20127172042 AT IO 0 0O O

W

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/172042 Al

20 December 2012 (20.12.2012) WIPO | PCT
(51) International Patent Classification: (74) Agent: LAENEN, Bart; LC Patents, Crutzenstraat 26, B-
A61K 38/10 (2006.01) A61P 31/04 (2006.01) 3500 Hasselt (BE).

A6IK 39/118 (2006.01) (81) Designated States (uniess otherwise indicated, for every
(21) International Application Number: kind of national protection available): AE, AG, AL, AM,
PCT/EP2012/061420 AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
2 1 ional Filine Date: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(22) Imternational Filing Date: 5] 2012 (15.06.2012 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
une 2012 (15.06.2012) HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(25) Filing Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
L. ) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(26) Publication Language: English OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
(30) Priority Data: SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

11170370.8 17 June 2011 (17.06.2011) EP TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicants (for all designated States except US): UNI- (84) Designated States (uniess otherwise indicated, for every

(72)
(73)

VERSITEIT GENT [BE/BE]; St. Pietersnieuwstraat 25,
B-9000 Gent (BE). DE BELGISCHE STAAT VERTE-
GENWOORDIGD DOOR FEDERALE OVER-
HEIDSDIENST VOLKSGEZONDHEID, VEI-
LIGHEID VAN DE VOEDSELKETEN EN LEEFMI-
LIEU [BE/BE]; Eurostation II, Victor Hortaplein 40, bus
10, B-1060 Brussel (BE).

Inventor; and
Inventor/Applicant (for US only): VANROMPAY, Daisy
[BE/BE]; Houte 101B, B-9860 Oosterzele (BE).

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

[Continued on next page]

(34

Title: VACCINES FOR CHLAMYDIA

Total antibody titer against a recombinant protein of C. psittaci in pharyngeal
mucosal swabs

60~

40+

MeanTiter

Group 1
Group 2
Group 3
Group 4
Group 5
Group 6

4 Fthe

s 4

&
-

Day post infection
group 1, 2, 3 and 4

+
i
@

TRt I 2 R

Day postinfection
group & and 6

infection
group 1. 2 3and 4

Vaccination
group 1, 2. 3and 4

Booster vaccination
group 5 en &

Prima vaccination
group 5 snd 6

M
rfection
group Sen b

Figure 7

(57) Abstract: The present invention relates to means and methods to protect against disease caused by bacteria belonging to the
genus Chlamydia. In particular, the present invention relates to isolated B- and T-cell epitopes derived from the major outer mem-
brane protein of Chlamydia psittaci which can be used against an infection with a species of the genus Chlamydia. More in particu-
O lar, the invention provides a vaccine which can be used against chlamydiosis caused by Chlamydia psittaci in birds and man. In ad-
dition, the invention relates to a diagnostic method to diagnose the latter infections.



WO 2012/172042 A1 W00V 0 0

Declarations under Rule 4.17: —  of inventorship (Rule 4.17(iv))
— as to applicant’s entitlement to apply for and be granted . )
a patent (Rule 4.17(ii)) Published:

— as to the applicant's entitlement to claim the priority of with international search report (Art. 21(3))

the earlier application (Rule 4.17(iii))



10

15

20

25

30

WO 2012/172042 PCT/EP2012/061420

Vaccines for Chlamydia

Field of the invention

The present invention relates to means and methods to protect against disease caused by
bacteria belonging to the genus Chlamydia. In particular, the present invention relates to
isolated B- and T-cell epitopes derived from the major outer membrane protein of Chlamydia
psittaci which can be used against an infection with a species of the genus Chlamydia. More
in particular, the invention provides a vaccine which can be used against chlamydiosis caused
by Chlamydia psittaci in birds and man. In addition, the invention relates to a diagnostic

method to diagnose the latter infections.

Background art

The genus Chlamydia comprises the species Chlamydia abortus, Chlamydia pneumoniae,
Chlamydia psittaci, Chlamydia pecorum, Chlamydia felis, and Chlamydia caviae. Diseases
caused by bacteria belonging to the genus Chlamydia are the following. Chlamydia
preumoniae causes acute or chronic bronchitis and pneumonia in humans and in some cases
otitis media, obstructive pulmonary disease and pulmonary exacerbation of cystic fibrosis. It
has also been associated with Alzheimer’s disease, atherosclerosis, asthma, erythema
nodosum, reactive airway disease, Reiter’s syndrome and sarcoidosis in humans. Morever,
Chlamydia pneumoniae causes respiratory disease in koalas. Chlamydia pecorum strains
characterized so far have been limited to mammals, but not to a specific host family. They are
serologically and pathologically diverse. The organism has been isolated from ruminants, a
marsupial and swine. In koalas, C. pecorum causes reproductive disease, infertility and
urinary tract disease. It has been a major threat to the Australian koala population. In other
animals C. pecorum causes abortion, conjunctivitis, encephalomyelitis, enteritis, pneumonia
and polyarthritis. Chlamydia felis is endemic among house cats worldwide. It causes primarily
conjunctivitis and rhinitis. Chlamydia caviae comprises five known isolates, all isolated from
guinea pigs. The natural infection site is the mucosal epithelium of the conjunctiva where a
non- invasive infection is established. However, it is possible to infect the genital tract of
guinea pigs eliciting a disease that is very similar to human genital infection. Chlamydia
abortus strains are endemic among ruminants and efficiently colonize the placenta.
Chlamydia abortus is the most common infectious cause of abortion in sheep, where the
disease is known as ovine enzootic abortion (OEA) or enzootic abortion of ewes (EAE) in

countries of Northern, Central and Western Europe. Enzootic abortion in goats is similar in
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severity to that occurring in sheep, although the spread and economical impact across Europe
is less clear because of the lack of epidemiological data. The disease can also affect cattle,
swine and horses but this is thought to occur to a much lesser extent. Sporadic zoonotic
abortion due to C. abortus has been confirmed by analysis of isolates from women who work
with sheep and goats. Chlamydia psittaci produces avian respiratory infections and is a
serious threat to industrial poultry production. Additionally, it causes epizootic outbreaks in

mammals and respiratory psittacosis or parrot fever in humans.

Protective immunity to Chlamydiaceae (including the genus Chlamydia) that is observed in
animals previously exposed to the pathogen is believed to be effected primarily through the
action of CD4+ T helper type 1 (Thl) lymphocytes, CD8+ T lymphocytes, mononuclear
phagocytes, and cytokines secreted by these cells (Cotter et al., 1995; Su and Caldwell, 1995;
Beatty et al., 1997; Cotter et al., 1997; Johansson et al., 1997; Su et al., 1997; Wiliams et al.,
1997; reviewed by Kelly et al., 2003).

Initial attempts to develop an effective vaccine for controlling both animal and human
chlamydial infections began with the use of inactivated or live whole organism preparations in
the 1950s, e.g. for C. abortus in sheep. In general, such preparations offered a reasonable
level of protection, although they have been more successful in protecting animal infections
than human infections (Vanrompay et al., 2005).

During the 1960s unsuccessful attempts were made to develop inactivated and live vaccines
against C. trachomatis using both human and non-human primates. These vaccines reduced
disease in some individuals but they enhanced disease in others resulting from stimulation of
enhanced delayed-type hypersensitivity (DTH) response. Therefore, the use of whole
organisms for developing human chlamydial vaccines was essentially abandoned.

In the early 1980s an attenuated strain of C. abortus was developed as a live vaccine and is
one of the 5 commercially available vaccines in Europe and the USA, the other four being
inactivated whole organism based vaccines (Longbottom and Livingstone, 2006). These
commercial live-attenuated and inactivated vaccines offer good protection against OEA and
significantly reduce the shedding of infective organisms, a factor important in limiting the
spread of infection to other animals. However, concerns remain over the safety of using live-
attenuated vaccines. There may also be a risk of the attenuated strain reverting to virulence,
thus having the potential to cause disease and abortion in the vaccinated animal. Furthermore,
the vaccine cannot be administered during pregnancy or to animals being treated with

antibiotics limiting its use. In contrast, the inactivated vaccines can be administered to
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pregnant ewes, although care must be taken in handling and administering these vaccines as
they are adjuvanted with mineral oils, which have the potential to cause tissue necrosis if
accidentally self-injected. The only other animal chlamydial wvaccines, which are
commercially available are for C. felis infection in cats (Longbottom and Livingstone , 2006).
Although vaccination is successful in reducing acute disease, it does not, however, prevent
shedding of the organism and therefore chlamydial spreading in the population nor does it
prevent re-infection. Following the identification of the major outer membrane protein
(MOMP) as a structurally and immunologically dominant protein vaccine research largely
focused on this protein. A certain level of protection has been achieved with COMC
(chlamydial outer membrane complex) preparations, in which MOMP constitutes 90% or
more of the protein content, using the guinea pig and mouse models for C. trachomatis genital
tract infection, and in a mouse toxicity test for C. felis infection (Sandbulte et al., 1996; Pal et
al., 1997). Studies on MOMP of C. psittaci were performed e.g. by Tan et al.,, 1990,
Sandbulte et al., 1996 and Verminnen et al., 2005.

DNA vaccination, mimicking a live vaccine, creates protective CD4+ as well as CD8+
responses but antibody responses are low (Verminnen et al., 2010). Moreover DNA vaccines
are still too expensive (especially for poultry) and the public is not (yet) ready to consume

products from DNA vaccinated animals (in the case of C. psittaci eggs/meat).

Until now, completely safe and effective Chlamydia vaccines are still not available.

The present invention comprises an innovative vaccine that creates both optimal humoral and
cellular immune responses by combining B cell and CD4 Th2 cell epitopes (humoral) and
CD4 Thl and CD8" cytotoxic T cell epitopes (cellular) in a vaccine. In contrast, former and
current studies on Chlamydia vaccine development are focusing on cellular responses only
(CD8 and CD4 Thl), as they are believed to be crucial to protection against this obligate
intracellular pathogen (Su and Caldwell, 1995; Morrison et al., 2000). Moreover, due to the
Th1/Th2 paradigm (both responsible for different types of protective responses) vaccine
development against infectious agents focuses on creating either a Th1l or Th2 response (Thl
or Th2 polarized vaccines). Thus, the construction of a non-polarized vaccine, deliberately
inserting Th1 as well as Th2 epitopes is highly unusual and new as Thl and Th2 cells act

differently and even opposing.
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The present invention relates to selected protective B-and T- (Th1 and Th2) cell epitopes of
an immunodominant protein (the major outer membrane protein or MOMP). Such protein-
based vaccines can be used against an infection with a species of the genus Chlamydia. These
peptide sequences do not cause immunopathological reactions nor immunosuppressive T cell
responses. Reversion to virulence is not applicable, thus enhancing the safety for both animals
and humans. The epitopes can be used in any suitable vector, preferably a vector which: a)
can be used in the presence of species-specific maternal antibodies and b) allows easy and
cost effective vaccine mass production. Moreover, and surprisingly, the present invention
demonstrates that both the cellular- and humoral immune response are required to protect

against an infection with a species of the genus Chlamydia.

Figure legends

Figure 1: structure of the MOMP located in the bacterial membrane

Figure 2: detailed structure of the MOMP. Solid line, membrane-embedded peptide chain of
MOMP; solid line, 5 conserved sequences; pointed squares, residues comprising the variable
sequences (VSs) I, II, I and IV; open squares, conserved cysteines. The presence of
lipopolysaccharide (LPS) structures (solid blocks) is indicated above the outer membrane
(OM). Claimed B cell epitopes are in VSI (immunodominant), VS2 (serovar) and VS4
(imunodominant). Claimed T cell epitopes are in CS1, CS4 and VS4.

Figure 3: (A.) B cell epitope mapping results for the C. psittaci serovar D strain 92/1293
MOMP using the serovar D-specific MAb NJ1 (1/100); (B.) B cell epitope mapping results
for the C. psittaci serovar D strain 92/1293 MOMP using serum of SPF turkeys immunized
with recombinant MOMP. VSI: peptides 1 to 20, VSII: peptides 21 to 32, VSIII: peptides 33-
40, VSIV: peptides 41 to 67.

Figure 4: Alignment of Chlamydia and C. psittaci ompA nucleotide sequences and MOMP

amino acid sequences.
Lines: 1) Chlamydia trachomatis (Ctra), 2) Chlamydia muridarum (Cmur), 3) Chlamydia

pneumoniae (Cpn), 4) Chlamydia felis (Cfel), 5) Chlamydia caviae (Ccav), 6) Chlamydia
abortus (Cabo). Lines 7 till 18: Chlamydia psittaci strains 84/2334, 6BC, CP3, GD, NJ1,
92/1293, Call0, VS225, WSRTE30, M56 and WC. The ompA and MOMP sequence of
reference strain 92/1293 used for vaccine design is underlined.

Figure 5: Gross pathology.

Figure 6: Mean serum antibody titers against a recombinant protein (MOMP) of C. psittaci.
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The ELISA plates were coated with recombinant MOMP of C. psittaci.
Figure 7:Mean mucosal antibody titers against a recombinant protein (MOMP) of C. psittaci.
The ELISA plates were coated with recombinant MOMP of C. psittaci.

Description of the invention

The present invention relates to the use of isolated peptides comprising B- and T-cell epitopes
for producing a vaccine against species of the genus Chlamydia, and more in particular to
induce an immunoprotective response against an infection with a species of the genus
Chlamydia.

The present invention relates to a composition comprising at least one isolated peptide
comprising a B-cell epitope located in a variable amino acid region of the major outer
membrane protein (MOMP) of Chlamydia psittaci and at least one isolated peptide
comprising a T-cell epitope located in a conserved or variable amino acid region of the
MOMP of Chlamydia psittaci. In particular, the invention relates to a composition comprising
one or more peptides, each of said peptides comprising one or more epitopes selected from
the list consisting of a B-cell epitope, a CD4+ Th2 cell epitope, a CD4+ Thl cell epitope and
a CTL epitope; wherein said composition comprises at least a B-cell epitope, a CD4+ Th2
cell epitope, a CD4+ Thl cell epitope and a CTL epitope, and wherein the epitopes are
located in the major outer membrane protein (MOMP) of Chlamydia psittaci and wherein the
composition does not comprise the full-length Chlamydia MOMP protein.

The composition is specifically designed to induce an immunoprotective response against an
infection with a species of the genus Chlamydia. In particular, the combination of the B- and
T-cell epitope containing peptides is not equal to the complete or full-length MOMP protein,
in particular the Chlamydia psittaci MOMP protein. More particular, the B-cell epitope is
located in the variable region I, II or IV and the T-cell epitope (including CD8+, CD4+ Thl,
and CD4+ Th2 cell epitopes) is located in the conserved region I or IV, or in variable region
IV. The MOMP protein of Chlamydia psittaci is described by Vanrompay et al., 1998 (p5496
figure 1, variable domains are indicated).

With the term “B cell-epitope™ is meant a part of an antigen that induces antibody production
upon recognition by the host’s immune system.

A “T-cell epitope” is a part of an antigen that induces a CD4 ' Th1 (T helper, HTL), CD4" Th2
(T helper, HTL) or CDS8" cell (cytotoxic, CTL) response upon recognition by the host’s
immune system. T helper (Th) cells are considered major players in the response against
infectious organisms. To convey their full function, Th cells secrete a variety of cytokines,

which define their distinct actions in immunity. Th cells can be subdivided into three different
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types based on their cytokine signature, Thl, Th2 and Th17 cells. “Th1 cells” secrete IFN-
gamma (pro-inflammatory cytokine), which is the main macrophage-activating cytokine and
TNEF-B, which also activates macrophages, inhibits B cells and is directly cytotoxic for some
cells. Thl cells allow the production of IgG,, antibodies in mice and of IgM, IgA, 1gG,, IgG,
and IgG; antibodies in humans. “Th2 cells” secrete IL-4, IL-5, IL-6, IL-9 and IL-13 all of
which activate B cells, and IL10 (important anti-inflammatory cytokine), which inhibits
macrophage activation. Th2 cells induce IgG; and IgE antibodies in mice and IgM, IgG4 and
IgE in humans. Th17 cells secrete the pro-inflammatory cytokine IL-17 (Murphy et al., 2008;
Annunziato and Romagnani, 2009).

A peptide comprising a CTL epitope (CD8+) usually consists of 13 or less amino acid
residues in length, 12 or less amino acids in length, or 11 or less amino acids in length,
preferably from 8 to 13 amino acids in length, most preferably from 8 to 11 amino acids in
length (i.e. 8, 9, 10, or 11). A peptide comprising a HTL epitope (CD4+) consists of 50 or less
amino acid residues in length, and usually from 6 to 30 residues, more usually from 12 to 25,
and preferably consists of 12 to 20 (i.e. 12, 13, 14, 15, 16, 17, 18, 19, or 20) amino acids in
length. Peptides comprising B cell epitopes do not have a defined length and can vary from 5
to 30 amino acids in length, preferably from 5 to 15 amino acids in length, i.e. 5,6, 7, 8, 9, 10,
11, 12, 13, 14, or 15 amino acids.

In a specific embodiment, a peptide comprising a T cell epitope has a length of 6 to 50 amino
acids and a peptide comprising a B cell epitope has a length of 5 to 30 amino acids.

Hence, it is to be understood that peptides with a defined length and comprising the epitopes
specified herein are part of the present invention and can be used in the compositions and
methods as described herein. In a specific embodiment, the peptides are immunogenic
peptides, i.e. peptides capable of eliciting an immune response in an organism, including a
cellular and/or humoral response. More particular, the present invention comprises an
innovative vaccine that creates both humoral and cellular immune responses by combining B
cell and CD4 Th2 cell epitopes (humoral) and CD4 Thl and CDS8" cytotoxic T cell epitopes
(cellular) in a composition.

The term “isolated” is used to indicate that a cell, peptide or nucleic acid is separated from its
native environment. Isolated peptides and nucleic acids may be substantially pure, i.c.
essentially free of other substances with which they may bound in nature.

