
           
Charles University in Prague 

Faculty of Science 

 

Molecular and Cellular Biology, Genetics and Virology 

 

 

 

 

 

 

 

Ing. Mgr. Ivan Štěpánek 

 

 

 

 

Immunotherapy of HPV16 - associated cancers and regulation of antitumour immune 
response 

 
Imunoterapie nádorů asociovaných s virem HPV16 a regulace protinádorové imunitní 

odpovědi 
 
 
 

 

Dissertation 

 

Supervisor: RNDr. Milan Reiniš, CSc.  

 

Prague, 2013 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I declare that this dissertation is my own work and I cited all used information sources and 

literature. The PhD thesis does not contain any material which to a substantial extent has been 

accepted for the award of any other degree of the university or other institute of higher 

learning.  

 

In Prague, 14th February 2013 

 

 

 



Acknowledgements 

I would like to express gratitude to my supervisor RNDr. Milan Reiniš, CSc. for the continual 

guidance and help during the manuscripts writing. I am grateful to my colleagues from the 

Laboratory of Tumour Immunology (Institute of Molecular Genetics, Prague) for creating of 

friendly environment and help with performing experiments. Furthermore, I am thankful to 

the members of Flow Cytometry and Genomics Core Facility for the technical support and 

valuable advices. Finally, I acknowledge the financial support provided by grants 

301/07/1410 and 301/10/2174 from the Grant Agency of the Czech Republic,  by 

A500520605 from the Grant Agency of the Academy of Sciences of the Czech Republic and 

in part by grant No. AVOZ50520514 awarded by the Academy of Sciences of the Czech 

Republic and by grant of the Clinigene project EU-FP6-NOE No. 018933 which made this 

research possible. 

 

 



List of abbreviations 

mAb = monoclonal antibody 

5AC = 5-azacytidine 

Ag = antigen 

APC = antigen presenting cells 

APM = antigen presenting machinery 

CpG ODN = oligodeoxynucleotide containing CpG motif   

CTL = cytotoxic T lymphocytes 

DC = dendritic cells 

DEREG mice = transgenic mice with depletion of Treg 

DNA = deoxyribonucleic acid 

DNMT = DNA methyl transferases 

ds = double stranded 

Flt3L = FMS-like tyrosine kinase 3 ligand 

α-GalCer = α-galactosylceramide 

GM-CSF = granulocyte-macrophage colony-stimulating factor 

HDAC = histone deacetylases 

HPV = human papillomavirus 

HSP = heat shock proteins 

IFN = interferon 

LC = Langerhans cells 

MHC = major histocompatibility complex 

NK = natural killer cells 

NKT = natural killer T cell 



NLR = NOD-like receptors 

ODN = oligodeoxynucleotide 

PAMP = pathogen-associated molecular pattern 

Rb = retinoblastoma 

RNA = ribonucleic acid 

TAA = tumour associated antigen 

TCR = T cell receptor 

TEIPP = T-cell epitopes associated with impaired peptide processing 

TLR = Toll-like receptors 

Treg = T regulatory cells 

TSA = trichostatin A 

 



1 

 

Contents: 
 
Introduction: ........................................................................................ 3 
Aims ...................................................................................................... 5 
Literature review ................................................................................. 7 
 

1. Dendritic cells in tumour immunotherapy .............................................. 7 
Discovery...................................................................................................................... 7 
Features ........................................................................................................................ 7 
Subpopulations of dendritic cells ................................................................................. 8 

Classical dendritic cells (cDC) ................................................................................. 8 
Plasmacytoid dendritic cells (pDC) .......................................................................... 8 
Monocyte-derived dendritic cells (MoDC) .............................................................. 9 

Antigen internalization, processing and presentation................................................... 9 
Ag internalization ................................................................................................... 10 
Ag processing ......................................................................................................... 10 

Toll-like receptors ...................................................................................................... 11 
TLR9 ligands as dendritic cell maturation inducing agents:  
Bacterial DNA, CpG motif, oligodeoxynucleotides .................................................. 11 

Bacterial extracts .................................................................................................... 11 
CpG motif ............................................................................................................... 12 
Modifications of oligodeoxynucleotides backbone ................................................ 13 
CpG oligodeoxynucleotides (CpG ODN 1826, CpG ODN 1585) ......................... 13 

Mature dendritic cells ................................................................................................. 14 
Dendritic cell maturation ........................................................................................ 14 
Cytokines produced by mature dendritic cells ....................................................... 15 
MHC class II glycoproteins on the cell surface of dendritic cells .......................... 15 
B7 family of costimulatory/ coinhibitory molecules .............................................. 16 

 Dendritic cell – T cell interactions ............................................................................ 17 
Ex vivo generation of dendritic cells .......................................................................... 18 
Dendritic cell-based anti-tumour vaccines ................................................................. 19 

 
2. HPV16-associated cervical cancer.......................................................... 20 

Biology of human papillomaviruses .......................................................................... 20 
E6 and E7 proteins ..................................................................................................... 21 
HPV and cervical cancer ............................................................................................ 22 
Immunotherapy of the cervical cancer ....................................................................... 22 
Therapeutic peptide vaccines ..................................................................................... 23 
Clinical trials of peptide vaccines .............................................................................. 24 
TC-1 model system of the HPV-associated cancers .................................................. 25 

 
3. Cancer immunosurveillance and immunoediting ................................. 25 

 
4. MHC class I-deficient tumours............................................................... 26 

MHC class I antigen processing and presentation...................................................... 26 
MHC class I-deficient tumours .................................................................................. 27 
Immunotherapy of MHC class I-deficient tumours ................................................... 29 



2 

 

 
5. Epigenetic modifications, dendritic cells and tumour therapy ........... 30 

DNA methyl transferases and their inhibitors ............................................................ 30 
Histone deacetylases and their inhibitors ................................................................... 32 
Epigenetic changes during anti-tumour immune response......................................... 33 

 
6. Immunoregulatory populations of lymphocytes ................................... 34 

Regulatory T cells ...................................................................................................... 34 
NKT cells ................................................................................................................... 35 

Processing and presentation of lipid antigens ........................................................ 35 
Presentation of lipid antigens to NKT cells............................................................ 36 
NKT cell-based immunotherapy ............................................................................ 37 

 

Publication I ....................................................................................... 38 
Publication II ..................................................................................... 39 
Publication III .................................................................................... 40 
Publication IV .................................................................................... 41 
Discussion ........................................................................................... 42 
Conclusion .......................................................................................... 50 
References .......................................................................................... 52 
Project-related list of my publications ............................................ 72 
 



3 

 

Introduction  

 
The idea of possible neoplasia recognition and eradication by the immune system is 

not new. One of the first documented pieces of evidence concerning the role of immune 

system activation in tumour therapy was observed by William Bradley Coley in the late 

nineteenth century. He noticed that patients' tumours occasionally shrank when the 

tumours became infected (severe septicaemia/erysipelas) [Coley 1910]. However, since 

that observation until the end of the twentieth century the question whether the immune 

system is able to eliminate tumour cells remained very controversial. In the 1970s 

Zinkernagel and Doherty validated the hypothesis that CD8+ T cell recognition and 

destruction of cells is MHC class I-dependent [Zinkernagel and Doherty, 1974 a/b]. This 

brought more arguments for the supporters of the theory that tumour growth control by the 

immune system. Although it referred to the viral antigens (Ags), it suggested the 

mechanism of how tumour Ags (in the context of MHC class I molecules) could be 

recognized by cytotoxic lymphocytes. Besides that, the discovery of dendritic cells (DC), 

leukocyte population with unique ability to present both self and non-self Ags, was another 

finding which contributed to the clarification of the mechanisms of anti-tumour immunity 

[Steinman and Cohn, 1973]. Later, many tumour-associated or -specific Ags were 

identified. One of the tumour-specific Ags described were proteins derived from human 

papillomavirus 16 (HPV 16), the etiological agent of cervical cancer [reviewed by Frazer 

et al., 2011]. Together with the DC discovery it created the theoretical background for the 

development of dendritic cell- or peptide-based anti-tumour vaccines. Despite the growing 

knowledge in the field of tumour immunology, clinically efficient peptide-based 

therapeutic vaccine has been so far formulated for precarcinogenic lesions [Kenter et al., 

2009]. 

Besides the role in the protection against neoplasia, development of the immune 

system can also contribute to the acceleration of tumour growth. Certain leukocyte 

populations such as Treg (regulatory T cells) or NKT cells can regulate immune response 

and thus contribute to cancer progression/regression. Tumour cells or tumour 

microenvironment in general can influence immune cells and also inhibit efficient anti-

tumour response. One of the major obstacles during the tumour immunotherapy is posed 

by the loss of the presentation of the cell surface tumour Ag. It is often mediated by the 

downregulation of MHC class I molecules on tumour cells and represents a common 
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mechanism by which tumour cells can escape anti-tumour immunity [summarized by 

Reinis 2010]. However, epigenetically silenced expression of MHC class I molecules can 

be reversed by epigenetic modifiers such as inhibitors of DNA methyltransferases 

(DNMT) or histone deacetylases (HDAC) [Khan et al., 2008; Manning et al., 2008; Setiadi 

et al., 2008; Simova et al., 2011]. This thesis focuses on the potential of the DC-based 

vaccines against HPV-16-associated tumours with a different MHC class I expression, on 

the combination of cancer immunotherapy with the treatment using epigenetic modifiers, 

with special attention paid to their effects on DC, and, finally, on the impacts of the anti-

CD25 antibody (used for Treg elimination) on Treg and NKT cells, as well as on tumour 

progression. The experimental part was performed in the Laboratory of Tumour 

Immunology (Institute of Molecular Genetics, Academy of Sciences of the Czech 

Republic, Prague) and the thesis is based on four original articles (see the list of my 

publications). 
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Aims 

The subject of the thesis is experimental immunotherapy of HPV16-associated MHC class 

I-deficient or -positive tumours in the murine model and regulation of anti-tumour immune 

response with special attention paid to the effects of epigenetic agents. The main objectives 

were following:  

 

1) to evaluate the efficacy of DC-based vaccines in a murine model of MHC class I-

deficient tumours (TC-1/A9) expressing E6/E7 oncogenes derived from HPV16, 

especially: 

a) the effect of different types of CpG ODN (oligodeoxynucleotide containing CpG 

motif) on murine DC maturation 

b) the number of specific CD8+ T cells after immunization with DC pulsed with 

peptides containing CD8 or CD4 epitopes 

c) the efficiency of DC pulsed with peptides containing CD8 or CD4 epitopes to 

inhibit tumour growth 

 

2) to analyze how epigenetic modifier 5-azacytidine can influence tumour cell interactions 

with the immune system and their sensitivity to immunotherapy, especially:  

a) the tumour inhibitory effect of the combinatorial therapy of 5-azacytidine (5AC) 

and CpG ODN  

b) the impact of depletion of selected lymphocyte population on the therapeutic effect 

of 5AC and CpG ODN 

c) the tumour inhibitory effect of the combinatorial therapy of 5AC and cellular TC-1 

tumour vaccine producing IL-12 (TC-1/IL-12) 

d) the effect of epigenetic modifier (5AC) on MHC class I expression of MHC class I 

deficient tumours (TC-1/A9) 

e) the effect of epigenetic modifier (5AC) on the expression of MHC class I  or genes 

of the antigen presentation machinery (APM) in the MHC class I-deficient tumours 

f) the methylation status of APM regulatory sequences 



6 

 

 

3) to determine the effect of epigenetic modifiers (5AC, TSA) on DC, especially: 

a) toxicity of 5AC or TSA 

b) expression of MHC and costimulatory molecules on mature DC  

c) expression/ production of cytokines by mature DC  

d) priming capacity of DC treated by 5AC or TSA 

e) ability of 5AC or TSA treated DC to stimulate Th lymphocyte  

 

4) to determine the effect of PC61 antibody on Treg or activated NKT cells,  and its 

implication for immunotherapy of the experimental murine model of HPV16-

associated tumours, especially: 

a) the efficiency of Treg depletion after anti-CD25 Ab treatment (PC61) or after 

diphtheria toxin (DT) application into transgenic DEREG mice 

b) the number of NKT cells after stimulation with α-GalCer (α-galactosylceramide) 

and their activation status, production of cytokines and ability to polarize Th 

response  in the presence or absence of Treg 

c) the influence of Treg depletion and NKT cell activation on TC-1 tumour growth  
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Literature review 
 

1. Dendritic cells in tumour immunotherapy 

Discovery 
 

Dendritic cells (DC) of the skin were observed already in 1868 by Paul Langerhans. 

There was an extensive discussion about their function. In 1973 Ralph Steinman and 

Zanvil Cohn identified spleen DC as a new class of white blood cells with a number of 

distinctive features and functions [Steinman and Cohn, 1973]. They initiated a series of 

experiments leading to the description of immunostimulatory properties of DC. DC were 

also discovered in non-lymphoid organs and their role in the organ rejection after 

transplantations was noticed.   

