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MODULE-BASED VECTOR USEFUL IN THE ASSESSMENT OF ANTIGEN-
SPECIFIC T CELL FUNCTIONS

The present invention refers to a module-based vector for concomitant eukaryotic expression
of a proteasome degradable antigenic protein and an independent protein, preferably a fluo-
rescent reporter protein or a membrane-bound co-stimulatory protein. The present invention
further refers to a flow-cytometry-based plasmid transfection fluorolysis (PFT) assay for the

detection of activated T cells.
Background of the invention

The adaptive immune system depends on cytotoxic CD8+ T cells (CTL) and CD4+ helper and
regulatory T cells for effective immune responses and recall. Antigen-specific effects require
specific interactions mediated by the T cell receptor (TCR) from the T cell side, and an im-
munogenic peptide presented by a major histocompatibility complex (MHC)/human leuko-
cyte antigen (HLA) as well as co-stimulatory molecules from the side of an antigen-
presenting cell (APC). To functionally describe low frequencies of effector T cells routinely
in-vitro, e.g. tumor-specific T cells (1) in the peripheral blood or so called tumor infiltrating
lymphocytes (TIL), methods have to be highly sensitive (2). They might include initial steps
to enrich antigen-specific T cells while maintaining clonal diversity of antigen-specific T cell
populations. These principles should allow to newly define immunogenic epitopes of a given

antigenic protein and/or to monitor e.g. vaccination success or auto-immunity.

Functional description of effector T cells often requires large cell numbers and/or relies on
surrogate parameters assessing the potential of a given cell without direct measurement of
specific functions. Typically, low frequencies of antigen-specific cells accompany small sam-
ples with overall low cell numbers and they must be expanded to meet the detection limits of
established methods. Substances like phytohemagglutinine, phorbol esters or high doses of
CD3-specific antibody non-specifically crosslink T cells efficiently activating these cells and

inducing T cell proliferation in-vitro. In cultures like these, specificities for given antigens as
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measured by antigen-specific effector functions are lost upon re-stimulation (3). As in-vivo,
in-vitro recovery of functional T cells requires antigen-specific stimuli provided by
MHC/HLA-restricted immunogenic peptides and co-stimulatory molecules (4). Absence of
co-stimulators molecules e.g. of B7-1 (CD80) and/or B7-2 (CD86) during interactions of a
HLA-presented peptide and the respective TCR is known to cause T cell anergy (5,6).

There are only a few types of potential professional APC, e.g. B cells, macrophages or den-
dritic cells (DC). Although easily obtained e.g. from the peripheral blood, overall frequencies
of APC and their precursors are typically below 10% of all peripheral blood mononuclear
cells (PBMC). Generation of sufficient amounts of APC and of autologous APC in particular
can be very time consuming and expensive. Transformation of B cells with the Epstein Barr
virus (EBV) produces immortalized B lymphoblastic cell lines (B-LCL) useful in antigen-
specific T-cell activation and expansion if the antigen of interest was at least as strongly im-
munogenic as the EBV antigens produced by the transforming virus (7). In addition, it often
takes about 4-6 weeks to obtain B-LCL from autologous PBMC. Therefore different efforts
have been made to generate ‘universal’ APC artificially by altering partially HLA-matched
permanent cell lines to constitutively express co-stimulatory molecules, e.g. CD80 or CD86
for antigen-specific T-cell stimulation (8,9). Immunogenicity of tumor cells can be enhanced

by ectopic expression of CD80 or CD86 molecules (10-12).

Induction and examination of antigen-specific CTL using exogenous synthetic HLA-binding
peptide epitopes have many disadvantages. Candidate epitopes have to have a high affinity to
a previously known HLA subtype to replace peptides from the preformed HLA/peptide com-
plexes on the APC surface. This affinity can be predicted theoretically by the use of databases
like BIMAS or SYFPEITHI assembling binding properties of MHC/HLA molecules (13). A
major disadvantage of the approach to load external peptides is that even peptides with low
affinity to given MHC/HLA molecules might induce strong T cell reactions but are not effi-
ciently presented (14). In contrast, by endogenous expression, antigenic peptides are continu-
ously produced and loaded on to MHC molecules. Loading prolonged peptides to be trimmed
by the APC after internalization is expansive and inefficient especially in cells with limited
capabilities for endocytosis (15). Insufficient presentation of e.g. minor antigenic structures
during in-vitro restimulation to increase the number of effector T cells results in frequency
shifts that alter the composition of the expanded T cell population compared to the initial

situation with respect to antigen-specific T cells (3).
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On the other hand, established assays for functional description of effector T cells can be lim-
ited by the demand for large numbers of antigen-specific T cells. Therefore these methods are
often restricted to strong T cell-mediated immune answers and/or assess surrogate parameters

showing rather the potential of a given cell population than the effector functions themselves.

The enzyme-linked immunosorbent spot (ELISpot) assay is a widely distributed method to
assess antigen specific CTL activation but it only describes surrogate parameters like inflam-
matory cytokine release. During the procedure, cytokines are captured in the immediate vicin-
ity of producing cells if cells are cultured on a membrane coated with an antibody specific for
a defined cytokine. In the second step, membrane-bound cytokines are detected using a sec-
ondary antibody labeled e.g. for chromogenic substrate conversion (16,17). Hence the name
of the assay, each coloured spot represents one cytokine-producing cell and the spot number
in correlation to the initial cell number quantifies potential effector cells within the cell popu-
lation to be assessed. Unfortunately, interferon (IFN) v, the most common cytokine to be rou-
tinely assessed for pro-inflammatory cells is produced by various subsets of immune cells
(18). Thus, the ELISpot assay does not discriminate [IFNy-producing effector T cells e.g. from
macrophages if mixed cell populations are questioned. Although this side effect can be mini-
mized by prior enrichment of antigen-specific T cells, the ELISpot assay describes T cell
function only indirectly and the actual effect of CTL, the antigen-specific target cell lysis, is

not covered.

Similar to the ELISpot assay, flow cytometric assessment of intracellular cytokines
(IC-FACS) measures the potential of single cells. Upon a specific stimulus, cells produce pro-
inflammatory cytokines like IFNy or tumor necrosis factor (INF) a. Since secretion is
blocked e.g. by brefeldin A, newly expressed cytokines remain within the producing cell. Af-
ter permeabilization of the cell membranes, intracellular cytokines can be stained with fluo-
rescently labeled specific antibodies. The IC-FACS can be combined e.g. with T cell surface
makers including MHC/HLA tetramers consisting of recombinant peptide loaded MHC/HLA
complexes, tetramerized via fluorescently labeled (strept)avidine to directly stain anti-
gen-specific TCR (16,19). Although this combination allows describing the subtype of indi-
vidual cytokine-producing cells, this method again only assess the frequency of the antigen-

specific T cells, but not their functionality.
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The classic chromium release assay (CRA) directly measures the lysis of target cells radioac-
tively labeled with [*'Cr] by uptake of [>'Cr]-sodium dichromate by CTL or natural kil-
ler (NK) cells (16,20). The extent of effector cell-mediated lysis correlates to the release of
target cell-bound radioactivity into the cell culture medium after the incubation of labeled
target cells with the T cell populations for 4 h or 18 h to measure essentially CTL or NK cell
activity. The CRA is considered the ‘gold standard’ to directly describe CTL function diag-
nostically or for scientific research questions. Use of radioactive material and the time-
consuming need to expand antigen-specific CTL populations of large amounts of antigen-
specific effector CTL make poor standardization characteristics and limit the CRA in routine
clinical use especially for antigens with low immunogenicity. The lactate dehydrogenase
(LDH) assay is the non-rédioactive equivalent of the CRA and also determines only the func-
tionality of CTL. The LDH, an ubiciuitous enzyme from the glycolysis catalysing the oxida-
tion of lactate to pyruvate and located in the cytoplasm of viable cells is released from the
target cells as a result of the CTL activity. The amount of target cell-released LDH corre-
sponds to the conversion of a chromogenic substrate used for readout (21). Since all cells con-
tain LDH this experimental approach demands even larger amounts of CTL than the CRA to
exclude spontaneous LDH release from destructed effector T cells making this assay not only
less sensitive than the CRA but requiring even more effort to obtain sufficient amounts of

antigen-specific CTL.

In the VITAL assay, cells are first loaded with fluorescent labels and then incubated with ex-
ogenous synthetic peptides to obtain target cells. Antigen-specific target cells receive a pep-
tide that is immunogenic in a given MHC/HLA context. Cells labeled with a different fluoro-
genic dye are treated with a peptide known to be non-immunogenic against the same
MHC/HLA background as the specific peptide above to produce control target cells. Specific
and control target cells are co-cultured with cell populations to be questioned for antigen-
specific CTL. After incubation antigen-specific target cell lysis can be determined by the ratio
of the remaining control and target cells, which are quantified by flow cytometry (22-26).
Although in general further markers accessible to flow cytometric analysis might complement
direct measurement of CTL function, major disadvantages of the VITAL assay arise from
toxic side effects of fluorogenic dyes and in particular from the necessity for previous detailed
knowledge of MHC/HLA molecules and of the respective immunogenic peptide epitopes of a

given antigenic protein.
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The object of the present invention is to provide a sensitive method for the detection of acti-

vated T cells as well as means useful in this method.

Summary of the invention

The object of the present invention is solved by a module-based vector for concomitant ex-

pression of an antigenic first protein and an accessory second protein, the vector comprising:

(2)

(b)
(c)

(d

a first nucleic acid sequence encoding a proteasome-degradable protein comprising a
section encoding ubiquitin upstream of a section encoding the antigenic first protein;

a second nucleic acid sequence encoding the accessory second protein;

a third nucleic acid sequence for encoupling the antigenic first and the accessory sec-
ond protein;

wherein the third nucleic acid sequence is located between the first and the second
nucleic acid sequence; and

a first promoter for eukaryotic expression which is located upstream of the first, sec-

ond and third nucleic acid sequence.

The object of the present invention is further solved by a module-based vector for concomi-

tant expression of an antigenic first protein and an accessory second protein, the vector com-

prising:

(a)

(b)

(©)

(d)

a first nucleic acid sequence encoding a proteasome-degradable protein comprising a
section encoding ubiquitin upstream of a section encoding the antigenic first protein;

a second nucleic acid sequence encoding the accessory second protein which is a re-
porter protein, preferably a fluorescent reporter protein;

a third nucleic acid sequence for encoupling the antigenic first and the accessory sec-
ond protein;

wherein the third nucleic acid sequence is located between the first and the second
nucleic acid sequence; and

a first promoter for eukaryotic expression which is located upstream of the first, sec-

ond and third nucleic acid sequence.
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The object of the present invention is further solved by a module-based vector for concomi-

tant expression of an antigenic first protein and an accessory second protein, the vector com-

prising:

(a) a first nucleic acid sequence encoding a proteasome-degradable protein comprising a
section encoding ubiquitin upstream of a section encoding the antigenic first protein;

(b) a second nucleic acid sequence encoding the accessory second protein which is mem-
brane-bound co-stimulatory protein;

(©) a third nucleic acid sequence for encoupling the antigenic first and the accessory sec-
ond protein;
wherein the third nucleic acid sequence is located between the first and the second
nucleic acid sequence; and

(d) a first promoter for eukaryotic expression which is located upstream of the first, sec-

ond and third nucleic acid sequence.

