WO 2005/107381 A2 |00 00 0 0 00O O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

17 November 2005 (17.11.2005)

AT O OO0 OO

(10) International Publication Number

WO 2005/107381 A2

(51) International Patent Classification: Not classified

(21) International Application Number:
PCT/SE2005/000636

(22) International Filing Date: 2 May 2005 (02.05.2005)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

60/521,501 7 May 2004 (07.05.2004) US

(71) Applicants and

(72) Inventors: LJUNGGREN, Hans-Gustaf [SE/SE]; CIM
Deptartment of Medicine, K.I., Huddinge University
Hospital, S-141 46 Stockholm (SE). APPELQUIST,
Steve [SE/SE]; CIM Deptartment of Medicine, K.IL,
Huddinge University Hospital, S-141 46 Stockholm (SE).
HINKULA, Jorma [SE/SE]; Department of Virology,
Swedish Institute for Infectious Disease Control and
Microbiology and Tumor Biology Center, Karolinska
Institutet, S-171 82 Stockholm (SE). ROSELL, Bjorn
[SE/SE]; Divisions of Clinical Research Center and
Pathology, Department of Laboratory Medicine, K..,
Huddinge University Hospital, S-141 86 Stockholm (SE).
ROLLMAN, Erik [SE/SE]; Bergsundstrand 9, S-113 29
Stockholm (SE).

(74) Agent: ALBIHNS STOCKHOLM AB; Linnégatan 2,

P.O. Box 5581, S-114 85 Stockholm (SE).

[Continued on next page]

(54) Title: ADJUVANTS

%

(57) Abstract: The present invention is directed to flag-
ellin and its use as an adjuvant for vaccination. The inven-
tion can be used in vaccine formulations to improve im-
munity against any other antigen administered at the same
localization. The antigen can be administered in the same
construct as Flagellin or in any other formulation given at
the same localization. As an alternative flagellin can be
used to stimulate immunity against antigens expressed at
a specific location. Flagellin can also be used to induce
local inflammation with the purpose of creating a model

w
3
g
o

107

GMT anti-OVA igG
o -
2 k]

-
(=
=

for inflammation.

<1000
pOVA+  pOVA+ pOVA+ pOVA+ pOVA+ pOVA+
Vector  pfIC-Tm pWC-Tm Vecior pBiC-Tm pmm
(3]
D 1o, E 35000
d74 d74
- -1 "
% 108 823@0
: < 210001
2 105
§ éuono—
[ 4 | =
10 © 7000
10°4

pOVA+ pOVA+ pOVAt+ pOVA+ pOVA»  pOVA+
Vettor pAIC-Tm pIC-Tm Vector pfilC-Tm pfiC-Tm
(-gly) s




WO 2005/107381 A2 I} }10 A080H0 00 00000 00

(81) Designated States (unless otherwise indicated, for every 7ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
kind of national protection available): AE, AG, AL, AM, European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
AT, AU, AZ,BA, BB, BG, BR, BW,BY, BZ, CA, CH, CN, FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, GQ, GW, ML, MR, NE, SN, TD, TG).

KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,

MD, MG, MK, MN, MW, MX, MZ, NA, NI, NO,NZ,OM,  published:
PG, PH, PL, PT, RO, RU, SC, SD;, SE, SG, SK, SL, SM, SY,
TJ,T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU,
ZA, ZM, ZW.

—  without international search report and to be republished
upon receipt of that report

(84) Designated States (unless otherwise indicated, for every  For two-letter codes and other abbreviations, refer to the "Guid-
kind of regional protection available): ARIPO (BW, GH, ance Notes on Codes and Abbreviations" appearing at the begin-
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, ning of each regular issue of the PCT Gazette.



10

15

20

25

30

WO 2005/107381 PCT/SE2005/000636

Title of the Invention

Adjuvants

Background of the invention

Delivery of naked DNA encoding antigens is able to induce adaptive immune
responses’. This method has potential in it’s ability to induce focused immune responses
to defined antigens and benefits in it’s ease of preparation and stability. However,
improving the immunogenicity of DNA vaccination remains a fundamental goal
considering the limited success in vaccinating humans and non-human primates using
DNA alone " compared to rodents. To date, these DNA vaccinations have proven
ineffective unless combined with complex DNA-prime, protein/virus-boost regimes” '»
' To improve DNA-based vaccinations, vectors expressing cytokine/chemokine, and
costimulatory genes have been used as “genetic adjuvants”'’. The use of genetic
adjuvants based on a single molecule have benefits in their ability to target the activation
of specific immune cells but have limitations in that they may not effectively activate the
immune system to the same degree as an infectious agent. Because of these limitations,
there is a strong need to develop DNA encoded molecules that induce a more pleiotropic
spectrum of local inflammatory responses when delivered using DNA vaccination
methodology. Such molecules could be used in combination with a large variety of
antigen-encoding DNA vaccines to induce strong adaptive immune responses without the
need for mixed modality boosting regimes that need more care in preparation and storage
than vaccines based on DNA alone.

Activation of the innate immune system through Toll-like receptors (TLR) is an
effective way to prime the immune system to activate strong adaptive immune responses.
Once activated, TLR-expressing cells activate multiple arms of the immune system
including anti-microbial effector molecules, type I and type II interferons, cytokines,
chemokines, costimulatory molecules, and effective T and B cell priming by antigen
presenting cells (APCs)'®.

During vaccination, one would ideally like to have local production of short-lived
inflammatory promoting molecules that activate TLRs. These in turn, could activate the

innate immune system leading to the production of multiple factors and responses
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enhancing the responses to key antigens. Unfortunately, many TLR agonists are toxic'
the products of complex metabolic pathways specific to microbia (such as LPS or
peptidoglycan), or cannot be produced by mammalian systems (such as unmethylated-
CpG DNA motifs) and, are therefore not ideal for use as adjuvants in DNA-vaccines.
However, the observation that the polypeptide flagellin is an agonist for cells
expressing TLR5% has opened up the possibility that eukaryotic cells may be able to
produce this molecule. Phase-1 flagellin from Salmonella (called F1iC), the monomeric
subunit protein which polymerizes to form the filaments of bacterial flagella, is a
polypeptide without cystine residues®' and limited post-translational modification of
lysine residues®®. It has been extensively studied and the regions and residues of flagellin
that interact with TLR5 have recently been defined®. FIiC is able to activate TLR5-
dependent proinflammatory cyokine production and polymorphonuclear granulocyte

recruitment in lung®*, intestinal epithelia®> %

, and is the major proinflammatory
determinant of enteropathogenic Salmonella®’. 1t can activate mouse macrophages®® and
osteoblasts® to produce inflammatory mediators, human monocytes to produce TNFa>®
as well as induce human monocyte derived dendritic cells (DCs) to mature and
upregulate costimulatory molecules®! and produce IFNy, IL-10, IL-6, TNFa., and IL-
12p70 but low IL-5 and IL-13**. These responses all demonstrate a bias to prime
adaptive immunity towards a Th1-type response in vitro. FliC polypeptide produced and
purified from the cytoplasm of transiently transfected mammalian cells also activates
TLRS expressing cells> suggesting that in mammalian cells F1iC folds into an
immunostimulatory form.

To develop more efficient ways of inducing local inflammation to be used in
conjunction with DNA vaccination, we have constructed an expression vector that allows
mammalian cells to express FliC on their surface. In vitro, cells transfected with these
constructs were able to activate human monocytes to produce the inflammatory cytokines
TNFa and upregulate CD80 and CD25 in a manner similar to LPS and recombinant
flagellin isolated from bacteria. In vivo, mice given the FliC expressing vector in skin
exhibited acute site-specific inflammatory responses and when combined with vectors
expressing specific antigen, they developed marked increases in antigen-specific

antibody responses. Surprisingly, we also observed cellular immunity to specific antigen
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suggesting that the F1iC expressing vector induces a class of immune responses not

normally seen in response to DNA encoded soluable antigens delivered intradermally.

Summary of the invention

The present invention is directed to the use of Flagellin as a genetic adjuvant
for vaccines. The invention consist of a nucleic acid construct encoding flagellin in a
form that can be expressed either as membrane bound monomers or as soluble
monomers. The flagellin adjuvant is administered at the same localization as a vaccine
consisting of any substance capable of inducing specific immunity. The vaccine can be
formulated as nucleic acids encoding genes expressed by pathogens or tumor cells or as
proteins, peptides or attenuated pathogens or tumor cells. Alternatively, flagellin can be
used to stimulate immunity against antigens expressed at a specific location. For example
flagellin can be introduced into a tumor thereby inducing local inflammation resulting in
activation of specific immunity against the tumor or in local toxicity. The gene for
flagellin can be obtained from Salmonella typhimurion or any other organism expressing
homologous genes.
By homologous we understand analogues or variants of the gene expressing the protein
flagellin, in which one or more of the amino acid residues are replaced by different amino
acid residues, or are deleted, or one or more amino acid residues are added to the original
sequence of flagellin without changing considerably the activity of the resulting products
as compared with wild type flagellin or its active fragments or fractions. The skilled

person can test the activity as is done in the examples below.

In a preferred embodiment, any such analogue or variant has at least 40% identity or
homology with the sequence of flagellin. More preferably, it has at least 50%, at least
60%, such as at least 65%, at least 70%, such as at least 75%, at least 80%, such as at
least 85% or, most preferably, at least 90%, such as at least 95% identity or homology

thereto.
Brief Description of the Drawing Figures

Figure 1. Schematic representation of chimeric polypeptides, polypeptide expression,

and reduction of FliC-Tm glycosylation by site directed mutagenesis
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(a) Primary structure of the predicted polypeptide encoded by the fliC-Tm ORF.
designates the eukaryotic leader signal sequence for ER translocation, HA the HA-
epitope, fliC the complete flagellin ORF, PDGF-Tm the platelet-derived growth factor
receptor transmembrane domain. Recombinant fusion proteins detected in cytoplasmic
cell lysates are shown. (b) Denaturing SDS-PAGE of cytoplasmic extracts from 293FT
cells transfected with the indicated expression constructs (pcDNA3.1/Zeo(+)-based)
detected using anti-HA -epitope antibodies or (c) anti-FliC antibodies. A culture
supernatant from a vortexed overnight culture of S. typhimurium was used as a positive
control for the anti-F1iC antibody. (d) Detection of recombinant fusion proteins and their
glycosylation in cytoplasmic extracts. Western blot demonstrating glycosylation of the
unaltered version of FliC-Tm, deglycosylation of FliC-Tm using Endo H, and production
of a reduced-glycosylated version of FliC-Tm (FliC-Tm(-gly)) after site-directed

mutagenesis.

