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Abbreviations

Ad Adenovirus 

APC Allophycocyanin 

BCG Bacillus calmette-guérin  

CD Cluster of differential 

cDNA Complementary DNA 

CLIP Class II-associated invariant chain peptide 

CML Chronic myeloid leukemia 

CTL Cytolytic T lymphocyte 

CMV Cytomegalovirus  

CpG Cytosine-phosphate-guanine  

DC Dendritic cell 

DTH Delayed-type hypersensitivity 

DNA Deoxyribonucleic acid  

dsRNA Double-stranded RNA 

EBV Epstein Barr virus  

EGFP Enhanced green fluorescence protein  

ER Endoplasmic reticulum  

FITC Fluorescein-isothiocyanate  

GI-tract Gastro-Intestinal tract 

GM-CSF Granulocyte macrophage colony stimulating factor 

GVHD Graft versus host disease  

GVT Graft versus tumor  

HIV  Human immunodeficiency virus 

HLA Human leukocyte antigen 

HPLC High-performance liquid chromatography 

ICAM Intercellular adhesion molecule 

Ig Immunoglobulin 

IFN Interferon 

IL Interleukin 

imDC Immature dendritic cell 

LAK Lymphokine-activated killer 

LAMP Lysosomal-associated membrane protein  

LFA Lymphocyte function associated antigen 

LPS Lipoploysaccharides 

MACS Magnetic activated cell-sorting 

mDC Mature dendritic cell 



mH Minor histocompatibility  

MHC Major histocompatibility complex 

mRNA Messenger RNA 

MS Multiple sclerosis  

NIH National Institutes of Health  

NK  Natural killer 

PBMC Peripheral blood mononuclear cell 

PCR Polymerase chain reaction  

PE Phycoerythrin 

PerCP Peridinin chlorophyll protein  

PRRs Pattern recognition receptors 

RANTES Regulated upon activation, normal T expressed and secreted 

RNA Ribonucleic acid 

TAA  Tumor-associated antigen 

TAP Transporters associated with antigen processing 

TARP TCRγ alternate reading frame prostate 

TcR T cell receptor 

TGF Tissue growth factor  

TIL Tumor infiltrating lymphocyte  

TLR Toll-like receptor  

TNF Tumor necrosis factor 

TSA Tumor specific antigen  

UL Unique long 

US Unique short 
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Introduction

In 1883 the Russian scientist Ilya Mechnikov inserted a splinter of wood into 
the body of a starfish larvae and observed that many phagocytic cells were 
surrounding the "foreign object"1. This is considered as the initial observa-
tion of the immune system. In the 122 years that have passed since Mech-
nikov´s observation, the scientific advances within the field of immunology 
have revealed a very complex and highly developed system for protection of 
the body. The immune system has evolved over millions of years to protect 
us against all kinds of invading parasites, bacteria, viruses and other non-self 
macromolecules. Through the characterization of the immune system the 
scientific community has found ways to exploit it to enhance protection 
against and to treat severe diseases. The work presented in this thesis focuses 
on the use of current immunological understanding and techniques to gener-
ate antigen-specific T cells with the aim at treating cytomegalovirus (CMV) 
disease and prostate cancer. The immunosuppression that follows stem cell 
transplantation is frequently associated with CMV-related complications. 
This is due to the suppression of CMV-directed T cells. Prostate cancer is a 
leading cause of cancer-related death and curative treatments of metastatic 
disease are still missing. Despite their differences in nature, both CMV dis-
ease and prostate cancer are well suited for immunotherapy, especially adop-
tive T cell therapy.    

Immune recognition  
The adaptive immune system, that includes T cells and B cells, responds to, 
recognizes and selectively eliminates pathogens via recognition of their for-
eign antigens. Antigens recognized by T cells are presented as small protein 
fragments, known as peptides, on the cell surface in complex with MHC 
class I or class II molecules. Cells displaying MHC class I or class II mole-
cules loaded with peptides from foreign antigens are, in a highly controlled 
manner, specifically recognized by peptide-specific TcRs on the surface of T 
cells. T cells can this way eliminate the foreign pathogen. 

In the 1950s it was believed that the immune system discriminates between 
self and non-self and is able to decide whether or not to initiate an attack2.
Later it has been proven that T cells can be become tolerized to non-self 
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antigens or can be activated against self antigens, i.e. leading to autoimmune 
diseases. Therefore, the infectious non-self model was suggested by Janeway 
in which innate immunity is linked to adaptive immunity through pattern 
recognition receptors (PRRs) such as the toll-like receptors (TLRs)3.
Matzinger and Fuchs later postulated the danger model2 which implies that 
lymphocytes are resting in a tolerogenic state and that two signals are needed 
to revert this state. The first signal is the recognition of the MHC/peptide 
complex by the TcR. The second signal is the costimulatory signal via the 
CD28/B7 interaction which leads to T cell activation (Figure 1). This implies 
that T cells are only fully activated when the peptide/MHC-TcR interaction 
is combined with danger that follow trauma, inflammation, cell stress, hy-
poxia or necrotic cell death. Such danger signals induce the upregulation of 
co-stimulatory molecules, including B7, on the surface of professional anti-
gen presenting cells. Danger signals/PRR signals are central in immune rec-
ognition of viral and bacterial infections.
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Figure 1. Interactions between a T cell and an antigen 
presenting cell that leads to T cell activation. T cells need two 
signals to get fully activated. The peptide/MHC molecule interaction 
with the TcR provides the first signal. The CD8 or the CD4 molecule 
modifies the signal. Adhesion molecules, such as ICAM and LFAs, 
strengthen the interaction between the antigen presenting cell and 
the T cell leading to synapsis formation. Interaction between CD40 
and the CD40L lead to upregulation of CD28 on the surface of the T 
cell. The B7 molecule interaction with CD28 provides the second 
signal to fully activate the T cells. 
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Antigen presentation
Despite of our advanced understanding of the molecular biology of antigens, 
peptide presentation, MHC molecules and T cell receptors, many aspects 
concerning the immunogenicity of proteins as well as, peptide processing 
and presentation remain elusive. Interestingly, both MHC class I- and MHC 
class II-restricted antigen processing pathways originate from ancient prote-
lytic mechanisms (proteasomes, lysosomes) that are used by all cells for 
catabolic and homeostatic purposes.  

MHC class I is expressed on all nucleated cells except spermatocytes. The 
MHC class I molecule presents peptides of 8-11 amino acids in length from 
endogenous proteins to CD8+ T cells. Initially, the protein is sorted for deg-
radation by ubiquitination. Ubiquitin targets the protein to the proteasome 
for degradation into peptides. Proteasome-digested peptides usually require 
N-terminal trimming by cytosolic peptidases before being transported into 
the ER by the TAP proteins4-6. After TAP transport, there is even further 
modelling by amino peptidases that reside in the ER7,8. These final trimming 
steps are vital for proper loading of peptides into the MHC class I peptide 
binding cleft (Figure 2).  

Cross-presentation of exogenous antigens to MHC class I has been de-
scribed9. This mechanism occurs with greatest efficiency in DCs, although 
other cell types may be capable of cross-presentation as well10. Loading of 
exogenous peptides on MHC class I can be either TAP dependent, where 
protein fragments released from endosomes are processed by proteasomes 
into MHC class I binding peptides or TAP independent where endosomes 
fuse with MHC class I rich vesicles and peptides of optimal size are loaded 
directly onto the MHC class I molecules11-13 (Figure 2).

The MHC class II molecule presents peptides of 12-18 amino acids, some-
times up to 30 amino acids, from exogenous proteins to CD4+ T cells. MHC 
class II expression is largely restricted to professional antigen-presenting 
cells such as B cells, monocytes, macrophages and DCs. However, MHC 
class II expression has also been reported on other cell types, including tu-
mors14-16. MHC class II molecules are generated in the ER, with the CLIP 
peptide bound to the molecule to prevent loading of endogenous peptides. 
The MHC class II molecules are subsequently transported in vesicles that 
fuse with late endosomes. CLIP is removed and peptides from exogenous 
proteins are loaded onto the MHC class II molecule (Figure 2)17. Endoge-
nous proteins in the cytosol or other organelles can also be imported into 
lysosomes by autophagy or by TAP for loading onto MHC class II mole-
cules18.
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Dendritic cells in antigen presentation and T cell 
activation  
The mechanisms of T cell activation are under tight control to avoid destruc-
tion of non-infected non-altered self cells. DCs have since they were first 
described in 1973 been found to play an important role in the regulation of 
immunity and tolerance19. DCs exist in two functionally and phenotypically 
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Figure 2. Antigen presentation pathways. I) Presentation of endogenous or 
pathogen-derived intracellular antigens. Endogenous proteins are targeted for 
degradation by ubiquitin. The protein is degraded into peptides by the proteasome
complex. The peptides are transported into the ER by the TAP proteins. In the ER 
the peptides are trimmed at the N-terminus before being loaded into the peptide 
binding cleft of MHC class I molecules. Cross-presentation of exogenous antigens 
on MHC class I molecules can be either (A) TAP-dependent, where exogenous 
proteins are imported and released in the cytosol for subsequent proteasome
degradation and peptide-loading on MHC class I molecules, or (B) TAP-
independent where peptides are loaded directly into the MHC class I via fusion of 
endosomes and MHC class I rich vesicles. II) Presentation of exogenous antigens. 
The MHC class II molecule is produced in the ER with the invariant chain blocking 
loading of endogenous peptides. MHC class II rich compartments subsequently 
fuse with antigen containing, late endosomes. The invariant chain is removed and 
peptides of exogenous origin are subsequently loaded into the MHC class II 
peptide binding cleft. 
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distinct stages, immature and mature. Immature DCs have the ability to en-
gulf a wide variety of antigens and to process and present them in the con-
text of MHC molecule restriction to induce antigen-specific immune re-
sponses20.