In one embodiment, the first nucleic acid sequence is located upstream of the third nucleic
acid sequence and the second nucleic acid sequence is located downstream of the third nucleic

acid sequence.

In one embodiment, the first nucleic acid sequence is located downstream of the third nucleic
acid sequence and the second nucleic acid sequence is located upstream of the third nucleic

acid sequence.

In one embodiment, the third nucleic acid sequence is encoding an amino acid sequence com-

prising a self-cleavage peptide sequence.

In one embodiment, the self-cleavage peptide sequence has an amino acid sequence according
to SEQ ID NO: 1, i.e. DXEXNPGP (Asp Xaa Glu Xaa Asn Pro Gly Pro), wherein x (Xaa) can
be any naturally occurring amino acid. The cleavage occurs between the glycine and proline

residues.

In one embodiment, the self-cleavage peptide sequence is a Picornavirus 2A self-cleavage

sequence.
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In one embodiment, the third nucleic acid is encoding an mRNA comprising an internal ribo-

somal entry site (IRES).

In one embodiment, the antigenic first protein is selected from the group comprising a tumor
associated, viral, bacterial and autoantigenic protein. The term “tumor associated” means that

the protein is expressed and optionally presented, exposed and/or secreted by tumor cells.

In one embodiment, the antigenic first protein is a full-length protein, preferably selected

from the group comprising CMVpp65, IMP M1, and HPV16E7.

In one embodiment, the ubiquitin consists of a native ubiquitin amino acid sequence or com-
prises a mutated ubiquitin amino acid sequence, preferably a mutated ubiquitin amino acid

sequence with the C-terminal glycine residue being exchanged for an alanine residue.

In one embodiment, the first nucleic acid sequence further comprises a section encoding a tag
protein, preferably selected from the group comprising a hemagglutinine-tag, myc-tag and
6xHis-tag. Preferably, the section encoding the tag protein is located downstream of the sec-

tion encoding the antigenic protein.

In one embodiment, the promoter is selected from the group comprising a FerL, FerH, EF1,

CMV, HTLV, Ubi, RSV, B-actin, and SV40 promoter.

In one embodiment, the vector further comprises a viral second promoter, preferably a T7
promoter, which is located upstream of the first, second and third nucleic acid sequence. Pref-

erably, the viral second promoter is located downstream of the first promoter.

In one embodiment of the vector, which is a module-based reporter vector (RV), the acces-
sory second protein is a reporter protein, preferably a fluorescent reporter protein, most pref-
erably selected from the group comprising GFP, dsRed, Yellow and a recombinant combina-

tion thereof.

In one embodiment, the reporter protein is GFP and the antigenic first protein is CMVpp65 or
HPV16E7. In this embodiment, the self-cleavage peptide sequence preferably is a Picornavi-

rus 2A self-cleavage peptide sequence.
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In one embodiment of the vector, which is a module-based stimulation vector (SV), the acces-
sory second protein is a membrane-bound co-stimulatory protein for antigen-specific T cell
activation, preferably selected from-the group comprising CD80, CD86, GITR-L, CD54,
CD40, OX40 and 4-1BB.

In one embodiment, the membrane-bound co-stimulatory protein is CD86 and the antigenic
first protein is CMVpp65 or HPV16E6. In this embodiment, the self-cleavage peptide se-

quence preferably is a Picornavirus 2A self-cleavage peptide sequence.

In one embodiment, the first nucleic acid sequence encoding CMVpp65 is located upstream
of the third nucleic acid sequence, and the second nucleic acid sequence encoding CD86 is

located downstream of the third nucleic acid sequence.

The object of the present invention is further solved by a target cell for cytotoxic CD8" cells

(CTL) comprising a module-based vector (RV) according to the present invention.

The object of the present invention is further solved by a pair of target cells according to the
present invention consisting of a first target cell which is a test target cell, and a second target
cell which is a control target cell, wherein the control target cell differs from the test target

cell in the antigenic first protein and in the reporter protein.

In one embodiment of the pair of target cells, the reporter protein of the test target cell is GFP

and the reporter protein of the control target cell is dsRed.

The object of the present invention is further solved by an antigen-presenting cell comprising

a module-based vector (SV) according to the present invention.

The object of the present invention is further solved by a method for preparing a target cell
according to the present invention comprising the step of transfecting a cell with a module-

based vector (RV) according to the present invention.
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The object of the present invention is further solved by a method for preparing an antigen-
presenting cell according to the present invention comprising the step of transfecting a cell

with a module-based vector (SV) according to the present invention.

In one embodiment of the method for preparing a target cell or an antigen presenting cell the
step of transfecting the cell comprises a chemical precipitation, lipofection, electroporation or

nucleofection, preferably a nucleofection.

In one embodiment of the method for preparing a target cell or an antigen presenting cell the
cell to be transfected is selected from the group comprising B-LCL, K562, K562-A2, EL-4,

and peripheral blood mononuclear cells.

The object of the present invention is further solved by a use of a module-based vector (RV)
according to the present invention, or of a target cell according to the present invention for
studying T cell functions ex-vivo, preferably for detecting and monitoring T cells activated by

a vaccine, an infectious agent, preferably a virus, an allergen or an autoantigen.

The object of the present invention is further solved by a use of a module-based vector (SV)
according to the present invention, or an antigen-presenting cell according to the present in-

vention for activating and/or expanding T cells.

The object of the present invention is further solved by a plasmid transfection fluorolysis
(PTF) assay comprising the following steps:

(a) providing one, two or more population(s) of a test target cell according to the
present invention, preferably by using a method according to the present inven-
tion;

(b) providing a population of a control target cell according to the present inven-
tion, preferably by using a method according to the present invention;

(©) providing a population of preferably pre-activated CTL;

(d) mixing the populations of (a), (b) and (c);

(e) co-culturing the populations of (a), (b) and (c);

® measuring by fluorescence spectroscopy, preferably by FACS, the extent of
fluorescence for the one, two or more population(s) of a test target cell and the

extent of fluorescence for the population of a control target cell;
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(2

determining the ratio of the extent of fluorescence measured for each of the
one, two or more population(s) of a test target cell and the extent of fluores-

cence measured for the population of a control target cell.

In one embodiment, the CTL are pre-activated by an antigenic protein expressed by the one,

two or more population(s) of an antigen-presenting cell according to the present invention.

In one embodiment, step (e) or step (e’) below, i.e. the step of co-culturing, is carried out for

up to 96 h, preferably for 72 h. Alternatively, co-culturing can be carried out for up to one

week.

In one embodiment, the assay further comprises the following steps:

(@)
(b%)
(d)

(€)
)

(&)

®

providing the one, two or more population(s) of a test target cell as in step (a)
above;

providing the population of a control target cell as in step (b) above;

mixing the populations of (a’) and (b’);

co-culturing the populations of (a’) and (b’);

measuring by fluorescence spectroscopy, preferably by FACS, the extent of
fluorescence for the one, two or more population(s) of a test target cell and the
extent of fluorescence for the population of a control target cell;

determining the ratio of the extent of fluorescence measured for each of the
one, two or more population(s) of a test target cell and the extent of fluores-
cence measured for the population of a control target cell;

calculating an antigen-specific target cell lysis from the ratio determined in

step (g) above and the ratio determined in step (g’).

In one embodiment of the assay the two or more populations of a test target cell differ from

each other in the antigenic first protein and in the reporter protein.

In one embodiment of the assay the CTL are pre-activated with an antigen-presenting cell

according to the present invention, wherein the antigenic protein expressed by the antigen-

presenting cell is the same as the antigenic protein expressed by the test target cell.
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The object of the present invention is further solved by a test kit comprising a module-based
vector according to the present invention and/or a target cell according to the present inven-
tion and/or a pair of target cells according to the present invention and/or an antigen-
presenting cell according to the present invention and, optionally, a sheet providing instruc-

tions for carrying out a method according to the present invention.

The object of the present invention is further solved by a module-based vector comprising a

nucleic acid sequence according to SEQ ID NO: 11 and/or SEQ ID NO: 12.

The object of the present invention is further solved by a module-based vector comprising a

nucleic acid sequence according to SEQ ID NO: 13 and/or SEQ ID NO: 14.

The wording “a nucleic acid sequence for encoupling a first and a second protein” means that
the nucleic acid is capable of providing for a cleavage and separation of the two proteins con-

comitantly expressed.

The term “a test target cell” refers to a cell expressing an antigenic protein of interest.

The term “a control target cell” refers to a cell expressing an irrelevant antigenic protein.

We herein describe module-based stimulation (SV) and reporter vectors (RV) for concomitant
expression of a proteasome-degradable protein (PDP) with upstream ubiquitin (Ubi) and a
functionally independent protein that might be a membrane-bound co-stimulatory or a fluo-
rescent reporter (C/R) protein to activate and expand antigen-specific T cells and/or to assess
T cell effector functions. Both protein entities are functionally uncoupled via a fusion protein
that contains a self-cleavage peptide sequence or via a fused mRNA with an internal ribo-
somal entry site (IRES). As for antigen-specific in-vitro activation and expansion of T cells,
APC used in co-cultures are transfected by a SV comprising coding sequences for a specific
antigenic PDP and a functionally uncoupled membrane-bound co-stimulatory protein. As for
description of CTL activity, potential target cells are transfected by RV coding for a fluores-
cent reporter protein functionally uncoupled specific antigenic PDP or a control PDP. A flow
cytometry-based plasmid transfection fluorolysis (PTF) assays set up with at least one type of

antigen-specific target cells in conjunction with at least one type of control target cells meas-
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ures antigen-specific target cell lysis from the relation of antigen-specific to control target

cells.

The modular vectors disclosed herein provide the technical background for a direct, highly
sensitive, non-radioactive and versatile method e.g. to diagnostically detect and monitor func-
tional T cells induced by vaccination or viral infections e.g. by CMV, Hepatitis B or C virus
(HBV, HCV), human papilloma virus (HPV), EBV and human immunodeficiency virus
(HIV), by allergens or by autoantigens e.g. mediating multiple sclerosis, ankylosing spondy-
lites and diabetes via their effector function. This approach uses natural mechanisms for pres-
entation of a processed antigen of interest. As for basic research issues the strategy using the
disclosed vectors allows e.g. to define new antigenic proteins, to directly assess the antigenic-
ity of protéééome-processed proteins, and to define minimum T cell epitopes and their de-

pendency on MHC/HLA subsets.
Detailed description of the invention

Figure 1: Design of the modular vector system using a 2A self-cleavage site to functionally
uncouple recombinant proteins for antigen-specific T cell description. P, pro-
moter; Ubi, ubiquitin; (tag), peptide tag (optional); 2A, protein self-cleavage site;

C/R, membrane-bound co-stimulatory or fluorescent reporter protein.

