Viral particle released after infection of mammalian cells by human cytomegalovirus (HCMV)
containing a fusion protein and use thereof

The present invention is related to a viral particle released after infection of mammalian cells by

human cytomegalovirus (HCMYV), wherein

a) the particle is surrounded by a lipid membrane in which viral glycoproteins are
embedded,

b) the particle contains neither viral DNA nor capsids; and

<) the particle contains a fusion protein comprising one or more parts of the T-

cell antigen pp65 and at least one heterologous peptide;
and the use of such viral particle or of a plurality of such viral particle.

Infection with the human cytomegalovirus (HCMV) is a major cause of disease in patients
following solid organ or haematopoetic stem cell transplantation [1-9). Furthermore,
transmission of the virus during pregnancy is one of the most frequent causes of lasting sequelae

in the newborn in the western hemisphere [10;11]. The development of an HCMV vaccine has

thus been identified as a high priority goal [12].

One aim of such vaccine would be to prevent infection in the mother or, at least, cross-placental
transmission. Induction of neutralizing antibodies is considered essential to achieve this. In
contrast, protection against reactivation and control of infection in transplant recipients is
considered to be afforded by cellular responses, particularly mediated through CD8 T cells [13-
15]. Therapeutic vaccination of transplant recipients, addressing the lymphocyte response,
possibly combined with adoptive T-cell transfer would be desirable to ameliorate the

consequences of viral reactivation of HCMV in the post-transplant period [16].

Despite promising approaches to develop an HCMV vaccine, there is however still no licensed
formulation available [10;17-19]. From numerous studies addressing the immune effectors that

afford protection, it appears evident that an ideal vaccine against HCMV should induce both



antiviral neutralizing antibodies and T lymphocytes [10;17;18;38]. There is, however, concern if
such a universal HCMV vaccine may ever be established. A recent clinical study showed that
alphavirus repiicons expressing HCMV proteins were well tolerated and induced sustained
cellular and humoral responses [19]. Another study employed purified gB as vaccine and
provided encouraging results, as significant levels of HCMV neutralizing antibodies could be

induced [18]. These vaccines hold promise to be used for the prevention of congenital HCMV

infection.

In previous studies in mice, the so-called dense bodies, which are also referred to herein as DB,
proved to be surprisingly immunogenic [20]. As generally understood in the art and as also used
herein a dense body is a viral particle released after infection of mammalian cells by human

cytomegalovirus (HCMV), wherein

a) the particle is surrounded by a lipid membrane in which viral glycoproteins are
embedded,
b) the particle contains neither viral DNA nor capsids.

Preferably such dense body also contains a fusion protein comprising one or more parts of the
T-cell antigen pp65 and at least one heterologous peptide. Dense bodies and their preparation are

also described in international patent application WO 00/53729.

In view of their surprising immunogenicity, efforts were made to develop DB as an HCMV
vaccine. Recent experiments provided experimental evidence that DB can be modified in their
antigenic content [21;22]. This was achieved by expressing a fusion protein consisting of the
major DB-component pp65 and a heterologous MHC-class 1 presented peptide from the viral
IE1-protein by a recombinant HCMYV. This resulted in the formation of recombinant DB (recDB)
in infected human foreskin fibroblasts (HFF). The recDB containing the fusion protein wete
released from infected HFF [21]. Application of these particles to HLLA-A2 transgenic HHD-
mice induced a CD8+ T lymphocyte response, which became apparent after in vitro peptide
stimulation of isolated T cells [22]. However, HCMV specific T cells could not be immediately
detected when CD8+ T cell fractions were tested directly ex-vivo by Elispot analysis. This

indicated that, although in principle suitable for therapeutic application, priming was not as



prominent as desirable with these particles. Further to that, the yield of these recDB from

infected HFF cultures was low.

Therefore, the problem underlying the present invention was to provide a viral dense body which
is suitable as a vaccine, wherein the viral dense body contains a fusion protein comprising one or
more parts of the T-cell antigen pp65 and at least one heterologous peptide and wherein

preferably the vaccine is capable of eliciting an immune response to the at least one heterologous

; peptide.

A further problem underlying the present invention was to provide a viral dense body, wherein
the viral dense body contains a fusion protein comprising one or more parts of the T-cell antigen
pp65 and at least one heterologous peptide and wherein preferably the dense body is capable of

inducing the formation of neutralizing antibodies and/or a CD8" T lymphocyte response.
g

A still further problem underlying the present invention was to provide a viral dense body,
wherein the viral dense body contains a fusion protein comprising one or more part of the T-cell

antigen pp65 and at least one heterologous peptide and wherein the dense body can be prepared

at high yields.

These and other problems are solved by the subject matter of the attached independent claims,

Preferred embodiments may be taken from the also attached dependent claims.

