC. 
Hematopoietic growth factors such as G-CSF have been used after HSCT to accelerate 
myeloid recovery and shorten the high risk period of bone marrow aplasia.278 
Therefore, patients in the low intensity conditioning group were treated with G-CSF 
after HSCT which may explain the shorter time to neutrophil engraftment.279-281 Thus, 
our finding of higher number of G-CSF-treated patients in the low intensity group was 
expected since our previous findings of a higher occurrence of acute GvHD grade II-IV 
in patients with hematological malignancies.279, 282 This result encouraged us to 
discontinue G-CSF treatment in patients receiving RIC. However, in this study, we did 
not find an increased risk of acute GvHD in patients who were treated with G-CSF. The 
use of G-CSF might also explain the incidence of fewer bacterial infections in the low 
intensity conditioning group, even though the difference in the two conditioning groups 
was not significant.  
 
The trend to increased risk of bacterial infections in the RIC group could be explained 
by a stronger effect of Cy and prolonged Flu treatment that may have caused more 
effective suppression of the patients’ immunocompetent cells as compared to the low 
intensity group. 
                       
There was no significant difference in the incidence of tumor response between the two 
conditioning groups. Patients with advanced primary liver cancer had the most 
favorable tumor response compared to all other tumor types (70% vs. 32%).    
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Furthermore, tumor response was more common in patients receiving adjuvant cell 
infusions, i.e. DLI or NK/NKT cells, and who developed chronic GvHD either before 
or after the cell infusions, in the absence of an association with the type of conditioning 
(75% vs. 34% of all other patients). This was also demonstrated in a larger patient 
group with renal cell cancer.126 The effect of DLI and GvHD seems to support the 
allogeneic GvT effect which has been shown to be associated with CD8+ T cells in 
patients with renal cell cancer.46, 283  
 
Considering these results, we suggest that T and NK/NKT cell functions of DLI may 
trigger the development of chronic GvHD. This would induce an inflammatory 
cytokine and chemokine response, supporting the migration of donor lymphocytes 
towards tumor cells. In this way infusion of donors’ NK/NKT cells would be a valuable 
alternative to DLI. In this study, four patients in the RIC group received ex vivo long-
term expanded NK/NKT cells from the stem cell donor. None of the patients developed 
acute GvHD after the cell infusions as reported in more detail by our group.250 
Furthermore, no significant difference was found in the incidence of severe acute 
GvHD grade III-IV after DLI between the two conditioning groups. However, 32% of 
patients in the RIC group developed acute GvHD grade II after DLI compared to none 
of the patients receiving low intensity conditioning. This may imply that acute GvHD 
grade II is desirable for the allogeneic GvT effect in patients with solid tumors, 
reflecting the tendency towards prolonged survival in patients given RIC.       
 
A tendency for prolonged overall survival was found in the RIC group compared to the 
low intensity conditioning one (30% vs. 17% at 2-years). Patients with advanced 
primary liver cancer had the longest overall survival which might be due to the fact that 
these patients are younger (median 48 years) than patients with renal cell (median 58 
years) and colorectal cancer (median 60 years). However, the overall survival for 
patients with renal cell and colorectal cancer was longer than that achieved with even 
the most modern combinations of oncological treatments for metastatic disease. The 
transplantation-related mortality rate was 65% in the low intensity conditioning group 
and 52% in the RIC group. Although progress has been made in the field of allogeneic 
HSCT for patients with solid tumors with a tendency for prolonged survival, the 
majority of patients, irrespective of tumor type, still die in progressive disease. Previous 
results on tumor response vary between 17-40% in patients with renal cell,113, 114, 126 
breast115, 118, 120 and ovarian cancer.136 However, in most studies only sibling donors 
were considered which implies that the conditioning regimens did not include 
antithymocyte globulin and caused less immunological imbalance.  
 
Since the major obstacle for HSCT in the treatment of patients with solid tumors is 
progression of the underlying disease, the results in this study could potentially be 
improved if patients with low tumor load and good physical condition are selected for 
HSCT. Allogeneic HSCT could be given only to patients with stable disease at the time 
of transplantation. In the future, there might be a possibility for infusion of donor-
derived immune or tumor-specific cells instead of DLI after SCT in patients with tumor 
progression to exert a stronger GvT effect.          
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5.3 TUMOR-REACTIVE T LYMPHOCYTES FOR PANCREATIC CANCER 
(PAPER IV)  

 
In this study, we detected and identified tumor-reactive T lymphocytes from an HLA-
identical sibling against tumor cells from a patient with pancreatic squamous cell 
carcinoma. Using the FASCIA technique we could activate T lymphocytes in whole 
blood from the HLA-identical sibling against patient-derived tumor cells, identify the 
phenotype and sort activated T lymphocytes based on their expression of activation 
markers. Using the CDR3 size spectratyping of TCR genes we could distinguish tumor-
reactive T lymphocytes from activated T lymphocytes against peripheral blood MNC 
from the patient. Using this method, previous studies have demonstrated the presence 
of T lymphocyte populations associated with GvT effect and GvHD.262, 284, 285 It has 
been shown that expansion of some clones within the TCR Vβ repertoire appeared 
early after DLI, and together with clinical responses this suggests that these clones 
mediate the GvL and GvT effect in patients with CML285 and multiple myeloma262, 
respectively. In the study by Orsini et al other T lymphocytes clones appeared at later 
time points when GvHD was developed. Michalek et al identified and monitored an 
alloreactive T lymphocyte clone associated with GvHD in a patient with AML.       
    

Based on the results of this study, we suggest that allogeneic HSCT should be applied 
to a larger extent for patients with pancreatic adenocarcinoma since these patients’ 
tumor load is limited. Furthermore, pancreatic adenocarcinoma is a solid cancer with 
poor prognosis where the only curative strategy is surgery. At the time of diagnosis the 
majority of patients have an advanced disease which is inoperable; therefore they 
cannot be offered a curative but rather a palliative treatment.286 Patients, who can be 
treated with surgery and who show no signs of remaining tumor, have an expected 5-
year survival of 10-25%.287 
Until today, three centres in Japan apply HSCT for patients with unresectable 
pancreatic adenocarcinoma using HLA-identical sibling donors.139-141 In one clinical 
trial they reported tumor response of 23% and median survival of 139 days on 22 
patients (15 patients with metastatic disease).142 At our centre, two patients with 
resectable pancreatic adenocarcinoma without metastasis underwent HSCT with HLA-
identical sibling donors in 2007. These two patients are alive, and with no signs of 
disease recurrence, three years after HSCT compared with the five control patients who 
all have died from their disease (unpublished data).        
  
Combining FASCIA and CDR3 size spectratyping might be a way to identify tumor-
specific T lymphocytes as well as to isolate and expand these cells for infusion of 
tumor-specific or leukemia-specific DLI to patients with tumor progression or disease 
relapse. The methods could be evaluated also for infection-specific DLI to cure viral 
and bacterial infections in transplanted patients with suppressed immune responses. 
Another approach would be to identify and deplete GvHD-specific T lymphocytes 
clones in patients with GvHD development.  
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In the future, there might be a possibility to enhance the GvT/GvL effect by in vitro 
expansion and infusion of anti-tumor/leukemic specific donor T lymphocytes from 
donors instead of ordinary DLI after SCT in transplanted patients with signs of tumor 
progression or disease relapse.  



 

 43

6 CONCLUSIONS 
 

 Dominating TNF-α and IFN-γ levels in serum correlates with tumor regression 
in patients with renal cell and colon cancer after allogeneic HSCT using our 
local method on examination of tumor load. 

 
 Increased expression of TNF-α, IFN-γ, IL-12 and IL-10 in MNC was found in 

patients with solid tumors and hematological malignancies with favorable 
outcome of disease response after DLI therapy. 

 
 In patients with different solid tumors receiving low intensity conditioning, 

engraftment and development of donor B cell chimerism occurred earlier than 
in patients given RIC. 

  
 Patients with advanced primary liver cancer who had previously undergone 

orthotopic liver transplantation had the most favorable tumor response. 
 

 The most favorable tumor response was more common in patients receiving    
DLI or NK/NKT cells, and who developed chronic GvHD either before or after 
the cell infusions.  

 
 A tendency for prolonged overall survival was found in patients receiving RIC 

compared to the low intensity conditioning group. 
 

 Tumor-reactive T lymphocytes from an HLA-identical sibling against tumor 
cells from a patient with pancreatic cancer could be detected and identified 
using FASCIA. Using CDR3 size spectratyping tumor-reactive T lymphocytes 
could be distinguished from T lymphocytes activated against peripheral blood 
MNC from the patient.  

 
These findings might give together with new strategies a better treatment for 
patients after allogeneic HSCT aiming at a more effective tumor response. For 
example, monitoring cytokines before adjuvant cell infusions could predict those 
patients who will gain from immunotherapy. Furthermore, combining FASCIA and 
CDR3 size spectratyping might be a way to identify, isolate, in vitro expand and 
infuse tumor/leukemia-specific T lymphocytes from stem cell donors in order to 
intensify the GvT/GvL effect when signs of tumor progression or disease relapse 
threaten.   
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7 FUTURE PERSPECTIVES 
 
Because donor T lymphocytes mediate both GvHD and GvT effect, the main goal in 
this field is to design methods where we can distinguish between the cells responsible 
for GvHD and those that mediate the GvT effect. Thus, suppression of GvHD with 
maintenance of GvT effect is a desirable outcome for clinical allogeneic HSCT.  
 
One way to achieve this would be co-transplantation of expanded natural CD4+CD25+ 
regulatory T lymphocytes (Treg) with donor T lymphocytes. In a murine study, it was 
shown that co-transplantation of these lymphocytes inhibited the development of 
GvHD while preserving the GvT effect.288 The authors claimed that massive 
proliferation of alloreactive T lymphocytes in the graft was inhibited by Treg, which 
was associated with the onset of GvHD without affecting their function. Thus, Treg 
could separate GvHD from GvT activity mediated by conventional donor T 
lymphocytes. The expansion of Treg was performed by stimulating CD4+CD25- T 
lymphocytes with IL-12 in the presence of Treg. The CD4+CD25- T lymphocytes 
proliferated and expanded while they expressed the activation marker CD25.  
 
Another way would be infusions of Th17 lymphocytes of donor origin instead of 
ordinary DLI to enhance the GvT effect. It has been shown that Th17 lymphocytes can 
promote anti-tumor immune responses indirectly through the recruitment of DC and 
cytotoxic effector cells and by promoting effector T and NK cells trafficking to, and 
retention within the tumor microinvironment (reviewed in Zou et al).18 
 
Another possible treatment to intensify the GvT effect may be the generation of 
specific CTL against viral peptides to treat solid tumors as reported by Takahashi et al, 
where the target antigen for CTL in renal cell cancer appeared to be a human 
endogenous retrovirus.140 
 
In the future, we may envisage generation, expansion and infusion of Th17 
lymphocytes or specific CTL against viral peptides to control tumor progression in 
order to intensify the GvT effect. Furthermore, co-transplantation of expanded Treg at 
the time of allogeneic HSCT may also contribute to a favorable tumor response.   
 
Finally, the use of FASCIA and CDR3 size spectratyping methods might be a way to 
identify tumor-specific donor CTL against different solid tumors as well as to isolate 
and expand these cells for infusion of tumor-specific or leukemia-specific DLI. These 
methods could be evaluated also for infection-specific DLI to cure viral and bacterial 
infections in transplanted patients with suppressed immune responses.      
 



 

 45

8 ACKNOWLEDGEMENTS 
 
This work has been performed at the Department of Laboratory Medicine, Division of 
Clinical Immunology and Transfusion Medicine, Karolinska Institutet and Center for 
Allogeneic Stem Cell Transplantation (CAST) Karolinska University Hospital 
Huddinge.  
I wish to express my sincere gratitude to all of you who have contributed to this thesis 
in different ways. In particular I would like to thank:  
 
Olle Korsgren for accepting the invitation as an opponent. 
 
