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Abstract

Present immunoprevention and immunotherapeutic approaches against cancer suffer from the limitation of

being not “sterilizing” procedures, as very poor protection against the tumor is obtained. Thus newly conceived
anti-tumor vaccination strategies are urgently needed. In this review we will focus on ways to provide optimal
MHC class ll-restricted tumor antigen presentation to CD4+ T helper cells as a crucial parameter to get optimal
and protective adaptive immune response against tumor. Through the description of successful preventive or
therapeutic experimental approaches to vaccinate the host against the tumor we will show that optimal activation
of MHC class Il-restricted tumor specific CD4+ T helper cells can be achieved in various ways. Interestingly, the
success in tumor eradication and/or growth arrest generated by classical therapies such as radiotherapy and
chemotherapy in some instances can be re-interpreted on the basis of an adaptive immune response induced by
providing suitable access of tumor-associated antigens to MHC class Il molecules. Therefore, focussing on strategies
to generate better and suitable MHC class Il-restricted activation of tumor specific CD4+ T helper cells may have
an important impact on fighting and defeating cancer.

Keywords: Tumor immunity, Vaccine, T helper cells, CIITA, MHC class |I

including neutrophils, macrophages, mast cells, eosino-

I asked a bird if he were happy phils [4,5] as well as T cells with CD4+/CD25+ pheno-
Give me more sky, was the answer type and suppressive function on helper and effector T
1 asked a fish if he were happy cells, designated regulatory T cells (Tregs) [6,7], can co-
Give me more ocean, was the answer operate in favouring, instead of antagonizing, tumor
I asked myself the same question growth. These findings have created a diffuse sentiment
Give me more birds and more fishes, was the answer that a sort of pro-tumor polarization of the innate and
(anonymous african poet) adaptive immunity is the cause for tumor cells to sur-

vive, replicate and spread [8,9].

As seen from the side of the protective adaptive im-
mune response, however, the above events can be inter-
preted not as the cause but simply as the consequence
of the tumor strategy to primarily counteract compo-
nents of the acquired immunity (see Table 1). Thus, the
intention here is to re-establish the role of the acquired
immune response (that is: specific antigen presentation,
stimulation of antigen-specific CD4+ T helper (TH) cells
and generation of antigen-specific effector cells) as the
major mechanism of defence against cancer. Instrumental
* Correspondence: roberto.accolla@uninsubria.it for this role is to reach optimal MHC class II (MHC-II)-
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Background

Although the host can mount an immune response
against cancer cells [1] the fact that the tumor takes off
in cancer patients demonstrates that tumor may elude
immune defences [1,2]. Tumors are not simple entities.
They are composed of tumor cells, tumor stroma and
often of a series of blood-derived infiltrating leukocytes
including cells of innate and adaptive immunity [3]. It
has become apparent that tumor-infiltrating leukocytes,
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Table 1 Major elements influencing tumor escape
from adaptive immune recognition and destruction

1. Tumor-related
- Insufficient tumor antigen expression
- Loss of MHC class | expression by tumor
- Lack of MHC class Il expression by tumor
- Production of immunosuppressive factors for T and B cells
2. Immune cells-related
- Insufficient lymphocyte penetration into the tumor tissue
- Lack of T cell help
Insufficient MHC-II-restricted antigen presentation
Insufficient TH triggering
- Lack or insufficient CTL activity
Insufficient MHC-I-restricted antigen presentation
Insufficient support by TH cells
Scarce lytic activity
- Extrinsic functional blocking of T cells
Regulatory and suppressor cells

Inhibitory cytokines

tumor-specific TH cells and, by this, the downstream
cascade of adaptive anti-tumor immunity to counteract
not only tumor onset but also established tumors. These
considerations have important consequences also for the
comprehension of how chemotherapy and/or radiation
therapies may help to block and/or to eradicate the
tumor and for the construction of suitable anti-tumor
vaccine strategies.

Inefficiency of immune effectors in tumor-bearing
hosts

Often immune cells with specificity for tumor-associated
antigens can be found in cancer patients. Due to the jus-
tified belief, based on the groundbreaking studies of Fes-
teinstein [10], that the major mechanism of elimination
of tumor cells should rely on MHC class I (MHC-I)-
restricted CD8+ cytolytic T lymphocytes (CTL), most
tumor immunologists focussed initially their attention
on the presence of CTL in tumor-bearing hosts. Indeed,
CTL can be isolated from tumor tissues, their fine tumor
antigen specificity can be assessed, they can be amplified
in vitro and re-injected into hosts in which, at least in
some experimental animal models, they can inhibit
tumor take or even cure established tumors [11]. On this
basis, clinical trials using CTL-defined antigens as vac-
cines have been performed. However, in most studies
the CTL responses were weak and unable to control
tumor growth and metastasis [12]. This event was due
not only to the frequent loss or reduced expression of
MHC-I molecules in tumor cells [13-15] but also to the
poor tumor specific, MHC-II-restricted T cell help
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generated in tumor-bearing patients [16], as TH cells are
required for optimal induction of both humoral and cel-
lular effector mechanisms [17] and particularly for CTL
maturation, clonal expansions and acquisition of cyto-
lytic function [18].