Immature DCs use three types of antigen uptake: 1) macropinocytosis, a 
process in which large amounts of extracellular fluid is taken up non-
specifically in single vesicles; 2)  phagocytosis, a process leading to inges-
tion of particles by attachment to receptors and subsequent engulfment and 
3) endocytosis mediated by binding to clathrin-coated pits21-27. Most of the 
DCs in the peripheral tissues are in an immature state. Upon encounter with 
microbial products such as LPS, methylated CpG DNA or dsRNA, or after 
stimulation with proinflammatory cytokines such as TNFα or IL-1α, the 
immature DCs become activated and convert to mature DCs28-33. Activated 
DCs focus on antigen presentation, rather than antigen uptake, and upregu-
late MHC molecules, costimulatory molecules such as B7.1, B7.2 and cell 
adhesion molecules such as CD54 (ICAM)34. Once fully matured the DCs 
migrate to the draining lymph node and activate T cells in a peptide-specific 
manner. To induce T cell stimulation the DC and T cell form an immu-
nological synapse with multiple molecular interactions; peptide-MHC/TcR, 
the costimulatory molecules B7/CD28, CD40/CD40L and the adhesion 
molecules LFA-3/CD2, ICAM-1/LFA-135 (Figure 1). The signaling gener-
ates a massive intracellular tyrosine phosphorylation which activates multi-
ple signaling pathways within the T cell. Once activated, CD8+ cytotoxic and 
CD4+ helper T cells migrate to the site of inflammation and facilitate the 
specific killing of cells displaying the TcR specific peptide-MHC class I 
complexes. The effector function is facilitated via induction of apoptosis of 
the target cell. Activated T cells expresse FasL on the cell surface and trigger 
target cell destruction via binding to Fas receptors. T cells may also secrete 
cytolytic granules upon contact with the target cell. These granules contain 
perforin and granzymes which are taken up by the target cell and subse-
quently leads to DNA degradation and apoptosis.   

The cytokine profile generated by the activated T cells and by cells in the 
surrounding environment is important for the polarization of the immune 
response, which can be either directed towards a TH1 or a TH2 response. In 
brief, TH1 cells secrete IL-2, IFNγ, TNFα and TNFβ and are directly in-
volved in T cell-mediated immune responses, i.e. CTL generation and DTH 
reactions. In contrast, TH2 cells produce IL-4, IL-5 and IL-10, which are of 
outmost importance for humoral, B cell-mediated immune responses. In 
addition, TH1 responsive cells repress a TH2 response by secreting IL-12 and 
TH2 cells inhibit a TH1 response by secreting IL-10. Moreover, DCs can in-
hibit a TH1 effector T cell response by activating regulatory and suppressor T 
cells36-40.
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Antigen modification of dendritic cells 
The appropriate antigen presenting capacity of DCs have placed them at a 
central place in the field of virus and cancer immunotherapy. In order to 
fully activate antigen-specific T cells the DC needs to be modified to present 
target/pathogen specific antigens optimally. 

Introducing a cDNA or mRNA encoding the relevant antigen 
The gene encoding a tumor-associated antigen or a viral antigen can be in-
troduced to DCs by viral transduction or non-viral transfection. 

Viral transduction
Genetically modified recombinant viruses are highly efficient vectors for 
delivery of genetic material into DCs. A large range of viruses, such as ade-
novirus41,42, retrovirus43,44, herpes simplex virus45, vaccinia virus46, influenza 
virus47, and alphavirus48 have been used for antigen delivery. DCs trans-
duced with adenoviral and retroviral vectors have been shown to present 
peptides from the delivered antigen on both MHC class I and II and thereby 
stimulate antigen-specific CD8+ and CD4+ T cells49-53. Both viruses have 
advantages and disadvantages. Retroviruses are well characterized and they 
have been extensively used in the clinic. However they preferentially infect 
dividing cells which makes them less useful in transduction of non-dividing 
monocytes or DCs54. Adenoviruses can infect both dividing and non-
dividing cells and they are easily manufactured in high titers. The use of 
adenoviruses in vivo may however be limited by the presence of pre-existing 
antibodies. In addition, the use of viral vectors for transduction of DCs im-
plies a complex and laborious manipulation associated with safety issues. 

Non-viral transfection
One advantage with naked DNA constructs is that no viral proteins are pre-
sent that can interfere with the immunological stimulation. Additionally, 
there is no risk of unwanted recombinations. Naked DNA constructs are easy 
and cost effective to produce in large quantities. However, naked DNA 
transfection of DCs has proven to be difficult and the transfection efficiency 
is low55. Transfection using cationic lipids/polymers or electroporation of 
DCs with mRNA is an alternative approach. An advantage with mRNA 
modification is that the mRNA molecules only need to reach the cytosol for 
antigen translation and not the cell nucleus as is the case for DNA mole-
cules. On the other hand, manufacturing of large amounts of mRNA is more 
complex than to obtain large amounts of plasmid DNA. Studies in mouse 
models have shown that vaccinations with in vitro synthesized mRNA elicit 
tumor protection and therapeutical benefits56,57. Gilboa and colleagues have 
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pioneered this approach in the human system and have successfully deliv-
ered mRNA into DCs in different cancers58-62.

Pulsing with HLA-restricted peptides
Amino acid sequencing of the naturally processed peptides eluted from 
MHC molecules have revealed that each MHC variant efficiently binds only 
a subset of peptides that share conserved amino acid residues at fixed posi-
tions. The majority of the known viral or tumor antigenic peptides are pre-
sented in association with MHC class I and are recognized by tumor- or vi-
rus-specific CD8+ T cells, whereas only a small number of helper T cell epi-
topes are known63,64. In addition, most known tumor antigen epitopes are 
from melanomas and are restricted to only a few widely represented HLA 
alleles65. HLA-restricted peptide epitopes have also been identified for many 
viruses such as CMV66, EBV67 and HIV68. Peptides can easily be pulsed onto 
DCs, to replace already bound peptides from the MHC molecules, for a high 
homogenous expression generating a potent T cell activation. On the other 
hand a selective pressure in the use of one or perhaps a few peptide epitopes 
from one antigen might generate antigen-mutated cancer cells or virus 
strains which will escape recognition.  

Pulsing with protein antigens 
Pulsing of DCs with protein antigens instead of peptides can be advanta-
geous when the immunogenic epitopes have not been identified. In addition, 
it is applicable to all patients independently of HLA restriction. Direct pro-
tein loading through co-culture with protein-liposome complexes has shown 
to be an efficient mean to induce MHC class II but also MHC class I presen-
tation of soluble proteins69,70.

Pulsing with tumor cell material 
DCs have been loaded with tumor cell material using a variety of methods; 
pulsing with tumor lysate71, tumor acid-eluted peptide mixtures72, apoptotic 
tumor cells23 or necrotic tumor cells73,74, DC-tumor hybrids75,76 and tumor 
RNA transfection57,59,77. One advantage of tumor cell-based DC vaccines is 
that they comprise all relevant antigens. As a consequence, there is – at least 
with respect to vaccine design – no need for prior identification of the tumor 
antigens to be included in the vaccine. One major disadvantage is that whole 
tumor cell-based vaccines contain a multitude of normal and tumor-specific 
antigens. The presentation of normal antigens may lead to unacceptable 
autoimmune reactions, even though this is rarely seen clinically 78,79.  In ad-
dition, it could also mean that the amount of tumor-specific antigen is very 
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low and peptides from these antigens presented by MHC class I molecules 
may be too few to activate a potent and sustained immune response.  

Immunity to viruses  
The innate immune system plays the role as the first line of defense against 
invading pathogens. Initially it was believed that only bacteria were recog-
nized by the innate immune system. However, it has become apparent that 
also viruses have the ability to activate this part of the immune system. The 
innate immune system consists of four distinct barriers; anatomical, physiol-
ogic, phagocytic and inflammatory, where the last two have cooperative 
effects. Molecules involved in innate immunity have the property of patho-
gen pattern recognition and as such relay on detection of molecules associ-
ated with different pathogens. The initial triggering event in an innate im-
mune response can be mediated by binding of lysozyme to bacterial walls, 
activation of complement, transcription of IFN genes by virus-infected cells 
or pathogen binding to cell-associated receptors, such as TLRs. In the case 
of the human CMV the virus induces activation of the innate immune system 
by binding to TLR2 and CD14. The triggering of the innate immune system 
leads to transcription of pro-inflammatory genes (IL-1, IL-6 and IL-8) that 
together with the pathogen-induced tissue damage generates an inflamma-
tion. Inflammation in turn leads to an inflammatory response i.e. vasodilata-
tion and an increase in the permeability of the capillaries. Vasodilatation 
gives an influx of phagocytic cells (neutrophils, monocytes, eosinophils) and 
cells releasing inflammatory mediators (basophils, mast cells, NK cells and 
eosinophils) to the infected area. In the inflamed microenvironment, DC 
sentinels take up and process pathogen-associated antigens and migrate to 
secondary lymphoide tissue for activation of pathogen specific T cells. Im-
mune reactions against most viral proteins are T cells dependent and involve 
activation of cytotoxic and helper T cells. Such activated effector T cells 
subsequently migrate to the site of virus infection and destroy infected 
cells80,81.