Lisbeth Barkholt, my main supervisor, for accepting me in your research group and 
teaching me all about transplantation immunology.  
 
Mats Remberger, my first co-supervisor, for helping me with statistics. 
 
Dan Hauzenberger, my second co-supervisor, for all the advice on cell culture and your 
vast knowledge of laboratory methods, especially in clinical context. And not the least 
thanks for being such an excellent cell growth spotter ☺ 
 
Brigitta Omazic, my last but not least, co-supervisor, for suggesting such an exciting 
last project, believing in my capability to accomplish the project. Also many thanks for 
all the economic and moral support. It would be great, if every PhD student had a 
supervisor like you. 
 
Olle Ringdén, for always being supportive and for all the advice during the years.  
 
All my co-authors: Kerstin Cederlund, for helping me with the evaluation of tumor 
response; Patrik Hentschke, for starting the research on solid tumors in our group; Berit 
Sundberg for teaching me ELISA; Olle Ringdén, for your always useful comments on 
paper II and your vast knowledge on stem cell transplantation; Mats Alheim, for 
teaching me flow cytometry and FASCIA; Sam Ghazi, for providing tumor material 
and teaching me pancreas pathology; Mehmet Uzunel, for teaching me PCR and CDR3 
size spectratyping. 
 
The staff at CAST for compassionate and competent care of the patients. Especially, I 
would like to thank Eva Martell, Karin Fransson and Ruza Milosavljevic, and Anne 
Fransson from the hematology department, for collecting the blood samples.  
 
Gunilla Gagnö, for helping me with the contact to pancreas cancer patients and Annika 
Wagman for introducing me to cultivating pancreas tumor cells. Åsa-Lena Dackland, 
for cell sorting and cell analysis on flow cytometry. 
 
Fredrik Tingstedt, for all the support with my computer. KI never let this guy go ☺  
 



 

 46

Inger Hammarberg, Kristina Gynning-Holmström, Maivor Hoglund-Lindecrantz and 
Ulla Stenson-Bull for always helping me with administrative issues. 
 
Cecilia Götherström, my friend and colleague, for supporting me in good and bad 
times. And also thanks for the time in the ghetto. Your smile is like medicine! May it 
always be there! 
 
Anki Gustafsson, my friend and former colleague, for keeping me in shape with bicycle 
rides to work and ice skating during winters. And also thanks for being such a good 
role model! 
 
Naradja Wissmar, my friend and colleague, for all important conversations about life 
and support in bad times. 
 
Helen Karlsson, my friend and colleague, for teaching me even more immunology and 
always having time for my questions. And also thanks for supporting me in good and 
bad times.   
 
Mikael Sundin, for the time and all the laughs in the ghetto. And also thanks for your 
efforts to find research funding!  
 
Present and former members of our group: Lotta Tammik, Marie Jaksch, Anna 
Nordlander, Ida Rasmusson, Ellinor Lindeborg, Cecilia Ehrnfelt, Jonas Löfling, Patrik 
Hentschke, Ulf Sundin, Mikael Sundin, Anna Forslöw, Anki Gustafsson, Jan 
Holgersson, Silvia Nava, for being my “all mother” and you really have all technical 
solutions for any problem ☺, Helen Karlsson, Mehmet Uzunel, for being one of “your 
girls” at the lab, I will miss that time ☺, Darius Sairafi, for being “my DJ” and telling 
me about many medical diagnosis, Michael Uhlin, for your nice attitude and lovely 
songs, it is great that you joined our group ☺, Mantas Okas, Jens Gertow, Sofia 
Berglund, Jonas Mattsson, Katarina Le Blanc, Guido Moll, Kerstin Rosendahl, Berit 
Sundberg, Lena Lönnies, Karl-Gösta Sundqvist, Eva Bergdahl, Makiko Kumagai-
Braesch, Marie Schaffer, Mats Alheim, Lotta Wickström, Petter Svenberg, for your 
entertainment ☺, Nicolas Karlsson, Richard Olsson, Stefan Gaunitz, Sandra Johansson, 
I hope you will be back soon!      
 
Present members at the “routine” side: Gunbritt, for a little of everything, Inaam, Karin,  
Annika, Martha, Annelie, Åsa, Rikard, Anna-Karin, Elisabeth E, Monica, Gunilla, 
Susanne, Berit, Elisabeth I, Lena, Ingela, Kristina, Emma, Roya, Tatjana, Maria L, 
Catharina, Nina, Sirkka, Agneta, Maria T-L, Janette, Veronica, Sara, Pia, Camilla, Ann, 
Jenny. 
 
Julia and Roger for being you. For all our dinners, with so many interesting discussions 
and conversations about difficult and easy questions in life, for your generosity and for 
always being such a good company. 
 
Annelie and Ashkan for your curiosity and good listening, and for being part of many 
of the dinners mentioned above.  
 



 

 47

Indira for being my first Transylvanian friend from Sweden and for being such a warm 
person, for keeping my Hungarian alive, and also all the advice on children. And not 
the least for organizing Magyar ovoda. Gábor for being there when help is needed. 
 
Enikö for being my second Transylvanian friend from Uppsala, for all the advice on 
children (you have to be an expert! ☺) and for all the good times, also at the Magyar 
ovoda. Also thanks to Mårten for his sense of humor. 
 
Sonja for being a friend the old Uppsala times and thank you for the honor of being 
your daughters godmother. Together with Martin you were the reason for meeting my 
husband ☺ 
 
Katalin and Ferenc, for being good friends during the ups and downs of the Uppsala 
times. 
 
Beáta and András, the latest Transylvanians in my gang, for nice company. 
 
Bea and Kim for sharing the very first months of parenthood in Årsta. Bea, are all 
people in Norrland as lovable as you ☺? 
 
Lina and Philippe, for all nice “fikas” and discussions in Malmö. 
 
Thanks also to my husband’s crew: Jaana and Mårten, Eva and Carl, Rebecka and 
Bernhard for many nice dinners and “fikas”. 
 
Judit for all the help with travels and Anders, Linda, Irman, Timothy and Elliot for 
interesting conversations during dinners in Malmö. 
 
Tibor, Sharon, Pál and Moran, my cousins with family, I hope we will meet more often 
in the future ☺.  
 
Jan, “min enastående solstjärna i hela universum” for your love and for being you. And 
also thanks for a little baby girl that we are still waiting for!  
 
I would like to express my gratitude to my family in Hungarian: 
 
Ellen, édes kicsi Elli Tündér! Maminak szeme fénye és kincse! Kimondhatatlan 
boldogság veled lenni és téged követni kis ”puhatalpu nyomaidon”! Imádlak! ☺  
 
Mama, Mari, köszönöm a ”svédországi életet” amit lehetövé tettél nekem. Anélkül 
mindez és sok minden más csak elképzelt állom lett volna. 
 
Tata, Pista, köszönöm azt az utolsó 2 évet marosvásárhelyen amit együtt éltünk át, ami 
nagyon sokat jelentett nekem mert nagyon fantasztikus és speciális volt; hozzáállásod 
dolgokhoz azzal hogy ”sohasem volt hogy sehogy se legyen”. Nehéz és szomoru 
idökben sokszor segitett ez az idézet ☺ 
 



 

 48

Kati, Dirtyke, egyetlen testvérem, köszönöm az együtt töltött gyerekkori éveket 
marosvásárhelyen és a felnöttebieket malmöben, nagyon hiányzol! 
 
Bubukám, köszönöm a mindenkori segitséget mint marosvásárhelyen ugy itt is 
stockholmban. Tiszta szivbeli öröm látni téged Ellikével. 
 
Jutka, Sünikém, köszönöm az együtt töltött idöket és a mindig intelligens és 
intellektuális konverzáciokat Gáborral együtt!        
 
Kati, Mámáka, örvendek hogy egy évben egyszer együtt lehetünk mint egy ”nagy 
család” ☺.   
 
To the german branch of my family: Monika, danke für Deine Fürsorge, Wolf und 
Claudia für die Gastfreundschaft, die guten Abendessen und Gespräche, Oma Jule und 
Ilona für die Heiligen Abende. Arne, weil du ein guter Onkel bist. 
 
 
   
 
 
 
 
 
 
 
 
  
 
 
      
 
 
   



 

 49

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

“A tehetség a csendben formálódik,  
a jellem az élet áradatában.” 

 
(Goethe) 



 

 50



 

 51

9  REFERENCES 
 
1. Janeway CA, Travers P, Walport M, Shlomchik MJ, editors. 
Immunobiology: the immune system in health and disease. 6 ed. New York: Garland 
Science, 2005. 
2. Abbas AK, Lichtman AH, editors. Basic immunology: functions and 
disorders of the immune system. 3 ed. Philadelphia: Saunders Elsevier, 2009. 
3. Grivennikov SI, Greten FR, Karin M. Immunity, inflammation, and 
cancer. Cell. 2010;140:883-99. 
4. Aderem A, Underhill DM. Mechanisms of phagocytosis in macrophages. 
Annu Rev Immunol. 1999;17:593-623. 
5. Kiessling R, Wigzell H. An analysis of the murine NK cell as to structure, 
function and biological relevance. Immunol Rev. 1979;44:165-208. 
6. Roder JC, Lohmann-Matthes ML, Domzig W, Kiessling R, Haller O. A 
functional comparison of tumor cell killing by activated macrophages and natural killer 
cells. Eur J Immunol. 1979;9:283-8. 
7. Biron CA, Nguyen KB, Pien GC, Cousens LP, Salazar-Mather TP. 
Natural killer cells in antiviral defense: function and regulation by innate cytokines. 
Annu Rev Immunol. 1999;17:189-220. 
8. Carnaud C, Lee D, Donnars O, Park SH, Beavis A, Koezuka Y, et al. 
Cutting edge: Cross-talk between cells of the innate immune system: NKT cells rapidly 
activate NK cells. J Immunol. 1999;163:4647-50. 
9. Nagata S, Golstein P. The Fas death factor. Science. 1995;267:1449-56. 
10. Renard V, Cambiaggi A, Vely F, Blery M, Olcese L, Olivero S, et al. 
Transduction of cytotoxic signals in natural killer cells: a general model of fine tuning 
between activatory and inhibitory pathways in lymphocytes. Immunol Rev. 
1997;155:205-21. 
11. Sakaguchi S, Sakaguchi N, Asano M, Itoh M, Toda M. Immunologic 
self-tolerance maintained by activated T cells expressing IL-2 receptor alpha-chains 
(CD25). Breakdown of a single mechanism of self-tolerance causes various 
autoimmune diseases. J Immunol. 1995;155:1151-64. 
12. Fontenot JD, Gavin MA, Rudensky AY. Foxp3 programs the 
development and function of CD4+CD25+ regulatory T cells. Nat Immunol. 
2003;4:330-6. 
13. Hori S, Nomura T, Sakaguchi S. Control of regulatory T cell 
development by the transcription factor Foxp3. Science. 2003;299:1057-61. 
14. Sakaguchi S, Yamaguchi T, Nomura T, Ono M. Regulatory T cells and 
immune tolerance. Cell. 2008;133:775-87. 
15. Liyanage UK, Moore TT, Joo HG, Tanaka Y, Herrmann V, Doherty G, et 
al. Prevalence of regulatory T cells is increased in peripheral blood and tumor 
microenvironment of patients with pancreas or breast adenocarcinoma. J Immunol. 
2002;169:2756-61. 
16. Woo EY, Chu CS, Goletz TJ, Schlienger K, Yeh H, Coukos G, et al. 
Regulatory CD4(+)CD25(+) T cells in tumors from patients with early-stage non-small 
cell lung cancer and late-stage ovarian cancer. Cancer Res. 2001;61:4766-72. 