With the term ‘induction of an immunoprotective response’ is meant a (humoral and/or

cellular) immune response that reduces or eliminates one or more of the symptoms of disease,
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i.e. clinical signs, lesions, bacterial excretion and bacterial replication in tissues in the infected
subject compared to a healthy control. Preferably said reduction in symptoms is statistically

significant when compared to a control.

Infections with a species of the genus Chlamydia are infections with one or more of the
species selected from the group consisting of: Chlamydia abortus, Chlamydia pneumoniae,

Chlamydia psittaci, Chlamydia pecorum, Chlamydia felis, and Chlamydia caviae.

In a particular embodiment, the present invention provides peptides suitable for vaccine
design. Suitable peptides comprising T-cell epitopes correspond to SEQ IDNO 1, 7, 8, 9, 10,
11,12, 13, 18, 20, 21, 22, 24, 25, 26, 27, 29, 30, 31, 32, 35, 41, 42, 43, 44, 46, 49, 50, 51, 53,
54, 55, 56, 60, 61, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82,
84, 85, 86, 87, and 91. As can be derived from the data in Table 1, said peptides are
characterized as follows:

-Peptides comprising a CTL (CD8+) epitope correspond to SEQ ID NO 20, 26, 27, 42, 43, 61,
73,75, and 80.

-Peptides comprising a CD4+ Thl cell epitope correspond to SEQ ID NO 1, 10-13, 18, 20,
25,27, 29, 31-32, 35,42, 46, 51, 53-56, 61, 64-67, 69-73, 75, 79-81, and 8&7.

-Peptides comprising a CD4+ Th2 cell epitope correspond to SEQ ID NO 7, &, 43, 76, 77, 85,
and 91.

In addition, peptides comprising a B-cell epitope correspond to SEQ ID NO 32-33, 45-46 and
90-96.

The composition of the present invention preferably comprises specific combinations of said
peptides thereby inducing a humoral as well as a cellular immune response. The composition
therefore comprises one or more peptide(s) comprising at least one B cell epitope, at least one
CD4 Th2 cell epitope, at least one CD4 Th1 cell epitope and at least one CD8" cytotoxic T
cell epitope.

More specifically, the present invention relates to the composition as indicated above,
wherein said isolated B cell epitope consists of the amino acid sequence GTASATT (SEQ ID
NO 92), GTDFNN (SEQ ID NO 93) or NPTLLGKA (SEQ ID NO 94), or variants thereof,
which are located in the variable domain (VS) I, II and IV, respectively of the MOMP of
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Chlamydia psittaci serovar D strain 921/1293, and, wherein said isolated T-cell epitope
consists of the amino acid sequence

selected from the group consisting of:

DGTMWEGAS (SEQ ID NO 101; CD4Th2);

ASGDPCDPC (SEQ ID NO 102; CD4Thl);

ATDTKSATLKYHE (SEQ ID NO 103; CD4Thl);

SATLKYHEWQVGL (SEQ ID NO 104; CD4Thl);

SATLKYHEWQVGLAL (SEQ ID NO 105; CD4Thl);

TLKYHEWQVGLAL (SEQ ID NO 106; CD4Th1 and CD8 (CTL));

KYHEWQVGLALSY (SEQ ID NO 107; CD4Th1 and CD8 (CTL));

YHEWQVGLALSYR (SEQ ID NO 108; CD4Th2);

HEWQVGLALSYRL (SEQ ID NO 109; CD4Th2);

QVGLALSYRLNM (SEQ ID NO 110; CD4Th2);

RLNMLVPYIGVNW (SEQ ID NO 111; CD4Thl);

RLNMLVPYIGVNWS (SEQ ID NO 112; CD4Th1 and CD8 (CTL));

NMLVPYIGVNWSR (SEQ ID NO 113; CD4Thl);

MLVPYIGVNWSRA (SEQ ID NO 114; CD4Th1);

YIGVNWSRAT (SEQ ID NO 115; CD4Th1);

TAVLDLTTW (SEQ ID NO 116; CD4Th2);

TTVDGTNTYSDFL (SEQ ID NO 117; CD4Th2); and

TWCDAISIRAGYYGD (SEQ ID NO 20; CD4Th1 and CDS8 (CTL));

or variants thereof, which are located in the conserved region I or IV, or in the variable
domain IV, of the MOMP of Chlamydia psittaci serovar D strain 921/1293. Optionally,
flanking amino acids or regions of the specified B- and T- cell epitopes can be part of the
peptide sequences to be included in the composition.

In a specific embodiment, the invention relates to the composition and use as indicated above,
wherein the peptide comprising a B-cell epitope is selected from the group consisting of:
TGTASATT (SEQ ID NO 95), KGTDFNNQ (SEQ ID NO 96 ) and NPTLLGKA (SEQ ID
NO 94), or a variant thereof, and wherein the peptide comprising a T-cell epitope comprises
or consist of an amino acid sequence selected from the group consisting of: SEQ ID NO 1, 7-
13, 18, 20-22, 24-27, 29-32, 35, 41-44, 46, 49, 50, 51, 53-56, 60, 61, 63-82, 84-87, and 91, or
a variant thereof. In a particular embodiment, the peptide comprising the B-cell epitope

NPTLLGKA (SEQ ID NO 94) and the CD4 Th2 cell epitopes TAVLDLTTW (SEQ ID NO
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116) and TTVDGTNTYSDFL (SEQ ID NO 117) is
AQPKLATAVLDLTTWNPTLLGKATTVDGTNTYSDFL (SEQ ID NO 98).

In a preferred embodiment the peptide comprising a T-cell epitope is selected from the group
consisting of the amino acids at position:

30-44, 35-49, 36-50, 37-51, 257-271, 262-276, 263-278, 264-279, 266-280, 267-281, 268-
282, 269-283, 279-293, 280-294, 281-295, 282-296, 287-302, and 326-340 of the 356 amino
acids MOMP of Chlamydia psittaci serovar D strain 921/1293, or variants thercof. The
Chlamydia psittaci serovar D strain 921/1293 is described by Vanrompay et al., 1998 and in
Figure 4.

The compositions and methods of the present invention also encompass variants of the above
specified peptides comprising the epitopes. “Variants” of the B and T-cell epitopes on the
corresponding peptide sequences of the different strains or species are also part of the
invention, i.e. those peptide sequences at corresponding amino acid positions when aligned to
a reference sequence (e.g. Figure 4 for different Chlamydia species and for different Cp.
psittaci strains with strain 92/1293 being reference sequence). Moreover, a "variant” as used
herein, is a peptide that differs from the native antigen only in conservative substitutions
and/or modifications, such that the ability of the peptide to induce an immune response is
retained. Peptide variants preferably exhibit at least about 70%, preferably at least about 80%,
more preferably at least about 90% and most preferably at least about 95% identity to the
identified peptides. Alternatively, such variants may be identified by modifying one of the
above peptide sequences and evaluating the immunogenic properties of the modified peptide
using, for example, the representative procedures described herein. A "conservative
substitution" is one in which an amino acid is substituted for another amino acid that has
similar properties, such that one skilled in the art of peptide chemistry would expect the
nature of the peptide to be substantially unchanged. In general, the following groups of amino
acids represent conservative changes: (1) ala, pro, gly, glu, asp, gln, asn, ser, thr; (2) cys, ser,
tyr, thr; (3) val, ile, leu, met, ala, phe; (4) lys, arg, his; and (5) phe, tyr, trp, his.

Variants may also (or alternatively) be peptides as described herein modified by, for
example, by the deletion or addition of amino acids that have minimal influence on the

immunogenic properties, secondary structure and hydropathic nature of the peptide.

The invention more specifically relates to the composition and use as indicated above,
wherein said isolated B-cell epitopes and T-cell (Th2) epitopes are part of a fragment of the
356 amino acid MOMP of Chlamydia psittaci serovar D strain 92/1293 which is encoded by
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the nucleic acid sequence GCT AGC GAA CCA AGT TTA TTA ATC GAT GGC ACT ATG
TGG GAA GGT GCT TCA GGA GAT CCT TGC GAT CCT TGC ACA GGA ACA GCA
AGT GCT ACT ACT AAA GGA ACT GAT TTC AAT AAT CAA GCT CAG CCT AAA
TTA GCC ACT GCT GTT TTA GAT TTA ACC ACT TGG AAC CCA ACA CTT TTA
GGA AAG GCC ACA ACT GTC GAC GGC ACC AAT ACT TAC TCT GAC TTC TTA
GGT ACC (SEQ ID NO 100), and/or, wherein said T cell (Thl) epitopes are part of the
amino acid sequence corresponding to amino-acids 257-301 of the 356 amino acid MOMP of
Chlamydia psittaci serovar D strain 92/1293.

The present invention relates, even more specifically, to the composition or use as indicated
above wherein said species of the genus Chlamydia is Chlamydia psittaci. As such, the
present invention relates to the prevention of morbidity or mortality, or to treatment of
morbidity due to infection with Chlamydia psittaci in subjects. Subjects are humans or
animals, but preferably are birds and more preferably poultry, including but not limited to
chickens, ducks, geese and turkeys.

A preferred means of administration of the peptides of the present invention is mucosal
delivery, more preferably administration by aerosol or inhalation. Other means of
administration are all other systemic and mucosal administration routes as well as in ovo

administration methods, well known to the skilled person.

The composition of the present invention can further comprise a pharmaceutically acceptable
excipient conventional in the art. Non limiting examples of suitable excipients include starch,
glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, glycerol
monostearate, talc, sodium chloride, dried skim milk, glycerol, propylene, glycol, water,
cthanol and the like.

In the composition, also referred to as polyepitope vaccine, the peptides can be present as a
mixture of individual peptides and/or (part of) the peptides can be linked to each other and/or
are part of vector/carrier construct. In a specific embodiment, the composition comprises a
polyepitope construct. The term polyepitope vaccine as used herein denotes a composition
that does not occur as such in nature. Hence, the "polyepitope vaccine" of the present
invention does not encompass a wild-type full- length protein but includes two or more
isolated epitopes of the present invention, not necessarily in the same sequential order or
number (repetitions might be used) as in nature. The polyepitope vaccine of the present

invention preferably comprises 2 or more, 5 or more, 10 or more, 13 or more, 15 or more, 20
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or more, or 25 or more epitopes of the present invention. More specific, the polyepitope
vaccine comprises 2, 3,4, 5,6, 7,8,9, 10, 11, 12. 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, or more epitopes. The epitopes of the polyepitope vaccine can be prepared as synthetic
peptides or recombinant peptides. These synthetic peptides or recombinant peptides can be
used either individually or directly or indirectly linked to one another. Optionally, two or
more of the epitopes (either B-cell and/or T-cell epitopes) can be linked in a construct,
referred to herein as a polyepitope construct, and are either contiguous or are separated by a
linker or one or more spacer amino acids. "Link" or "join" refers to any method known in the
art for functionally connecting epitopes. More particular, the polyepitope vaccine of the
present invention is a synthetic or recombinant string of two or more peptides harbouring
(part of) the epitopes as described herein. Methods for preparing a polypeptide, which may
comprise a polyepitope (polyepitope vaccine/construct), are known in the art and are
described in for example the book Molecular Cloning; a laboratory manual by Joseph
Sambrook and David William Russell — 2001.

According to a specific embodiment, the composition or polyepitope vaccine of the present
invention comprises the following B-cell epitopes: GTASATT (SEQ ID NO 92), GTDFNN
(SEQ ID NO 93) and NPTLLGKA (SEQ ID NO 94), or a variant thereof, and the following
T-cell epitopes: SEQ ID NO 20 and 101-117, or a variant thereof. In a particular embodiment
said B- cell epitopes are comprised in the following peptide sequences: SEQ ID NO 94-96,
and said T-cell epitopes in the composition are comprised in the following peptide sequences:

SEQ ID NO 7-8, 70, 71, 73, 75-77, 79-81 and 91, or a variant thereof.

In a preferred embodiment, the composition or polyepitope vaccine of the present invention
comprises the following peptide sequences:

AA sequence 30-51 (EPSLLIDGTMWEGASGDPCDPC, CD4Th2 epitope in CS1; SEQ ID
NO 97), AA sequence 93-100 (TGTASATT, immunodominant B cell epitope in VS1; SEQ
ID NO 95), AA sequence 163-170 (KGTDFNNQ, serovar D B-cell epitope in VS2; SEQ ID
NO 96), AA sequence 305-340 (AQPKLATAVLDLTTWNPTLLGKATTVDGTNTYSDFL,
CDA4Th2 and immunodominant B cell epitope in VS4; SEQ ID NO 98) (the CD4Th2 — B cell
cluster), and AA sequence 257-301
(AATDTKSATLKYHEWQVGLALSYRLNMLVPYIGVNWSRATFDADT) (CD4Th1 -
CD8 cluster in CS4; SEQ ID NO 99), or variants thereof.

In a further preferred embodiment, the composition or polyepitope vaccine of the present

invention comprises the following peptide sequences: AA sequence 53-67
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(TWCDAISIRAGYYGD, CD4Thl and CDS8 epitope; SEQ ID NO 20), AA221-235
(EMLNVTSSPAQFVIH, CD4Th2 epitope; SEQ ID NO 62), and AA163-170 KGTDFNNQ,
B-cell epitope; SEQ ID NO 96).

The present invention further includes an isolated nucleic acid encoding the epitopes, peptides
or polyepitope construct as described herein. Particular nucleic acids encoding the peptides of
the invention are the following.

- Corresponding to AA 30-51: CD4Th2 epitope:
S’GAACCAAGTTTATTAATCGATGGCACTATGTGGGAAGGTGCTTCAGGAGATCCTTGCGA
TCCTTGC-3" (SEQ ID NO 118)

- Corresponding to AA 93-100: CD4Th1 and immunodominant B-cell epitope:
5’-ACAGGAACAGCAAGTGCTACTACT-3’ (SEQID NO 119)

- Corresponding to AA 163-170: serovar-specific B-cell epitope:
5’-AAAGGAACTGATTTCAATAATCAA-3’ (SEQ ID NO 120)

- Corresponding to AA 257-301: CD4Th1 + CD8 T cell epitope cluster:
5’GCTGCTACAGATACTAAGTCTGCAACACTCAAATATCATGAATGGCAAGTTGGTCTAGC
ACTCTCTTACAGATTGAACATGCTTGTTCCTTACATTGGCGTAAACTGGTCAAGAGCAACT
TTTGATGCTGACACT-3" (SEQ ID NO 122)

- Corresponding to AA 305-340: CD4Th2 epitope + immunodominant B-cell epitope:
5’GCTCAGCCTAAATTAGCCACTGCTGTTTTAGATTTAACCACTTGGAACCCAACACTTTTA
GGAAAGGCCACAACTGTCGACGGTACCAATACTTACTCTGACTTCTTA-3* (SEQ ID NO
121)

Further embodiments of the present invention are a vector which comprises a nucleic acid
encoding at least the polyepitope vaccine or construct as described herein, and which is
capable of expressing the respective peptides. A host cell comprising the expression vector
and a method of producing and purifying the herein described peptides are also part of the
invention. Suitable vectors that can be used in the present invention are known to the skilled
in the art and include a plasmid, a bacterial, a viral vector or a yeast vector. Examples of
bacterial vectors are Salmonella typhi, BCG (Bacille Calmette Guerin) and Listeria. Examples
of viral vectors are poxvirus, Alphaviruses (Semliki Forest Virus, Sindbis Virus, Venezuelan
Equine Encephalitis Virus (VEE), Herpes simplex Virus (HSV), Kunjin virus, Vesicular
Stomatitis Virus (VSV) replication-deficient strains of Adenovirus (human or simian),

polyoma vectors (such as SV40 vectors, bovine polyoma), CMV vectors, papilloma virus
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vectors, influenza virus, measles virus, and vectors derived from Epstein Barr virus. A wide
variety of other vectors useful for therapeutic administration or immunization, ¢.g. lentiviral
vectors, retroviral vectors, and the like, will be apparent to those skilled in the art. Examples
of yeast vectors are a Hansenula cell or Saccharomyces cerevisiac cell. The composition
according to the present invention can further comprise an antigen delivery system, which
optimizes the presentation of the antigen. In a specific embodiment, the antigen delivery
system is an enzymatically inactive recombinant adenylate cyclase (CyaA) originating from
Bordetella pertussis (the causative agent of whooping cough) (Ladant et al., 1999; and in
EP1576967).

The composition of the present invention can further comprise an adjuvant. Suitable adjuvants
are 1) receptor specific (mucosal) adjuvants such as for instance adjuvants binding to
pathogen recognition receptors (PRRs) and ganglioside receptor binding toxins, 2) antigen
presenting cell targeting (mucosal) adjuvants such as for instance the ones described by
Gerdts et al., (2006). Further examples of adjuvants include, but are not limited to, tensoactive
compounds (such as Quil A), mineral salts (such as aluminium hydroxide), micro-organism
derived adjuvants (such as muramyl dipeptide), oil-in-water and water-in-oil emulsions (such
as Freund’s incomplete adjuvant), particulate antigen delivery systems (such as liposomes,
polymeric atmospheres, nanobeads, ISCOMATRIX) , polysaccharides (such as micro-
particulate inulin), nucleic acid based adjuvants (such as CpG motivs), cytokines (such as
interleukins and interferons), activators of Toll-like receptors and eurocine L3 en N3
adjuvantia. In a specific embodiment, the adjuvant is an ISCOM™ (ISCOTEC AB, Uppsala,

Sweden).