TH cell triggering requires recognition of antigenic
peptides presented by MHC-II molecule expressed on
professional antigen presenting cells (APC) including
dendritic cells (DC), macrophages and B cells [19].
Inhibiting and/or avoiding the crucial phase of MHC-II-
dependent tumor antigen presentation to and/or acti-
vation of TH cells would thus be an effective strategy
to block ab origine the adaptive anti-tumor immune
response.

Among the possibilities to explain the insufficient/
absent MHC class II-dependent stimulation of tumor
associated antigen-specific TH cells the following events
have been hypothesized:

1. Tumors elaborate insufficient amounts of
tumor-associated antigens: scarcity of necrotic
and/or apoptotic tumor cells to serve as potential
source of exogenous antigens in fuelling antigen
presentation would hamper the power of presenting
immunologically relevant amounts of TAA to
TH cells, even if APC are functionally available.

2. Tumor cells elaborate products that actively inhibit
the function of APCs: tumor cell may secrete
cytokines and chemokines that are inhibitory
for either antigen uptake, processing or
MHC-II-dependent presentation by APC.

3. Tumor cells may not be suited for acting as surrogate
APC: tumor cells are not classical APCs and they
usually do not express MHC-II molecules. This
prevents their possibility of functioning as surrogate
APC for their putative TAA.

4. Low frequency of TH cells against tumor-associated
antigens: because tumor antigens are mostly self
constituents and very often non mutated products,
the frequency of TH cell precursors specific for
MHC-II-restricted TAA peptides may be very low
and unable to guarantee an efficient effector
function upon antigen stimulation.

Providing optimal MHC-llI-restricted tumor

antigen presentation to TH cells: a key parameter

for an efficient anti-tumor immunity

A crucial parameter for TH activation is the optimal
MHC-II-restricted antigen presentation and related anti-
gen processing capable of efficiently triggering tumor-
specific TH cells. Intentionally, we do not specify the
nature of the antigen presenting cells because, as it will
appear later, this role could be played, at least in part, by
the tumor cells themselves. Based on recent results of
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our group and of other investigators, along with re-
appraisal of historical seminal experiments in immun-
ology, we will underline the notion that providing “more
antigen availability” under the form of optimal MHC-II-
restricted antigen presentation to TH cells is a key
element for generating the cascade of immune effector
functions and polarizing signals that result in tumor re-
jection and acquisition of anti-tumor immune memory.

Fifty years ago Mitchison demonstrated the import-
ance of antigen dose in triggering an adaptive immune
response [20,21] by showing that low amounts of protein
antigen would never trigger an immune response and
might even be tolerogenic. In a recent adaptation of ori-
ginal Mitchison’s paradigm of “more antigen-more re-
sponse” Zinkernagel and coworkers elaborated the
theory that for tumor antigens not only the quantity, but
also the “geographic availability” is a crucial parameter
to instruct the adaptive immune system [22]. If cells of
adaptive immunity do not have the chance to encounter
tumor cells because the tumor remains localized at sites
out of contact with immune cells, than the tumor will be
neglected, “ignored” by the immune system.

Optimal MHC-Il-restricted antigen presentation to

TH cells in preventive anti-tumor vaccination: the

example of ClITA-induced MHC class Il expression

in tumor cells

In the recent past, many attempts have been made to
construct preventive anti-tumor vaccines by using as a
primary source of antigen whole tumor cells treated by
different procedures to make them more immunogenic.
Irradiated or genetically modified tumor cells have been
used even in clinical trials [23].

As a different approach to obtain optimal triggering of
the adaptive anti-tumor immune response, a vaccination
strategy with tumor cells transduced with the AIR-1-
encoded MHC-II transactivator CIITA [24,25] has been
explored in our laboratory. The rationale underlying this
approach was that CIITA-transfected tumor cells may
act as “surrogate APC” via MHC-II-restricted tumor-
associated antigen presentation to tumor-specific TH
cells for their optimal triggering.