 

 52

17. Kryczek I, Wei S, Zou L, Altuwaijri S, Szeliga W, Kolls J, et al. Cutting 
edge: Th17 and regulatory T cell dynamics and the regulation by IL-2 in the tumor 
microenvironment. J Immunol. 2007;178:6730-3. 
18. Zou W, Restifo NP. T(H)17 cells in tumour immunity and 
immunotherapy. Nat Rev Immunol. 2010;10:248-56. 
19. Dander E, Balduzzi A, Zappa G, Lucchini G, Perseghin P, Andre V, et al. 
Interleukin-17-producing T-helper cells as new potential player mediating graft-versus-
host disease in patients undergoing allogeneic stem-cell transplantation. 
Transplantation. 2009;88:1261-72. 
20. Tonegawa S. Somatic generation of antibody diversity. Nature. 
1983;302:575-81. 
21. Agrawal A, Schatz DG. RAG1 and RAG2 form a stable postcleavage 
synaptic complex with DNA containing signal ends in V(D)J recombination. Cell. 
1997;89:43-53. 
22. Davis MM, Bjorkman PJ. T-cell antigen receptor genes and T-cell 
recognition. Nature. 1988;334:395-402. 
23. Platanias LC, editor. Cancer treatment and research: cytokines and 
cancer. Steven, TR ed. Chicago: Springer Science+Business Media, 2005. 
24. Borish LC, Steinke JW. 2. Cytokines and chemokines. J Allergy Clin 
Immunol. 2003;111:S460-75. 
25. Beutler B, Cerami A. The biology of cachectin/TNF--a primary mediator 
of the host response. Annu Rev Immunol. 1989;7:625-55. 
26. Tracey KJ, Fong Y, Hesse DG, Manogue KR, Lee AT, Kuo GC, et al. 
Anti-cachectin/TNF monoclonal antibodies prevent septic shock during lethal 
bacteraemia. Nature. 1987;330:662-4. 
27. Cohen J, Carlet J. INTERSEPT: an international, multicenter, placebo-
controlled trial of monoclonal antibody to human tumor necrosis factor-alpha in 
patients with sepsis. International Sepsis Trial Study Group. Crit Care Med. 
1996;24:1431-40. 
28. Kollias G, Douni E, Kassiotis G, Kontoyiannis D. On the role of tumor 
necrosis factor and receptors in models of multiorgan failure, rheumatoid arthritis, 
multiple sclerosis and inflammatory bowel disease. Immunol Rev. 1999;169:175-94. 
29. Sandborn WJ, Hanauer SB. Antitumor necrosis factor therapy for 
inflammatory bowel disease: a review of agents, pharmacology, clinical results, and 
safety. Inflamm Bowel Dis. 1999;5:119-33. 
30. Choy EH, Panayi GS. Cytokine pathways and joint inflammation in 
rheumatoid arthritis. N Engl J Med. 2001;344:907-16. 
31. Ferrara JL, Levy R, Chao NJ. Pathophysiologic mechanisms of acute 
graft-vs.-host disease. Biol Blood Marrow Transplant. 1999;5:347-56. 
32. Hattori K, Hirano T, Miyajima H, Yamakawa N, Tateno M, Oshimi K, et 
al. Differential effects of anti-Fas ligand and anti-tumor necrosis factor alpha antibodies 
on acute graft-versus-host disease pathologies. Blood. 1998;91:4051-5. 
33. Speiser DE, Bachmann MF, Frick TW, McKall-Faienza K, Griffiths E, 
Pfeffer K, et al. TNF receptor p55 controls early acute graft-versus-host disease. J 
Immunol. 1997;158:5185-90. 
34. Tsukada N, Kobata T, Aizawa Y, Yagita H, Okumura K. Graft-versus-
leukemia effect and graft-versus-host disease can be differentiated by cytotoxic 



 

 53

mechanisms in a murine model of allogeneic bone marrow transplantation. Blood. 
1999;93:2738-47. 
35. Korngold R, Marini JC, de Baca ME, Murphy GF, Giles-Komar J. Role 
of tumor necrosis factor-alpha in graft-versus-host disease and graft-versus-leukemia 
responses. Biol Blood Marrow Transplant. 2003;9:292-303. 
36. Schmaltz C, Alpdogan O, Muriglan SJ, Kappel BJ, Rotolo JA, Ricchetti 
ET, et al. Donor T cell-derived TNF is required for graft-versus-host disease and graft-
versus-tumor activity after bone marrow transplantation. Blood. 2003;101:2440-5. 
37. Holler E, Kolb HJ, Moller A, Kempeni J, Liesenfeld S, Pechumer H, et 
al. Increased serum levels of tumor necrosis factor alpha precede major complications 
of bone marrow transplantation. Blood. 1990;75:1011-6. 
38. Remberger M, Ringden O, Markling L. TNF alpha levels are increased 
during bone marrow transplantation conditioning in patients who develop acute 
GVHD. Bone Marrow Transplant. 1995;15:99-104. 
39. Remberger M, Jaksch M, Uzunel M, Mattsson J. Serum levels of 
cytokines correlate to donor chimerism and acute graft-vs.-host disease after 
haematopoietic stem cell transplantation. Eur J Haematol. 2003;70:384-91. 
40. Visentainer JE, Lieber SR, Persoli LB, Vigorito AC, Aranha FJ, de Brito 
Eid KA, et al. Serum cytokine levels and acute graft-versus-host disease after HLA-
identical hematopoietic stem cell transplantation. Exp Hematol. 2003;31:1044-50. 
41. Herve P, Flesch M, Tiberghien P, Wijdenes J, Racadot E, Bordigoni P, et 
al. Phase I-II trial of a monoclonal anti-tumor necrosis factor alpha antibody for the 
treatment of refractory severe acute graft-versus-host disease. Blood. 1992;79:3362-8. 
42. Racadot E, Milpied N, Bordigoni P, Cahn JY, Plouvier E, Lioure B, et al. 
Sequential use of three monoclonal antibodies in corticosteroid-resistant acute GVHD: 
a multicentric pilot study including 15 patients. Bone Marrow Transplant. 1995;15:669-
77. 
43. Shankaran V, Ikeda H, Bruce AT, White JM, Swanson PE, Old LJ, et al. 
IFNgamma and lymphocytes prevent primary tumour development and shape tumour 
immunogenicity. Nature. 2001;410:1107-11. 
44. Smyth MJ, Thia KY, Street SE, Cretney E, Trapani JA, Taniguchi M, et 
al. Differential tumor surveillance by natural killer (NK) and NKT cells. J Exp Med. 
2000;191:661-8. 
45. Velardi A, Varese P, Terenzi A, Dembech C, Albi N, Grossi CE, et al. 
Lymphokine production by T-cell clones after human bone marrow transplantation. 
Blood. 1989;74:1665-72. 
46. Harlin H, Artz AS, Mahowald M, Rini BI, Zimmerman T, Vogelzang NJ, 
et al. Clinical responses following nonmyeloablative allogeneic stem cell 
transplantation for renal cell carcinoma are associated with expansion of CD8+ IFN-
gamma-producing T cells. Bone Marrow Transplant. 2004;33:491-7. 
47. Herrick CA, Bottomly K. To respond or not to respond: T cells in allergic 
asthma. Nat Rev Immunol. 2003;3:405-12. 
48. Fowler DH, Kurasawa K, Smith R, Eckhaus MA, Gress RE. Donor CD4-
enriched cells of Th2 cytokine phenotype regulate graft-versus-host disease without 
impairing allogeneic engraftment in sublethally irradiated mice. Blood. 1994;84:3540-
9. 



 

 54

49. Krenger W, Snyder KM, Byon JC, Falzarano G, Ferrara JL. Polarized 
type 2 alloreactive CD4+ and CD8+ donor T cells fail to induce experimental acute 
graft-versus-host disease. J Immunol. 1995;155:585-93. 
50. Hirayama M, Azuma E, Kumamoto T, Iwamoto S, Yamada H, Nashida 
Y, et al. Prediction of acute graft-versus-host disease and detection of distinct end-
organ targets by enumeration of peripheral blood cytokine spot-forming cells. 
Transplantation. 2005;80:58-65. 
51. Guo H, Qiao Z, Zhu L, Wang H, Su L, Lu Y, et al. Th1/Th2 cytokine 
profiles and their relationship to clinical features in patients following 
nonmyeloablative allogeneic stem cell transplantation. Am J Hematol. 2004;75:78-83. 
52. Takabayashi M, Kanamori H, Takasaki H, Yamaji S, Koharazawa H, 
Taguchi J, et al. A possible association between the presence of interleukin-4-secreting 
cells and a reduction in the risk of acute graft-versus-host disease. Exp Hematol. 
2005;33:251-7. 
53. Groux H, Bigler M, de Vries JE, Roncarolo MG. Inhibitory and 
stimulatory effects of IL-10 on human CD8+ T cells. J Immunol. 1998;160:3188-93. 
54. Santin AD, Hermonat PL, Ravaggi A, Bellone S, Pecorelli S, Roman JJ, 
et al. Interleukin-10 increases Th1 cytokine production and cytotoxic potential in 
human papillomavirus-specific CD8(+) cytotoxic T lymphocytes. J Virol. 
2000;74:4729-37. 
55. Jinquan T, Larsen CG, Gesser B, Matsushima K, Thestrup-Pedersen K. 
Human IL-10 is a chemoattractant for CD8+ T lymphocytes and an inhibitor of IL-8-
induced CD4+ T lymphocyte migration. J Immunol. 1993;151:4545-51. 
56. Rowbottom AW, Lepper MA, Garland RJ, Cox CV, Corley EG. 
Interleukin-10-induced CD8 cell proliferation. Immunology. 1999;98:80-9. 
57. Salazar-Onfray F, Charo J, Petersson M, Freland S, Noffz G, Qin Z, et al. 
Down-regulation of the expression and function of the transporter associated with 
antigen processing in murine tumor cell lines expressing IL-10. J Immunol. 
1997;159:3195-202. 
58. Blazar BR, Taylor PA, Smith S, Vallera DA. Interleukin-10 
administration decreases survival in murine recipients of major histocompatibility 
complex disparate donor bone marrow grafts. Blood. 1995;85:842-51. 
59. Krenger W, Snyder K, Smith S, Ferrara JL. Effects of exogenous 
interleukin-10 in a murine model of graft-versus-host disease to minor 
histocompatibility antigens. Transplantation. 1994;58:1251-7. 
60. Emmanouilides CE, Luo J, Baldwin G, Buckley D, Lau P, Lopez E, et al. 
Murine IL-10 fails to reduce GVHD despite inhibition of alloreactivity in vitro. Bone 
Marrow Transplant. 1996;18:369-75. 
61. Pisa P, Halapi E, Pisa EK, Gerdin E, Hising C, Bucht A, et al. Selective 
expression of interleukin 10, interferon gamma, and granulocyte-macrophage colony-
stimulating factor in ovarian cancer biopsies. Proc Natl Acad Sci U S A. 1992;89:7708-
12. 
62. Bacchetta R, Bigler M, Touraine JL, Parkman R, Tovo PA, Abrams J, et 
al. High levels of interleukin 10 production in vivo are associated with tolerance in 
SCID patients transplanted with HLA mismatched hematopoietic stem cells. J Exp 
Med. 1994;179:493-502. 
63. Baker KS, Roncarolo MG, Peters C, Bigler M, DeFor T, Blazar BR. High 
spontaneous IL-10 production in unrelated bone marrow transplant recipients is 



 