The composition of the present invention can be used as a medicament, and more specific
against an infection with a species of the genus Chlamydia, preferably wherein said species of
the genus Chlamydia is Chlamydia psittaci. In a further embodiment, the composition is a
vaccine. With the term ‘vaccine’ is meant a biological preparation that elicits a protective
immune response in a subject to which the vaccine has been administered. Preferably, the
immune response confers some beneficial, protective effect to the subject against a
subsequent challenge with the infectious agent. More preferably, the immune response
prevents the onset of or ameliorates at least one symptom of a disease associated with the
infectious agent, or reduces the severity of at least one symptom of a disease associated with

the infectious agent upon subsequent challenge.
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Individual and isolated peptides comprising B- and/or T-cell epitopes and comprising the
amino acid sequences as described herein (resp. characterized by SEQ ID NO 89, 90, 92-96,
and 98; and by SEQIDNO 1, 7, 8,9, 10, 11, 12, 13, 18, 20, 21, 22, 24, 25, 26, 27, 29, 30, 31,
32, 35, 41, 42, 43, 44, 46, 49, 50, 51, 53, 54, 55, 56, 60, 61, 63, 64, 65, 66, 67, 68, 69, 70, 71,
72,73, 74,75, 76, 77, 78, 79, 80, 81, 82, 84, 85, 86, 87, 91, 97, and 99) are also part of the
present invention, as well as the nucleic acids encoding them. As demonstrated, said peptides
are particular useful for the development of a vaccine against a species of the genus
Chlamydia, and more specific C. psittaci. Hence, any combination of two or more of these
peptides for producing a polyepitope vaccine and for use in developing a composition or
vaccine is part of the present invention. In a specific embodiment, the polyepitope vaccine
comprises or consists of a combination of two or more peptides comprising a T cell epitope as
described herein. In a further embodiment, the polyepitope vaccine comprises or consists of a

combination of two or more peptides comprising a B-cell epitope of the present invention.

In a further aspect of the current invention, administration of the composition as described
herein, and in particular a vector comprising the peptides or nucleic acids of the invention, can
overcome the inactivating (i.e. neutralizing) effects of maternal antibodies. It is well-known in
the art that maternally-transmitted antibodies interfere with the efficacy of early vaccination
programs in young subjects. Accordingly, the present invention provides a composition and
the use thereof for effectively vaccinating a subject infected with a species of the genus
Chlamydia that has maternal antibodies against said species. For birds, the composition can
be administered according to the present invention in ovo and to hatchlings. In bird embryos,
maternal antibodies are deposited in the yolk and are taken up by the embryo as the yolk is
resorbed. Typically, maternal antibodies can be detected in the embryo by embryonic day 15.
Accordingly, the present invention is useful in increasing the efficacy of wvaccines
administered after embryonic day 15, more preferably after embryonic day 17, to birds in ovo.
Additionally, the methods disclosed herein may be carried out to vaccinate a young bird soon
after hatch. In young chickens, maternal antibodies generally disappear by three weeks after
hatch. Accordingly, in young birds, the composition of the present invention is administered
within about four weeks post-hatch, preferably within about three weeks post-hatch, more
preferably within about two weeks post-hatch, still more preferably, within about one week

post-hatch, and most preferably within about the first three days post-hatch. Typically,
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vaccination will be carried out at the time that the birds are transferred from the hatcher

(usually one or two days post-hatch).

In an even further embodiment, the invention includes a prime-boost immunization or
vaccination against a species of the genus Chlamydia. The priming can be done with the
composition, peptides or nucleic acids as described herein. Equally, boosting can be done
with the composition, peptides or nucleic acids as described herein.

The invention thus also relates to a method of immunizing a subject against a species of the
genus Chlamydia, more specific C. psittaci, comprising administering to the subject the
composition as described herein in a prime-boost regimen. In its broadest sense, the term of
"prime-boost" refers to the successive administrations of two different vaccine types or
immunogenic composition types having at least one epitope or immunogen in common. The
priming administration is the administration of a first vaccine or composition type and may
comprise one, two or more administrations. The boost administration is the administration of
a second vaccine or composition type and may comprise one, two or more administrations,
and, for instance, may comprise or consist essentially of annual administrations. The "boost"
may be administered from about 2 weeks to about 6 months after the "priming", such as from
about 2 to about 8 weeks after the priming, and advantageously from about 2 to about 6 weeks
after the priming, and more advantageously, about 2, 3 or 4 weeks after the priming. In a
specific embodiment, the prime and boost compositions are the same, and in particular the

same peptide composition as described herein.

The present invention further relates to an in vitro method to diagnose an infection with
Chlamydia psittaci in a subject comprising:
-contacting a sample from said subject with at least one peptide comprising a B-cell
epitope of the present invention, and
-determining the presence of antibodies in said sample binding to said peptide(s).
Such methods are well-known to the skilled person and can be performed by a variety of
standard procedures, such as detection of radioactivity, fluorescence, luminescence,
chemiluminescence, absorbance, or by microscopy, imaging, etc.
The present invention further encompasses a diagnostic kit comprising at least one peptide
comprising a B-cell epitope as described herein. Examples of diagnostic kits include but are
not limited to immunoassays including immunohistochemistry, enzyme- linked

immunosorbent assay (ELISA), western blotting, immunoradiometric assay (IRMA), lateral
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flow, dipstick tests, immuno histo/cyto-chemistry and other assays known to those of skill in
the art. Immunoassays can be used to determine presence or absence of an antibody in a
sample as well as the amount of an antibody in a sample.

A “sample” may include fluid (e.g. blood, serum, saliva, urine, cerebral spinal fluid, pleural
fluid, milk, lymph, meat juice, sputum and semen), solid (e. g., stool) or tissue (e.g. cervical
tissue) sections taken (isolated) from a subject.

In a particular embodiment, the peptides comprising a B-cell epitope used in the diagnostic
method and kit comprises or consists of the following amino acid sequence: 1) TGTASATT
(SEQ ID NO 95; immnodominant B cell epitope in VS1), 2) KGTDFNNQ (SEQ ID NO 96;
serovar D epitope in VS2) and/or 3) NPTLLGKA (SEQ ID NO 94; immunodominant B cell
epitope in VS4), or a variant thereof. Even more particular, the peptide has a length of 5 to 30

amino acids.

The present invention is illustrated by the following Examples, which should not be

understood to limit the scope of the invention to the specific embodiments therein.

Examples

Example 1: C. psittaci subunit vaccination experiment

We performed B- and T cell epitope mapping of the C. psittaci ‘major outer membrane
protein’ (MOMP) and used B- and T cell epitopes to create a C. psittaci subunit (polyepitope)
vaccine, which was validated in a pre-clinical trial in specific pathogen free (SPF) chickens.
C. psittaci strain 92/1293, isolated from a severe outbreak of respiratory disease in a
commercial broiler turkey farm in the Netherlands, was used (Vanrompay et al., 1993). The
strain was isolated from a pooled homogenate of the lungs, the cloacac and the spleens of
diseased turkeys and was characterized as serovar D and genotype D (Geens et al., 2005).
Bacteria were grown in Buffalo Green Monkey (BGM) cells as previously described
(Vanrompay et al., 1992) and the titration was performed by the method of Spearman and
Kaerber (Mayr et al., 1974).

1. B cell epitope mapping
For B cell epitope identification, overlapping synthetic peptides of 8 amino acids (7 amino

acids overlap) of the variable domains I to IV of the MOMP sequence were coupled on pins
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via an extra C-terminal cysteine (Pin-peptides, Pepscan Systems, Lelystad, The Netherlands).
A total amount of 100 nmol peptide was coupled to each pin.

The results of the pin-peptide ELISAs for B cell epitope mapping of the MOMP of C. psittaci
serovar D strain 92/1293, a highly virulent genotype D strain infecting poultry, are presented
in Fig. 3. When using the serovar-D specific MAD at a dilution of 1/100 (Fig. 3A), peptide 23
gave the highest signal. At a MAD dilution of 1/600 peptide 23 still gave a high signal while
the signal created by the other peptides weakened significantly. Pin-peptide 23
(KGTDFNNQ) is most likely the serovar-D specific epitope of C. psittaci genotype D and can
be found in the variable sequence region 2 (VS2) of MOMP.

When using serum of SPF turkeys immunized with recombinant MOMP of strain 92/1293,
peptide 23 gave a weak signal (Fig. 3B), which indicates that peptide 23 is not predominantly
recognized by the immunized animals. However, a very strong signal could be obtained for
peptide 12 (TGTASATT) located in VS1 and peptide 43 (NPTLLGKA) located in VS4. The
same signal pattern was also obtained when using serum of naturally infected turkeys.
Accordingly, the peptides TGTASATT, NPTLLGKA and KGTDFNNQ are immunodominant
(strongly recognized by the immune system as shown in Figure 3) B-cell epitopes and are
useful for vaccine development.

Moreover the B-cell epitopes 12 and 43 induce sero-neutralizing antibodies by immunizing
SPF chickens with peptide 12 or 43 coupled to the carrier protein KLH (keyhole limpet
hemocyanin).

The identified B cell epitopes TGTASATT and NPTLLGKA can be used in an antibody
ELISA for detecting C. psittaci antibodies in both humans and animals. Immunodominant B
cell epitopes can be used as pin-peptides in a highly sensitive antibody ELISA. The serovar
specific epitope KGTDFNNQ can be used as pin-peptide in a serovar D-specific antibody
ELISA.

2. T cell epitope mapping

For T cell epitope identification, overlapping synthetic peptides of 15 amino acids (14 amino
acids overlap) of the complete MOMP sequence were produced (Pep-T-Topes, Pepscan
Systems) in 96-well flat bottom tissue culture plates (Greiner Bio-one, Wemmel, Belgium)
with an amount of 1-2 mg peptide per well.

Pep-T-Topes were used to identify the T cell epitopes on the MOMP of C. psittaci serovar D
strain 92/1293. T-cell epitope mapping was based on: a) lymphocyte proliferation assays, b)

flow cytometry on proliferating cells using CD4 and CDS8 cell surface markers, ¢) an IFN-vy
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ELISA on supernatant of proliferating cells and d) an IL-6 bioassay on supernatant of
proliferating cells (Lynagh et al., 2000; Zubiaga et al., 1990). Table 1 contains the complete
results of B-and T-epitope mapping.

Peptides eliciting one or more of following characteristics are categorized as suitable for
vaccine design:

a) Counts per minute (Cpm) in proliferation assay > 10000,

b) %CD4 > 17,5,

¢) %CD8 > 14,2,

d) IFN-y > 9 pg/ml, and

¢) IL-6 > 1,9 pg/ml.

Peptides comprising T-cell epitopes suitable for vaccine design correspond to SEQ ID NO 1,
7,8,9,10, 11, 12, 13, 18, 20, 21, 22, 24, 25, 26, 27, 29, 30, 31, 32, 35, 41, 42, 43, 44, 46, 49,
50, 51, 53, 54, 55, 56, 60, 61, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79,
80, 81, 82, 84, 85, 86, 87, and 91. From these, peptides especially useful to include in the
composition of the present invention are the following:

-Peptides comprising a CTL (CD8+) epitope correspond to SEQ ID NO 20, 26, 27, 42, 43, 61,
73,75, and 80.

-Peptides comprising a CD4+ Thl cell epitope correspond to SEQ ID NO 1, 10-13, 18, 20,
25,27,29,31-32, 35, 42, 46, 51, 53-56, 61, 64-67, 69-71, 73, 75, 79-81, and 87.

-Peptides comprising a CD4+ Th2 cell epitope correspond to SEQ ID NO 7, &, 43, 76, 77, 85,
and 91.

From these peptides, a first selection was made to design a polyepitope vaccine.

Many CD4 Thl epitopes were present on the MOMP and they were found in combination
with CD8 epitopes. Especially peptide 281-295 contains a very strong CD4 Th1-CD8 epitope
(108.088 cpm). Moreover, these epitopes are located in a large cluster of multiple CD4 Thl
epitopes, one additional CD8 epitope and two CD4 Th2 epitopes present on a peptide,

covering amino acids 257 to 296.
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3. C. psittaci vaccine
Peptides including the identified B and T cell epitopes of the MOMP of C. psittaci strain 92/1293

were synthetically designed.

4. Vaccination trial 1: vaccination of SPF chickens

Experiments were performed in negative pressure isolators (IM 1500, Montair Sevenum, the
Netherlands). The experimental design was evaluated and approved by the Ethical Commission
for Animal Experiments of Ghent University. To evaluate the polyepitope vaccine, 42 specific
pathogen free (SPF) chickens (Lohman, Germany) were divided into 6 groups of 7 animals each.
The vaccination scheme and the experimental set-up are presented in Table 3 and 4. The animals
were vaccinated by aerosol (CirrusTM nebulizer; 5 um aérosol particle size; Laméris, Aartselaar,
Belgium) providing a vaccine dose of 500 pug of each synthetic peptide/animal. The control
animals each received 60 ug of ISCOMS by aerosol. Primo vaccination was performed in 7 day-
old chickens of groups 1 to 6 (Table 3). At the age of 4 weeks, animals of groups 1 to 4 were
acrogenically infected using the Cirrus™ nebulizer, while those of groups 5 and 6 received a
booster vaccination. At the age of 7 weeks, all animals of groups 1 to 4 were euthanized, while
those of groups 5 and (age 6 weeks) were aerogenically infected using the Cirrus™ nebulizer.
The experimental infection dose in each isolator was 10° TCIDs of strain C. psittaci 92/1293.

Animals of groups 5 and 6 were euthanized at 21 days post infection (p.i.).

Peptide 1: EPSLLIDGTMWEGASGDPCDPC (SEQ ID NO 97)

Peptide 2: TGTASATT (SEQ ID NO 95)

Peptide 3: KGTDFNNQ (SEQ ID NO 96)

Peptide 4: AQPKLATAVLDLTTWNPTLLGKATTVDGTNTYSDFL (SEQ ID NO 98)
Peptide 5: AATDTKSATLKYHEWQVGLALSYRLNMLVPYIGVNWSRATFDADT (SEQ ID
NO 99)
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Table 3. Vaccination scheme.

Group Name Primo vaccination Dose Booster vaccination Dose
(n) (day 7) (ng) (day 21) (ng)
1(7) Iscoms (1 x) Iscoms 60 none 60
2(7) B (1x) Peptides 1, 2, 3 and 4 500 none 500
3(7) T(1x) Peptide 5 500 none 500
4(7) B+T(1x) Peptides 1,2,3,4and 5 500 none 500
5(7) Iscoms (2 x) Iscoms 60 Iscoms 60

6 (8) B+T (2x) Peptides 1,2,3,4and 5 500 Peptides 1,2,3,4and 5 500

Table 4. Timing of vaccination, challenge and euthanasia for groups 1 to 6.

Group Primo Booster vaccination Challenge Euthanasia
vaccination (age in weeks) (age in weeks) (age in weeks)

(age in weeks)

1 1 / 4 7
2 1 / 4 7
3 1 / 4 7
4 1 / 4 7
5 1 4 6 9
6 1 4 6 9

4.1. Monitoring and sampling

Clinical signs were scored daily until necropsy. Pharyngeal and cloacal excretion of C. psittaci
was monitored on day 1 of the experiment and on every other day starting at 4 days post infection
(p.1.) until necropsy at 21 days p.i., using rayon-tipped, aluminium shafted swabs (Colpan; Fiers,
Kuurne, Belgium) provided with C. psittaci transport medium (sucrose 74,6 g/l (Acros Organics,
Geel, Belgium); KH,PO,4 5,1 g/l and K,HPO,4 1,2 g/l (Sigma); L-glutamic acid mono potassium
salt 0,9 g/l (Invitrogen, Merelbeke, Belgium) and fetal calf serum 10% v/v (Greiner, Wemmel,
Belgium); gentamycin 50 pg/ml (Invitrogen); vancomycin 100 pg/ml and streptomycin 100
ug/ml (Soenen, Merelbeke, Belgium); nystatin 25000 U/ml (Sigma) pH 7). Swabs were stored at
-80°C until processed.

Blood samples for the detection of MOMP-specific serum antibody titres were collected prior to

each vaccination, immediately prior to the experimental infection and at euthanasia at 21 days p.i.
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The samples were stored overnight at room temperature, centrifuged (300 xg, 10 min, 4 °C) and
afterwards serum was collected. The serum was pretreated with kaolin to remove background
activity (Novak et al., 1993) and stored at -80 °C.

At the time of euthanasia, 21 days p.i., proliferative responses of peripheral blood lymphocytes
and spleen lymphocytes were determined by use of a T cell proliferation assay. Additionally, the
amount of immune cells in blood and spleen was determined by flow cytometry. At euthanasia,
all chickens were examined for gross lesions. The scoring system for gross pathology is
presented in Table 5. Cryostat tissue sections of conchae, the conjunctivae, the trachea, the lungs,
thoracic and abdominal airsacs, the pericardium, liver and spleen were prepared for the presence

of chlamydial antigen.

Table 5. Scoring system for C. psittaci gross pathology present in euthanized chickens.

Tissue Score1” Score 2 Score 3
Conjunctivae Slightly congested Severely congested Petechiae

Conchae Slightly congested Severely congested Necrosis

Trachea Slightly congested Moderately congested Severely congested
Lungs Slightly congested Severely congested Severely congested +

Thoracic air sacs
Abdominal air
sacs

Pericardium

Spleen

Liver

Diffuse opacity

Diffuse opacity

Serous pericarditis

Slightly enlarged

Slightly enlarged

Focal fibrin deposits

Few fibrin deposits

Sero-fibrinous pericarditis

Moderately enlarged

Moderately enlarged

grey inflam. foci
Severe fibrinous
airsacculitis

Severe fibrinous
airsacculitis
Fibrinous adhesive
pericarditis
Severely enlarged &
petechiae

Severely enlarged

*score 0 = no gross pathology.

4.2. Clinical signs

Clinical signs could be observed in all animals of the control groups (group 1 and 5) starting from

day 4 p.i. until the end of the experiment on day 21 p.i. All control chickens appeared lethargic
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and showed anorexia, conjunctivitis, rhinitis, respiratory distress and diarrhea. At first, the main
symptoms were lethargia, anorexia and conjunctivitis in all. Sometimes, 6 of 7 (85%) animals
also shed watery droppings. From day 8 p.i. until day 10 p.i. rhinitis appeared in all and from day
11 p.i. until day 21 p.i., all animals intermittently showed dyspnee. At euthanasia, 4 of 7 (57%)
had large amounts of mucus in their beak.

