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Abstract

T cell mediated immunorcgulation plays an importantfole n protecive immunity. The cenieal molecular
interaction, which dictates the selection of the specificity of T cells, depends on the inieraction between MIHC
molecules and peptides derived from degraded antigenic sructures, Here, we studied this interaction between
Bovine MHC class 11 molecules and peptides derived from foot and mouth discase vinus (FMDV). Progress
oring the lastdecade i our understanding o the mechanisms underlying anigen recogniion by T lymphocytes
pens the possibilty 10 apply this Knowledg in new approdches for the development of vaceines.
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Saetak

Jmunorcgulacija postedovana T stanicam ima vazou ulogu u imunost, Stedisnja molkulska interakcia,
oja odreduie vrstu specifiénosti T stanica, ovisi o interakeii izmedu MHC molekula i peptida koji potjetu
od razgradenih antigenih siruktura. U ovoj st proutavanc su inierakcije govedih MIHC molckula kiase It
Deptida nastlib od virisa linavke i apa (FMDV). Napredak ostaren tjckom zadnjeg destleéa s shvacani
e anizama koji su temelj antigenog prepoznavanja od stranc T limfocita, otvara moguénost primjene (og
nanja u novim pristupima 2a razvoj vakeini

Kijuéne rijeci: BoLA-DR molekale test vezanjn MHC-pepida, cpitopi T sanice, FMDY

Introduction:

Progress during the last decade in our understanding of the mechanisms underlying antigen
recognition by T lymphoeytes, opens the possibility to apply this knowledge in new approaches for
{he developmentof vaccines. Vaccines induce protective immunity: astatus of ong:lasting pathogen-
specific immunological memory protecting against discase caused by the pathogen. T cell mediated
immunoregulation plays an important roe in protective immunity. This paper highlights fundamental
aspects of T cell mediated immunity in the bovine specics. The central molecular interaction, which
ictates the selection of the specificty of T cells, depends on the interaction between MHC molecules.
‘and peptides derived from degraded antigenic structures. Here, we studied this interaction between
bovine MHC class 11 molecules and peptides derived from foot and mouth discase virus (FMDV).
‘Although bovine immunology does not offer u all the ools and reagents that are available n species
Jike man and mouse, caitle and FMDV together offer a unique combination of tools for our goals.
FMDV is a discase causing a major threat to catle farming, and extensivo efforts have been made to
control the disease, including attempts to use vacines prepared from short peptides covering arcas
‘o the virus where dominant antibody binding sites are located. As a matter of fact, cattle is the only
species with so many reported studies on vaccination with peptdes, This nformaion isinstrumental
for our approach. The MHC in catle s well defind, and our access 1o animals homozygous for
heir MHC haplotypes is instrumental, When animals are heterozygous, and therefore two different
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[image: image2.jpg]haplotypes are expressed, it is almost impossible to analyse the function of individual molecules at
the molecular level, The combination of FMDV and catle allows us to study the vacination against
a viral discase in its natural host from the molecular level in vitro up 10 in vivo immunisation and
challenge. Previous work on the use of peptides derived from the protein VP1 of FMDY, containing
the major B cell epitope of the virus, which lack solid protection, has generated the question whether
an anti-viral T cell helper response is required for protection against MDY at the time of challen
Bovine T cell responses against. Several T cell epitopes of FMDY were defined and swudied by us
in the context of animals homozygous for their MHC. By applying an in vitro priming-restimulation
assay with bovine T cells, the potential T cell epitopes of FMDV were identified in the context of
three frequently expressed Bol.A-DRB3 alleles. Furthermore we studied whether these epitopes can
stimulate a T cell response cross-reactive with virus as antigen, in our opinion a prerequisite for
protection. At least one T cell epitope, namely VP4 [20-34] appeared to be cross-reactive with the
virus and also to be promiscuous in the context of the three haplotypes tested.