Features 
 

DC represent a rare leukocyte subset with the unique ability to present Ags to T 

lymphocytes and thus initiate specific primary T cell response and permit establishment of 

immunological memory. DC originate from BM precursors. Immature DC quickly respond 

to environmental changes, termed „danger signals“ (such as bacterial/viral products or heat 

shock proteins) and differentiate extensively into immunogenic mature DC. DC thereby 

link the innate immune response to the adaptive immunity. The ability of immature DC to 

activate T lymphocytes is limited, but they are more potent in Ag internalization in 

comparison to mature DC.  DC can “alert“ lymphocytes to the presence of injury or 

infection. DC were characterized by Hart in 1997 by:   

  

• the ability to stimulate primary T cell response 

• the ability to regulate membrane processes at 37°C in vitro  

• the ability to migrate in the tissues and to search for T lymphocytes 

• active endocytosis (immature DC) 

• spontaneous clustering with T cells in vitro at 37°C 

• differences from macrophages or monocytes in cytochemical parameters and 

surface markers 
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• expression of certain surface markers depending on the level of maturation 

• other attributes such as dendritic-like appearance or high density of MHC II on 

the surface (B lymphocytes and fibroblasts can show similar characteristics, but 

follicular DC are excluded by this criterion) 

Subpopulations of dendritic cells 
 

DC can be classified into subpopulations based on their phenotypes, anatomical 

locations or functions. DC are usually classified into two main subpopulations termed 

classical (or conventional) DC and plasmacytoid DC (pDC) [Boonstra et al., 2003]. 

Classical dendritic cells (cDC) 
 

DC were originally defined by “dendritic” morphology and unique capacity for Ag 

presentation and T cell priming capacity. Later, these classical or conventional DC can be 

phenotypically defined in the mouse blood as CD11c/ CD11b positive cells negative for 

CD45RA. Conversely pDC lack expression of integrin CD11b, have low expression of 

CD11c and are positive for CD45RA [Wu and Liu, 2007]. Classical DC can be further 

classified into two subsets, CD8-/CD11b+ and CD8+/CD103+ DC in mice [Reizis 2012]. 

The CD8− classical DC subtypes are more efficient in MHC class II-restricted Ag 

presentation to CD4+ T cells, but the CD8+ subpopulation of classical DC  is far more 

effective in MHC class I presentation of exogenous Ags to CD8+ T cells (also termed as 

cross-presentation) [Schnorrer et al., 2006; Pooley et al., 2001; Iyoda et al., 2002].  

Classical DC are rare in mouse blood, highly migratory and they can move from the 

tissues to the T cell and B cell zones of lymphoid organs via afferent lymphatics and high 

endothelial venules. They are short-lived and replaced by blood-borne precursors. DC are 

also distinct from Langerhans cells (DC found in the epidermis), which are not replaced by 

blood-borne cells at steady state [Geismann et al., 2010]. Recently, transcription factor 

Zbtb46 was described to be specifically expressed in all classical DC (in both humans and 

mice) and it supports the notion that classical DC constitute a unique immune cell lineage 

[Meredith et al., 2012; Satpathy et al., 2012].  

Plasmacytoid dendritic cells (pDC) 

 
Plasmacytoid DC are lymphocyte-like cells that specialize in type I interferon 

production, but they possess weak ability to stimulate T cells [Boonstra et al., 2003; Cella 
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et al., 1999; Siegal et al., 1999]. They are relatively long lived. Mouse plasmacytoid DC 

partially carry immunoglobulin IgH D-J rearrangements and express Rag gene. As opposed 

to classical DC, plasmacytoid DC differentiate directly in the bone marrow from the 

common DC precursors [Reizis et al., 2011].    

Monocyte-derived dendritic cells (MoDC) 
 

Monocytes (Gr-1+ monocytes in mice or CD14+ monocytes in humans) possess the 

ability to differentiate into DC.  Conversion of monocytes to DC occurs in the presence of 

GM-CSF and LPS [Steinman 2012]. GM-CSF and IL-4 is commonly used ex vivo to 

prepare human DC cultures from monocytes or peripheral blood mononuclear cells. These 

monocyte-derived DC are used as therapeutic anti-tumour vaccines (pulsed with tumour 

Ag) or they can be used as the powerful tool for the study of human DC differentiation and 

maturation processes. 

Antigen internalization, processing and presentation 
 

DC are termed as professional APC (APC) for their ability to efficiently stimulate 

Ag specific T lymphocyte response. They can uptake Ag from their environment, which is 

further processed and presented on their surface for the T cell recognition. After Ag 

internalization, DC can migrate, mature and interact with T cells and stimulate them. 

Functional changes during DC maturation leads to transition from Ag-capturing cell to 

APC. DC form congregates with T cells, with high proportion of CD4+ T cells. DC also 

activate cytotoxic CD8+ T lymphocytes, both with the help of CD4+ T cells and 

independently on them. DC with the higher expression of the MHC and costimulatory 

molecules, termed mature DC, are more efficient stimulators of T cells. High phagocytic 

and proteolytical activity is typical for the macrophages. By contrast, phagocytic or 

pinocytic ability of DC is relatively limited but still sufficient for the Ag uptake, which is 

further processed for T cell activation; the rate of the Ag internalization in B cell in 

comparison to DC is negligible [Hart 1997]. Phagocytosis of bacteria or cells was also 

described [Fossum et al., 1986; Inaba et al., 1993; Alfaro et al., 2011; Newman et al., 

2001]. DC precursors contain phagocytic activity and quickly migrate to afferent lymphatic 

vessels, where the ability to phagocytose is reduced.  

DC present Ags in the context of MHC to CD4+ and CD8+ T lymphocytes. These 

cells receive from DC activatory or inhibitory signals (depending on the affinity to MHC 
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molecules, depending on the expression of the costimulatory, coinhibitory or adhesive 

molecules, cytokines) and initiate following immune response. 

Ag internalization 
 

Rate of Ag internalization is dependent on the DC maturation state [Garrett et al., 

2000]. Immature DC are able to internalize large amount of Ag. By contrast, mature DC 

are efficient in T cell stimulation but Ag internalization is limited. Exogenous Ag can be 

internalized by pinocytosis, phagocytosis or receptor mediated phagocytosis [Villadangos 

and Schnorrer, 2007]. Some Ag can also bind directly the MHC molecules without being 

processed by DC [Hart 1997].  

Ag processing 
 

Endogenous Ag can be degraded by intracellular proteases into peptides. These 

peptides bind TAP molecules and are delivered through the ER membrane to the MHC 

class I molecules before their move to the cell surface (marked as conventional pathway). 

Several alternative pathways can be used for MHC class I Ag processing. DC can obtain 

external Ag by pinocytosis and release them into the cytosol for the classical TAP-

dependent MHC class I presentation. Optionally, peptides can be replaced directly in the 

MHC molecules, especially in the environment with the high concentration of Ag. Other 

possibility involves chaperons (Hsp96) or transporters capturing Ag and transporting them 

through DC membrane into endoplasmic reticulum, where the Ags are released and bind 

into the complex of MHC class I molecules [Lanzavecchia 1996].  Presentation of 

endogenous Ag is predominant for the MHC class I molecules but exogenous Ag can be 

also presented (cross-presentation) [Bevan 1976a, Bevan 1976b]. Exogenous Ag has to 

undergo proteolysis before they become part of the MHC class II complexes. Vesicles of 

endocytic-lysosomal pathway containing exogenous peptides fuse with the MHC class II 

containing vesicles. Dissociation of the invariant chain from the MHC class II complex due 

to the lower pH is followed by binding of suitable peptides to MHC class II molecules 

[Germain et al., 1993; Hausmann et al., 1999]. Enzymatic degradation proteins to peptides 

and their association with MHC class II molecules probably take part in lysosomes 

containing acid pH. DC are able to present soluble Ag to specific T lymphocytes. 

Antigenic material from the solid Ag can be also processed probably without Ag 
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internalization by serum proteases, surface peptidases (e.g. CD13) or other leukocytes can 

contribute to the Ag digesting [De Bruijn et al., 1992; Falo et al., 1992]. 

Toll-like receptors  
 

In the 90s of the last century Toll receptor, which helps fruit flies defense against 

yeast and fungal infections, was described [Lemaitre et al., 1996]. This fact led to the 

discovery of the „Toll-like receptors“ (TLR) in humans and other vertebrates. Up to now, 

at least 12 type of TLRs in human [Trinchieri et al., 2007] and 13 types of TLRs in the 

murine system [Kawai et al., 2007] have been identified. These receptors are able to 

recognize characteristic microbial products and „endogenous danger signals“ e.g. LPS, 

lipoproteins, flagellin from the bacterial flagellum, bacterial DNA, ds viral RNA. That is 

the reason why TLR represent one of the most important receptors recognizing structures 

generally termed as pathogen-associated molecular patterns, shortly PAMP. Most of the 

TLRs can be found on the cell surface, but TLR9 is localized to endosomes [Latz et al., 

2004]. Mouse TLR9 is expressed in pDC precursors, B cells [Kadowaki et al., 2001; 

Hornung et al., 2002], conventional DC [Uchijima et al., 2005] and macrophages [Sweet et 

al., 2002].  

TLR9 ligands as dendritic cell maturation inducing agents:  

Bacterial DNA, CpG motif, oligodeoxynucleotides 
 

To become fully functional APC, DC have to undergo a maturation process that can 

be triggered by several pathways. DC can sense „danger signals“ by numerous distinct 

mechanisms including TLR, helicases and NLR [Palucka, Bancherau 2012].  TLR9, an 

important member of the TLR family, is the intracelular receptor responsible for the 

recognition of bacterial DNA and oligodeoxynucleotides with unmethylated CpG motifs 

(CpG ODN) [Hemmi et al., 2000]. TLR9 is expressed in DC and DC maturation can be 

triggered after DC activation via TLR9. Mature DC can further present Ag to T 

lymphocytes and stimulate both specific and unspecific immune response. 

Bacterial extracts 
 

More than 100 years ago William Coley successfully implemented the use of 

bacterial extracts for the tumour treatment [Wiemann B., Starnes C. O.1994]. Bacterial 
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extracts of mycobacterium bacillus Calmette Guerin (BCG) are standard therapy for the 

bladder cancers. Surprisingly, one of the active components of the extract is DNA. It has 

been suggested that palindromic sequences with CpG motifs were responsible for the DNA 

immunostimulatory properties [Yamamoto et al., 1992; Kuramoto et al., 1992]. Bacterial 

DNA is active in single- and in double-stranded form and it was able to activate NK and B 

cells, induce B cell proliferation, Ig secretion as well as DC maturation [Krieg 2002].  

CpG motif 
 

Vertebrate and bacterial DNA differs in the content and methylation status of the 

CpG dinucleotides. Probability of occurrence and methylation of the CpG dinucleotides is 

about 75 % lower in the vertebrate DNA than it could be predicted from the random 

arrangement of bases and this motif (unmethylated CpG) can represent a danger signal for 

some of the vertebrates. Nucleotides in the proximity of the vertebrate CpG are not 

random; usually CpG motif is preceded by C and followed by G.  This kind of CpG motif 

does not represent a strong immunostimulatory capacity [Krieg 2002]. CpG dinucleotides 

are not methylated in bacterial DNA but about 70 % of the CpG vertebrate sequences are 

methylated. Methylation of the CpG can block the immunostimulatory effect [Krieg et al., 

1995]. As a result of testing of hundreds of sequences, the motif XCGX was identified as 

the DNA structure responsible for the immunostimulatory capacity, where X marks each 

base except the C and Y is each base except the G [Krieg 2002]. Optimal 

immunostimulatory sequence is species specific, for example sequence GACGTT was 

identified as the one of the most powerful motifs for the stimulation of the murine immune 

system [Rankin et al., 2001; Yi et al., 1998]. Bacterial unmethylated DNA can be replaced 

with synthetic oligodeoxynucletides (ODN). It was empirically determined that CpG motif 

is in the optimal ODN duplicated or triplicated, other copy has no or low influence on the 

activity ODN. Most of the ODN with the significant activity in the murine system are  

15-25 base long nucleotides. CpG motifs should be separated by at least two bases to reach 

the optimal activity. ODN containing methylated C in the position 5 lose the ability to bind 

to TLR9 and thereby its immunostimulatory effects. 2- keto, 3-imino and 4-amino groups 

of C and groups in the position 1 (amino), 2 (imino) and 6 (keto) in G are important for the 

recognition of CpG ODN by TLR9 [Kandimalla et al., 2001]. Immunomodulatory capacity 

of the CpG ODN was described during the experiments with the antisense ODN. In these 

studies, some antisense ODN or control ODN with no homology to described stimulatory 
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sequences were able to activate immune system [Tamaka et al., 1992; Branda et al., 1993; 

Pisetsky et al., 1994]. Several independent studies have demonstrated that the dependence 

on CpG motifs for TLR9 activation is restricted to synthetic phosphorothioate ODN and 

that natural unmodified phosphodiester ODN activate TLR9 in a sequence-independent 

manner [Latz et al., 2004; Yasuda et al., 2005; Haas et al., 2008; Wagner, 2008; Ashman et 

al., 2011]. 

Modifications of oligodeoxynucleotides backbone  
 

Phosphodiester backbone of DNA is rapidly degraded inside the lymphocytes 

[Zhao et al., 1993]. Therefore ODN with the modified backbones are frequently used. 

Phosphorothioate backbone in which one atom of oxygen is replaced by sulphur is highly 

resistant to nuclease hydrolysis, has increased ability to activate B cells, but increases 

unspecific binding to proteins and limits the ability of NK cell and macrophages activation 

in comparison to ODN with phosphodiester backbone [Krieg 2002].  ODN with 

phosphorothioate backbone have higher affinity to cell membrane and exhibit enhanced 

cellular uptake [Zhao et al., 1993; Zhao et al., 1994; Crooke 1998].   