Clinical signs in group 2 first appeared at day 4 p.i., with 3 of 7 (43%) animals showing rhinitis
and conjunctivitis. From day 9 p.i. conjunctivitis and rhinitis were observed in all. The number of
animals with conjunctivitis and rhinitis gradually declined towards day 17 p.i. At that time all
chickens of group 2 appeared healthy.

On day 4 p.., 4 animals (67 %) of groups 3 and 4 showed conjunctivitis. One day later
conjunctivitis started to diminish in those four animals but 3 of them (50 %) got rhinitis for the
following four (group 3) or two (group 4) days. On day 10 and 8 p.i., chickens of groups 3 and 4,
respectively, showed healthy.

All vaccinated animals of group 6 remained very active after the experimental infection and they
were eating well. They showed no clinical symptoms.
Thus, regarding the clinical signs, protection was best in group 6, followed by group 4, 3 and 2,

respectively.

4.3. Macroscopic lesions

The results of the pathological examination at euthanasia are presented in Figure 5. Mean scores
per group are presented +SD. Groups 2, 3 and 4 were statistically compared to the control group

1. Group 6 was statistically compared to the control group 5.

First of all, we need to discuss the observations for the spleen as they are not presented in Figure
5. The spleen of all control chickens was moderately congested and 2 spleens of chickens of
group 1 and one spleen of a chicken of group 5 showed petechiae. Slight to moderate congestion
was also observed in spleens of chickens of groups 2 and 3. The spleen of one chickens in each of
the latter groups also showed petechiae. The spleen of the chickens of group 4 and 6 was

moderately to severely enlarged, but instead of congested, the spleens appeared swollen with
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macroscopically visible white pulpa, indicative for immunostimulation. The latter was more
prominent in chickens of group 6 as compared to group 4.

Control chickens of group 1 showed gross pathology in all examined tissues but one, namely the
trachea. In group 2, gross pathology was observed in 6 of 10 (60%) examined tissues. In group 3,
gross pathology was observed in 9 of 10 (90%) examined tissues. However, the lesions in the
trachea of some chickens were most probably due to the euthanasia. Thus, in group 3, gross

pathology was observed in 8 of 10 (90%) examined tissues.

Overall, group 4 was significantly better protected than the control group 1. Protection in group 4
was also better than for groups 2 and 3, as gross pathology was only observed in 1 of 10 (10%)
examined tissues, namely the lungs. Gross pathology was observed in the lung of 2 of 7 animals
of group 4.

Control chickens of group 5 showed gross pathology in all examined tissues but one, namely the
trachea. In group 6, gross pathology was only observed in the lung in 1 of 8 animals.

Liver lesions were only observed in groups 1, 2, 3 and 5 indicative for septicaemia at the time of
cuthanasia.

Thus, regarding the autopsy results, protection was best in groups 6 and 4.

4.4. Chlamydia replication and excretion

Cryostat tissue sections (5 um) of the conchae, the conjunctivae, the trachea, the lungs, thoracic
and abdominal airsacs, the pericardium, liver and spleen were examined for C. psittaci replication
by the IMAGEN™ immunofluorescence staining IMAGEN™ CHLAMYDIA, Oxoid, Drongen,
Belgium), as previously described (Vanrompay et al., 1994a). C. psittaci positive cells were
enumerated in five randomly selected microscopic fields (600x, Nikon Eclipse TE2000-E, Japan)
and scored between 0 and 5: score 0 indicated no C. psittaci present; score 1 was given when a
mean of 1-5 elementary bodies (infectious, non-metabolic morphological form) was present;
score 2, 3, 4 and 5 were given when a mean of 1-5, 6-10, 10-20 and > 20 inclusion (actively

replicating organisms) positive cells was present.

Swabs were examined for C. psittaci excretion by bacterial culture in Buffalo Green Monkey

(BGM) cells (Vanrompay et al., 1992) and subsequent chlamydial identification using the
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IMAGEN™ direct immunofluorescence assay (Vanrompay et al., 1994b). The presence of C.
psittaci was scored as for bacterial replication in different tissues. Swabs taken at day 1 of the
experiment were negative for C. psittaci. Culture results for swabs taken at 21 days post infection
(euthanasia) are presented in Table 6. The results for the remaining swabs are presented in Table

22.

Table 6. Pharyngeal and cloacal excretion of C. psittaci at euthanasia, 21 days p.i.

Pharyngeal excretion

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Day21pi [1,71+£0,39 |1.0+0,40 0,5+0 0,5+0 1,78+0,26 | 0,5+0

Cloacal excretion

Day 21 p.i [2.0+0 0,71 £0,39 0,5+0 0,5+0 1,92 +£1,01 0,5+0

At cuthanasia, C. psittaci pharyngeal excretion was significantly higher in groups 1 and 2, as
compared to groups 3 and 4. At cuthanasia, pharyngeal C. psittaci excretion was significantly
higher for group 5 than for group 6. The same was the case for the cloacal excretion. Thus,

regarding C. psittaci excretion at 21 days p.i., protection was equally best in groups 3, 4 and 6.

4.5. Antibody responses

The serum samples (Figure 6) and mucosal swabs (Figure 7) of the chickens were analyzed by an
enzyme-linked immunosorbent assay (ELISA). The total IgG(H+L) antibody titers were
determined as previously described, using the recombinant MOMP, hereinafter called rMOMP,
antigen to coat the plates (Verminnen et al., 2006). Two-fold dilutions, starting at 1/40 for sera
and 1/20 for mucosal swabs and taking into account the dilution made by the kaolin treatment,
were incubated into the wells to react with the rMOMP coating. Detection MOMP-specific
isotypes still needs to be done 1/500 dilutions of cross-reactive anti-chicken IgG-, IgM- and IgA
specific peroxidase-conjugated polyclonal antibodies (Bethyl Laboratories, Inc., Montgomery,
USA). After the addition of the substrate H,O, and the chromogen ABTS, the maximum
absorbance at 405 nm could be determined. Samples were considered positive if the absorbance

exceeded the cut-off value, calculated as the mean of the negative control absorbencies plus twice

30



10

15

20

25

30

WO 2012/172042 PCT/EP2012/061420

the standard deviation. Titers were presented as the reciprocal of the highest serum dilution with
an absorbance above the cut-off value. As a positive control, serum obtained from previous

vaccination experiments was used.

First the comparison of groups 1 to 4. On day -14, the mean antibody titer of group 1 was
significantly lower than the mean antibody titers of groups 3 and 4. At that time, the mean
antibody titer for group 1 was statistically the same as for group 2. However, mucosal primo
immunization did not result in significant higher serum antibody titers at the day of infection (day
-1). At day -1, mean serum antibody titers in groups 2, 3 and 4 were statistically the same as for
both control group 1. Infection of groups 1, 2, 3 and 4 resulted in augmenting serum antibody
titers in the control group 1 and in the better-protected group 4. At 22 days post infection, the
mean serum antibody titer for group 4 was significantly higher than for the control group 1 and
than for groups 2 and 3.

Secondly, the comparison of groups 5 and 6. Again, on day -14, the mean serum antibody titer of
group 5 was significantly lower than the mean antibody titer of group 6. Again, mucosal primo
immunization did not result in significant higher serum antibody titers at the day of infection (day
-1). At day -1, the mean serum antibody titer in group 6 was statistically the same as for the
control group 5. However, one week prior to the infection, the mean serum antibody titer in
group 6 was significantly higher than for the control group 5. The same was true at two days and
one week after the experimental infection. Thereafter, serum antibodies in the best-protected
group 6 declined rapidly while those in the unprotected control group 5 rapidly augmented till 14

days post infection.

Most relevant information is the significant increase of mean mucosal antibody titers following
mucosal primo vaccination in the better-protected groups 4 and 6 (day -1), as compared to the
control groups 1 and 5 and the immunized groups 2 and 3. Chickens in groups 4 and 6 received
the same vaccine. Infection of groups 1, 2, 3 and 4 at day -1 resulted in augmenting mean
mucosal antibody titers in the unprotected group 1 and the less protected groups 2 and 3. The
mean mucosal antibody titers in the better-protected group 4 generally declined following
infection. Booster vaccination in group 6 had no visible effect on the mean mucosal antibody

titer. Infection of groups 5 and 6, first resulted in a rapidly augmenting and a rapidly declining
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mean mucosal antibody titer in the unprotected group 5 and the best protected group 6,
respectively. From 7 days p.i. onwards mean mucosal antibody titers in the best protected group 6
continued to rise till 21 days p.i., while those in the unprotected group 5 declined and even

disappeared at 14 days p.i.

4.6. Lymphocyte proliferative responses

Peripheral blood leukocytes (PBL) were isolated from heparinized blood samples obtained by
venepuncture (V. ulnaris) and from the spleen from each chicken, at 21 days p.i. at cuthanasia.
Lymphocyte proliferative tests were performed as previously described (Vanrompay et al.,
1999b). Bricfly, non-adherent cells were grown in duplicate in 96-well tissue culture plates at 10°
cells in 150 pl of DMEM (Invitrogen) supplemented with 20% heat-inactivated fetal calf serum
(Greiner), 1% nonessential amino acids, 1% sodium pyruvate, 1% L-glutamine, 1% gentamycine
and 0,0001% B-mercaptoethanol (all Invitrogen). For antigen proliferation, 20 ug of recombinant
MOMP was added to individual wells. Negative and positive controls included cells stimulated
with either plain medium or with 10 ug concanavalin A (Con A), respectively. Cells were
incubated at 39,5 °C in a humidified incubator with 5% CO,. Con A or antigen-induced
proliferation was measured by incorporation of *H-thymidine (1 uCi/well) during at last 16 h of
culture, at days 2 (ConA) and 6, respectively. Cultures were harvested onto glass fiber filter strips
with a cell harvester (Skatron, Liers, Norway). The radioactivity incorporated into the DNA was
measured with a B-scintillation counter (Perkin-Elmer, Brussels, Belgium). The stimulation index
(SI) was defined as the ratio of counts per minute (cpm) of stimulated cultures on medium-only

cultures. Results are presented in Table 7.

4.7. Statistical analysis
The non-parametric Krukal-Wallis and Mann-Whitney tests were employed for statistical

analyses. Results were considered to be significantly different at the level of p < 0,05.
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Table 7. Mean stimulation index + standard error mean.

Blood lymphocytes Spleen lymphocytes
Inactivated Recombinant Inactivated | Recombinant
bacteria MOMP of C. psittaci | bacteria MOMP of C. psittaci

Group 1 | 1.48+£0.24 1.72 £0.27 1.02+£0.10 |1.54+0.46

Group2 |3.92+1.66 1.58£0.38 1.76 £0.09 |1.17+0.70

Group3 |4.2+2.19 2.09+0.97 1.67+£098 |1.34+0.13

Group4 |7.9+0.0 8.37+2.74 NT 3.85+0.56

Group5 |1.22£0.19 1.76 £0.25 1.32+£041 [0.92+0.25

Group 6 | 5.03+1.41 3.13+0.74 17.6 £6.41 | 17.9+6.89

For the primo vaccinated groups 1 to 4, protection was correlated with a significantly higher
stimulation index for in vitro restimulation of blood lymphocytes with inactivated C. psittaci
whole organisms as well as with recombinant MOMP of C. psittaci. For the primo vaccinated
groups 1 to 4, protection was correlated with a significantly higher stimulation index for in vitro
restimulation of spleen lymphocytes with recombinant MOMP of C. psittaci. Unfortunately, we
could not test inactivated bacteria for group 4.

For groups 5 and 6, protection was correlated with a significantly higher stimulation index for in
vitro restimulation of blood and spleen lymphocytes with inactivated C. psittaci whole organisms
as well as with recombinant MOMP of C. psittaci.

Protection was correlated with higher CD4/CDS ratios for peripheral blood lymphocytes at any

time point post infection.

Conclusion vaccination trial 1

Groups 4 and 6 receiving a combination of B and T cell epitopes were significantly protected
against clinical signs, gross pathology and bacterial excretion. Regarding clinical signs, groups 6
was better protected than group 4. Protection was correlated with superior B cell responses upon
immunisation (higher mucosal antibody titers post primo vaccination and higher serum antibody
titers following booster vaccination), with high proliferative responses of T cells at euthanasia
and with a higher CD4/CD8 ratio for peripheral blood lymphocytes at any time point post

infection.
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5. Vaccination trial 2: vaccination of SPF chickens
From the peptides described herein, a second selection of B-cell, CD4+ Th1, CD4+ Th2 and CD§

T-cell epitopes was made to design a polyepitope vaccine.

Table 8. Peptides used in the second vaccination experiment

Peptide ID SEQ ID NO position Sequence Epitopes

X 20 53-67 TWCDAISIRAGYYGD  CD4Thl + CDS
Y 62 221-235 EMLNVTSSPAQFVIH  CD4Th2

V4 96 163-170 KGTDFNNQ B cell

Experiments were performed in negative pressure isolators (IM 1500, Montair Sevenum, the
Netherlands). The experimental design was evaluated and approved by the Ethical Commission
for Animal Experiments of Ghent University. To evaluate the vaccine, 18 specific pathogen free
(SPF) chickens (Léhman, Cuxhaven, Germany) were divided into three groups of 6 animals. The
vaccination scheme is presented in Table 9. Group 1 received 500 pg of each peptide X, Y and Z
per animal. In group 2, 3 chickens received 500 ug of peptide X (subgroup 2a), while the other 3
chickens received 500 ug of peptide Y and 500 ug of peptide Z (subgroup 2b). The vaccine was
administered as an acrosol using the Cirrus’™ nebulizer (2-5 um aérosol particle size; Laméris,
Aartselaar, Belgium). The control animals of group 3 received no vaccine. Vaccination was
performed at the age of 6 weeks. At the age of 8 weeks, all animals were acrogenically infected
using a Cirrus'™ nebulizer (2-5 um aérosol particle size; Laméris, Aartselaar, Belgium). The
experimental infection dose in each isolator was 10° TCIDs,. Animals were euthanized at 10 days

post infection (dpi).

Table 9. Vaccination scheme.

Group n  Vaccination (week 6) Epitope Dose

1 6 Peptides X, Y and Z B + CD4Th2 500 pg/peptide/animal
CD8 + CD4Thl

2a 3 Peptide X CD8 + CD4Thl 500 ug/animal
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2b 3 PeptidesY +Z B + CD4Th2 500 pg/peptide/animal

3 6 Non-vaccinated control / /

5.1. Monitoring and sampling

Clinical signs were monitored daily until necropsy at 10 dpi.

Blood samples for the detection of MOMP-specific serum antibody titres were collected prior to
vaccination, at the day of challenge and at cuthanasia at 10 dpi. Blood samples were stored
overnight at room temperature, centrifuged (325 xg, 10 min, 4 °C) and afterwards serum was
collected and stored at -20 °C.

At the time of euthanasia, 10 days p.i., all turkeys were examined for gross lesions. Impression

smears (cytology) of the lungs and spleen were examined for the presence of chlamydial antigen.

All animals of the control group 3 showed conjunctivitis, rhinitis and moderate dyspnoea.
Symptoms were most severe from 8 to 10 dpi. No clinical signs were observed in the vaccinated
groups 1 or 2.

The control animals showed severe congestion of the conjunctiva, sometimes only unilaterally,

severe congestion of the conchae, moderate congestion of the trachea, bilateral congestion of the

lungs with few grew foci surrounded by a hyperaemic zone (pneumonia), opacity of the airsacs

and few fibrin cloths in the abdominal airsac, mostly unilateral and hepatosplenomegaly. Group

1, immunized with peptides X, Y and Z showed no macroscopic lesions. Group 2a, immunized

with peptide X, showed slight (2 of 3 chickens) to strong (1 of 3 chickens) congestion of the

lungs, slight congestion of the serosa of the small intestine (especially the duodenum) and in one

of 3 chickens serous pericarditis was observed. The animals of group 2b, immunized with

peptides Y and Z only showed slight (1 of 3 chickens) to strong (2 of 3 chickens) congestion of

the lungs. No other lesions were observed.

5.2. Chlamydia replication in lungs and spleen

Impression smears (cytology) of the lungs and spleen were examined for C. psittaci replication
by the IMAGEN™ immunofluorescence staining IMAGEN™ CHLAMYDIA, Oxoid, Drongen,

Belgium), as previously described (Vanrompay et al., 1992). C. psittaci positive cells were
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enumerated in five randomly selected microscopic fields (400x, Nikon Eclipse TE2000-E, Japan)
and scored between 0 and 5: score 0 indicated no C. psittaci present; score 1 was given when a
mean of 1-5 elementary bodies (infectious, non-metabolic morphological form) was present;
score 2, 3, 4 and 5 were given when a mean of 1-5, 6-10, 10-20 and > 20 inclusion (actively

replicating organisms) positive cells was present.

The results for C. psittaci replication in the lungs and spleen, at 10 dpi, are shown in Table 10.

Table 10. Scores for chlamydia replication in the lungs and the spleen at 10 dpi.

Group Chicken Lungs Spleen Avg
number score/bird

1 1 2 1

2 0 0

3 1 1

4 1 0

5 0 0

6 1 1 8
2a 1 2 2

2 2 2

3 1 1
2b 1 2 2

2 1 1

3 1 1 18
3 1 3 3

2 3 2

3 3 3

4 2 3

5 2 3

6 3 2 32

5.3. Antibody responses
Enzyme-linked immunosorbent assays (ELISA’s) were performed on the serum samples that first
were pretreated with kaolin to remove background activity (Novak et al., 1993). Antibody titers

were determined using standard protocols with rMOMP as antigen coated on the plates
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(Verminnen et al., 2006). Recombinant MOMP was produced in COS-7 cells, transiently
transfected with pcDNA1::MOMP, as described previously (Vanrompay et al., 1998). Dilutions
(1/1000) of, anti-chicken/turkey IgG, anti-chicken/turkey IgM and anti-chicken/turkey IgA (Betyl
Lab Inc, Montgomery, USA) were used. Anti-MOMP immunoglobulin titers were presented as
the reciprocal of the highest serum dilution that gave an optical density (OD405) above the cut-
off value (mean OD off sero-negative SPF turkeys + twice the S.D.). Also, a positive and
negative control serum, obtained from previous vaccination experiments, was used. Starting

dilution was 1/32.
MOMP specific IgA, IgM, IgG serum antibody titers were determined by the recombinant
MOMP-based ELISA (Verminnen et al., 2006) (Table 11). All SPF chickens tested sero-negative

at the age of 6 weeks, at the beginning of our experiment.