More specifically, the problem underlying the present invention is solved in a first aspect which
is also the first embodiment of the first aspect, by a viral particle released after infection of

mammalian cells by human cytomegalovirus (HCMV), wherein

a) the particle is surrounded by a lipid membrane in which viral glycoproteins are
embedded,

b) the particie contains neither viral DNA nor capsids; and

<) the particle contains a fusion protein comprising one or more parts of the T-cell

antigen pp65 and at least one heterologous peptide,



and wherein the at least one heterologous peptide is inserted at amino acid position W175 or

A534 of the amino acid sequence of the T-cell antigen pp65.

In a second embodiment of the first aspect which is also an embodiment of the first embodiment
of the first aspect, the at least one heterologous peptide is inserted at amino acid position W175

of the amino acid sequence of the T-cell antigen pp65.

In a third embodiment of the first aspect which is also an embodiment of the first and the second
embodiment of the first aspect, the amino acid sequence of the T-cell antigen pp65 comprises an

amino acid sequence according to SEQ ID NO: 1.

In a fourth embodiment of the first aspect which is also an embodiment of the first, the second

and the third embodiment of the first aspect, the particle is highly antigenic.

In a fifth embodiment of the first aspect which is also an embodiment of the first, the second, the
third and the fourth embodiment of the first aspect, the particle is capable of inducing the

formation of neutralizing antibodies.

_In a sixth embodiment of the first aspect which is also an embodiment of the first, the second, the

third, the fourth and the fifth embodiment of the first aspect, the particle is capable of inducing a

CD8" T lymphocyte response.

In a seventh embodiment of the first aspect which is also an embodiment of the first, the second,
the third, the fourth, the fifth and the sixth embodiment of the first aspect, the at least one

heterologous peptide is a MHC-class I presented antigen.

In an eighth embodiment of the first aspect which is also an embodiment of the first, the second,
the third, the fourth, the fifth, the sixth and the seventh embodiment of the first aspect, the at
least one heterologous peptide comprises or is formed of one or more parts of one or more

proteins which is/are different from pp65.



In a ninth embodiment of the first aspect which is also an embodiment of the first, the second,
the third, the fourth, the fifth, the sixth, the seventh and the eighth embodiment of the first

aspect, the at least one heterologous peptide comprises or is one or more parts of an HCMV

glycoprotein.

In a tenth embodiment of the first aspect which is also an embodiment of the first, the second,
the third, the fourth, the fifth, the sixth, the seventh, the eighth and the ninth embodiment of the

first aspect, the at least one heterologous peptide comprises or is one or more parts of the HCMV

glycoprotein gB.

In an eleventh embodiment of the first aspect which is also an embodiment of the first, the
v second, the third, the fourth, the fifth, the sixth, the seventh, the eighth and the ninth embodiment
of the first aspect, the at least one heterologous peptide comprises or is one or more parts of the

HCMYV glycoprotein gH.

In a twelfth embodiment of the first aspect which is also an embodiment of the first, the second,
the third, the fourth, the fifth, the sixth, the seventh, the eighth and the ninth embodiment of the
first aspect, the at least one heterologous peptide comprises or consists of at least two HCMV

glycoproteins which are variants of a particular glycoprotein from different HCMYV strains.

In a thirteenth embodiment of the first aspect which is also an embodiment of the twelfth
embodiment of the first aspect, one of the at least two variants of the particular glycoprotein is
the variant of the HCMV Towne strain and the other of the at least two variants of the particular

glycoprotein is the variant of the HCMV Ad169 strain.

In a fourteenth embodiment of the first aspect which is also an embodiment of the twelfth and

the thirteenth embodiment of the first aspect, the glycoprotein is the gB protein of HCMV,

In a fifteenth embodiment of the first aspect which is also an embodiment of the first, the second,
the third, the fourth, the fifth, the sixth, the seventh and the eighth embodiment of the first
aspect, the at least one heterologous peptide comprises or is one or more parts of the HCMV

protein IE1.



In a sixteenth embodiment of the first aspect which is also an embodiment of the first, the
second, the third, the fourth, the fifth, the sixth, the seventh and the eighth embodiment of the
first aspect, the at least one heterologous peptide comprises or is one or more parts of an HCMV

glycoprotein and one or more parts of the HCMV protein IE1.

In a seventeenth embodiment of the first aspect which is also an embodiment of the first, the
second, the third, the fourth, the fifth, the sixth, the seventh and the eighth embodiment of the
first aspect, the at least one heterologous peptide is one or more parts of a protein which is part

of a human pathogen other than HCMV.

In an eighteenth embodiment of the first aspect which is also an embodiment of the seventeenth
embodiment of the first aspect, the protein which is part of a human pathogen other than HCMV,
is a protein against which cytotoxic T lymphocytes are formed in humans upon natural infection

of humans with the human pathogen other than HCMV.

In a nineteenth embodiment of the first aspect which is also an embodiment of the eighteenth
embodiment of the first aspect, the human pathogen other than HCMV is human pathogen
selected from the group comprising HIV-1, HBV, HCV and influenza.