CpG oligodeoxynucleotides (CpG ODN 1826, CpG ODN 1585)  
 

When the immunostimulatory properties of bacterial DNA were described, there 

was a strong effort to replace it by short synthetic ODN. Hundreds of CpG ODN were 

synthesized and their efficiency evaluated.  Ballas in 2001 suggested sequences marked as 

CpG ODN 1826 and CpG ODN 1585 as one of the most powerful immunostimulatory 

ODN in the murine system [Ballas et al., 2001].    

CpG ODN 1826 contains two CpG motifs within the phosphorothiote backbone. 

CpG ODN 1826 was optimized to stimulate mouse B cells and to induce production of Th1 

cytokines [Ballas et al., 2001]. Immunostimulatory properties are based on stimulation of 

maturation and cytokine production by macrophages, DC,  B and NK cells [Krieg 2002, 

Ballas et al., 2001].. CpG ODN 1826 was successfully tested in the several murine tumour 

models and CpG ODN 1826 alone exhibited anti-tumour effects as well as an adjuvant in 

peptide or cell vaccines [Blazar et al., 2001; Reinis et al., 2006; Davila et al., 2000; Sandler 

et al., 2003]. CpG ODN 1826 can trigger DC maturation which leads to increase 

expression of MHC class II and costimulatory molecules (CD40, CD80 and CD86), 
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cytokines (IL-10 and IL-12), and these mature DC are potent in T cell stimulation 

[Takenaka et al., 2007; Brunner et al., 2000].  

CpG ODN 1585 is a CpG ODN with phosphorothioate backbone with two CpG 

motifs with addition of poly G motif, which should enhance the cellular uptake and 

substantially improve its ability to activate NK cells [Ballas et al., 1996; Kimura et al., 

1994]. CpG ODN 1585 is very efficient in NK cell activation; induces expression of IL-12, 

IFNγ and TNFα by spleen cells [Ballas et al., 2001; Blazar et al., 2001]. It was successfully 

applied in the experimental therapy of MHC class I deficient tumours [Ballas et al., 2001; 

Reinis et al., 2006]. 

Mature dendritic cells 

Dendritic cell maturation 
 

The term „mature DC“ was originally used to describe the ability of some DC to 

induce proliferation of naive T lymphocytes. Nowadays mature DC are usually described 

as DC with higher expression of MHC and costimulatory molecules (in the murine system 

commonly defined as MHC class IIhigh/ CD86high double-positive DC). However, there is 

not always a correlation between the higher expression of MHC/ costimulatory molecules 

on DC and their immunostimulatory potential [Villadangos and Schnorrer, 2007]. 

Differentiation and activation of DC precursors in the fully competent APC is a regulated 

process. As discussed above, DC maturation can be triggered by different “danger” signals, 

e.g. by PAMP, such as DNA with CpG motifs, flagellin, LPS), as well as by inflammatory 

mediators (TNFα), cytokines or increased temperature. Maturation also depends on the 

type of DC. Plasmacytoid DC produce large amount of type I interferon and they are weak 

stimulators of T cells. By contrast, conventional DC are important producers of IL-12 and 

they are extremely efficient in T cell stimulation. Mature DC express large amount of 

MHC, costimulatory and coinhibitory molecules, CD1d and increase their cytokine 

production (IL-2, IL-4, IL-10, IL-12p70, IL-13, IL-16, IL-23, TNFα and β, IFNγ). In the 

absence of the maturation stimuli, the expression of cytokines, MHC and costimulatory 

molecules retain low and such DC can induce anergy or tolerance of the T lymphocytes. 

DC potent in T cell stimulation can also receive negative signal and become ineffective 

„exhausted“ APC [Doyen et al., 2003; Kajino 2007]. In this way, T cell multiactivation and 

possible incorrect autoreactive function of APC is regulated.    
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Cytokines produced by mature dendritic cells 
 

DC produce during maturation cytokines (i.a. IL-6, IL-10, IL-12 and IL-23), which 

can modulate immune response.  

IL-6 is produced by DC. Langerhans cells (LC) and DC are main sources of IL-6 in the 

mouse lymph nodes [Hart 1997]. IL-6 mediates systemic inflammatory response, promotes 

Th2 type response and stimulates B cells. 

IL-10 has an important role in the regulation of the inflammatory processes. It is produced 

by monocytes, Th2 cells and mature DC. IL-10 regulates Th1 response and macrophages 

activity, stimulate B cells to plasmocytes, take part in the induction of exhausted DC 

[Kajino 2007]. 

IL-12 is a proinflammatory cytokine, heterodimer, consisting of two subunits (smaller IL-

12p35 and inducible IL-12p40). DC, macrophages and B cells are important source of  

IL-12 in the organism; they coordinate secretion of IL-12p35 and IL-12p40 to produce 

functional IL-12 [Vignali and Kuchroo, 2012]. Subunit IL-12p40 is shared with 

heterodimeric IL-23. IL-12p40 can be secreted in excess and can inhibit function of  

IL-12p70 by competition [Gately et al., 1998]. Production of IL-12 correlates with the 

ability of DC to activate T cells, leads to Th1 response and stimulates NK cells [Brunner et 

al., 2000; Vignali and Kuchroo, 2012].  

IL-23 is mainly proinflammatory cytokine with the key role in the development of the 

Th17 subset of helper T cells [Aggarwal et al., 2003]. IL-23 is a heterodimer, consisted of  

IL-12p40 (share with IL-12) and IL-23p19 subunits. IL-23 is produced by activated DC 

and macrophages. 

MHC class II glycoproteins on the cell surface of dendritic cells 
 

MHC class II glycoproteins are transmembrane heterodimers with the extracelular 

N-terminal polymorfic domains. These domains form groove which binds mainly 

processed extracelular peptides. The groove is open and thus can bind longer peptides, 13-

25 amino acids. MHC class II molecules can be found on antigen-presenting cells and 

lymphocytes. Mature DC express high level of MHC class II molecules by contrast to 

immature DC and together with CD86 are two commonly used markers of mature DC. 

Peptides are retained in the MHC class II complexes for long term (1-2 days) [Puré et al., 

1990]. Peptides in the context of MHC class II molecules are presented to the CD4+ T 

helper lymphocytes. Lipid and glycolipid Ag can be presented in the context of CD1 
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molecules to NKT cells. Role of Ag internalization, processing and presentation in the 

context of MHC class II molecules is mentioned in the homonymous chapter. 

B7 family of costimulatory/ coinhibitory molecules on the cell surface of dendritic cells 
 

Costimulatory molecules contribute (together with cytokines and Ag binded to 

MHC molecules) to the efficient communication of DC with the cells of the immune 

system, e.g. T cells. Activation of Ag specific T lymphocytes without costimulation can 

lead to anergy or to the cell death of T cells [Schwartz et al., 1990; Guinan et al., 1994]. 

The B7-CD28 molecules are probably one of the most intensively studied receptor-ligand 

systems in the field of immunology. Interactions of molecules of B7 family molecules with 

molecules of CD28 family play important role in the regulation of T cell activation. 

 

CD80 (B7-1), CD86 (B7-2) 

CD80 and CD86 are costimulatory molecules from the B7 family, which are 

expressed also on DC. They interact with two ligands, CD28 and CTLA-4. CD80 and 

CD86 bind to different part of CD28 (CD28 is expressed on the most of the T cells) and 

provide strong costimulatory signal to T cells [Coyle and Gutierrez-Ramos, 2001]. Second 

ligand of the CD80/86 is CTLA-4. It is expressed on the activated T lymphocytes and 

provides an alternative negative signal [Gribben et al., 1995]. Differentiation of T cells as 

the response to CD80 (preferentially to Th1) and to CD86 (preferentially to Th2) binding 

was described by Kuchroo et al. 1995. CD80/CD86 are not found on resting blood DC, but 

they are expressed after DC activation [McLellan et al., 1995; Hart et al., 1993]. 

Cultivation of isolated DC in cell culture system leads to the relatively fast upregulation of 

CD80 and CD86. MHC class II crosslinking can provide feedback loop signal which can 

lead to increased expression of CD80/CD86.  By contrast, IL-10 regulates expression of 

CD80/CD86 on the spleen DC and inhibits mix leukocyte reaction [Kawamura et al., 1995; 

Ruffner et al., 2009; Alba Soto et al., 2010; Zhu et al., 2003; Emmanouilides et al., 1996].  

 

CD274 (B7-H1, PD-L1)  

Expression of CD274 is increased on activated DC, monocytes, B and T cells and 

on the cells of some non-lymphoid tissues (lung, heart, placenta, and pancreas) [Greenwald 

et al., 2005]. PD-1 was identified as the receptor for CD274. Activation of the inhibitory 

receptor PD-1, which is expressed on the surface of T cells, represents important role in the 
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regulation of the inflammation. PD-1 and CD274 negatively regulates CD8+ T cell 

response. CD274 regulate peripheral T cell tolerance and it is used by tumour cells to 

escape from the T lymphocyte response (tumours can inhibit T cell response by induction 

of the coinhibitory molecules e.g. CD274 on the DC cell surface).  

 

CD275 (B7-H2, ICOS-L) 

CD275 is constitutively expressed on DC, macrophages, T and B cells and on some 

non-lymphoid tissues (lung, liver, kidney, testicles) [Greenwald et al., 2005]. Receptor of 

CD275 is ICOS. Increased expression of ICOS was described on activated T lymphocytes 

and NK cells. Stimulation via CD28 or ICOS leads to production of Th1 and Th2 cytokines 

although ICOS does not induce expression of IL-2. ICOS is more potent in the induction of 

IL-10 production, a cytokine important for the suppressive function of Treg [van Berkel et 

al., 2006].   

Dendritic cell – T cell interactions 
 

DC are more potent stimulators of T cell response in comparison to B cells. DC 

immunization stimulates strong immune response mediated by T helper (Th) and cytotoxic 

T lymphocytes (CTL). Ag presentation in the context of MHC class I or class II molecules 

is decisive for the initiation of the CD8+ or CD4+ T cell response, respectively. Secretion of 

cytokines and presence of costimulatory molecules are other important factors for the 

initiation of the T cell response. Differences in these factor contributions influence both 

CD4+ and CD8+ T lymphocyte response. DC are able to stimulate both Th1 and Th2 

clones.  Mature DC produce IL-12, which can be important factor for DC to polarize CD4+ 

T cell response to Th1. Th polarization is also dependent on the route of DC application. 

Subcutaneous DC application induces Th1 response. By contrast, intravenous DC 

administration induce antibody response [Hart 1997]. Immature DC can be tolerogenic, 

inhibit T cell response [Dhodapkar et al., 2001] and it constitutes the obstacle in the 

tumour immunotherapy for which T cell response is critical.  

DC-T cell interaction is stabilized by adherent molecules. CD54 (ICAM-1) occurs 

in lower density on the cell surface of resting DC, but it‘s expression is increased after the 

signalization from the T lymphocytes or during the DC maturation [Starling et al., 1995, 

Hartmann et al., 1999; Radhakrishnan et al., 2007]. CD54 stabilizes DC-T cell clusters. 

CD50 (ICAM-3), which is constitutively expressed on the DC in the high quantity, can 
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provide initial adhesive interaction with CD11a/CD18 (LFA-1) on the T lymphocytes 

[Starling et al., 1995]. Participation of other adhesive molecules such as CD58, LFA-3, 

VCAM is also possible.   

Ex vivo generation of dendritic cells 
 

Several methods for ex vivo cultivation of DC have been described. Procedures 

differ mainly in medium content, time of the cultivation, maturation agents used, origin of 

the progenitors, purity, yield and the composition of the final population, reviewed in 2007 

by Lutz and Rössner. In general, after cocultivation of progenitors in the suitable mixture 

of factors and cytokines, it is possible to obtain large amount of heterogeneous cells 

(morphologically and functionally, which are rich of DC).  

The generation of DC from the bone marrow precursors has developed to one of the 

standard and valuable tools for studying DC biology in murine system. APC can be 

differentiated from the bone marrow precursors by cocultivation with GM-CSF (critical 

factor) while IL-4 can be supplemented as a cofactor supporting DC differentiation from 

precursors. IL-4 also reduces expression of CD14 and suppresses macrophages 

differentiation [Lauener et al., 1990; Jansen et al., 1989]. For the generation of 

immunogenic DC high dose of GM-CSF is required (more than 200 U/ML). As mentioned 

above there are plenty of limiting factors which can influence DC cultures. For example, 

FCS batch is very critical factor for the quality of DC. Bacterial quality plastic results in 

fewer adherent macrophages and limit spontaneous DC maturation. Using tissue culture 

treated plastic, high density of bone marrow precursors; shear forces during centrifugation, 

passaging or pipetting contribute to the spontaneous maturation of DC [Lutz and Rössner, 

2007]. 