Figure 2. Cells surface expression of FIliC-Tm

Transiently transfected cells were subjected to flow cytometry using anti-HA epitope,
anti-F1iC, or isotype control antibodies (not shown). 293FT transfectants (anti-HA
epitope or anti-F1iC staining); pcDNA3.1/Zeocin(+)(Vector), filled histogram; pfliC-Tm,
(—); pfliC-Tm (-gly) (------ ). Percentages of positive cells are indicated above the
marker region. 293FT cells stained with anti-HA epitope antibodies are representative of

6 independent experiments and anti-F1iC from 3 independent experiments.

Figure 3. Activation of human monocytes by cells expressing FliC-Tm

293FT or HeLa cells were transfected as indicated. After two days supernatants and cells
were collected and cells counted. Supernatants or living cells were mixed with resting
monocytes, and 18 h later total cells and culture supernatants were harvested. Total cells
were stained for CD80, and CD25; and supernatants were tested for the presence of
TNFa. CD80, CD25 expression by monocytes incubated with 293FT cells (a), HeLa
cells (b), or with LPS or recombinant FliC polypeptide at the indicated concentrations (c)
were determined by flow cytometry. Monocytes were mixed with 293FT or HeLa cells

transfected with pcDNA3.1/Zeo(+)(Vector) (filled histograms); pfliC-Tm (—), pfliC-
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Tm(-gly) (------ ). Percentages of positive cells are indicated above the marker region.
Secreted TNFo expression by monocytes from cell-mixing experiments and stimulations
were assayed for production by ELISA (d). 293FT and HeLa cell CD80 and CD25 data
are representative of four independent experiments using independent PBMC donors.
TNFa expression is representative of 2 independent experiments with both 293FT or
HeLa cells. TNFa production was not seen in supernatants taken directly from cultures

of plasmid transfected or mock transfected 293FT or HeLa cells (data not shown).

Figure 4. FliC-Tm expression vectors induce acute, local inflammation

Gross morphology of the site of injection and histological analysis of the site after H&E
staining are shown at days 0, 2 and 7 after one injection with the indicated DNA (0.5 ug
each plasmid). Observations of the skin at, and immediately adjacent to the site of
injection (a). Magnifications of the identical skin samples from the peritoneal muscle to
the epithelial layer (b). Magnifications of identical sections focusing on changes in the
upper dermis and epithelial layers (¢). Smaller cropped sections from magnifications (d)
representing shaded areas from identical sections in column (b). Data from days 1 and 3
are available online as Supplementary Figure 1. Analyzed areas adjacent to sites of

injection revealed no differences from normal skin (data not shown).

Figure 5. FliC-Tm expression vectors potentiate DNA vaccination

(a) Immunization and sample isolation timeline. (b) Anti-OVA total IgG responses at
day 61 after priming. (c) ELISPOT analysis of pooled peripheral blood T cell responses
to MHC class I-restricted OVA peptide SIINFEKL at day 61. (d) Anti-OVA total IgG
responses at day 74 after priming. (¢) ELISPOT analysis of splenic T cell responses to
SIINFEKL and whole OVA polypeptide. (f) Anti-OVA IgGl, (g) Ig2b, (h) IgG2c, and
(1) IgA responses at day 74 after priming. IgA responses seen are from whole sera. The
concentration of OV A-specific antibodies in serum samples from mice are expressed as
the reciprocal of the last dilution of samples giving an optical density equal to, or higher
than, the mean plus three standard deviations (IgG) or two standard deviations (IgA) (the
determined cut off value for the assay) of the values of pre-immunization serum samples.

Absorbance values equal to or above the cutoff value were considered positive.
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ELISPOT data is expressed as the calculated geometric mean of the antigen stimulated
cells minus unstimulated cells. The cut-off for a given antigen was calculated as the
group geometric mean of naive animals plus two standard deviations. The * and **
represent significant difference of the response relative to pPOVA immunizations without

FIiC-Tm expressing vectors, which are defined as P < 0.05 and P < 0.01, respectively.
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Figure 6 shows the vector map of pcDNA3.1/Zeo fliC-Tm(-gly)

Supplemental Figure 1. The ORF of FliC Tm

atggagacagacacactcctgctatgggtactgctgetctgggtteccaggttecactggt
gactatccatatgatgttccagattatgectggggecccageccggeccagaatggcacaagtce
attaatacaaacagcctgtcgetgttgacccagaataacctgaacaaatcccagteccget
ctgggcaccgctatcgagegtetgtettecggtetgegtatcaacagegecgaaagacgat
gcggcaggtcaggcgattgctaaccgttttaccgecgaacatcaaaggtetgactcagget
tccecgtaacgetaacgacggtatctecattgegecagaccactgaaggegegetgaacgaa
atcaacaacaacctgcagcgtgtgcgtgaactggcggttcagtctgctaacagcaccaac
tcccagtctgacctegactecatecaggctgaaatcacccagegectgaacgaaategac
cgtgtatccggccagactcagttcaacggcgtgaaagtcctggcgcaggacaacaccctg
accatccaggttggtgccaacgacggtgaaactatcgatatcgatctgaagcagatcaac
tctcagaccctgggtctggatacgctgaatgtgcaacaaaaatataaggtcagcgatacg
gctgcaactgttacaggatatgccgatactacgattgetttagacaatagtacttttaaa
gcctcggctactggtcttggtggtactgaccagaaaattgatggcgatttaaaatttgat
gatacgactggaaaatattacgccaaagttaccgttacggggggaactggtaaagatggce
tattatgaagtttcegttgataagacgaacggtgaggtgactcttgetggeggtgegact
tccececgettacaggtggactacctgegacagcaactgaggatgtgaaaaatgtacaagtt
gcaaatgctgatttgacagaggctaaagccgcattgacagcagcaggtgttaccggeaca
gcatctgttgttaagatgtcttatactgataataacggtaaaactattgatggtggttta
gcagttaaggtaggcgatgattactattctgcaactcaaaataaagatggttccataagt
attaatactacgaaatacactgcagatgacggtacatccaaaactgcactaaacaaactg

ggtggcgcagacggcaaaaccgaagttgtttctattggtggtaaaacttacgctgcaagt
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aaagccgaaggtcacaactttaaagcacagcctgatctggcggaagecggetgctacaacce
accgaaaacccgctgcagaaaattgatgctgectttggecacaggttgacacgttacgttct
gacctgggtgcggtacagaaccgtttcaactcecgectattaccaacctgggcaacaccgta
aacaacctgacttctgcccgtagccgtatcgaagatteccgactacgecgaccgaagtttec
aacatgtctcgcgegecagattctgecagcaggecggtaccteegttetggegecaggegaac
caggttccgcaaaacgtcctctetttactgegtgatceccgeggetgecaggtegacgaacaa
aaactcatctcagaagaggatctgaatgectgtgggccaggacacgcaggaggtcategtg
gtgccacactccttgeccectttaaggtggtggtgatctcageccatcectggecectggtggtg

ctcaccatcatctecccttatcatcctcatecatgetttggcagaagaageccacgttag

Supplemental Figure 2. The ORF of FliC Tm(-gly)

atggagacagacacactcctgctatgggtactgctgetctgggttccaggttccactggt
gactatccatatgatgttccagattatgctggggcccageccggeccagatctatggcecacaa
gtcattaatacaaacagcctgtcgctgttgacccagaataacctggtcaaatcccagtcece
gctctgggcaccgctatecgagegtetgtcttecggtetgegtatcaacagegecgaaagac
gatgcggcaggtcaggcgattgctaaccgttttaccgecgaacatcaaaggtctgactcag
gcttccecgtaacgctaacgacggtatcteccattgegecagaccactgaaggecgegetgaac
gaaatéaacaacaacctgcagcgtgtgcgtgaactggcggttcagtctgctaccagcacc
aactcccagtctgacctecgactcecatccaggctgaaatcacccagecgcctgaacgaaatce
gaccgtgtatccggccagactcagttcaacggegtgaaagtcctggegcaggacaacace
ctgaccatccaggttggtgccaacgacggtgaaactatcgatatcgatctgaagcagate
aactctcagaccctgggtctggatacgectgaatgtgcaacaaaaatataaggtcagecgat
acggctgcaactgttacaggatatgccgatactacgattgetttagacgatagtactttt
aaagcctcggctactggtcttggtggtactgaccagaaaattgatggcgatttaaaattt
gatgatacgactggaaaatattacgccaaagttaccgttacggggggaactggtaaagat
ggctattatgaagtttcecgttgataagacgaacggtgaggtgactettgetggeggtgeg
acttccccgcttacaggtggactacctgcgacagcaactgaggatgtgaaaaatgtacaa
gttgcaaatgctgatttgacagaggctaaagccgcattgacagcagcaggtgttacegge
acagcatctgttgttaagatgtcttatactgataataacggtaaaactattgatggtggt

ttagcagttaaggtaggcgatgattactattctgcaactcaaaataaagatggttccata
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agtattgatactacgaaatacactgcagatgacggtacatccaaaactgcactaaacaaa
ctgggtggcgcagacggcaaaaccgaagttgtttctattggtggtaaaacttacgectgea
agtaaagccgaaggtcacaactttaaagcacagecctgatctggecggaagecggetgetaca
accaccgaaaacccgctgcagaaaattgatgetgetttggcacaggttgacacgttacgt
tctgacctgggtgcggtacagaaccgtttcaactceccgectattaccaacctgggcaacace
gtaaacaacctgaattctgcccgtagecgtatcgaagattccgactacgegaccgaagtt
tccaacatgtctaaagcgcagattctgcagcaggccggtaccteegttetggegecaggeg
aaccaggttccgcaaaacgtcctctectttactgegagecagtaccecgggatccgeggetg
caggtcgacgaacaaaaactcatctcagaagaggatctgaatgctgtgggccaggacacg
caggaggtcatcgtggtgccacactecttgeccctttaaggtggtggtgatctcagecate
ctggccctggtggtgctcaccatcatcteccttatcatectecatcatgetttggcagaag

aagccacgttag

Detailed description of the invention

Construction of chimeric polypeptides

To express FliC on the surface of mammalian cells, we constructed vectors
containing the flic gene from S. typhimurium in the mammalian expression vector
pDisplay (pDisp/fliC-Tm). The coding region of the PCR product was identical to the
DNA sequence of S. typhimurium phase-1 flagellin, and the naturally occurring stop
codon was changed to allow ribosomal read-through into the region of the vector
containing the human PDGFR transmembrane domain. A fragment containing the
complete open reading frame was excised and transferred to the expression vector
pcDNA3.1/Zeo(+) for use in further experiments. See Supplemental information Figures
1 and 2 for the key ORFs described here. See the section “Sequences” for detailed
information. 293FT cells were transiently transfected with the pcDNA3.1/fliC-Tm (pfliC-
Tm) expression vector, and cell lysates were analyzed by Western blotting. We expected
a mature polypeptide product of =61 kDa. A schematic representation of the primary
structure of the expected pre-processed polypeptide and expression of the mature

polypeptide is shown in Figures la and 1b, respectively. Proteins of identical molecular
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weight were detected using both anti-HA tag (Fig. 1b) and anti-F1iC antibodies (Fig. 1c)
but with larger than expected size at =77 kDa and a more disperse band at =83 kDa.