Indeed, beside controlling MHC-II gene expression,
CIITA acts on other crucial steps of the antigen proces-
sing and presentation mechanism, via upregulation of
Invariant chain [26] and DM [27] expression. Moreover,
crucial to this approach were the assumptions, verified
by previous elegant studies, that endogenous proteins
(as most tumor antigens are) could access the MHC
class II pathway of antigen presentation [28,29] and that
peptides of these proteins could be recognized and serve
as immunogen for TH cell triggering [30,31].

Our studies have demonstrated that efficient rejection
of CIITA-transfected tumor cells of distinct histological
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origin can be achieved in high percentage of injected im-
munocompetent syngeneic mice [26,32,33]. Importantly,
CIITA-tumor vaccinated mice develop an anamnestic
response allowing them to reject parental tumors very
efficiently [26,32,33]. That CIITA-dependent MHC class
II expression in tumor cells was instrumental to trigger
a protective immune response against the parental
tumor was also demonstrated by vaccination experi-
ments with non replicating CIITA-transfected tumor
cells [34]. The immunological basis of tumor rejection
upon vaccination with CIITA-transfected tumor cells
was extensively investigated. Rejection and/or reduced
tumor growth were mediated by tumor specific CD4+
TH and CD8+ CTL [26,32-34]. Importantly, tumor-
specific primed TH cells were long-living memory cells
and they could adoptively transfer resistance to tumor
growth even after many months from original stimula-
tion [33], implying the stabilization of a protective
phenotype of effector cells over time.

The comparative study of the tumor microenviron-
ment and of tumor draining lymph nodes in mice
injected with parental or with CIITA-transfected tumor
cells provided critical insight on the mechanisms trig-
gered by CIITA-transfected tumor cells and their pos-
sible role as surrogate APCs [32]. Tumors derived from
parental cells presented scarce infiltrate, represented
mainly by macrophages and neutrophils, very few CD4"
T cells, absence of DC and CD8" T cells. In contrast the
site of CIITA-transfected tumor cells injection was rap-
idly infiltrated by CD4" T cells. This was followed, days
later, by the appearance of DC and CD8+ T cells and,
immediately after, by the generation of extensive areas of
tumor cell necrosis. The fact that CD4" T cells colonized
CIITA-tumor tissue before CD8" T cells and DC, along
with the capacity of CIITA-expressing tumor cells to
process and present antigenic peptides to CD4" T cells
in vitro [32,35], supports the hypothesis that much of
the tumor-specific TH cell triggering and/or restimula-
tion takes place in the tumor tissue itself and is directly
mediated by tumor cell-derived MHC class II molecules,
as previously suggested [36-38].

Interestingly, mice rejecting CIITA-tumors and mice
vaccinated with CIITA-tumor cells rejecting a challenge
with parental tumors displayed a polarized CD4+ TH1
cell phenotype in their tumor-draining lymph nodes, as
compared to TH2-like cells found in parental tumor-
bearing mice. Moreover, the fact that CIITA-transfected
tumor cells could trigger a potent anamnestic and per-
sistent anti-tumor T cell response without an apparent
sequel of autoimmunity, suggests that most of the anti-
tumor response was directed against tumor- and not
self-derived antigens.

The success of this approach underscores the importance
of the optimal MHC-II-restricted antigen presentation,
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suggests that most tumor cells produce sufficient amounts
of tumor antigens and renders unnecessary to know a
priori the nature, the identity and the immunogenic hier-
archy of the tumor-associated antigen(s). It is of relevance
that the idea of increasing the density of tumor antigen
displayed by MHC-II molecules, as it results from our ap-
proach of rendering tumor cells MHC-II positive by stable
expression of CIITA, has been pursued also by other
approaches based, for example, on providing sustained
antigenic epitope in endosomal compartments by con-
structing Invariant chain-antigenic epitope chimeras
[39-41] or by treating tumor cells with epigenetic modi-
fiers that increase the expression of tumor-specific shared
antigens [42,43].

Optimal MHC-Il-restricted antigen presentation

to TH cells in anti-tumor therapy: the example

of L19-TNFa conjugate in therapy-induced
anti-tumor vaccination

In collaboration with Luciano Zardi, Laura Borsi and their
team we have conducted experiments of tumor therapy in
animal models by using mouse TNFa (mTNF«) covalently
bound to a Fv antibody (L19) specific for the beta form of
Fibronectin, selectively expressed in tumor neovasculature
[44]. Injection of L19mTNFa conjugate induces a dra-
matic necrosis of established tumors as it allows concen-
trating therapeutically active doses of TNF« at the tumor
level. When combined with the cytostatic drug melphalan,
this treatment dramatically potentiated the effect of mel-
phalan at the tumor site.

