
Introduction

Immunotherapy denotes a strategy for mani-
pulating a patient’s immune response. In can-
cer or infectious disease the approach is desi-
gned to boost the patient’s response to tumo-
ur antigens or pathogens.1 Many strategies
for enhancement of the immune response to
autologous tumours have recently been deve-

loped. These strategies use tumour cells trans-
fected with genes encoding molecules that
enhance immune responses.2 Tumour speci-
fic immunity is mediated by T lymphocytes. T
cells play a major role in the antitumour im-
mune response and surveillance and repre-
sent an important basis for the development
of cancer immunotherapy.3 Identification of
immunogenic tumour antigens has signifi-
cantly advanced our understanding of tumo-
ur immunity and provides opportunity for the
development of effective antigen-specific
cancer therapy.4 Since most cancers do not
express major histocompatibility complex
(MHC) class II molecules on their surface and
CD8+ cytotoxic T lymphocytes (CTLs) are able
to induce lysis of tumour cells upon recogni-
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tion of tumour antigen derived peptides, pre-
sented by the tumour’s MHC class I molecu-
les, the research has been focused mainly on
modulation and use of MHC class I antigen
presenting pathway for tumour immunothe-
rapy. However, clinical trials using MHC
class I restricted antigens have elicited only
modest and transient immune responses in
most immunized patients. A possible reason
for this failure is the lack of tumour specific
CD4+ T cell responses5, so recently a lot of
progress has been made in acknowledging
the importance of MHC class II molecules in
mediating antitumour immune response.6-8

MHC class I and MHC class II antigen 
presentation pathways

The MHC is a large multigene family that en-
codes cell surface glycoproteins involved in
binding and presentation of antigenic pepti-
des to T lymphocytes. MHC class I molecules,
which are expressed on most nucleated cells,
present peptides to CD8+ cytolytic T lymp-
hocytes (CTLs). In contrast, the constitutive
expression of MHC class II molecules, which
are essential for antigen presentation to CD4+

T helper (TH) cells, is restricted to antigen pre-
senting cells, such as dendritic cells, B cells,
monocytes, macrophages and thymic epithe-
lial cells. Expression of MHC class II molecu-
les can however be induced by interferon-γ
(IFN-γ) on most other cell types.9 Class II mo-
lecules usually present exogenously synthesi-
zed peptides, which are acquired in the cellu-
lar compartment for peptide loading, whereas
class I molecules usually present endogeno-
usly synthesized self-peptides.10 Endogenous
antigens are degraded by proteasome into
short peptides. These peptides are transpor-
ted into the endoplasmic reticulum (ER) by
TAP complex. Here the newly synthesized
MHC class I heavy chains assemble with the
light chain and peptide and this complex is
transported to the cell surface for presentati-

on to CD8+ CTLs. MHC class II molecule is
usually unable to bind endogenous peptides,
because the peptide antigen binding groove is
occupied by invariant chain (Ii) molecules in
the ER. This assembly stabilizes the MHC II
complexes and its CLIP region prevents the
binding of endogenous antigen peptides pre-
sent in the ER. Ii also contains two sorting si-
gnals in its cytoplasmic tail, which are res-
ponsible for the transport of the MHC/Ii com-
plexes into endosomal and lysosomal com-
partments, where Ii is degraded by cathe-
psins and only CLIP peptide is left in the bin-
ding groove. HLA-DM then catalyses the rele-
ase of CLIP, allowing the groove to bind the
antigen-derived peptides, which come from
the lysosome (Figure 1).5,11,12
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Figure 1. MHC class I and class II antigen processing
and presentation pathways. (a) Proteasome degrades
endogenous antigens into peptides, which are trans-
ported into the ER by TAP complex. Here the newly
synthesized MHC class I molecules assemble with
peptide and the MHC-peptide complex is transported
through the Golgi to the cell surface for presentation
to CD8+ T cells. (b) Exogenous antigens are taken in by
endocytosis and processed by proteases in an endoso-
me into short peptides. The alpha and beta chains of
MHC class II, along with an invariant chain, are
synthesized, assembled in the endoplasmic reticulum,
and transported through the Golgi apparatus to reach
the endosome, where the invariant chain is digested,
and the peptide fragments from the exogenous prote-
in are able to associate with the MHC class II molecu-
les, which are finally transported to the cell surface for
presentation to CD4+ T cells.