 55

associated with fewer transplant-related complications and early deaths. Bone Marrow 
Transplant. 1999;23:1123-9. 
64. Holler E, Roncarolo MG, Hintermeier-Knabe R, Eissner G, Ertl B, 
Schulz U, et al. Prognostic significance of increased IL-10 production in patients prior 
to allogeneic bone marrow transplantation. Bone Marrow Transplant. 2000;25:237-41. 
65. Min CK, Lee WY, Min DJ, Lee DG, Kim YJ, Park YH, et al. The 
kinetics of circulating cytokines including IL-6, TNF-alpha, IL-8 and IL-10 following 
allogeneic hematopoietic stem cell transplantation. Bone Marrow Transplant. 
2001;28:935-40. 
66. Hempel L, Korholz D, Nussbaum P, Bonig H, Burdach S, Zintl F. High 
interleukin-10 serum levels are associated with fatal outcome in patients after bone 
marrow transplantation. Bone Marrow Transplant. 1997;20:365-8. 
67. King IL, Segal BM. Cutting edge: IL-12 induces CD4+CD25- T cell 
activation in the presence of T regulatory cells. J Immunol. 2005;175:641-5. 
68. Williamson E, Garside P, Bradley JA, Mowat AM. IL-12 is a central 
mediator of acute graft-versus-host disease in mice. J Immunol. 1996;157:689-99. 
69. Welniak LA, Blazar BR, Wiltrout RH, Anver MR, Murphy WJ. Role of 
interleukin-12 in acute graft-versus-host disease(1). Transplant Proc. 2001;33:1752-3. 
70. Sykes M, Szot GL, Nguyen PL, Pearson DA. Interleukin-12 inhibits 
murine graft-versus-host disease. Blood. 1995;86:2429-38. 
71. Yang YG, Sergio JJ, Pearson DA, Szot GL, Shimizu A, Sykes M. 
Interleukin-12 preserves the graft-versus-leukemia effect of allogeneic CD8 T cells 
while inhibiting CD4-dependent graft-versus-host disease in mice. Blood. 
1997;90:4651-60. 
72. Mohty M, Blaise D, Faucher C, Vey N, Bouabdallah R, Stoppa AM, et al. 
Inflammatory cytokines and acute graft-versus-host disease after reduced-intensity 
conditioning allogeneic stem cell transplantation. Blood. 2005;106:4407-11. 
73. Reddy V, Winer AG, Eksioglu E, Meier-Kriesche HU, Schold JD, 
Wingard JR. Interleukin 12 is associated with reduced relapse without increased 
incidence of graft-versus-host disease after allogeneic hematopoietic stem cell 
transplantation. Biol Blood Marrow Transplant. 2005;11:1014-21. 
74. Terabe M, Park JM, Berzofsky JA. Role of IL-13 in regulation of anti-
tumor immunity and tumor growth. Cancer Immunol Immunother. 2004;53:79-85. 
75. Jordan WJ, Brookes PA, Szydlo RM, Goldman JM, Lechler RI, Ritter 
MA. IL-13 production by donor T cells is prognostic of acute graft-versus-host disease 
following unrelated donor stem cell transplantation. Blood. 2004;103:717-24. 
76. Massague J. TGFbeta in Cancer. Cell. 2008;134:215-30. 
77. Wrzesinski SH, Wan YY, Flavell RA. Transforming growth factor-beta 
and the immune response: implications for anticancer therapy. Clin Cancer Res. 
2007;13:5262-70. 
78. Takaku S, Terabe M, Ambrosino E, Peng J, Lonning S, McPherson JM, 
et al. Blockade of TGF-beta enhances tumor vaccine efficacy mediated by CD8(+) T 
cells. Int J Cancer. 2010;126:1666-74. 
79. Terabe M, Ambrosino E, Takaku S, O'Konek JJ, Venzon D, Lonning S, 
et al. Synergistic enhancement of CD8+ T cell-mediated tumor vaccine efficacy by an 
anti-transforming growth factor-beta monoclonal antibody. Clin Cancer Res. 
2009;15:6560-9. 



 

 56

80. Ueda R, Fujita M, Zhu X, Sasaki K, Kastenhuber ER, Kohanbash G, et 
al. Systemic inhibition of transforming growth factor-beta in glioma-bearing mice 
improves the therapeutic efficacy of glioma-associated antigen peptide vaccines. Clin 
Cancer Res. 2009;15:6551-9. 
81. Tsushima H, Kawata S, Tamura S, Ito N, Shirai Y, Kiso S, et al. High 
levels of transforming growth factor beta 1 in patients with colorectal cancer: 
association with disease progression. Gastroenterology. 1996;110:375-82. 
82. Shim KS, Kim KH, Han WS, Park EB. Elevated serum levels of 
transforming growth factor-beta1 in patients with colorectal carcinoma: its association 
with tumor progression and its significant decrease after curative surgical resection. 
Cancer. 1999;85:554-61. 
83. Huang A, Gilmour JW, Imami N, Amjadi P, Henderson DC, Allen-Mersh 
TG. Increased serum transforming growth factor-beta1 in human colorectal cancer 
correlates with reduced circulating dendritic cells and increased colonic Langerhans 
cell infiltration. Clin Exp Immunol. 2003;134:270-8. 
84. Anscher MS, Peters WP, Reisenbichler H, Petros WP, Jirtle RL. 
Transforming growth factor beta as a predictor of liver and lung fibrosis after 
autologous bone marrow transplantation for advanced breast cancer. N Engl J Med. 
1993;328:1592-8. 
85. Shirai Y, Kawata S, Tamura S, Ito N, Tsushima H, Takaishi K, et al. 
Plasma transforming growth factor-beta 1 in patients with hepatocellular carcinoma. 
Comparison with chronic liver diseases. Cancer. 1994;73:2275-9. 
86. Ito N, Kawata S, Tamura S, Shirai Y, Kiso S, Tsushima H, et al. Positive 
correlation of plasma transforming growth factor-beta 1 levels with tumor vascularity 
in hepatocellular carcinoma. Cancer Lett. 1995;89:45-8. 
87. Kong F, Jirtle RL, Huang DH, Clough RW, Anscher MS. Plasma 
transforming growth factor-beta1 level before radiotherapy correlates with long term 
outcome of patients with lung carcinoma. Cancer. 1999;86:1712-9. 
88. Thomas ED, Lochte HL, Jr., Lu WC, Ferrebee JW. Intravenous infusion 
of bone marrow in patients receiving radiation and chemotherapy. N Engl J Med. 
1957;257:491-6. 
89. Dausset J. [Iso-leuko-antibodies.]. Acta Haematol. 1958;20:156-66. 
90. Van Rood JJ, Eernisse JG, Van Leeuwen A. Leucocyte antibodies in sera 
from pregnant women. Nature. 1958;181:1735-6. 
91. Graw RG, Jr., Herzig GP. Treatment of leukemia and aplastic anemia 
with histocompatible allogeneic bone marrow transplantation. A review. Schweiz Med 
Wochenschr. 1972;102:1573-81. 
92. Thomas ED, Storb R, Fefer A, Slichter SJ, Bryant JI, Buckner CD, et al. 
Aplastic anaemia treated by marrow transplantation. Lancet. 1972;1:284-9. 
93. Thomas E, Storb R, Clift RA, Fefer A, Johnson FL, Neiman PE, et al. 
Bone-marrow transplantation (first of two parts). N Engl J Med. 1975;292:832-43. 
94. Thomas ED, Storb R, Clift RA, Fefer A, Johnson L, Neiman PE, et al. 
Bone-marrow transplantation (second of two parts). N Engl J Med. 1975;292:895-902. 
95. Gahrton G, Groth CG, Lundgren G, Lockner D, Moller E, Sundelin P, et 
al. [Bone marrow transplantation--an alternative treatment for aplastic anemia and 
leukemia]. Lakartidningen. 1977;74:2907-11. 



 

 57

96. Weiden PL, Flournoy N, Thomas ED, Prentice R, Fefer A, Buckner CD, 
et al. Antileukemic effect of graft-versus-host disease in human recipients of 
allogeneic-marrow grafts. N Engl J Med. 1979;300:1068-73. 
97. Hansen JA, Clift RA, Thomas ED, Buckner CD, Storb R, Giblett ER. 
Transplantation of marrow from an unrelated donor to a patient with acute leukemia. N 
Engl J Med. 1980;303:565-7. 
98. Moscovitch M, Slavin S. Anti-tumor effects of allogeneic bone marrow 
transplantation in (NZB X NZW)F1 hybrids with spontaneous lymphosarcoma. J 
Immunol. 1984;132:997-1000. 
99. Morecki S, Moshel Y, Gelfend Y, Pugatsch T, Slavin S. Induction of 
graft vs. tumor effect in a murine model of mammary adenocarcinoma. Int J Cancer. 
1997;71:59-63. 
100. Ben-Yosef R, Or R, Nagler A, Slavin S. Graft-versus-tumour and graft-
versus-leukaemia effect in patient with concurrent breast cancer and acute myelocytic 
leukaemia. Lancet. 1996;348:1242-3. 
101. Eibl B, Schwaighofer H, Nachbaur D, Marth C, Gachter A, Knapp R, et 
al. Evidence for a graft-versus-tumor effect in a patient treated with marrow ablative 
chemotherapy and allogeneic bone marrow transplantation for breast cancer. Blood. 
1996;88:1501-8. 
102. Ueno NT, Rondon G, Mirza NQ, Geisler DK, Anderlini P, Giralt SA, et 
al. Allogeneic peripheral-blood progenitor-cell transplantation for poor-risk patients 
with metastatic breast cancer. J Clin Oncol. 1998;16:986-93. 
103. Giralt S, Estey E, Albitar M, van Besien K, Rondon G, Anderlini P, et al. 
Engraftment of allogeneic hematopoietic progenitor cells with purine analog-containing 
chemotherapy: harnessing graft-versus-leukemia without myeloablative therapy. Blood. 
1997;89:4531-6. 
104. Slavin S, Nagler A, Naparstek E, Kapelushnik Y, Aker M, Cividalli G, et 
al. Nonmyeloablative stem cell transplantation and cell therapy as an alternative to 
conventional bone marrow transplantation with lethal cytoreduction for the treatment of 
malignant and nonmalignant hematologic diseases. Blood. 1998;91:756-63. 
105. Khouri IF, Keating M, Korbling M, Przepiorka D, Anderlini P, O'Brien S, 
et al. Transplant-lite: induction of graft-versus-malignancy using fludarabine-based 
nonablative chemotherapy and allogeneic blood progenitor-cell transplantation as 
treatment for lymphoid malignancies. J Clin Oncol. 1998;16:2817-24. 
106. Childs R, Clave E, Contentin N, Jayasekera D, Hensel N, Leitman S, et 
al. Engraftment kinetics after nonmyeloablative allogeneic peripheral blood stem cell 
transplantation: full donor T-cell chimerism precedes alloimmune responses. Blood. 
1999;94:3234-41. 
107. Sykes M, Preffer F, McAfee S, Saidman SL, Weymouth D, Andrews 
DM, et al. Mixed lymphohaemopoietic chimerism and graft-versus-lymphoma effects 
after non-myeloablative therapy and HLA-mismatched bone-marrow transplantation. 
Lancet. 1999;353:1755-9. 
108. Bumpus HC. The apparent disappereance of pulmanary metastasis in a 
case of hypernephroma following nephrectomy. J Urol. 1928;20:185. 
109. Motzer RJ, Bander NH, Nanus DM. Renal-cell carcinoma. N Engl J Med. 
1996;335:865-75. 
110. Finke JH, Rayman P, Hart L, Alexander JP, Edinger MG, Tubbs RR, et 
al. Characterization of tumor-infiltrating lymphocyte subsets from human renal cell 



 