Two crucial observations, related to the importance of
the adaptive immune response against the tumor in this
approach, were made. First, the treatment resulted in a
high rate of complete, long-lasting tumor eradication in
distinct tumor models without any apparent adverse side
effects and with no recurrence. Second, tumor-bearing
immunodeficient SCID mice did not respond well to the
L19mTNFa treatment even when combined with mel-
phalan [45]. This prompted us to analyze whether the
cured mice developed a tumor-specific immunity. In-
deed, all cured mice were resistant to tumor challenge
and the tumor rejection was mediated by CTL and, par-
ticularly, by long-living, tumor specific CD4+ TH cells
[45]. TH cells were crucial for the establishment of
what we defined as “therapy induced anti-tumor vaccin-
ation” because naive mice depleted of CD4+ TH cells
were unable to reject primary tumors after L19mTNFa/
melphalan treatment [46]. Moreover, CD4+ TH cells
derived from cured animals treated with L19mTNFa/
melphalan, while fully competent in generating tumor
rejection when adoptively transferred together with
tumor cells in naive mice, were incapable of inducing
tumor rejection in CD8-depleted naive animals, strongly
suggesting that a major protective role of primed anti-

Page 4 of 7

tumor CD4+ T cells lies in triggering CD8+ naive T cells
to become functionally mature antitumor CTL effectors
[46]. Taken together, these findings strongly indicate that
the L19mTNFa/melphalan treatment was instrumental
in generating optimal MHC-II-restricted tumor antigen
presentation to efficiently trigger tumor specific TH cells
which, in turn, triggered naive CTL precursors and sus-
tained their cytolytic anti-tumor effector function.

Histological characterization of the tumor tissue evi-
denced, early after treatment, distinctive areas of necrosis
with infiltration, mainly, of granulocytes and macro-
phages. One week after L1I9mTNFa/melphalan treatment
a remarkable increase in the number of CD4+ and CD8+
T cells infiltrating the tumor was observed as compared
to tumors from untreated animals. This was accompan-
ied by a dramatic increase in granulocyte infiltration, to a
lesser extent of macrophages and by the extension of
areas of tumor necrosis [46]. Thus, the tumor necrosis
induced by L19mTNFa/melphalan and the earlier infil-
tration of granulocytes contributing to tumor cell killing
could be the key element to provide sufficient amount of
tumor antigens for fuelling professional APC, which
could then stimulate specific anti-tumor CD4+ TH cells
and CD8+ effector CTL, leading to the complete rejec-
tion of the tumor and to the establishment of a critical
reservoir of memory effector cells responsible for the
accelerated rejection of the tumor upon challenge.

Further phenotypic and functional characterization of
the CD4+ T cells involved in the priming of the anti-
tumor immune response following therapeutic treatment
revealed that while untreated tumor-bearing mice had in
their spleen and tumor-draining lymph nodes IL-4-
secreting TH2-type cells, treated mice displayed a mixed
THI1- and TH2-type of response with a great percentage
of cells secreting IFNy [46,47]. Thus, as it was shown for
the preventive vaccination approach with CIITA-
expressing tumor cells, a rapid appearance and conver-
sion, although not exclusive, toward a TH1 immune
phenotype was associated with the protective adaptive
anti-tumor response generated by the treatment with
L19mTNF« and melphalan.

All together the experimental evidences gathered from
our approaches of either preventive or therapy—induced
anti-tumor vaccination clearly demonstrate that a sub-
version toward an anti-tumor microenvironment can be
generated by promoting optimal MHC-II-restricted anti-
gen presentation to TH cells not only before the tumor
onset but also after cancer has developed (Figure 1).

Radiotherapy and chemotherapy as procedures to
potentially induce optimal MHC-IlI-restricted
antigen presentation to TH cells

To the light of these findings and in consideration that
an optimal MHC-II-restricted tumor antigen presentation
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Figure 1 Optimal MHC-II-restricted tumor antigen presentation as a key parameter for an effective anti-tumor adaptive immune
response. Optimal MHC-ll-restricted tumor antigen presentation may result from either surrogate antigen presenting activity by tumor

cells expressing ClITA-dependent MHC class Il (MHC-II) molecules or by increasing the amount of tumor antigen availability for classical
antigen-presenting cells (APC) via therapeutical approaches resulting in immunogenic cell death, such as radiotherapy (RT), chemotherapy, and
biotherapy with, for example, L19-TNFa and melphalan (L19-TNFa + Melphalan). Optimal MHC-lI-restricted tumor antigen presentation generated
by the two approaches is instrumental for the optimal triggering of anti-tumor CD4+ T helper cells (TH). These MHC-lI-restricted anti-tumor TH
cells have a dual action in the process of immune-mediated tumor rejection: a) they are required for the activation, proliferation and cytolytic
activity of CD8+ anti-tumor cytotoxic T lymphocytes (CTL); b) they are major players in the subversion of the tumor microenvironment toward an
anti-tumor milieu by polarizing, for example, the lymphocyte infiltrate toward a mixed TH1/TH2 or exclusive TH1 population with an increased
frequency of IFNy secreting cells, by favouring the recruitment of inflammatory cells such as polymorphonuclear cells, by inhibiting the function
and/or the recruitment of leukocytes with suppressive action on TH cells and on tumor-specific CTL.