The role of CD4+ T cells in immunity

CD4+ T lymphocytes play a central role in the
onset and maintenance of adaptive immu-
nity. CD4+ T cells help antibody responses
and also help the activation and expansion of
CD8+ T cells and are essential in maintaining
the CD8+ T cell memory and long-lasting anti-
tumour immune response (Figure 2).5,13

CD4+ T cells can be divided into two main
subsets: TH1 and TH2, depending on the cyto-
kines they produce in response to antigen ac-
tivation. TH2 produce IL-4 and IL-5. IL-4 acti-
vates B cells to become antibody secreting
plasma cells. IL-5 is a growth and activation
factor for eosinophils. It has been reported
that a significant cytotoxicity against tumour
cells can be mediated by eosinophils after IL-
5-mediated in vivo activation and that eosino-
phils may be involved in the antitumour res-
ponse in vivo.14 TH1 cells produce IL-2, IL-12
and IFN-γ, which are important for cellular
immunity. IL-2 has been used in several stu-
dies in which its administration facilitates tu-
mour eradication.13,15 IL-12 plays an essential
role in the interaction between the innate and

adaptive immunity. IL-12 acts on T cells and
NK cells by inducing proliferation and pro-
duction of cytokines, especially IFN-γ. IL-12 is
also the major cytokine responsible for the
differentiation of TH1 cells, which are potent
producers of IFN-γ. In experimental tumour
models, recombinant IL-12 treatment has a
dramatic anti-tumour effect on transplantable
tumours, on chemically induced tumours,
and in tumours arising spontaneously in ge-
netically modified mice.16 IFN-γ also plays an
important role in tumour rejection. IFN-γ co-
uld have direct effects on tumour cells by (a)
cytotoxic activity on tumour cells, mediated
by production of oxygen derivatives and ni-
tric oxide, (b) up-regulation of MHC class II
molecules expression, thus increasing tumo-
ur cell recognition and elimination, (c) altera-
tion of the endogenous antigen-processing
machinery, and (d) induction of inhibitors of
angiogenesis in the cells.13,17

The importance of CD4+ T cells in respon-
se to tumours and protection against tumour
growth is now widely recognized. Strategies
have evolved to generate tumour cells that
can directly present tumour peptides and
specifically activate tumour-specific CD4+ TH
cells. This approach is based on the assump-
tion that the effectiveness of CD8+ T cells is
dependent on sufficient help from tumour-ac-
tivated CD4+ T cells, and that optimal immu-
nological memory can be generated if both
CD4+ and CD8+ T cells are stimulated.18

Tumour immunotherapy by modulating
MHC class II gene expression in tumour

cells

Down regulation of MHC class I or class II ex-
pression is one way for tumours to escape im-
munosurveillance. Whereas some tumours
do express variable levels of MHC class II mo-
lecules, they often up-regulate expression of
the Ii protein and thus prevent MHC class II
presentation of endogenous tumour antigens.
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Figure 2. The role of CD4+ T cells in immune respon-
se against cancer. TH cells play a crucial role in regula-
ting the host immune response. They help B cells to
produce antibodies, they release cytokines, which sti-
mulate other varieties of immune cells to kill the inva-
ding tumour cell. They provide help in stimulating
CD8+ CTL, which directly kill tumour cells. Finally, TH
cells are also involved in the inhibition of tumour
growth in the absence of CD8+ T cells.



Tumour cells that co-express class II and Ii
molecules, such as B-lymphomas, are not ca-
pable of directly presenting tumour peptides
and are thus no more immunogenic than
class II negative tumour cells.19 Melanoma tu-
mours also express MHC class II molecules,
which can present tumour antigens. Howe-
ver, as these tumours lack co-stimulatory mo-
lecules that are necessary to activate naïve
CD4+ T cells, such as B7 ligand, this may re-
sult in tumour antigen presentation and the
induction of tumour antigen-specific CD4+ T
lymphocyte anergy. Through these mecha-
nisms the MHC class II molecules may parti-
cipate in melanoma progression and immune
escape.20,21 In contrast, high levels of MHC
class II expression in gastrointestinal and bre-
ast cancers are often associated with better
prognosis, showing the involvement of CD4+

T cells in protective immune response against
the tumour.22,23 In fact several groups have
published to successfully treat MHC class II
negative tumours by converting them into
MHC class II positive and thus making them
APCs.7,24