Figure 2: Minimum prerequisite peptide sequences for 2A self-cleavage sites with exam-
ples. (1) Foot and mouth disease virus (SEQ ID NO: 4). (2) Equine rhinitis A vi-
rus (SEQ ID NO: 5).-(3) Porcine teschovirus-1 (SEQ ID NO: 6). (4) Thosea
asigna virus (SEQ ID NO: 7). (M) minimum requisite amino acid residues for

self-cleavage.

Figure 3: Design of the modular vector system using an IRES sequence to functionally un-
couple recombinant proteins for antigen-specific T cell description. P, promoter;
Ubi, ubiquitin; (tag), peptide tag (optional); IRES, internal ribosomal entry site;

C/R, membrane-bound co-stimulatory or fluorescent reporter protein.

Figure 4: Minimum prerequisite Ubi protein and/or nucleotide sequences with examples.
Ubi (SEQ ID NO: 8); Ubi.G>A76 (SEQ ID NO: 9).
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Figure 5:

Figure 6:

Figure 7:

Figure 8:

Figure 9:

Figure 10:

Figure 11:

Figure 12:

Figure 13:

Figure 14:

Figure 15:

Schematic vector background and MCS sequence (SEQ ID NO: 10). The expres-

sion cassette is according to Figs. 1 and 3.

Effect of Ubi on proteasomal degradation of downstream fused GFP. K562 trans-

fected for expression.
Comparison of CD8+ T cells stimulated with APC loaded with MHC-restricted
exogenous synthetic CMVpp65495.503 or transfected with a recombinant ubiquiti-

nated CMVpp65. DCs as APC in co-culture.

Effect of IRES and the 2A self-cleavage site on degradation of downstream fused
GFP. K562 transfected for expression.

Comparison of CD8+ T cells stimulated with APC transfected with a recombinant
ubiquitinated CMVpp65 in combination with membrane-bound co-stimulatory
CD86. Stimulating APC transfected for expression.

Principle and exemplary set-up of standard PTF assays.

Principle and exemplary set-up of duplex PTF assays.

Principle of multiplex PTF assays.

Comparison of the sensitivity of standard PTF assay and CRA to detect CTL spe-
cific for CMVpp65.

Comparison of the sensitivity of standard PTF and VITAL assay to detect
CMVpp65-specific CTL.

Principle and schedule for low frequency effector T cells comprising antigen-

specific effector T cell enrichment and subsequent PTF assay.
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Figure 16: PTF assay for detection of HPV16E7-specific CTL from a model of C57/BL6

mice immunized using a recombinant Adenovirus vaccine carrying HPV16E7.

Figure 17: PTF assay for detection of HPV16E6-specific TIL from a HPV tumor patient.

Figure 18: Module-based vector pC-Ubi-MCS1-2A-MCS2 (schematic) (Figure 18A) and
corresponding nucleic acid sequence (SEQ ID NO: 11 and SEQ ID NO: 12, re-
spectively) (Figure 18B).

Figure 19: Module-based vector pC-MCS2-2A-Ubi-MCS1 (schematic) (Figure 19A) and
corresponding nucleic acid sequence (SEQ ID NO: 13 and SEQ ID NO: 14, re-
spectively) (Figure 19B).

The module-based SV and RV for expression of a PDP with upstream Ubi as shown in Fig. 1
allows for immediate proteasomal degradation of directly fused downstream protein and a
functionally uncoupled second protein that might be a prerequisite membrane-bound co-
stimulatory molecule for antigen-specific T cell activation and/or a fluorescent reporter pro-
tein to assess T cell functions. Functional uncoupling ensures that only the PDP is degraded
upon expression while the concomitant C/R protein once expressed, remains on the cell sur-
face or within the cytoplasma of the transfected cell. Expression cassettes cloned to obtain
final expression vectors comprise coding sequences for the respective proteins with
N-terminal Ubi only for the protein to be degraded by the proetasome, structures to uncouple
the expression of both proteins and an optional short tag for protein detection/purification. As
for functional uncoupling a fusion protein that contains a self-cleavage peptide sequence can
be generated (Figs. 1, 2), or a fused mRNA with an IRES for independent translation with a
single upstream promoter gives rise to both proteins (Fig. 3). In all constructs an optional tag
at the C-terminus of the PDP might allow assessing expression levels of the given antigen.
The tag sequence might code for a standard tag peptide that should not exceed 30 amino acid

residues e.g. the hemagglutinin (HA)-tag, the myc-tag or the 6xHis-tag.

As illustrated in Fig. 1 proteins to be expressed using the SV/RV vectors may be translated as
a fusion protein containing an internal self-degrading peptide sequence for functional uncou-
pling of the two proteins. Expression of comparable amounts of both proteins is ensured, in-

dependent of the order of the coding sequences downstream of the single strong promoter for
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eukaryotic expression. Promoters for e.g. the following sources can be used: human
light/heavy-chain ferritin (hFerL, hFerH), rat or mouse elongation factor 1 (rfEF1, mEF1),
cytomegalovirus (CMV), human T lymphotropic virus (HTLV), Ubi, respiratory syncytial
virus (RSV), B actin, simian virus 40 (SV40). The sequence for a self-cleaving peptide can be
cloned either downstream of the C/R protein (Fig. 1A) or downstream of the optional tag
and/or the antigen sequence (Fig. 1B). Minimum prerequisite amino acid residues for self-
degrading peptide might be derived from viral polyprotein processing mechanisms e.g. from
Picornaviridae (Fig. 2). Preferentially, a 2A sequence self-cleaving between adjacent glycine

and proline residues at the C-terminus of the complete sequence is used (27).

As illustrated in Fig. 3 the antigenic PDP and the C/R protein may be transcribed independ- -
ently from one mRNA compris;ing an IRES sequence. Both proteins are expréssed independ-
ently of the order of the coding sequences downstream of a single strong promoter for eu-
karyotic expression, as exemplified above for the approach including the self-degrading pep-
tide. The promoter can be cloned either downstream of the C/R protein (Fig. 3A) or down-

stream of the optional tag and/or the antigen sequence (Fig. 3B).

The Ubi sequence recombinantly fused to the N-terminus of the antigenic protein sequence
sentences the protein to proteasomal degradation (28-30). It can be an unmodified Ubi se-
quence derived from any species or a mutated sequence with the C-terminal glycine residue

replaced by a C-terminal alanine residue (Fig. 4) (31).

Any protein described to effectively assist interactions of APC with antigen-specfic T cells
via the TCR can Be used for a potential membrane-bound co-stimulatory molecule that is con-
stitutively expressed to the surface of transfected cells. Typical examples of the type of such
molecules are CD80, CD86, the ligand for the glucocorticoid-induced TNF receptor GITR-L,
CD54, CD40, OX40 or 4-1BB, a ligand of a type 2 transmembrane glycoprotein of the TNF

superfamily.

As for a reporter any fluorescent protein independent of excitation (Aex) and emission wave-
length (Aem) can be used in the modular vector system to assess effector T cell functions.
Preferentially, fluorescences at Aem should be sufficiently discriminated by the readout
method chosen, e.g. a concomitant use of a green fluorescent protein (GFP; Aex = 475 nm

Aem = 505 nm) and of a red fluorescent protein (dsRed; Aex = 557 nm Aem = 579 nm) for
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flow cytometric analysis. Due to the mode of expression, fluorescence intensity of the re-

porter protein is directly proportional to the antigenic PDP expression.

Sequences, e.g. a viral T7 promoter allowing for in-vitro transcription to RNA might be in-
cluded upstream of the cassettes shown in Figs. 1, 3 to use transcribed RNA instead of plas-
mid DNA to transfect cells that benefit from this strategy, e.g. primary cells including PBMC
(32,33).

The backbone for final expression vectors typically comprises at least one antibiotics resis-
tance gene for selection in bacteria and/or eukaryotic cells, an origin for bacterial replication,
a poly-A sequence for eukaryotic expression downstream of the sequences for recombinant
PDP and/or C/R protein (Fig. 5). Optionally, the backbone contains an origin for episomal
eukaryotic replication or a sequence for directed chromosomal recombination flanking the
cassettes shown in Fig. 1, 3. Antigenic PDP are cloned in a multiple cloning site (MCS) as

exemplified in Fig. 5B.

The preferred method for transfection of potential APC with SV or potential target cells with
RV as described above depends on the size of the final vector construct and the cell type to be
transfected. Any established transfection method e.g. chemical precipitation, lipofection, elec-
troporation or nucleofection can be used to transfect at least 20% of the cells to express the

cloned and functionally uncoupled PDP and C/R protein.

The SV and RV as described above are used in PTF assays including previous antigen-
specific in-vitro activation and/or expansion of effector T cells from samples with low initial
frequencies or overall small amounts of these T cells. The procedure includes an antigen-
specific stimulation of CTL from mixed cell populations using stimulating cells transfected
for specific antigen expression as a PDP in conjunction with an uncoupled membrane co-
stimulatory molecule followed by a PTF assay using target cells transfected for expression of
the specific antigenic PDP used for preceding stimulation or a control PDP, in conjunction
with uncoupled fluorescent reporter proteins that can be differentiated experimentally by di-
verse hem. In a multi parameter fluorescent readout transfected target cells as well as effector
cells can be additionally characterized by cell-subtype specific surface marker antigens e.g.
CD4, CD8 or CD137.
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EXAMPLES

EXAMPLE 1: Different cell types can be effectively transfected with the vector constructs

to be used as APC for T cell stimulation and as target cells in PTF assays.

Autologous B-LCL comprise the complete HLA pattern of the donor. Although with these
cells strong EBV-specific T cell responses might overlap, the PTF assay allows to discrimi-
nate effector CTL for other antigens. The erythroleukemia cell line K562 (ACC 10; Deutsche
Sammlung fiir Mikroorganismen und Zellkulturen, Braunschweig, Germany) does not express
HLA class I molecules, but can intracellularly process proteins. Recombinant constitutive
expression of e.g. HLA-A2 in K562 cells (17) provide a defined tool to assess HLA-A2 asso-
ciated effects on CD8+ T-cell activation and subsequent identification of immunogenic pep-
tides of a given antigen. PBMC are a heterogeneous primary cell population with the donor’s
HLA pattern. Although PBMC can easily be obtained from anti-coagulated peripheral blood
samples by density gradient centrifugation (e.g. GE Healthcare, Munich, Germany), frequen-
cies of professional APC are typically below 10% of all PBMC. The lymphoid EL-4 cell line
(ATCC TIB 39; American Type Culture Collection, Bethesda, MD) can be used as a tool in

autologous experimental settings in the murine C57BL/6 model system.