 58

carcinoma: specific reactivity defined by cytotoxicity, interferon-gamma secretion, and 
proliferation. J Immunother Emphasis Tumor Immunol. 1994;15:91-104. 
111. Rosenberg SA, Lotze MT, Yang JC, Topalian SL, Chang AE, 
Schwartzentruber DJ, et al. Prospective randomized trial of high-dose interleukin-2 
alone or in conjunction with lymphokine-activated killer cells for the treatment of 
patients with advanced cancer. J Natl Cancer Inst. 1993;85:622-32. 
112. Childs RW, Clave E, Tisdale J, Plante M, Hensel N, Barrett J. Successful 
treatment of metastatic renal cell carcinoma with a nonmyeloablative allogeneic 
peripheral-blood progenitor-cell transplant: evidence for a graft-versus-tumor effect. J 
Clin Oncol. 1999;17:2044-9. 
113. Childs R, Chernoff A, Contentin N, Bahceci E, Schrump D, Leitman S, et 
al. Regression of metastatic renal-cell carcinoma after nonmyeloablative allogeneic 
peripheral-blood stem-cell transplantation. N Engl J Med. 2000;343:750-8. 
114. Rini BI, Zimmerman T, Stadler WM, Gajewski TF, Vogelzang NJ. 
Allogeneic stem-cell transplantation of renal cell cancer after nonmyeloablative 
chemotherapy: feasibility, engraftment, and clinical results. J Clin Oncol. 
2002;20:2017-24. 
115. Bregni M, Dodero A, Peccatori J, Pescarollo A, Bernardi M, Sassi I, et al. 
Nonmyeloablative conditioning followed by hematopoietic cell allografting and donor 
lymphocyte infusions for patients with metastatic renal and breast cancer. Blood. 
2002;99:4234-6. 
116. Pedrazzoli P, Da Prada GA, Giorgiani G, Schiavo R, Zambelli A, Giraldi 
E, et al. Allogeneic blood stem cell transplantation after a reduced-intensity, preparative 
regimen: a pilot study in patients with refractory malignancies. Cancer. 2002;94:2409-
15. 
117. Hentschke P, Barkholt L, Uzunel M, Mattsson J, Wersall P, Pisa P, et al. 
Low-intensity conditioning and hematopoietic stem cell transplantation in patients with 
renal and colon carcinoma. Bone Marrow Transplant. 2003;31:253-61. 
118. Ueno NT, Cheng YC, Rondon G, Tannir NM, Gajewski JL, Couriel DR, 
et al. Rapid induction of complete donor chimerism by the use of a reduced-intensity 
conditioning regimen composed of fludarabine and melphalan in allogeneic stem cell 
transplantation for metastatic solid tumors. Blood. 2003;102:3829-36. 
119. Baron F, Frere P, Baudoux E, Sautois B, Fillet G, Beguin Y. Non-
myeloablative stem cell transplantation with low-dose total body irradiation and 
fludarabine for metastatic renal cell carcinoma. Haematologica. 2003;88:478-80. 
120. Blaise D, Bay JO, Faucher C, Michallet M, Boiron JM, Choufi B, et al. 
Reduced-intensity preparative regimen and allogeneic stem cell transplantation for 
advanced solid tumors. Blood. 2004;103:435-41. 
121. Nakagawa T, Kami M, Hori A, Kim SW, Murashige N, Hamaki T, et al. 
Allogeneic hematopoietic stem cell transplantation with a reduced-intensity 
conditioning regimen for treatment of metastatic renal cell carcinoma: single institution 
experience with a minimum 1-year follow-up. Exp Hematol. 2004;32:599-606. 
122. Massenkeil G, Roigas J, Nagy M, Wille A, Stroszczynski C, Mapara MY, 
et al. Nonmyeloablative stem cell transplantation in metastatic renal cell carcinoma: 
delayed graft-versus-tumor effect is associated with chimerism conversion but 
transplantation has high toxicity. Bone Marrow Transplant. 2004;34:309-16. 
123. Tykodi SS, Warren EH, Thompson JA, Riddell SR, Childs RW, Otterud 
BE, et al. Allogeneic hematopoietic cell transplantation for metastatic renal cell 



 

 59

carcinoma after nonmyeloablative conditioning: toxicity, clinical response, and 
immunological response to minor histocompatibility antigens. Clin Cancer Res. 
2004;10:7799-811. 
124. Rini BI, Halabi S, Barrier R, Margolin KA, Avigan D, Logan T, et al. 
Adoptive immunotherapy by allogeneic stem cell transplantation for metastatic renal 
cell carcinoma: a CALGB intergroup phase II study. Biol Blood Marrow Transplant. 
2006;12:778-85. 
125. Bregni M, Ueno NT, Childs R. The second international meeting on 
allogeneic transplantation in solid tumors. Bone Marrow Transplant. 2006;38:527-37. 
126. Barkholt L, Bregni M, Remberger M, Blaise D, Peccatori J, Massenkeil 
G, et al. Allogeneic haematopoietic stem cell transplantation for metastatic renal 
carcinoma in Europe. Ann Oncol. 2006;17:1134-40. 
127. Carella AM, Beltrami G, Lerma E, Cavaliere M, Corsetti MT. Combined 
use of autografting and non-myeloablative allografting for the treatment of hematologic 
malignancies and metastatic breast cancer. Cancer Treat Res. 2002;110:101-12. 
128. Bishop MR, Fowler DH, Marchigiani D, Castro K, Kasten-Sportes C, 
Steinberg SM, et al. Allogeneic lymphocytes induce tumor regression of advanced 
metastatic breast cancer. J Clin Oncol. 2004;22:3886-92. 
129. Carella AM, Beltrami G, Corsetti MT, Nati S, Musto P, Scalzulli P, et al. 
Reduced intensity conditioning for allograft after cytoreductive autograft in metastatic 
breast cancer. Lancet. 2005;366:318-20. 
130. Ueno NT, Rizzo JD, Demirer T, Cheng YC, Hegenbart U, Zhang MJ, et 
al. Allogeneic hematopoietic cell transplantation for metastatic breast cancer. Bone 
Marrow Transplant. 2008;41:537-45. 
131. Zetterquist H, Hentschke P, Thorne A, Wernerson A, Mattsson J, Uzunel 
M, et al. A graft-versus-colonic cancer effect of allogeneic stem cell transplantation. 
Bone Marrow Transplant. 2001;28:1161-6. 
132. Kojima R, Kami M, Hori A, Murashige N, Ohnishi M, Kim SW, et al. 
Reduced-intensity allogeneic hematopoietic stem-cell transplantation as an 
immunotherapy for metastatic colorectal cancer. Transplantation. 2004;78:1740-6. 
133. Carnevale-Schianca F, Cignetti A, Capaldi A, Vitaggio K, Vallario A, 
Ricchiardi A, et al. Allogeneic nonmyeloablative hematopoietic cell transplantation in 
metastatic colon cancer: tumor-specific T cells directed to a tumor-associated antigen 
are generated in vivo during GVHD. Blood. 2006;107:3795-803. 
134. Aglietta M, Barkholt L, Schianca FC, Caravelli D, Omazic B, Minotto C, 
et al. Reduced-intensity allogeneic hematopoietic stem cell transplantation in metastatic 
colorectal cancer as a novel adoptive cell therapy approach. The European group for 
blood and marrow transplantation experience. Biol Blood Marrow Transplant. 
2009;15:326-35. 
135. Bay JO, Choufi B, Pomel C, Dauplat J, Durando X, Tournilhac O, et al. 
Potential allogeneic graft-versus-tumor effect in a patient with ovarian cancer. Bone 
Marrow Transplant. 2000;25:681-2. 
136. Bay JO, Fleury J, Choufi B, Tournilhac O, Vincent C, Bailly C, et al. 
Allogeneic hematopoietic stem cell transplantation in ovarian carcinoma: results of five 
patients. Bone Marrow Transplant. 2002;30:95-102. 
137. Bay JO, Cabrespine-Faugeras A, Tabrizi R, Blaise D, Viens P, Ehninger 
G, et al. Allogeneic hematopoietic stem cell transplantation in ovarian cancer-the 
EBMT experience. Int J Cancer. 2010;127:1446-52. 



 

 60

138. Soderdahl G, Barkholt L, Hentschke P, Mattsson J, Uzunel M, Ericzon 
BG, et al. Liver transplantation followed by adjuvant nonmyeloablative hemopoietic 
stem cell transplantation for advanced primary liver cancer in humans. Transplantation. 
2003;75:1061-6. 
139. Omuro Y, Matsumoto G, Sasaki T, Tanaka Y, Maeda Y, Sakamaki H, et 
al. Regression of an unresectable pancreatic tumor following nonmyeloablative 
allogeneic peripheral-blood stem-cell transplantation. Bone Marrow Transplant. 
2003;31:943-5. 
140. Takahashi T, Omuro Y, Matsumoto G, Sakamaki H, Maeda Y, Hiruma 
K, et al. Nonmyeloablative allogeneic stem cell transplantation for patients with 
unresectable pancreatic cancer. Pancreas. 2004;28:e65-9. 
141. Kanda Y, Komatsu Y, Akahane M, Kojima S, Asano-Mori Y, Tada M, et 
al. Graft-versus-tumor effect against advanced pancreatic cancer after allogeneic 
reduced-intensity stem cell transplantation. Transplantation. 2005;79:821-7. 
142. Kanda Y, Omuro Y, Baba E, Oshima K, Nagafuji K, Heike Y, et al. Allo-
SCT using reduced-intensity conditioning against advanced pancreatic cancer: a 
Japanese survey. Bone Marrow Transplant. 2008;42:99-103. 
143. Storb R, Thomas ED. Allogeneic bone-marrow transplantation. Immunol 
Rev. 1983;71:77-102. 
144. Thomas ED, Clift RA, Hersman J, Sanders JE, Stewart P, Buckner CD, et 
al. Marrow transplantation for acute nonlymphoblastic leukemic in first remission using 
fractionated or single-dose irradiation. Int J Radiat Oncol Biol Phys. 1982;8:817-21. 
145. Santos GW, Tutschka PJ, Brookmeyer R, Saral R, Beschorner WE, Bias 
WB, et al. Marrow transplantation for acute nonlymphocytic leukemia after treatment 
with busulfan and cyclophosphamide. N Engl J Med. 1983;309:1347-53. 
146. Tutschka PJ, Copelan EA, Klein JP. Bone marrow transplantation for 
leukemia following a new busulfan and cyclophosphamide regimen. Blood. 
1987;70:1382-8. 
147. Ringden O, Bolme P, Lonnqvist B, Gustafsson G, Kreuger A. Allogeneic 
bone marrow transplantation versus chemotherapy in children with acute leukemia in 
Sweden. Pediatr Hematol Oncol. 1989;6:137-44. 
148. Smedler AC, Ringden K, Bergman H, Bolme P. Sensory-motor and 
cognitive functioning in children who have undergone bone marrow transplantation. 
Acta Paediatr Scand. 1990;79:613-21. 
149. Ringden O, Ruutu T, Remberger M, Nikoskelainen J, Volin L, Vindelov 
L, et al. A randomized trial comparing busulfan with total body irradiation as 
conditioning in allogeneic marrow transplant recipients with leukemia: a report from 
the Nordic Bone Marrow Transplantation Group. Blood. 1994;83:2723-30. 
150. Sandmaier BM, McSweeney P, Yu C, Storb R. Nonmyeloablative 
transplants: preclinical and clinical results. Semin Oncol. 2000;27:78-81. 
151. Giralt S, Thall PF, Khouri I, Wang X, Braunschweig I, Ippolitti C, et al. 
Melphalan and purine analog-containing preparative regimens: reduced-intensity 
conditioning for patients with hematologic malignancies undergoing allogeneic 
progenitor cell transplantation. Blood. 2001;97:631-7. 
152. Bender JG, Unverzagt KL, Walker DE, Lee W, Van Epps DE, Smith DH, 
et al. Identification and comparison of CD34-positive cells and their subpopulations 
from normal peripheral blood and bone marrow using multicolor flow cytometry. 
Blood. 1991;77:2591-6. 