MHC class II gene expression is regulated
mainly on the transcriptional level. One of
the most important factors is the class II tran-
sactivator (CIITA), which acts as coactivator
by virtue of its ability to interact with other
components of the MHC class II enhanceoso-
me, which are present on MHC class II pro-
moters. CIITA is a non-DNA binding protein
and controls constitutive and inducible MHC
class II gene activation. Coinciding with MHC
class II expression, the constitutive expressi-
on of CIITA is confined to APCs only, and CI-
ITA expression can be induced by IFN-γ in va-
rious other cell types. The transcriptional re-
gulation of human CIITA is controlled by at
least three independent promoter units (CII-
TA-PI, -PIII and -PIV), each transcribing a uni-
que first exon. These isoforms of the protein
are cell type specific. CIITA-PI and CIITA-PIII
are used for constitutive expression in den-
dritic cells and B cells, respectively. CIITA-

PIV has been the promoter shown to be pre-
dominantly IFN-γ inducible.25

The first demonstration that lack of IFN-γ
mediated induction of MHC class II antigens
was caused by the absence of expression of
CIITA was made in foetal trophoblast-derived
tumour cell lines. Expression of CIITA follo-
wing gene transfer resulted in the induction
and subsequent cell surface expression of all
isotypes of MHC class II molecules.9,26

A variety of mouse tumours have been
transfected with syngeneic MHC class II ge-
nes, and the resulting transfectants are very
effective vaccines against subsequent chal-
lenge with the wild type class II-negative tu-
mors.10,27

Interestingly, the expression of other ge-
nes whose products are involved in the MHC
class II antigen presentation pathway, such as
invariant chain and HLA-DM molecules, al-
though not absolutely depending upon CII-
TA, is strongly increased in the presence of
CIITA. Some studies show that coexpression
of Ii is required for expression of functional
MHC class II molecules28, while others show,
that class II are functional in the absence of
Ii29,30 and that coexpression of MHC class II
and Ii correlates with poor tumour progno-
sis.31

Meazza et al show, that by modifying the
murine mammary adenocarcinoma TS/A cell
line by CIITA gene transfer, CIITA+ tumour
cells express surface MHC class II molecules.
Even though these cells also up-regulate the
invariant chain mRNA and corresponding
protein, CIITA+ tumour cells were rejected in
syngeneic recipients and the capacity to be
rejected correlated with the amount of CIITA-
mediated MHC class II expression. Tumour
rejecting mice also became resistant to the re-
challenge with the wild type tumour. This re-
jection required both CD4+ and CD8+ cells.7

Other groups however show, that up-regulati-
on of Ii chain expression converts an immu-
nogenic tumour to non-immunogenic, that is
highly malignant in autologous mice.32,33
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In vivo studies demonstrate that MHC class
II+ /Ii- tumour cells, and not host derived
cells, were the predominant antigen-presen-
ting cells for MHC class II-restricted nuclear
antigens.34 Due to allele heterogenicity, the
transfection of genes for autologous MHC
class II molecules is not practical clinically.
Alternative approaches inducing expression
of MHC class II molecules with transfection
of CIITA or IFN-γ stimulation of CIITA ex-
pression and suppression of Ii protein by an-
tisense methods using short oligonucleotides
have been used successfully in several types
of tumours. The cytotoxic effect can be en-
hanced by co-injecting the cells with IL-2 ge-
ne expressing plasmid, since IL-2 promotes T
cell infiltration and activation against tumour
antigens.35 Intra-tumoural gene therapy can
also be aided by radiation of tumours to en-
hance the therapeutic efficacy of intra-tumou-
ral gene therapy for in situ induction of tumo-
ur-specific immune response.36 There are se-
veral possible mechanisms for radiation en-
hancement of gene therapy, which include (a)
slowing of the tumour growth, so that immu-
notherapy has time to develop, (b) radiation
induced tissue damage mobilizes inflamma-
tory cells in the tumour vicinity, (c) radiation
limits suppressive immunoregulatory T cells
and (d) radiation increases gene transduction
efficiency and duration of expression of sur-
viving tumour cells.