Cytomegalovirus immune evasion 
In order to infect and persist within its host, the human CMV has developed 
several immune evasion strategies that affect both the innate and the adap-
tive immune systems. MHC class I and class II expressions are downregu-
lated upon infection by several gene products including  pp65, gpUS2, 
gpUS3, gpUS6 and gpUS1182,83. Since NK cells lyse cells lacking MHC 
class I, downregulation of MHC class I would make the infected cell suscep-
tible to NK cell mediated lysis. However, CMV is able to modify the in-
fected cell to be resistant to NK cell lysis. This resistance is mediated via 
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different mechanisms including expression of the MHC class I homolog 
UL1884,85. In addition to the direct affect on the adaptive immune system, the 
human CMV has the ability to modulate several factors involved in inflam-
mation and immunoregulatory reactions. For example, human CMV ex-
presses a RANTES decoy receptor86 and induces the secretion of the immu-
nosuppressive TGF-β and IL-10 cytokines87,88. In addition, the human CMV 
codes for its own IL-10 homologue, UL111a89.        

Viral vaccines
Viral vaccines have changed the face of viral disease as much as antibiotics 
have affected the course of bacterial disease. Viral vaccines have been most 
successful when the natural acute infection is self-limited and leads to long-
lasting immunity. However, vaccines against viruses that cause chronic in-
fections, such as HIV, hepatitis C virus and human papillomavirus are still 
missing90. The progress in development of such viral vaccines is beyond the 
scope of this thesis. In this thesis I focus on the work done to treat CMV 
disease in immunocompromised stem cell transplanted patients.    

CMV disease after transplantation
CMV is a herpes virus that has infected 50-100% of the adult population. 
The primary infection is normally sub-clinical and occurs mainly during 
adolescence. After primary infection the virus will remain latent in myeloid 
cells for the total lifespan of the infected individual. CMV infec-
tion/reactivation/reinfection during the immunosuppression period that fol-
lows allogeneic stem cell transplantation is frequently associated with life-
threatening invasive visceral disease91-93. During the last few years, the pro-
phylactic administration of ganciclovir and foscarnet has resulted in a sig-
nificant reduction of the incidence of early onset CMV disease. However, 
this antiviral treatment is nephrotoxic and leads to marrow suppression fol-
lowed by an increase in bacterial and fungal infections94-98. Because persis-
tent CMV infection with prolonged antiviral treatment results in a delayed 
CMV-specific immune reconstitution, the onset of CMV disease after day 
100 has become a major post-transplant complication92,98-103.

Cell-mediated immunity directed against a limited number of CMV proteins 
(Table 1) is essential in the control of persistent infection and recovery from 
CMV disease104,105. This fact has stimulated much interest in the use of CMV 
specific T cells for adoptive transfer106-109. Peripheral blood lymphocytes of 
the stem cell donor usually contain CMV-specific T cells and can therefore 
be transfused into the recipient to control CMV infection. However, this kind 
of therapy is limited by the potentially fatal complications caused by allore-
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active T cells. Additionally, the frequency of CMV-specific T cells in the 
unselected donor T cell population is rather low. Enrichment of virus-
specific T cells by ex vivo culture before transfer appears to reduce the risk 
of graft-versus-host disease and can effectively restore virus-specific T cell 
responses106,107,110-113. In the initial studies by Riddell and Walter et al. the 
infused T cells were predominantly CD8+ CTLs and the survival of these 
cells was dependent on patient’s endogenous reconstitution of CMV-specific 
CD4+ T cells106,107. In a later study, Einsele and colleagues transferred CMV-
specific CD4+ T cells which could also suppress the virus but only if the 
patient reconstituted an endogenous CMV-specific CD8+ T cell response108.
Taken together this implies that to ensure long-term protection from CMV 
disease in transplanted patients the infused T cells need to comprise both 
CMV-specific CD8+ and CD4+ T cells. This has also been observed by 
Heslop and colleagues that adoptively transferred EBV-specific T cells110,111.
Peggs et al. generated CMV-specific CD4+ and CD8+ T cells by stimulating 
T cells with DCs pulsed with CMV antigen. The CMV antigen was derived 
from a CMV-infected fibroblast cell line109,112. The results by Peggs et al.
showed that none of the 13 patients developed CMV disease who received T 
cells upon CMV antigen detection by PCR. However, the use of a CMV-
infected allogeneic cell line as the source of antigen could elicit allogeneic T 
cells, together with the CMV-directed ones, which might generate GVHD. 
Therefore, it would be desirable to activate and expand CMV-directed CD8+

and CD4+ T cell ex vivo to adequate numbers using an autologous system.  

So far several autologous systems have been evaluated. The CMV antigens 
have involved peptides, recombinant viral vectors, live or attenuated CMV, 
CMV lysate or recombinant proteins in combination with autologous anti-
gen-presenting cells43,49,107,114-118. The different antigens have advantages and 
disadvantages. HLA-matched peptides are clinically safe and easy to manu-
facture and use. However, immunodominant CMV peptides are still not de-
fined for all HLA-ABC/DR/DQ fenotypes119. Also, the use of a single pep-
tide generates one or a few clones of T cells directed against one epitope 

Table 1. Viral antigens that are CTL targets 
in normal CMV seropositive donors. 
Adapted from Gyulai et al 2000

pp65 92%

IE1 exon 4 76%

gB 33%

pp150 30%
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from the CMV antigen of choice. This could generate virus escape mutants 
by epitope deletion/mutation under such selective T cell pressure in vivo.
When using recombinant viral vectors coding for full length CMV antigens 
the in vivo processing and presentation of the CMV antigens could, in the-
ory, stimulate T cells against any HLA-A, HLA-B or HLA-C-restricted pep-
tide epitope. Moreover, viral vectors are efficient in generating antigen-
specific CD8+ T cells but have limited ability to stimulate antigen-specific 
CD4+ T cells which are vital for a sustained immune response120-122. Live and 
attenuated CMV or viral lysate have been successfully used for T cell stimu-
lation107,108. The use of attenuated or live virus stimulates primarily CMV-
specific CD8+ T cells107 while the use of viral lysate stimulates primarily 
CD4+ T cells108.  However, the use of live or attenuated CMV and CMV 
lysates for T cell stimulation has certain drawbacks. In addition to the obvi-
ous risk of transferring replication competent CMV to the immunocompro-
mised patient, both virus and virus lysate might interfere with antigen proc-
essing and presentation ex vivo to inhibit the generation of the antigen-
specific T cells112,123-126. Recombinant proteins have proven to be very effec-
tive in stimulating antigen-specific CD4+ T cells118. In order to stimulate 
antigen-specific CD8+ T cells with recombinant protein or lysate the antigen 
has to be processed and presented via cross-priming. Cross-priming is a less 
efficient pathway than the classical MHC class I presentation of endogenous 
antigens coded from DNA or RNA122.



22

Tumor immunology 
The observation that some human tumors undergoes spontaneous regression 
suggests that the immune system may have the potential to suppress the un-
controlled growth of cells that have undergone neoplastic transformation127.
Tumor cells are genetically unstable and do not have efficient mechanisms to 
protect against this128-130. As a result, a fraction of tumor cells will undergo 
apoptosis and release apoptotic bodies containing tumor-associated antigens 
(TAA) or tumor-specific antigens (TSA) that are taken up by antigen pre-
senting cells, like DCs. In the presence of the appropriate cytokine microen-
vironment, immature DCs will mature and deliver the costimulatory signals 
needed for activation of tumor-specific T cells (Figure 3). However, in most 
cases the immune system is unable to repress malignant cells resulting in 
disease progression.
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Figure 3. Adaptive immunological response against tumor cells. Tumors 
are genetically unstable and some tumor cells go through apoptosis. Apoptotic 
bodies containing tumor-associated antigens are taken up, processed and 
presented by immature dendritic cells (imDCs). Under appropriate conditions 
imDCs can mature to become mature dendritic cells (mDCs) and activate tumor 
antigen specific CD4+ and CD8+ T cells. Activated CD4+ T cells help CD8+ T
cells which mature into cytotoxic T cells (CTL). CTLs then finds tumor cells 
expressing tumor antigens and specifically destroy them.       
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expressing tumor antigens and specifically destroy them.       
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Tumor immune evasion 
Under the selective pressure of the immune system, progressing tumors have 
developed mechanisms to avoid being destroyed by immune cells (Table 
2)131,132. Moreover, progressing tumors, in sharp contrast to bacteria or vi-
ruses, do not induce the proinflammatory cytokines and chemokines required 
for a proper interaction between antigen presenting cells and the antigen-
specific reactive T cells133-135. This means that the tumor only provides the 
first signal, MHC/peptide, and not the co-stimulatory second signal to the 
TAA-specific T cells, thereby anergizing the T cells2,132. Tumors can also 
stimulate Tr1 and Th3 regulatory T cells, which are capable of suppressing 
immune activation via secretion of immunosuppressive cytokines or by di-
rect cell-to-cell interaction136.

Cancer vaccines
Two fundamental strategies have been used to stimulate anti-tumor T cell 
immunity in man, i.e. vaccination and adoptive T cell transfer. A variety of 
vaccination strategies have been exploited in clinical trials.  