In a twentieth embodiment of the first aspect which is also an embodiment of the first, the
second, the third, the fourth, the fifth, the sixth, the seventh, the eighth, the ninth, the tenth, the
eleventh, the twelfth, the thirteenth, the fourteenth, the fifteenth, the sixteenth, the seventeenth,
the eighteenth and the nineteenth embodiment of the first aspect, the fusion protein is a fusion

protein comprising a full-length T-cell antigen pp65 and at least one heterologous peptide.

In a twenty-first embodiment of the first aspect which is also an embodiment of the first, the
second, the third, the fourth, the fifth, the sixth, the seventh, the eighth, the ninth, the tenth, the
eleventh, the twelfth, the thirteenth, the fourteenth, the fifteenth, the sixteenth, the seventeenth,
the eighteenth, the nineteenth and the twentieth embodiment of the first aspect, the viral particle,

or a plurality of such a particle, is for the manufacture of a medicament for the treatment and/or

prevention of a disease.



In a twenty-second embodiment of the first aspect which is also an embodiment of the first, the
second, the third, the fourth, the fifth, the sixth, the seventh, the eighth, the ninth, the tenth, the
eleventh, the twelfth, the thirteenth, the fourteenth, the fifteenth, the sixteenth, the seventeenth,
the eighteenth, the nineteenth and the twentieth embodiment of the first aspect, the viral particle,

or a plurality of such a particle, is for use in a method for the treatment and/or prevention of a

disease.

In a twenty-third embodiment of the first aspect which is also an embodiment of the twenty-first
and the twenty-second embodiment of the first aspect, the disease is a disease which can be
treated and/or prevented by the formation of neutralizing antibodies against the at least one
heterologous peptide or a derivative thereof, or by the induction of a CD8" T lymphocyte

response against the at least one heterologous peptide or a derivative thereof.

In a twenty-fourth embodiment of the first aspect which is also an embodiment of the first, the
second, the third, the fourth, the fifth, the sixth, the seventh, the eighth, the ninth, the tenth, the
twelfth, the thirteenth, the fourteenth, the fifteenth, the sixteenth, the seventeenth, the eighteenth,
the nineteenth and the twentieth embodiment of the first aspect, the viral particle, or a plurality

of such a particle, is for the manufacture of a vaccine.

In a twenty-fifth embodiment of the first aspect which is also an embodiment of the twenty-
fourth embodiment of the first aspect, the vaccine is for the treatment and/or prevention of

HCMV infection.

In a twenty-sixth embodiment of the first aspect which is also an embodiment of the twenty-

fourth embodiment of the first aspect, the vaccine is for the treatment and/or prevention of side

effects of transplantation.

In a twenty-seventh embodiment of the first aspect which is also an embodiment of the twenty-

sixth embodiment of the first aspect, the transplantation is transplantation of a solid organ or

haematopoetic stem cells.



In a twenty-eighth embodiment of the first aspect which is also an embodiment of the twenty-
sixth and the twenty-seventh embodiment of the first aspect, the side effect is caused by or is’

going along with a HCMV infection.

The problem underlying the present invention is solved in a second aspect which is also the first
embodiment of the second aspect, by use of a viral particle according to any one of the first, the
second, the third, the fourth, the fifth, the sixth, the seventh, the eighth, the ninth, the tenth, the
eleventh, the twelfth, the thirteenth, the fourteenth, the fifteenth, the sixteenth, the seventeenth,
the eighteenth, the nineteenth and the twentieth embodiment of the first aspect for the
manufacture of a medicament for the treatment and/or prevention of a diseases or side effects,
whereby the disease or side effects is a disease or are side effects as defined in each and any of

the preceding embodiments and of each and any aspect.

The problem underlying the present invention is solved in a third aspect which is also the first
embodiment of the third aspect, by use of a viral particle according to any one of the first, the
second, the third, the fourth, the fifth, the sixth, the seventh, the eighth, the ninth, the tenth, the
eleventh, the twelfth, the thirteenth, the fourteenth, the fifteenth, the sixteenth, the seventeenth,
the eighteenth, the nineteenth and the twentieth embodiment of the first aspect for the
manufacture of a vaccine for the treatment and/or prevention of a disease or side effects,

whereby the disease or side effects is a disease or are side effects as defined in each and any of

the preceding embodiments and of each and any aspect.

Based on the insight that the insertion site for heterologous peptide sequences into pp65 was
critical for the efficiency of subsequent DB formation, the present inventors have surprisingly
found that the fusion protein which is contained in the viral particles of the invention and which
comprises one or more parts of the T-cell antigen pp65 and at least one heterologous peptide,
confers advantageous characteristics to the DB if the heterologous peptide is inserted at amino
acid position W 175 or at amino acid position A534 of the pp65 amino acid sequence. The
advantageous characteristics of these fusion proteins comprise the induction of neutralizing
antibodies against the heterologous peptide, the induction of a CD8" T lymphocyte response to
the heterologous peptide and the production of such DB at a high yield. Furthermore, these two

loci in pp65 allowed efficient formation and release of DB containing said fusion proteins. The



CD8+ T lymphocyte response observed for these two fusion proteins primed CD8 T cell

responses, which are readily detectable by ex vivo Elispot analyses of CD8 T cell fractions.