The structure of native flagellin isolated from S. typhimurium has been well
characterized”' and is not glycosylated. However, multiple eukaryotic N-linked
glycosylation sites were identified in the coding sequence of /liC. It was thus possible
that the larger molecular weight products of FliC-Tm produced by 293FT cells could be
due to N-linked glycosylation. To address this, whole cytoplasmic cell lysates of pfliC-
Tm transfected 293FT cells were treated with Endo H which removes simple
carbohydrate structures (high-mannose and hybrid found in the ER) but not complex
carbohydrate structures (found upon Golgi processing). Upon Endo H treatment, the =77
kDa FIiC-Tm migrated at the expected size of =61 kDa while the running properties of
the larger =83 kDa polypeptide did not change (Fig. 1d).

To prevent N-linked glycosylation of these residues of FliC in mammalian cells, the
coding sequence of fliC was changed. Either Asn itself was altered or signal sequences
needed for glycosylation attachment to Asn. Changes were chosen by identifying
predicted amino acid residues present at similar locations within flagellin molecules of

other flagellated bacteria (Table I).

Table I. Summary of amino acid changes made to eliminate ASN-linked glycosylation

signal sequences

Predicted Asn- Predicted Asn-linked AA Organism and GenBank
linked glycosylation glycosylation " accession number on which the
‘ change
site sequence sequence change is based
19" NKSQ 19N/V  H. felis #Y11602
101 NSTN 101  E. coli #AF169323
200 NSTF 200  S. choleraesuis #AF159459
346 NTTK 346  S. typhimurium #M11332
446 NLTS 448  S. enterica #U06206
465 NMSR 468  S. enterica #U06205

“* amino acid position

It was expected that changing these residues would lead to the production of a
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polypeptide that would migrate at the expected size of =61 kDa but still fold into an
immunostimulatory form. The nucleotide sequence of fliC-Tm was changed by site
directed mutagenesis, and the resulting construct was called pfliC-Tm(-gly).
Polypeptides produced by 293FT cells transfected with pfliC-Tm(-gly) were of =66/69
kDa respectively (Fig. 1d). These results highlight a possible difficulty in the eukaryotic

production of desired polypeptides from microorganisms.

Cell surface expression of FliC
To determine if cells transfected with the expression constructs expressed the

FliC-Tm polypeptide at their surface, cells were stained with anti-FliC and anti-HA

~ antibodies followed by FACS® analysis. 293FT cell cultures transfected with either

pfliC-Tm or pfliC-Tm(-gly) contained cells detectable with an anti-HA epitope antibody
(Fig. 2) but not with an isotype-control antibody (data not shown). Mock transfected
cells (data not shown) or cells transfected with an empty vector (Fig. 2) gave background
staining. Cells transfected with pfliC-Tm or pfliC-Tm(-gly) also expressed proteins
detectable by anti-FliC antibodies (Fig. 2). Similar or greater percentages of cells
staining positive for pfliC-Tm or pfliC-Tm(-gly) were detected using the polyclonal anti-
FliC antibody. HeLa cells were also transfected with pfliC-Tm, pfliC-Tm(-gly), or empty
vector and similar surface expression was observed using anti-HA and anti-F1iC

antibodies.

Activation of human monocytes by cells expressing FliC

Adherence-enriched human PBMCs (monocytes) produce inflammatory
factors in response to recombinant S. typhimurium flagellin®®. To assess whether human
cells expressing FliC-Tm on their surface are able to activate human monocytes, we
incubated pfliC-Tm or pfliC-Tm(-gly) transfected 293FT cells with resting monocytes.
Cells were transfected with the indicated vectors and surface expression of FliC-Tm or
FliC-Tm(-gly) was analyzed. Total cultures of transfected cells were washed with PBS
then mixed with monocytes, incubated for 18 h, and analyzed for TNFo. production and
changes in surface expression of CD80 and CD25. Cultures of 293FT cells expressing

FliC-Tm or FliC-Tm(-gly) were able to induce monocytes to upregulate cell surface
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expression of CD80 and CD25 compared to controls (Fig. 3a). The changes induced .
were similar to those seen after treatment with LPS or recombinant F1iC polypeptide
(Fig. 3¢). FliC-Tm or fliC-Tm(-gly) expressing cells were also able to induce production
of TNFa (Fig. 3d). Furthermore, supernatants from cultures of transfected 293FT cells
were also able to upregulate CD80 and CD25 levels on monocytes (data not shown). NF-
kB activation in response to Salmonella-derived F1iC (indicative of TLR activation) has
been reported to occur in 293 but not in HeLa cells*® raising the possibility that
transfection of 293FT cells with FliC-Tm expressing constructs leads to the production of
undefined factors from 293FT cells that are able to activate monocytes. To test this
hypothesis, transfection and cell mixing experiments were also performed using HeLa
cells transfected with pfliC-Tm or pfliC-Tm(-gly). These cells, mixed with monocytes,
were also able to induce monocyte activation similar to 293FT expressing F1iC-Tm or
FliC-Tm(-gly) but not cells transfected with the empty vector (Fig. 3b, d). Supernatants
from cultures of transfected HeLa cells also activated monocytes (data not shown).
293FT and HeLa cells were negative for staining by anti-CD80, anti-CD25 and anti-
HLA-DR (data not shown).

The combination of our finding that membrane bound flagellin induces
activation of monocytes with the activation of monocytes by soluble flagellin shows that
it will be possible to induce activation by cells transfected with a vector expressing

soluble flagellin.

Flagellin expressing vectors induce local, acute inflammation

To determine if FliC-Tm expressing vectors are capable of inducing an
inflammatory response i vivo, we used the gene-gun method to inject pfliC-Tm or pfliC-
Tm(-gly) plasmids into mice. Gold beads were coated with a test vector containing
chicken ovalbumin (pOVA) together with an empty expression vector
(pcDNA3.1/Zeo(+)) called Vector or in combination with pfliC-Tm or pfliC-Tm(-gly).
Mice were immunized, and each site of injection was photographed immediately after
sacrifice at the indicated days (Fig. 4). The injection site together with surrounding skin
was dissected, fixed, and subjected to histological analysis to determine if there were

differences in local responses between mice vaccinated with different DNA preparations.
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Gross morphology of the injection sites revealed clear differences in the type of
responses elicited relative to the type of plasmid delivered (Fig. 4a). Mice injected with
the plasmid pPOVA+Vector showed a slight local reaction two days post-injection,
characterized primarily by a yellowish-brown tinge likely due to deposition of the gold
particles. In contrast, mice injected with pOVA+pfliC-Tm or pOV A+pfliC-Tm(-gly)
developed severe, but local tissue reactions characterized by swelling and central
ulceration of the injection site. Seven days post-injection, the skin was grossly normal in
all groups of mice.

Histological analysis of the site of injection, revealed similarities, but also striking
differences between mice injected with pPOVA+Vector, compared to mice injected with
pOVA+pfliC-Tm or pOVA+pfliC-Tm(-gly). In mice sacrificed directly post injection,
the distribution of gold particles were found in the epidermis and subepidermal dermis
(Fig. 4 b,c,d). On days one and two post injection (Fig. 4b-d), mice given
pOVA+Vector, the developed epidermal hyperplasia, subcorneal pustule formation,

~ increased cellular density in the dermis with infiltration of neutrophillic granulocytes

(NG), and an inflammatory reaction extending to, but not involving, the hypodermal fat.
On day three, the inflammation was resolving, while the superficial necrotic epidermal
layers and pustules, were detaching from the site of injection. In contrast, injection of
pPOVA combined with either of the FliC-Tm expressing plasmids, led to a more rapid and
severe inflammatory reaction, involving also the hypodermis, extending to and involving
the superficial part of the panniculus muscle. On day one, epidermal necrosis was
observed in the central injection site and the denuded area covered with fibrin was
densely infiltrated by granulocytes. In the dermis and the hypodermis, the inflammatory
reaction led to the development of a panniculitis, with dense infiltrates of neutrophilic
granulocytes. At day two (Fig. 4b-d), similar observations were made but in addition
there was an increased hyperemia, with marginating neutrophils in the vasculature. At
day three, the lateral parts of the injection site displayed epidermal hyperplasia, while the
central region still was characterized epidermal pustule formation; the acute
inflammatory reaction in the dermal parts persisted, albeit somewhat reduced. The
hyperemic vessels were less prominent, and there was evidence of an early wound

healing reaction. In all animals tested, there was an aggregation of gold particles in the
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detaching epidermal region and bead aggregation was seen in the dermis. By day seven
(Fig. 4), there was still evidence of epidermal hyperplasia in all groups, with
hypergranulosis, and hyperkeratosis, but the inflammation reaction had mostly resolved
and many of the remaining gold beads were found clumped together in dermal
aggregates. Scar formation was seen in the central injection site, but not in the lateral
parts.

The inflammatory responses observed in this study appear to be unique to
the use of FliC-Tm as similar responses have not been observed or reported with the use
of any other genetic encoded adjuvants such as IL-2, IL-12, or GM-CSF (our own
observations)'’. We observed a direct correlation between the presence of the plasmid
coated gold beads and inflammation, suggesting that the deposition of the DNA cargo
was responsible for changes in the mice. This correlation also extends to the presence of
inflammation and enhancement of immune responses to antigen (mentioned below).

Similar results would be expected following gene-gun immunizations using
a vector encoding soluble flagellin. Our results show that flagellin can be used as an
adjuvant for nucleic acid based vaccinations. Flagellin can be expressed wither as a
membrane bound molecule or as a soluble molecule. In both situations, local
inflammation will be induced which results in enhanced immune responses against

antigens expressed in the tissue.

Flagellin expressing vectors potentiate DNA vaccination

To determine if FliC-Tm expressing vectors could enhance adaptive immune
responses to DNA encoded soluble antigen (OVA) we used the gene-gun method to
vaccinate mice. Mice were immunized with pOVA+Vector, pPOVA+pfliC-Tm, or
pOVA+{liC-Tm(-gly) according to the immunization schedule illustrated in Figure 5a.
Blood was taken at the indicated days, and serum was tested for the presence of anti-
OVA antibodies. Anti-OVA IgG responses were undetectable at day 21 (data not
shown). Atday 61 anti-OVA IgG levels were measured, and after the final boost, anti-
OVA IgG, IgG-isotypes, and IgA were measured (Fig. 5d, f-1). After one boost,
increases in anti-OVA total IgG responses in pfliC-Tm and pfliC-Tm(-gly) vaccinated

mice were seen but not in mice given pOVA+Vector (Fig. 5b). After a second boost,
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higher anti-OVA total IgG titers were observed, including increases in anti-OVA IgG-
isotypes IgG1 (Fig. 5f), IgG2b (Fig. 5g), and IgG2c (Fig. 5h), as well as IgA (Fig. 51).
Corresponding antibody responses were slight or undetectable in mice receiving
pOVA+Vector alone.