Table 11. Serum IgM, IgG and IgA titers

Group Chicken Challenge Euthanasia

number

IgA IgM IgG IgA IgM IgG

1 1 32 32 64 64 128 256
0 32 64 32 64 256
0 32 0 32 32 128
32 64 64 64 256
0 0 32 32 64
32 0 32 64 128

N o B W N
W
[\e]

0 0 32 64 32
0 0 0 64 32
2b 1 32 64 32 64 64 128
32 0 64 128 256
0 32 0 32 128 64

0
0
2a 1 0 32 32 32 128 256
0
0

w N

w N
(8]
[\

3 1 0 0 0 32 128 128
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0 0 128 64
0 32 256 64
0 0 128 64
0
0

0 128 128
32 256 128

AN R W
O O O o ©
O O O o ©

Conclusion vaccination trial 2

Chickens immunized with a combination of B cell + CD4Th2 epitopes of MOMP together with a
combination of CD8 + a CD4Thl epitopes of MOMP (group 1) were better protected than non-
immunized controls (group 3). Group 1 was also better protected than chickens immunized with
either a combination of only B cell + CD4Th2 epitopes (group 2b) or a combination of only CD8
+ CD4Th1 epitopes (group 2a).

Example 2 : C. psittaci recombinant MOMP vaccination experiment

Materials and methods

Chlamydia psittaci strain

C. psittaci strain 92/1293, isolated from a severe outbreak of respiratory disease in a commercial
broiler turkey farm in the Netherlands, was used (Vanrompay et al., 1993). The strain was
isolated from a pooled homogenate of the lungs, the cloacae and the spleens of diseased turkeys
and was characterized as serovar D and genotype D (Geens et al., 2005). Bacteria were grown in
Buffalo Green Monkey (BGM) cells as previously described (Vanrompay et al., 1992) and the

titration was performed by the method of Spearman and Kaerber (Mayr et al., 1974).

Recombinant MOMP vaccine
Recombinant MOMP was produced in COS-7 cells transfected with the pcDNA1::MOMP
plasmid, as previously described (Vanrompay et al., 1998). The plasmid contained the full-length

ompA gene of C. psittaci strain 92/1293. After harvesting the recombinant MOMP (rMOMP), the

protein concentration was determined using the bicinchoninic acid protein assay (Sigma).
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Vaccination trial

Experiments were performed in negative pressure isolators (IM 1500, Montair Sevenum, the
Netherlands). The experimental design was evaluated and approved by the Ethical Commission
for Animal Experiments of Ghent University. To evaluate the C. psittaci tMOMP vaccine, 10
specific pathogen free (SPF) turkeys (CNEVA, Ploufragan, France) were divided into two
groups. The vaccination scheme is presented in Table 12. The vaccinated group received 500 ug
rMOMP per animal. The vaccine was administered as an acrosol using the Cirrus™ nebulizer (2-
5 um agrosol particle size; Laméris, Aartselaar, Belgium). The control animals received no
vaccine. Vaccination was performed on day 1 and at the age of 3 weeks. At the age of 5 weeks,
all animals were acrogenically infected using a Cirrus™™ nebulizer (2-5 um aérosol particle size;

Laméris, Aartselaar, Belgium). The experimental infection dose in each isolator was 10° TCIDsg.

Table 12. Vaccination scheme

Group n Primo vaccination (day 1) and Dose
Booster vaccination (week 3)

1 5 rMOMP acrosol 500 pg/animal

2 5 Non-vaccinated control /

Monitoring and sampling

Clinical signs were scored daily until necropsy. Clinical score 0 indicated no clinical signs; score
1: conjunctivitis; score 2: rhinitis; score 3: dyspnoea; score 4: conjunctivitis and rhinitis; score 5:
conjunctivitis and dyspnoea; score 6: rhinitis and dyspnoea; score 7: conjunctivitis, rhinitis and
dyspnoea.

Pharyngeal and cloacal excretion of C. psittaci was monitored on day 1 and on every other day
starting at 5 days post infection (p.i.) until necropsy at 21 days p.i., using rayon-tipped,
aluminium shafted swabs (Colpan; Fiers, Kuurne, Belgium) provided with C. psittaci transport
medium (sucrose 74,6 g/l (Acros Organics, Geel, Belgium); KH,PO4 5,1 g/l and K,HPO4 1,2 g/1
(Sigma); L-glutamic acid mono potassium salt 0,9 g/l (Invitrogen, Merelbeke, Belgium) and fetal

calf serum 10% v/v (Greiner, Wemmel, Belgium); gentamycin 50 pg/ml (Invitrogen);
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vancomycin 100 ug/ml and streptomycin 100 ug/ml (Soenen, Merelbeke, Belgium); nystatin
25000 U/ml (Sigma) pH 7). Swabs were stored at -80°C until processed.

Blood samples for the detection of MOMP-specific serum antibody titres were collected prior to
each vaccination, 7 days following the booster vaccination, immediately prior to the experimental
infection and at 14 and 21 days p.i. Blood samples were stored overnight at room temperature,
centrifuged (325 xg, 10 min, 4 °C) and afterwards serum was collected and stored at -20 °C.

At the time of euthanasia, 21 days p.i., proliferative responses in peripheral blood lymphocytes
were examined and characterized. All turkeys were examined for gross lesions. The score system
is presented in Table 13. Cryostat tissue sections of the lungs, thoracic and abdominal airsacs, the

pericardium, liver and spleen were examined for the presence of chlamydial antigen.

Table 13. Scores for C. psittaci macroscopic lesions in turkeys

Tissue Score 1 Score 2 Score 3
Lungs Slightly congested Severely congested Grey foci
Thoracic air sacs Diffuse opacity Focal fibrin deposits ~ Severe fibrinous
airsacculitis
Abdominal air sacs  Diffuse opacity Few fibrin deposits ~ Severe fibrinous
airsacculitis
Pericardium Serous pericarditis Sero-fibrinous Fibrinous adhesive
pericarditis pericarditis
Spleen Slightly enlarged Moderately enlarged Severely enlarged
Liver Slightly enlarged Moderately enlarged Severely enlarged

Chlamydia replication in tissues and bacterial excretion

Cryostat tissue sections (5 pm) of the conchae, the conjunctivae, the trachea, the lungs, thoracic
and abdominal airsacs, the pericardium, liver and spleen were examined for C. psittaci replication
by the IMAGEN™ immunofluorescence staining (IMAGEN™ CHLAMYDIA, Oxoid, Drongen,
Belgium), as previously described (Vanrompay et al., 1994). C. psittaci positive cells were

enumerated in five randomly selected microscopic fields (400x, Nikon Eclipse TE2000-E, Japan)
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and scored between 0 and 5: score O indicated no C. psittaci present; score 1 was given when a
mean of 1-5 elementary bodies (infectious, non-metabolic morphological form) was present;
score 2, 3, 4 and 5 were given when a mean of 1-5, 6-10, 10-20 and > 20 inclusion (actively
replicating organisms) positive cells was present.

All swabs were examined for C. psittaci excretion by bacterial culture in Buffalo Green Monkey
(BGM) cells (Vanrompay et al., 1992) and subsequent chlamydial identification using the
IMAGEN™ direct immunofluorescence assay (Vanrompay et al., 1992). The presence of C.

psittaci was scored as for bacterial replication in different tissues.

Antibody responses

Enzyme-linked immunosorbent assays (ELISA’s) were performed on the serum samples that first
were pretreated with kaolin to remove background activity (Novak et al., 1993). Antibody titers
were determined using standard protocols with rMOMP as antigen coated on the plates
(Verminnen et al., 2006). Recombinant MOMP was produced in COS-7 cells, transiently
transfected with pcDNA1::MOMP, as described previously (Vanrompay et al., 1998). Dilutions
of 1/2000 and 1/4000 of, respectively, biotinylated anti-chicken/turkey IgG (H + L) antibody and
peroxidase-conjugated streptavidin  were used. Anti-MOMP immunoglobulin titers were
presented as the reciprocal of the highest serum dilution that gave an optical density (OD405)
above the cut-off value (mean OD off sero-negative SPF turkeys + twice the S.D.). Also, a
positive and negative control serum, obtained from previous vaccination experiments, was used.
Starting dilution was 1/32.

MOMP-specific isotypes in pharyngeal swabs were determined using cross-reactive anti-chicken
IgG-, IgM- and IgA specific peroxidase-conjugated polyclonal antibodies (Bethyl Laboratories
Inc.). Also, a positive and negative control serum, obtained from previous vaccination

experiments, was used. Starting dilution for the mucosal swabs was 1/32.

Lymphocyte proliferative responses and characterization of T cells

Peripheral blood leukocytes (PBL) were isolated from heparinized blood samples obtained by
venepuncture (V. ulnaris) from each turkey, at 21 days p.i. Lymphocyte proliferative tests were
performed as previously described (Vanrompay et al., 1999). Briefly, non-adherent cells were

grown in duplicate in 96-well tissue culture plates at 1x10° cells in 150 pl of DMEM (Invitrogen)
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supplemented with 20% heat-inactivated fetal calf serum (Greiner), 1% nonessential amino acids,
1% sodium pyruvate, 1% Il-glutamine, 1% gentamycine and 0,1% p-mercaptoethanol (all
Invitrogen). For antigen proliferation, 10 ug of recombinant MOMP was added to individual
wells. Negative and positive controls included cells stimulated with either plain medium or with
10 pg concanavalin A (Con A), respectively. Cells were incubated at 39,5 °C in a humidified
incubator with 5% CO,. Con A or antigen induced proliferation was measured by incorporation
of *H-thymidine (1 pCi/well) during at last 16 h of culture, at days 2 (ConA) and 3, respectively.
Cultures were harvested onto glass fiber filter strips with a cell harvester (Skatron, Liers,
Norway). Filters were counted in a Beckman B-scintillation counter (Beckman, Gent, Belgium).
The stimulation index was defined as the ratio of counts per minute (cpm) of stimulated cultures
on medium-only cultures.

Proliferating cells were also characterized by flow cytometry with a cross reacting chicken anti-

CD4 monoclonal antibody and a turkey anti-CD8 monoclonal antibody.
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Statistical analysis
The Mann-Whitney test will be used for statistical analysis. Results will be considered
significantly different at the level of P < 0,05.

Results
Clinical signs

Clinical signs in the rIMOMP vaccinated group and the control group are presented in Table 14.

Table 14. Clinical signs at different days post infection (p.i.)

Days p.i. | rMOMP vaccin (n =5) Controls (n =5)
4 Conjunctivitis (2)* Lethargia, anorexia, Conjunctivitis
)
7 Conjunctivitis (2), rhinitis (2) | Conjunctivitis (5),
rhinitis (5)
9 Conjunctivitis (2), rhinitis (2), | Conjunctivitis (5) + rhinitis (5) + moderate
watery droppings (3) dyspnee (3)
11 Conjunctivitis (2), rhinitis Conjunctivitis (5) + rhinitis (5) + severe
(3), Watery droppings (3) dyspnee (5), Watery droppings (3)
13 Conjunctivitis (2), Conjunctivitis (5) + rhinitis (5) + moderate
moderate dyspnee (1) dyspnee (3),
severe dyspnee (2), Watery droppings (5)
15 Conjunctivitis (2), moderate | Conjunctivitis (5) + rhinitis (5) + moderate
dyspnee (2) dyspnee (5), Watery droppings (4)
17 moderate dyspnee (2) Conjunctivitis (5), rhinitis (3), moderate

dyspnee (2), watery droppings (5),

19 / Conjunctivitis (5) , rhinitis (3), moderate
dyspnee (3), Watery droppings (4)

21 / Conjunctivitis (5), rhinitis (3), Watery
droppings (2), moderate dyspnee (3)

* The number of animals with clinical symptoms
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Macroscopic findings

The macroscopic lesions in all animals were evaluated at necropsy (Table 15). Overall, the
control animals showed severe congestion of the lungs with inflammatory sites and the air sacs
showed a diffuse opacity with large fibrin deposits. Congestion of the conchae and conjunctivae
could be observed in these animals and some of them also showed tracheal congestion.
Moreover, a serous pericarditis was found in the control animals and also congestion of the liver
and the spleen could be visualized.

The vaccinated animals, showed the most severe symptoms in the abdominal air sacs.

Chlamydia replication and excretion
The results for C. psittaci replication in the different tissues, at 21 days p.1., are shown in Table
16. The results of the pharyngeal and cloacal swabs that were analysed for C. psittaci excretion

are shown in Table 17. All swabs that were taken from the one-day-old turkeys were negative.

Antibody responses

MOMP IgG (H + L), serum antibody titers were determined performed using our recombinant-
MOMP based ELISA (Verminnen et al., 2006). The logjo of the mean values of the antibody
titers in function of the age of the turkeys is presented in Table 18.

Mucosal (pharyngeal) swabs taken at the day of the booster vaccination, at the day of the
challenge infection and at euthanasia were investigated for the presence of IgG, IgM and IgA

antibodies. The results are presented in Table 19.
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Table 18. Logio of mean serum antibody titers
Group Preserum | BV" | One week | Challenge | 2 weeks PC® | Euthanasia
PBV’
rMOMP | 0 1.34 | 2.61 2.60 2.10 2.03
Controls | 0 0 0 0 1.86 2.08

* BV, booster vaccination.

° PBV, post booster vaccination.

¢ PC, post challenge

Table 19. Mean OD value per group for IgA, IgM and IgG in pharyngeal swabs

Group BV* | Challenge | Euthanasia
rMOMP

TeA o o 0.100

IgM 0.124 | 0.111 0.152

IgG 0.110 | 0.107 0.122
Controls

TeA o o 0.166

IeM o o 0.197

1eG 0 0 0.185

* BV, booster vaccination.

Antigen-specific lymphocyte proliferation and characterization of T cells

The proliferative response of the peripheral blood lymphocytes after stimulation with

recombinant MOMP of all vaccinated and control animals was determined on day 21 p.i. (Table

20).

The lymphocytes of the rtMOMP vaccinated group showed a significant higher proliferative

response compared to the control group.

Tabel 20. Proliferative response of the peripheral blood lymphocytes on day 21 p.i.
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Group Mean stimulation-index (S.1.) = S.D.
rMOMP 4.£0.00
Control 1.30+0.21

The proliferating cells were also characterized by flow cytometry with a cross-reacting chicken
anti-CD4 monoclonal antibody and a turkey anti-CD8 monoclonal antibody. Results are shown in

Table 21.

Table 21. Lymphocyte CD4/CDS8 characterization on day 21 p.i.

Group Mean CD4/CD8 score + S.D.
rMOMP 1,15+ 0,31
Control 0,74 £ 0,29

CONCLUSION

Vaccination with the full-length recombinant MOMP was significantly less protective than the
use of a combination of B and T cell epitopes of the MOMP (groups 4 and 6 of vaccination trial

1, and group 1 of vaccination trial 2 (vac.2) of the experiments in example 1) as:

1) Clinical signs in rMOMP vaccinated animals were significantly more severe than in
animals of groups 4, 6 and 1 (vac.2). rMOMP vaccinated animals showed conjunctivitis,
rhinitis, watery droppings and moderate dyspnee during the experiment. Animals of group
4 showed only conjunctivitis and rhinitis while the animals of group 6 and 1 (vac.2)
stayed healthy. rMOMP vaccinated animals became healthy at 19 days p.i., while clinical
signs in group 4 already disappeared at 8 days p.1.

2) Macroscopic lesions were observed in 60% of the rMOMP immunized animals and in 6

of 9 (67%) examined tissues. Lesions were most severe in the abdominal airsacs. For
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group 4, gross pathology was only present in 2 of 7 (28%) animals and in 1 of 10 (10%)
examined tissues, namely the lung. For group 6, gross pathology was only present in 1 of
8 (12.5%) animals and like for group 4 only in 1 of 10 (10%) examined tissues, namely
the lung. Group 1 (vac.2) showed no macroscopic lesions.

3) Bacterial excretion. Pharyngeal and cloacal excretion in rMOMP vaccinated animals was
higher than in groups 4 and 6.

4) Replication of C. psittaci in internal organs. (see Table 22)
Animals receiving rMOMP twice were less protected than the ones receiving the peptide
combinations once (group 4) or twice (group 6). The maximum number of animals with a
C. psittaci positive tissue was 50%, 57% and 100% for respectively group 6, 4 and the
rMOMP-vaccinated group. The maximum score for C. psittaci replication in tissues was
0.38, 0.57 and 1.90 for respectively group 6, 4 and the rMOMP-vaccinated group. For vac
2, group 1 was best protected as demonstrated by the immunofluorescence staining on

impression smears of the lungs and the spleen.

The highest protection (achieved in group 6) level was correlated with a significant higher
mucosal IgA titer at the day of challenge and a higher lymphocyte proliferative response of
especially spleen lymphocytes at 21 days post infection.

rMOMP vaccination gave no significant difference for the CD4/CD8 ratio in peripheral blood as
compared to the controls, while the peptide combination (group 4 and 6) gave a significantly
higher CD4/CDS8 than the controls at any time point post infection. For group 1 (vac. 2),
protection was correlated with a higher number of animals showing IgG serum antibodies at the

day of challenge.
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Claims

1.

A composition comprising one or more peptides each of said peptides comprising one or

more epitopes selected from the list consisting of a B-cell epitope, a CD4+ Th2 cell epitope, a

CD4+ Thl cell epitope and a CTL epitope; wherein said composition comprises at least a B-

cell epitope, a CD4+ Th2 cell epitope, a CD4+ Thl cell epitope and a CTL epitope, and

wherein the epitopes are located in the major outer membrane protein (MOMP) of Chlamydia

psittaci and wherein the composition does not comprise the full-length Chlamydia MOMP

protein.