The T-cell antigen pp65, which is also referred to in the art as UL 83, has been described by
Pande, H. et al. (Pande, H, Lee, T.D., Churchill, M.A. and Zaia, J.A, "Structural analysis of a 64-
kDa major structural protein of human cytomegalovirus (Towne): identification of a
phosphorylation site and comparison to pp65 of HCMV (AD169); Virology 178 (1), 6-14
(1990)).

Little is known about the function of pp65 and about domains, important for function and proper
folding of the protein. Consequently, there is no rationale for insertion site selection that would
definitely spare functionally relevant regions within pp65. Insertion site selection was performed
in a way to avoid regions conserved in beta-hérpesviruses and also predicted secondary
structures (a-helices and B-sheets). This was done assuming that conserved regions, a-helices
and B-sheets could be structurally and functionally important and should not be destroyed.
However, most of these mutants failed to efficiently form recDB, indicating that this strategy
could not identify proper insertion sites. In the light thereof the present inventors surprisingly

found that the insertion sites in RV-SB3 and RV-SB6 proved to be more appropriate for recDB

formation.

As is shown in the present application exogenous introduction of chimeric pp65 by DB-SB3 and
DB-SB6 into HFF led to efficient presentation of pp65NLV and IE1TMY. Application of these
particles to HLA-A2 transgenic HHD mice primed a CD8 T cell response against both peptides
that could be detected after in-vitro expansion of these T cells with the cognate peptide. Similar
results have also been obtained in previous experiments, using recDB with insertion of the IE1-
peptide at position 548 of pp65 [21;22]. However, using the latter recDB, CD8 T cells against
either peptide were undetectable directly ex vivo, suggesting that priming was inefficient.
Application of DB-SB3, in contrast, led to readily detectable frequencies of pp65SNLV-specific
and IE1TMY-specific CD8 T cells. This indicates that these recDB were highly immunogenic

and induced T cells against both the endogenous and the heterologous peptide.
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In an embodiment of the invention the heterologous peptide is an antigenic peptide and more

preferably an antigenic heterologous peptide.

In an embodiment of the present invention that the heterologous peptide is different from the IE1

protein of HCMYV or a part thereof.

In an embodiment of the present invention the length of a peptide is from about 4 to 40 amino
acid residues, preferably about 6 to 25 amino acid residues and more preferably about 8 to 15

amino acid residues and most preferably about 8-12 amino acid residues.

As preferably used, any wording which specifies the limits of a range such as, e. g., “from 1 to
5” means any integer from 1 to 5, 1. e. 1, 2, 3, 4 and 5. In other words, any range that is defined
by two integers comprises both the two integers defining said limits of the definition and any

integer comprised by or contained within said range,

In an embodiment of the present invention the antigenicity of the viral particle of the invention is
increased compared to the dense bodies of the prior art, more specifically those dense bodies

where the dense body contains a fusion protein comprising the full-length T-cell antigen pp65.

In an embodiment of the present invention the formation of the viral particle of the invention is

increased compared to the formation of dense bodies as described in [25].

It will be acknowledged by a person skilled in the art that, preferably, the HCMV protein IE1 is
also referred to as ppUL123.

It will also be acknowledged that the fusion protein contained in the particle is, in a preferred

embodiment a chimeric protein.
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The present invention is now further illustrated by reference to the following figures and

examples from which further advantages, features, and embodiments may be taken, wherein

Fig. 1  shows the result of an indirect immuno fluorescence analysis of HFF, infected

with HCMV recombinants;

Fig. 2  shows the result of an immuno blot analysis (A), the result of a quantitative
DNA-PCR analysis as a diagram indicating genome copies/ml as a function of
time (d.p.i) for various fusion proteins (B), and the result of a further immuno

blot analysis (C);

Fig.3  shows the result of an IFN-y-Elispot analysis as a diagram indicating the
percentage of responding CD8” cells for various fusion proteins either using

either pp6SNLV-CTL (A) or IEITMY-CTL (B) as responder cells;

Fig. 4  shows the result of an IFN-y-Elispot analysis as a diagram indicating the
percentage of responding CD8" cells for various fusion proteins either using

RMA-S cells as stimulator cells; and

Fig. 5  shows the amino acid sequence of full-length pp65 (SEQ ID NO:1)

Fig. 1 shows the result of an indirect immuno fluorescence analysis of HFF, infected with
HCMV recombinants. Cells were infected with the indicated viruses for four days and were
subsequently processed for immuno flourescence analysis. The configuration of the recombinant
pp635, expressed by each virus is indicated below the micrographs. The N-terminal amino acid of

pp65, flanking the insertion site is denoted.