Whole-cell based vaccines 
The first clinical trials using cell-based vaccines were conducted more than 
30 years ago. At that time two vaccines against melanoma were developed, 
i.e. MelacineTM consisting of a mix of two melanoma cell line lysates in Ribi 

1. Tumor  cells escape CTL recognition 

- Loss of antigen expression

- Loss, down regulation, or mutation of MHC class I molecules

2. Inefficient APCs

- Decreased or lack of expression of costimulatory molecule

- Cytokine-induced blockade of APC maturation and differentiation 

(IL-10, transforming growth factor β)

3. Tumors produce immune-suppressive factors (VEGF, IL-10, TGF-β etc.)

4. Tumor-related alterations in T-cell signaling

5. Tumor-induced immune deviation (Th1 versus Th2)

6. Majority of tumor antigens are self-antigens, leading to tolerance

7. Cytokine environment at tumor site does not support T cell expansion

8. Induction of regulatory T cells that suppress effector T cells via IL-10 and TGFβ
secretion or via direct cell-to-cell contact.  

Table 2. Factors causing immunosuppression in cancer. 
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adjuvant137 and CanvaxinTM consisting of three irradiated/frozen melanoma 
cell lines in combination with BCG138. The initial trials showed cancer re-
gression in 5-10%. However the survival rate was not improved compared to 
standard chemotherapy. Later, irradiated tumor cells and BCG were used in 
combination by Vermorken and colleagues in a colon cancer vaccination 
study139. They found a 50 % decrease in recurrence rate in comparison to the 
control group. Developments in the field have later included tumor cells 
transduced with immunostimulatory genes. GM-CSF transduction of tumor 
cells has been used in melanoma, pancreatic cancer and lung cancer140-142.
GM-CSF transduction in melanoma and lung cancer showed some effects 
accompanied by tumor necrosis. In the case of pancreatic cancer the GM-
CSF vaccine were administered after resection in combination with chemo-
radiotherapy. Results were favorable with three patients alive 25 months 
after diagnosis140.

Heat-shock proteins
Heat-shock proteins bind tumor antigenic peptides. Heat-shock proteins iso-
lated from fresh tumors have been used for vaccination of patients suffering 
from melanoma and colorectal cancer143,144. In the melanoma trial two pa-
tients out of 42 were complete responders.  

Peptides
The majority of vaccination studies with peptides has involved mela-
noma96,145-154. Peptides have been derived from the melanoma antigens 
MAGE-3, gp100 and MART-1/Melan-A. In general, the results have been 
encouraging with many examples of stable disease and some with cancer 
regression. Autoimmune reactions such as vitiligo were observed and corre-
lated with clinical response146.

Dendritic-cell-based vaccines 
DCs are easily modified to present antigens and are capable of inducing po-
tent T cell responses (discussed above). DCs have been modified to present 
tumor antigens in various forms including peptides, RNA, tumor lysate, tu-
mor-DC cell fusions and antibody idiotype155. DCs-based vaccines have 
been extensively used not only in melanoma79,156-167, but in many other can-
cers155 including over 10 clinical trials for prostate cancer155,168-176. Results 
have been encouraging in many studies177, while only sub-clinical effect has 
been reported in others178. Thurner and colleagues used DCs pulsed with a 
MAGE-3 peptide epitope and observed cancer regression in six out of eleven 
patients and a peptides specific T cell increase in eight out of the patients165.
Lodge and colleagues used DCs pulsed with peptides from PSMA and stated 
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that as many as 30% of the patients achieved a clinical benefit based on PSA 
serum level decrease and other established criteria176. Despite this did overall 
patient outcome not improve. Side effects of DC vaccination have been re-
ported and include fever, pain, fatigue, headache and vitiligo. However, no 
hospitalization nor fatalities have been attributed to DC vaccines155. In con-
clusion, DC-based vaccines are safe. However, clinical response rates have 
not reached initial expectation levels.             

DNA- and viral vector-based vaccines 
Immunization with plasmid DNA represents a theoretically attractive 
method for increasing T cell responses against cancer antigens179-181. The 
therapy has been well tolerated with no adverse toxic side effects. Clinical 
responses have, however, remained modest with some increases in antigen-
directed T cells. Tumor antigen-coding DNA has also been delivered to pa-
tients via recombinant viruses182-187. Viral-based therapy has also been well 
tolerated, even when vectors were administered intravenously 183. Some hu-
moral and cellular responses were observed but again no major clinical ef-
fects. The use of viral vectors remains appealing since the viral part of the 
vector may activate the innate immune system (discussed above).    

Although many of the discussed strategies work well in transplantable tumor 
models in mice, vaccination-based strategies have yielded truly promising 
results in only a few clinical trials139,148,149,169. The fact that human vaccina-
tion trials are generally conducted in late-stage tumor patients undoubtedly 
contributes to the limited efficacy of therapy. However, differences in anti-
genicity and tumor biology between human cancers and transplanted murine 
tumors are likely to be a second important factor.  

Adoptive T cell transfer 
The most successful method of immunotherapy to date is transplantation of 
allogeneic hematopoietic stem cells188,189. Allogeneic stem cell transplanta-
tion is an accepted curative therapy for patients with chronic myeloid leuke-
mia. It has also been used with lower, but significant, cure rates in other 
types of hematological malignancies190. The major effect caused by the in-
fused allogeneic T cells is a form of GVHD called GVT. GVT is thought to 
be mediated by disparities in minor histocompatibility (mH) antigens be-
tween the donor and recipient. Many of the mH antigens are derived from 
ubiquitously expressed proteins, however an increasing number of mH anti-
gens have been described as tissue-specific191,192. The severity of the GVHD 
and the effects of the GVT are intimately linked as shown by the reduced 
GVT effects after transplantation between HLA-identical twins193. Alloge-
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neic stem cell transplantation has also been tested with success in renal-cell 
carcinoma194. In addition, ex vivo activated autologous T cells has been used 
to treat renal-cell carcinoma195,196. These reports demonstrate longer survival 
and improved quality of life.   

Post-transplant lymphoproliferative disease is a due to excessive B cell pro-
liferation induced by Epstein Barr virus (EBV) reactivation. EBV infects 
around 90% of the population and lays dormant in B cells for the entire life-
span. Adoptive transfer of peripheral blood mononuclear cells from EBV 
positive donors to stem cell recipients having EBV-positive B cell lym-
phoma produced anti-tumor responses, as did IL-2 activated autologous 
LAK-cells. However, such unspecific cell transfer is problematic because of 
the presence of allospecific T cells, leading to GVHD197 or solid graft rejec-
tion198. Rooney and colleagues showed that infusion of EBV-specific T cells 
is clinically effective as prophylaxis and treatment of progressive dis-
ease111,199,200. When prophylactically treating 56 patients with donor-derived 
EBV-specific CTLs, none went on to develop EBV-induced tumors, com-
pared to 11.5% in the control group. In addition, the treatments were not 
accompanied by GVHD. EBV-directed T cells has also been used to treat 
EBV-induced lymphoproliferative disease in solid organ transplanted pa-
tients by Khanna et al.201. Cytomegalovirus reactivation/infection/reinfection 
is also a sever complication in stem cell transplanted patients93. CMV dis-
ease has also been successfully treated with adoptive transfer of CMV-
specific T cell (discussed above)106,108,109.

Adoptive transfer of autologous ex vivo expanded antigen-specific T cells 
has been used to treat melanoma202-205. Yee et al. infused large numbers of T 
cells directed against melanocyte differentiation antigens MART-1 and 
gp100 to 10 patients with advanced disease. The transferred T cells homed to 
the tumor and mediated an antigen-specific immune response in 8 of the 
patients. Importantly Yee et al. demonstrated specific antigen loss in relaps-
ing tumors from the same patients202. Dudley and colleagues infused large 
number of ex vivo activated and expanded TIL melanoma antigen-specific T 
cells. In this study the patients were partially myeloablated prior to T cell 
transfer by cyclophosphamide and fludarabine treatment. This was per-
formed to increase the persistence and function of adoptively transferred 
cells. Six out of the 13 patients showed clinical responses. Five patients also 
showed signs of autoimmune melanocyte destruction.   

With only a few adoptive T cell therapy studies evaluated, the results of 
these clinical trials have in general been encouraging. The superior effects of 
cell transfer therapies compared with vaccination regimes became apparent 
also in mouse models in which tumors arise spontaneously owing to trans-
genic oncoprotein expression. In these spontaneous models, which resemble 
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the human situation much more closely than the classical transplantable tu-
mor models, T cell tolerance results in the absence of oncoprotein-specific T 
cells and can thereby limit the effect of vaccination on tumor progression206-

208.

Antigens for T cell expansion  
T cells need to be directed against an optimal target antigen. Ideally, the 
antigen is expressed in the malignant/infected cells but not in the normal 
cells. If the target antigen is essential for tumor growth or virus survival, the 
risk for immune evasion by mutation or loss of antigen expression would be 
minimized. Antigenic targets of this kind can represent epitopes from the 
CMV pp65 protein, PAX-FHKR in alveolar rhabdomyosarcoma, EWS-FLI1 
in Ewing sarcoma, SYT-SSX in synovial sarcoma, BCR/ABL in CML, 
p21/ras found in multiple malignancies, HVP in cervical cancer and EBV 
proteins in Hodgkin’s disease209-212. However, most candidate tumor antigens 
do not fulfill these criteria, but rather represent non-mutated proteins that are 
oveexpressed or aberrantly expressed by the tumor cell. Alternatively, tumor 
antigens might be selectively targeted if their expression is limited to normal 
tissues in which the consequences of autoimmune injury would be accept-
able, such as PSA expression in prostate cancer and normal prostate tissue. 