The composition according to claim 1 wherein the B-cell epitope consists of an amino acid

sequence selected from the group consisting of: GTASATT (SEQ ID NO 92), GTDFNN

(SEQ ID NO 93) and NPTLLGKA (SEQ ID NO 94), or a variant thereof, and wherein the

CD4+ Th2 cell epitope, the CD4+ Thl cell epitope and the CTL epitope independently

consist of an amino acid sequence selected from the group consisting of SEQ ID NO 20 and

101-117, or a variant thereof.

The composition according to claims 1 or 2, wherein

- the B-cell epitope consists of an amino acid sequence selected from the group consisting
of: GTASATT (SEQ ID NO 92), GTDFNN (SEQ ID NO 93) and NPTLLGKA (SEQ ID
NO 94), or a variant thereof;

- the peptide comprising a CD4+ Th2 cell epitope is selected from the group consisting of:
SEQID NO 7, 8, 43, 76, 77, 85, and 91, or a variant thercof;

- the peptide comprising a CTL (CD8+) epitope is selected from the group consisting of:
SEQ ID NO 20, 26, 27,42, 43, 61, 73, 75, and 80, or a variant thercof, and

- the peptide comprising a CD4+ Thl cell epitope is selected from the group consisting of:
SEQ ID NO 1, 10-13, 18, 20, 25, 27, 29, 31-32, 35, 42, 46, 51, 53-56, 61, 64, 65-67, 69-
73,75, 79-81, and 87, or a variant thereof.

The composition according to claim 3, wherein the peptide comprising a B-cell epitope

and/or a CD4+ Th2 cell epitope is selected from the group consisting of: SEQ ID NO 7, 8, 76,

77, 91 and 94-98, or a variant thereof, wherein the peptide comprising a CTL-cell epitope is

selected from the group consisting of: SEQ ID NO 73, 75, 80 and 99, or a variant thereof, and
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11.

12.

13.

14.
15.

16.
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wherein the peptide comprising a CD4+ Thl cell epitope is selected from the group
consisting of SEQ ID NO 70, 71, 73, 75, 79, 80, 81 and 99, or a variant thercof.

. The composition according to any one of claims 1 to 4, comprising or consisting of the

following peptides: EPSLLIDGTMWEGASGDPCDPC (SEQ ID NO 97), TGTASATT (SEQ
ID NO 95), KGTDFNNQ (SEQ ID NO 96),
AQPKLATAVLDLTTWNPTLLGKATTVDGTNTYSDFL (SEQ ID NO 98), and
AATDTKSATLKYHEWQVGLALSYRLNMLVPYIGVNWSRATFDADT (SEQ ID NO
99), or variants of thereof, or comprising or consisting of the following peptides:
TWCDAISIRAGYYGD (SEQ ID NO 20), EMLNVTSSPAQFVIH (SEQ ID NO 62), and
KGTDFNNQ (SEQ ID NO 96), or variants thereof.

The composition according to any one of claims 1 to 5, wherein part or all of the peptides are
present as a mixture or are part of a polyepitope construct.

A composition comprising a nucleic acid sequence encoding the peptide as provided in any

one of claims 1 to 5.

. A composition according to any one of claims 1 to 7 further comprising an antigen delivery

System.

A composition according to any one of claims 1 to 8 further comprising an adjuvant.

A composition according to any one of claims 1 to 9, for use as a medicament.

A composition according to any one of claims 1 to 9, for use in inducing an
immunoprotective response in a subject against an infection with a species of the genus
Chlamydia, in particular Chlamydia psittaci.

A composition according to any one of claims 1 to 9, for use as a vaccine against an infection
with a species of the genus Chlamydia, in particular Chlamydia psittaci.

A vector comprising a nucleic acid sequence as provided in claim 7.

A cell comprising the vector according to claim 13.

An in vitro method to diagnose an infection with Chlamydia psittaci in a subject comprising:
-contacting a sample from said subject with at least one peptide comprising a B-cell epitope
as provided in claim 2 or 3, and

-determining the presence of antibodies in said sample binding to said peptide(s).

A diagnostic kit comprising one or more peptides comprising a B-cell epitope as provided in

claim 2 or 3.

55



WO 2012/172042 PCT/EP2012/061420

1/23

Figure 1

Divaéént Cation




WO 2012/172042 PCT/EP2012/061420

2/23

Figure 2

AT 2
%&‘&:t Rr RN

Exterior
Periplasmatic space

B e |




PCT/EP2012/061420

WO 2012/172042

3/23

Figure 3

opadad

9SO EFTIGSIGSSES TS OV AV SV EV TV BE FESEEETEGI LISTECTZBTI LTISTETTT 6 £ & £ 1

I3SFEF TO6S ISSS ES TSV IV SV EV TP BE FESEEETEBL LIS ECTZBI/ISTIELIT 6 £ & £ 1

N SA

i SA

apndad

I1SA

ISA

A SA

i SA

lISA

ISA

T'0
7o
£'0
o
S0
90

o

€0

!Wao

iWao



PCT/EP2012/061420

WO 2012/172042

4/23

Figure 4

OYVYO9IYIOLIIDLIDIOYYIVLIDILIOLILIODDILODIIVYL D909 LLIOLLYIIYO99DIYYYOLIOLD (9L)
OYVYOOOYILOLIDOLIDIDVYIYLLDD IO LOLIODILIODD IV L - —— 09009 LLIOLLYLIYIDD) IV —— —— —— (1)
OYVYOOOYILOLIIOLIDIDVYIYLLDD IO LOLIODILIODD IV L - —— 09009 LLIOLLYILYIOODIVYYOLLIOLD (0T)
OYVYOOOYILOLIIOLIDIDVYIYLLDD IO LOLIODILIODD IV L - —— 09009 LLIOLLYILYIOODIVYYOLLIOLD (0T)
OYVYOOOYIOLIDOLIIIOVYIVLLOD LI IO LIODILIODO IV L - ——090I9LLIOLLIVILLYIOODIYYYOLLIOLD (T)
DYYODOVIDLIDDLIIDDVT D —————————————— e m (1)
OYVYOOOYILOLIIOLIDIDVYIYLLDD IO LOLIODILIODD IV L - —— 09009 LLIOLLYILYIOODIVYYOLLIOLD (0T)
OYVYOOOYIOLIDOLIIIOVYIVLLOD LD IOLIODILIODO IV L - ——09DI9LLIOLIVILLIYIOODIVYYOLLIOLD (F)
OYYOOIYIOLIOOLIDIOVYOYLIODLOIDLDOIDLLOODIVY I ——09009LLIVIIYLIYOOODIVYYOLLIOLD (0T)
OYVYOOOYILOLIIOLIDIDVYIYLLDD IO LOLIODILIODD IV L - —— 09009 LLIOLLYILYIOODIVYYOLLIOLD (0T)
OYVYOOOYILOLIDOLIDIDVYIYLLDD IO LOLIODILIODD IV L - —— 09D LLIOLLYILYIOODIVYYOLLIOLD (9L)
OYVYOOOYILOLIIOLIDIDVYIYLLDD IO LOLIODILIODD IV L - —— 09009 LLIOLLYILYIOODIVYYOLLIOLD (0T)
OYVYOOOYILOLIIOLIDIDVYIYLLDD IO LOLIODILIODD IV L - —— 09009 LLIOLLYILYIOODIVYYOLLIOLD (0T)
IVVYOOOYILOLIDOLIDIOVYIOYLLOD IO LOLOODILIODD VL - ——OVIDOLLIOLLVILYIOODIVYYOLLIOLD (0T)
IVVYOOOYILOLIODOLIDIDOVYOYLLOD IO LOLOODILIODDIDL - —— 09D LLIVILLVILYIOODIVYYYLIOLD (0T)
OYYO9OIYIOLIOOLIDIOVYOYLIOOLOODLLOLOLLOOLIDLLIVIODIDIDIVILYLLOOOODIOVYYLIOLD (0T)
IVVYO99DLOLIIOLILIDIVIILLDDIDDLLOOLOLIOD) LLL - —— IODDOLLIVOOVLIYIOODIYYYOLLIOLD (0T)
IYYO99DILOLIOOLILIOVYOOLIDDLOILIDOIOLLOVOLLL- —— 09009 LLIVIOYLIVIOODIVYYOLLIOLD (0T)
0GT 9L

YYYYYYOLY (1)
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| (1)
P L — — —— —— —m mm m o (1)
P L — — —— —— —m mm m o (1)
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| (1)
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| (1)
P L — — —— —— —m mm m o (1)
P —— m o m oo (1)
P L — — —— —— —m mm m o (1)
P L — — —— —— —m mm m o (1)
YYYYYYOLYILOVIOLOOVOVILIDLYYIVOOVYLOVIVOYYYYOVYYYYOVIOYDDOVIVYYOVLIVYYOOVOVYOY (1)
P L — — —— —— —m mm m o (1)
P DL — — ——— ——mm o o (1)
P L — — —— —— —m mm m o (1)
P L — — —— —— —m mm m o (1)
P L — — —— —— —m mm m o (1)
P L — — —— —— —m mm m o (1)
P L — — —— —— —m mm m o (1)
SL T

SNsussuo)

69269z3¥ oM vwdwo

89269zAY 9GW vdwo

€T19Z9LAY 0CHIISM vdwo
66269237 6zzSA wdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y a9 vdwo
69269zAY £dD wdwo
GEOECLW Dd9 wduwo

GELOTELY vECZ-18 vdwo

o9 87 09d¥0 ZGGF00ON oqed) wdwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo

SNsussuo)

69269z3¥ oM vwdwo

89269zAY 9GW vdwo

€T19Z9LAY 0CHIISM vdwo
66269237 6zzSA wdwo

79269ZAY QTTPO-ZZTIA-NW vdwo

£62T/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y @9 vdwo
69269zAY £dD wdwo
GEOELW 099 vdwo

GELOTELY vECZ-18 vdwo

o9 87 09d¥0 ZGGF00ON oqed) wdwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo

sauab vy ursjzoad sueaqusw x93N0



PCT/EP2012/061420

5/23

Figure 4 — continued (1)

WO 2012/172042

LYDLLIDVVYYVYLLYLDLDOLYDDLLLLD LV LLYDVYIDIVLOVLYIIVIDDDDDLYIOVLLYOIDDIVILOLIDLLOY
LYDLLIDVVYYVYLLYLDLDOLYDDLLLLD LV LLYDVYIDIVLOVLYIIVIDDDDDLYIOVLLYOIDDIVILOLIDLLOY
LYDLLIDVYVYYVYLLYLDLDOLYDDLLLLD LV LLYDVYIDIVLOVLYIIVIDDDDDLYIOVILYLODILVYILOLIDLLOY
LYDLLIDVVYYVYLLYLDLDOLYDDLLLLD LV LLYDVYIDIVLOVLYIIVIDDDDDLYIOVLLYOIDDIVILOLIDLLOY
LVOLLOVYYYLLYLOLDDLYDDLLLLD LV LLYDVYIDIVLOVLYIIVIDDDDDLVYIOVLLYODDIVILOLIDLLOY
LYDLLIDVVYYVYLLYLDLDOLYDDLLLLD LV LLYDVYIDIVLOVLYIIVIDDDDDLYIOVLLYOIDDIVILOLIDLLOY
LVOLLOVYYYLLYLOLDDLYODLLLLDLVYLLYIYIDIVLOYLYIDVIDDDDDLYIOVLLYOIDDIVILOLIDLLOY
LYDLLIDVVYYVYLLYLDLDOLYDDLLLLD LV LLYDVYIDIVLOVLYIIVIDDDDDLYIOVLLYOIDDIVILOLIDLLOY
LYDLLIDVYVYYVYLLYLDLDOLYDDLLLLD LV LLYDVYIDIVLOVLYIIVIDDDDDLYIOVILYLODILVYILOLIDLLOY
LYDLLIDVVYYVYLLYLDLDOLYDDLLLLD LV LLYDVYIDIVLOVLYIIVIDDDDDLYIOVLLYOIDDIVILOLIDLLOY
LYDLLIDVVYYVYLLYLDLDOLYDDLLLLD LV LLYDVYIDIVLOVLYIIVIDDDDDLYIOVLLYOIDDIVILOLIDLLOY
O¥DLLIDVVYYVYLLYLDLDOLYDDLLLLD LV LLYDVYIDIVLIOVLYIDIVIDDDDDLVYIOVILYLODLVYIOLOLIDLLOY
LYDLLIDVYVYYVYLLYLDLDOLYDDLLLLD LV LLYDVYIDIVLOVLYIIVIDDDDDLYIOVILYLODILVYILOLIDLLOY
LVOLLOVYYYLLOLYODDLYODLLLLDLYLLYIYIDIVILOVYLIDIVIDDDDDLYIOVILYLODILVYILOLIDLLOY
LVYOLLOVYYYLLYLYLIDDLYODLLLLDLVYLLYIYIDIVILOLLYIDVIDLIDDLYIOVILYLODILVYIOLOLIDLLOY
LVOVLOVYYYLLOLYLDDOVODLLLLDLYLOVYIYIDIOVLLLLYDDLIDLODVLLIOVLLY.LODIVIDOLIDLLOY
OYOYIYYYYILLLLOLIDLYOLLLLLDDLLOVYIIDDILVYLOYLIODDILIOLIODYLIDOVILYDDDLVYIOLOLIDLLOY
LYOLOYYYYILLLLOLIDOVIODLLLLDLLLOYIYIDIOVILOVLLIODLLOLODDLYIOVILYLODIVILOLIDLLOY
00€ 9¢c
LODDDLLODLYDIDLLIDLYIYIIYILLODLIDVYIIDDLOLYLIOVIIDLYIDLVY LLYLLLOYYIOVYILODVID
LODDDLLODLYDIDLLIDLYIYIIYILLODLIDVYIIDDLOLYLIOVIIDLYIDLVY LLYLLLOYYIOVYILODVID
LOLODLIDILYIIDLLIDLYILODYILLODLIDVYIIDDLOLYLIOVIIDLYIDLVYY LLYLLLOYYIOVYILODVID
LODDDLLODLYDIDLLIDLYIYIIYILLODLIDVYIIDDLOLYLIOVIIDLYIDLVY LLYLLLOYYIOVYILODVID
LODDDLLODLYDIDLLIDLYIYIIYILLODLIDVYIIDDLOLYLIOVIIDLYIDLVY LLYLLLOYYIOVYILODVID
LODDDLLODLYDIDLLIDLYIYIIYILLODLIDVYIIDDLOLYLIOVIIDLYIDLVY LLYLLLOYYIOVYILODVID
LODDDLIDILYIIDLLIDLYIYIIYILLODLIDVYIIDDLOLYLIOVIIDLYIDLVY LLYLLLOYYIOVYILODVID
LODDDLLODLYDIDLLIDLYIYIIYILLODLIDVYIIDDLOLYLIOVIIDLYIDLVY LLYLLLOYYIOVYILODVID
LOLODLIDILYIIDLLIDLYILIOYILLODLIODYYIIDILOLYLIOVIIDLYIDLVY LLYLLLOYYIOVYIDLODVID
LODDDLLODLYDIDLLIDLYIYIIYILLODLIDVYIIDDLOLYLIOVIIDLYIDLVY LLYLLLOYYIOVYILODVID
LODDDLLODLYDIDLLIDLYIYIIYILLODLIDVYIIDDLOLYLIOVIIDLYIDLVY LLYLLLOYYIOVYILODVID
LOLODLIDILYIIDLLIDLYILODYILLODLIDVYIIDDLOLYLIOVIIDLYIDLVYY LLYLLLOYYIOVYILODVID
LOLODLIDILYIIDLLIDLYILODYILLODLIDVYIIDDLOLYLIOVIIDLYIDLVYY LLYLLLOYYIOVYILODVID
LOLODLIDILYILOLLIDLYIDDOYILLODDDDVYIIDDLOLYLIOVIIDLYDLLVY LLYLLLOYYIOVYILODVID
LODOLOLIDILYILOLLIOLYIYIIYILLODLIDVYIIDDLOLYLIOVIIDLYIDLVY LLYLLLOYYIOVYILODVID
LODDDLIDILYIIDLLIDLYIVIIVYIDLIODLIDVYIDID LV ILYYOVLIDLYDLLVY LLYLLODYYIOLYDLDLLID
YOVIODLLODLYIDIDLLODLYIDVYOIDLIODDLLILIDVYIIDLLLILLYDDIDIVIOLLYD LY LLODDYYIIVVYILIOOLID
D0D0IDLLODLYIODILLIDLYDVYIDDDDDLLLIDYYIDI LI LD LLYYDDIOYIDLYI LY LLODDYYOOVYILODLID
qce TGT

NN NNNNONNWOWNNONN N~ A
0 O 0O CO 0 0 IO M~ 00 NI~ WL
e e e e e e ] e e e e e e e e e

SNsussuo)

692692d¥ oM vdwo

89769z4Y 9GHW vdwo

€T9Z9LAY  0CAL¥SM VWO
6GZ69ZAY GzZSA vdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y @9 vdwo
69769za¥ €d0 vdwo
GE0ELW 099 vdwo

GCLOTELY FECT-F8 YdwO

o9 87 09d¥0 ZGGF00ON oqed) wdwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo

SNsussuo)

69269z3¥ oM vwdwo

89269zAY 9GW vdwo

€T19Z9LAY 0CHIISM vdwo
66269237 6zzSA wdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y a9 vdwo
69269zAY £dD wdwo
GEOECLW Dd9 wduwo

GELOTELY vECZ-18 vdwo

o9 87 09d¥0 ZGGF00ON oqed) ydwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo



PCT/EP2012/061420

6/23

Figure 4 — continued (2)