to TH cells can be obtained in different ways, a large
series of previously published data on the appearance of
an anti-tumor immune response following conventional
anti-tumor therapy, may be re-interpreted also as a way
to offer sufficient amounts of MHC-bound tumor anti-
gens to the adaptive immune system.

For example, radiation therapy (RT) particularly when
localized to the tumor mass, given alone [48] or in com-
bination with immunostimulatory cytokines (IL-2 and
TNFa) [49,50] enhances its efficacy by generating anti-
tumor specific CTL responses. RT can also increase CTL
stimulation by up-regulating MHC class I expression in
tumor cells [51,52] and, more interestingly, by positively
influencing antigen processing and presentation by den-
dritic cells [53].

Chemotherapy can also increase the immunogenicity
of tumor cells which are recognized by immune effectors
[54]. Central to this role of RT and Chemotherapy is the
concept of immunogenic cell death that, provoked by
the therapeutical agent, finally ends up in the triggering
of an adaptive immune response [55], a concept that can

be easily accommodated within the frame of the optimal
MHC-II-restricted antigen presentation to TH cells
described here (Figure 1).

We firmly believe that re-interpretation of the avail-
able data on the several ways through which preventive
and therapeutic approaches to fight cancer may result in
the generation of a protective adaptive immune response
against the tumor will lead to the careful consideration
that a crucial parameter underlying this effect is indeed
the better availability of tumor antigens offered for rec-
ognition by tumor-specific TH via an optimal MHC-II
restricted antigen presentation. This will possibly help to
better understand the initial phases of the immune re-
sponse against tumors and offer potential new strategies
to prevent and fight cancer.

Competing interests
The authors declare no financial/commercial conflicts of interest.

Authors’ contribution
RSA and GT equally contributed to the manuscript by conceiving, writing,
reading and approving it in its final form.



Accolla and Tosi Journal of Translational Medicine 2012, 10:154
http://www.translational-medicine.com/content/10/1/154

Acknowledgements

This work was supported by the following grants to RSA: Associazione
Italiana Ricerca sul Cancro “New strategies of tumor vaccination and
immunotherapy based on optimized triggering of anti-tumor CD4+

T cells” (AIRC |G 8862); Italian Ministry of University and Research

project PRIN “ New strategies of immunointervention against tumors”
(2008-WXF7KK); Fondazione Cariplo “Cellular and molecular basis of human
retroviral-dependent pathology”(2008-2230); University of Insubria “FAR 2009"
and "FAR 2010" to GT.

Received: 18 April 2012 Accepted: 11 July 2012
Published: 31 July 2012

References

1.

20.

Vesely M, Kershaw M, Schreiber R, Smyth M: Natural innate and adaptive
immunity to cancer. Annu Rev Immunol 2011, 29:235-271.

Rosenberg SA, Yang JC, Restifo NP: Cancer immunotherapy: moving
beyond current vaccines. Nat Med 2004, 10:909-915.

Jochems C, Schlom J: Tumor-infiltrating immune cells and prognosis: the
potential link between conventional cancer therapy and immunity. Exp
Biol Med 2011, 236:567-579.

de Visser KE, Eichten A, Coussens LM: Paradoxical roles of the immune
system during cancer development. Nat Rev Cancer 2006, 6:24-37.

Sica A, Larghi P, Mancino A, Rubino L, Porta C, Totaro MG, Rimoldi M,
Biswas SK, Allavena P, Mantovani A: Macrophage polarization in tumour
progression. Sem Cancer Biol 2008, 18:349-355.

Sakaguchi S, Sakaguchi N, Asano M, Itoh MMT: Immunologic self-tolerance
maintained by activated T cells expressing IL-2 receptor alpha-chains
(CD25). Breakdown of a single mechanism of self-tolerance causes
various autoimmune diseases. J Immunol 1995, 155:1151-1164.
Nishikawa H, Sakaguchi S: Regulatory T cells in tumor immunity. Int J
Cancer 2010, 127:759-767.

Mantovani A, Sica A: Macrophages, innate immunity and cancer: balance,
tolerance, and diversity. Curr Opin Immunol 2010, 22:231-237.