Lymphocytes were then tested for the presence of antigen-specific T cells in
peripheral blood at days 21 and 61, and in the spleens of mice at day 74. ELISPOT
analysis of PBMCs at day 21 failed to detect antigen-specific T cell responses in any
groups (data not shown). However, analysis of blood at day 61 revealed the presence of
circulating IFNy-producing T cells responding to the H-2K -restricted OVA peptide
SIINFEKL (residues 257-264) in mice that had received pOVA+pfliC-Tm or
pOVA+pfliC-Tm(-gly) but not in mice that had received pOVA+Vector (Fig. 5¢).
Spleens from mice at day 74 were tested for the presence of IFNy-producing T cells able
to respond to SIINFEKL as well as whole OVA (Fig. S5e). Levels of [IFNy detected in
response to SIINFEKL and whole OV A were significantly higher in mice vaccinated
with pOVA+pfliC-Tm or pOVA+pfliC-Tm(-gly) than in mice receiving pOVA+Vector
alone. T cells from these mice (pOVA+Vector) remained unresponsive to either peptide
or polypeptide relative to control peptide or protein.

Gene-gun challenge of naive mice with plasmids encoding soluble antigens
(such as pOVA) results primarily in a Th2-like response dominated by antibody
production®” **. However, analysis of the immune responses induced by the addition of
F1iC-Tm expressing vectors in combination with pOVA revealed a number of interesting
observations. When pfliC-Tm vectors were used as adjuvants, anti-OV A antibodies
appeared after only one DNA boost immunization while no anti-OVA responses were
seen in the group given pPOVA+Vector. We believe that the undetectable anti-OVA IgG
responses in mice given pOVA+Vector are likely due to the low amount of plasmid used
during immunization (0.5 pg) and lack of significant boosting. However, the appearance
anti-OVA IgG responses after a second boost in the pOV A+Vector group indicates that
the mice were receiving the pPOVA plasmid. The three-log higher titers of anti-OVA IgG
and increases in IgG isotypes when pfliC-Tm plasmids were included demonstrates its

ability to act as an adjuvant. The appearance of IgA in the sera is also a promising sign
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suggesting that FliC-Tm expressing plasmids could be a useful addition to DNA
vaccinations wishing to elicit mucosal antibody defences.

Surprisingly, when FliC-Tm expressing plasmids were included in our
vaccinations we were able to induce cellular immune responses to an antigen that has
been shown to elicit only antibody responses®. It has been suggested that levels of
secreted OVA may be too low to load the MHC class I presentation pathway in order to
elicit CTL responses after gene gun vaccination®. Here however, we have vaccinated
with less plasmid and fewer injections compared to other gene gun studies but were able
to elicit antigen-specific MHC class I-dependent T cell responses when FliC-Tm
expressing vectors were used.

The gene gun delivery of DNA has been shown to induce a Th2-promoting signal
that is dominant to immunostimulatory CpG motifs in DNA vaccines®’. Therefore, it is
unlikely that the 13 CpG motifs found in the FliC-Tfn OREF (data not shown), of which

only one is optimal®®

, contributes to the T cell responses seen in this study. It may be
more likely that the spectrum of inflammatory factors FliC can induce in vitro (Th1)** is
able to “license” local or recruited APCs in vivo to initiate CD8" T cell responses against
secreted OVA. Indeed, cross-priming has been seen in other in vivo systems studying the

4% and viral infection** to induce CD8" T cell responses to

effects of bacterial products
extracellular antigens. Regardless of the molecular mechanisms involved, the delivery of
FliC-Tm expressing plasmids by gene gun-vaccination not only elicits significant
increases in antibody responses to DNA encoded antigens after fewer immunizations
compared to those in controls but also increases the breadth of the response to induce
MHC class I-restricted cellular immunity. These results suggest that FliC-Tm induces
Th1-like responses in vivo and that the use of FliC-Tm expressing vectors in combination
with key pathogen antigens could induce successful protective vaccination.

Its interesting to speculate on the fate of FliC-Tm polypeptide and the cells which express
it. FliC-Tm may be cleaved from the surface of cells by serine proteinases produced by the
neutrophil infiltrate in the skin of injected mice®. Alternatively, cells expressing FliC-Tm could
be eliminated by the stressful effects of the local inflammation they induce or possibly by TLRS
expressing phagocytic APC. In either case, the passive or active elimination of the pfliC-Tm
vector or cells expressing FliC-Tm would result in the resolution of the inflammatory process, an

observation which we have seen here. It also would seem to be a key step in avoiding possible
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chronic inflammation.

Bacteria expressing flagella containing antigenic inserts have been used in
experimental systems as vaccines*®, and recombinant flagellin has also been used as an
adjuvant in combination with peptide antigens to induce CD4 T cell responses--.
Currently, however, the practical use of these approaches are limited by the heterogenous
nature of molecular preparations, either by possible contamination, or by the presence of
the complete attenuated bacteria. The use of a DNA expression vector that enables
mammalian cells to express flagellin at their surface has distinct advantages for
vaccination efficacy such as ease of preparation, ability to remove contamination with
unwanted inflammation promoting molecules, and stability.

Flagellin can be used as an adjuvant together with any antigen that induces
immune responses. Examples of such antigens are DNA or RNA encoding antigens from
tumors or pathogens, proteins, complete pathogens such as viral particles, bacteria,
parasites, tumor cells or cells infected with intracellular pathogens. Flagellin can also be
introduced into tissues or cells expressing antigens against which immunity should be
generated. Examples of such tissues are tumors or sites for infection. As an alternative
flagellin can be used to induce local inflammation resulting in toxicity against cells
located at the inoculation site. This approach would be of particular use against tumors
and possibly against autoimmune diseases.

The ability of flagellin to induce local inflammation can also be used to
create an animanl model for inflammation or chronic inflammation. This is done by
introduction of flagellin under a tissue specific promoter into a transgenic animal. The
use of an inducible promoter would have several advantages. The transgenic animal can
be used for studies of inflammation including the studies of anti-inflammatory drugs,
inhibitors of inflammatory pathways or to study mechanisms involved in inflammation.

The use of a membrane bound flagellin monomer provides several
advantages for example it limits the inflammatory response to the tissue where flagellin is
expressed thereby limiting the risk for adverse effects such as systemic inflammatory
responses, tissue damage in other tissues which in turn can potentially result in for
example autoimmunity. Expression of membrane bound flagellin also increases the

possibility of targeting the inflammatory response to a specific tissue such as a tumor or
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any tissue expressing a gene to which immunity is required. It may also reduce the risk
for over stimulating the immune system which may result in tolerance development,

inadequate immune responses or even toxic effects.

Flagellin may be administrated in a gene gun composition comprising a dose
of at least 0,5 pg, e.g. 0,5-10 pg, preferably 0,5-5 pg of flagellin

plasmid nucleic acid as adjuvant together with approximately the same dose
of plasmid antigen nucleic acid. The adjuvant and the antigen nucleic acid
may be administrated in separate compositions or together in the same
composition in different or the same plasmid. The dose may be administrated

1 to 3 times a day."

Sequences

Accession numbers used here were GenBank # D13689 and Swiss-Prot link P06179 for
S. typhimurium phase-1 flagellin FliC.

First the ORF of FliC Tm followed by FliC Tm(-gly).

FliC Tm Predicted complete neuclotide and amino acid sequence from fIiC (S.
typhimurium; GenBank accession number D13689) as a genetic fusion with the Leader,
HA-tag, myc-tag, and PDGFR transmembrane sequence found in the commerical vector
pDisplay (Invitrogen, Carlsbad, CA, U.S.A.).

atggagacagacacactcctgectatgggtactgetgetetgggttecaggttccactggt
M ETDTTIUL L L W VL L L WV P G S T G
gactatccatatgatgttccagattatgctggggcccagececggeccagaatggcacaagte
DY P Y DV P DY A G A Q P A RMA Q V
attaatacaaacagcctgtcgctgttgacccagaataacctgaacaaatceccagtecgcet
I N T N 8 L S L L T Q N N L N K S Q s A
ctgggcaccgctatcgagecgtctgtetteceggtetgegtatcaacagegecgaaagacgat
L 6 T A I ERL S S8 G L R I N S A K D D
gcggcaggtcaggcgattgctaaccgttttaccgecgaacatcaaaggtctgactcagget
A°A G QA I A NWRU FTA ANTII KU GTIL T QA
tccegtaacgctaacgacggtatcteccattgecgecagaccactgaaggegegctgaacgaa
S R N A NDGTI S I A Q TTEG AL N E
atcaacaacaacctgcagecgtgtgegtgaactggeggttecagtectgctaacagcaccaac
I N NN L Q RV RETULW AUV Q S A N S T N
tcccagtcectgacctegactcecateccaggetgaaatcacccagegectgaacgaaategac
S ¢ $s DL DS I Q A E I T QU RULNUETID
cgtgtatccggccagactcagttcaacggegtgaaagtectggegcaggacaacaccctg
R VvV S 6 Q T Q F N GV KV L A Q DINTL
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accatccaggttggtgccaacgacggtgaaactatcgatatcgatctgaagcagatcaac
T I Q V. 6 AN DG E T I D I DL K Q I N
tctcagaccctgggtctggatacgctgaatgtgcaacaaaaatataaggtcagegatacg
S Q T L ¢ L DT LNV Q Q K Y KV S D T
gctgcaactgttacaggatatgeccgatactacgattgectttagacaatagtacttttaaa
A ATV T GG Y ADTTTI AL DN S T F K
gcecteggctactggtettggtggtactgaccagaaaattgatggecgatttaaaatttgat
A S AT GUL G GG T D Q K IDOGDUL K F D
gatacgactggaaaatattacgccaaagttaccgttacggggggaactggtaaagatgge
D T T G K Y Y A K VvV T V TG G T G K D G
tattatgaagtttccgttgataagacgaacggtgaggtgactcttgctggeggtgegact
Y ¥y EV 8§ v D K T N G E V T L A G G A T
tccecgettacaggtggactacctgecgacagcaactgaggatgtgaaaaatgtacaagtt
s P L T G G L P A TATEUDV KNV Q V
gcaaatgctgatttgacagaggctaaagccgcattgacagcagcaggtgttaccggcaca
A NADULTEA AI KA AATLTH AWA AGV TG T
gcatctgttgttaagatgtcttatactgataataacggtaaaactattgatggtggttta
A S V V XK M §$ YTDNNGI K TTIDG G L
gcagttaaggtaggcgatgattactattctgcaactcaaaataaagatggttccataagt
AV XK VvV ¢6 DD Y Y S A TOQNI KUDG S I S
attaatactacgaaatacactgcagatgacggtacatccaaaactgcactaaacaaactg
I N T T XK Y T ADUDGT S K TAULN K L
ggtggcgcagacggcaaaaccgaagttgtttctattggtggtaaaacttacgectgecaagt
¢6 6 A DG K TEV V S I GG K T YA A S
aaagccgaaggtcacaactttaaagcacagcecctgatctggeggaagcggctgetacaace
K A E G H N F K A Q P DL AEA AWM AA AT T
accgaaaacccgctgcagaaaattgatgectgetttggcacaggttgacacgttacgttcet
T EN P L Q K I D A AL AQ V D TTUL R S
gacctgggtgcggtacagaaccgtttcaactccgetattaccaacctgggcaacacegta
D L G AV Q N R F N SATITNILGNTV
aacaacctgacttctgcececgtagecegtatcgaagattcecgactacgcgaccgaagtttcece
N N L TS AR S R I EDSDYATE V S
aacatgtctcgegegecagattctgcagecaggccggtaccteccgttectggegecaggecgaac
N M S R A Q I L Q Q A G T S V L A Q A N
caggttccgcaaaacgtecctctctttactgegtgatcecgeggetgecaggtcgacgaacaa
Q VvV P Q N VL $ L L RDUPURULOQV D E Q
aaactcatctcagaagaggatctgaatgctgtgggccaggacacgcaggaggtcatcegtg
K L I 8 E E DL N AV G Q D T Q E V I V
gtgccacacteccttgeectttaaggtggtggtgatetcagccatectggecectggtggtyg
vV P H S L P F K VvV v I sSATIULA ALV YV