T cell generation and ex vivo analysis
The generation of antigen-specific effector cells is essential for adoptive 
immunotherapy. Sources of such T cells varies, from cells generated by sev-
eral rounds of ex vivo stimulation to cells isolated from autologous tumor 
tissue110,194,203. Before transfer the T cells are most often activated and en-
riched by ex vivo stimulation using IL-2, EBV infected B cells, CMV in-
fected fibroblasts, antigen-modified DCs or antigen-modified PBMCs106-

111,203. Once activated the T cells must be expanded to numbers sufficient for 
clinical use. A standard protocol for expanding CTL clones employs TcR 
stimulation with an anti-CD3 antibody plus IL-2 in the presence of alloge-
neic feeder cells, which typically yields 200 to 1000-fold T cell expansion in 
two weeks213. Once CTL lines or clones have been generated they need to be 
characterized and monitored in vivo for a better understanding of the thera-
putic efficacy. Hence, it is crucial to investigate multiple parameters using 
multiple assays. Modern flow cytometry-based assays can be used for both 
phenotypical and functional assessment of antigen-specific T cells before 
and after transfer. Such analyses involve multimer staining214, flow cytotox-
icity assays215, intracellular cytokine staining216 and phenotypical cell surface 
makers217.
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Prostate cancer and prostate cancer immunotherapy
Prostate cancer is the second leading cause of tumor-related death among 
men in the Western World218. If detected early, prostate cancer can in some 
cases be cured. However at an advanced stage, involving metastases to 
lymph nodes and bone, there is no curative treatment available. The devel-
opment of new treatments is, therefore, of great importance. Clinical studies 
have shown that cancer patients may improve dramatically by the infusion of 
CTLs that recognize and kill tumor cells displaying TAA peptide epitopes203.
The prostate gland is an organ that is non-essential for life and it is often 
removed in men with prostate cancer. After prostatectomy, any protein with 
prostate-specific expression can be used as a target antigen since any cell 
expressing the protein would represent malignant disease. Alternatively, if 
the prostate gland is not removed, a prostate-specific protein can still be used 
as target since an autoimmune reaction against non-malignant prostate cells 
is acceptable and not life threatening, as observed by Fong et al.170. Devel-
opment of new powerful tools within the fields of genetics and molecular 
biology has lately led to the discovery of many new proteins with specific or 
preferential expression by prostate and prostate cancer cells (Table 3). 

Table 3. Prostate specifically expressed and 
preferentially expressed genes.
Gene Abbreviation 
Prostate acidic phosphatase PAP219

Human kallikrein 2 hKLK2220

Prostate specific antigen (human kallikrein 3) PSA, hKLK3221,222

Human kallikrein 4 hKLK4223

Human prostate secreted seminal plasma protein PSP94224

Prostate-specific transglutaminase 4 TGM4225

Prostate stem cell antigen PSCA226

Six transmembrane protein of prostate 1 STAMP1227

Homeobox NKX 3.1 NKX 3.1228

COOH-terminal tensin-like protein Cten229

TCRγ alternate reading frame prostate TARP230

Prostate placenta antigen expression  PAGE231

Gene differentially expressed in normal prostate GDEP232

Prostate and testis expression  PATE233

Prostate-derived ets factor PDEF234

Prostate-specific g-protein coupled receptor PSGR235

Prostate androgen-regulated trancript 1 PART-1236

Andogen-induced bZIP AIbZIP237

Prostate-specific protein homologous to the trp family Trp-p8238

Human novel prostate-specific antigen hNPSA239

Expression in prostate, ovary, testis and placenta POTE240

Human prostate-specific gene-1 HPG-1241

Six transmembrane epithelial antigen prostate STEAP242

Prostate, rectum and distal colon PRAC243

Prostate, rectum and distal colon 2 PRAC2244

 PMEPA1245

Prostate short-chain dehydrogenase redutase 1 PSDR1246

Human prostate carcinoma tumor antigen 1 PCTA-1247

Prostein Prostein248

Prostate specific membrane antigen PSMA249

Phosphodiesterase, phosphodiesterase 11A PDE11A250

Prostate leucine zipper  PrLZ251

New gene expressed in prostate  NGEP252

DD3* DD3253

PCGEM1* PCGEM1254

*DD3 and PCGEM1 are prostate specific non-coding transcripts.  
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However, recent observations suggest that the expression of some of these 
proteins is not strictly confined to prostate tissue242,255,256. In line with this 
reasoning there are reports on generation of T cells directed against PSA, 
PSMA, PSCA, PAP, Kallikrein-4, TARP, Prostein, and Trp-p8 62,257-268. The 
T cells have been raised against peptides restricted by HLA-A2, HLA-A3 
and HLA-A24, which are all relatively common MHC class I molecules in 
the general population. MHC class II-binding peptides able to activate CD4+

T cells have so far been reported from PSA269, PSMA269-271, PAP272 and 
Kallikrein-4273.

Several clinical studies have been conducted with prostate antigen-loaded 
DCs. Murphy et al. used DCs pulsed with PSMA peptides176,274,275. Burch et
al.174 and Small et al.175 used DCs pulsed with a fusion protein composed of 
PAP linked to GM-CSF, in later clinical trials this fusion protein was called 
ProvengeTM 276,277. In a phase II ProvengeTM study, three patients out of 21 
responded with a drop in PSA serum level. In one of these three patients 
PSA levels dropped under detectable levels and destruction of metastatic 
cancer was observed276. In a phase III study, 127 patients with advanced 
metastatic androgen independent prostate cancer were treated with Proven-
geTM. At the time of the report 115 patients still had progressing cancer. 
However, Schellhammer et al. reported a treatment benefit in disease pro-
gression, time to onset of disease-related pain and improved survival com-
pared to the control group. This was most notable in patients with less ad-
vanced disease277. Fong used DCs pulsed with murine PAP as xenoanti-
gen170. Heiser et al. transfected DCs with mRNA encoding PSA278 while 
Barrou pulsed DCs with recombinant PSA279. Generally, the DC vaccines 
have been well tolerated by the patients and were in some cases capable of 
generating anti-tumor T cell effects. So far only one clinical study was con-
ducted to treat hormone refractory prostate cancer using adoptive transfer of 
ex vivo activated autologous T cells 280. Ross et al. reported feasibility, safety 
and transient PSA reductions up to 66%, suggesting biological activity. It 
should however also be stated that these T cells were activated unspecifically 
and were not antigen-specific CTLs.

The high diversity of tumors, the genetic instability and the escape mecha-
nisms of tumors determine the number of individual protein targets for T-
cell-based immunotherapeutic approaches on the patient level. The numbers 
of well characterized epitopes derived from prostate antigens are still limited 
in comparison to the number of proteins with reported prostate-specific or 
preferential expression. Hence, the number of proteins that need to be evalu-
ated as potential prostate immunotherapeutic targets remains vast and is still 
growing.
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Aims of the studies 

General aims 
We wanted to use DCs to establish ex vivo techniques for generation of anti-
gen-specific T cells against CMV and prostate tissue antigens. The major 
avenues were to pulse DCs with HLA-restricted antigenic peptides, trans-
duce them with antigen-coding adenoviral vectors, electroporate them with 
antigen-coding mRNA or pulse them with recombinant protein antigen for 
subsequent use as T cell stimulators. We aimed at generating T cells with 
high antigenic specificity and reactivity. Also, we sought to expand such 
potent T cells to numbers relevant for adoptive T cell therapy to treat CMV 
disease and prostate cancer.  

Specific aims
Paper I 
We aimed at establishing a protocol for generation of DCs. Next, the DCs 
were to be used for stimulation of pp65-specific T cells using the HLA-
A*0201-restriced immunodominant peptide pp65495-503 or a recombinant 
adenovirus encoding pp65 (Adpp65). Also we wanted to expand pp65-
directed T cells to numbers relevant for adoptive transfer.   

Paper II
Our aims were 1) to expand pp65-specific CD8+ T cells using pp65 mRNA, 
this to avoid all potential biohazards and limitations in using recombinant 
viral vectors or live CMV and 2) to expand pp65-specific CD4+ helper T 
cells. To ensure long-term protection from CMV disease in immuncompro-
mised patients it is important to co-transfer CMV antigen-specific CD4+ T 
cell together with the CD8+ effector T cells. In order to stimulate such CD4+

T cells we produced a recombinant mRNA molecule were pp65 is flanked 
by human LAMP sequences. The LAMP sequences should direct the trans-
lated protein to endosomal/lysosomal compartments where MHC class II 
peptides are loaded. Since we were unable to see any IFNγ producing CD4+

T cell activation upon stimulation of lymphocytes with pp65/LAMP mRNA 
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electroporated DCs we produced a recombinant pp65 protein. We wanted to 
combine this protein with the pp65 mRNA for simultaneous stimulation of 
pp65-specific CD4+ and CD8+ T cells. 

Paper III
In this paper we aimed at analyzing the prostate specific protein TARP for 
HLA-A*0201 binding peptides and to find out whether we could generate 
peptide-specific T cells using peptide-pulsed DCs/monocytes. If generated, 
the T cells were to be tested for cytolytic effects against the TARP-
expressing, HLA-A*0201+ cell lines LNCaP and MCF-7. Cytolytic analysis, 
in this case, aim at verifying if any of the TARP peptides are processed and 
presented in a HLA-A*0201 context.

Paper IV 
In order to counteract antigen-loss tumor variants in vivo it is important to 
utilize multiple antigens in both cancer vaccination and in adoptive T cell 
therapy. Therefore, we wanted to analyze more proteins with reported pros-
tate specific or preferential expression for peptides able to bind HLA-
A*0201 and to see if peptide-specific T cells could be raised from healthy 
volunteers. Also, we wanted to see whether peptide-directed T cells could be 
found in the blood of prostate cancer patients.  