Data presented in this dissertation were mainly received from the culture of the 

murine bone marrow precursors cultivated for seven days in complete medium 

supplemented with GM-CSF and IL-4, as described by Lutz et al. 1999 and with minor 

modification published by Indrova et al. in 2004 and Stepanek et al. 2011. GM-CSF is a 

cytokine commonly used in the majority of the protocols for DC preparations. Bone 

marrow-derived DC prepared in the presence of GM-CSF do not correspond with any of 

the lymphoid-organ-resident DC subsets found in vivo but DC resemble monocyte-derived 

DC [Villadangos et al., 2007].  
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Alternatively, it is possible to replace GM-CSF with Flt3L, which stimulates 

differentiation of precursors into both conventional (CD8+ and CD8- DC) and 

plasmacytoid DC. This mixture of APC more closely resembles DC in classical lymphoid 

tissue [Liu et al., 2010]. Despite of using of GM-CSF for the DC preparations, it was 

shown that mice deficient in GM-CSF or GM-CSF receptor have quite normal number of 

DC in the steady state [Steinman 2012]. By contrast, mice homozygous for the Flt3L 

knock-out allele exhibit reduce number of DC, NK cells, lymphoid and myeloid 

progenitors [McKenna et al., 2000]. For the studies presented in this thesis,  for the last 24 

hours APC were cultivated with CpG ODN 1826 (ligand of TLR9) to obtain fully mature 

DC in terms of expression of MHC and costimulatory molecules, cytokines [Lutz and 

Schuler, 2002].       

Dendritic cell-based anti-tumour vaccines 
 

DC play an irreplaceable role in anti-tumour immunity. Function and number of 

DC are important factors in the control of tumour progression. Tumour cells themselves 

are poor antigen-presenting cells. DC as the APC are able to capture and present tumour 

derived Ag to T cells in tumour draining lymph nodes. This results in generation of 

specific CTL that can contribute to tumour rejection. Mouse models demonstrate that 

generation of protective anti-tumour immunity depends on the presentation of tumour Ags 

by DC [Palucka and Banchereau, 2012]. Vaccination strategies use unique abilities of DC 

to efficiently stimulate specific T cell response and to link innate and adaptive response. 

The aim of the DC vaccination is to induce tumour-specific effector T cells which can 

reduce tumour mass specifically and induce immunological memory to control tumour 

relapse.  

 Defects in DC function were described in tumour-bearing animals by mixed 

lymphocyte reaction or by limited ability of DC to stimulate T lymphocytes. This 

malfunction was associated with reduced ability to present Ag by MHC molecules. 

Supernatant from the tumour cells inhibited DC generation from the bone marrow 

precursors but it did not influence the function of already mature DC [Gabrilovich et al., 

1996]. It was documented that only small number of DC infiltrate prostate cancer and these 

DC had phenotype without the activation markers. Similar situation was described at the 

breast and colon cancers [Hart 1997]. Based on the fact, that insufficient Ag presentation 

by DC is responsible for the defects in anti-tumour immunity, the concept of application of 
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ex vivo generated DC as the cell vaccines was designed. Cultured DC can be delivered in 

the high numbers and they are able to effectively present Ag in the presence of all 

necessary signals for activation of interacting cells (costimulation, cytokine production). T 

cell responses against TAA are often weak and it was described that in vitro generated DC 

pulsed by TAA are potent immunotherapeutic agents [Palucka and Banchereau, 2012]. 

Vaccination by DC pulsed with tumour Ag can protect mice against tumour challenge or 

can be successfully used for the tumour immunotherapy in some tumour animal models 

[Timmerman and Levy, 1999; Vulink et al., 2008; Apetoh et al., 2012]. In human DC 

clinical trials situation is less „optimistic“ because of the clinical response of the 

vaccination is reduced only to a small number of oncological patients. There could be 

several reasons for this insufficiency of efficiency: 

• patients usually diagnosed in the late stage of disease and induced immune 

response is not possible to cope with the large tumour mass 

• unknown tumour specific Ag  

• proper function of the patient’s immune system can be compromised by 

chemotherapy/ radiotherapy 

• cancer cells or tumour suppressive environment can limit function of effector cells 

• suboptimal dose of DC, nonoptimal state or type of DC  

• DC vaccines alone are not able to induce sufficient anti-tumour response and it 

should be combined with other therapeutic approaches 

All reasons mentioned above create enormous unexplored areas in the DC biology to 

study. 

 

2. HPV16-associated cervical cancer 

Biology of human papillomaviruses 
 

Human papillomaviruses (HPVs) belong to a family of small non-enveloped DNA 

viruses (Papillomaviridae) consisting of over 100 related genetic types. HPVs do not infect 

any other species, nor do any of the animal papillomaviruses infect humans. The 

approximately 8-kb papillomavirus genome is encapsulated by 360 copies of the major 

capsid protein L1 and the variable number of molecules of L2. The HPV genome 

additionally encodes six nonstructural proteins (E1, E2, E4-E7) that regulate viral gene 
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replication and transcription and also alter the growth characteristics of the infected 

epithelial cells [Frazer et al., 2011]. For some HPV types (collectively known as high-risk 

types, e.g. HPV16 and HPV18), these proteins also induce instability in the genomes of the 

infected cells [Frazer et al., 2011]. HPV16 and HPV18 are responsible for the development 

of about 70% of cervical cancers and only proliferating keratinocytes can support 

replication of the viral episome [Bhat et al., 2011]. HPV infect keratinocytes in the basal 

layer of the epithelium through microwounds (figure 1). The viral genome does not contain 

DNA polymerase and its replication is in synchrony and reliant on cellular DNA 

replication. After the cell division, daughter cells migrate away from the basal layer and 

undergo differentiation. Differentiation of the HPV positive cell induce productive phase 

of the viral cell cycle.  

 
Figure 1. Model of the HPV-mediated progression to neoplasia in the cervical epithelium [Frazer 

et al., 2011] 

E6 and E7 proteins 
 

E6 and E7 are the primary transforming viral proteins. Expression of these viral 

non-structural proteins E6/E7 delays exit from the cell cycle and differentiation. 

Transformation of keratinocytes to a malignant phenotype generally involves integration of 

the viral genome into the host DNA [Bhat et al., 2011]. In this process, genes encoding 

early viral proteins E1 and E2 are lost [Romanczuk 1992], allowing upregulation of E6 and 

E7 oncoproteins. A primary target of E7 is the retinoblastoma (Rb) family of proteins that 

control the activity of E2F transcription factors, which are key regulators of S phase genes 

[Moody and Laimins, 2010]. Inactivation of Rb is important for the tumour progression but 

it leads to increased levels of p53. E6 proteins have evolved to target p53 for the 

degradation [Moody and Laimins, 2010]. Besides that there were described multiple 

mechanisms how E6 and E7 proteins interfere with the cell cycle or intracellular processes 

through e.g. inducing telomerase expression,  interaction with HDAC, cyclins, cyclin-

dependent kinase inhibitors, induce genomic instability [Moody and Laimins, 2010]. 

Although E6 and E7 proteins are able to immortalize cell lines, transfected cells are not 

tumorigenic in the mouse model and require e.g. expression of additional oncogene, such 

as v-ras or v-fos. 
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HPV and cervical cancer  
 

HPV infection initiates more than 99% of cervical cancers; it is necessary but not 

sufficient for progression to cancer [Moody and Laimins, 2010]. HPV can be sexually 

transmitted [Bhat et al., 2011] and cervical cancer is the second largest cause of deaths in 

women worldwide. Although most infections resolve within 1-2 years of acquisition 

[Insinga et al., 2011], viral persistence can induce precancerous lesions termed cervical 

intraepithelial neoplasia (CIN). Most of the HPV-related cancers develop into the 

squamous cell carcinomas [Bhat et al., 2011]. Recently introduced prophylactic vaccines 

(Gardasil and Cervarix) can prevent the initial infection by two high-risk types, HPV 16 

and HPV 18, which are responsible for about 70% of cervical cancers [Moody and 

Laimins, 2010]. Furthermore Gardasil prevents the infection of HPV 6 and HPV 11, which 

cause most of the genital warts. But these prophylactic vaccines are not efficient against 

established HPV infections and vaccines capable to treat persistent HPV infection would 

be of benefit. Efforts to develop immunotherapeutic vaccines have been hampered by the 

relative non-immunogenicity of the HPV infection, by immunoregulatory processes in the 

skin, and the subversion of immune response induction and immune effector functions by 

HPV proteins [Bhat et al., 2011].  

Immunotherapy of the cervical cancer 
 

Effect of the most preventive vaccines is based on the induction of neutralizing 

antibodies (in case of HPV frequently against L1 capsid protein). By contrast, resolution of 

HPV infection and therapeutic vaccines require induction of robust cell immunity (figure 

2) mediated especially by proper activated DC which are able to induce CD4+ and CD8+ T 

cell responses that are associated with the regression of established (pre)malignant lesions, 

including those induced by high risk HPV [Melief and van der Burg, 2008; Frazer et al., 

2011].  

In patients with naturally regressing premalignant lesions of HPV, the measured Ag 

responses were CD4+ T cell responses. Only occasionally HPV specific CD8+ T cells were 

detected [Frazer et al., 2011]. The observed slow clearance of the HPV infection and weak 

immune responses to viral protein is likely a consequence of the non-lytic nature of HPV 

infection and delay in the induction of inflammatory responses [Frazer et al., 2011]. Data 

obtained from the transplantation of the murine E6 or E7 expressing transgenic skin also 
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demonstrated sufficient HPV E7 Ag presentation by dermal DC [Frazer et al., 2011] 

although an absence of the local inflammation inhibited generation and/or prevented 

effector function of the specific effector T cells. Vaccines aimed at the treatment of the 

established disease require long-lived Ag presentation by appropriately activated DC 

[Melief and van der Burg, 2008].  

 
Figure 2. A model for local regulation of induced immune responses to HPV in skin [Frazer et al., 

2011]. HPV proteins (red) produced in keratinocytes (pale blue) are taken by skin APC (gray) to 

the local lymph node to prime cytotoxic effector, memory effector and helper T (Th) cells. Effector 

cells return to the skin to kill HPV-expressing keratinocytes. In the absence of inflammation, APC 

inhibit induction of CTL in response to skin-derived negative regulatory signals.  

Therapeutic peptide vaccines 
 

Several approaches as vaccination with recombinant viral vectors, recombinant 

proteins with adjuvant, Ag-loaded DC, DNA encoded tumour Ag or synthetic peptides has 

been utilized in anti-tumour therapeutic vaccination. It has been suggested that direct 

injection of protein Ag would be more efficient than using DNA vaccines, since viral 

vectors suffer from the competition of the possible viral Ag with the inserted Ag and, 

further, can contain the intrinsic genes that suppress immune responses [Melief and van der 

Burg, 2008].  Vaccines based on the short synthetic peptides containing exact MHC class I 

binding epitopes have been a popular approach for the therapeutic cancer vaccination. 

Despite of the ability to establish protection against transplantable tumours or viruses, 

administration of the short peptide-based vaccines led to deletion of Ag specific T cells, 

tumour outgrowth and to immunological tolerance. It was suggested that short peptides can 

be exogenously loaded on the MHC class I of cells including nonprofessional Ag 

presenting cells, immature DC, T or B cells [Bijker et al., 2008; Melief and van Burg 

2008], and that the lack of the surface costimulatory molecules on these cells required for 

the appropriate CTL generation can shift immune response to tolerance [Melief and van 

der Burg, 2008; van Hall and van Burg 2012]. Tolerance induced by vaccination with short 

peptides containing CD8+ T cell epitope can be overcome by loading these peptides 

directly onto DC vaccines [Toes et al., 1998], prolongation of the peptide sequence to the 

length that require processing by professional APC [Bijker et al., 2007] or using adjuvants. 

It turned out that some of the first successful short peptide vaccines contain CD4+ T cell 
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epitopes or they are longer than minimal MHC class I binding sequence. Activated CD4+ T 

cells deliver help for the CD8+ T cells by fully activating DC by CD40-CD40L interaction 

as well as by production of IL-2 [van Hall and van Burg, 2012]. Injection of the mixture of 

peptides containing both CD8 and CD4 epitopes increased magnitude of specific CTL 

response and it was able to confer protection of mice against otherwise lethal tumour 

challenge [Melief and van der Burg, 2008]. Vaccination of mice/ rabbits with long peptide 

(containing CD8 and CD4 epitopes), but not with short minimal peptide (containing CD8 

epitope), were able to eradicate palpable HPV 16-associated tumours [Zwaveling et al., 

2002] or they were able to abrogate latent papillomavirus infection and control the growth 

of establish warts [Vambutas et al., 2005]. Another significant improvement in the 

immunogenicity of the peptide vaccine was achieved by joining of minimal CD8 epitope 

with the T helper epitope into a single peptide [Shirai et al., 2004]. In addition, T cell 

responses induced by peptide conjugation with TLR ligand vastly exceeded the responses 

following the application of the mixed components [Khan et al., 2007]. Long peptides over 

minimal short peptide containing the same CD8+ T cell epitope increased duration of Ag 

presentation in the draining lymph node [Bijker et al., 2008].    

Clinical trials of peptide vaccines 
 

Detection of malignant or premalignant  cervical cytological changes by 

Papanicolaou smear screening, with the appropriate surgical treatment, is currently the 

most widely used method for reducing the risk of death from cervical cancer [Bhat et al., 

2011]. Because of known tumour specific viral Ags it could be suggested that 

immunotherapy of HPV associated cancer should be in principle easier than tumours 

expressing modified self proteins. Although promising animal studies were performed 

(demonstrated CD8+ T cell- mediated vaccine effect [Chen et al., 1991]), despite many 

clinical trials only recently any translation to clinical efficiency was shown. Only small 

study from the LUMC Leiden has shown convincing evidence of the therapeutic effect. 