ctcaccatcatctecccttatcatectcatcatgetttggcagaagaagccacgttaggeg

L T 1 I § L I I L I M L W Q@ K K P R - A
gccgetcgag
A A R

Predicted polypeptide defined as functional domains.

PCT/SE2005/000636

METDTLLLWV
QNNLNKSQSA
SRNANDGISI
EITQRLNEID
SQTLGLDTLN
QKIDGDLKFD
SPLTGGLPAT
NNGKTIDGGL
GGADGKTEVV
ALAQVDTLRS

LLLWVPGSTG
LGTAIERLSS
AQTTEGALNE
RVSGQTQFNG
VQQKYKVSDT
DTTGKYYAKV
ATEDVKNVQV
AVKVGDDYYS
SIGGKTYAAS
DLGAVQNRFN

DYPYDVPDYA
GLRINSAKDD
INNNLQRVRE
VKVLAQDNTL
AATVTGYADT
TVTGGTGKDG
ANADLTEAKA
ATQNKDGSIS
KAEGHNFKAQ
SAITNLGNTV

GAQPARMAQV
AAGQAIANRF
LAVQSANSTN
TIQVGANDGE
TIALDNSTFK
YYEVSVDKTN
ALTAAGVTGT
INTTKYTADD

PDLAEAAATT

NNLTSARSRI

INTNSLSLLT
TANIKGLTQA
SQSDLDSIQA
TIDIDLKQIN
ASATGLGGTD
GEVTLAGGAT
ASVVKMSYTD
GTSKTALNKL
TENPLQKIDA
EDSDYATEVS
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NMSRAQILQQ AGTSVLAQAN QVPONVLSLL R AVP DPRLQVDEQ KLISEEDLNA
VGQDTQEVIV VPHSLPFKVV VISAILALVV LTIISLIILI MLWQKKPR

Underlined regions: Regions encoded by pDisplay

METDTLLLWV LLLWVPGSTG DYPYDVPDYA GAQPAR

PRLQVDEQ KLISEEDLNA VGQDTQEVIV VPHSLPFKVV VISAILALVV LTIISLIILI
MLWQKKPR

Grey Shaded area: Igk-leader sequence

METDTLLLWV LLLWVPGSTG D

Magenta Shaded area: HA-tag

YPYDVPDYA

Blue Shaded area: fliC

MAQV INTNSLSLLT QNNLNKSQSA LGTAIERLSS GLRINSAKDD AAGQAIANRF

15

20

25

TANTKGLTQA
SQSDLDSIQA
TIDIDLKQIN
ASATGLGGTD
GEVTLAGGAT
SPLTGGLPAT
NNGKTIDGGL
GGADGKTEVV
ALAQVDTLRS
NMSRAQILQQ

SRNANDGISI
EITQRLNEID
SQTLGLDTLN
QKIDGDLKFD

ATEDVKNVQV
AVKVGDDYYS
SIGGKTYAAS
DLGAVQNRFN
AGTSVLAQAN

AQTTEGALNE
RVSGQTQFNG
VOQKYKVSDT
DTTGKYYAKV

ANADLTEAKA
ATONKDGSIS
KAEGHNFKAQ
SAITNLGNTV
QVPQONVLSLL

INNNLQRVRE
VKVLAQDNTL
AATVTGYADT
TVTGGTGKDG

ALTAAGVTGT
INTTKYTADD
PDLAEAAATT
NNLTSARSRI
R

Green Shaded area: PDGFR-transmembrane domain
A VGQDTQEVIV VPHSLPFKVV VISAILALVV LTIISLIILI MLWQKKPR

LAVQSANSTN
TIQVGANDGE
TIALDNSTFK
YYEVSVDKTN

ASVVKMSYTD
GTSKTALNKL
TENPLQKIDA
EDSDYATEVS

FliC Tm (-gly) Predicted complete neuclotide and amino acid sequence from f1iC (S.
typhimurium; GenBank accession number D13689) as a genetic fusion with the Leader,
HA-tag, myc-tag, and PDGFR transmembrane sequence found in the commerical vector
pDisplay (Invitrogen, Carlsbad, CA, U.S.A.). The fliC ORF has been altered to result in
6 predicted amino acid differences from D13689.

atggag

M E
acagacacactcctgctatgggtactgctgctectgggttecaggttccactggtgactat
T b T L L L WV L L L WV P G S T G D Y
ccatatgatgttccagattatgetggggecccageccggecagatctatggecacaagtcatt
P Y DV P D Y A G A Q P A R S M A Q V I
aatacaaacagcctgtcgctgttgacccagaataacctggtcaaatccecagtcegetetg
N T N S L 8§ L L T Q N NL V K S Q 8 A L
ggcaccgctatcgagcgtctgtectteeggtetgegtatcaacagegegaaagacgatgeg
G T A I ERL S 8 G L R I NS A K D D A
gcaggtcaggcgattgctaaccgttttaccgecgaacatcaaaggtctgactcaggettec
A G Q A I A NIRU F T ANTIIKGTULTOQ A S
cgtaacgctaacgacggtatcteccattgegecagaccactgaaggegegetgaac

R NA NUDGTI S I AQTTETGA ATLN
gaaatcaacaacaacctgcagcgtgtgegtgaactggeggtteagtctgetaccagcace
E I N N NL Q RV REULA AUV QS AT S T
aactcccagtetgacctegactccatccaggetgaaatcacccagegectgaacgaaatc
N $ Q s DLD S I QAZETITQR®RTULINTETI
gaccgtgtatccggccagactcagttcaacggcgtgaaagtcctggcgcaggacaacacc
DRV S G Q T Q F NGV K VL A QDTN T
ctgaccatccaggttggtgccaacgacggtgaaactatcgatatcgatctgaagcagatc
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L T I Q V6 A NDGETI DI DL K Q I
aactctcagaccctgggtctggatacgctgaatgtgcaacaaaaatataaggtcagcgat
N §$ Q T L 6 L D TULDNV Q Q K Y K V S D
acggctgcaactgttacaggatatgccgatactacgattgectttagacgatagtactttt
T A ATV T G Y A DT TTI AL DD S T F
aaagcctcggctactggtcttggtggtactgaccagaaaattgatggcgatttaaaattt
XK A S A T G L G G TD QQ K I D G D L K F
gatgatacgactggaaaatattacgccaaagttaccgttacggggggaactggtaaagat
D D TTGI XK Y Y A KV TV TG G T G K D
ggctattatgaagtttccgttgataagacgaacggtgaggtgactcecttgectggeggtgeg
G Yy Yy EV S vpD K TNGEV T UL AG G A
acttccccgcecttacaggtggactacctgcgacagcaactgaggatgtgaaaaatgtacaa
T S p L T G G L P A T ATE DV K N V Q
gttgcaaatgctgatttgacagaggctaaagccgcattgacagcagcaggtgttaccgge
V A NADUL T EAI KA AW ATLTA A AG V T G
acagcatctgttgttaagatgtcttatactgataataacggtaaaactattgatggtggt
T A 8 VvV VvV X M §$ ¥ T D N NG K T I D G G
ttagcagttaaggtaggcgatgattactattctgcaactcaaaataaagatggttcecata
L AV XV G DD Y Y S A T Q N KD G s 1I
agtattgatactacgaaatacactgcagatgacggtacatccaaaactgcactaaacaaa
s I b TTI XK YT ADUDGT S K T AUL N K
ctgggtggcgcagacggcaaaaccgaagttgtttctattggtggtaaaacttacgetgcea
L 6 G A DG KTE V V S I G G K T Y A A
agtaaagccgaaggtcacaactttaaagcacagcctgatctggcggaagecggctgctaca
S K A E G HNVF K AQ P DL A E A A A T
accaccgaaaacccgctgcagaaaattgatgctgectttggecacaggttgacacgttacgt
T T E N P L Q K I D A A L A Q V D T L R
tctgacctgggtgcggtacagaaccgtttcaactcecgectattaccaacctgggcaacacce
s DL GGA YV Q NRFNSATITINILGNT
gtaaacaacctgaattctgceccgtagecegtatecgaagattccgactacgecgaccgaagtt
VvV N N L NS A R S R I E D S D Y A T E V
tccaacatgtctaaagecgcagattctgcagcaggeceggtacctecgttectggegeaggeg
S NM S K A Q I L Q Q A G T S V L A Q A
aaccaggttccgcaaaacgtectcectectttactgegagcagtaceccecgggatecgeggetyg
N Q VP QN VL 8§ L L R AV P RD PR L
caggtcgacgaacaaaaactcatctcagaagaggatctgaatgetgtgggccaggacacg
Q vVD E Q K L I s E E DL N AV G Q D T
caggaggtcatcgtggtgccacactcecttgecctttaaggtggtggtgatctcagecate
Q E vV I v Vv P H S L P F KV V V I § A I
ctggccctggtggtgetcaccatcatctcecttatcatectcatcatgetttggecagaag
L AL vV VL TTITI s L I I L I ML W Q@ K
aagccacgttag
K P R -

METDTLLLWV
TONNLVKSQS
ISIAQTTEGA
EIDRVSGQTQ
TLNVQQKYKV
KFDDTTGKYY
PATATEDVKN
GGLAVKVGDD
EVVSIGGKTY
LRSDLGAVQON
LOQAGTSVLA
DTQEVIVVPH
QKKPR