32

Materials and Methods 

Peptide epitope analysis/selection and peptide binding
We used the online computer algorithms bi-
mas.cit.nih.gov/molbio/hla_bind281 and www.syfpeithi.de 282 to analyze 26 
proteins with reported prostate specific or preferential expression for HLA-
A*0201 binding peptides281,282. Some 27 peptides were selected on the bases 
of their theoretical HLA-A*0201 binding. In addition, two of the peptides 
derived from the TARP protein were mutated at their N-terminal anchor 
residue for increased HLA-A*0201 binding affinity. The HLA-A*0201-
binding capacity of the synthesized peptides were analyzed using a modified 
T2 cell peptide binding protocol originally developed by Nijman et al.283.
For detailed information the reader is referred to paper III and IV.  

Adenovirus production
A replication-deficient adenovirus carrying the CMV matrix protein pp65-
coding sequence was produced using the AdEasy system284. In short, the 
pp65-coding sequence was PCR amplified and directionally cloned into the 
pShuttle-CMV plasmid before homologous recombination with the 
pAdEasy1 vector. In a similar fashion a replication-deficient adenovirus 
carrying the enhanced green fluorescent protein (EGFP) were produced from 
the pAdTrack-CMV plasmid. Viruses were produced in 293 or 911 cells and 
viral titers were determined using a standard plaque assay. An adenovirus 
without transgene (AdMock) was produced in parallel.  

mRNA production
The sequence encoding EGFP and pp65 were subcloned into a pVAX1 
plasmid. In addition, pp65 were inserted into a pVAX1 plasmid containing 
the N- and C-terminal LAMP-1 sequences. The constructs were linearized 
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for subsequent in vitro transcription using the mMASSAGE mMACHINETM

transcription kit. The transcribed mRNA was then polyadenylated at the 3’ 
end using E. coli poly (A) polymerase. The mRNA were purified by LiCl 
precsipitation and analyzed by denaturated agarose gel electrophoresis. To 
verify the functionality of mRNAs, 35S-Met-labeled EGFP, pp65 and 
pp65/LAMP proteins were produced by in vitro transcription-coupled trans-
lation and analyzed by SDS-PAGE.  

Recombinant protein production 
The sequences encoding the murine immunoglobulin kappa-chain secretion 
signal (Igκ), pp65 and the Fc domain of a human IgG3 antibody were PCR 
amplified and combined by several rounds of subcloning into the pFastBac1 
donor plasmid, yielding Igκ-pp65-Fc3. Recombinant baculovirus DNA was 
produced by transposition in DH10Bac E. coli. Recombinant virus was pro-
duced by transfecting the baculovirus DNA into Sf9 cells and the virus titer 
were enriched by three rounds of infection of Sf9 cells. The Igκ-pp65-Fc3

protein could thanks to the Igκ signal be isolated from the Sf9 cell super-
natant and thanks to the Fc3 sequence be purified on a Protein G Sepharose 
column.          

Generation of DCs 
Human peripheral blood mononuclear cells (PBMCs) were obtained by Fi-
collTM density separation of buffy coat blood and CD14+ monocytes were 
isolated from PBMCs by affinity columns (MACSTM, CD14+ beads) and the 
CD14+ monocytes were subsequently differentiated into DCs in X-vivo 15 
medium supplemented with IL-4 and GM-CSF. When desired, immature 
DCs were matured by the addition of TNFα for 48 hours.   

Generation of antigen-specific T cells 
Mature DCs were pulsed with HLA-A*0201 binding peptides derived from 
various antigens. Alternatively, immature DCs were transduced with adeno-
viral vectors, electroporated with mRNA or pulsed with a recombinant pro-
tein and matured with TNFα as above. The antigen-modified DCs were then 
mixed with autologous CD14- PBMCs. The cells were then co-cultured for 
12 days in the presence of IL-7 and IL-12. In some cases T cells were res-
timulated using antigen-modified monocytes. The monocytes were then 
mixed with prestimulated T cells and IL-2 was added after two days. Res-
timulation was repeated two additional times at seven days interval.  
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PBMC isolation from prostate cancer patients 
Peripheral blood from prostate cancer patients enrolled for radical prostatec-
tomy at the Uppsala University Hospital, Uppsala, Sweden were collected in 
heparin coated 10 ml tubes. PBMCs were isolated by Ficoll separation. 
HLA-A*0201+ PBMCs were identified by flow cytometry using a FITC-
labeled anti-HLA-A*0201 antibody. Permission to collect blood samples 
was approved by the local ethical committee at the Uppsala University Hos-
pital (reference number 01-318). Informed consent was obtained from each 
patient.

Antibodies, tetramers and flow cytometry
The antigen presenting cells were characterized by flow cytometry using a 
FACSCalibur cytometer. The following antibody panel was used for cell 
phenotype charaterization: CD14-PE, CD83-PE, HLA-ABC-FITC, HLA-
DR-PE, CD1a-APC, CD80-PE, CD54-FITC, CCR7-PE, CD19, CD20 and 
CD40-FITC. An HLA-ABC-FITC antibody was also used to analyze HLA-
ABC cell surface expression on a panel of prostate and breast cancer cell 
lines with or without interferon gamma treatment.  HLA-A*0201/pp65495-503,
HLA-A*0101/pp65353-363, HLA-B*0702/pp65407-416, HLA-A*2402/pp65331-

339, HLA-B*3501/pp65113-121 tetramers were used to analyze T cell receptor 
specificity. Tetramers directed against TARP(P5L)4-13 and TARP(V28L)27-35

were produced at the NIH tetramer core facility at Emory University Vac-
cine Center, Atlanta, Georgia. T cells were co-stained with CD3-APC and 
CD8-PerCP. All staining were conducted at 4°C for 30 minutes and all anti-
bodies were used in combination with appropriate isotyp controls.       

Cytotoxic assays 
T cells generated by stimulation with modified DCs were tested for cytotoxic 
efficiency using standard 51Cr release assays. Target cells were labeled with 
51Cr for one hour. When required, target cells were pulsed with peptides for 
two hours. The target cells were then co-cultured with the generated T cells 
at various ratios for 5 hours. 51Cr released into the supernatant was measured 
and specific cytotoxicity was calculated as: [(sample 51Cr – spontaneous 51Cr
release) / (maximum 51Cr release – spontaneous 51Cr release)] x 100.  
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Intracellular interferon gamma staining
The method for IFNγ detection is a modified version of a protocol developed 
by Nomura and coworkers285. Briefly, stimulators (DCs, CD14+ monocytes, 
C1R.A2, PRMCs) were washed and incubated with T cells at a 1:1 ratio for 
two hours. In some cases stimulators were pulsed with peptides for two 
hours prior to use. Brefeldin A was then added to block IFNγ secretion. The 
cells were then incubated for an additional five hours under standard condi-
tions. T cell membranes were then permeabilized and cells were stained with 
antibodies directed against IFNγ (FITC), CD3 (APC), CD8 (PE or PerCP) 
and CD4 (PE) for 30 minutes at 4°C, washed, fixed and analyzed by flow 
cytometry.  

Cell lines 
The human prostate adenocarcinoma cell lines LNCaP, PC-346C, PC-3 and 
DU145, the immortalized normal human prostate epithelial cell lines BPH-1 
and PNT2-C2, the human breast carcinoma cell lines MCF-7, T47D and 
ZR75-1, the EBV-transformed B lymphoblast cell line C1R.A2 and the B/T 
lymphoblastic hybrid T2 cell line were all cultured under standard condi-
tions. For detailed information the reader is referred to paper I, II, III and IV. 

RT-PCR
Total RNA was isolated from various cell lines using TRIzol. The RNA was 
used for cDNA synthesis using either oligo-dT or radom hexamer primers. 
cDNA from the oligo-dT cDNA synthesis and cDNA from the radom 
hexamer cDNA synthesis were mixed and used as template for 35 cycles of 
PCR. Primers pairs, expected product sizes and annealing temperatures used 
are described in paper IV. PCR products were visualized by ethidium bro-
mide staining on 2% agarose gels. 

HLA-genotyping
Genomic DNA was isolated from various blood samples and cell lines and 
HLA-genotyping was preformed using standardized methods286.
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Results and Discussion

Paper I: Ex vivo stimulation of cytomegalovirus (CMV)-
specific T cells using CMV pp65-modified dendritic 
cells as stimulators 

Results and Discussion

pp65495-503 peptide stimulation 
In this study we aimed at generating large amounts of CMV-specific T cells 
ex vivo using DCs as antigen presenting cells. In the first approach we pulsed 
DCs from CMV+ HLA-A*0201+ blood donors with a CMV pp65 HLA-
A*0201-restricted peptide (NLVPMVATV, amino acids 495-503) and used 
them to stimulate autologous T cells. After one DC-stimulation and three re-
stimulations with peptide-pulsed monocytes we analyzed the T cell popula-
tion using an HLA-A*0201/pp65495-503 tetramer. This rendered a 96% pure 
CD8+ HLA-A*0201/pp65495-503 tetramer-binding cell population. These T 
cells were very efficient in lysing T2 cells pulsed with the cognate peptide. 
Next, we sorted HLA-A*0201/pp65495-503 tetramer binding CD8+ cells by 
FACS and subsequently expanded these cells up to 1000-fold in 2 weeks 
using an anti-CD3 antibody, irradiated allogeneic PBMCs and IL-2. The 
expanded T cells had retained tetramer specificity and displayed high cyto-
lytic effects.  