Using a Nucleofector I device (Lonza, Cologne, Germany) according to the manufacturer’s
protocol 2-5x10° cells were transfected with 5 pg highly purified plasmid DNA for expression
of fusion proteins of a given antigen with the GFP. After 24 h at 37°C, transfection efficien-
cies were determined by flow cytometry and are shown as percentages of GFP+ cells within

all vital cells (Table 1).
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Table 1: Transfection efficiencies for potential stimulatory and target cells
Cell type  Nucleofection Antigen GFP+ cells (%) N
Kit Program Mean Range

B-LCL T U01 HPV16E7 40% 20-60% >10
K562 \Y% T16 HPV16E7 90% 85-95% >30
K562-A2 V T16 HPV16E7 90% 85-95% >30
PBMC T cell Kit Ul4 HPV16E7 45% 25-65% >10
EL-4 \Y% C09 HPV16E7 75% 65-80% >10

EXAMPLE 2: N-terminal Ubi triggers proteasomal degradation of downstream fused pro-
teins in transfected K562 cells and allows for specific antigen-presentation

(Figs. 6 and 7).

Coding sequences for a GFP (Gene Bank accession number: AY268072) were cloned in
frame downstream to Ubi or without the Ubi sequence. K562 cells (2x10°) from standard cul-
ture were transfected with 5 pg of the respective highly purified plasmid DNA as described
for Example 1. Transfection efficiencies determined by flow cytometry after 24 h were about
75% GFP+ K562 cells as shown by cells transfected with the GFP construct (Fig. 6A).
N-terminal Ubi reduced detectable GFP+ cells to 21% (Fig. 6B). Proteasome dependency of
detectable GFP was assessed using the proteasome inhibitor mg-132 (Sigma-Aldrich, Ham-
burg, Germany) and 8 h after transfection with the GFP or the Ubi-GFP construct cultures
received 1 uM mg-132 for additional 16 h. While mg-132 did not affect GFP in the cells
transfected with GFP alone (Fig. 6C), percentages of GFP+ K652 cells were 45% for the
Ubi-GFP construct (Fig. 6D) and at least two times higher than in the setup without the in-
hibitor.

A coding sequence for the phosphoprotein 65 from CMV (CMVpp65; Gene Bank accession
number: M15120), known to elicit specific CD8+ T cell reactions in the context of HLA-A2,

was cloned in frame downstream to the human Ubi sequence to form a SV. Autologous DC
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(1x106) were transfected with 5 pg highly purified plasmid DNA by nucleofection as de-
scribed above. Alternatively, 1x10° DC were preincubated with 10 pg/ml of the CMVpp65-
derived HLA-A2-specific peptide CMVpp6549s5.503 NLVPMVATV [SEQ ID NO: 2]; Biosyn-
tan, Berlin, Germany) for 3 h at 37°C. Cultures with 1x10’ freshly prepared PBMC and 1x10°
SV-transfected or peptide-loaded DC cells were set up in 6-well tissue culture plates and in-
cubated at 37°C for 7 days. For control, non-treated DC were used in co-cultures with PBMC.
Cells were stained for CMVpp6549s.503-specific CD8+ T cells by flow cytometry after surface
staining with a CD8-specific monoclonal antibody (clone RPA-T8; Becton Dickenson, Frank-
lyn Lakes, USA) and HLA-A2/CMVpp6549s-503 tetramer (kind gift of S. Stevanovic, Tiibin-
gen, Germany) staining (Fig. 7). DC without specific antigen did not function as APC and
induced a background of 0.1% CD8+ tetramer+ T cells (range: 0.03 -0.15%; n = 3). With re-
spect to antigen-specific CD8+ T-cell actfvation, Ubi-CMVpp65-transfected APC (range:
15.3-34.4%; n = 3) were superior to APC loaded with the CMVpp6549s5.503 peptide (range:
1.1-1.5%; n = 3). '

Since the proteasome inhibitor partially restored the GFP enrichment in the Ubi-GFP express-
ing K562 and autologous DC transfected with an Ubi-antigen construct induced antigen-
specific T cells, the recombinant fusion of N-terminal Ubi to a defined protein indeed pro-
duced a PDP that fulfilled the prerequisites for MHC/HLA-dependent presentation of immu-

nogenic peptides.

EXAMPLE 3: Recombinant uncoupling of ubiquitinated influenza matrix protein IMP M1
and GFP prevents GFP degradation in transfected K562 cells (Fig. 8).

Coding sequences for IMP M1 (Gene Bank accession number: M63527) and GFP were
cloned as a standard fusion protein (Fig. 8A, upper panel), as a proteasome-degradable fusion
protein with upstream Ubi (Fig. 8B, upper panel), and for PDP and GFP uncoupled at transla-
tional level by the IRES sequence (Fig. 8C, upper panel) or for post-translational self-
cleavage via the 2A site (Fig. 8D, upper panel). K562 cells (2x106) were transfected with 5 pg
of the respective highly purified plasmid DNA by nucleofection as described for Example 1
and cultured for 24 h. As assessed by flow cytometry, about 90% (range: 87-92%; n = 2) of
the cells transfected with the standard fusion protein with C-terminal GFP were GFP+
(Fig. 8A, lower panel). Upstream human Ubi triggered PDP degradation as measured by dra-
matically reduced percentages of GFP+ cells (range: 8.5-9.6%, n =2; Fig. 8B, lower panel).
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While both strategies for uncoupling PDP and GFP worked nicely to recover GFP+ cells, the
2A was superior (range: 83-85%; n = 2; Fig. 8D, lower panel) compared to the IRES sequence
(range: 32-35%; n = 2; Fig. 8C, lower panel).

Both, IRES and 2A sequences sufficiently uncouple the PDP from the fluorescent protein.
Thus, a stabilized reporter allows for fluorescence-based readout systems to assess antigen-

specific actions on transfected APC that depend on intracellular antigen processing.

EXAMPLE 4: Stimulating cells transfected for expression of ubiquitinated CMVpp65 in
conjunction with uncoupled CD86 are superior to ubiquitinated CMVpp65
expression alone in CMVpp65-specific CD8+ T-cell activation (Fig. 9).

As shown in the upper panels of Fig. 9, a coding sequence for CMVpp65 was cloned in frame
downstream to the Ubi sequence (Fig. 9B). For a control SV, the Ubi sequence was directly
fused to the HA-tag (Fig. 9A). For a co-stimulatory SV, the CMVpp65 sequence was com-
bined with a sequence for human CD86 (Gene Bank accession number: NM175862) uncou-
pled by use of a self-cleaving 2A site (Fig. 9C, D). Freshly isolated PBMC (5x10°%) were
transfected with 5 pg of the respective highly purified plasmid DNA by nucleofection as de-
scribed for Example 1. Cultures of 1x10’ freshly prepared PBMC and 2x10° SV-transfected
PBMC were set up in 6-well tissue culture plates and incubated at 37°C for 7 days. Cells were
stained for CMVpp65 specific CD8+ T cells by flow cytometry after staining with the CD8-
specific monoclonal antibody (clone RPA-T8) and the HLA-A2/CMVpp65495-503 tetramer
(Fig. 9, lower panels). PBMC transfected with the control vector did not function as APC and
induced no background (Fig. 9A). With respect to antigen-specific CD8+ T-cell activation,
PBMC transfected with antigen construct coupled to CD86 was more effective (Fig. 9C, D)
than PBMC transfected with the antigen only (Fig. 9B). The co-stimulatory potential of CD86
in the C-terminal position of the SV-vector was superior to N-terminal CD86, with respect to

antigen-specific T-cell activation.
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EXAMPLE 5:  Cells transfected for expression of ubiquitinated specific antigens in con-
junction with uncoupled stable fluorescent reporter proteins and of ubiquiti-
nated control antigens in conjunction with different uncoupled stable fluo-
rescent reporter proteins can be used as target cells in antigen-specific PTF

assays (Figs. 10-12).

As for standard PTF assay, two types of target cells are generated by transfection with an RV
(Fig. 10A). Specific target cells receive a RV coding for the ubiquitinated antigenic protein
and a fluorescent reporter e.g. GFP. Control target cells are transfected for expression of an
irrelevant control protein as PDP and a different fluorescent reporter e.g. dsRed. These cells
can be used as target cells for CTL either directly after transfection or after intermittent cul-
ture for 24 h at 37°C. Optimum readout requires about 50% (range: 20-99%) transfected tar-
get cells in both populations. Defined constant numbers of specific and control target cells are
mixed with defined titrated numbers of CTL (Fig. 10B). Dependent on the cell type and/or
initial frequencies of specific cells to be questioned for cytotoxic functionality, cultures are
incubated for 24-96 h. Target cell mixtures without CTL control fluorescent reporter stability.
As for CTL activity readout, fluorescent cells are assessed by flow cytometry. If present, anti-
gen-specific CTL lyse transfected specific target cells resulting in reduced amounts of GFP+
cells in comparison to the control target cells. Specific lysis can be calculated from the ratios

of GFP+ and dsRed+ cells from cultures with or without CTL.

Set-ups for duplex PTF assays are similar to the standard PTF procedures described above. As
for a main difference, two different specific target cell types are generated by transfection for
expression of different specific antigens as PDP in conjunction with respectivé different fluo-
rescent reporter proteins, e.g. specific antigen 1 with GFP and specific antigen 2 with dsRed.
A third fluorescent reporter protein e.g. Yellow is coupled to the ubiquitinated irrelevant con-
trol protein (Fig. 11A). Duplex PTF assay allow to directly compare antigenicity of two inde-
pendent proteins using the same CTL preparation (Fig. 11B). This approach is especially suit-
able if numbers of specific CTL available are low and to map immunogenic epitopes of given

antigenic proteins.

Recombinant fusion of fluorescent proteins e.g. to Yellow-Red or Yellow-Green provides
additional reporters to be discriminated in flow cytometry and establishes the platform for

multiplex PTF assays e.g. to investigate the HLA context of immuno-dominant epitopes de-
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rived from intracellularly processed and presented antigenic proteins (Fig. 12). Defined HLA
patterns of APC e.g. might be obtained using K562 cells that are modified to express single

HLA variant molecules and the antigen of interest using the respective set of SV and RV.

EXAMPLE 6: Standard PTF assay using the K562-A2 CMVpp65 expressing target cells is
about 10fold more sensitive in detection of CMVpp65-specific CTL com-

pared to standard CRA using the specific peptide-loaded target cells
(Fig. 13).

T cells specific for the CMVpp6549s5.503 peptide were expanded from PBMC preparations
within 7 days by in-vitro stimulation with autologous DC loaded with iO png/ml synthetic
CMVpp6549s.503 peptide. The frequency of the antigen specific CMVpp6549s.503 as determined
with HLA-A2/CMVpp65495.503 tetramer staining typically were about 1.5% of all CD8+
T cells.