LLLWVPGSTG
ALGTAIERLS
LNEINNNLQR
FNGVKVLAQD
SDTAATVTGY
AKVTVTGGTG
VQVANADLTE
YYSATQNKDG
AASKAEGHNF
REFNSAITNLG
QANQVPQONVL
SLPFKVVVIS

DYPYDVPDYA
SGLRINSAKD
VRELAVQSAT
NTLTIQVGAN
ADTTIALDDS
KDGYYEVSVD
AKAALTAAGV
SISIDTTKYT
KAQPDLAEAA
NTVNNLNSAR

SLLR AVPRDP RLQVDEQKLI SEEDLNAVGQ

ATLALVVLTI

GAQPARSMAQ
DAAGQAIANR
STNSQSDLDS
DGETIDIDLK
TFKASATGLG
KTNGEVTLAG
TGTASVVKMS
ADDGTSKTAL
ATTTENPLQK
SRIEDSDYAT

ISLIILIMLW

VINTNSLSLL
FTANIKGLTQ
IQAEITQRLN
QINSQTLGLD
GTDQKIDGDL
GATSPLTGGL
YTDNNGKTID
NKLGGADGKT
IDAALAQVDT
EVSNMSKAQI
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Underlined regions: Regions encoded by pDisplay

Grey Shaded area: Igk-leader sequence
METDTLLLWV LLLWVPGSTG D

Magenta Shaded area: HA-tag

YPYDVPDYA

Blue Shaded area: fliC

MAQ VINTNSLSLL TQNNLVKSQS ALGTAIERLS SGLRINSAKD DAAGQAIANR
ASRNANDG ISIAQTTEGA LNEINNNLQR VRELAVQSAT STNSQSDLDS

FTANIKGLTQ
IQAEITQRLN
QINSQTLGLD
GTDQKIDGDL
GATSPLTGGL
YTDNNGKTID
NKLGGADGKT
IDAALAQVDT
EVSNMSKAQI

EIDRVSGQTQ
TLNVQQKYKV
KFDDTTGKYY
PATATEDVKN
GGLAVKVGDD
EVVSIGGKTY
LRSDLGAVQN
LQOAGTSVLA

FNGVKVLAQD
SDTAATVTGY
AKVTVTGGTG
VQVANADLTE
YYSATQONKDG
AASKAEGHNF
RFNSAITNLG
QANQVPQONVL

NTLTIQVGAN
ADTTIALDDS
KDGYYEVSVD
AKAALTAAGV
SISIDTTKYT
KAQPDLAEAA
NTVNNLNSAR
SLLR

Green Shaded area: PDGFR-transmembrane domain
AVGQ DTQEVIVVPH SLPFKVVVIS AILALVVLTI ISLIILIMLW QKKPR
Red Shaded residues: altered sequence from fliC
shown with parentheticals

TQNNL (V) KSQS ALGTAIERLS SGLRINSAKD DAAGQAIANR FTANIKGLTQ

PCT/SE2005/000636

DGETIDIDLK
TFKASATGLG
KTNGEVTLAG
TGTASVVKMS
ADDGTSKTAL
ATTTENPLQK
SRIEDSDYAT

ASRNANDG ISIAQTTEGA LNEINNNLQR VRELAVQSA (T) STNSQSDLDS

IQAEITQRLN
QINSQTLGLD
GTDQKIDGDL
GATSPLTGGL
YTDNNGKTID
NKLGGADGKT
IDAALAQVDT

EIDRVSGQTQ
TLNVQQKYKV
KFDDTTGKYY
PATATEDVKN
GGLAVKVGDD
EVVSIGGKTY
LRSDLGAVQN

EVSNMS (K) AQI

FNGVKVLAQD
SDTAATVTGY
AKVTVTGGTG
VQVANADLTE
YYSATQNKDG
AASKAEGHNF
RFNSAITNLG

Vector maps are shown after the figures

NTLTIQVGAN

ADTTIALD (D) S TFKASATGLG

KDGYYEVSVD
AKAALTAAGV

SISI (D) TTKYT ADDGTSKTAL

KAQPDLAEAA

NTVNNL (N) SAR SRIEDSDYAT

DGETIDIDLK

KTNGEVTLAG
TGTASVVKMS

ATTTENPLQK

While the invention will be described in relation to certain disclosed embodiments, the
skilled person may foresee other embodiments, variations, or combinations which are not
specifically mentioned but are nonetheless within the scope of the appended claims.

All references cited herein are hereby incorporated by reference in their entirety.

The expression "comprising" as used herein should be understood to include, but not be
limited to, the stated items.

The invention will now be described by way of the following non-limiting examples.

Examples
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Example 1 Flagellin can be expressed on the surface of mammalian cells
Cell culture and cell lines

All cell lines were all grown in RPMI 1640 (293FT) or DMEM (HeLa)
medium (Life Technologies, Rockville, MD, U.S.A.) with the addition of 5 to 10% heat
inactivated Fetal Calf Serum (FCS), 2 mM L-glutamine (Life Technologies, Rockville,
MD, U.S.A.), 100 U/ml Penicillin and 100 pg/ml Streptomycin (Life Technologies,
Rockville, MD, U.S.A.), 50 pM Betamercaptoethanol (Sigma, St. Louis, Missouri,
U.S.A.) and 100 mM HEPES (Life Technologies, Rockville, MD, U.S.A.). 293FT cells
were obtained from Invitrogen and grown in the aforementioned media with the addition
of 500 pg/ml Geneticin (Life Technologies, Rockville, MD, U.S.A.) when not used in

experiments. HeLa was obtained from American Type Culture Collection.

Cloning of fliC and expression vector assembly

An overnight culture of Salmonella enterica serovar Typhimurium (pathogenic
strain ATCC 14028) was used as a source of genomic DNA to clone f7iC (phase-1
flagellin, serotype H 7). 50 pl of a liquid overnight culture grown in LB at 37 °C was
mixed with 50 pl of TE, heated to 95 °C for 15 min, and centrifuged at high speed in a
microcentrifuge. 2 pl of the supernatant was subjected to thermal cycling. PCR was
done in the presence of 1 mM dNTPs (Life Technologies, Rockville, MD, U.S.A.), 2 uM
MgCl, 1X PCR buffer (Life Technologies, Rockville, MD, U.S.A.), 2 U TAQ DNA
polymerase (Life Technologies, Rockville, MD, U.S.A.), 20 uM of each primer in a total

volume of 50 pl. S. typhimurium DNA was temperature cycled at 96 °C / 1 min, 54 °C /

1 min, 72 °C /1.5 min for 30 cycles. fliC primer pairs used were chimeric primers
containing sequences encoding base-pairs able to be recognized and cut using the DNA
restriction enzymes BgllII and Smal. Forward primer (fliC 5°-BglII): 5°-
GGAAGATCTATGGCACAAGTCATTAATACAAAC-3’, Reverse primer (fliC 3°-
Smal): 5’-TCTCCCGGGGTATTAACGCAGTAAAGAGAGGAC-3’. Amplified DNA
product was captured using pCR2.1 (Invitrogen, Carlsbad, CA, U.S.A.) and plasmids
containing an insert of the appropriate length were subjected to DNA sequencing. The

plasmid containing the captured fliC ORF was digested with BglIl, Smal and the
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resulting insert was inserted into the mammalian surface display plasmid pDisplay
(Invitrogen, Carlsbad, CA, U.S.A.) also digested with BglIl and Smal. The resulting
plasmid was subjected to site directed mutagenesis using the QuikChange™ Site-
Directed Mutagenesis Kit as described by the manufacturer (Stratagene, La Jolla, CA,
U.S.A.) to eliminate the naturally occurring stop codon (nt 1706-1708) as well as modify
residues between the stop codon and those encoded by the pDisplay vector (residues over
the junction are [fliC-encoded LSLLR]-AVP-[pDisplay-encoded RDPRL]). The
resulting plasmid was named pDisp/fliC-Tm. pDisp/fliC-Tm was changed in order to
introduce single amino acid (AA) mutations designed to disrupt N-linked glycosylation
sites predicted by the NetNGlyc 1.0 Prediction Server
(http://www.cbs.dtu.dk/services/NetNGlyc/) at AA 19, 101, 200, 346, 446, and 465.
Changes made in the fliC coding region are listed in Table I.

Site directed mutagenesis of the fliC gene in pDisp/fliC-Tm was done leading to the
desired AA changes (conﬁrmed by DNA sequencing). The resulting plasmid was named
pDisp/fliC-Tm(-gly). Inserts of fliC-Tm and fliC-Tm(-gly) residing on EcoRI/Xhol
fragments were excised and inserted into pcDNA3.1/Zeo (+) (Invitrogen, Carlsbad, CA,
U.S.A)) for additional studies. A HindIII fragment containing the open reading frame
(ORF) of OVA was removed from pBlueRIP/Ova (a kind gift from C. M. Jones) and was
cloned into pcDNA3.1/Zeo(+) (pcDNA3.1/0OVA) and is called pOVA.

Cell transfections, protein expression, SDS-PAG and, Western blotting

Transient transfections in 293FT cells were done using the GenePORTER 2
transfection reagent (Gene Therapy Systems, San Diego, CA, U.S.A.) according to the
manufacturer’s instructions. Transient transfections in HeLa cells were done using
FuGENE™ 6 (Roche, Indianapolis, IN, U.S.A.). DNA used for transfection was
prepared using a Qiagen EndoFree Plasmid Maxi Kit (Qiagen, Valencia, CA, U.S.A.).
293FT and HeLa cells used in all in vitro experiments were transfected with 2 pg and 3
ng of DNA, respectively. Two days after transfection, non-adherent cells were removed
and adherent cells were harvested by gentle repeated pipetting, washed with PBS, and
lysed. Cytoplasmic proteins were isolated by centrifugation and quantitated using the

BCA Protein Assay Kit (Pierce Biochemicals, Rockford, IL, U.S.A.) after which 15 pg of
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protein was separated on a 10 % SDS-polyacrylamide gel and analyzed by Western
blotting as described®®. HA-tagged proteins were detected by using anti-HA tag antibody
HA1.1 (at 1:1,000; Covance, Cumberland, VA, U.S.A.) and protein-antibody complexes
were visualized using goat anti-mouse IgG antibodies (Pierce Biochemicals, Rockford,
IL, U.S.A.) and the Renaissance Chemiluminescence reagent (NEN™ Life Science
Products Inc., Boston, MA, U.S.A.). Proteins were also subjected to Western blotting
with polyclonal rabbit antisera (at 1:500) used to clinically detect serotypes of S.
Typhimurium (anti-Hi, called here anti-F1iC) (State Serum Institute, Copenhagen,
Denmark) and protein-antibody complexes were visualized using HRP-conjugated swine
anti-rabbit IgG (at 1:1,000; DAKO, Glostrup, Denmark) followed by Enhanced

Chemiluminescence detection.