Immunization with the long peptides from E6 and E7 together with an adjuvant enhanced 

the rate of clearance of HPV- associated vulvar intraepithelial neoplasia with the complete 

response reaching almost 50 % [Kenter et al., 2009]. So far three major classes of 

immunotherapy have undergone trials: adjuvanted protein or peptide vaccines, 

recombinant viral vectors and polynucleotide vaccines; the most trials have focused on the 

E6 or E7 proteins of HPV16 [Frazer et al., 2011].  
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TC-1 model system of the HPV-associated cancers 
 

Transplantable tumours engineered to express papillomavirus nonstructural proteins 

can be used as a murine model for HPV16-associated cancers. TC-1 tumour cell line used 

in such studies was derived from primary lung epithelial cells of C57BL/6 mice 

cotransformed with HPV-16 E6 and E7 and c-Ha-ras oncogene [Lin et al., 1996]. MHC 

class I-deficient cell line derived from the parental TC-1 cell line marked as TC-1/A9 

[Smahel et al., 2003], was obtained from the selected TC-1 tumour developed in 

immunized mice. 

 

 

 

3. Cancer immunosurveillance and immunoediting 
 

Since one of the first documented observation of using patient’s immune system 

against the cancer published by William B. Coley in the nineteenth century, it was very 

controversial if our immunity can play a significant role in the tumour therapy. Paul 

Ehrlich was perhaps the first one who hypothesized protective effects of immunity in long-

lived organisms, but his theory could not be experimentally tested because of little of 

knowledge of the immune system [Ehrlich 1900]. More than 50 years later, Burnet and 

Thomas formulated concept of immunosurveillance by which innate and adaptive immune 

systems identify and eliminate self cells that have become transformed through 

spontaneous, chemically or virally induced genetic alterations [Burnet 1957]. However, 

subsequent studies provided little support for this hypothesis, e.g. experiments showing 

that cancer susceptibility of immunocompetent mice (to both spontaneous and carcinogen-

induced tumours) was similar to that of nude mice that had major but not total 

immunodeficiency [Schreiber et al., 2011]. By contrast, later identification of the tumour 

associated Ags, ability of DC to present tumour Ags and analyses of cancer incidence in a 

range of immunodeficient knockout mice (RAG-/-, STAT1-/-, perforin-/-, IFNγ-/-, IFNRγ-/-) 

reassessed the role of the immunity in the cancer control [Parish 2003]. In 1990s, 

immunological function of TLR (which are able to sense „danger signals“) was described 

and „danger signal“ theory by Polly Matzinger [Matzinger 1994] replaced already 

overcome the self-non-self model. Theory of „danger signal“  is based on the fact that 
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antigen-presenting cells respond to "danger signals" as the signs of abnormal state and 

activate our immune system. In the late 20th century it was apparent (by discovery of 

immunoregulatory cell populations, tumour immune escape mechanisms and regulatory 

role of the tumour environment) that tumour immunosurveillance theory needs to be 

revised. In 2001, it was described that the immune system does not only protect the host 

against tumour formation but also shape tumour immunogenicity and it has become the 

basis of the cancer immunoediting hypothesis [Shankaran et al., 2001; Dunn et al., 2002]. 

It was postulated that it comprises of three distinct phases: „elimination“, „equilibrium“ 

and „escape“. Elimination phase is an updated version of cancer immunosurveillance, in 

which immune system detects and destroys cancer cells before tumours become clinically 

apparent [Schreiber et al., 2011]. In the equilibrium phase, the host immune system and 

tumour cell variants that survived the elimination phase enter into a dynamic equilibrium. 

It is probably the longest of three phases and may occur over a period of many years in 

humans [Dun et al., 2004]. In the escape phase, tumour cells avoid recognition of the 

immune system and occur as the growing, visible tumours. Progression from the tumour 

escape to equilibrium can occur because of changes in the tumour cell population selected 

by the immune system or/and because of the cancer-induced suppression or the immune 

system deterioration. Tumour cell escape can be caused by many different mechanisms; 

one of the most important mechanisms by which the tumour cells are able to escape from 

the CTL-mediated immune response is the lost of the tumour Ag on the tumour cell 

surface, which can be caused by: 

• lack of the Ag expression 

• loss of MHC class I proteins that present Ags to tumour-specific T cells 

• loss of the Ag processing function that is necessary for the proper Ag presentation 

by MHC class I molecules  

 

4. MHC class I-deficient tumours 

MHC class I antigen processing and presentation 
 

MHC class I molecules are responsible for the presentation of the protein fragments 

of mostly intracellular Ags at the cell surface (figure 3). Presentation of exogenous Ags by 

MHC class I molecules is termed crosspresentation and it reaches high efficiency in CD8+ 
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DC [Den Haan et al., 2000].  Proper expression of MHC class I molecules is therefore 

necessary for the presentation of Ags to CTL. The majority of antigenic peptides are 

generated upon ubiquitination of mainly intracellular proteins followed by their 

degradation via multicatalytic proteasome complex yielding precursor peptides with MHC 

class I compatible correct C-terminus, but extended N-terminus [Bukur et al., 2012]. 

Proteasome complex efficiency and specificity can be modified by converting it into the 

immunoproteasome by substitution of parts of the proteasome by proteasome activator 

(PA) 28 and IFNγ-inducible proteasomal β subunits (the low molecular weight proteins 

LMP2 and LMP7, and MECL-1). Immunoproteasome is more active than the 26S 

proteasome under the immune stress or IFNγ exposure, enabling the cells to handle 

expanded pool of substrates and prevent the aggregation of proteins, resulting in the 

production of more peptides [Neefjes et al., 2011]. MHC class I molecules sample and 

present the results. These peptides can be further trimmed by different peptidases and 

translocated via heterodimeric TAP1/TAP2 (transporter associated with Ag processing) 

into the lumen of the endoplasmic reticulum (ER). The complex of TAP, β2-

microglobulin, MHC class I molecules together with chaperons (tapasin, ERp57 and 

calreticulin) is called peptide loading complex and serves as the platform for the efficient 

peptide loading onto MHC class I molecules [Neefjes et al., 2011]. After the binding to 

peptide of sufficient affinity, MHC class I complex (MHC class I molecule+peptide+β2-

microglobulin) is released from the chaperons and can pass through trans-Golgi to the cell 

surface. Under physiological conditions MHC class I components of APM are 

constitutively expressed in all adult nucleated cells with the exception of immune 

privileged organs and their expression could by regulated by different cytokines such as 

IL-10 as their negative regulator and, by contrast, IFNγ as the inducer [Bukur et al., 2012]. 

  
Figure 3. MHC class I antigen presentation pathway [Neefjes et al., 2011] 

 

MHC class I-deficient tumours 
 

In general, the MHC class I status of tumours during the immunotherapy is often 

disregarded. MHC class I downregulation is one of the important tumour-escape 

mechanisms from the immunosurveillance and it can negatively influence results of the 

anti-tumour immunotherapy. Analysis of large banks of human tumour specimens has 
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shown that between 40-90% of human tumours display total or selective allelic losses of 

HLA class I proteins [Dunn et al., 2004], which can be caused by the loss of HLA 

haplotype, specific loci or alleles.  The MHC class I presentation pathway can be also 

disrupted as a consequence of mutation and/or dysregulation of one or several genes 

encoded by antigen processing machinery components, frequently resulting in complete 

loss, or downregulation of MHC class  surface molecules [Seliger, 2005], see Table I. 

Mechanisms underlying altered expression of APM component can be caused by structural 

alterations, epigenetic modifications, and transcriptional/posttranscriptional alternations of 

genes of the MHC class I antigen processing machinery. Inactivating mutations of HLA 

class I proteins or β2-microglobulin by contrast to mutations of other components of APM 

like TAP1, TAP2, TPN and the proteasomal subunits only rarely occur in tumours [Bukur 

et al., 2012]. Epigenetic silencing (methylation or histone deacetylation) of promoters of 

both MHC class I molecules or other components of APM such as β2-microglobulin, 

TAP1, TAP2 as well as LMP2 or LMP7 is associated with impaired MHC class I surface 

expression and this can be reversed by epigenetic modifiers treatment, such as by 

application of HDAC or DNMT inhibitors [Khan et al., 2008; Manning et al., 2008; Setiadi 

et al., 2008; Reinis, 2010; Bukur et al., 2012]. Further, transcriptional/ posttranscriptional 

coordinated downregulation of TAP1, TAP2, LMP2 and LMP7 molecules was described 

in various types of cancers [Bukur et al., 2012; Reinis, 2010], which leads to decrease in 

the MHC class I surface expression. This kind of downregulation is often cytokine (IFNγ, 

TNFα) reparable, reviewed by Bubenik and Vonka in 2003, but in melanomas, resistance 

to IFNγ caused by deletion of the JAK2 gene [Selinger, 2005] was described.      

 

Table I. Mechanisms of MHC class I downregulation [Seliger, 2005] 

Mechanism  APM components 

Structural alternations 
Total, allelic, or locus-specific loss of MHC class I heavy 

chain  

  β2-microglobulin deletion, rearrangements or mutations 

  TAP mutations 

Dysregulation Methylation and acetylation 

  Transcriptional downregulation 

  Posttranscriptional downregulation 

  Deficient IFNγ signal transduction 
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Immunotherapy of MHC class I-deficient tumours 
 
Despite of the MHC class I molecule deficiencies and the resulting resistance of tumours to 

CTL, in some experimental tumour systems, C57BL/6 mice were capable of being 

immunized against MHC class I-deficient tumours [Bubenik and Vonka, 2003]. This 

response was dependent on NK cells, NK-mediated antibody-dependent cellular 

cytotoxicity, CD4+ T cells or lymphokine-activated killer cells (LAK). At the cytokine 

level, IFNγ seems to be a crucial factor for the effective anti-tumour response, it is capable 

to both restore MHC class I expression on the tumour cells and to antagonize TGF-β in the 

tumour microenvironment [Lou et al., 2005; Smahel et al., 2003; Jabrane-Terrat et al., 

1990; Lou et al., 2008; Lorenzi et al., 2012]. Loss of the MHC class I expression hinders 

tumours rejection by specific cellular immune responses; although the MHC class I 

deficient tumours are not completely invisible to the specific cytotoxic lymphocytes. Such 

cancer cells were shown to be able to present tumour specific self-proteins, marked as 

TEIPP (T cell epitopes associated with impaired Ag processing) which can be recognized 

by specific CTL and can protect mice against the challenge with the TAP-deficient RMA-S 

tumor cells [van Hall et al., 2006]. Futhermore, Chambers et al. published in 2007 results 

showing that immunization with TAP1 -/- DC (presenting self peptides associated with 

dysregulated Ag processing) protects mice from the outgrowth of TAP2-deficient RMA-S 

lymphoma cells or TAP1-deficient MCA fibrosarcoma cells.  Cytokine therapy and gene 

therapy using tumour cells transfected with the immunomodulatory cytokine genes (IL-2, 

IL-12, GM-CSF or IFNγ) could also inhibit the growth of MHC class I-deficient tumours 

[review by Bubenik and Vonka, 2003]. Both direct and indirect effects of cytokines is 

responsible for the therapeutical effect e.g. IL-12, in addition to enhancing DC function, 

IL-12 can be responsible for the anti-angiogenic properties, stimulation of IFNγ production 

by NK cells and stimulation of the TNFα production. IL-2 can enhance production of IFNγ 

by T and NK cells [Bubenik and Vonka, 2003]. Other activators of the immune system, 

namely unmethylated CpG ODN or β-galactosylceramide, can be efficient as well as 

peptide, RNA or DNA vaccines [reviewed by Reinis, 2010]. Another perspective approach 

to the development of the therapeutic protocol aiming to upregulation of MHC class I 

molecules could be induction of demethylation or hyperacetylation of MHC class I 

promoters or other molecules involved in MHC class I Ag processing suppressed by 
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epigenetic silencing. Global DNA demethylation of melanoma cells upregulated 

expression of tumour Ags (MAGE-1) [de Smet et al., 1996; Weber et al., 1994], restored 

HLA expression and CTL response to tumour cells [Serrano et al., 2001]. Treatment of 

breast carcinoma cells with HDAC and DNMT inhibitors displayed synergistic, anti-

neoplastic effect [Primeau et al., 2003]. Except of epigenetic modifiers, differentiation 

agents like retinoic acid [Vertuani et al., 2003] or effects of radiotherapy [Reits et al., 

2006] can reverse MHC class I expression and can efficiently stimulate anti-tumour 

immune response. 

 

5. Epigenetic modifications, dendritic cells and tumour 
therapy 

 
Epigenetics studies heritable changes caused by mechanisms other than changes in 

the DNA sequence. Alterations in the expression of genes in tumours are not always due to 

mutagenesis. They may also be caused by transcriptional regulation by epigenetic 

mechanisms. Epigenetic regulations in the genetic information of the tumour or immune 

cells can contribute to the activation or inhibition of the immune system [Leggatt and 

Gabrielli, 2012]. One of the possible epigenetic modifications can be histone tails 

acetylation or DNA methylation. Both of them serve to regulate gene expression and 

remain through cell divisions. Only these two epigenetic alterations, relevant for the 

experimental part, will be discussed. 

DNA methyl transferases and their inhibitors 
 

DNA methylation is an important regulator of gene transcription. Transfer of 

methyl group from the S-adenosyl-L-methionine to the position 5 in the cytosin is usually 

termed as DNA methylation. Spontaneous deamination of 5-methylcytosine into thymine 

occurs and CpG sequences are therefore underrepresented in the mammalian genomes, 

although in adult somatic tissues, DNA methylation typically occurs in a CpG dinucleotide 

context which can be found in some CpG rich promoter regions and are usually associated 

with transcriptionally silent genes. By contrast, aberrant DNA methylation is commonly 

associated with cancers and is considered as one of the cause of their hallmarks [Jones and 

Baylin, 2002; Hanahan and Weinberg, 2011].  
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Gene expression is regulated by DNA methylation both directly and indirectly. 