 

 61

153. Bensinger WI, Buckner CD, Shannon-Dorcy K, Rowley S, Appelbaum 
FR, Benyunes M, et al. Transplantation of allogeneic CD34+ peripheral blood stem 
cells in patients with advanced hematologic malignancy. Blood. 1996;88:4132-8. 
154. Korbling M, Przepiorka D, Huh YO, Engel H, van Besien K, Giralt S, et 
al. Allogeneic blood stem cell transplantation for refractory leukemia and lymphoma: 
potential advantage of blood over marrow allografts. Blood. 1995;85:1659-65. 
155. Bensinger WI, Martin PJ, Storer B, Clift R, Forman SJ, Negrin R, et al. 
Transplantation of bone marrow as compared with peripheral-blood cells from HLA-
identical relatives in patients with hematologic cancers. N Engl J Med. 2001;344:175-
81. 
156. Hagglund H, Ringden O, Remberger M, Lonnqvist B, Sparrelid E, 
Tammik L, et al. Faster neutrophil and platelet engraftment, but no differences in acute 
GVHD or survival, using peripheral blood stem cells from related and unrelated 
donors, compared to bone marrow. Bone Marrow Transplant. 1998;22:131-6. 
157. Storek J, Gooley T, Siadak M, Bensinger WI, Maloney DG, Chauncey 
TR, et al. Allogeneic peripheral blood stem cell transplantation may be associated with 
a high risk of chronic graft-versus-host disease. Blood. 1997;90:4705-9. 
158. Ringden O, Labopin M, Bacigalupo A, Arcese W, Schaefer UW, 
Willemze R, et al. Transplantation of peripheral blood stem cells as compared with 
bone marrow from HLA-identical siblings in adult patients with acute myeloid 
leukemia and acute lymphoblastic leukemia. J Clin Oncol. 2002;20:4655-64. 
159. Broxmeyer HE, Douglas GW, Hangoc G, Cooper S, Bard J, English D, et 
al. Human umbilical cord blood as a potential source of transplantable hematopoietic 
stem/progenitor cells. Proc Natl Acad Sci U S A. 1989;86:3828-32. 
160. Wagner JE, Rosenthal J, Sweetman R, Shu XO, Davies SM, Ramsay NK, 
et al. Successful transplantation of HLA-matched and HLA-mismatched umbilical cord 
blood from unrelated donors: analysis of engraftment and acute graft-versus-host 
disease. Blood. 1996;88:795-802. 
161. Kurtzberg J, Laughlin M, Graham ML, Smith C, Olson JF, Halperin EC, 
et al. Placental blood as a source of hematopoietic stem cells for transplantation into 
unrelated recipients. N Engl J Med. 1996;335:157-66. 
162. Barker JN, Weisdorf DJ, DeFor TE, Blazar BR, McGlave PB, Miller JS, 
et al. Transplantation of 2 partially HLA-matched umbilical cord blood units to 
enhance engraftment in adults with hematologic malignancy. Blood. 2005;105:1343-7. 
163. Brunstein CG, Setubal DC, Wagner JE. Expanding the role of umbilical 
cord blood transplantation. Br J Haematol. 2007;137:20-35. 
164. Storb R, Deeg HJ, Whitehead J, Appelbaum F, Beatty P, Bensinger W, et 
al. Methotrexate and cyclosporine compared with cyclosporine alone for prophylaxis of 
acute graft versus host disease after marrow transplantation for leukemia. N Engl J 
Med. 1986;314:729-35. 
165. Ringden O, Horowitz MM, Sondel P, Gale RP, Biggs JC, Champlin RE, 
et al. Methotrexate, cyclosporine, or both to prevent graft-versus-host disease after 
HLA-identical sibling bone marrow transplants for early leukemia? Blood. 
1993;81:1094-101. 
166. McSweeney PA, Niederwieser D, Shizuru JA, Sandmaier BM, Molina 
AJ, Maloney DG, et al. Hematopoietic cell transplantation in older patients with 
hematologic malignancies: replacing high-dose cytotoxic therapy with graft-versus-
tumor effects. Blood. 2001;97:3390-400. 



 

 62

167. Nash RA, Etzioni R, Storb R, Furlong T, Gooley T, Anasetti C, et al. 
Tacrolimus (FK506) alone or in combination with methotrexate or methylprednisolone 
for the prevention of acute graft-versus-host disease after marrow transplantation from 
HLA-matched siblings: a single-center study. Blood. 1995;85:3746-53. 
168. Nash RA, Pineiro LA, Storb R, Deeg HJ, Fitzsimmons WE, Furlong T, et 
al. FK506 in combination with methotrexate for the prevention of graft-versus-host 
disease after marrow transplantation from matched unrelated donors. Blood. 
1996;88:3634-41. 
169. Benito AI, Furlong T, Martin PJ, Anasetti C, Appelbaum FR, Doney K, 
et al. Sirolimus (rapamycin) for the treatment of steroid-refractory acute graft-versus-
host disease. Transplantation. 2001;72:1924-9. 
170. Filipovich AH, Krawczak CL, Kersey JH, McGlave P, Ramsay NK, 
Goldman A, et al. Graft-versus-host disease prophylaxis with anti-T-cell monoclonal 
antibody OKT3, prednisone and methotrexate in allogeneic bone-marrow 
transplantation. Br J Haematol. 1985;60:143-52. 
171. Maraninchi D, Gluckman E, Blaise D, Guyotat D, Rio B, Pico JL, et al. 
Impact of T-cell depletion on outcome of allogeneic bone-marrow transplantation for 
standard-risk leukaemias. Lancet. 1987;2:175-8. 
172. Marmont AM, Horowitz MM, Gale RP, Sobocinski K, Ash RC, van 
Bekkum DW, et al. T-cell depletion of HLA-identical transplants in leukemia. Blood. 
1991;78:2120-30. 
173. Hale G, Zhang MJ, Bunjes D, Prentice HG, Spence D, Horowitz MM, et 
al. Improving the outcome of bone marrow transplantation by using CD52 monoclonal 
antibodies to prevent graft-versus-host disease and graft rejection. Blood. 
1998;92:4581-90. 
174. Remberger M, Storer B, Ringden O, Anasetti C. Association between 
pretransplant Thymoglobulin and reduced non-relapse mortality rate after marrow 
transplantation from unrelated donors. Bone Marrow Transplant. 2002;29:391-7. 
175. Deeg HJ, Storb R. Acute and chronic graft-versus-host disease: clinical 
manifestations, prophylaxis, and treatment. J Natl Cancer Inst. 1986;76:1325-8. 
176. Hansen JA, Anasetti C, Beatty PG, Martin PJ, Sanders JE, Storb R, et al. 
Treatment of leukemia by marrow transplantation from HLA incompatible donors. 
Effect of HLA-disparity on GVHD, relapse and survival. Bone Marrow Transplant. 
1990;6 Suppl 1:108-11. 
177. Aschan J, Ringden O, Andstrom E, Ljungman P, Lonnqvist B, 
Remberger M. Individualized prophylaxis against graft-versus-host disease in leukemic 
marrow transplant recipients. Bone Marrow Transplant. 1994;14:79-87. 
178. Petersdorf EW, Hansen JA, Martin PJ, Woolfrey A, Malkki M, Gooley T, 
et al. Major-histocompatibility-complex class I alleles and antigens in hematopoietic-
cell transplantation. N Engl J Med. 2001;345:1794-800. 
179. Dickinson AM, Wang XN, Sviland L, Vyth-Dreese FA, Jackson GH, 
Schumacher TN, et al. In situ dissection of the graft-versus-host activities of cytotoxic 
T cells specific for minor histocompatibility antigens. Nat Med. 2002;8:410-4. 
180. Krenger W, Ferrara JL. Graft-versus-host disease and the Th1/Th2 
paradigm. Immunol Res. 1996;15:50-73. 
181. Ferrara JL, Deeg HJ. Graft-versus-host disease. N Engl J Med. 
1991;324:667-74. 



 

 63

182. Glucksberg H, Storb R, Fefer A, Buckner CD, Neiman PE, Clift RA, et 
al. Clinical manifestations of graft-versus-host disease in human recipients of marrow 
from HL-A-matched sibling donors. Transplantation. 1974;18:295-304. 
183. Weisdorf DJ. Management of graft-versus-host disease. Transfus Sci. 
1994;15:231-42. 
184. Przepiorka D, Weisdorf D, Martin P, Klingemann HG, Beatty P, Hows J, 
et al. 1994 Consensus Conference on Acute GVHD Grading. Bone Marrow Transplant. 
1995;15:825-8. 
185. Ferrara JL. Cytokine dysregulation as a mechanism of graft versus host 
disease. Curr Opin Immunol. 1993;5:794-9. 
186. Tseng SY, Dustin ML. T-cell activation: a multidimensional signaling 
network. Curr Opin Cell Biol. 2002;14:575-80. 
187. Ferrara JL, Cooke KR, Teshima T. The pathophysiology of acute graft-
versus-host disease. Int J Hematol. 2003;78:181-7. 
188. Claman HN, Jaffee BD, Huff JC, Clark RA. Chronic graft-versus-host 
disease as a model for scleroderma. II. Mast cell depletion with deposition of 
immunoglobulins in the skin and fibrosis. Cell Immunol. 1985;94:73-84. 
189. Sullivan KM, Shulman HM, Storb R, Weiden PL, Witherspoon RP, 
McDonald GB, et al. Chronic graft-versus-host disease in 52 patients: adverse natural 
course and successful treatment with combination immunosuppression. Blood. 
1981;57:267-76. 
190. Shulman HM, Sullivan KM, Weiden PL, McDonald GB, Striker GE, Sale 
GE, et al. Chronic graft-versus-host syndrome in man. A long-term clinicopathologic 
study of 20 Seattle patients. Am J Med. 1980;69:204-17. 
191. Gratama JW, Jansen J, Lipovich RA, Tanke HJ, Goldstein G, Zwaan FE. 
Treatment of acute graft-versus-host disease with monoclonal antibody OKT3. Clinical 
results and effect on circulating T lymphocytes. Transplantation. 1984;38:469-74. 
192. Herve P, Wijdenes J, Bergerat JP, Milpied N, Gaud C, Bordigoni P. 
Treatment of acute graft-versus-host disease with monoclonal antibody to IL-2 
receptor. Lancet. 1988;2:1072-3. 
193. Hasuike Y, Shaked A, Monden M, Shiraishi M, Farmer D, Holly EG, et 
al. Selective mesenteric lymphoid irradiation eliminates the effector cells of lethal 
graft-versus-host disease while protecting radiosensitive intestinal tissue. Transplant 
Proc. 1993;25:1196-7. 
194. Canninga-van Dijk MR, van der Straaten HM, Fijnheer R, Sanders CJ, 
van den Tweel JG, Verdonck LF. Anti-CD20 monoclonal antibody treatment in 6 
patients with therapy-refractory chronic graft-versus-host disease. Blood. 
2004;104:2603-6. 
195. Sparrelid E, Hagglund H, Remberger M, Ringden O, Lonnqvist B, 
Ljungman P, et al. Bacteraemia during the aplastic phase after allogeneic bone marrow 
transplantation is associated with early death from invasive fungal infection. Bone 
Marrow Transplant. 1998;22:795-800. 
196. Pizzo PA. Approach to the patient with prolonged granulocytopenia. 
Recent Results Cancer Res. 1993;132:57-65. 
197. Lundgren G, Wilczek H, Lonnqvist B, Lindholm A, Wahren B, Ringden 
O. Acyclovir prophylaxis in bone marrow transplant recipients. Scand J Infect Dis 
Suppl. 1985;47:137-44. 