The advantage of the methods that include
converting tumour cells into antigen presen-
ting cells is not only killing of the cells di-
rectly contacted by tumour therapy, but also
eliciting of an immune response which in
turn eradicates tumour cells and deposits at
both locoregional and distant sites.36

Dendritic cells as tumour-antigen 
presenting cells

Dendritic cells (DCs) are the most potent an-
tigen-presenting cells. They can present tu-

mour antigens to immunologic effector cells.
MHC II molecules on DC surfaces play an im-
portant role in priming effector cells against
tumour cells and their antigens, so they may
be used to overcome tumour escape. DCs
capture and process antigens in periphery,
express lymphocyte co-stimulatory molecu-
les, migrate to lymphoid organs, and secrete
mediators to initiate immune responses.37

DCs present peptides to naïve T cells and in-
duce a cellular immune response that invol-
ves both CD4+ TH1 cells and cytolytic CD8+ T
cells. They can also stimulate humoral immu-
nity by activating naïve and memory B cells.38

Effective cancer vaccines will need to elicit
both CD4+ IFN-γ producing and CD8+ cytoto-
xic T cell responses. Successful antitumour
immunity will therefore depend on receipt by
DC of maturation signals, which drive diffe-
rentiation of naïve CD4+ and CD8+ T cells in-
to TH1/TC1 effector cells.1 Thus DCs repre-
sent a powerful tool for vaccination against
tumour cells,38,39 but one has to consider, that
immature DCs can induce tolerance and only
mature DCs, which express co-stimulatory
molecules on surface and produce inflamma-
tory cytokines, induce effective antitumour
immunity.1

Marten et al demonstrate the transfection
of CIITA gene into DCs, which strongly incre-
ases MHC class II expression. Transfection of
the DCs with CIITA leads to an increase in
antitumoural immunostimulatory capacity
and therefore suggests the use of DCs in tre-
atment of cancer cells.39

DCs pulsed with tumour antigens have al-
so been used in several studies. Such DCs ha-
ve been successfully used in raising specific
CD8+ T cells. Similarly this approach is also
used to raise specific CD4+ T cells by loading
them with MHC class II restricted anti-
gens.38,40 Even though more and more tumo-
ur-restricted antigens are being identified,
unfortunately most tumours still have no de-
fined tumour antigens,39 so this method has
only limited applicability in clinical therapy.
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Zhao et al show that short incubation of mR-
NA-transfected DCs with antisense oligonu-
cleotides directed against the Ii chain enhan-
ces the presentation of mRNA-encoded class
II epitopes and activation of CD4+ T-cell res-
ponses in vitro and in vivo. Immunization of
mice with the antisense oligonucleotide-trea-
ted DCs stimulates a more potent and longer
lasting CD8+ CTL response and enhances the
antitumour efficacy of DC-based tumour vac-
cination protocols. Since vaccination with tu-
mour mRNA-transfected DCs does not requi-
re the identification of the effective tumour
antigens in each patient with cancer and is
not limited by tumour tissue availability, this
approach could represent a broadly useful
method to augment antitumour T cell immu-
nity alongside CD8+ T-cell immunity.31

Conclusions

Our current understanding of molecular me-
chanisms of cancer and tumour-specific im-
mune responses has greatly benefited from
the advances in molecular genetics and immu-
nology. At the same time, the advances in re-
combinant DNA technologies have been ma-
de, that enable development of immunothe-
rapy for the disease. Different immunothe-
rapy strategies have proven to be very effecti-
ve in animal models; however patients in
most clinical trials conducted so far have elici-
ted only weak and transient immune respon-
se. Therefore combination of different trea-
tment strategies, such as gene therapy combi-
ned with cytokine treatment, radiation and/or
chemotherapy will have to be considered. 

The identification of MHC class I and class
II-restricted tumour antigens has enabled de-
velopment of methods for the targeting of ei-
ther defined epitopes or whole antigens into
the MHC pathway. Tumour cells can be gene-
tically engineered to function as APCs, the-
reby facilitating the generation of tumour-
specific immunity. The advantage of this me-

thod is that prior identification of tumour an-
tigens is not necessary. By inducing a potent
antitumour immune response, tumour cells
throughout the body that are left behind after
surgery or radiotherapy could be eradicated.
By enabling induction of a potent CD4+ and
CD8+ T cell antitumour immune response,
the clinical outcomes in patients with cancer
should be greatly improved.

DCs are also an attractive target for thera-
peutic manipulation of the immune system in
cancer. By loading them with combined MHC
class I and class II peptides, they can be used
to immunize patients.

The combined use of MHC class I and
class II-restricted tumour antigens, co-stimu-
latory molecules and cytokines that can be
used to enhance immune responses represent
an unprecedented opportunity for the develo-
pment of new generation of effective cancer
vaccines. 

References

1. Faith A, Hawrylowicz CM. Targeting the dendritic
cell: the key to immunotherapy in cancer? Clin Exp
Immunol 2005; 139: 395-7.

2. Armstrong TD, Pulaski BA, Ostrand-Rosenberg S.
Tumor antigen presentation: changing the rules.
Cancer Immunol Immunother 1998; 46: 70-4.