Fig. 2 shows the expression of pp65-fusion proteins, replication of recombinant viruses and
efficiency of packaging of fusion proteins into virions and DB. (A), Immuno blot analysis of 2-
and 4-day infected HFF. Cells were infected at an m.o.i. of 2 and were collected at the indicated

times for analysis. Filters were probed with pp65-specific monoclonal antibody 65-33. Amounts
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of proteins in each lane were normalized against -actin. (B), Quantitative DNA-PCR analysis of
viral genomes in the cell culture supernatant of infected HFF. Cells were infected at an m.o.i. of
10 genomes/cell. Culture supernatants were collected at the indicated time points and frozen.
PCR analysis was performed in paralle] in the same assay. (C), Immunoblot analysis of pp6S5,
packaged in recDB or virions. Cells were infected with the recombinant viruses or with wt RV-
HBS for 6-7 days. Supernatants were subjected to glycerol-tartrate gradient centrifugation to
collect virions- and DB-fractions. These fractions were analyzed by immunoblot, using

monoclonal antibody 65-33 or, as internal standard, using a monoclonal antibody against viral

gB.

Fig. 3 shows the result of an IFN-y-Elispot analysis of MHC-class I presentation by HLA-A2
positive HFF, treated with recDB. Cells were treated with the indicated DB and were
subsequently used as stimulator cells in IFN-y-Elispot analysis, using either pp65NLV-CTL (A)
or IEITMY-CTL (B) as responder cells.

Fig. 4 shows the result of an ex vivo IFN-y-Elispot analysis of CD8+ enriched spleen cells from
HHD-mice, immunized with recDB. RMA-S cells, loaded with the cognate peptides were taken
as stimulator cells. Bar sizes represent most probable frequencies of IFN-y secreting CD8 T
cells, as determined by linear regression analysis, described by Béhm et al [37]. Error bars

indicate 95% confidence intervals.

Example 1: Materials and Methods

1. Cells
Primary human foreskin fibroblasts, CTL lines and T2 cells were cultured as described before

[23]. RMA-S cells [24] were grown in RPMI 1640 medium (PAA Laboratories, Célbe,
Germany) supplemented with 10% FCS, 2 mM L-glutamine, 50 mg gentamicin L-1 and 5 uM -

mercaptoethanol.
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2. Plasmids and viruses
For mutagenesis of the viral DNA, the HCMYV bacterial artificial chromosome (BAC) pHB5 [25]

was used. Mutagenesis of pHBS5 was performed according to the galK positive/negative selection
procedure [26] as described elsewhere [21]. The DNA sequence inserted into the UL83 open
reading frame encoded the HLA-A2 presented peptide IE1TMY [IE1297-305], flanked by
additional amino acids to enable accurate proteasomal processing. The additional polypeptide
fused to pp65 reads TSDACMMTMYGGISLLSEFC, with the HLA-A2 presented nonapeptide

being underlined. Viral reconstitution from BAC clones was performed according to Hobom ef

al. [27].

Virus stocks were generated, titrated and quantified either by counting IE1 positive cells at 48
hours p.i. or by TagMan DNA PCR analysis of extracellular viral genomes as described [28].
HFF were infected for 7 days. Infection at a moi of 0.1 resulted in a number of roughly 10

intracellular viral genomes.
3. Dense body purification, indirect immunofluorescence analysis and immunoblotting

DB were purified from late-stage infected HFF by glycerol—tartrate gradient ultracentrifugation
as originally published by Irmiere and Gibson [29] and described previously [20]. Indirect
immunofluorescence analysis was carried out as described [30]. The pp65 was labelled by using
monoclonal antibody 65-33 (kindly provided by W. Britt, University of Alabama, Birmingham,
Alabama, USA) and FITCconjugated secondary antibodies (DAKO, Hamburg, Germany). The
nucleus was counterstained with DAPI. Data from immunofluorescence analyses were collected
using an Axiophot-1 microscope (Zeiss) at magnification of 1000fold. For immunoblotting,
protein samples were denatured under reducing conditions, separated by SDS-PAGE and
transferred onto nitrocellulose membranes (Millipore, Schwalbach, Germany) by electroblotting
at 400 mA for 1 h 45 min. The membranes were incubated with antibodies against pp65, B-actin
(Rockland, Gilbertsville, PA, USA) and glycoprotein B (gB) [31]). Western blots were probed
with anti-mouse or anti-rabbit secondary antbodies, conjugated to ALEXA Fluor 680
(Invitrogen, Karlsruhe, Germany) or IRdye 800 (Rockland). Blotted proteins were detected and
quantified using the Odyssey infrared imaging system (LI-COR, Lincoln, Nebraska, USA).
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2.4 Interferon vy - Elispot assay of HFF incubated with recDB

Enzyme linked immunospot (Elispot) assays were performed as described before [23;32]. CTL
lines specific for the HLA-A0201 (A2) restricted HCMV-derived peptides pp65495-503
(pp6SNLV-CTL) [33;34] and 1E1297-305 (IE1TMY-CTL) [35] were used in these analyses. The
CTL lines had been generated by immunizing HLA-A2/huCD8 double-transgenic (tg) mice [23].