Stimulating T cells with DCs expressing full-length pp65  
To counteract the limitations of using synthetic HLA-restricted peptides 
(discussed above) we constructed an adenoviral vector carrying the pp65 
gene (Adpp65). The adenovirus was used to transduce immature DCs from 
CMV+ HLA-A*0201+ blood donors. The transduced DCs were matured with 
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TNFα and used to stimulate autologous T cells. Twelve days after stimula-
tion the T cell population was analyzed using the HLA-A*0201/pp65495-503

tetramer. T cells stimulated with Adpp65-transduced DCs displayed a dra-
matic increase in tetramer binding similar to that of peptide stimulation. In 
addition, T cells directed against multiple pp65 epitopes restricted by various 
HLA-haplotypes were expanded when Adpp65-transduced DCs from CMV+

blood donors with pre-existing T cells directed against multiple pp65 pep-
tides were used. We also observed that a larger percentage of CD4+ T cells 
were present after Adpp65 stimulation than after pp65495-503 peptide stimula-
tion, suggesting that the virus-transduced DCs promoted activation and pro-
liferation of CD4+ T cells as well as CD8+ T cells. To find out if these T cells 
were reactive against pp65 or against adenoviral proteins from the vector we 
analyzed IFNγ response by CD4+ and CD8+ T cells. We observed that CD4+

T cells produced IFNγ after stimulation with DC/Adpp65 but not after 
DC/AdMock stimulation, indicating that CD4+ T cells are indeed activated 
against MHC class II peptide epitopes from the pp65 protein.  

Paper II: Simultaneous Generation of CMV-specific 
CD8+ and CD4+ T Lymphocytes Using Dendritic Cells 
Co-modified with pp65 mRNA and pp65 Protein 

Results and Discussion

Optimizing mRNA electorporation of DCs  
In this paper we aimed at generating both CD4+ and CD8+ pp65-specific T 
cells without using live or attenuated CMV, CMV lysate or recombinant 
viral vectors. This in order to avoid any virus-related biohazard and to cir-
cumvent the shortage in characterized HLA-ABC and HLA-DR/DQ peptide 
epitopes. First, we produced 5’-capped polyA mRNA encoding EGFP by in
vitro transcription and used it to optimize conditions for mRNA electropora-
tion of imDCs. By evaluating the EGFP expression we established electropo-
ration parameters by which typically 50-70% of the DCs were shown to ex-
press EGFP.  

pp65 mRNA DC electroporation and T cell stimulation  
Next, pp65 mRNA was produced and used to electroporate imDCs. In Paper 
I we had observed expansion of pp65495-503 specific T cells after stimulation 
with pp65495-503 peptide or Adpp65 modified DCs. We therefore compared 
the T cell stimulatory capacity of DCs electroporated with pp65 mRNA, 
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DCs pulsed with pp65495-503 peptide or transduced with Adpp65. By using 
the HLA-A*0201/pp65495-503 tetramer we found that pp65 mRNA electropo-
ration of DCs were as effective in stimulating the expansion of pp65495-503

specific T cells as Adpp65 transduction. pp65 mRNA electroporated DCs 
also have the ability to simultaneously stimulate and expand CD8+ T cells 
against multiple pp65 epitopes, as did Adpp65-transduced DCs.   

Stimulating pp65-specific CD4+ T cells 
In the second part of the paper we turn our focus to the generation of pp65-
specific CD4+ T cells. In order to target the expressed pp65 protein into the 
late endosome/early lysosome where MHC class II peptides are loaded, we 
made a recombinant mRNA where the encoded pp65 protein is flanked by 
sequences originating from the lysosomal-associated membrane protein 
(LAMP). The LAMP signal and sorting sequences should redirect the trans-
lated protein to the MHC class II rich compartments. When pp65/LAMP 
mRNA was electroporated into DCs we readily detected expansion and acti-
vation of pp65495-503 specific CD8+ T cells. We were however, despite nu-
merous attempts with different experimental designs, unable to detect activa-
tion of pp65-specific CD4+ T cells using either pp65 or pp65/LAMP mRNA 
electroporated DCs. We therefore went on to produce a recombinant pp65 
protein. When stimulating T cells with pp65 protein-pulsed DCs we ob-
served primarily a CD4+ T cell response. When the pp65 protein was pulsed 
onto pp65 mRNA electroporated DCs we observed simultaneous activation 
and expansion of CD4+ and CD8+ T cells.                

Conclusion and Remarks of Paper I and Paper II 
In conclusion, large numbers of DCs can readily be generated from PBMCs 
originating from buffy coat blood. The generated DCs are very efficient in 
promoting activation and proliferation of pp65-specific T cells when pulsed 
with a pp65 HLA-A*0201-restriced peptide, transduced with an adenoviral 
vector encoding pp65, electroporated with pp65 coding mRNA and when 
pulsed with recombinant pp65 protein. Taken together the results show that 
activation and expansion of pp65-specific CD8+ and CD4+ T cells would be 
possible from any stem cell donors, with pre-existing pp65-specific T cells, 
independently of HLA-ABC/DR/DQ haplotype. The techniques used could 
therefore be made available to almost all stem cell transplanted patients. T 
cells could be generated without using live or attenuated CMV and thereby 
minimize virus-related biohazards.    
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Paper III: Generation of Cytotoxic T Lymphocytes 
Specific for the Prostate and Breast Tissue Antigen 
TARP

Results and Discussion

TARP peptide epitope selection and HLA-A*0201 peptide binding 
We analyzed the TARP (T cell receptor γ-chain alternate reading frame pros-
tate)287 protein sequence for 9-mer and 10-mer peptides with putative bind-
ing to HLA-A*0201 using online prediction tools (bi-
mas.cit.nih.gov/molbio/hla_bind)281. Four peptides were found with a pre-
dicted half-life above 20 minutes. It is known that it takes a stronger (longer) 
signal to activate a T cell than for an activated T cell to kill a peptide epitope 
displaying target cell288. This means that the natural epitope on the surface of 
a tumor might be sufficient to allow killing of the tumor by the activated T 
cell but might not be able to bind the MHC molecule, on the surface of a 
DC, long enough for T cell activation. For this reason natural tumor epitopes 
are not necessarily optimally immunogenic. The affinity of peptides for 
MHC can be increased by anchor-residue mutation in the peptide se-
quence149,289-292. Therefore, two of the TARP peptides were mutated to Leu-
cine (L) at the N-terminal anchor residue (second amino acid). This signifi-
cantly increased the predicted binding affinity to HLA-A*0201. Next, we 
tested the peptide HLA-A*0201-binding to T2 cells. T2 is not expressing the 
TAP1 and TAP2 proteins and therefore is not able to transport endogenous 
peptides into the ER for loading on MHC class I. T2 cells pulsed with high 
affinity peptides stabilizes the cell surface expression of HLA-A*0201 
molecules. We found that all synthesized peptides were able to significantly 
increase the surface expression of HLA-A*0201 on the T2 cells. The N-
terminal anchor residue mutation in TARP4-13 to TARP(P5L)4-13 further in-
creased the stabilization of HLA-A*0201 on T2 cells, in comparison to the 
native peptide.

Generating TARP peptide epitope specific T cells 
We prepared DCs and monocytes from HLA-A*0201+ blood donors, loaded 
them with TARP peptides and used them to stimulate autologous T cells. 
After one DC stimulation and three peptide-pulsed monocyte re-stimulations 
the T cell populations were analyzed by tetramer staining and peptide-
specific cytotoxicity. We were able to generate T cells against two of the 
native peptides, TARP27-35 and TARP4-13, and against their mutated counter-
parts, TARP(V28L)27-35 and TARP(P5L)4-13. The T cell cultures displayed 
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specific cytolytic effects against peptide-pulsed T2 target cells. T cells gen-
erated against the mutated peptides were able to lyse target cells displaying 
either the native or the mutated peptide, indicating that anchor residue sub-
stitution did not affect TcR specificity. In order to find out whether the se-
lected peptides are endogenously processed and presented by prostate cancer 
cells we analyzed the cytolytic effects of the T cells against the HLA-
A*0201+  prostate cancer cell line LNCaP. T cells generated by stimulation 
with the TARP(P5L)4-13 peptide were able to display a moderate dose-
dependent cytolytic effect on LNCaP, 8% at 50:1 effector to target ratio, 
while T cells generated by stimulation with the other TARP-peptides were 
not able to kill LNCaP.  

T cell FACS-sorting and expansion
To increase the percentage of peptide-directed T cells we sorted tetramer 
positive cells to 99% purity and expanded them by using an anti-CD3 anti-
body, IL-2 and irradiated allogeneic PMBCs. After two weeks and an expan-
sion of 200-1000 fold >95% of the T cells remained positive for tetramer 
staining. After pulsing C1R.A2 cells with the native and mutated peptides 
respectively more than 20% the T cells secreted IFNγ at a target:stimulator 
ratio of 1:1, indicating retained activity of the expanded T cells. The T cell 
specific lysis of LNCaP did not increase for sorted compared to non-sorted 
cells and even after pulsing LNCaP with the native and mutated peptide the 
lysis only reached 30% at a 50:1 effector to target ratio. This may be due to 
the poor HLA-A*0201 expression on LNCaP. Cytolytic effects against the 
HLA-A*0201+, weakly TARP positive breast cancer cell line MCF-7 
showed an effect increase to 20% at 50:1 effector to target ratio and after 
pulsing MCF-7 cells with either the mutated or the native peptide the spe-
cific lysis reached 100%.  
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Paper IV: Identification of prostate-specific HLA-
A*0201-restricted peptides and detection of prostate 
antigen-directed T cell in the blood of prostate cancer 
patients

Results and Discussion

Peptide epitope selection and peptide binding 
So far only a few of the many known prostate-specific protein have been 
evaluated for immunogenic peptides. Therefore, we analyzed 25 proteins 
with reported prostate specific or preferential expression (Table 3) for HLA-
A*0201-binding peptides. Peptides were selected based on their score in the 
BIMAS281 and the SYFPEITH282 online computer algorithms. We selected a 
total of 23 peptides from 14 proteins. When tested, all peptides were able to 
stabilize HLA-A*0201 expression on the surface of T2 cells.  