WO 2012/172042

OLLIDDYIILVYYYIVLLLODLIOYD DILVOIVYOIL ILVYIOVYYYOIIIIOVILILODDLYIVY O ¥IY LY o¢¥ D
LLLLODIDLLVYYYOYLLLODLOYIDDDLVYIOVY IV LLLIYOVYYDDIDLYLODDLLILVYYIOLOYIV ———L¥——-DVYILD
LLLLODYODILYYYOLLLLODLOYIVIDLVYIOVYIDLYILVYIODIVYYIDIOVILLIODDLYILVYIDIDYIVIDDOYYYIIVYD
OLLODDYIIILYYYILLLLODLOYIVIDLVYIOVYIDLY LV IODIVYYIDIOVLLIODDLYIVYIDIYIVIDDLYYYIIVYD
OLLLODYIIDLYYOIYILLODLOYILIDIVIOVYIDLLIOVIVYYIDDLYLLODDLYIVYIDIY IV ———L¥——-DVYIVY
OLLODDYIIILYYYILLLLODLOYIVIDLVYIOVYIDLY LV IODIVYYIDIOVLLIODDLYIVYIDIYIVIDDLYYYIIVYD
OLLLODYIIDILYYIOYLLLODLYYIDDDILVYIOVYIDLLILIYIOVYYIDILY LLOOYVLLLYYOOYY DY ———L¥——-DVYILD
OLLLODYIIDILYYIOYLLLODLYYIDDDILVYIOVYIDLLILIYIOVYYIDILY LLOOYVLLLYYOOYY DY ———L¥——-DVYILD
OLLLODYIIDILYYYOVYLLLODLYYIDDLOVIOVYIDLLLYOVIYIDIDLVYLLODDLIIVYIDIY IV ———L¥——-DVY VYD
OLLODDYIIILYYYILLLLODLOYIVIDLVYIOVYIDLY LV IODIVYYIDIOVLLIODDLYIVYIDIYIVIDDLYYYIIVYD
OLLODDYIIILYYYILLLLODLOYIVIDLVYIOVYIDLY LV IODIVYYIDIOVLLIODDLYIVYIDIYIVIDDLYYYIIVYD
LLLLODDDDLYYIOYLLLODLYYIDDDIVIOVYIDLLIOVIOYYIDDLVYLLODDLYIVYIDDYIV———L¥——-DVYIVY
OLLLODYIIDLYYIIOYILLODLYYIDIDIVIOVY IV LLIOVIOYYYIOIDIOVLLIODDLYIVYIDIY IV ———L¥——-DDIVY
OLLLODDDDIVYYYIYIILIDLYYIVIILVYIVYIDLYLVYIOYYYODDIOVLIODOVLVIVYLVYIDIY——-DO¥——--D¥DID
OV LLODLODLYYIOYIIDLODLYYIDDDILVYIVYILLILYIOYYYODDOVILODDLLLLYYYOLY DY ———-0¥——--D00D
OLLODDYIIILYYLOYILLODLOYIVIILYIOVIVLLLYIOOYYLYYIOVLODODDIIVYLODY IV ———L¥——-DVILD

OV LODDIODILYYLOYIOLLOLYYYOVYODLVYIOVYIDLY IV IOOYYIDDLYLLODDDDLVYYIVIYIV ————-¥—-DL¥YID
DDLLODIODDLYYYIVLLLOLYDYILIDLYIIYIODLYLYOVIDIDIOVLLODLODLYYIVYIYIY ————-¥--DIYOY
0S¥ 9LE

LODIDYLVYLOYLY I VYVYOD DV DIVYD LDD HDVYIVLIODLIOVVYIDILOODDLVYIOIDDOYLLLLOVYYYLYYILD
LOOYYOYYVYLODODLLOLLLOLOYYDIVYIOLLOLOVYIDIVILIODLLYVIDLOODLYIOD DOV LLLLOVYYYLYYDLD
D00DDYLIDIDLIOVLYYIIVYVYIDIYYLIDVYILLODOVIVIVLIODLIOVVYIDVYIODDLVYYOIDLOYVLLLLOVYYYLYYDLD
YOOIDVYILYYLOVILVVYILOYYODIVYLIODYIVLIDOYIDIVLIODLIOYYIDLODDLYIDDIDVILLLLIOVYY VY LVYOLD
LODLOYYYVYIVYLLYDDIDVIIYIDIIVY —————— DOYOVYLODLODVYIILIDDLYLIDIIVILYLOVY VY LYYILD
YOOIDVYILYYLOVILVVYILOYYODIVYLIODYIVLIDOYIDIVLIODLIOYYIDLODDLYIDDIDVILLLLIOVYY VY LVYOLD
LODLOY IOV ILOVLODLOVYIIVYIYYIIVIOVILODOVIVIVILIOOYILYVYYLIOODDLYIOD DOV LLLLOVYYYLYYIDLD
LODLOY IOV ILOVLODLOVYIIVYIYYIIVIOVILODOVIVIVILIOOYILYVYYLIOODDLYIOD DOV LLLLOVYYYLYYIDLD
LODLYYYYVYLLLOYDLYYVYIOILOLODILY —————— DOYIOVYIIOIYYYIVYIDDLLYIDDIDVIOLLLOVYVYLYYILD
YOOIDVYILYYLOVILVVYILOYYODIVYLIODYIVLIDOYIDIVLIODLIOYYIDLODDLYIDDIDVILLLLIOVYY VY LVYOLD
YOOIDVYILYYLOVILVVYILOYYODIVYLIODYIVLIDOYIDIVLIODLIOYYIDLODDLYIDDIDVILLLLIOVYY VY LVYOLD
LODLOYYYVYLLLLYDLODVIDYILOVYY —————— DOYOVYLODLLOVIILIODDLYIDDIIVLLLLOVY VY LYYOLD
LODLOYYYVYIVLLYYLIDVIIYIDDIOVY —————— DOYOVYLODLLOVIILIODDLYIIDIIVYILYLOVY VY LYYILD
L———LODOVVYYYLLLOYILIDLOOVYIDLYVYL-——-DDLIOVYYIDLIDVIVIIIDLY - ——DDYILYLOVY YV LYYLLD
LODDLOLOVYIOVYIYYIDVYVYIDLIOYYIIDLOLLIODYIIVIVYIDLIDDDIDLIODDLVYYODDDYILYIIVY YV LYVLLD
OODLOYIOVIVILOYYYIILODLODDIILY —————— DOLOYLODDYYIDIVIDILY - ——LILLLLYOVYYVYYLOOVYDD
LODOLOY———LOOY¥IDYIVLIOVLLODYIVIIDLYIVYIIVIVILIODLIDDVIDVYIDDLY ———¥¥ DD LLIVIVYYIYYILD
LLOLOYDDLYIOILIODYIIDLIOVILYYIDDVIOVILYDLIOVYIVILIODOYYIIDLIODDLY - ——DV¥ILLLYYOVYYLYYILD
QLE T0€

SNsussuo)

692692d¥ oM vdwo

89769z4Y 9GHW vdwo

€T9Z9LAY  0CAL¥SM VWO
6GZ69ZAY GzZSA vdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y @9 vdwo
69769za¥ €d0 vdwo
GE0ELW 099 vdwo

GCLOTELY FECT-F8 YdwO

o9 87 09d¥0 ZGGF00ON oqed) wdwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo

SNsussuo)

69269z3¥ oM vwdwo

89269zAY 9GW vdwo

€T19Z9LAY 0CHIISM vdwo
66269237 6zzSA wdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y a9 vdwo
69269zAY £dD wdwo
GEOECLW Dd9 wduwo

GELOTELY vECZ-18 vdwo

o9 87 09d¥0 ZGGF00ON oqed) ydwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo



PCT/EP2012/061420

7/23

Figure 4 — continued (3)

WO 2012/172042

YY) YY¥ D YYLLD OVYIOYYYLL OOLIVILL DDLLD LODYYILLYIDD DOLOL
YYIIVYILYYLIDLIODLYY LD ———¥YY¥Y¥DOIVILVVYVYIDLODLILVYIDDLIDLLIDDLIDLLOLYYILLLIDLODDIL
YYIIVYYYIILILDLYIDIYLOVLLOVIDDIVYYILLIODYOLLLLODOVILVY LLODDLLIDLLOYYILLYIDDDDLIL
YYIILYYIILLIOVIDIYLILIOVYILODYIIVLIDYILLLLODOVIVY LLDDDLLIDLLOYYILLYIDDLODDDL

YYILVYOLOOY ————————— O——=DYILOIDLIODYYIIVYVYLLOLID LLYDLLLIDLLODLIODVYYILLYIDLODLIL
YYIILYYIILLIOVIDIYLILIOVYILODYIIVLIDYILLLLODOVIVY LLDDDLLIDLLOYYILLYIDDLODDDL
YYIILVYYILYY)——————————————— LLLYDLOYYDOVYVYLLOLIDLLYDLLLODLLDDLOOYYIOLLYODDIODLOL

YYIILVYYILYY)——————————————— LLLYDLOVYIOYYYLIDLODLLYILLLODLLIDLOOYYILLYIDDDDDLIL
YYOOVYOLYYVY ————————— O———Y¥YLILODLOOVYYIIVYVYLLOLID LLYDLLLIDLLODLOLYYILLYIDDDDLIL
YYIILYYIILLDLYIODIYLILIOVYILOVYYIIVYLIODYIOLLLLODOVIVY LLDDDLLIDLLOYYILLYIDDLODDDL
YYIILYYIILLIDLYIODIYLILILYYOLODYYIDLIDYILLLLODOVIVY LLDDDLILIDLLOYYILLYIDDLODDDL

¥OOIVYOLYYY ————————— O———Y¥YLILOOYIYYYIIVYVYLLYLDDLLYDLLLIDILODLOLYYILLYIDDDDDIL
OY¥ILYILIDY ————————— O——=DYILVIILIODLYIIVYVYLLOLID LLYDLLLIDLLODLIODVYYILLYIDDDDLIOL
YYIIDOYYIL——————————————— LOLVYIOVYOYYDOYOVYLIDDDLLOYLLODDDLIVLOLYYOLLLODVIODLOD
OYOLVYYIODD-——————————————— LLLYDLOVYIOYIDLLILODLLYILLYDDDLILLOOYY LLLYIDDLYOLIL

YYIILYYYODL-———————————— YYYILOLOYLIOVYILODVYYLLOVIOD LIV LLLIDDLLODLILVYYOLLODIDVIVLOL
O¥OOYDLOOVIDLLI-———————————— YOOLOYYYDILYOVOVYDILLLOLOLIDLLOVLLOVY LLLODDDDDLIL
LOLOYDDDIVYYILI-———D——-D¥YYYYVYILYYYVYIILYYILVOYIILLLOLLYDDLLOVLLLYYILLLOLLODLIL
009 9¢s
LOVYYODYVYYIOLLOYL DOLYVYLOL D9 DOVLLYIOVIDLOLLLIYIVOLLLODDLYIDDLLLYIVYYLLYDIDVLD
LOVYIDIVYYILLOVIODD LYY LOLLODLOOVLLYIOVIDLOLLLLY LVOLLLODDLVYIDDLLLYIOVYYLLYDDVYLD
LOVYOIDYYYILLOVYLYIDLYVYOILYODVYOIVLLODOVIDLIOLLLLY LVODLLIDDLYIDDLLLYIVYYLLODIVYLD
LOVYILYYYILLOYLYIDLYVYODILYODDOIVLLODYIDLOLLLLYOVIODLLIDDLVYIDDLLLYIVYYLLODIVYLD
LOVLODYYYILLOVYLIODDLYYODLLODLOOVLLYIOVIDLOLLLLY LVOLLLODDLYIDDLOLY LYYV LLYDDDLD
LOVYILYYYILLOYLYIDLYVYODILYODDOIVLLODYIDLOLLLLYOVIODLLIDDLVYIDDLLLYIVYYLLODIVYLD
LOVLODYYYILLOVYLIODDLYVYLOLLODIOOVLLYOVIDLOLLLLYLVOLLLODDLYIDDLOLY LYYV LLYDDDLD
LOVLODYYYILLOVYLIODDLYVYLOLLODIOOVLLYOVIDLOLLLLYLVOLLLODDLYIDDLOLY LYYV LLYDDDLD
LOVLODYYYILLOVYLODDILYVYLOLLODIOOVLLYOVIDLOLLLLY LVOLLLLDDLVYODDLOLY LYYV LLODDVYLL
LOVYILYYYILLOYLYIDLYVYODILYODDOIVLLODYIDLOLLLLYOVIODLLIDDLVYIDDLLLYIVYYLLODIVYLD
LOVYOIDYYYILLOYLYIIDLYVYODILYODDOIVLLODYIDLOLLLLYOVIDLLIDDLVYIDDLLLYIVYYLLODIVYLD
LOVLODYYYILLOVYLIODDLYVYLOLLODIOOVLLYIOVYID LOLLLLYOVOLLLODDLVYIDDLLLY IVYYLLYDDDLD
LOVLODYYYILLOVYLIODD LYY LOLLODIOOVLLYOVIDLOLLLLYLVOLLLODDLYIDDLOLY LVYOLLYDDDLD
LYYYODYYYILOLYLODDOVYLIOLYODDOIOVLLYIOVYIDLOLLOLDLYOLLLLDDLVYIDDLLLYIOVYYLLYDDVLL
LOVYIDYYYILLOVLLIDDLYVYLOLIDDVYOIOVLIODOYID LOLLLLDLYOLLLLDDLVYIDDLLLY IVYY LLYODVYLL
OYYYDIVYIVILILIVIOVLLIDD LYY LOLLODVYOOVLLLOYIDLOLLLLDLYOLLLODDLYODDLLLYIOVYYLLDDDLLY
LYVYLODVYYYLLOLYLYDDOIVLOYYODVYODDLLYOVIDLLLLYLDLYODLLLDIIVYODDLLLYIOVYYLLLDDDLY
OYYYDIOYYYLLOLYLYIDDLIOVIIYIDDVOOVLLYOVIDLOLLYLDLYOLLLLDDLVYODDLLLYIVYOLLYDDDLY
Qs TG¥

SNsussuo)

69269z3¥ oM vwdwo

89269zAY 9GW vdwo

€T19Z9LAY 0CHIISM vdwo
66269237 6zzSA wdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y @9 vdwo
69269zAY £dD wdwo
GEOELW 099 vdwo

GELOTELY vECZ-18 vdwo

o9 87 09d¥0 ZGGF00ON oqed) wdwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo

SNsussuo)

69269z3¥ oM vwdwo

89269zAY 9GW vdwo

€T19Z9LAY 0CHIISM vdwo
66269237 6zzSA wdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y a9 vdwo
69269zAY £dD wdwo
GEOECLW Dd9 wduwo

GELOTELY vECZ-18 vdwo

o9 87 09d¥0 ZGGF00ON oqed) ydwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo



PCT/EP2012/061420

8/23

Figure 4 — continued (4)