For generation of target cells the coding sequence of CMVpp65 as described in Example 2,
was cloned into a RV comprising the Ubi, the self-cleaving 2A and a GFP reporter sequence.
As for control RV, a vector including the dsRed sequence (dsRed Express 2, PT4078-5; Clon-
tech, Mountain View, USA) was applied. K562-A2 cells (2x10%) were transfected with 5 pg
of the respective highly purified plasmid DNA either with the control RV or the
CMVpp65-expressing RV target by nucleofection as described for Example 1 and cultured for
24 h at 37°C. Up to 1x10* CD8+ T cells specific for CMVpp6549s.503 per well as described
above were titrated into 96-well V-bottom tissue culture plates. Transfected specific and con-
trol target cell populations were adjusted to comparable cell concentrations and mixed in
equal amounts. Mixtures containing 1x10? cells of each target cell type were distributed into
the wells already containing the T cells. Wells containing target cells only were used as a con-
trol. For a PTF assay ratios of the specific and control target cell populations were directly
measured by flow cytometry after incubation for 48 h. The number of CMVpp654s.
so3-specific CD8+ T cells was correlated with the antigen specific target lyses cultures. To set
up of the CRA, [>'Cr]-labelled K562-A2 target cells were loaded with 10 ug/ml synthetic
CMVpp65495-503 peptide, whereas control cells were loaded with 10 pg/ml HIV Polsjo.518
(ILKEPVHGV [SEQ ID NO: 3]; Biosyntan, Berlin, Germany) and co-incubated for 6 h with
the antigen specific CD8+ T cells.
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While the CRA needed about 50 antigen-specific T cells to detect a significant antigen-
specific target cell lysis, about 5 antigen-specific T cells resulted in a similar target cell lysis
using the PTF assay. Thus, in direct comparison, the PTF assay is at least 10fold more sensi-

tive than the CRA ‘gold standard’ to detect antigen-specific CTL functionality.

EXAMPLE 7: Standard PTF assay applying CMVpp65-transfected target cells is superior
in detection of CMVpp65-specific CTL compared to VITAL assay using
CMVpp65495.503-loaded target cells (Fig. 14).

Vector constructs and PTF assay set-up were applied as described in Example 6. To perform a
VITAL assay a K562 A2 control and target cells population were stained with the fluorescent
dyes carboxyfluorescein succinimidyl ester (CFSE) or Far Red as described by the manufac-
turer (Clontech, Mountain View, MA). The CFSE-stained target cells were loaded with
10 pg/ml CMVpp65495.503 peptide while Far Red-stained control cells were loaded with
10 pg/ml HIV Polsig.s13. For co-incubation, CMVpp65-specific CTL were titrated into
96-well V-bottom plates ranging up to 1x10* cells/well and were exposed to mixtures of
1x10° control and target cells. After 48 h, specific lysis was determined from the ratio of con-
trol and target cells as directly measured by flow cytometry. Calculation of specific lysis was
performed as for the PTF assay described for Fig. 10B. Directly comparing VITAL and PFA
assays, antigen-specific target cell lysis with CMVpp65-transfected K562-A2 target cells was
higher than with target cells loaded with synthetic peptides. Consequently only three CTL
were necessary to detect an antigen-specific lysis in the PTF assay whereas 10fold more CTL

were needed in the VITAL assay.

EXAMPLE 8: Detection of functional CTL naturally occurring at low frequencies should
include short-term antigen-specific T cell activation before subsequent PFA

assay (Fig. 15).

A standard assay for the fast detection of functional CTL occurring at low frequencies might
combine the methods described in Examples 4 and 5. A primary cell population e.g. freshly
isolated PBMC or TIL are divided. One part is transfected with a SV harbouring the antigen
of interest in combination with a co-stimulatory molecule and used as APC for autologous
PBMC or TIL. The other part is cultured without further treatment. At day 4, these untreated

cells are transfected separately with either a RV containing the same specific antigen as the
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SV above or with a respective control RV. The following day, cell population stimulated with
SV-transfected APC and therefore enriched in antigen-specific T cells is mixed with the RV-
transfected specific and the control target cell population. After a co-culturing period of
24-72 h the specific lysis of the antigen-specific target cell population is determined by flow

cytometry as described above.

EXAMPLE 9: Immunization of C57/BL6 mice with a therapeutic HPV vaccine induces
low frequencies of HPV16E7-specific CTL analysed by standard PTF assay
(Fig. 16).

For immune monitoring studies, two groups of mice were immunized with different vaccines
(Fig. 16A). The regional animal study committee of Berlin, Germany approved animal proto-
cols. One group received 1x10'° infectious particles of the therapeutic HPV vaccine Ad-pl4,
targeting HPV16/18, the other group 1x10'° infectious particles of the control vaccine Ad-
LacZ. Twelve days after immunisation PBMC were isolated from mice spleens. For in-vitro
activation vaccine-induced 5x10° CTL were co-incubated with irradiated 5x10° EL-4 cells
expressing the HPV16E7 antigen. After in-vitro restimulation for 7 days, CD8+ T cells were
tested in the PTF assay for cytotoxic activity.

A coding sequence for antigen HPV16E7 (Gene bank accession number: AF536180) was
cloned in RV comprising the reporter sequence GFP (Fig. 16B). The control RV included the
dsRed reporter sequence. For the PTF assay, 1x10°® EL-4-cells were transfected with 5 pg of
the respective highly purified plasmid DNA of control or specific RV by nucleofection as
described in Example 1. The experimental set-up and analysis corresponded to the perform-
ance specified in Example 6. About 100 deployed CD8+ T cells of Ad-p14-immunized mice
resulted in a significant lysis of HPV16E7-expressing target cells. Equal numbers of CD8+

T cells obtained from control mice did not result in a specific lysis.

Thus, the highly sensitive PTF assay detected reproducibly detected vaccine-induced HPV-
specific CD8+ T cells. Consequently, the PTF assay allows a direct immune monitoring in

vaccination studies.
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EXAMPLE 10: HPV16E6-specific stimulation of CTL from autologous TIL preparations
allows detection of low frequencies of HPV16E6-specific CTL by standard
PTF assay (Fig. 14).

With informed consent and with the approval of the local ethics committee of the Charité —
Universitdtsmedizin, Berlin, Germany, TIL were prepared from biopsy of a HPV16+ tumor
from HLA-A2+ patient and tested for HPV16E6-specific CTL. The coding sequence of
HPV16E6 (Gene bank accession number: AF536180) was cloned to obtain a SV comprising
the ubiquitinated antigen in conjunction with CD86 functionally uncoupled via the 2A self-
cleavage sequence (Fig. 17A). TIL (5x10%) were co-cultured with 5x10° SV-transfected
autologous PBMC as APS. Additionally, the HPV16E6 sequence was cloned into the RV
with a functionally uncoupled GFP reporter (Fig. 17B). Six days later, 2x10° K562-A2 célls
were transfected with 5 pg of highly purified plasmid DNA of the HPV16E6-specific RV or a
control RV for dsRed expression. At day 7, specific and control target cells were co-incubated
with the restimulated TIL in a PTF assay. The HPV16E6-specific K562-A2 target cell lysis
was correlated to the total number of TIL added to the assay. About 3x10° cells from the ex-
panded TIL population revealed specific lysis. Thus, the PTF assay according to the preferred
embodiment of the invention is suitable to detect low frequencies of tumor-specific CTL from
small samples within one week and can therefore be used to diagnostically assess tumor-

specific immune responses.
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Abbreviations
APC antigen-presenting cell
B-LCL EBV-transformed B lymphoblastic cell lines
CFSE carboxyfluorescein succinimidyl ester
CMV Cytomegalovirus
CRA chromium release assay
CTL cytotoxic CD8+ T cell
DC dendritic cell
EBV Epstein-Barr virus
ELISpot enzyme-linked immunosorbent spot
FL1, FL2 fluorescence channel
GFP green fluorescent protein

HA Hemagglutinine
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HBV Hepatitis B virus
HCV Hepatitis C virus
HIV human immunodeficiency virus

hFerL, hFerH human light/heavy-chain ferritin

HTLV human T lymphotropic virus
HLA human leukocyte antigen
HPV human papilloma virus
IC-FACS flow cytometric assessment of intracellular cytokines
IFN Interferon
IMP M1 influenza matrix protein 1
IRES internal ribosomal entry site
hem - emission wavelength
Aex excitation wavelength
~LDH lactate dehydrogenase
MHC major histocompatibility complex
mEF1 Mouse elongation factor 1
NK natural killer
ORF open reading frame
PDP proteasome-degradable protein
PTF plasmid transfection fluorolysis
rEF1 rat elongation factor 1
R2,R3 gate
R/C fluorescent reporter or a membrane-bound co-stimulatory protein
RSV respiratory syncytial virus
RV reporter vector
SV stimulation vector
SV40 simian virus 40.
TCR T-cell receptor
TIL tumor-infiltrating lymphocytes
TNF tumor necrosis factor

Ubi ubiquitin
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Claims

1. A module-based vector for concomitant expression of an antigenic first protein and an
accessory second protein, the vector comprising:

(a) a first nucleic acid sequence encoding a proteasome-degradable protein com-
prising a section encoding ubiquitin upstream of a section encoding the anti-
genic first protein;

(b) a second nucleic acid sequence encoding the accessory second protein;

(©) a third nucleic acid sequence for encoupling the antigenic first and the acces-
sory second protein;
wherein the third nucleic acid sequence is located between the first and the
second nucleic acid sequence; and

(d) a first promoter for eukaryotic expression which is located upstream of the

first, second and third nucleic acid sequence.

2. The vector according to claim 1, wherein the first nucleic acid sequence is located
upstream of the third nucleic acid sequence and the second nucleic acid sequence is
located downstream of the third nucleic acid sequence, or wherein the first nucleic
acid sequence is located downstream of the third nucleic acid sequence and the second

nucleic acid sequence is located upstream of the third nucleic acid sequence.

3. The vector according to claim 1 or 2, wherein the third nucleic acid sequence is encod-
ing an amino acid sequence comprising a self-cleavage peptide sequence, or wherein
the third nucleic acid is encoding an mRNA comprising an internal ribosomal entry

site.

4. The vector according to claim 3, wherein the third nucleic acid sequence is encoding
an amino acid sequence comprising a self-cleavage peptide sequence having an amino
acid sequence according to SEQ ID NO: 1, preferably a Picornavirus 2A self-cleavage

sequence.
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The vector according to any of the preceding claims, wherein the antigenic first pro-
tein is selected from the group comprising a tumor associated, viral, bacterial and

autoantigenic protein.

The vector according to any of claims 1 to 5, wherein the accessory second protein is a
reporter protein, preferably a fluorescent reporter protein, most preferably selected
from the group comprising GFP, dsRed, Yellow and a recombinant combination

thereof.

The vector according to any of claims 1 to 5, wherein the accessory second protein is a
membrane-bound co-stimulatory protein for antigen-specific T cell activation, pref-
erably selected from the group comprising CD80, CD86, GITR-L, CD54, CDA40,
0X40 and 4-1BB.

A target cell for CTL comprising a module-based vector according to claim 6.

A pair of target cells according to claim 8 consisting of a first target cell which is a test
target cell, and a second target cell which is a control target cell, wherein the control
target cell differs from the test target cell in the antigenic first protein and in the re-

porter protein.
An antigen-presenting cell comprising a module-based vector according to claim 7.