Direct regulation takes place in prevention of direct binding of transcriptional factors to 

DNA due to methylated cytosine [Comb and Goodman, 1990; Prendergast et al., 1991]. 

Indirect regulation by methylated CpG sequence occurs due to interaction with protein 

containing methyl DNA binding domains (MBD) which can be associated with 

corepressors or HDAC which subsequently inactivates gene transcription [Nan et al., 

1998]. Methyl-CpG-binding proteins can also interact with SUMO ligases or PIAS 

proteins which can reverse inhibition of gene transcription [Lyst et al., 2006].  

DNMT are enzymes responsible for the proper preservation of DNA methylation. 

DNMT 1 is the most abundant DNMT in murine cells, it has higher affinity for the 

hemimethylated DNA, keeping the methylation patern of CpG sequences during DNA 

replication and therefore is described as „maintenance DNMT“. DNMT 3a and DNMT 3b, 

which can methylate both hemimethylated and unmethylated CpG sites, are marked as „de 

novo DNMT“. Nucleoside based DNMT inhibitors such 5AC, 2'-deoxy-5-azacytidine and 

zebularine are well established and they have already been tested in clinical or preclinical 

studies [Yoo and Jones, 2006]. They are metabolized by kinases that convert the 

nucleosides into nucleotides for incorporation into DNA and/or RNA. 5AC is a cytidine 

analogue, inhibitor of DNMT for the first time synthesized in the Institute of Organic 

Chemistry and Biochemistry in Prague in 1964 [Sorm et al., 1964].  After incorporation 

into DNA, it covalently binds DNMT and causes hypomethylation of DNA besides direct 

cytotoxic effect. 5AC (under the trade name Vidaza) is used for the treatment of the 

myelodysplastic syndrome and has been used in a number of clinical trials for both non-

solid and solid tumour therapy [http://www.clinicaltrials.gov/] although it´s efficiency in 

the treatment of the nonsolid tumour was limited. Currently there is available also a 

number of non-nucleoside based DNMT inhibitors such MG98, RG108, epigallocatechin-

3-gallate (EGCG) or procaine. These drugs might not be as robust inhibitors as the 

nucleoside analogues. Although they are usually low molecular weight molecules with 

direct binding to the catalytic site of the enzyme without necessity to be incorporated into 

DNA and therefore they have large potential for the DNMT inhibitors development [Yoo 

and Jones, 2006]. MG98 is antisense oligodeoxynucleotide which inhibits translation of 

mRNA of DNMT1, RG108 was designed to fit into the pocket of the active site of 

DNMT1 and epigallocatechin-3-gallate (EGCG) is active component of the green tea 

extract [http://ncit.nci.nih.gov, NCI thesaurus version 13.02d, Suzuki et al., 2010].   
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Histone deacetylases and their inhibitors 
 

Histone tail acetylation is involved in activating gene expression by making 

chromatin structures less compact and it is one of the markers of constitutive 

heterochromatin. Acetylation and deacetylation of lysine residues of histones tails is 

mediated by histone acetyltransferases (HAT) and histone deacetylases (HDAC). The 

balance between histone acetylation and deacetylation is well regulated, but the balance is 

often disrupted in diseases such as in cancer. Histone acetylation affects chromatin 

structure, which can impact gene transcription. HDAC can be divided into four subgroups 

by the sequence identity and domain organization. Classical HDAC (class I, II and IV) 

share sequence similarity and are dependent on Zn2+ with cooperation with histidine-

aspartate residues for enzymatic activity, whereas the class III sirtuins act through a 

distinct NAD+ -dependent mechanism [Shakespear et al.,  2011]. Class I HDAC are 

homologous to the yeast protein Rpd3 and include HDAC 1, 2, 3 and 8. They are 

ubiquitinously expressed and usually localized in nucleus. HDAC of the class II include 

HDAC 4, 5, 6, 7, 9 and 10. Class II enzymes are larger proteins (120-130kDa) related to 

the yeast Hda1 protein. They are localized in both nucleus and cytoplasma which suggest 

also their possible non histone substrate deacetylation. Sirtuins as the class III of HDAC 

share homology with the yeast SIR2 protein, they are not dependent on Zn2+, react by 

different mechanism and are insensitive to the inhibition by large set of HDAC inhibitor 

such trichostatin A (TSA) or derivates of hydroxamic acid [Emanuele et al., 2008].  

Inhibition of HDAC leads to global histone tail acetylation [Galasinski et al., 2002; 

Glaser et al., 2003; Peart et al., 2005; McFarland et al.,  2012] and can be used to restore 

expression of some epigenetically silenced genes in neoplasias [Ferrara et al., 2001; Lin et 

al., 1998; Glaros et al., 2007]. Furthermore, treatment by HDAC inhibitors can induce 

expression of proapoptotic genes, and consequently the tumour cell differentiation, growth 

arrest or apoptosis [Stimson et al., 2009]. Therefore inhibitors of HDAC represent 

promising anti-tumour therapeutic agents. Now-days there are many of described inhibitors 

of HDAC in clinical trials for the treatment of especially non-solid tumours including 

leukemias, lymphomas, melanomas, lung carcinomas or prostate cancers 

(http://www.clinicaltrials.gov/). TSA, the anti-fungal antibiotic product of Streptomyces 

hygroscopicus [Tsuji et al., 1976], active in nanomolar concentration [Vigushin et al., 

2001], is usually selected as the „gold standard“ for the inhibition of HDAC. TSA blocks 
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the binding site of HDAC of class I and II, in this way it causes histone hyperacetylation 

and reactivates epigenetically silenced genes in tumours.   

Epigenetic changes during anti-tumour immune response 
 

Dysregulation in the epigenetic landscape is one of the hallmarks of cancer and it 

represents one of the molecular mechanisms by which cancer cells can escape from the 

immune response. Tumour immune escape mechanisms, such as the reversible loss of the 

expression of tumour Ags or downregulation of MHC class I molecules (discussed above), 

defective Ag processing and presentation, down-regulation of NKG2D ligand or defective 

death receptor pathway can be reversed by treatment of inhibitors of HDAC or DNMT 

[Tomasi et al., 2008; Manning et al., 2008]. Deficiency in the MHC class I molecules can 

be caused by direct downregulation of MHC class I expression and/or by defects in 

expression of MHC class I antigen processing machinery components (Tap1, Tap2, Lmp7, 

Tapasin) and these tumors are resistant to effector mediated cytolysis [Tomasi et al., 2008]. 

Decreased expression of these molecules, associated with decreased acetylation and 

increased methylation in the promoter regions of these genes, can be reversed by treatment 

with epigenetic modifiers [Manning et al., 2008].  

Epigenetic changes play a role during many immunologically important events, 

including DC maturation. So far there have been few results describing epigenetic changes 

during DC maturation published, mostly obtained by using inhibitors of HDAC reporting 

changes in expression of costimulatory molecules and cytokines and shift in the balance 

between induced Th1 an Th2 responses towards Th2 [Jung et al., 2009; Kim et al., 2010; 

Brogdon et al., 2007; Nencioni et al., 2007; Bode et al., 2007; Bosisio et al., 2008]. It was 

described that TSA inhibited induction of IL-12p40 by DC after stimulation of TLR. 

HDAC inhibition increased acetylation and binding of transcription factors NF-κB (RelA)/  

IRF-1 to the IL-12p40 locus was abrogated [Bode et al., 2007]. Nencioni et al. in 2007 

reported that HDAC inhibition in TLR ligand (poly I:C)-matured monocyte-derived DC 

disrupted nuclear translocation of IRF-3, IRF-8 and NF-κB (RelA), inhibited production of 

cytokines (TNFα, IL-6, IL-10 and IL-12) and decreased the cell surface expression of 

selected costimulatory molecules (CD40, CD80 and CD83). It was shown that treatment 

with HDAC inhibitors during the DC maturation led to the inhibition of specific set of 

genes (such as costimulatory molecule CD40, Th1 cytokine IL-12p40, Th1 attracting 
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cytokines MIG and IP10) which controlled Th1 effector cells activation and migration 

[Brogdon et al., 2007].     

   

6. Immunoregulatory populations of lymphocytes 
 

In the tumour escape phase, tumour cells themselves can employ (except the changes 

that occur directly on the tumour cells) immunoevasive strategies either e.g. through the 

production of immunosuppressive cytokines, such as TGF-β and IL-10, or by function of 

cells with immunosuppressive/ regulatory activities, such as Treg, myeloid suppressor 

cells, NKT cells or immature DC. A number of these immunosuppressive/ regulatory cell 

populations have been described but their interrelations and co-operation are still not fully 

understood. 

T regulatory cells 
 

Treg can be defined as the CD4+, CD25+ T cells that constitutively express 

transcription factor FoxP3. They are one of the important leukocyte populations with the 

immunosuppressive properties. When stimulated, they inhibit the function of tumour 

specific CTL by expressing coinhibitory molecules such as CTLA-4, PD-1 and PD-L1; by 

producing the immunosuppressive cytokines IL-10 and TGF-β; and by consuming IL-2, a 

cytokine that is critical for maintaining proper functionality of CTL, from the environment 

[Schreiber et al., 2011]. The amount of Treg correlates with the tumour size in some cases 

and can be used as the prognostic marker [Kordasti et al., 2007; Suzuki et al., 2013; 

Kashimura et al., 2012; Chen et al., 2011]. Analysis of melanoma, ovarian and colon 

cancers showed that the ratio and the distribution patterns of intratumoral CD8+ T cells and 

Treg were critical determinant of prognosis [Schreiber et al., 2011]. Recent studies proved 

that FoxP3+ Treg are often responsible for the failure of naive murine hosts to eliminate 

transplanted tumours [Klages et al., 2010; Teng et al., 2010]. These results documented 

that depletion of Treg by using an administration of diphtheria toxin to transgenic mice 

expressing diphtheria toxin receptor under the FoxP3 promoter (DEREG) enabled mice to 

reject tumours that grew progressively in control mice. Furthermore, depletion of Treg 

enhanced the effect of the administered tumour vaccines [Klages et al., 2010; Mattarollo et 

al., 2012]. Alternatively to using transgenic mice model for the depletion of Treg it is 
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possible to apply anti-CD25 mAb or low dose of cyclofosfamide. But these approaches, 

which have been intensively studied for their possible clinical applications, are less 

specific in comparison to DEREG mice model and can influence other cell populations.  

NKT cells 
 

NKT cells are a heterogeneous subpopulation of T lymphocytes which share 

properties of both T cells and NK cells. NKT cells recognize the lipid Ags presented 

usually in the context of non-polymorphic CD1d molecule on the surface of APC. 

Invariant NKT cells (iNKT) are a subset of CD1d restricted NKT cells which recognize α-

GalCer. In mice iNKT cells express mainly TCRs comprising an invariant Vα14Jα18 α-

chain paired with a limited Vβ chain repertoire (Vβ2, Vβ7, Vβ8.1, Vβ8.2 or Vβ8.3) 

[Benlagha et al., 2001; Matsuda et al., 2001]. In addition to iNKT cells, there is another 

population of CD1d-restricted T cells, marked as “type II” NKT cells.  They express 

diverse TCR chains and do not recognize α-GalCer but other lipid Ags [Brennan et al., 

2013]. Relatively little is known about “type II” NKT in comparison to iNKT and we will 

be focused on iNKT in the experimental part of this thesis. 

Increased amount of the Treg or immature myeloid cells caused by tumour 

environment is one of mechanism of the tumour immunosuppression. NKT cell activation 

can regulate function of Treg, immature myeloid cells and other leukocyte populations 

mainly due to the production of large set of cytokines as IL-2, IL-3, IL-4, IL-5, IL-6, IL-9, 

IL-10, IL-13, IL-17, IL-21, IFNγ, GM-CSF and TNFα [Coquet et al., 2008]. Activated 

NKT cells are able to mediate anti-tumor cytotoxicity to CD1d+ tumour cells directly or 

even indirect effect via production of IL-2 and further activation of NK cells was described 

by Metelitsa et al. in 2001. 

Processing and presentation of lipid antigens 
 

CD1d glycoprotein, a molecule related to the  MHC class I molecules, is involved 

in the presentation of lipid Ags to the T cells and it is expressed on APC. The level of its 

expression correlates with the APC ability to stimulate NKT cells. TLR-dependent 

signalling events in DC are able to enhance the expression of CD1d and increase the 

activation of iNKT cells [Salio et al., 2007; Paget et al., 2007].  NKT cells can be activated 

by immature DC which is different from conventional T cell activation [Fujii et al., 2010]. 

For the efficient CD1d lipid presentation, there are also required molecules involved in 
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CD1 trafficking and lipid Ag uptake [Brunner et al., 2000; Barral and Brenner, 2007]. 

CD1d heavy chains are assembled in endoplasmic reticulum, where they bind β2 

microglobulin and chaperons ERp57, calnexin, calreticulin. Tyrosine motifs on the CD1d 

molecules binds AP2/ AP3 proteins which mediates internalization from the plasma 

membrane or target CD1d molecules to the late endosomes  and lysosomes respectively. 