Ruffell B, DeNardo DG, Affara NI, Coussens LM: Lymphocytes in cancer
development: polarization towards pro-tumor immunity. Cytokine Growth
Factor Rev 2010, 21:3-10.

Hui K, Grosveld F, Festenstein H: Rejection of transplantable AKR leukemia
cells following DNA-mediated cell transformation. Nature 1984,
311:750-752.

De Plaen E, Lurquin C, Lethe B, van der Bruggen P, Brichard V, Renauld JC,
Coulie P, Van Pel A, Boon T: Identification of genes coding for tumor
antigens recognized by cytolytic T lymphocytes. Methods 1997,
12:125-142.

Rosenberg SA, Restifo NP, Yang JC, Morgan RA, Dudley ME: Adoptive cell
therapy: a clinical path to effective cancer immunotherapy. Nat Rev
Cancer 2008, 8:299-308.

Kageshita T, Hirai S, Ono T, Hicklin DJ, Ferrone S: Down-regulation of HLA
class | antigen-processing molecules in malignant melanoma:
association with disease progression. Am J Pathol 1999, 154:745-754.
Garcia-Lora A, Algarra |, Garrido F: MHC class | antigens, immune
surveillance, and tumor immune escape. J Cell Physiol 2003, 195:346-355.
Garrido F, Algarra |, Garcia-Lora AM: The escape of cancer from T
lymphocytes: immunoselection of MHC class I loss variants harboring
structural-irreversible “hard” lesions. Cancer Immunol Immunother 2010,
59:1601-1606.

Ossendorp F, Mengede E, Camps M, Filius R, Melief CJ: Specific T helper
cell requirement for optimal induction of cytotoxic T lymphocytes
against major histocompatibility complex class Il negative tumors. J Exp
Med 1998, 187:693-702.

Pardoll DM, Topalian SL: The role of CD4+ T cell responses in anti-tumor
immunity. Curr Opin Immunol 1998, 10:588-594.

Hung K, Hayashi R, Lafond-Walker A, Lowenstein C, Pardoll DM, Levitsky H:
The central role of CD4+ T cells in the antitumor immune response.

J Exp Med 1998, 188:2357-2368.

Germain RN, Margulies DH: The biochemistry and cellular biology of
antigen processing and presentation. Annu Rev Immunol 1993,
11:403-450.

Mitchison NA: Induction of immunological paralysis in two zones of
dosage. Proc R Soc Lond 1964, 161(983):275-292.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 6 of 7

Makela O, Mitchison NA: The effect of antigen dosage on the response of
adoptively transferred cells. Immunology 1965, 8:549-556.

Zinkernagel RM, Ehl'S, Aichele P, Oehen S, Kundig TM, Hengartner H:
Antigen localisation regulates immune responses in a dose- and time-
dependent fashion: a geographical view of immune reactivity. Immunol
Rev 1997, 156:199-209.

Dranoff G: Cytokines in cancer pathogenesis and cancer therapy. Nat Rev
Cancer 2004, 4:11-22.

Accolla RS, Jotterand-Bellomo M, Scarpellino L, Maffei A, Carra G, Guardiola J:
Air-1, a newly found locus on mouse chromosome 16 encoding a trans-
acting activator factor for MHC class Il gene expression. J Exp Med 1986,
164:369-374.

Steimle V, Otten LA, Zufferey M, Mach B: Complementation cloning of an
MHC class Il transactivator mutated in hereditary MHC class Il deficiency
(or Bare Lymphocyte Syndrome). Cell 1993, 75:135-146.

Meazza R, Comes A, Orengo AM, Ferrini S, Accolla RS: Tumor rejection by
gene transfer of the MHC class Il transactivator in murine mammary
adenocarcinoma cells. Eur J Immunol 2003, 33:1183-1192.

Harton JA, Ting JPY: Class Il transactivator: mastering the art of major
histocompatibility complex expression. Mol Cell Biol 2000, 20:6185-6194.
Rudensky A, Preston-Hurlburt P, Hong SC, Barlow A, Janeway CAJ:
Sequence analysis of peptides bound to MHC class Il molecules. Nature
1991, 353:622-627.

Schimd D, Pypaert M, Munz C: Antigen-loading compartments for major
histocompatibility class Il molecules continuously receive input from
autophagosomes. Immunity 2007, 26:79-92.

Chicz RM, Urban RG, Gorga JC, Vignali DA, Lane WS, Strominger JL:
Specificity and promiscuity among naturally processed peptides bound
to HLA-DR alleles. J Exp Med 1993, 178:27-47.

Jaraquemada D, Marti M, Long EO: An endogenous processing pathway in
vaccinia virus-infected cells for presentation of cytosolic antigens to
MHC class ll-restricted T cells. J Exp Med 1990, 172:947-954.