A method for preparing a target cell according to claim 8 or 9 comprising the step of

transfecting a cell with a module-based vector according to claim 6.

A method for preparing an antigen-presenting cell according to claim 10 comprising

the step of transfecting a cell with a module-based vector according to claim 7.

Use of a module-based vector according to claim 6, or of a target cell according to
claim 8 or 9 for studying T cell functions ex vivo, preferably for detecting and moni-
toring T cells activated by a vaccine, an infectious agent, preferably a virus, an aller-

gen or an autoantigen.
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Use of a module-based vector according to claim 7, or of an antigen-presenting cell

according to claim 10 for activating and/or expanding T cells.

A plasmid transfection fluorolysis assay comprising the following steps:

(2)

(b)

(©)

(d)

(e)
®

(@)

providing one, two or more population(s) of a test target cell according to claim
9, preferably by using a method according to claim 11;

providing a population of a control target cell according to claim 9, preferably
by using a method according to claim 11;

providing a population of CTL, preferably pre-activated by an antigenic protein
expressed by the one, two or more population(s) of an antigen-presenting cell
according to claim 10;

mixing the populations of (a), (b) and (c);

co-culturing the populations of (a), (b) and (c), preferably for 72 h;

measuring by fluorescence spectroscopy, preferably by FACS, the extent of
fluorescence for the one, two or more population(s) of a test target cell and the
extent of fluorescence for the population of a control target cell;

determining the ratio of the extent of fluorescence measured for each of the
one, two or more population(s) of a test target cell and the extent of fluores-

cence measured for the population of a control target cell.



WO 2011/032722

(A)

(B)

Figure 1

Figures

Ubi

antigen "(tag)lmL C/IR

C/IR

Ubi

antigen Jl(tag)

PCT/EP2010/005736



WO 2011/032722 PCT/EP2010/005736

Figure 2
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Figure 4
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Figure 6
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Figure 7

not altered \

0,3%
loaded with ' 1.3%
CMVpp65495.503 ’

transfected with

Ubi] cmv ppe5 |HA

34,4%

HLA-A2/CMVpp65495-503
tetramer



WO 2011/032722 PCT/EP2010/005736

Figure 8
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Figure 10
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Figure 13
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Figure 14
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Figure 16
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Figure 17
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CMV Promotor
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1 TCAATATTGG CCATTAGCCA TATTATTCAT TGGTTATATA GCATAAATCA
ATATTGGCTA TTGGCCATTG CATACGTTGT ATCTATATCA TAATATGTAC
AGTTATAACC GGTAATCGGT ATAATAAGTA ACCAATATAT CGTATTTAGT
TATAACCGAT AACCGGTAAC GTATGCAACA TAGATATAGT ATTATACATG
CMV Promotor
101 ATTTATATTG GCTCATGTCC AATATGACCG CCATGTTGGC ATTGATTATT
GACTAGTTAT TAATAGTAAT CAATTACGGG GTCATTAGTT CATAGCCCAT
TAAATATAAC CGAGTACAGG TTATACTGGC GGTACAACCG TAACTAATAA
CTGATCAATA ATTATCATTA GTTAATGCCC CAGTAATCAA GTATCGGGTA
cMV Promotor
201 ATATGGAGTT CCGCGTTACA TAACTTACGG TAAATGGCCC GCCTGGCTGA
CCGCCCAACG ACCCCCGCCC ATTGACGTCA ATAATGACGT ATGTTCCCAT
TATACCTCAA GGCGCAATGT ATTGAATGCC ATTTACCGGG CGGACCGACT
GGCGGGTTGC TGGGGGCGGG TAACTGCAGT TATTACTGCA TACAAGGGTA
Ccwv Promotor
301 AGTAACGCCA ATAGGGACTT TCCATTGACG TCAATGGGTG GAGTATTTAC
GGTAAACTGC CCACTTGGCA GTACATCAAG TGTATCATAT GCCAAGTCCG
TCATTGCGGT TATCCCTGAA AGGTAACTGC AGTTACCCAC CTCATAAATG
CCATTTGACG GGTGAACCGT CATGTAGTTC ACATAGTATA CGGTTCAGGC
cMV Promotor
401 CCCCCTATTG ACGTCAATGA CGGTAAATGG CCCGCCTGGC ATTATGCCCA
GTACATGACC TTACGGGACT TTCCTACTTG GCAGTACATC TACGTATTAG
GGGGGATAAC TGCAGTTACT GCCATTTACC GGGCGGACCG TAATACGGGT
CATGTACTGG AATGCCCTGA AAGGATGAAC CGTCATGTAG ATGCATAATC
CMV Promotor
501 TCATCGCTAT TACCATGGTG ATGCGGTTTT GGCAGTACAC CAATGGGCGT
GGATAGCGGT TTGACTCACG GGGATTTCCA AGTCTCCACC CCATTGACGT
AGTAGCGATA ATGGTACCAC TACGCCAAAA CCGTCATGTG GTTACCCGCA
CCTATCGCCA AACTGAGTGC CCCTAAAGGT TCAGAGGTGG GGTAACTGCA
CMV Promotor
601 CAATGGGAGT TTGTTTTGGC ACCAAAATCA ACGGGACTTT CCAAAATGTC
GTAATAACCC CGCCCCGTTG ACGCAAATGG GCGGTAGGCG TGTACGGTGG
GTTACCCTCA AACAAAACCG TGGTTTTAGT TGCCCTGAAA GGTTTTACAG
CATTATTGGG GCGGGGCAAC TGCGTTTACC CGCCATCCGC ACATGCCACC
CMV Promotor
701 GAGGTCTATA TAAGCAGAGG TCGTTTAGTG AACCGTCAGA TCACTAGTAG
CTTTATTGCG GTAGTTTATC ACAGTTAAAT TGCTAACGCA GTCAGTGCTC
CTCCAGATAT ATTCGTCTCC AGCAAATCAC TTGGCAGTCT AGTGATCATC
GAAATAACGC CATCAAATAG TGTCAATTTA ACGATTGCGT CAGTCACGAG

chimeric Intron

sejte 1
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801
ATAGAAACTG

TATCTTTGAC

GACTGATCAC AGGTAAGTAT CAAGGTTACA AGACAGGTTT
GGCTTGTCGA GACAGAGAAG ATTCTTGCGT TTCTGATAGG
CTGACTAGTG TCCATTCATA GTTCCAATGT TCTGTCCAAA
CCGAACAGCT CTGTCTCTTC TAAGAACGCA AAGACTATCC
b Chimeric Intron
Ub1

901
CCCACCGGCG

GGGTGGCCGC

CACCTATTGG TCTTACTGAC ATCCACTTTG CCTTTCTCTC
TGCGCAAGAT CCACCATGCA GATCTTCGTG AAGACTCTGA
GTGGATAACC AGAATGACTG TAGGTGAAAC GGAAAGAGAG

ACGCGTTCTA GGTGGTACGT CTAGAAGCAC TTCTGAGACT bi
ubi

PCT/EP2010/005736

AAGGAGGCCA
TTCCTCCGGT

CACAGGGGTA

GTGTCCCCAT

1001
GTCAAGGCAA

CAGTTCCGTT

CTGGTAAGAC CATCACCCTC GAGGTGGAGC CCAGTGACAC

AGATCCAAGA TAAGGAAGGC ATTCCTCCTG ATCAGCAGAG
GACCATTCTG GTAGTGGGAG CTCCACCTCG GGTCACTGTG
TCTAGGTTCT ATTCCTTCCG TAAGGAGGAC TAGTCGTCTC bi
ub1

CATCGAGAAT

GTAGCTCTTA

1101
ACAACATCCA

TGTTGTAGGT

GTTGATCTTT GCCGGAAAAC AGCTGGAAGA TGGTCGTACC
GAAAGAGTCC ACCTTGCACC TGGTACTCCG TCTCAGAGGT
CAACTAGAAA CGGCCTTTTG TCGACCTTCT ACCAGCATGG
CTTTCTCAGG TGGAACGTGG ACCATGAGGC AGAGTCTCCA
Mcsl
MCS2

2A

P

CTGTCTGACT

GACAGACTGA

b s Pt ot s Pt Pt

S s o et

1201 GCCGAATTCT TCGAACGATC GGAGGGCCGC GGCAGCCTGC TGACCTGCGG
CGACGTGGAG GAGAACCCCG GGCCCGCTAG CGAGCTCGAT GAGTTTGGAC
CGGCTTAAGA AGCTTGCTAG CCTCCCGGCG CCGTCGGACG ACTGGACGCC

GCTGCACCTC CTCTTGGGGC CCGGGCGATC GCTCGAGCTA CTCAAACCTG 40
_ » SV40pA

1301 AAACCACAAC TAGAATGCAG TGAAAAAAAT GCTTTATTTG TGAAATTTGT
GATGCTATTG CTTTATTTGT AACCATTATA AGCTGCAATA AACAAGTTAA
TTTGGTGTTG ATCTTACGTC ACTTTTTTTA CGAAATAAAC ACTTTAAACA
CTACGATAAC GAAATAAACA TTGGTAATAT TCGACGTTAT TTGTTCAAI(I;
SV40pA

1401 CAACAACAAT TGCATTCATT TTATGTTTCA GGTTCAGGGG GAGGTGTGGG
AGGTTTTTTA AAGCAAGTAA AACCTCTACA AATGTGGTAC TTAAGAGGGG
GTTGTTGTTA ACGTAAGTAA AATACAAAGT CCAAGTCCCC CTCCACACCC
TCCAAAAAAT TTCGTTCATT TTGGAGATGT TTACACCATG AATTCTCCCC

pucC ori
Seite 2
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1501
CCAGCAAAAG

GGTCGTTTTC

GAGACCAAAG GGCGAGACGT TAAGGCCTCA CGTGACATGT GAGCAAAAGG
GCCAGGAACC GTAAAAAGGC CGCGTTGCTG GCGTTTTTCC
CTCTGGTTTC CCGCTCTGCA ATTCCGGAGT GCACTGTACA CTCGTTTTCC
CGGTCCTTGG CATTTTTCCG GCGCAACGAC CGCAAAAAGG .
puc ori

1601
AGGTGGCGAA

TCCACCGCTT

ATAGGCTCCG CCCCCCTGAC GAGCATCACA AAAATCGACG CTCAAGTCAG
ACCCGACAGG ACTATAAAGA TACCAGGCGT TTCCCCCTGG
TATCCGAGGC GGGGGGACTG CTCGTAGTGT TTTTAGCTGC GAGTTCAGTC
TGGGCTGTCC TGATATTTCT ATGGTCCGCA AAGGGGGACC )
pucC ori

1701
TGTCCGCCTT

ACAGGCGGAA

AAGCTCCCTC GTGCGCTCTC CTGTTCCGAC CCTGCCGCTT ACCGGATACC
TCTCCCTTCG GGAAGCGTGG CGCTTTCTCA TAGCTCACGC
TTCGAGGGAG CACGCGAGAG GACAAGGCTG GGACGGCGAA TGGCCTATGG
AGAGGGAAGC CCTTCGCACC GCGAAAGAGT ATCGAGTGCG .
pucC ori