2.5 HLA-A2 transgenic mouse model
8-12 week-old HLA-A2 transgenic mice (HHD mice, [36]) were immunized intraperitoneally

with 6 pg DB of RV-HBS (DB-HB5), RV-SB3 (DB-SB3) or RV-SB6 (DB-SB6), respectively,
or with PBS. Lymphocytes were prepared from the spleens at day 7 after immunization. CD8 T
cells were enriched by MACS sorting and the frequency of IFN-y secreting cells was analysed by
Elispot directly ex vivo, using peptide loaded RMA-S HHD or T2 stimulator cells. In this setting
the Elispot plates from Millipore (Schwalbach/Ts., Germany) were used. The Elispot assay was
performed according to the manufacturer’s recommendations. Frequencies of responding cells

were determined by linear regression analysis as described by B6hm et al [37].

Example 2: Insertion site selection is critical for formation of cytoplasmic DB

As will be illustrated in this example, selection of the insertion site of the heterologous peptide is

critical for formation of cytoplasmic DB.

The potential of a vaccine candidate to be further developed critically depends on the yield that
can be achieved for further up-scaling. In previous work, proof could be provided that DB can be
modified in their antigenic content by fusing a heterologous peptide sequence to the tegument
protein pp65 [21]. However, cells infected with the respective recombinant of HCMV released
only limited amounts of recDB. Therefore the hypothesis was tested that insertion of
heterologous sequence such as the amino acid sequence of a heterologous peptide at other sites

within pp65 would enhance the yield of recDB.



15

Five sites in different portions of the molecule were selected for insertion (Fig. 1). The inserted
peptide consisted of 20 amino acids encompassing the HLA-A2 presented nonapeptide
TMYGGISLL (IEITMY) from the HCMV IEl protein [35]. Recombinant viruses were
generated by modifying the HCMV BAC plasmid pHBS5 [25], using the galK-based selection
procedure [21;22]. Recombinant BAC-plasmids were analyzed for accuracy by restriction
endonuclease digestion and nucleotide sequencing of the insertion site (data not shown).
Reconstitution of recombinant viruses was subsequently performed by transfection of the BAC-
plasmids into HFF. The resulting viruses were tested for DB formation. One hallmark of HCMV
infection of HFF is the cytoplasmic accumulation of DB, which can be visualized by indirect
immuno fluorescence analysis (IFA). Consequently, HFF were infected with the newly generated
mutants and IFA was performed at 4 days post infection (d.p.i.), using a pp65-specific antibody
(Fig.1). Only cells infected with the mutants RV-SB3 and RV-SB6 showed the formation of
cytoplasmic DB in a way comparable to the formation of DB in parental-virus infected cells. In
contrast, no or only little DB formation was seen in RV-SB2, RV-SB4, and RV-SBS5 infected
cells. Note that in these cells, the nucleo-cytoplasmic translocation of pp65, which is typically
seen in late-stage infected HFF was impaired.. These results indicated that site selection for
insertion of heterologous peptide sequences within pp65 was critical for recDB formation. Based

on the IFA-results the viruses RV-SB3 and RV-SB6 were chosen for further analysis.

Example 3: Comparing RV-SB3 and RV-SB6 with the parental strain

As will be shown in this example, recombinant viruses RV-SB3 and RV-SB6 are comparable to
the parental strain with respect to pp65-expression, virion release and packaging of pp65 into

particles.

Expression levels of pp65 in RV-SB3- and RV-SB6-infected HFF were tested by immunoblot
analysis. Cells were infected with either virus or with parental RVHBS5 for two or four days,
respectively. Cells lysates were subjected to quantitative immunoblot analysis, using the
Odyssey infrared imaging system. The amount of cellular actin was taken as internal standard
(Fig. 2A). Expression levels of pp65-fusion proteins in RV-SB3- and RV-SB6-infected cells was
reduced at 2 days p.i., compared to levels of pp65 in cells infected with parental RV-HBS.
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However, at 4 days p.i., the levels of the two fusion proteins appeared to be even higher as that
of the pp65 in RV-HBS5 infected cells. This indicated that sufficient protein was synthesized in
RV-SB3- and RV-SB6-infected cells to direct the synthesis of recDB.