Mortara L, Castellani P, Meazza R, Tosi G, De Lerma Barbaro A, Procopio FA,
Comes A, Zardi L, Ferrini S, Accolla RS: ClITA-induced MHC class I
expression in mammary adenocarcinoma leads to a Th1 polarization of
the tumor microenvironment, tumor rejection, and specific antitumor
memory. Clin Cancer Res 2006, 12:3435-3443.

Frangione V, Mortara L, Castellani P, De Lerma Barbaro A, Accolla RS:
ClITA-driven MHC-II positive tumor cells: preventive vaccines and
superior generators of anti-tumor CD4+ T lymphocytes for
immunotherapy. Int J Cancer 2010, 127:1614-1624.

Mortara L, Frangione V, Castellani P, De Lerma Barbaro A, Accolla RS:
Irradiated ClITA-positive mammary adenocarcinoma cells act as a potent
anti-tumor-preventive vaccine by inducing tumor-specific CD4+ T cell
priming and CD8+ T cell effector functions. Int Immunol 2009, 21:655-665.
Sartoris S, Valle MT, De Lerma Barbaro A, Tosi G, Cestari T, D’Agostino
AMMA, Manca F, Accolla RS: HLA class Il expression in uninducible
hepatocarcinoma cells after trasfection of the AIR-1 gene product CIITA.
Acquisition of antigen processing and presentation capacity. J Immunol
1998, 161:814-820.

Armstrong T, Clements V, Ostrand-Rosenberg S: MHC class Il-transfected
tumor cells directly present antigen to tumor-specific CD4+ T
lymphocytes. J Immunol 1998, 160:661-666.

Qi L, Rojas J, Ostrand-Rosenberg S: Tumor cells present MHC class II-
restricted nuclear and mitochondrial antigens and are the predominant
antigen presenting cells in vivo. J/ Immunol 2000, 165:5451-5461.
Dissanayake S, Tuera N, Ostrand-Rosenberg S: Presentation of
endogenously synthesized MHC class Il-restricted epitopes by MHC
class Il cancer vaccines is independent of transporter associated
with Ag processing and the proteasome. J Immunol 2005,
174:1811-1819.

Bonehill A, Heirman C, Tuyaerts S, Michiels A, Zhang Y, van der
Bruggen P, Thielemans K: Efficient presentation of known HLA class
Il-restricted MAGE-A3 epitopes by dendritic cells electroporated with
messenger RNA encoding an Invariant chain with genetic exchange
of class ll-associated Invariant Chain Peptide. Cancer Res 2003,
63:5587-5594.

Brulet J-M, Maudoux F, Thomas S, Thielemans K, Burny A, Leo O, Bex F,
Hallez S: DNA vaccine encoding endosome-targeted human
papillomavirus type 16 E7 protein generates CD4+ T celldependent
protection. Eur J Immunol 2007, 37:376-384.



Accolla and Tosi Journal of Translational Medicine 2012, 10:154
http://www.translational-medicine.com/content/10/1/154

41. Mittendorf EA, Holmes JP, Murray JL, von Hofe E, Peoples GE: CD4+ T cells
in antitumor immunity: utility of an li-key HER2/neu hybrid peptide
vaccine (AE37). Expert Opin Biol Ther 2009, 9:71-78.

42.  Atanackovic D, Luetkens T, Kloth B, Fuchs G, Cao Y, Hildebrandt Y, Meyer S,
Bartels K, Reinhard H, Lajmi N, et al: Cancer-testis antigen expression and

its epigenetic modulation in acute myeloid leukemia. Am J Hematol 2011,

86:918-922.

43. Claus R, Almstedt M, Lubbert M: Epigenetic treatment of hematopoietic
malignancies: in vivo targets of demethylating agents. Semin Oncol 2005,
32:511-520.

44, Borsi L, Balza E, Carnemolla B, Sassi F, Castellani P, Berndt A, Kosmehl H, Biro A,
Siri A, Orecchia P, et al: Selective targeted delivery of TNFalpha to tumor
blood vessels. Blood 2003, 102:4384-4392.

45. Balza E, Mortara L, Sassi F, Monteghirfo S, Carnemolla B, Castellani P, Neri D,
Accolla RS, Zardi L, Borsi L: Targeted delivery of tumor necrosis factor-a to
tumor vessels induces a therapeutic T cell-mediated immune response
that protects the host against syngeneic tumors of different histologic
origin. Clin Cancer Res 2006, 12:2575-2582.