Cell surface expression of FliC

To determine if cells transfected with the expression constructs expressed the
FliC-Tm polypeptide at their surface, cells were stained with anti-FliC and anti-HA
antibodies followed by FACS® analysis. FliC-Tm expressed at the cell surface of 293FT
and HeLa cells was detected using HA1.1 (at 1:100) followed by FITC-conjugated rat.
anti-mouse IgG1/k (at 1:100; PharMingen, San Jose, CA, U.S.A.) or polyclonal rabbit
anti-FIiC (at 1:100; State Serum Institute, Copenhagen, Denmark) followed by FITC-
conjugated swine anti-rabbit Ig (at 1:100; DAKO, Glostrup, Denmark). Briefly, cells
were resuspended, stained 30 min on ice, and washed in PBS containing 1% FCS at 4 °C.
Cells were stained with secondary antibodies if necessary. Cells were kept on ice until
analysis using a four-color FACScan™ flow cytometer (Becton Dickinson
Immunocytometry Systems, San Jose, CA, U.S.A.). Data were processed using the
CellQuest program (BD Biosciences, San Jose, CA, U.S.A.). 293FT cell cultures
transfected with either pfliC-Tm or pfliC-Tm(-gly) contained cells detectable with an
anti-HA epitope antibody (Fig. 2) but not with an isotype-control antibody (data not
shown). Mock transfected cells (data not shown) or cells transfected with an empty
vector (Fig. 2) gave background staining. Cells transfected with pfliC-Tm or pfliC-Tm(-
gly) also expressed proteins detectable by anti-FIiC antibodies (Fig. 2). Similar or greater
percentages of cells staining positive for pfliC-Tm or pfliC-Tm(-gly) were detected using
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the polyclonal anti-F1liC antibody. HeLa cells were also transfected with pfliC-Tm,

pfliC-Tm(-gly), or empty vector and similar surface expression was observed using anti-

HA and anti-FliC antibodies.

Example 2 Flagellin expressing cells activates monocytes
As described above Flagellin can be expressed on the surface of transfected cells. Cells
expressing flagellin have been used to activate human monocytes. Monocyte activation

Human PBMC were obtained from non-allergic human volunteers.
Peripheral blood was drawn from healthy volunteers and PBMC were isolated from buffy
coat preparations by éentrifugation on Lymphoprep (Axis-Shield, Oslo, Norway). PBMC
were washed three times with PBS using low-speed centrifugation to eliminate
thrombocytes and resuspended in RPMI 1640 medium supplemented with 2 mM L-
glutamine. 5x10° PBMCs/ml/well were plated in a 24 well plate (Falcon), then incubated
for 2 h at 37 °C, 5% CO,. Non-adherent cells were removed by gentle washing and 1 ml
of RPMI 1640 media containing 5% FCS, 100 mM HEPES, 2 mM L-glutamine,
Penicillin/Streptomycin, 50 pM Betamercaptoethanol was added to remaining cells and
incubated overnight. 293FT or HeLa cells were transfected as indicated above and two
days later non-adherent cells were removed and adherent cells were harvested by gentle
pipetting, stained with trypan blue and counted. Afterward, adherence-enriched PBMCs
(monocytes) were activated with LPS (Sigma, St. Louis, Missouri, U.S.A.), recombinant.
FliC polypeptide (Alexis Biochemicals, Griinberg, Germany) or mixed with either 5x10*
transfected 293FT or transfected HeLa cells and allowed to incubate for 18 h. Total cells
were then stained and subjected to flow cytometric analysis. Human monocytes were
stained with FITC-conjugated mouse IgG1 anti-human CD80 (at 1:100); PE-conjugated
mouse IgG1 anti-CD25 (at 1:100); PerCp-conjugated mouse IgG2a anti-HLA-DR (at
1:100; all from PharMingen, San Jose, CA, U.S.A.) for 30 min on ice and washed. All
cells were stained and analyzed by FACScan™. Monocytes CD80 and CD25 levels
studied were gated on HLA-DR positive populations.

ELISAs were carried out on cell culture supernatants and mouse sera. To
test for cytokines, supernatants were collected from monocyte cultures after stimulation

and frozen at—20 °C. Samples were tested in duplicate for the presence of TNFo using a
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Quantikine® immunoassay according to the manufacturer’s instructions (R&D Systems,
Minneapolis, MN, U.S.A.).

Total cultures of transfected cells were washed with PBS then mixed with
monocytes, incubated for 18 h, and analyzed for TNFa production and changes in surface
expression of CD80 and CD25. Cultures of 293FT cells expressing FliC-Tm or FliC-
Tm(-gly) were able to induce monocytes to upregulate cell surface expression of CD80
and CD25 compared to controls (Fig. 3a). The changes induced were similar to those
seen after treatment with LPS or recombinant F1iC polypeptide (Fig. 3¢). FliC-Tm or
fliC-Tm(-gly) expressing cells were also able to induce production of TNFa (Fig. 3d).
Furthermore, supernatants from cultures of transfected 293FT cells were also able to
upregulate CD80 and CD25 levels on monocytes (data not showh). NF-xB activation in
response to Salmonella-derived F1iC (indicative of TLR activation) has been reported to
occur in 293 but not in HeLa cells® raising the possibility that transfection of 293FT cells
with FliC-Tm expressing constructs leads to the production of undefined factors from
293FT cells that are able to activate monocytes. To test this hypothesis, transfection and
cell mixing experiments were also performed using HeLa cells transfected with pfliC-Tm
or pfliC-Tm(-gly). These cells, mixed with monocytes, were also able to induce
monocyte activation similar to 293FT expressing FliC-Tm or FliC-Tm(-gly) but not cells
transfected with the empty vector (Fig. 3b, d). Supernatants from cultures of transfected
HeLa cells also activated monocytes (data not shown). 293FT and HeLa cells were

negative for staining by anti-CD80, anti-CD25 and anti-HLA-DR (data not shown).

Example 3 Genetic vaccination with flagellin results in local inflammation

CS57BL/6J mice were obtained from Charles River (Sulzfeld, Germany) and
housed under standard specific pathogen free conditions at the animal facility located at
the Swedish Institute for Infectious Disease Control, Stockholm. All procedures were
performed under both institutional and national guidelines. Groups of mice, age 6-10
weeks, were used in experiments. Mice were vaccinated using the Helios gene-gun
system as described by the manufacturer (BioRad, Hercules, CA, U.S.A.). Briefly, 0.5
mg of gold particles were coated with 0.5 pug of each plasmid DNA and used to coat the

delivery tube. DNA used for vaccination was prepared using a Quiagen EndoFree
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Plasmid Maxi Kit (Qiagen). Endotoxin/per mg DNA were as follows; pcDNA3.1/0VA
(5.5x10™* EU/ug DNA), pcDNA3.1/Zeo(+) (3.625x10” EU/pg DNA), pcDNA3.1/fliC-

“Tm (2.9x10°° EU/pug DNA), pcDNA3.1/fliC-Tm(-gly) (3.25x10"° EU/ug DNA).

Endotoxin units were determined using the LAL kit according to the manufacturer’s
instructions (Bio Whittaker Inc., Walkersville, MD, U.S.A.). We controlled for the
binding of DNA to the gold beads by eluting plasmids from bead-coated delivery tubes
with TE followed by plasmid transformation, isolation, and DNA restriction enzyme
analysis of plasmids isolated from bacterial colonies (data not shown). Abdominal skin
of mice was shaved, and the spacer of the gene gun was held directly against the
abdomen and the device was discharged at a helium pressure of 500 psi. The site of
injection of groups of 6 mice injected with pOvA+pcDNA3.1/Zeo(+), pOVA+pfliC-Tm,
or pPOVA+pfliC-Tm(-gly) were observed at day 0, 1, 2, 3, and 7. Based on observations
of these 3 groups of 6 mice, 3 groups of 7 mice were injected with identical DNA
preparations, and one mouse from each group was sacrificed at days 0, and 7. Two mice
from each group were sacrificed at days 1, 2, and 3 after injection. Samples isolated from
this second series of injected mice were subject to histo-pathological examination.
Before biopsies were taken, mice were photographed using a digital camera (4.0 mega-
pixels), then skin complete with abdominal wall from the site of injection was harvested.
Samples were preserved in neutral-buffered 4% formalin solution overnight followed by
immersion in 70% EtOH. Samples were trimmed to include regions adjacent to the
injected site, embedded in paraffin, sectioned and stained with hemolysin and eosin
(H&E) according to standard protocols. Stained samples were analyzed by light
microscopy and photographed at 10, 20, and 40X magnifications. Gross morphology of
the injection sites revealed clear differences in the type of responses elicited relative to
the type of plasmid delivered (Fig. 4a). Mice injected with the plasmid pOVA+Vector
showed a slight local reaction two days post-injection, characterized primarily by a
yellowish-brown tinge likely due to deposition of the gold particles. In contrast, mice
injected with pPOVA+pfliC-Tm or pOVA+pfliC-Tm(-gly) developed severe, but local
tissue reactions characterized by swelling and central ulceration of the injection site.
Seven days post-injection, the skin was grossly normal in all groups of mice.

Histological analysis of the site of injection, revealed similarities, but also striking
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differences between mice injected with pOVA+Vector, compared to mice injected with
pOVA+pfliC-Tm or pOVA+pfliC-Tm(-gly). In mice sacrificed directly post injection,
the distribution of gold particles were found in the epidermis and subepidermal dermis
(Fig. 4 b,c,d). On days one and two post injection (Fig. 4b-d), mice given
pOVA+Vector, the developed epidermal hyperplasia, subcorneal pustule formation,
increased cellular density in the dermis with infiltration of neutrophillic granulocytes
(NG), and an inflammatory reaction extending to, but not involving, the hypodermal fat.
On day three, the inflammation was resolving, while the superficial necrotic epidermal
layers and pustules, were detaching from the site of injection. In contrast, injection of
pOVA combined with either of the FliC-Tm expressing plasmids, led to a more rapid and
severe inflammatory reaction, involving also the hypodermis, extending to and involving
the superficial part of the panniculus muscle. On day one, epidermal necrosis was
observed in the central injection site and the denuded area covered with fibrin was
densely infiltrated by granulocytes. In the dermis and the hypodermis, the inflammatory
reaction led to the development of a panniculitis, with dense infiltrates of neutrophilic
granulocytes. At day two (Fig. 4b-d), similar observations were made but in addition
there was an increased hyperemia, with marginating neutrophils in the vasculature. At
day three, the lateral parts of the injection site displayed epidermal hyperplasia, while the
central region still was characterized epidermal pustule formation; the acute
inflammatory reaction in the dermal parts persisted, albeit somewhat reduced. The
hyperemic vessels were less prominent, and there was evidence of an early wound
healing reaction. In all animals tested, there was an aggregation of gold particles in the
detaching epidermal region and bead aggregation was seen in the dermis. By day seven
(Fig. 4), there was still evidence of epidermal hyperplasia in all groups, with
hypergranulosis, and hyperkeratosis, but the inflammation reaction had mostly resolved
and many of the remaining gold beads were found clumped together in dermal
aggregates. Scar formation was seen in the central injection site, but not in the lateral

parts.