 

 64

198. Ljungman P. Prophylaxis against herpesvirus infections in transplant 
recipients. Drugs. 2001;61:187-96. 
199. Tollemar J, Ringden O, Bostrom L, Nilsson B, Sundberg B. Variables 
predicting deep fungal infections in bone marrow transplant recipients. Bone Marrow 
Transplant. 1989;4:635-41. 
200. Miller W, Flynn P, McCullough J, Balfour HH, Jr., Goldman A, Haake 
R, et al. Cytomegalovirus infection after bone marrow transplantation: an association 
with acute graft-v-host disease. Blood. 1986;67:1162-7. 
201. Einsele H, Ehninger G, Hebart H, Wittkowski KM, Schuler U, Jahn G, et 
al. Polymerase chain reaction monitoring reduces the incidence of cytomegalovirus 
disease and the duration and side effects of antiviral therapy after bone marrow 
transplantation. Blood. 1995;86:2815-20. 
202. Ljungman P, Oberg G, Aschan J, Ehrnst A, Lonnqvist B, Pauksen K, et 
al. Foscarnet for pre-emptive therapy of CMV infection detected by a leukocyte-based 
nested PCR in allogeneic bone marrow transplant patients. Bone Marrow Transplant. 
1996;18:565-8. 
203. Ljungman P, Aschan J, Lewensohn-Fuchs I, Carlens S, Larsson K, 
Lonnqvist B, et al. Results of different strategies for reducing cytomegalovirus-
associated mortality in allogeneic stem cell transplant recipients. Transplantation. 
1998;66:1330-4. 
204. Einsele H, Hebart H, Kauffmann-Schneider C, Sinzger C, Jahn G, Bader 
P, et al. Risk factors for treatment failures in patients receiving PCR-based preemptive 
therapy for CMV infection. Bone Marrow Transplant. 2000;25:757-63. 
205. Bashey A, McMullin MF, Hows JM. Pneumocystis prophylaxis after 
bone marrow transplantation for severe aplastic anaemia. Bone Marrow Transplant. 
1990;5:285. 
206. Styczynski J, Reusser P, Einsele H, de la Camara R, Cordonnier C, Ward 
KN, et al. Management of HSV, VZV and EBV infections in patients with 
hematological malignancies and after SCT: guidelines from the Second European 
Conference on Infections in Leukemia. Bone Marrow Transplant. 2009;43:757-70. 
207. Horowitz MM, Gale RP, Sondel PM, Goldman JM, Kersey J, Kolb HJ, et 
al. Graft-versus-leukemia reactions after bone marrow transplantation. Blood. 
1990;75:555-62. 
208. Kolb HJ, Mittermuller J, Clemm C, Holler E, Ledderose G, Brehm G, et 
al. Donor leukocyte transfusions for treatment of recurrent chronic myelogenous 
leukemia in marrow transplant patients. Blood. 1990;76:2462-5. 
209. Kolb HJ, Schattenberg A, Goldman JM, Hertenstein B, Jacobsen N, 
Arcese W, et al. Graft-versus-leukemia effect of donor lymphocyte transfusions in 
marrow grafted patients. Blood. 1995;86:2041-50. 
210. Collins RH, Jr., Shpilberg O, Drobyski WR, Porter DL, Giralt S, 
Champlin R, et al. Donor leukocyte infusions in 140 patients with relapsed malignancy 
after allogeneic bone marrow transplantation. J Clin Oncol. 1997;15:433-44. 
211. Collins RH, Jr., Goldstein S, Giralt S, Levine J, Porter D, Drobyski W, et 
al. Donor leukocyte infusions in acute lymphocytic leukemia. Bone Marrow 
Transplant. 2000;26:511-6. 
212. Dazzi F, Szydlo RM, Cross NC, Craddock C, Kaeda J, Kanfer E, et al. 
Durability of responses following donor lymphocyte infusions for patients who relapse 



 

 65

after allogeneic stem cell transplantation for chronic myeloid leukemia. Blood. 
2000;96:2712-6. 
213. Lokhorst HM, Schattenberg A, Cornelissen JJ, van Oers MH, Fibbe W, 
Russell I, et al. Donor lymphocyte infusions for relapsed multiple myeloma after 
allogeneic stem-cell transplantation: predictive factors for response and long-term 
outcome. J Clin Oncol. 2000;18:3031-7. 
214. Bader P, Kreyenberg H, Hoelle W, Dueckers G, Handgretinger R, Lang 
P, et al. Increasing mixed chimerism is an important prognostic factor for unfavorable 
outcome in children with acute lymphoblastic leukemia after allogeneic stem-cell 
transplantation: possible role for pre-emptive immunotherapy? J Clin Oncol. 
2004;22:1696-705. 
215. Mackinnon S, Papadopoulos EB, Carabasi MH, Reich L, Collins NH, 
Boulad F, et al. 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-versus-host disease. Blood. 
1995;86:1261-8. 
216. Spitzer TR, McAfee S, Sackstein R, Colby C, Toh HC, Multani P, et al. 
Intentional induction of mixed chimerism and achievement of antitumor responses after 
nonmyeloablative conditioning therapy and HLA-matched donor bone marrow 
transplantation for refractory hematologic malignancies. Biol Blood Marrow 
Transplant. 2000;6:309-20. 
217. Massenkeil G, Nagy M, Lawang M, Rosen O, Genvresse I, Geserick G, 
et al. Reduced intensity conditioning and prophylactic DLI can cure patients with high-
risk acute leukaemias if complete donor chimerism can be achieved. Bone Marrow 
Transplant. 2003;31:339-45. 
218. Dey BR, McAfee S, Colby C, Sackstein R, Saidman S, Tarbell N, et al. 
Impact of prophylactic donor leukocyte infusions on mixed chimerism, graft-versus-
host disease, and antitumor response in patients with advanced hematologic 
malignancies treated with nonmyeloablative conditioning and allogeneic bone marrow 
transplantation. Biol Blood Marrow Transplant. 2003;9:320-9. 
219. Peggs KS, Thomson K, Hart DP, Geary J, Morris EC, Yong K, et al. 
Dose-escalated donor lymphocyte infusions following reduced intensity 
transplantation: toxicity, chimerism, and disease responses. Blood. 2004;103:1548-56. 
220. Barkholt L, Danielsson R, Calissendorff B, Svensson L, Malihi R, 
Remberger M, et al. Indium-111-labelled donor-lymphocyte infusion by way of hepatic 
artery and radio-frequency ablation against liver metastases of renal and colon 
carcinoma after allogeneic hematopoietic stem-cell transplantation. Transplantation. 
2004;78:697-703. 
221. Rosenberg SA, Spiess P, Lafreniere R. A new approach to the adoptive 
immunotherapy of cancer with tumor-infiltrating lymphocytes. Science. 
1986;233:1318-21. 
222. Rosenberg SA, Yang JC, Topalian SL, Schwartzentruber DJ, Weber JS, 
Parkinson DR, et al. Treatment of 283 consecutive patients with metastatic melanoma 
or renal cell cancer using high-dose bolus interleukin 2. Jama. 1994;271:907-13. 
223. Rosenberg SA, Yannelli JR, Yang JC, Topalian SL, Schwartzentruber 
DJ, Weber JS, et al. Treatment of patients with metastatic melanoma with autologous 
tumor-infiltrating lymphocytes and interleukin 2. J Natl Cancer Inst. 1994;86:1159-66. 



 

 66

224. Yannelli JR, Hyatt C, McConnell S, Hines K, Jacknin L, Parker L, et al. 
Growth of tumor-infiltrating lymphocytes from human solid cancers: summary of a 5-
year experience. Int J Cancer. 1996;65:413-21. 
225. Kawakami Y, Eliyahu S, Delgado CH, Robbins PF, Sakaguchi K, 
Appella E, et al. Identification of a human melanoma antigen recognized by tumor-
infiltrating lymphocytes associated with in vivo tumor rejection. Proc Natl Acad Sci U 
S A. 1994;91:6458-62. 
226. Kawakami Y, Eliyahu S, Delgado CH, Robbins PF, Rivoltini L, Topalian 
SL, et al. Cloning of the gene coding for a shared human melanoma antigen recognized 
by autologous T cells infiltrating into tumor. Proc Natl Acad Sci U S A. 1994;91:3515-
9. 
227. Dudley ME, Wunderlich JR, Yang JC, Sherry RM, Topalian SL, Restifo 
NP, et al. Adoptive cell transfer therapy following non-myeloablative but 
lymphodepleting chemotherapy for the treatment of patients with refractory metastatic 
melanoma. J Clin Oncol. 2005;23:2346-57. 
228. Dudley ME, Yang JC, Sherry R, Hughes MS, Royal R, Kammula U, et 
al. Adoptive cell therapy for patients with metastatic melanoma: evaluation of intensive 
myeloablative chemoradiation preparative regimens. J Clin Oncol. 2008;26:5233-9. 
229. Childs RW, Srinivasan R. Allogeneic hematopoietic cell transplantation 
for solid tumors. In: Blume KG, Forman SJ, Appelbaum FR, eds. Thomas´ 
Hematopoietic Cell Transplantation 3rd ed: Blackwell Publishing, 2004:1177-87. 
230. Marijt WA, Heemskerk MH, Kloosterboer FM, Goulmy E, Kester MG, 
van der Hoorn MA, et al. Hematopoiesis-restricted minor histocompatibility antigens 
HA-1- or HA-2-specific T cells can induce complete remissions of relapsed leukemia. 
Proc Natl Acad Sci U S A. 2003;100:2742-7. 
231. Warren EH, Fujii N, Akatsuka Y, Chaney CN, Mito JK, Loeb KR, et al. 
Therapy of relapsed leukemia after allogeneic hematopoietic cell transplantation with T 
cells specific for minor histocompatibility antigens. Blood. 2010;115:3869-78. 
232. Rezvani K, Yong AS, Savani BN, Mielke S, Keyvanfar K, Gostick E, et 
al. Graft-versus-leukemia effects associated with detectable Wilms tumor-1 specific T 
lymphocytes after allogeneic stem-cell transplantation for acute lymphoblastic 
leukemia. Blood. 2007;110:1924-32. 
233. Uhlin M, Okas M, Karlsson H, Gertow J, Henningsohn L, Ringden O, et 
al. Increased frequency and responsiveness of PSA-specific T cells after allogeneic 
hematopoetic stem-cell transplantation. Transplantation. 2009;87:467-72. 
234. Takahashi Y, Harashima N, Kajigaya S, Yokoyama H, Cherkasova E, 
McCoy JP, et al. Regression of human kidney cancer following allogeneic stem cell 
transplantation is associated with recognition of an HERV-E antigen by T cells. J Clin 
Invest. 2008;118:1099-109. 
235. Kausche S, Wehler T, Schnurer E, Lennerz V, Brenner W, Melchior S, et 
al. Superior antitumor in vitro responses of allogeneic matched sibling compared with 
autologous patient CD8+ T cells. Cancer Res. 2006;66:11447-54. 
236. Ljunggren HG, Karre K. In search of the 'missing self': MHC molecules 
and NK cell recognition. Immunol Today. 1990;11:237-44. 
237. Anderson LD, Jr., Savary CA, Mullen CA. Immunization of allogeneic 
bone marrow transplant recipients with tumor cell vaccines enhances graft-versus-
tumor activity without exacerbating graft-versus-host disease. Blood. 2000;95:2426-33. 



 