46. Mortara L, Balza E, Sassi F, Castellani P, Carnemolla B, De Lerma Barbaro A,
Fossati S, Tosi G, Accolla RS, Borsi L: Therapy-induced antitumor
vaccination by targeting tumor necrosis factor-a to tumor vessels in
combination with melphalan. Eur J Immunol 2007, 37:3381-3392.

47. Balza E, Carnemolla B, Mortara L, Castellani P, Soncini D, Accolla RS, Borsi L:
Therapy-induced antitumor vaccination in neuroblastomas by the
combined targeting of IL-2 and TNFalpha. Int J Cancer 2010, 127:101-110.

48.  Takeshima T, Chamoto K, Wakita D, Ohkuri T, Togashi Y, Shirato H, Kitamura
H, Nishimura T: Local radiation therapy inhibits tumor growth through
the generation of tumor-specific CTL: its potentiation by combination
with Th1 cell therapy. Cancer Res 2010, 70:2697-2706.

49. Lee J, Moran JP, Fenton BM, Koch CJ, Frelinger JG, Keng PC, Lord EM:
Alteration of tumour response to radiation by interleukin-2 gene
transfer. Br J Cancer 2000, 82:937-944.

50. Yamini B, Yu X, Pytel P, Galanopoulos N, Rawlani V, Veerapong J, Bickenbach K,
Weichselbaum RR: Adenovirally delivered tumor necrosis factor-alpha
improves the antiglioma efficacy of concomitant radiation and
temozolomide therapy. Clin Cancer Res 2007, 13:6217-6223.

51. Lugade AA, Moran JP, Gerber SA, Rose RC, Frelinger JG, Lord EM: Local
radiation therapy of B16 melanoma tumors increases the generation of
tumor antigen-specific effector cells that traffic to the tumor. J Immunol
2005, 174:7516-7523.

52.  Reits EA, Hodge JW, Herberts CA, Groothuis TA, Chakraborty M, Wansley EK,
Camphausen K, Luiten RM, de Ru AH, Neijssen J, et al- Radiation modulates
the peptide repertoire, enhances MHC class | expression, and induces
successful antitumor immunotherapy. J Exp Med 2006, 203:1259-1271.

53. Liao YP, Wang CC, Butterfield LH, Economou JS, Ribas A, Meng WS,
lwamoto KS, McBride WH: lonizing radiation affects human MART-1
melanoma antigen processing and presentation by dendritic cells.

J Immunol 2004, 173:2462-2469.

54.  Zitvogel L, Kepp O, Kroemer G: Immune parameters affecting the efficacy
of chemotherapeutic regimens. Nat Rev Clin Oncol 2011, 8:151-160.

55.  Lake RA, Robinson BWS: Immunotherapy and chemotherapy- a practical
partnership. Nat Rev Cancer 2005, 5:397-404.

doi:10.1186/1479-5876-10-154

Cite this article as: Accolla and Tosi: Optimal MHC-Il-restricted tumor
antigen presentation to CD4+ T helper cells: the key issue for
development of anti-tumor vaccines. Journal of Translational Medicine
2012 10:154.

Page 7 of 7

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Inefficiency of immune effectors in &b_k;tumor-&e_k;&b_k;bearing&e_k; hosts
	Providing optimal &b_k;MHC-&e_k;&b_k;II-&e_k;&b_k;restricted&e_k; tumor antigen presentation to TH cells: a key parameter for an efficient &b_k;anti-&e_k;&b_k;tumor&e_k; immunity
	link_Tab1
	Optimal &b_k;MHC-&e_k;&b_k;II-&e_k;&b_k;restricted&e_k; antigen presentation to TH cells in preventive &b_k;anti-&e_k;&b_k;tumor&e_k; vaccination: the example of &b_k;CIITA-&e_k;&b_k;induced&e_k; MHC class II expression in tumor cells
	Optimal &b_k;MHC-&e_k;&b_k;II-&e_k;&b_k;restricted&e_k; antigen presentation to TH cells in &b_k;anti-&e_k;&b_k;tumor&e_k; therapy: the example of &b_k;L19-&e_k;&b_k;TNF&alpha;&e_k; conjugate in &b_k;therapy-&e_k;&b_k;induced&e_k; &b_k;anti-&e_k;&b_k;...
	Radiotherapy and chemotherapy as procedures to potentially induce optimal &b_k;MHC-&e_k;&b_k;II-&e_k;&b_k;restricted&e_k; antigen presentation to TH cells
	Competing interests
	Authors´ contribution
	link_Fig1
	Acknowledgements
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41
	link_CR42
	link_CR43
	link_CR44
	link_CR45
	link_CR46
	link_CR47
	link_CR48
	link_CR49
	link_CR50
	link_CR51
	link_CR52
	link_CR53
	link_CR54
	link_CR55