1801
GCACGAACCC

CGTGCTTGGG

TGTAGGTATC TCAGTTCGGT GTAGGTCGTT CGCTCCAAGC TGGGCTGTGT
CCCGTTCAGC CCGACCGCTG CGCCTTATCC GGTAACTATC
ACATCCATAG AGTCAAGCCA CATCCAGCAA GCGAGGTTCG ACCCGACACA
GGGCAAGTCG GGCTGGCGAC GCGGAATAGG CCATTGATAG .
pucC ori

1901
ACTGGTAACA

TGACCATTGT

GTCTTGAGTC CAACCCGGTA AGACACGACT TATCGCCACT GGCAGCAGCC
GGATTAGCAG AGCGAGGTAT GTAGGCGGTG CTACAGAGTT
CAGAACTCAG GTTGGGCCAT TCTGTGCTGA ATAGCGGTGA CCGTCGTCGG
CCTAATCGTC TCGCTCCATA CATCCGCCAC GATGTCTCAA .
puc ori

2001
TCTGCGCTCT

AGACGCGAGA

CTTGAAGTGG TGGCCTAACT ACGGCTACAC TAGAAGGACA GTATTTGGTA
GCTGAAGCCA GTTACCTTCG GAAAAAGAGT TGGTAGCTCT
GAACTTCACC ACCGGATTGA TGCCGATGTG ATCTTCCTGT CATAAACCAT
CGACTTCGGT CAATGGAAGC CTTTTTCTCA ACCATCGAGA _
puC ori

2101
CAGCAGATTA

GTCGTCTAAT

TGATCCGGCA AACAAACCAC GCTGGTAGCG GTGGTTTTTIT TGTTTGCAAG
CGCGCAGAAA AAAAGGATCT CAAGAAGATC CTTTGATCTT

ACTAGGCCGT TTGTTTGGTG CGACCATCGC CACCAAAAAA ACAAACGTTC
GCGCGTCTTT TTTTCCTAGA GTTCTTCTAG GAAACTAGAA

pucC ori

Kan r

o~ o~

2201
TGGTCATGCC

ACCAGTACGG

TTCTACGGGG TCTGACGCTC AGTGGAACGA AAACTCACGT TAAGGGATTT
GTCTCAGAAG AACTCGTCAA GAAGGCGATA GAAGGCGATG
AAGATGCCCC AGACTGCGAG TCACCTTGCT TTTGAGTGCA ATTCCCTAAA
CAGAGTCTTC TTGAGCAGTT CTTCCGCTAT CTTCCGCTAC
Kan r

2301
CCATTCGCCG

CGCTGCGAAT CGGGAGCGGC GATACCGTAA AGCACGAGGA AGCGGTCAGC
CCAAGCTCTT CAGCAATATC ACGGGTAGCC AACGCTATGT
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GCGACGCTTA GCCCTCGCCG CTATGGCATT TCGTGCTCCT TCGCCAGTCG
GGTAAGCGGC GGTTCGAGAA GTCGTTATAG TGCCCATCGG TTGCGATACA
Kan r

2401 CCTGATAGCG GTCCGCCACA CCCAGCCGGC CACAGTCGAT GAATCCAGAA
AAGCGGCCAT TTTCCACCAT GATATTCGGC AAGCAGGCAT CGCCATGGGT
GGACTATCGC CAGGCGGTGT GGGTCGGCCG GTGTCAGCTA CTTAGGTCTT

TTCGCCGGTA AAAGGTGGTA CTATAAGCCG TTCGTCCGTA GCGGTACCCA
Kan r

2501 CACGACGAGA TCCTCGCCGT CGGGCATGCT CGCCTTGAGC CTGGCGAACA
GTTCGGCTGG CGCGAGCCCC TGATGCTCTT CGTCCAGATC ATCCTGATCG
GTGCTGCTCT AGGAGCGGCA GCCCGTACGA GCGGAACTCG GACCGCTTGT

CAAGCCGACC GCGCTCGGGG ACTACGAGAA GCAGGTCTAG TAGGACTAGC
Kan r

2601 ACAAGACCGG CTTCCATCCG AGTACGTGCT CGCTCGATGC GATGTTTCGC
TTGGTGGTCG AATGGGCAGG TAGCCGGATC AAGCGTATGC AGCCGCCGCA
' TGTTCTGGCC GAAGGTAGGC TCATGCACGA GCGAGCTACG CTACAAAGCG

AACCACCAGC TTACCCGTCC ATCGGCCTAG TTCGCATACG TCGGCGGCGT
Kan r

2701 TTGCATCAGC CATGATGGAT ACTTTCTCGG CAGGAGCAAG GTGAGATGAC
AGGAGATCCT GCCCCGGCAC TTCGCCCAAT AGCAGCCAGT CCCTTCCCGC
AACGTAGTCG GTACTACCTA TGAAAGAGCC GTCCTCGTTC CACTCTACTG

TCCTCTAGGA CGGGGCCGTG AAGCGGGTTA TCGTCGGTCA GGGAAGGGCG
Kan r

2801 TTCAGTGACA ACGTCGAGCA CAGCTGCGCA AGGAACGCCC GTCGTGGCCA
GCCACGATAG CCGCGCTGCC TCGTCTTGCA GTTCATTCAG GGCACCGGAC
AAGTCACTGT TGCAGCTCGT GTCGACGCGT TCCTTGCGGG CAGCACCGGT

CGGTGCTATC GGCGCGACGG AGCAGAACGT CAAGTAAGTC CCGTGGCCTG
Kan r

2901 AGGTCGGTCT TGACAAAAAG AACCGGGCGC CCCTGCGCTG ACAGCCGGAA
CACGGCGGCA TCAGAGCAGC CGATTGTCTG TTGTGCCCAG TCATAGCCGA
TCCAGCCAGA ACTGTTTTTC TTGGCCCGCG GGGACGCGAC TGTCGGCCTT
GTGCCGCCGT AGTCTCGTCG GCTAACAGAC AACACGGGTC AGTATCGGCT
Kan r

3001 ATAGCCTCTC CACCCAAGCG GCCGGAGAAC CTGCGTGCAA TCCATCTTGT
TCAATCATAA TATTATTGAA GCATTTATCA GGGTTCGTCT CGTCCCGGTC
TATCGGAGAG GTGGGTTCGC CGGCCTCTTG GACGCACGTT AGGTAGAACA
AGTTAGTATT ATAATAACTT CGTAAATAGT CCCAAGCAGA GCAGGGCCAG

Prok Prom
3101 TCCTCCCATG CATG
AGGAGGGTAC GTAC
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cMV Promotor

1 TCAATATTGG CCATTAGCCA TATTATTCAT TGGTTATATA GCATAAATCA
ATATTGGCTA TTGGCCATTG CATACGTTGT ATCTATATCA TAATATGTAC
AGTTATAACC GGTAATCGGT ATAATAAGTA ACCAATATAT CGTATTTAGT
TATAACCGAT AACCGGTAAC GTATGCAACA TAGATATAGT ATTATACATG
cMV Promotor
101 ATTTATATTG GCTCATGTCC AATATGACCG CCATGTTGGC ATTGATTATT
GACTAGTTAT TAATAGTAAT CAATTACGGG GTCATTAGTT CATAGCCCAT
TAAATATAAC CGAGTACAGG TTATACTGGC GGTACAACCG TAACTAATAA
CTGATCAATA ATTATCATTA GTTAATGCCC CAGTAATCAA GTATCGGGTA
CMV Promotor
201 ATATGGAGTT CCGCGTTACA TAACTTACGG TAAATGGCCC GCCTGGCTGA
CCGCCCAACG ACCCCCGCCC ATTGACGTCA ATAATGACGT ATGTTCCCAT
TATACCTCAA GGCGCAATGT ATTGAATGCC ATTTACCGGG CGGACCGACT
GGCGGGTTGC TGGGGGCGGG TAACTGCAGT TATTACTGCA TACAAGGGTA
cMV Promotor
301 AGTAACGCCA ATAGGGACTT TCCATTGACG TCAATGGGTG GAGTATTTAC
GGTAAACTGC CCACTTGGCA GTACATCAAG TGTATCATAT GCCAAGTCCG
TCATTGCGGT TATCCCTGAA AGGTAACTGC AGTTACCCAC CTCATAAATG
CCATTTGACG GGTGAACCGT CATGTAGTTC ACATAGTATA CGGTTCAGGC
CMV Promotor
401 CCCCCTATTG ACGTCAATGA CGGTAAATGG CCCGCCTGGC ATTATGCCCA
GTACATGACC TTACGGGACT TTCCTACTTG GCAGTACATC TACGTATTAG
GGGGGATAAC TGCAGTTACT GCCATTTACC GGGCGGACCG TAATACGGGT
CATGTACTGG AATGCCCTGA AAGGATGAAC CGTCATGTAG ATGCATAATC
’ CMV Promotor
501 TCATCGCTAT TACCATGGTG ATGCGGTTTT GGCAGTACAC CAATGGGCGT
GGATAGCGGT TTGACTCACG GGGATTTCCA AGTCTCCACC CCATTGACGT
AGTAGCGATA ATGGTACCAC TACGCCAAAA CCGTCATGTG GTTACCCGCA
CCTATCGCCA AACTGAGTGC CCCTAAAGGT TCAGAGGTGG GGTAACTGCA
CMV Promotor
601 CAATGGGAGT TTGTTTTGGC ACCAAAATCA ACGGGACTTT CCAAAATGTC
GTAATAACCC CGCCCCGTTG ACGCAAATGG GCGGTAGGCG TGTACGGTGG
GTTACCCTCA AACAAAACCG TGGTTTTAGT TGCCCTGAAA GGTTTTACAG
CATTATTGGG GCGGGGCAAC TGCGTTTACC CGCCATCCGC ACATGCCACC
CMV Promotor
701 GAGGTCTATA TAAGCAGAGG TCGTTTAGTG AACCGTCAGA TCACTAGTAG
CTTTATTGCG GTAGTTTATC ACAGTTAAAT TGCTAACGCA GTCAGTGCTC
CTCCAGATAT ATTCGTCTCC AGCAAATCAC TTGGCAGTCT AGTGATCATC
GAAATAACGC CATCAAATAG TGTCAATTTA ACGATTGCGT CAGTCACGAG

Chimeric Intron
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801
ATAGAAACTG

GACTGATCAC AGGTAAGTAT CAAGGTTACA AGACAGGTTT
GGCTTGTCGA GACAGAGAAG ATTCTTGCGT TTCTGATAGG
CTGACTAGTG TCCATTCATA GTTCCAATGT TCTGTCCAAA