 67

238. Olson JA, Leveson-Gower DB, Gill S, Baker J, Beilhack A, Negrin RS. 
NK cells mediate reduction of GVHD by inhibiting activated, alloreactive T cells while 
retaining GVT effects. Blood. 2010;115:4293-301. 
239. Farag SS, Fehniger TA, Ruggeri L, Velardi A, Caligiuri MA. Natural 
killer cell receptors: new biology and insights into the graft-versus-leukemia effect. 
Blood. 2002;100:1935-47. 
240. Ruggeri L, Capanni M, Casucci M, Volpi I, Tosti A, Perruccio K, et al. 
Role of natural killer cell alloreactivity in HLA-mismatched hematopoietic stem cell 
transplantation. Blood. 1999;94:333-9. 
241. Ruggeri L, Capanni M, Urbani E, Perruccio K, Shlomchik WD, Tosti A, 
et al. Effectiveness of donor natural killer cell alloreactivity in mismatched 
hematopoietic transplants. Science. 2002;295:2097-100. 
242. Aversa F, Terenzi A, Tabilio A, Falzetti F, Carotti A, Ballanti S, et al. 
Full haplotype-mismatched hematopoietic stem-cell transplantation: a phase II study in 
patients with acute leukemia at high risk of relapse. J Clin Oncol. 2005;23:3447-54. 
243. Hsu KC, Keever-Taylor CA, Wilton A, Pinto C, Heller G, Arkun K, et al. 
Improved outcome in HLA-identical sibling hematopoietic stem-cell transplantation for 
acute myelogenous leukemia predicted by KIR and HLA genotypes. Blood. 
2005;105:4878-84. 
244. Clausen J, Wolf D, Petzer AL, Gunsilius E, Schumacher P, Kircher B, et 
al. Impact of natural killer cell dose and donor killer-cell immunoglobulin-like receptor 
(KIR) genotype on outcome following human leucocyte antigen-identical 
haematopoietic stem cell transplantation. Clin Exp Immunol. 2007;148:520-8. 
245. Miller JS, Cooley S, Parham P, Farag SS, Verneris MR, McQueen KL, et 
al. Missing KIR ligands are associated with less relapse and increased graft-versus-host 
disease (GVHD) following unrelated donor allogeneic HCT. Blood. 2007;109:5058-61. 
246. Hsu KC, Gooley T, Malkki M, Pinto-Agnello C, Dupont B, Bignon JD, et 
al. KIR ligands and prediction of relapse after unrelated donor hematopoietic cell 
transplantation for hematologic malignancy. Biol Blood Marrow Transplant. 
2006;12:828-36. 
247. Cooley S, McCullar V, Wangen R, Bergemann TL, Spellman S, 
Weisdorf DJ, et al. KIR reconstitution is altered by T cells in the graft and correlates 
with clinical outcomes after unrelated donor transplantation. Blood. 2005;106:4370-6. 
248. Ghiringhelli F, Menard C, Martin F, Zitvogel L. The role of regulatory T 
cells in the control of natural killer cells: relevance during tumor progression. Immunol 
Rev. 2006;214:229-38. 
249. Igarashi T, Wynberg J, Srinivasan R, Becknell B, McCoy JP, Jr., 
Takahashi Y, et al. Enhanced cytotoxicity of allogeneic NK cells with killer 
immunoglobulin-like receptor ligand incompatibility against melanoma and renal cell 
carcinoma cells. Blood. 2004;104:170-7. 
250. Barkholt L, Alici E, Conrad R, Sutlu T, Gilljam M, Stellan B, et al. 
Safety analysis of ex vivo-expanded NK and NK-like T cells administered to cancer 
patients: a phase I clinical study. Immunotherapy. 2009;1:753-64. 
251. Hudes G, Carducci M, Tomczak P, Dutcher J, Figlin R, Kapoor A, et al. 
Temsirolimus, interferon alfa, or both for advanced renal-cell carcinoma. N Engl J 
Med. 2007;356:2271-81. 
252. Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S, Siebels M, et al. 
Sorafenib in advanced clear-cell renal-cell carcinoma. N Engl J Med. 2007;356:125-34. 



 

 68

253. Cunningham D, Humblet Y, Siena S, Khayat D, Bleiberg H, Santoro A, 
et al. Cetuximab monotherapy and cetuximab plus irinotecan in irinotecan-refractory 
metastatic colorectal cancer. N Engl J Med. 2004;351:337-45. 
254. Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, Hainsworth J, 
Heim W, et al. Bevacizumab plus irinotecan, fluorouracil, and leucovorin for metastatic 
colorectal cancer. N Engl J Med. 2004;350:2335-42. 
255. Yang JC, Haworth L, Sherry RM, Hwu P, Schwartzentruber DJ, Topalian 
SL, et al. A randomized trial of bevacizumab, an anti-vascular endothelial growth 
factor antibody, for metastatic renal cancer. N Engl J Med. 2003;349:427-34. 
256. Motzer RJ, Hutson TE, Tomczak P, Michaelson MD, Bukowski RM, 
Rixe O, et al. Sunitinib versus interferon alfa in metastatic renal-cell carcinoma. N Engl 
J Med. 2007;356:115-24. 
257. Czerkinsky CC, Nilsson LA, Nygren H, Ouchterlony O, Tarkowski A. A 
solid-phase enzyme-linked immunospot (ELISPOT) assay for enumeration of specific 
antibody-secreting cells. J Immunol Methods. 1983;65:109-21. 
258. Gaines H, Biberfeld G. Measurement of lymphoproliferation at the 
single-cell level by flow cytometry. Methods Mol Biol. 2000;134:243-55. 
259. Aboud S, Nilsson C, Karlen K, Marovich M, Wahren B, Sandstrom E, et 
al. Strong HIV-specific CD4+ and CD8+ T-lymphocyte proliferative responses in 
healthy individuals immunized with an HIV-1 DNA vaccine and boosted with 
recombinant modified vaccinia virus ankara expressing HIV-1 genes. Clin Vaccine 
Immunol. 2010;17:1124-31. 
260. Svahn A, Linde A, Thorstensson R, Karlen K, Andersson L, Gaines H. 
Development and evaluation of a flow-cytometric assay of specific cell-mediated 
immune response in activated whole blood for the detection of cell-mediated immunity 
against varicella-zoster virus. J Immunol Methods. 2003;277:17-25. 
261. von Euw EM, Barrio MM, Furman D, Bianchini M, Levy EM, Yee C, et 
al. Monocyte-derived dendritic cells loaded with a mixture of apoptotic/necrotic 
melanoma cells efficiently cross-present gp100 and MART-1 antigens to specific 
CD8(+) T lymphocytes. J Transl Med. 2007;5:19. 
262. Orsini E, Alyea EP, Schlossman R, Canning C, Soiffer RJ, Chillemi A, et 
al. Changes in T cell receptor repertoire associated with graft-versus-tumor effect and 
graft-versus-host disease in patients with relapsed multiple myeloma after donor 
lymphocyte infusion. Bone Marrow Transplant. 2000;25:623-32. 
263. Wahlstrom J, Gigliotti D, Roquet A, Wigzell H, Eklund A, Grunewald J. 
T cell receptor Vbeta expression in patients with allergic asthma before and after 
repeated low-dose allergen inhalation. Clin Immunol. 2001;100:31-9. 
264. Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS, 
Rubinstein L, et al. New guidelines to evaluate the response to treatment in solid 
tumors. European Organization for Research and Treatment of Cancer, National Cancer 
Institute of the United States, National Cancer Institute of Canada. J Natl Cancer Inst. 
2000;92:205-16. 
265. Dranoff G. Cytokines in cancer pathogenesis and cancer therapy. Nat Rev 
Cancer. 2004;4:11-22. 
266. Castro FA, Palma PV, Morais FR, Voltarelli JC. Immunological effects 
of donor lymphocyte infusion in patients with chronic myelogenous leukemia relapsing 
after bone marrow transplantation. Braz J Med Biol Res. 2004;37:201-6. 



 

 69

267. Moore KW, de Waal Malefyt R, Coffman RL, O'Garra A. Interleukin-10 
and the interleukin-10 receptor. Annu Rev Immunol. 2001;19:683-765. 
268. Tanaka J, Imamura M, Kasai M, Hashino S, Kobayashi S, Noto S, et al. 
The important balance between cytokines derived from type 1 and type 2 helper T cells 
in the control of graft-versus-host disease. Bone Marrow Transplant. 1997;19:571-6. 
269. Ju XP, Xu B, Xiao ZP, Li JY, Chen L, Lu SQ, et al. Cytokine expression 
during acute graft-versus-host disease after allogeneic peripheral stem cell 
transplantation. Bone Marrow Transplant. 2005;35:1179-86. 
270. Carayol G, Bourhis JH, Guillard M, Bosq J, Pailler C, Castagna L, et al. 
Quantitative analysis of T helper 1, T helper 2, and inflammatory cytokine expression 
in patients after allogeneic bone marrow transplantation: relationship with the 
occurrence of acute graft-versus-host disease. Transplantation. 1997;63:1307-13. 
271. Remberger M, Ringden O. Serum levels of cytokines after bone marrow 
transplantation: increased IL-8 levels during severe veno-occlusive disease of the liver. 
Eur J Haematol. 1997;59:254-62. 
272. Liem LM, van Houwelingen HC, Goulmy E. Serum cytokine levels after 
HLA-identical bone marrow transplantation. Transplantation. 1998;66:863-71. 
273. Takatsuka H, Takemoto Y, Okamoto T, Fujimori Y, Tamura S, Wada H, 
et al. Predicting the severity of graft-versus-host disease from interleukin-10 levels after 
bone marrow transplantation. Bone Marrow Transplant. 1999;24:1005-7. 
274. van den Boogaardt DE, van Miert PP, de Vaal YJ, de Fijter JW, Claas 
FH, Roelen DL. The ratio of interferon-gamma and interleukin-10 producing donor-
specific cells as an in vitro monitoring tool for renal transplant patients. 
Transplantation. 2006;82:844-8. 
275. Huurman VA, Velthuis JH, Hilbrands R, Tree TI, Gillard P, van der 
Meer-Prins PM, et al. Allograft-specific cytokine profiles associate with clinical 
outcome after islet cell transplantation. Am J Transplant. 2009;9:382-8. 
276. Schulz U, Munker R, Ertl B, Holler E, Kolb HJ. Different types of human 
leukemias express the message for TNF-alpha and interleukin-10. Eur J Med Res. 
2001;6:359-63. 
277. Baron F, Baker JE, Storb R, Gooley TA, Sandmaier BM, Maris MB, et 
al. Kinetics of engraftment in patients with hematologic malignancies given allogeneic 
hematopoietic cell transplantation after nonmyeloablative conditioning. Blood. 
2004;104:2254-62. 
278. Appelbaum FR. Allogeneic marrow transplantation and the use of 
hematopoietic growth factors. Stem Cells. 1995;13:344-50. 
279. Remberger M, Naseh N, Aschan J, Barkholt L, LeBlanc K, Svennberg P, 
et al. G-CSF given after haematopoietic stem cell transplantation using HLA-identical 
sibling donors is associated to a higher incidence of acute GVHD II-IV. Bone Marrow 
Transplant. 2003;32:217-23. 
280. Bishop MR, Tarantolo SR, Geller RB, Lynch JC, Bierman PJ, Pavletic 
ZS, et al. A randomized, double-blind trial of filgrastim (granulocyte colony-
stimulating factor) versus placebo following allogeneic blood stem cell transplantation. 
Blood. 2000;96:80-5. 
281. Schriber JR, Chao NJ, Long GD, Negrin RS, Tierney DK, Kusnierz-Glaz 
C, et al. Granulocyte colony-stimulating factor after allogeneic bone marrow 
transplantation. Blood. 1994;84:1680-4. 



 

 70

282. Ringden O, Labopin M, Gorin NC, Le Blanc K, Rocha V, Gluckman E, 
et al. Treatment with granulocyte colony-stimulating factor after allogeneic bone 
marrow transplantation for acute leukemia increases the risk of graft-versus-host 
disease and death: a study from the Acute Leukemia Working Party of the European 
Group for Blood and Marrow Transplantation. J Clin Oncol. 2004;22:416-23. 
283. Dorrschuck A, Schmidt A, Schnurer E, Gluckmann M, Albrecht C, 
Wolfel C, et al. CD8+ cytotoxic T lymphocytes isolated from allogeneic healthy donors 
recognize HLA class Ia/Ib-associated renal carcinoma antigens with ubiquitous or 
restricted tissue expression. Blood. 2004;104:2591-9. 
284. Michalek J, Collins RH, Hill BJ, Brenchley JM, Douek DC. Identification 
and monitoring of graft-versus-host specific T-cell clone in stem cell transplantation. 
Lancet. 2003;361:1183-5. 
285. Kondo Y, Shiobara S, Nakao S. Identification of T-cell clones showing 
expansion associated with graft-vs-leukemia effect on chronic myelogenous leukemia 
in vivo and in vitro. Exp Hematol. 2001;29:471-6. 
286. Lohr JM. Medical treatment of pancreatic cancer. Expert Rev Anticancer 
Ther. 2007;7:533-44. 
287. Neoptolemos JP, Stocken DD, Dunn JA, Almond J, Beger HG, Pederzoli 
P, et al. Influence of resection margins on survival for patients with pancreatic cancer 
treated by adjuvant chemoradiation and/or chemotherapy in the ESPAC-1 randomized 
controlled trial. Ann Surg. 2001;234:758-68. 
288. Edinger M, Hoffmann P, Ermann J, Drago K, Fathman CG, Strober S, et 
al. CD4+CD25+ regulatory T cells preserve graft-versus-tumor activity while inhibiting 
graft-versus-host disease after bone marrow transplantation. Nat Med. 2003;9:1144-50. 



 

   

10 PAPERS 



 

 

 



 

   

 