Example 4 Use of flagellin as a genetic adjuvant increases cellular and humoral immune

responses
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To determine if FliC-Tm expressing vectors could enhance adaptive immune
responses to DNA encoded soluble antigen (OVA) we used the gene-gun method to
vaccinate mice. Mice were immunized as above with pOVA+Vector, pPOVA+pfliC-Tm,
or pPOVA+{liC-Tm(-gly) according to the immunization schedule illustrated in Figure Sa.
Blood was taken at the indicated days, and serum was tested for the presence of anti-
OVA antibodies.

The presence of mouse anti-OVA antibodies was detected as follows. 96 well
ELISA plates (Costar assay plate; Costar, Corning, NY, U.S.A.) were coated with 10
ug/ml of purified Chicken OVA (Sigma, St. Louis, Missouri, U.S.A.) in PBS overnight at
4 °C. Plates were washed twice (PBS/0.1% Tween-20), blocked with PBS/1%FCS for 1
h at room-temperature. Serum samples were diluted 1:2 beginning at 1:1,000 for all IgG
tests and 1:10 for IgA tests in PBS/1%FCS and added to the OV A-coated plate in
duplicate followed by incubation overnight at 4 °C. All dilutions were titrated to
extinction. Wells were washed three times and either HRP-goat anti-mouse IgG (Fc) (at
1:5,000; Pierce Biochemicals), HRP-rabbit anti-mouse IgG1 (at 1:3,000; Caltag,
Burlingame, CA, U.S.A.), HRP-rabbit anti-mouse IgG2b (at 1:2,000; Caltag,
Burlingame, CA, U.S.A.), HRP-rabbit anti-mouse IgG2c¢ (at 1:4,000; Southern Biotech,
Birmingham, AB, U.S.A.), or HRP-goat anti-mouse IgA (at 1:1,000; Sigma, St. Louis,
Missouri, U.S.A.) was added to the wells and incubated at room-temperature for 2 h.
Wells were washed 5 times and 100 pl of Enhanced K-Blue® TMB Substrate (HRP
Color-substrate Solution; Neogen Co., Lexington, KY, U.S.A.) was added. Plates with
identical secondary detections were incubated for identical times and substrate reactions
were stopped by the addition of 1 M HCI. Plates were analyzed using a Labsystems
Genesis ELISA plate reader (Labsystems, Stockholm, Sweden).

Anti-OVA IgG responses were undetectable at day 21 (data not shown). At
day 61 anti-OVA IgG levels were measured, and after the final boost, anti-OVA IgG,
IgG-isotypes, and IgA were measured (Fig. 5d, f-i). After one boost, increases in anti-
OVA total IgG responses in pfliC-Tm and pfliC-Tm(-gly) vaccinated mice were seen but
not in mice given pOVA+Vector (Fig. 5b). After a second boost, higher anti-OVA total
IgG titers were observed, including increases in anti-OVA IgG-isotypes IgG1 (Fig. 5f),
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IgG2b (Fig. 5g), and IgG2c (Fig. 5h), as well as IgA (Fig. 5i). Corresponding antibody
responses were slight or undetectable in mice receiving pOVA+Vector alone.

Murine PBMCs were pooled from mice of each group and analyzed 21 days
after primary immunization and 31 days after boost one by IFN-y ELISPOT, essentially
as described”’ using a commercial IFN-y kit (MabTech, Stockholm, Sweden). Antigen
restimulation was done in duplicate with PBMCs using the antigens described below.
Splenocyte analyses were also made using the commercial IFN-y ELISPOT system
(MabTech, Stockholm, Sweden). Briefly, PBMCs or splenocytes were purified using a
ficoll gradient (Amersham Pharmacia Biotech, Piscataway, NJ, U.S.A.) and transferred in
triplicates of 200,000 cells/well into 96-well ELISPOT plates (Millipore MAIPN4510).
In vitro re-stimulation was done using whole OVA (5 uM, Sigma, St. Louis, Missouri,
U.S.A.), the H-2K® OVA derived peptide SIINFEKL (5 1M, Thermo Hybaid, Dreieich,
Germany) and the HIV-1 envelope protein rgp160 (1 pg per well (MicroGeneSys [now
Protein Sciences, Meriden, CT, U.S.A.])) and the H-2K” immunodominant LCMV
peptide GP33 (KAVYNFATM) (5 uM, Thermo Hybaid, Dreieich, Germany). Cell
reactivity was confirmed with Concanavalin A. Spot forming cells (SFCs) were
quantified 24 h later by an AID ELISPOT reader (Autoimmun Diagnostika, Strassberg,
Germany). Statistical analysies were conducted using the student t-test with Excel
software.

Lymphocytes were then tested for the presence of antigen-specific T cells in
peripheral blood at days 21 and 61, and in the spleens of mice at day 74. ELISPOT
analysis of PBMCs at day 21 failed to detect antigen-specific T cell responses in any
groups (data not shown). However, analysis of blood at day 61 revealed the presence of
circulating IFNy-producing T cells responding to the H-2K -restricted OVA peptide
SIINFEKL (residues 257-264) in mice that had received pOVA+pfliC-Tm or
pOVA+pfliC-Tm(-gly) but not in mice that had received pOV A+Vector (Fig. 5¢).
Spleens from mice at day 74 were tested for the presence of [FNy-producing T cells able
to respond to SIINFEKL as well as whole OVA (Fig. 5¢). Levels of IFNy detected in
response to SIINFEKL and whole OVA were significantly higher in mice vaccinated
with pOV A+pfliC-Tm or pOVA+pfliC-Tm(-gly) than in mice receiving pOVA+Vector
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alone. T cells from these mice (pOVA+Vector) remained unresponsive to either peptide

or polypeptide relative to control peptide or protein.
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Claims

1. Use of flagellin or homologous genes or fragments thereof to improve immunity of a

DNA vaccine.

2. The use of flagellin encoded by a gene according to claim 1 or a fragment thereof to

improve immunity against a cellular vaccine.

3. The use of claim 1 or 2, wherein flagellin can be expressed as a membrane bound or as

a soluble monomer.

4. The use of any of claims 1 -3, where the gene for flagellin has been obtained from any
of the following organisms Salmonella, Shigella, Escherichia, Bordetella, Legionella,
Burkholderia, Pseudomonas, Helicobacter, Serratia, Bacillus, Vibrio, Caulobacter,
Listeria, Clostridium, Borrelia, from other organisms expressing flagellins belonging to
group E, from organisms expressing flagelling belonging to group F or any other

organisms expressing homologous flagellin genes.

5. The use of any of claims 1-4, where Flagellin is encoded by a nucleic acid construct

that encodes for antigens capable of elicitating an immune response

6. The use of any of claims 1-4, where Flagellin is encoded by a separate construct

inoculated in the same localization as the vaccine.

7. The use of claim 5, where the vaccine consists of nucleic acids encoding a gene, or

protein or a peptide, expressed by a pathogen or a tumour cell.

8. The use of claim 5, where the vaccine consists of an attenuated pathogen or tumour

cell.

9. The use of claim 5, where the vaccine consists of any other substance capable of

elicitating specific immunity.
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10. The use of flagellin to induce local inflammation and local toxic effects with the

purpose of killing tumor cells or cells involved in autoimmune disease.

11. The use of claim 10, where flagellin can be expressed as a membrane bound
monomer in the cells or tissue in which inflammation should be induced, whereby
induction of local inflammation can result in activation of specific immunity against cells
in the tissue, or whereby the specific immunity may result in killing of similar cells at
another location, or alternatively the local inflammation may result in local toxicity

resulting in killing of cells located in the tissue.

12. The use of claim 10, where flagellin can be expressed as a soluble monomer.

13. The use of claim 10, where the gene for flagellin has been obtained from any of the
following organisms Salmonella, Shigella, Escherichia, Bordetella, Legionella,
Burkholderia, Pseudomonas, Helicobacter, Serratia, Bacillus, Vibrio, Caulobacter,
Listeria, Clostridium, Borrelia, from other organisms expressing flagellins belonging to
group E, from organisms expressing flagelling belonging to group F or any other

organisms expressing homologous flagellin genes.

14. An animal model expressing flagellin in one or more tissues as a model for

inflammation.

15. The animal model of claim 14, where flagellin is expressed under an inducible

promoter.

16. The animal model of claim 14, where the model for inflammation can be used to

study the effect of anti-inflammatory drugs.

17. The use of the mammalian surface display plasmid pDisplay for the expression of

membrane bound flagellin with the purpose of stimulating an immune response.
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18. The use of any plasmid or vector for the expression of membrane bound flagellin

with the purpose of stimulating an immune response.

19. A nucleic acid comprising a nucleic acid encoding for at least one antigen capable of
elicitating an immune response and a nucleic acid encoding flagellin or a homologous
protein or a subfragment of flagellin or a homologous protein having improving effect on

immunity in DNA vaccination.

20. The nucleic acid according to claim 19, expressing flagellin as a soluble or membrane

bound monomer.

21. The nucleic acid of any of claims 19 and 20, where the nucleic acid encoding

flagellin or a homologous protein or a subfragment thereof has been obtained from any of
the following organisms Salmonella, Shigella, Escherichia, Bordetella, Legionella,
Burkholderia, Pseudomonas, Helicobacter, Serratia, Bacillus, Vibrio, Caulobacter,
Listeria, Clostridium, Borrelia, from other organisms expressing flagellins belonging to
group E, from organisms expressing flagelling belonging to group F or any other

organisms expressing homologous flagellin genes.
22. The nucleic acid of any of claims 19-21, where the nucleic acid encoding for at least
one antigen capable of elicitating an immune response encodes a gene expressed by a

pathogen or a tumour cell.

23. A mammalian expression vector comprising a nucleic according to any of claims 19-
22,

24. A cell transfected with an expression vector according to claim 23.

25. Use of a nucleic acid according to any of claims 19-22 or the corresponding protein

or peptide to improve immunity in DNA vaccination.
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26.Use of a flagellin gene, a fragment thereof, flagellin or a homologue or a fragment
thereof, a vector comprising a flagellin gene or a fragment thereof or a cell transfected
with a flagellin gene or a fragment thereof or a nucleic acid according to any of
claims 1-13, 17-25 for the preparation of a pharmaceutical composition to improve

immunity in DNA vaccination.

27. A method for improving immunity in DNA vaccination in a mammal wherein a
flagellin gene, a fragment thereof, flagellin or a homologue or a fragment thereof, a
vector comprising a flagellin gene or a fragment thereof or a cell transfected with a
flagellin gene or a fragment thereof or a nucleic acid according to any of claims 1-13,
17-25 is administrated to the mammal in a sufficient amount for effecting immunity

improvement
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