Materials & Method:

The animals used in this study were Holstein-Frisian cattle, homozygous for both MHC class |
and I1 haplotypes. Viral antigen was prepared as described by Van Lierop et al. The sequence of all
peptides used in this study was based on the published sequence of FMDV strain A, Holland. They
were prepared by automated simultaneous multiple peptide synthesis (SMPS). /n vitro priming of T
Iymphocytes and lymphocyte proliferation assays were performed as described by Haghparast ef a,
‘The purification of bovine DR molecules and the development of a MHC class Il-peptide binding
assay was performed as described by Haghparast et al

Results & Discussior

“The first major issue that we addressed in the present study was 1o determine the restriction on
antigen presentation by bovine MHC class Il molecules in relation to their polymorphism. In order
o study the molecular interactions betyween antigenic peptides and bovine MHC class 11 DR (BoLA-
DR) molecules, we developed a competitive MHC class Il-peptide binding assay with boyine MHC
class Il molecules. Emphasis was given to DR molecules, since previous studies from our laboratory
suggested that the presentation of the T cell epitopes of FMDY was primarily mediated by BoLA-DR
molecules. The suggestion was substantiated by blocking experiments with a monoclonal antibody
specific for BoLA-DR molecules. For the conclusive results, the MHC-peptide binding assay was
used. Restriction of the T cell epitopes to certain MHC class I1 haplotypes was indeed reflected at the
level of MHC-peptide interaction. Besides the fact that we developed a tool that can contribute 10 the
improvement of our knowledge on bovine immunology, it confirmed our previous hypothesis on the
presentation of the defined T cell epitopes of FMDV at the molecular level. This explained that the
bovine MHC molecules can dictate whether an epitope becomes available for recognition or not in
the context of that MHC haplotype. This has direct consequences for the use of peptides in outbred
species, as vaceine candidates as well as in other applications

“The mimicry of T cell responses induced by the retro-inverso(RI) peptides corresponding to
the defined T cell epitopes of FMDY and whether this response might be cross-reactive with the L-
peptides and the virus was also analysed in this study. Due to their higher resistance to proteolytic
degradation and their ability to induce high and cross-reactive antibody titers, Rl-peptides seemed to
be interesting candidate structures to mimic the cognate epitopes and thereby persist in the biological
fluid for longer periods of time. The successful attempt of Muller 1o induce high antibody iters by
the RI-VPI [141-159] peptide, which were cross-reactive with the natural L-peptide and the virus,
stimulated us to use this concept n the context of T cell mediated immunity. To explore the possibility
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[image: image3.jpg]1o generate T cell responses against Rl-peptide and o study cross-reactivity to the natural epitope,
we used the same sirategy that was applied in the firt part of this study. An extremely poor T cell
response and lack of mimicry to the natural L-peptides was found. Consequently, we investigated the
Rl-peptides by our established competitive MHC-peptide binding assay. We analysed the intcraction
of Rl-analogues of the FMDV derived peptides with purified bovine DR molecules in all possible
combinations, and showed that the weak T cell response and lack of mimicry was accompanied by
an insufficient MHC-peptide interaction. Our study showed that the Ri-peptides are not suitable o
be used as peptidomimetics of T cell epitopes, because of poor binding to MHC class I molecules,
which s & prercquisite for T cell stimulation. However, one can not exclude their application as
therapeutic agents when targeted to other interactions than with the MHC molecules. In the context
of the previously successful attempts on antibody induction by the RI-peptides, our findings suggest
that the help for the antibody response in those cases most likely came from the carrier molecules
that were coupled 1o these peptides.

‘The experimental lack of mimicry between the natural L-peptides of defined T cell epitopes of
FMDV and their Rl-counterparts due to insufficient MHC-peptide binding was analysed in more
detail by molecular modelling. Employing this approach, we were able to elucidate in more detail,
how RI-peptides interact with MHC class Il molecules. First, the three dimensional structure of the.
bovine MHC class 1l was modelled, The BoLA structures were modelled using the knowledge of
the crystal strueture of HLA-DRI complexed with the influenza haemagglutinin (HA) cpitope. We
observed that it was possible 10 use the bovine MHC class 11 models s a basis 1o design peptide
binding motifs. The prediction of the motifs for the three BoLA-DR structures was based only
on MHC structural information, There was no defined motif for bovine MHC class 11 molecules
reporied so far. The biological properties of the predicted moltifs were verified by the competitive
MHC-peptide binding assay. The structural and biological resuls were compatible and correlated in
three out of four motifs. This implicd that the models could be used for further analysis. Molecular
analysis of inieraction patterns of RI-peptides with MHC class 11 molecules revealed loss of both
energy interactions and hydrogen bonding patterns of RI-peptides with MHC class 11 molecules

A motif prediction based solely on MHC structure can pave the way for further applications
in more specics, and it might have an impact on finding potential candidate epitopes for vaccine
development
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