Saposins, membrane-perturbing proteins, transfer lipids between membranes, mediate 

loading of lipids onto CD1d molecules in lysosomes. Mice deficient in saposins have 

impaired presentation of CD1d restricted exogenous Ags [Zhou et al., 2004].  

Presentation of lipid antigens to NKT cells 
 

In contrast to humans, mice lack the pool of CD1 molecules (CD1a-e) and harbour 

only highly homologous group (95%) of two genes, CD1d1 and CD1d2. Expression 

patterns of CD1d1 and CD1d2 are distinct, CD1D1 expression can be detected in B cells, T 

cells, macrophages and DC but CD1d2 was detected at low level on thymocytes and CD4+ 

T cells. Despite their sequence similarity, expression of the CD1d2 is not sufficient for the 

development of NKT cells compared to CD1d1. Two mechanisms of NKT cell activation 

by DC have been proposed; exogenous lipid Ags can be presented on the DC surface in the 

context of CD1d or even in the absence of cognate endogenous lipid Ags by production of 

IL-12 in the combination with presentation of self lipid Ags [Barral and Brenner, 2007].  

α-GalCer, as the potent endogenous lipid Ag to stimulate murine NKT cells, is widely 

used. NKT cells after stimulation produce a large amount of IFNγ and IL-4, and become 

CTL [Barral and Brenner, 2007], able to kill CD1dhigh target cell via CD95/CD178-

dependent mechanism [Wingender et al., 2010]. Activated NKT cells also upregulate 

CD40L, OX40 which in turn with produced IFNγ can stimulate DC maturation and thus 

serve as the positive feedback loop. Another feedback is that mature DC produce IL-12, 

IL-18 and type I interferons which stimulate NKT cells. These facts support a model in 

which an important function of NKT cells is to „jump start“ the expansion of specific 

immune responses. NKT cell stimulation by α-GalCer or adoptive transfer of NKT cells 

increased the capacity of CD8α+ DC subpopulation to induce type 1 immune responses 

which is favour of the cancer immunotherapy [Joyee et al., 2010]. NKT cell stimulation 

has been shown to be the potent immunotherapeutic approach in the mouse tumour models 

(B16 melanoma and lung cancer) and number of clinical trials focused on NKT cell 

activation in cancer patients has been carried out. Direct cytotoxicity of NKT cells is not 
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required for the tumour rejection, as the tumours that lack CD1d expression can be rejected 

in the wild type animals. It is probable that NKT cell produce Th1 cytokines, which favour 

NK cell activation and inhibit angiogenesis, support tumour elimination. Also upregulation 

of CD70 and OX40L by mature DC is important for costimulating NKT cells and for 

promoting Ag-specific CD8+ T-cell responses [Cerundolo et al., 2009].  

NKT cell-based immunotherapy 
 

α-GalCer-loaded DC transduced with tumour specific Ag activated iNKT cells and 

were shown to break the tolerance in the tolerogenic murine tumour model [Ko et al., 

2007]. B cells loaded with α-GalCer and tumour MHC class I binding peptide can offer 

both preventive and therapeutic anti-tumor immunity against ovalbumin-transfected B16 

melanoma. B cells directly primed CTL, the α-GalCer and the peptide were presented on 

the same cell [Chung et al., 2006]. DNA vaccine with α-GalCer administered at the prime 

phase significantly improved therapeutic and preventive effects against an E7-expressing 

tumour model (TC-1) in vaccinated mice [Kim et al., 2010]. Immunization with α-GalCer-

loaded DC pulsed by tumour antigens demonstrated potent anti-tumour responses in the 

B16 murine melanoma model [Petersen et al., 2010]. It also showed that depletion of Treg 

before vaccine administration has a therapeutic effect and indicates that it is possible to 

improve this type of vaccine by further immunomodulatory agents. Timing of NKT cells 

activation is important because mature DC reduce their ability to uptake Ags and it was 

shown that simultaneous administration of α-GalCer and Ag was optimal to get a 

maximum number of specific T-cells. 

Although activation of NKT cells can be exploited in the anti-cancer vaccination 

the NKT cells can also inhibit anti-tumour response. Production of IL-2 is a suggested 

mechanism of induction of Treg and tolerance by mainly CD4+ subpopulation of NKT 

cells [La Cava et al., 2006]. This is in accordance with the conclusion of experiments 

published by Terabe et al. in 2000 and Moodycliffe et al. in 2000, in which they showed 

NKT cell-mediated inhibition of the immune response to a number of experimental 

tumours. Besides, the therapeutic administration of the immunostimulatory CpG ODN was 

more efficient in CD1d deficient mice than in wild-type one [Sfondrini et al., 2002].  
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Discussion 
 

MHC class I downregulation on tumour cells constitutes an obstacle for 

immunotherapy. Peptide- or DC-based vaccines provide a promising approach to tumour 

immunotherapy, but so far there are only few reports on this topic regarding their efficacy 

against MHC class I-deficient tumours. Cancer cells can reduce surface Ag presentation by 

deficiency in the Ag processing and presentation pathway caused by the defects in the 

transporter associated with Ag processing (TAP), tapasin, or in the proteasome. In spite of 

an impaired MHC class I Ag presentation it is still possible to induce protective immunity 

against MHC class I-deficient tumours [Levitsky et al., 1994]. This is in accordance with 

our conclusions from experiments performed on different models compared to those used 

by Levitsky et al., who used B78H1 and B16F10 tumours. In our experiments we utilized 

the TC-1 tumour cell line and its MHC class I-deficient subpopulation TC-1/A9. These 

cancer cells express non-self HPV16-derived E6 and E7 proteins. Immunodominant 

epitopes, especially in the E7 protein, are well characterized.  This makes these cells an 

excellent experimental model for testing vaccines against tumours with a distinct MHC 

class I expression.  

Vaccination with a short peptide containing only CD8+ T cell epitope actually 

accelerated tumour growth of TC-1/A9 tumours, but it provided protection against parental 

TC-1 cells. It was suggested that short peptides can be exogenously loaded on the MHC 

class I molecules of cells, including nonprofessional Ag presenting cells, immature DC, T 

or B cells [Bijker et al., 2008; Melief and van Burg 2008], and the lack of surface 

costimulatory molecules on these cells required for appropriate CTL generation can shift 

the immune response to tolerance [Melief 2011, van Hall and van Burg 2012]. Addition of 

CD4 epitope to minimal peptides containing CD8 epitope is able to increase the efficiency 

and eradicate even palpable HPV16-associated tumours [Zwaveling et al., 2002]. Peptides 

harbouring CD4 epitope in addition to CD8 epitope were more efficient in our tumour 

protection experiments, since they induced a higher numbers of specific CTL which 

produced large amounts of IFNγ, as compared to the short peptides harbouring just the 

CTL epitope. It was shown by Bennett et al. in 1997 that induction of cytotoxic 

lymphocytes by cross-priming requires help of CD4+ T cells and that this interaction is 

effective only when both the helper and CTL epitopes are recognized on the same APC. 
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Longer peptide used in our studies contained an overlapping T helper and cytotoxic T cell 

epitope and we could not evaluate the necessity for the presentation of both determinants 

on the same cell. Other possibilities of how to potentiate the CTL response without the 

necessity for the CD4+ T cell help include an application of anti-CD40, anti-CTLA-4 mAb 

[Ito et al., 2000] or application of type I interferon [Ontiveros et al., 2011]. Tolerance 

induced by vaccination with short peptides containing CD8+ T cell determinants can also 

be overcome by loading these peptides directly onto DC vaccines [Toes et al.,  1998], 

prolongation of the peptide sequence to the length that requires processing by professional 

APC [Bijker et al., 2007], or using adjuvants.    

In our setting, peptide-pulsed DC efficiently presented Ags, provided sufficient 

costimulatory and cytokine signals for T cell activation [Lutz and Schuler, 2002], induced 

sufficient CTL response and protected mice against the challenge of TC-1/A9 cells. Thus, 

the tumour growth acceleration with the vaccination by the short peptide was overcome as 

described previously. Data from the studies mentioned above are in agreement with our 

results, and conclusions from the experiments using MHC class I-deficient tumours 

suggested the validity of the discussed principles for immunotherapy of MHC class I-

deficient tumours as well. Indeed, our experiments revealed that vaccines inducing specific 

immunity against E7 protein could prevent or inhibit growth of MHC class I-deficient 

tumours, although the mechanisms may be different from those that play role in the 

development of protective immunity against the parental, MHC class I-positive tumours.   

CpG ODN, the efficient experimentally used adjuvants, were selected for our 

peptide vaccination studies mentioned above. Especially the CpG ODN 1826 was 

successfully used in a number of murine studies [Krieg 2002]. CpG ODN 1826 was 

optimized to stimulate mouse B cells and to induce production of Th1 cytokines [Ballas et 

al., 2001].  In our experiments, it efficiently matured DC and protected mice against 

tumour challenge, which was in line with the results published by Takenaka et al. in 2007; 

Brunner et al. in 2000 and Ballas et al. in 2001. By contrast, CpG ODN 1585 was 

optimized to activate NK cells [Krieg 2002] but it was not able to directly mature DC 

[Reinis et al., 2010], and therefore its superior efficiency in combination with peptide 

vaccination was not expected. We could not explain its potential and mechanism of action 

by the number of specific CTL or their production of IFNγ. However, an experiment 

performed by Klebanoff et al. in 2009 demonstrated the importance of IFNγ. Its release by 
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effector cells facilitated expression of MHC class I molecules on responding tumour cells, 

leading to recognition and subsequent tumour lysis.  

Apart from approaches leading to the development of vaccines targeting MHC class 

I- deficient neoplasia, the induction of MHC class I expression by epigenetic modifiers and 

combination with established immunotherapy could be an alternative to the former one. 

Epigenetic agents (HDAC and DNMT inhibitors) are able to reverse DNA 

hypermethylation or histone hypoacetylation and in this way induce expression of the 

silenced genes. This could also be the case of molecules involved in the MHC class I 

antigen processing machinery and thus induce presentation of Ags in the context of MHC. 

We reported that 5AC was able to induce expression of MHC class I molecules on the TC-

1/A9 tumour cells of lung epithelia origin both in vitro and in vivo [Manning et al., 2008; 

Simova et al., 2011]. Re-expression of MHC class I molecules by effects of epigenetic 

modifiers was reported by Serrano et al. and Nie et al. in 2001, who demonstrated 

demethylation of the genes encoding MHC class I heavy chains and restoration of CTL 

response. In our model, expression of MHC molecules correlated with the level of 

promoter demethylation and with the mRNA level of genes of MHC class I APM (TAP1, 

TAP2, LMP2, LMP7 and TAPBP). These data are in agreement with the results from 

previous studies on epigenetic changes and antigen processing machinery by Manning et 

al., 2008; Seliger et al., 2006; Setiadi et al., 2007; Setiadi et al., 2008.  Not only antigen 

processing machinery, but other silenced molecules could be the target of epigenetic 

therapy, such as costimulatory molecules CD40, CD80, CD86 [Tomasi et al., 2006], and 

thus enhance immunogenicity of neoplasias. Moreover, 5AC increased  expression of the 

components of IFNγ signaling pathway such as STAT-1, IRF-1 and IRF-8, which suggests 

involvement of IFNγ in MHC class I upregulation and/ or in the immune response 

mechanism [Pollakova, unpublished].  

5AC and 5-aza-2´-deoxycytidine as cytostatic compounds and inhibitors of DNMT 

have been approved for clinical use in the treatment of myelodysplastic syndromes [Mai 

and Altucci, 2009; http://www.fda.gov/, 2012]. We demonstrated that chemotherapy with 

5AC reversed silencing of MHC class I Ag presentation and increased sensitivity of 

tumours to unspecific immune intervention by administration of CpG ODN 1826 or IL-12-

producing cellular vaccine. Interestingly, the level of surface MHC class I molecules after 

in vivo application of 5AC was higher compared to in vitro treatment of TC-1/A9 cells, 

which suggests an additional indirect effect of 5AC on MHC class I expression in vivo. In 
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vivo cell depletion study revealed a major role of NK 1.1+ cells in mice during the 

combined treatment. It was previously shown that the NK 1.1+ cell population was able to 

control the early phases of tumour growth of the parental MHC class positive TC-1 cell 

line [Simova et al., 2004]. Data document the role of the innate immunity against 

neoplasias regardless of their MHC class I status. CD8+ cell dependence of the therapeutic 

effect was not observed after 5AC administration, but only after combined therapy with 

CpG ODN 1826, which proved induction of a CD8+ cell-dependent mechanism in the 

protective immune responses. 

Other immunomodulatory effects of epigenetic modifiers can be mediated by 

influencing other components of the immune system and could not been monitored by 

tumour growth inhibition or cell-depletion studies. Thus, we tested possible adverse effects 

of 5AC treatment in our experimental setting. The total number of spleen cells and IFNγ-

producing splenocytes was decreased after chemotherapy with 5AC, but the proliferative 

capacity and the proportion of spleen cell populations remained unaffected. 5AC also did 

not alter the percentage of activated T, B and NK cells induced by CpG ODN 1826.   

In another set of experiments, we decided to monitor the effects of 5AC and 

another epigenetic modifier, TSA, on DC function with the focus on their maturation. 