3. Rosenberg SA. Progress in human tumour immu-
nology and immunotherapy. Nature 2001; 411:
380-4.

4. Wang RF. Enhancing antitumor immune respon-
ses: intracellular peptide delivery and identificati-
on of MHC class II-restricted tumor antigens. Im-
munol Rev 2002; 188: 65-80.

5. Bonehill A, Heirman C, Thielemans K. Genetic ap-
proaches for the induction of a CD4+ T cell respon-
se in cancer immunotherapy. J Gene Med 2005; 7:
686-95.

6. Armstrong TD, Clements VK, Martin BK, Ting JP,
Ostrand-Rosenberg S. Major histocompatibility
complex class II-transfected tumor cells present
endogenous antigen and are potent inducers of tu-
mor-specific immunity. Proc Natl Acad Sci U S A
1997; 94: 6886-91.

Oven I / MHC class II molecules and tumour immunotherapy266

Radiol Oncol 2005; 39(4): 261-8.



7. Meazza R, Comes A, Orengo AM, Ferrini S, Accol-
la RS. Tumor rejection by gene transfer of the MHC
class II transactivator in murine mammary adeno-
carcinoma cells. Eur J Immunol 2003; 33: 1183-92.

8. Walter W, Lingnau K, Schmitt E, Loos M, Maeurer
MJ. MHC class II antigen presentation pathway in
murine tumours: tumour evasion from immuno-
surveillance? Br J Cancer 2000; 83: 1192-201.

9. van den Elsen PJ, van der Stoep N, Yazawa T.
Class II Transactivator (CIITA) Deficiency in tu-
mor cells: complicated mechanisms or not? Am J
Pathol 2003; 163: 373-6.

10. Ostrand-Rosenberg S. Tumor immunotherapy: the
tumor cell as an antigen-presenting cell. Curr Opin
Immunol 1994; 6: 722-7.

11. Pieters J. MHC class II-restricted antigen processing
and presentation. Adv Immunol 2000; 75: 159-208.

12. Van Kaer L. Major histocompatibility complex
class I-restricted antigen processing and presenta-
tion. Tissue Antigens 2002; 60: 1-9.

13. Gerloni M, Zanetti M. CD4 T cells in tumor immu-
nity. Springer Semin Immunopathol 2005; 27: 37-48.

14. Kataoka S, Konishi Y, Nishio Y, Fujikawa-Adachi
K,Tominaga A. Antitumor activity of eosinophils
activated by IL-5 and eotaxin against hepatocellu-
lar carcinoma. DNA Cell Biol 2004; 23: 549-60.

15. Atkins MB, Lotze MT, Dutcher JP, Fisher RI, We-
iss G, Margolin K, et al. High-dose recombinant in-
terleukin 2 therapy for patients with metastatic
melanoma: analysis of 270 patients treated betwe-
en 1985 and 1993. J Clin Oncol 1999; 17: 2105-16.

16. Colombo MP, Trinchieri G. Interleukin-12 in anti-
tumor immunity and immunotherapy. Cytokine
Growth Factor Rev 2002; 13: 155-68.

17. Dighe AS, Richards E, Old LJ, Schreiber RD. En-
hanced in vivo growth and resistance to rejection
of tumor cells expressing dominant negative IFN
gamma receptors. Immunity 1994; 1: 447-56.

18. Kern DE, Klarnet JP, Jensen MC, Greenberg PD.
Requirement for recognition of class II molecules
and processed tumor antigen for optimal generati-
on of syngeneic tumor-specific class I-restricted
CTL. J Immunol 1986; 136: 4303-10.

19. Koch N, Harris AW. Differential expression of the
invariant chain in mouse tumor cells: relationship to
B lymphoid development. J Immunol 1984; 132: 12-5.

20. Baton F, Deruyffelaere C, Chaplin M, Prod’homme
T, Charron D, Al-Daccak R, et al. Class II transac-
tivator (CIITA) isoform expression and activity in
melanoma. Melanoma Res 2004; 14: 453-61.

21. Egorov IK. Mouse models of efficient and ineffici-
ent anti-tumor immunity, with emphasis on mini-
mal residual disease and tumor escape. Cancer Im-
munol Immunother 2005; 10: 1-22.