AAGGAGGCCA
TTCCTCCGGT

PCT/EP2010/005736

TATCTTTGAC CCGAACAGCT CTGTCTCTTC TAAGAACGCA AAGACTATCC
MCS2
Chimeric Intron
2A
Sacl
NheI
901 CACCTATTGG TCTTACTGAC ATCCACTTITG CCTTTCTCTC CACAGGGGTA
CCCACCGGCG TGCTAGCGAG CTCGAGGGCC GCGGCAGCCT GCTGACCTGC
GCTGGATAACC AGAATGACTG TAGGTGAAAC GGAAAGAGAG GTGTCCCCAT
GGGTGGCCGC ACGATCGCTC GAGCTCCCGG CGCCGTCGGA CGACTGGACG
2A
ubi
1001 GGCGACGTGG AGGAGAACCC CGGGCCCATG CAGATCTTCG TGAAGACTCT
GACTGGTAAG ACCATCACCC TCGAGGTGGA GCCCAGTGAC ACCATCGAGA
CCGCTGCACC TCCTCTTGGG GCCCGGGTAC GTCTAGAAGC ACTTCTGAGA
CTGACCATTC TGGTAGTGGG AGCTCCACCT CGGGTCACTG TGGTAGCTCT bi
uUba
1101 ATGTCAAGGC AAAGATCCAA GATAAGGAAG GCATTCCTCC TGATCAGCAG
AGGTTGATCT TTGCCGGAAA ACAGCTGGAA GATGGTCGTA CCCTGTCTGA
TACAGTTCCG TTITCTAGGTT CTATTCCTTC CGTAAGGAGG ACTAGTCGTC
TCCAACTAGA AACGGCCTTT TGTCGACCTT CTACCAGCAT GGGACAGACT
MCS1
ubi
Sv40pA
BstBI
ECORI
Pvul
1201 CTACAACATC CAGAAAGAGT CCACCTTGCA CCTGGTACTC CGTCTCAGAG
GTGCCGAATT CTTCGAACGA TCGTGAGATG AGTTTGGACA AACCACAACT
GATGTTGTAG GTCTTTCTCA GGTGGAACGT GGACCATGAG GCAGAGTCTC
CACGGCTTAA GAAGCTTGCT AGCACTCTAC TCAAACCTGT TTGGTGTTGA
SV40pA
1301 AGAATGCAGT GAAAAAAATG CTTTATIIGT GAAATTTGTG ATGCTATTGC
TTTATTTGTA ACCATTATAA GCTGCAATAA ACAAGTTAAC AACAACAATT
TCTTACGTCA CTTTTTTTAC GAAATAAACA CTTTAAACAC TACGATAACG
AAATAAACAT TGGTAATATT CGACGTTATT TGTTCAATTG TTGTTGTTAA

SV40pA
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YT Y Y]

1401 GCATTCATTT TATGTTTCAG GTTCAGGGGG AGGTGTGGGA GGTTTTTTAA
AGCAAGTAAA ACCTCTACAA ATGTGGTACT TAAGAGGGGG AGACCAAAGG
CGTAAGTAAA ATACAAAGTC CAAGTCCCCC TCCACACCCT CCAAAAAATT
TCGTTCATTT TGGAGATGTT TACACCATGA ATTCTCCCCC TCTGGTTTCC

puc ori

1501 GCGAGACGTT AAGGCCTCAC GTGACATGTG AGCAAAAGGC CAGCAAAAGG
CCAGGAACCG TAAAAAGGCC GCGTTGCTGG CGTTTTTCCA TAGGCTCCGC
CGCTCTGCAA TTCCGGAGTG CACTGTACAC TCGTTTTCCG GTCGTTTTCC

GGTCCTTGGC ATTTTTCCGG CGCAACGACC GCAAAAAGGT ATCCGAGGCG .
pucC ori

1601 CCCCCTGACG AGCATCACAA AAATCGACGC TCAAGTCAGA GGTGGCGAAA
CCCGACAGGA CTATAAAGAT ACCAGGCGTT TCCCCCTGGA AGCTCCCTCG
GGGGGACTGC TCGTAGTGTT TTTAGCTGCG AGTTCAGTCT CCACCGCTTT

GGGCTGTCCT GATATTTCTA TGGTCCGCAA AGGGGGACCT TCGAGGGAGC .
pucC ori

1701 TGCGCTCTCC TGTTCCGACC CTGCCGCTTA CCGGATACCT GTCCGCCTTT
CTCCCTTCGG GAAGCGTGGC GCTTTCTCAT AGCTCACGCT GTAGGTATCT
ACGCGAGAGG ACAAGGCTGG GACGGCGAAT GGCCTATGGA CAGGCGGAAA

GAGGGAAGCC CTTCGCACCG CGAAAGAGTA TCGAGTGCGA CATCCATAGA .
puc ori

1801 CAGTTCGGTG TAGGTCGTTC GCTCCAAGCT GGGCTGTGTG CACGAACCCC
CCGTTCAGCC CGACCGCTGC GCCTTATCCG GTAACTATCG TCTTGAGTCC
GTCAAGCCAC ATCCAGCAAG CGAGGTTCGA CCCGACACAC GTGCTTGGGG

GGCAAGTCGG GCTGGCGACG CGGAATAGGC CATTGATAGC AGAACTCAGG .
puc ori

1901 AACCCGGTAA GACACGACTT ATCGCCACTG GCAGCAGCCA CTGGTAACAG
GATTAGCAGA GCGAGGTATG TAGGCGGTGC TACAGAGTTC TTGAAGTGGT
TTGGGCCATT CTGTGCTGAA TAGCGGTGAC CGTCGTCGGT GACCATTGTC

CTAATCGTCT CGCTCCATAC ATCCGCCACG ATGTCTCAAG AACTTCACCA .
pucC ori

2001 GGCCTAACTA CGGCTACACT AGAAGGACAG TATTTGGTAT CTGCGCTCTG
CTGAAGCCAG TTACCTTCGG AAAAAGAGTT GGTAGCTCTT GATCCGGCAA
CCGGATTGAT GCCGATGTGA TCTTCCTGTC ATAAACCATA GACGCGAGAC

GACTTCGGTC AATGGAAGCC TTTTTCTCAA CCATCGAGAA CTAGGCCGTT .
puc ori

2101 ACAAACCACG CTGGTAGCGG TGGTTTTITTIT GTTTGCAAGC AGCAGATTAC

GCGCAGAAAA AAAGGATCTC AAGAAGATCC TTTGATCTTT TCTACGGGGT
TGTTTGGTGC GACCATCGCC ACCAAAAAAA CAAACGTTCG TCGTCTAATG

CGCGTCTTTT TTTCCTAGAG TTCTTCTAGG AAACTAGAAA AGATGCCCCA

Kan r

2201 CTGACGCTCA GTGGAACGAA AACTCACGTT AAGGGATTTI GGTCATGCCG
Sejite 3
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ACTCGTCAAG AAGGCGATAG AAGGCGATGC GCTGCGAATC
GACTGCGAGT CACCTTGCTT TTGAGTGCAA TTCCCTAAAA CCAGTACGGC

TGAGCAGTTC TTCCGCTATC TTCCGCTACG CGACGCTTAG
Kan r

PCT/EP2010/005736

2301
CAAGCTCTTC

GTTCGAGAAG

GGGAGCGGCG ATACCGTAAA GCACGAGGAA GCGGTCAGCC CATTCGCCGC
AGCAATATCA CGGGTAGCCA ACGCTATGTC CTGATAGCGG
CCCTCGCCGC TATGGCATTT CGTGCTCCTT CGCCAGTCGG GTAAGCGGCG

TCGTTATAGT GCCCATCGGT TGCGATACAG GACTATCGCC
Kan r

2401
TTCCACCATG

AAGGTGGTAC

TCCGCCACAC CCAGCCGGCC ACAGTCGATG AATCCAGAAA AGCGGCCATT
ATATTCGGCA AGCAGGCATC GCCATGGGTC ACGACGAGAT
AGGCGGTGTG GGTCGGCCGG TGTCAGCTAC TTAGGTCTTT TCGCCGGTAA

TATAAGCCGT TCGTCCGTAG CGGTACCCAG TGCTGCTCTA
Kan r

2501
GCGAGCCCCT

CGCTCGGGGA

CCTCGCCGTC GGGCATGCTC GCCTTGAGCC TGGCGAACAG TTCGGCTGGC
GATGCTCTTC GTCCAGATCA TCCTGATCGA CAAGACCGGC
GGAGCGGCAG CCCGTACGAG CGGAACTCGG ACCGCTTGTC AAGCCGACCG

CTACGAGAAG CAGGTCTAGT AGGACTAGCT GTTCTGGCCG
Kan r

2601
ATGGGCAGGT

TACCCGTCCA

TTCCATCCGA GTACGTGCTC GCTCGATGCG ATGTTTCGCT TGGTGGTCGA
AGCCGGATCA AGCGTATGCA GCCGCCGCAT TGCATCAGCC
AAGGTAGGCT CATGCACGAG CGAGCTACGC TACAAAGCGA ACCACCAGCT

TCGGCCTAGT TCGCATACGT CGGCGGCGTA ACGTAGTCGG
Kan r

2701
CCCCGGCACT

GGGGCCGTGA

ATGATGGATA CTTTCTCGGC AGGAGCAAGG TGAGATGACA GGAGATCCTG
TCGCCCAATA GCAGCCAGTC CCTTCCCGCT TCAGTGACAA
TACTACCTAT GAAAGAGCCG TCCTCGTTCC ACTCTACTGT CCTCTAGGAC

AGCGGGTTAT CGTCGGTCAG GGAAGGGCGA AGTCACTGTT
Kan r

2801
CGCGCTGCCT

GCGCGACGGA

CGTCGAGCAC AGCTGCGCAA GGAACGCCCG TCGTGGCCAG CCACGATAGC
CGTCTTGCAG TTCATTCAGG GCACCGGACA GGTCGGTCTT
GCAGCTCGTG TCGACGCGTT CCTTGCGGGC AGCACCGGTC GGTGCTATCG

GCAGAACGTC AAGTAAGTCC CGTGGCCTGT CCAGCCAGAA
Kan r

2901
CAGAGCAGCC

GTCTCGTCGG

GACAAAAAGA ACCGGGCGCC CCTGCGCTGA CAGCCGGAAC ACGGCGGCAT
GATTGTCTGT TGTGCCCAGT CATAGCCGAA TAGCCTCTCC
CTGTTTTTCT TGGCCCGCGG GGACGCGACT GTCGGCCTTG TGCCGCCGTA
CTAACAGACA ACACGGGTCA GTATCGGCTT ATCGGAGAGG
Kan r

3001
ATTATTGAAG

TAATAACTTC

ACCCAAGCGG CCGGAGAACC TGCGTGCAAT CCATCTTGTT CAATCATAAT
CATTTATCAG GGTTCGTCTC GTCCCGGTCT CCTCCCATGC

TGGGTTCGCC GGCCTCTTGG ACGCACGTTA GGTAGAACAA GTTAGTATTA
GTAAATAGTC CCAAGCAGAG CAGGGCCAGA GGAGGGTACG
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