There is still lack of data on the effect of DNMT inhibitors on DC function. On the other 

hand, it was reported that HDAC inhibitors such as TSA, besides their anti-tumor 

properties, have anti-inflammatory effects in a number of pathological conditions such as 

autoimmune manifestations of graft-versus-host disease, systemic lupus erythematosus, 

hepatitis, experimental autoimmune encephalomyelitis, rheumatoid arthritis and colitis 

[Reddy et al., 2004; Leng et al., 2006; Camelo et al., 2005; Chung et al., 2003; Glauben et 

al., 2006; Leoni et al., 2002; Reilly et al., 2004]. Later, it was documented that inhibitors of 

HDAC were able to block expression of costimulatory molecules and production of IL-12 

by murine bone marrow-derived or human monocyte-derived DC and to inhibit DC-drived 

Th1 responses [Bode et al., 2007; Nencioni et al., 2007; Brogdon et al., 2007]. According 

to our experiments, treatments by both 5AC and TSA blocked the production of IL-12 by 

mature DC. Furthermore, incubation of DC with TSA reduced the amount of surface MHC 

and costimulatory molecules CD40 and CD86 on the mature DC. Concentrations and 

incubation time of the inhibitors were selected to maximize their biological effects and 

reduce direct cytotoxicity. No effect of 5AC or TSA on the cell viability was observed by 

MTT test or trypan blue staining. Hoechst 33258 staining revealed moderate cytotoxicity 
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of inhibitors, but the results suggest that the inhibitory effects cannot be attributed to their 

toxicity only. Despite the low toxicity of the inhibitors, both epigenetic agents blocked DC 

proliferation. Cell yields of the treated DC reached about 50 % of the control samples. Cell 

cycle arrest in sub-G1 phase by 5AC was described in acute myeloid leukaemia cell lines 

[Hollenbach et al., 2010] and a similar effect could play a role in our DC cell culture 

system as indicated by the cell yields of DC and cell viability assays.    

Because 5AC has to be incorporated into DNA to be functional as DNMT inhibitor 

[Christman 2002] and possesses very low stability in solution [IARC 1990], proper timing 

of the inhibitor application is required. DC are one of the most important sources of IL-12 

in the organism, and therefore, in the second step, kinetics of IL-12 production by mature, 

CpG ODN-treated, DC was analyzed. Production of IL-12 by immature DC was not 

determined; the level of IL-12 was below the detection limit of our assay (ELISA). 

Interestingly, the effects of TSA on IL-12 production manifested themselves after 24 hour 

and appeared faster in comparison to 5AC, whose effects were apparent after 48 hour of 

cocultivation. This was probably caused by the necessity of 5AC to be incorporated into 

DNA for the proper inhibitory function [Christman 2002], which can happen only once per 

cell division. Epigenetic modifiers decreased expression of mRNA corresponding to the 

larger subunit of IL-12 (IL-12p40) in mature DC. The level of IL-12p40 correlated with 

the level of secreted IL-12 and it seems that the expression of the inducible IL-12p40 

subunit was a limiting factor for the IL-12 production in our setting. However, it was 

shown that the excess of IL-12p40 caused homodimerization, and the excess of homodimer 

can antagonize the effect of IL-12 by competition [Gately et al., 1998]. Thus the changes in 

the IL-12 level do not always correlate with the biological effect of IL-12. In contrast to 

IL-12p40, the level of smaller subunit IL-12p35 was not affected by the presence of 

epigenetic modifiers. Production/expression of other important cytokines such as IL-6, IL-

10, IL-23p19, IFNγ and TNFα by DC was also decreased and regulated in a similar manner 

as IL-12, which suggests a shared regulatory mechanism. Experiments from the cytokine 

studies were performed on LPS- and CpG ODN 1826-matured DC derived from either 

murine bone marrow or human monocytes. This fact corroborates the conclusion that the 

results are neither species nor maturation stimuli specific. The evidence on the effect of 

DNMT on DC maturation was mentioned by Borden in his review of 2007. However, his 

raw data showing upregulation of IL-12 produced by DC after the treatment with 5-aza-2´-

deoxycytidine has not been published so far. Despite the inhibitory effect of 5AC on 
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cytokine production, 5AC-treated DC cocultivated with specific T cells did not change 

their ability to induce T cell response or to polarize T helper cells. Furthermore, TSA 

additionally blocked expression of MHC class II and costimulatory molecules (CD86 and 

CD40) on the surface of mature DC. This DC phenotype was associated with decreased 

ability to stimulate naive specific CD4 or CD8 T cells and their production of IFNγ. 

Splenocytes cocultivated with TSA-treated mature DC downregulated expression of 

RORγt and increased expression of FoxP3. This data suggests tolerogenic properties of DC 

and possible induction of Treg. This is in line with the experiments showing that 

pharmacologically modulated or immature DC can induce Treg or tolerogenic signals in 

their environment [Cobbold et al., 2010]. 5-aza-2´-deoxycytidine, DNMT inhibitor and 

5AC analogue, has been described to induce differentiation of myeloid suppressor cells 

towards DC and thus convert the immunosuppressive population into an Ag-presenting 

one, which was able to protect mice against tumour challenge [Daurkin et al., 2010]. This 

conclusion does not contradict our data indicating that 5AC does not interfere with the DC 

differentiation, as we did not notice any marked changes in the expression of CD11c or 

maturation markers (CD86 and MHC class II) on DC after 5AC treatment.     

In another experimental part, we focused on the problem of Treg cell elimination by 

specific anti-CD25 antibody in order to overcome immune suppression and to increase the 

efficacy of immunotherapy. Treg play a critical role in ensuring tolerance, but their 

presence can be counterproductive to the attempts of inducing anti-tumour immunity 

[Nishikawa and Sakaguchi, 2010].  We focused on depletion of Treg by anti-CD25 mAb 

and its possible additive effect on tumour immunotherapy targeting NKT cells with their 

activation ligand α-GalCer. This assumption was supported by data from two recent 

studies. Petersen et al. in 2010 showed potentiation of anti-B16 tumour response to 

immunization with DC loaded with α-GalCer. Additionally, direct administration of  

α-GalCer combined with anti-CD25 (PC61) increased the therapeutic effects of α-GalCer 

in a BALB/c metastatic mammary model (4T1) [Hong et al., 2010]. However, in our 

system, a synergistic/additive effect of the combination treatments with the anti-CD25 

antibody (PC61) and α-GalCer was not observed.  The possible explanation of the 

discrepancies of our data with the published literature could be the difference in the 

experimental setting, mouse strains or cancer cell lines. We tried to determine in more 

detail if anti-CD25 antibody (PC61) interferes with the NKT cell stimulation. We used 

DEREG mice expressing diphtheria toxin receptor under the FoxP3 promoter. This system 



48 

 

allows specific Treg depletion [Lahl et al., 2007]. By comparison of results obtained in 

DEREG mice to the results from the PC61 antibody-treated wild type mice we could 

distinguish the specific effects of Treg depletion from further effects of PC61 mAb. CD25 

is also expressed on the surface of activated human NKT cells and NKT cells can be 

regulated by IL-2 [Bessoles et al., 2008]. We observed similar findings on mouse NKT, 

which was also previously shown by Kim et al. in 2006. However, in comparison to human 

NKT, the expression of CD25 was observed only on a small fraction of NKT cells and this 

CD25 positive population was induced by α-GalCer.  This data proved that PC61 antibody 

was able to target murine NKT cells. Activation of NKT cells was analyzed 72 hours after 

stimulation by downregulation of activation marker CD69 [Ikarashi et al., 2006]. PC61 

mAb abrogated activation of NKT cells, and inhibited their proliferation and IFNγ 

production by activated NKT cells. Decrease in IFNγ production reduced the expression 

level of Tbet, transcriptional factor typically expressed in Th1 cells [Szabo et al., 2000; 

Wei et al., 2007], which indicates limited T helper polarization towards the Th1 response. 

Expression of Th2 transcription factor Gata-4 as well as IL-4 was not affected. These data 

clearly demonstrate that anti-CD25 mAb treatment targeting Treg can be controversial and 

its efficacy is dependent on the particular treatment setting.  

 Taken together, our results support the data that peptide vaccines effective 

against MHC class-I positive tumours might not be efficient against tumours with defects 

in MHC class I presentation and further improvements of protocols as addition of T helper 

epitopes or using peptide-pulsed DC are desirable for the induction of the efficient immune 

response against MHC class I-deficient tumours. We have concluded that the potential 

5AC adverse effects on the immune system, especially on DC, were not an obstacle for an 

effective combination treatment with immunotherapy against MHC class I-positive or  

-deficient tumours. Besides that, our data indicate that epigenetic changes (induced e.g. by 

5AC or TSA) play a role in many immunological important events including DC 

maturation, and therefore it is important to know the consequences of chemotherapy on the 

function of DC. Additionally, understanding of mechanisms behind DC maturation is 

beneficial for the possible clinical application. Since chemo- or immunotherapy can induce 

negative regulators of the immune responses (Treg), the therapeutic efficacy could be 

increased by combining the treatment with anti-immunosuppressive treatments such as 

depletion of Treg. Although using mAb targeting CD25 can deplete Treg, direct effects on 

effector cell populations (NKT cells) have been observed. Therefore, other possibilities for 
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Treg modulation, e.g. application of low doses of cyclophosphamide [Motoyoshi et al., 

2006] or 1-methyl-tryptophan [Feunou et al., 2007; Chen et al., 2008] should be 

considered.  
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Conclusion 
 

The MHC class I status of tumour cells during immunotherapy is often 

underestimated. It represents one of important tumour escape mechanisms and thus can 

contribute to the failure of most of the cancer clinical trials that are usually based on the 

induction of CTL responses. The results presented in this dissertation thesis were obtained 

from the TC-1 tumour cell model of cervical cancer associated with HPV16 and its derived 

MHC class I-deficient cell line TC-1/A9. Immunization of tumour-bearing individuals by 

peptides or DC vaccines represents one of the most common anti-cancer immune 

interventions developed in the past 30 years. However, there are a very limited number of 

studies on this topic concerning the MHC class I molecule level on tumour cells. 

Immunization with a peptide containing only a short CD8+ T cell epitope protected mice 

against the challenge with parental MHC class I-positive tumours but not against less 

immunogenic MHC class I-deficient TC-1/A9 tumours. By contrast, immunization with 

longer peptides harbouring CD4+ and CD8+ T cell epitopes was efficient both in MHC 

class I-positive and deficient tumours. In the next set of experiments, peptide vaccines 

were substituted by peptide-pulsed DC to avoid a free peptide application, which could 

cause tolerance. Administration of such DC presenting the same short peptide increased 

the protection against the MHC class-I deficient tumours.  

 Epigenetic changes in the promoters of genes involved in the MHC class I Ag 

presentation can result in decreased expression of the cell surface MHC molecules on 

tumour cells. Thus, epigenetic modifiers can restore an expression of the MHC class I 

molecules and make tumours visible to the CD8+ effector cells. 5AC, an inhibitor of 

DNMT, is utilized for the therapy of non-solid tumours and limits DNA methylation. 

Treatment of MHC class I-deficient tumours (TC-1/A9) by 5AC increased demethylation 

and expression of genes involved in the MHC class I Ag presentation (Tap1, Tap2, Lmp2, 

Lmp7) and sensitized neoplasia to immunotherapy. The immunotherapeutic effect was at 

least partially mediated by CD8+ cells.  

Besides the epigenetic changes on the tumour cells, we were interested in the 

indirect immunomodulatory effects of chemotherapy with epigenetic agents on cells of the 

immune system. We focused on the DC as the critical components of initiation of adaptive 

immune responses. In our study the effects of 5AC and TSA (as the epigenetic agent 

capable to increase histone acetylation) were tested on murine DC or human monocyte-
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derived DC. Both agents decreased the expression/production of selected cytokines (IL-6, 

IL-10, IL-12, IL-23, IFNγ) by mature DC. Moreover, TSA but not 5AC significantly 

reduced expression of costimulatory molecule CD40 and the capacity of mature DC to 

stimulate proliferation of the CD4+ and CD8+ T lymphocytes. 

 Tumour cells can escape from the immune response not only by changes in the 

cancer cells, but also by influencing, expanding and/or activating immunoregulatory cell 

populations, such as Treg. We investigated whether the depletion of Treg by commonly 

used anti-CD25 mAb (PC61) can inhibit tumour growth and be helpful during the NKT 

cell-targeted immunotherapy by administration of α-GalCer in the tumour-bearing 

organism. Unexpectedly, depletion of Treg had no additive effect on the NKT cell 

activation on the tumour growth. Further studies showed that PC61 antibody not only 

depleted Treg, but also inhibited activated NKT cells. PC61 limited proliferation of NKT 

cells after activation, decreased the production of IFNγ by activated NKT cells and was 

associated with downregulation of the early surface activation marker CD69.  

Results obtained from the projects involved in this dissertation are important for 

optimization of vaccination and immunotherapeutic strategies that take into the account the 

MHC class I status of neoplasia. Our findings suggest that the efficiency of peptide 

vaccines against MHC class I-deficient tumours can be increased by peptides harbouring 

CD4 epitopes or by longer peptides requiring DC processing. In addition, the treatment of 

MHC class I-deficient tumour by epigenetic agents sensitized neoplasia towards the 

immunotherapy using of CpG ODN or IL-12-producing cellular vaccine. We reported the 

modulation of immune responses in several experimental settings. Application of anti-

CD25 mAb (PC61) impaired the NKT cell activation and treatment by 5AC and TSA 

interfered with DC maturation. Our data provide evidence that besides the known targets of 

epigenetic agents or immunoregulatory antibodies, other unspecific or indirect activities 

should be considered during the therapy. 
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