Multi-peptide T cell stimulation  
To investigate the possibility to generate peptide-specific T cells, DCs from 
HLA-A*0201+ buffy coat blood of healthy volunteers were used. The mature 
DCs were divided in six portions and pulsed with one peptide per portion. 
The individually peptide-pulsed DCs were pooled and used to stimulate 
autologous lymphocytes. The T cells were subsequently restimulated three 
times at weekly intervals before being analyzed for peptide-specific IFNγ-
secretion in response to peptide-pulsed C1R.A2. By using the multi-peptide 
DC/monocytes stimulation protocol we were able to simultaneously generate 
T cells against PSA53-61, STEAP165-173 and TGM4612-620 from one blood donor 
and against hKLK117-126 and NPSA20-28 from another. We also generated T 
cells directed against STAMP373-382, PAP13-22 and PSCA7-15. So far we have 
not analyzed if the generated T cells are clinically relevant, i.e. whether these 
peptides are actually presented by HLA-A*0201+ antigen positive cells.  

Peptide epitope specific T cells in the blood of prostate cancer patients 
We next wanted to investigate whether prostate antigen-directed T cells can 
be found in the blood of prostate cancer patients. When we stimulated 
PBMCs from HLA-A*0201+ prostate cancer patients with peptide-pulsed 
C1R.A2 we detected CD8+ T cells directed against TARP4-13 in four out of 
four patients. This peptide has been characterized by us in a previous study 
(Paper III). We also found CD8+ T cells directed against TARP27-35 in one 
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out of the four patients, which is consistent with findings reported by Ber-
zofsky and colleagues267.

Prostate and breast cancer cell line screening 
The HLA-A*0201+ adenocarinoma cell line LNCaP has been extensively 
used for the ex vivo analyses of prostate antigen directed T cells. LNCaP has 
been shown to express almost all known prostate tissue antigens. However, 
LNCaP has a low HLA-A*0201 expression and a interacellular defect in the 
formation of the MHC class I chain293. As a consequence it has been argued 
that LNCaP might not be able to display all relevant peptide epitopes from 
many of the prostate tissue antigens259,263,267. Therefore it would be desirable 
to find a complementary cell line with high HLA-A*0201 expression and a 
natural prostate tissue antigen expression. When we analyzed HLA-ABC 
expression in a panel of prostate and breast cancer cell lines in combination 
with antigen expression and HLA DNA sequencing we found that LNCaP, 
PC-346C and MCF-7 were the only HLA-A*0201 positive cell lines with a 
fair expression of prostate antigens.  

Conclusions and Remarks Paper III and Paper IV
Our prostate cancer immunotherapy effort has so far proven that specific 
CD8+ T cells can be activated and expanded from undetectable prestimula-
tion frequencies up to 20% after repeated stimulations with peptide-pulsed 
DC/monocytes. From the cytolytic effects directed against LNCaP and 
MCF-7 by TARP4-13 specific T cells we conclude that TARP has the poten-
tial to emerge as an immunogenic target in prostate cancer immunotherapy.  

In preliminary experiments we found prostate antigen-directed T cells in the 
blood of prostate cancer patients. For example, four out of four patients had 
detectable frequencies of TARP4-13-directed T cells. This indicates that the 
immune system in prostate cancer patients has the ability to recognize pros-
tate tissue antigens and to mount an antigen-specific CD8+ T cell response. 
However, the immune system is not able to combat the disease, and cure the 
patient. This might be due to several reasons, including the presence of regu-
latory T cells that dampen the effects on the antigen-specific CD8+ T cells. 
One approach to tilt the balance in favor of the immunity rather than toler-
ance might be to expand antigen-specific T cells ex vivo, as we have demon-
strated in paper III and IV. The patient would receive immunosuppressive 
cytostatic drugs to reduce the number of regulatory T cells followed by 
adoptive transfer of autologous prostate antigen-specific T cells.           
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Reflections

The clinical manifestations of autoimmune diseases like diabetes and MS 
clearly show that the immune system is able to mount potent, long-lasting 
immune responses against self antigens. Therefore, one would hypothesize 
that if autoimmune reactions against tumor antigens were to be induced this 
could cure or substantially prolong the life of cancer patients. Despite nu-
merous attempts, cancer vaccines have only in isolated cases yielded signifi-
cant tumor reductions or cures. This is probably due to the strong immuno-
suppression induced by the progressing cancer. One of the more interesting 
findings that have gained attention over the last five years is that of cancer-
induced regulatory T cells. Such T cells are potent in suppressing effector T 
cells and have clinical relevance. It has also been hypothesized and indi-
rectly proven in clinical trials that elimination of regulatory T cells by lym-
podepletion prior to adoptive T cell therapy improves the effect of the in-
fused T cells. Effector T cells may be present both in the circulation and in 
the tumor. If lymphodepletion is used prior to vaccination the effector T cells 
will be removed together with the regulatory T cells. In my opinion the best 
option is to infuse large numbers of antigen-directed activated effector T 
cells after lymphodepletion. Another appealing option is to use genetically 
modified T cells for adoptive transfer. This could be done by transducing T 
cells with retroviral vectors coding for already characterized tumor-antigen 
specific TcRs. Additionally, T cells could be made to express chimeric anti-
body receptors specific for a target cell surface antigen that can direct the T 
cells to the tumor cells, for instance PSMA.  

Several important aspects need to be improved in order to make adoptive T 
cell transfer a therapeutic option. First, the number of infused T cells needed 
for clinical effects is still elusive. Cell numbers used range from 1 x 105 up 
to 1 x 1010 cells, depending on the study. Infused cell numbers will depend 
on multiple factors including antigen burden, T cell replication in vivo, effec-
tor function in vivo, persistence and antigen homing. Second, infused CTLs 
probably need additional stimulation by e.g. CD4+ helper T cells, IL-2 and/or 
IL-12. In the case of CMV and EBV diseases the need for CD4+ T helper 
cells has become apparent. This has not yet been fully evaluated in cancer T 
cell therapy. Third, how to combine quality with quantity remains an impor-
tant issue. Suboptimal conditions during ex vivo stimulation might have 
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negative effects on the CTLs and T helper cells in vivo. An optimal protocol 
for activation and expansion has not yet been developed.   

Having argued for the superiority of adoptive T cell therapy both in treating 
CMV disease and prostate cancer, the next issue to address is the great 
amount of work and resources that need to be invested. In the case of CMV 
disease, the numbers of immunocompromised patients suffering from severe 
CMV complications are limited93. This means that adoptive T cell therapy 
might be available for patients with post-transplant CMV disease. However, 
if only a fraction of the 8000 new cases of prostate cancer per year in Swe-
den are to be treated with adoptive T cell therapy, the amount of work and 
resources needed would be above the capacity of the public healthcare sys-
tem. Therefore, cancer vaccines need, and will be, extensively studied in the 
future as well.   

In closing, immunotherapy holds great promises for the future. During the 
last five years major steps have been taken to improve the feasibility and 
efficacy of treatment protocols. It has also become apparent that progressing 
cancers inflict powerful immunosuppression on tumor antigen-specific T 
cells and render them tolerogenic rather than activated. It is also obvious that 
we have so far not been able to successfully break this tolerance using active 
vaccination. Therefore, the interactions between the tumor, antigen-specific 
T cells and cancer vaccine need to be studied in more detail, especially in 
spontaneous murine cancer models that resemble human cancer more closely 
than today’s transplanted models.           
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Future perspectives

• The CMV pp65 recombinant protein will be further evaluated. Ini-
tially, the Fc3 portion of the recombinant protein was used to purify 
the protein. In addition, we hypothesize that the Fc3 domain could be 
used in order to attach the protein to Fcγ-receptors on the surface of 
antigen presenting cells. To evaluate Fc-receptor mediated antigen 
uptake we have produced and purified two additional proteins; 
Igκ−EGFP-Fc3 and Igκ−EFGP-6xHis. These proteins will be used to 
track protein uptake in a variety of antigen presenting cells like 
imDCs, mDCs, monocytes and B cells. We also intend to block the 
Fc-receptors by using human IgG antibodies to see if the EGFP up-
take and T cell stimulation capacity are specifically affected. 

• We aim to use our pp65 activation and expansion protocol to gener-
ate T cells for adoptive transfer to stem cell transplanted patients 
suffering from CMV complications.   

• We will continue to work with prostate antigen-derived HLA-
A*0201-binding peptides. So far only a small number of patients 
have been evaluated for peptide-directed T cells in their blood. We 
intend to increase both the number of patients and the number of 
evaluated peptides. In addition, HLA-A*0201- prostate cancer pa-
tients and healthy male and female HLA-A*0201+ blood donors 
needs to be tested to evaluate the preliminary data presented in paper 
IV.

• We hope to initiate a vaccination or adoptive T cell transfer trial for 
prostate cancer patients.              
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