22. Satoh A, Toyota M, Ikeda H, Morimoto Y, Akino
K, Mita H, et al. Epigenetic inactivation of class II
transactivator (CIITA) is associated with the ab-
sence of interferon-gamma-induced HLA-DR ex-
pression in colorectal and gastric cancer cells. On-
cogene 2004; 23: 8876-86.

23. Sheen-Chen SM, Chou FF, Eng HL, Chen WJ. An
evaluation of the prognostic significance of HLA-
DR expression in axillary-node-negative breast
cancer. Surgery 1994; 116: 510-5.

24. Armstrong TD, Clements VK, Ostrand-Rosenberg
S. Class II-transfected tumor cells directly present
endogenous antigen to CD4+ T cells in vitro and
are APCs for tumor-encoded antigens in vivo. J Im-
munother 1998; 21: 218-24.

25. Harton JA, Ting JP. Class II transactivator: maste-
ring the art of major histocompatibility complex
expression. Mol Cell Biol 2000; 20: 6185-94.

26. Murphy SP, Tomasi TB. Absence of MHC class II
antigen expression in trophoblast cells results
from a lack of class II transactivator (CIITA) gene
expression. Mol Reprod Dev 1998; 51: 1-12.

27. James RF, Edwards S, Hui KM, Bassett PD, Grosveld
F. The effect of class II gene transfection on the tu-
mourigenicity of the H-2K-negative mouse leukae-
mia cell line K36.16. Immunology 1991; 72: 213-8.

28. Elliott EA, Drake JR, Amigorena S, Elsemore J,
Webster P, Mellman I, et al. The invariant chain is
required for intracellular transport and function of
major histocompatibility complex class II molecu-
les. J Exp Med 1994; 179: 681-94.

29. Busch R, Cloutier I, Sekaly RP, Hammerling GJ.
Invariant chain protects class II histocompatibility
antigens from binding intact polypeptides in the
endoplasmic reticulum. Embo J 1996; 15: 418-28.

30. Miller J, Germain RN. Efficient cell surface expres-
sion of class II MHC molecules in the absence of
associated invariant chain. J Exp Med 1986; 164:
1478-89.

31. Zhao Y, Boczkowski D, Nair SK, Gilboa E. Inhibi-
tion of invariant chain expression in dendritic
cells presenting endogenous antigens stimulates
CD4+ T-cell responses and tumor immunity. Blood
2003; 102: 4137-42.

32. Martin BK, Frelinger JG, Ting JP. Combination ge-
ne therapy with CD86 and the MHC class II tran-
sactivator in the control of lung tumor growth. J
Immunol 1999; 162: 6663-70.

Oven I / MHC class II molecules and tumour immunotherapy 267

Radiol Oncol 2005; 39(4): 261-8.



33. Clements VK, Baskar S, Armstrong TD, Ostrand-
Rosenberg S. Invariant chain alters the malignant
phenotype of MHC class II+ tumor cells. J Immunol
1992; 149: 2391-6.

34. Qi L, Rojas JM, Ostrand-Rosenberg S. Tumor cells
present MHC class II-restricted nuclear and mito-
chondrial antigens and are the predominant anti-
gen presenting cells in vivo. J Immunol 2000; 165:
5451-61.

35. Overwijk WW, Theoret MR, Restifo NP. The futu-
re of interleukin-2: enhancing therapeutic antican-
cer vaccines. Cancer J Sci Am 2000; 6(Suppl 1): S76-
80.

36. Hillman GG, Kallinteris NL, Lu X, Wang Y,
Wright LJ, Li Y, et al. Turning tumor cells in situ
into T-helper cell-stimulating, MHC class II tumor
epitope-presenters: immuno-curing and immuno-
consolidation. Cancer Treat Rev 2004; 30: 281-90.

37. Banchereau J, Steinman RM. Dendritic cells and
the control of immunity. Nature 1998; 392: 245-52.

38. Banchereau J, Palucka AK. Dendritic cells as thera-
peutic vaccines against cancer. Nat Rev Immunol
2005; 5: 296-306.

39. Marten A, Ziske C, Schottker B, Weineck S, Re-
noth S, Buttgereit P, et al. Transfection of dendri-
tic cells (DCs) with the CIITA gene: increase in im-
munostimulatory activity of DCs. Cancer Gene Ther
2001; 8: 211-9.

40. Zeng G. MHC class II-restricted tumor antigens re-
cognized by CD4+ T cells: New strategies for can-
cer vaccine design. J Immunother 2001; 24: 195-204.

Oven I / MHC class II molecules and tumour immunotherapy268

Radiol Oncol 2005; 39(4): 261-8.