To test the capacity of the recombinant strains to replicate in HFF, cells were infected at an
m.o.i. of 0.1, resulting in 10 genome copies/cell and culture supernatant was collected in daily
intervals until 7 days p.i.. Viral DNA released into the supernatant was quantified using
quantitative PCR analysis (Fig.2B). Both RV-SB3 and RV-SB6 proved to replicate to similar
levels as parental RV-HBS.

Packaging of the fusion proteins was finally analyzed by immunoblot analysis of purified virions
and DB, collected from infected HFF supernatants by glycerol gradient centrifugation. In this
case, normalization was performed using the viral envelope glycoprotein B (gB) as internal
standard. No differences in the packaging of pp65 into virions or DBs were found when the
recombinant strains were compared to their parental strain (Fig. 2C). Taken together these results
indicated that both RV-SB3 and RVSB6 wete comparable to RV-HB5 in expression and
packaging of pp65 and in replication in infected cells.

Example 4: Expression of both pp65SNLV and IE1ITMY by DB-SB3- or DB-SB6-
treated HFF

The present example shows that both pp65SNLV and IE1TMY are presented by DB-SB3- or DB-
SB6-treated HFF.

One goal of using recDB for vaccine development would be to support cytotoxic T cell
reconstitution in patients following transplantation. These cells have been shown to be of critical
importance for the prevention of viral reactivation and disease ([13;15] reviewed in [16]). It thus
tested whether the recDB were capable to introduce both the pp65-derived pp65NLV and the
IE1-derived IEITMY into the MHC-class I presentation pathway of HFF.
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Accordingly, cells were treated with recDB and were subsequently subjected to interferon-y
Elispot analysis (Fig. 3). As responder cells, CTL clones against both peptides (pp65NLV-CTL;
IEITMY-CTL) were used [23]. Both DB-SB3- and DB-SBé-treated cells presented IE1TMY
and pp65NLV. The pp65NLV -—presentation was comparable between recDB and wi-DB,
indicating that the insertion of the IE1-derived sequence did not impair pp65-presentation in
HFF. Treatment of cells with DB-SB3 led to numbers of responding IEITMY-CTL to levels that
were comparable to the pp65-specific response. However, treatment of cells with DB-SB6 led to
a markedly reduced number of positive spots in the IE1-specific assay. This indicated that the
ability of HFF to present the IE1-peptide after DB incubation was sensitive to the site, where the

peptide was inserted into pp65.

Example 5: Immunization with recombinant DB (recDB) resuits in IE1TMY-specific

and pp6SNLV-specific CD8 T cells

This example shows that immunization. with recombinant DB (recDB) primes significant

frequencies IE1TMY -specific and pp65NLV-specific CD8 T cells.

Previous experiments had shown that recDB could induce IE1TMY-specific CD8 T cells in
mice. These cells were, however, only detectable after in-vitro stimulation of CD8 T cell
fractions from immunized mice with the cognate peptide. No responding CD8 T cells were
detected directly ex-vivo, indicating that the total number of specific cells, and thus the overall
response to those recDB was low [21]. To evaluate the immunological potential of the newly
established recDB, HILA-A2 transgenic HHD-mice were immunized with the different DB in the
absence of adjuvant. As expected, responding CD8 T cells specific for IEITMY or pp65NLV

were detectable after in-vitro stimulation (data not shown).

Cells from immunized mice were also tested directly ex-vivo. For this, the CD8" fractions of
spleen cells were separated by MACS-sorting and tested in Elispot analysis, using peptide loaded
antigen presenting cells, CD8 T cells, specific for IEITMY could be detected after immunization
with both DB-SB3 and DB-SB6 (Fig. 4). The IE1-specific response primed by DB-SB3 appeared
be stronger than the response induced by DB-SB6, but both reached clearly detectable levels.
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After immunization with DB-SB3, CD8 T cells reactive against the pp65NLV could be detected
to a roughly threefold level, compared to wt-DB.

Surprisingly, however, this response was undetectable in the experimental setting chosen after
immunization with DB-SB6 and a pp65NLV-specific response could not be detected ex vivo.
This result was confirmed in a second experiment and indicated that the CD8 T cell response,
primed against the immunodominant pp6SNLV—peptide by immunizing with DB-SB6 was
inefficient. (Fig. 4). Comparable results were obtained when T2 cells were chosen for antigen
presentation (data not shown). Furthermore, this indicates that these cells were induced in only
low frequencies below the detection limit of the assay. In accordance therewith, restimulation of

pp6SNLV-specific T cells in vitro was delayed compared to IE1TMY -specific cells (data not

shown).

Taken together these experiments particularly proved the potential of DB-SB3 to prime a CD8 T

cell response against a heterologous antigenic peptide.
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Claims

1. A viral particle released after infection of mammalian cells by human cytomegalovirus

(HCMYV), wherein

a) the particle is surrounded by a lipid membrane in which viral glycoproteins are
embedded,

b) the particle contains neither viral DNA nor capsids; and

) the particle contains a fusion protein comprising one or more parts of the T-cell

antigen pp65 and at least one heterologous peptide,

and wherein the at least one heterologous peptide is inserted at amino acid position W175 or

A534 of the amino acid sequence of the T-cell antigen pp65.

2. The viral particle according to claim 1, wherein the at least one heterologous peptide is

inserted at amino acid position W175 of the amino acid sequence of the T-cell antigen pp65.

3. The viral particle according to any one of claims 1 to 2, wherein the amino acid sequence

of the T-cell antigen pp65 comprises an amino acid sequence according to SEQ ID NO: 1,

4.  The viral particle according to any one of claims 1 to 3, wherein the particie is highly

antigenic.

5. The viral particle according to any one of claims 1 to 4, wherein the particle is capable of

inducing the formation of neutralizing antibodies.

6.  The viral particle according to any one of claims 1 to 5, wherein the particle is capable of

inducing a CD8" T lymphocyte response.
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7. The viral particle according to any one of claims 1 to 6, wherein the at least one

heterologous peptide is a MHC-class 1 presented antigen.

8. The viral particle according to any one of claims 1 to 7, wherein the at least one
heterologous peptide comprises or is formed of one or more parts of one or more proteins which

is/are different from pp65.

9. The viral particle according to any one of claims 1 to 8, wherein the at least one

heterologous peptide comprises or is one or more parts of an HCMV glycoprotein.

10. The viral particle according to any one of claims 1 to 9, wherein the at least one

heterologous peptide comprises or is one or more parts of the HCMV glycoprotein gB.

11. The viral particle according to any one of claims 1 to 9, wherein the at least one

heterologous peptide comprises or is one or more parts of the HCMV glycoprotein gH.

12. The viral particle according to any one of claims 1 to 9, wherein the at least one
heterologous peptide comprises or consists of at least two HCMV glycoproteins which are

variants of a particular glycoprotein from different HCMV strains.

13.  The viral particle according to claim 12, wherein one of the at least two variants of the
particular glycoprotein is the variant of the HCMV Towne strain and the other of the at least two

variants of the particular glycoprotein is the variant of the HCMV Ad169 strain.

14. The viral particle according to any one of claims 12 to 13, wherein the glycoprotein is the

gB protein of HCMV,

15. The viral particle according to any one of claims 1 to 8, wherein the at least one

heterologous peptide comprises or is one or more parts of the HCMV protein IE1.
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16. The viral particle according to any one of claims 1 to 8, wherein the at least one
heterologous peptide comprises or is one or more parts of an HCMV glycoprotein and one or

more parts of the HCMV protein IE1.

17. The viral particle according to any one of claims 1 to 8, wherein the at least one

heterologous peptide is one or more parts of a protein which is part of a human pathogen other

than HCMV.

18. The viral particle according to claim 17, wherein the protein which is part of a human
pathogen other than HCMV, is a protein against which cytotoxic T lymphocytes are formed in
humans upon natural infection of humans with the human pathogen other than HCMV.

19. The viral particle according to claim 18, wherein the human pathogen other than HCMV is
human pathogen selected from the group comprising HIV-1, HBV, HCV and influenza.

20. The viral particle according to any one of claims 1 to 19, wherein the fusion protein is a

fusion protein comprising a full-length T-cell antigen pp65 and at least one heterologous peptide.

21. The viral particle according to any one of claims 1 to 20, or a plurality thereof, for the

manufacture of a medicament for the treatment and/or prevention of a disease.

22.  The viral particle according to any one of claims 1 to 20, or a plurality thereof, for use in

a method for the treatment and/or prevention of a disease.

23. The viral particle according to any one of claims 21 to 22, wherein the disease is a disease
which can be treated and/or prevented by the formation of neutralizing antibodies against the at
least one heterologous peptide or a derivative thereof, or by the induction of a CD8" T

lymphocyte response against the at least one heterologous peptide or a derivative thereof.

24.  The viral particle according to any one of claims 1 to 20, or a plurality thereof, for the

manufacture of a vaccine.
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25.  The viral particle according to claim 24, wherein the vaccine is for the treatment and/or

prevention of HCMV infection.

26.  The viral particle according to claim 24, wherein the vaccine is for the treatment and/or

prevention of side effects of transplantation.

27.  The viral particle according to claim 26, wherein the transplantation is transplantation of

a solid organ or haematopoetic stem cells.

28.  The viral particle according to any one of claims 26 to 27, wherein the side effect is

caused by or is going along with a HCMYV infection.

29.  Use of a viral particle according t0 any one of claims 1 to 20 for the manufacture of a
medicament for the treatment and/or prevention of a diseases or side effects, whereby the disease

or side effects is a disease or are side effects as defined in any of the preceding claims.

30.  Use of a viral particle according to any one of claims 1 to 20 for the manufacture of a
vaccine for the freatment and/or prevention of a disease or side effects, whereby the disease or

side effects is a disease or are side effects as defined in any of the preceding claims.