WO 2012/172042

LLVYYYLODLYYLOLVYYOLODDYLYYIOLLOYDLOOVIOYLLLOVVYIDLOLLIDLOLYYIIDLVYILLLIDYIDLID
LLVYYYLOJLYYLOLYYIVIDIOYLYYIILLYYIYIIVIOYLLLOVYVYIDDDLIDDLOLIOVIIDLVYILLLIDYIDDDD
LLIVOYYLOILYYLOLYYILIDOYLYYIILLOVYILODVIOVLLLIOYIIDDDLLIDLOLYYIIDLVYILLLIDYIIDLID
LLVOYYLODLYYLOLVYYOLODDYLYYIOLLOYDLODVIOYLLLOVYVYIDLOLLIDLOLYYIIDLVYILLLIDYIDLID
LIVYYYLODLYYLOLYYILIODLYLOYIIDLLYYDLODVIOYLLLOVYIDLOLLIDLOLYYIIDLVYILLLIDLODLID
LLVOYYLODLYYLOLVYYOLODDYLYYIOLLOYDLODVIOYLLLOVYVYIDLOLLIDLOLYYIIDLVYILLLIDYIDLID
LIVYYYLOJLYYLOLYYILIDOYLYYIILLOVYIDDIVIOVLLLIOYIIDLOLLIDLOLYYIIDLVYLOLIDYIDLID
LIVYYYLOJLYYLOLYYILIDOYLYYIILLOVYIDDIVIOVLLLIOYIIDLOLLIDLOLYYIIDLVYLOLIDYIDLID
LIVYYYLOJLYYLOLYYILIDOYLYYIILLYYDLODVIODYLLLOVYYIDDDLLIDLOLYYIIDLVYLOLIDYIDLID
LILIVOYYLODLYYLOLVYYOLIODDYLYYIOLLOYDLODVIOYLLLOVYVYIDLOLLIDLOLYYIIDLVYILLLIDYIDLID
LLVOYYLODLYYLOLVYYOLODDYLYYIOLLOYDLODVIOYLLLOVYVYIDLOLLIDLOLYYIIDLVYILLLIDYIDLID
LLVYYYLOJLYYLOLYYILIDOYLYYIILLYYIYIIDDDOYLLLOVYIDLOLLIDIOLIOVIIDLVYLLLIDYIDDDD
LIVYYYLOJLYYLOLOVILIDOYLYYIILLOVIYIIVIOVLLLIOYIIDLOLLIDLOLIOVIIDLVYILLLIDYIDDDD
OLYOYYLOILYYLOLOVYIOIDLYLYYIILLOVIYIIVIOVLLLOVVYIDDDLLIDLOLYYIIDLVILLLIDYIDLID
LLVYYYLOILYYIDLYYILIDLYLYYIILLYYDLODVIDDLLLOVYIDLOLLIDLOLYYDIDLILLLIDYIDDDD
LLOVYYLOIVYYIDLOVYIVIDLYLYYIIDLLYYDLODVIDDLLLIOVVYIDLOLLIDIODLYYIIDLVYLLODDYIILID
YIOVVYYYOIDYYLIOLYYOLODILVYILYYIDLLIDLLODYIIVLLLOYYOIDLOLYDDDDLIOVIDDLYLLLODVYIIYIY
YIOVYYLODYYYLOLYYOLODILVYILYYIDLLYILLODYIDVILLLOYYODLOLYDDLILVYYIDDLOLLLIODYIDDDD
0GL 9L9
YOILOOYLIIDVIDLLOLDLLYIOYYIYIVIOVIOVIOVLLLLOVIOLLOLLYD DOYYILOY LVYODIYLIOVY DDLLD
YOOLODOLIODDYIIDLLIOLILLYOVIOYLYIVIVOYLLLLOVILLODLVYYOOYYIYIVILYLIDYLIDOVYYIOILLD
D0DLODYLIIOVIDLLILLLLVYIOLYOVYIVOVOYLYLLLLIVYDDLOLLOLOOVYYIIDOVLLYODIVLODYYLODLLD
YOOLODYLIODDYIIDLLOLLLLYIOLYOYOVYIVIVLYLLLLYYIDLOLLDLOOYYIDIVLLVYIODDYLIDOVYLODLLD
YOOLODYLIODDVYIIDLLOLIOLLYOVYOYLYIOVIOVIOVLLLLOVIOLLOLLYLOOYYILOYILYODDYLIDOVYYIOILLD
YOOLODYLIODDYIIDLLOLLLLYIOLYOYOVYIVIVLYLLLLYYIDLOLLDLOOYYIDIVLLVYIODDYLIDOVYLODLLD
YOOLODDLIOIIVIDLLOLDLLYIOYYIYIVIVIVIVLLLLOVILLOLLDDOOYYIDIYILYIIDYLIIOVYYIOILLD
YOOLODDLIOIIVIDLLOLDLLYIOYYIYIVIVIVIVLLLLOVILLOLLDDOOYYIDIYILYIIDYLIIOVYYIOILLD
YOOLODYLIODDVYIILLOLIOLILIOVYOYLYIOVIOVIVLLLLOVIOLLOLLDDOOYYILIOVYILYIOIDYLIDOVYIDILLD
YOOLODYLIODDYIIDLLOLLLLYIOLYOYOVYIVIVLYLLLLYYIDLOLLDLOOYYIDIVLLVYIODDYLIDOVYLODLLD
YOOLODYLIODDYIIDLLOLLLLYIOLYOYOVYIVIVLYLLLLYYIDLOLLDLOOYYIDIVLLVYIODDYLIDOVYLODLLD
YOOLODYLIODDVYIIDLLOLIOLLYOVYOYLYIOVIOVIOVLLLLOVIOLLOLLDDOOYYILOVYILYIDDYLIDOVYIDILLD
YOOLODYLOLOVYIDLLOLIOLLYOVYOYLYIVIVLYLLLLIYYILLODLVYYOOYYILIOYILYIODDYLILYYIDILLD
D0DIDIDLLIODDYIDLLIOLILLIDVYIVIOYILOVIVILLLOOVYIVILOLLIODDIVYILOLOLYIIOIVLODYYYIOLYL
LODLODLLIDOVYIDLLILLLLYIDDDVILVYIOVOYOVLVLOOVOYLDLLYODOVYYILOLLLYYYDLLODYYYOILID
LODDDDYLIIOVYIDLLILIOLLLOLIDYIVIOVIOYOVLLLOVYDLLDLLOVIDDYYILOVY LLLOLLLODYYYOIVYLD
LODOLODDLDIOVYIDLLIDILLLIDVYIVIVIOYIYOVLILOVYDDLDLLOLOOVYILOLOLLODYILIOOYYLOIVY LY
LOD2DDDLOIOVYIDLIIIDLLLLOYIOVIVIOVOYLY LD LLOYDLILDLLOLOLYYILVYILLLODYILVYLYYYOIVYLD
QL9 T09

SNsussuo)

692692d¥ oM vdwo

89769z4Y 9GHW vdwo

€T9Z9LAY  0CAL¥SM VWO
6GZ69ZAY GzZSA vdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y @9 vdwo
69769za¥ €d0 vdwo
GE0ELW 099 vdwo

GCLOTELY FECT-F8 YdwO

o9 87 09d¥0 ZGGF00ON oqed) wdwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo

SNsussuo)

69269z3¥ oM vwdwo

89269zAY 9GW vdwo

€T19Z9LAY 0CHIISM vdwo
66269237 6zzSA wdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y a9 vdwo
69269zAY £dD wdwo
GEOECLW Dd9 wduwo

GELOTELY vECZ-18 vdwo

o9 87 09d¥0 ZGGF00ON oqed) ydwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo



PCT/EP2012/061420

9/23

Figure 4 — continued (5)

WO 2012/172042

YVYILVYOOVYLVYVLLVYOVLDD DLYYYIDVIVOYOVYLODL O ¥OVOV DOLOD DVYVYIVIDOVLLLIOOLLL YY
YYIILVYOLYLYYYLLVYYOYLODVYILOVYLOYILVOVIYLODLOVIOYIVOVIODDLODYIVVYILOLOOYLLLODLLLLYY
YYILYOOYLYYYLLVYYOYLODYILYYYOIYIVIVIYIDDLVYILYILOVIODLIODDIVVYIVILOOVYLLLODLLLLYY
YYILYOOYLYYYLLVYYOYLODVYILYYYOIYIVIOVIVLODVYVYIVIOYYOVYIDLIODDIVVYILVILOOVYLLLODLLLLYY
YYIILYILYLYYYILOVOYYOIDLOLYYYLOYVILVOVIOYLIODLIDLYIOVOVILODLODYIOVYLOLOOYLLLODLLLOYY
YYILYOOYLYYYLLVYYOYLODVYILYYYOIYIVIOVIVLODVYVYIVIOYYOVYIDLIODDIVVYILVILOOVYLLLODLLLLYY
YYIILYILYLYYYILOVYIOYYOIDLOLOVYLOYILVOVIYLODLIDDYIVOVLODDDDDVYIVIVILOOVYLLLODLLLLYY
YYIILYILYLYYYILOVYIOYYOIDLOLOVYLOYILVOVIYLODLIDDYIVOVLODDDDDVYIVIVILOOVYLLLODLLLLYY
YYIILYILYLYYYILOVOYYOIDLOLYYYLOYILVIDIYLIODLIDDYIVIOVIODOYIDLYYYIDLOOYVLLLODLLLOVYY
YYILYOOYLYYYLLVYYOYLODVYILYYYOIYIVIOVIVLODVYVYIVIOYYOVYIDLIODDIVVYILVILOOVYLLLODLLLLYY
YYILYOOYLYYYLLVYYOYLODVYILYYYOIYIVIOVIVLODVYVYIVIOYYOVYIDLIODDIVVYILVILOOVYLLLODLLLLYY
YYIILYILYLYYYILOVIOYYOIDLOLYYYLOVILVOVIYLIODLIODLYOLDLLODLOVYYIVYYIODOYLLLOLLLLOYY
YYIIVYOIYILYYYLLVYYOYLODDOLOVYLOYIVILOYYOIIVILYOLOVILODLODYIOVYVYLOLOOYLLLODLL————
YYIILYILYLOVYYLLVYOYLODVYILYYYLOYVILVILOVYLIODDOVIVYIVIOVYIOLIODDIVYVYLLLODDLILODDLLOYY
YYILYOOYLOVYYLLOLOYLODVYILYYYLOYILVOVIYYODLIOVYIOVIOVIDDLODYIDVILOLODOYLLIOIDLLOVYY
YYIILYILYLLYYILYODOYDIDLOLOVYYIVYYIDLIOVLODVYIVY IOV LIDODDLIODOVYIVIVYIODDLLOIIDL————
OYDLVYIOVLLYDDLVYIOLLODLYIVYVYILOVLYIVIOVILODDOYVLLOYIOVY DD LIOVYYYLLYIOVY LLOLDDLL————
YYILYOOYLLYILLYLOLIODDLYIOVYYLOYYIOVIVYIDDLIDLYIVIOVYOIOYIDYIOVLLOLYDLLOLODLL————
006 9¢8
D0LD D DYYDIVVYVYIVLIODDVIVILOOYYYOVILLYDLOLLLYYOVYIIYIDIIY DLIODVYYILILVYY LDDLVVYYD
LOLODOYYOVYOOYYYLYLVIDDOYLOIDVYIOVILLYYLOLLLYYIVIOVYIDIDVLOLOOYY LDLYVYLLODLYYYD
DOLODYIIVYDIVY VIV ILIDDYIVYIOYYYOVILLYDLDLLLIYYOYIDYIDIDVYYILLIOVYYLIOVYYOLIDLVYVYYD
DOLODYLIODYDIVY VIV ILIDDYIVYIOVYYIVILLYDLODLLLYYOYIDYIDIDVYYILLIOVYILIOVYYILIDLOVYD
DOLYIIVIVYIIIYVYIVILYIIYIVILIOOYYIYILLIOVILOLLLYYOYIYYIDIDVYIDLIOLYY LI LYYDLODLVYYYD
DOLODYLIODVYIIVY VIV ILIDDYIVYIOYYYOVILLYDLDLLLYYOYIIYIDIDVYYILLIOVYILIOVYYDLIDLOVYD
DOLODIDLIOVYDIVY VIV ILIDDYIVYIOYYYOVILLYDLDLLLYYOYIDYIDIDVYILLOVYY LI LYYOLODLVYYYD
DOLODIDLIOVYDIVY VIV ILIDDYIVYIOYYYOVILLYDLDLLLYYOYIDYIDIDVYILLOVYY LI LYYOLODLVYYYD
D09DDDLODVYYIDIYYIVILVYIDVIYLIOIDVYIVYILLIDLOLLLYYIVIDVYIDIDVIOLIOLYYLDLVYYOLLOLYYYD
DOLODYLIODVYIIVY VIV ILIDDYIVYIOYYYOVILLYDLODLLLYYOYIDYIDIDVYYILLIOVYILIOVYILOVIVY YD
DOLODYLIODVYIIVY VIV ILIDDYIVYIOYYYOVILLYDLDLLLYYOYIDYIDIDVYYILLIOVYILIOVYYILIDLVYYYD
DOOYIYVYIDDDIVYVYILVYILIDIDYIVILIOVYYYIYILLIDLOLLLIYYIOYIIYIDIDVYILLIDVYY LI LVYDLLDLYYYD
——LYOOYIVYYIIOVYIYLYIDIVIOVILODDVYIVILLODILDLLLYYOVYIIVYIDIDYIDLILOVLOLYYILLOLYYYD
D09DDDDYIVYIDIYYYLYILVIDVIYLOIDVYLYDLLYILOLLLYYIVIVYODIDVLOLLLYY LD LYY LLODLYYYD
YOOVIDLOYIIIVYVYIYLYIDIVOVILIODOVYIVIOVLYDLYDLLYYOVIIVYIIIDYLOLIDVYYLOLYYILIDLYYYD
——LLODLLODIIVYVYLYLIDDIDVYIDIYYYIVYYLOLDLDLLYYIDDILYLODYYLOLILVYOLOLYYLLOVYIOYYD
——ILOVYIOYYIVYIILLIODYLYIDIVYVYLODDVYIVYLLYLOYILLYYOVIIIDOLYYLILIOLOLLODYYYLLVYYIOVYD
——ILOVIOYYILIIVILIOLYLODIDVVYVYLODYYYILVYLLY IOV LLLOVOVOIVYIDLYYODLIOLOLLODYYYLLVYOVYYD
Q8 TGL

SNsussuo)

69269z3¥ oM vwdwo

89269zAY 9GW vdwo

€T19Z9LAY 0CHIISM vdwo
66269237 6zzSA wdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y a9 vdwo
69269zAY £dD wdwo
GEOECLW Dd9 wduwo

GELOTELY vECZ-18 vdwo

o9 87 09d¥0 ZGGF00ON oqed) wdwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo

SNsussuo)

69269z3¥ oM vwdwo

89269zAY 9GW vdwo

€T19Z9LAY 0CHIISM vdwo
66269237 6zzSA wdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y a9 vdwo
69269zAY £dD wdwo
GEOECLW Dd9 wduwo

GELOTELY vECZ-18 vdwo

o9 87 09d¥0 ZGGF00ON oqedd wdwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo



PCT/EP2012/061420

10/23

Figure 4 — continued (6)

WO 2012/172042

OYYDILYIVY DY &I JDYVVYLLLLYLDD O DOVLILVYYLODYYILIODLLYDIDIDLVILOVLYIDLIDLYDLLLLOY
OVYYDDLYIVYYYYODIVYIVLLLLOLODLOVILODDLLYYYLIODDVYILIODVYLYLIID LY LOYLYDIIDLYDLLLLOY
OYYIDLYIVILOVLLYOVYYILOLLYDYIVYILYYYYLLYYYLODYYILIODLLYDDIID LY LOYLYDLIODLYDLLLLOY
OYYODLYIVILOVLLYOVYYLLOLLYDYIDOLYYYYLLIVYYLODYYILIODLLYDDIID LY LOYLYDLIDLYDLLLLOY
OYYIDLYIVIOVYOLLOVYOLLLLOLODLODDDDVLILYYYLODYYILIDDLYIDID LY LOLOYILIDLYDLLLLOY
OYYODLYIVILOVLLYOVYYLLOLLYDYIDOLYYYYLLIVYYLODYYILIODLLYDDIID LY LOYLYDLIDLYDLLLLOY
OYYOILIOVIOYYLLLYIVILLLLOLODLOVIODDYLLYYYLIODDVYILIODLLYDIDIILYLOYOVYILIDLYDLLLLOY
OYYOILIOVIOYYLLLYIVILLLLOLODLOVIODDYLLYYYLIODDVYILIODLLYDIDIILYLOYOVYILIDLYDLLLLOY
OYYIDLYIVIOVYOLLOVYILVYLLOLODLOLIODDDLLYYYLODYYILIDIDLYIIDIILVYLOYOVYIIIDLYDLLLLOY
OYYODLYIVILOVLLYOVYYLLOLLYDYIDOLYYYYLLIVYYLODYYILIODLLYDDIID LY LOYLYDLIDLYDLLLLOY
OYYODLYIVILOVLLYOVYYLLOLLYDYIDOLYYYYLLIVYYLODYYILIODLLYDDIID LY LOYLYDLIDLYDLLLLOY
OYYIDLYIVIOVYOLLOVYYVLLOLOLODLODLIODDLLVYYLIOOYYIDIDIDLYLIII LY LOYLYIDDIDLYDLLLLOY
OYYIDLYIVIOVYOLLOVYYVLLOLOLODLODLIDVLILYYYLODYYILIDDLYIDIILVYLODOYILIDLYDLLLLOY
OYYODLYIVILOVYLIODYYVLLLLYDDDDOVLODYLLYYYLIODDVYILIODLLYDIDIILYLOLOVYILIODLYDLLLYOY
OYYIDLIIVYIOVYLLIOVYYVILODLYYIDVYILIODDDLLYYYLODYYILIODLLYDDIILYLOYOVYILIDLYDDLLLOY
OYYODLYIIDLOVYLLIOVYYVLLLLOLODVYOVLODYLOVYYYIODVYILIODLLYIIDIILVYIOYYLYDLIDLYDLLLLOY
OYYODLIOVIOVYOLYYMYVILLOLYLDLIOVIOYDLLIODVILIDOYIDIDLLYIIDIILYLOYOVYIIIDLYDLLLOOY
OYYLLODDVYIOVLOYVILIVYILLLLLY LODYOVLODYILVYYYYIODIYIDIDVYLYLIILLVIDYLYIDIIDLYDLLLOOY
0G0T 9L6
YOOVOVYYILIDLOVYYLIDDDLLYIOVLYIILLOLLODLYIOVYDLLYDVIOVLLOL IO JOVLOLIODVIIVYIOIIL
YOOVOVYYILIDLOVYYLODIDDLLYIOVLLODLLOVLIODLYIOVYILLYDVIVLLOLODLODDOVLOLIDLLIOVYIODL
YOOVOVYYILIDLOVYYLOLIDLILVILVILYIDLLOLLODLYLVVYOLLYDVYIVLLOLOLOVIDDLODDDVYILIOVYIDDL
YOOVOVYYILIDLOVYYLODIDDLILVILVILYIDLLOLLODLYLYVYOLLYDVYIVLLOLOLOIDDDLIODDDVYILIVYIODL
YOOVOVYYILIDLOVYYLODDDLLVIOVLLODLLOLLODLYIVYDLLYDVIVLLOLDLODDOVLLLDDLLIOVYIDDL
YOOVOVYYILIDLOVYYLODIDDLILVILVILYIDLLOLLODLYLYVYOLLYDVYIVLLOLOLOIDDDLIODDDVYILIVYIODL
YOOVOVYYILIDLOVYYLODDDLLVIOVLLOILLOLLODLYIOVYDLLYDVYIVLLOLDLOVIOVLOLIDLLIOVYIODL
YOOVOVYYILIDLOVYYLODDDLLVIOVLLOILLOLLODLYIOVYDLLYDVYIVLLOLDLOVIOVLOLIDLLIOVYIODL
YOOVIOYILIDLOVYYLODDDLLYIOVLLODLLOVLLDLYOVYDLLYDVIVLLOLDLOVIOVLOLIDLLIOVYIDDL
YOOVOVYYILIDLOVYYLODIDDLILVILVILYIDLLOLLODLYLYVYOLLYDVYIVLLOLOLOIDDDLIODDDVYILIVYIODL
YOOVOVYYILIDLOVYYLODIDDLILVILVILYIDLLOLLODLYLYVYOLLYDVYIVLLOLOLOIDDDLIODDDVYILIVYIODL
YOOVIOYILIDLOVYYLODDDLLVIOVLYIDLLOLLODLYLYVYILLYDVIVLLOLDLOIDOVLOLIDLILIOVYIDDL
YOOVIOYILIDLOVYYLODDVLLVOVLLODLLOLLODLYIOVYDLLYDILVYLLDLDLODDOVLLLODLLIOVYIDDL
LOOYIYIDIIDLOYYYLIVIDLLYLVIVODLLDLLIODLYOYYDLLVIOVLYLIDLLLOLO DY LLLDDLLYYYDIDIL
LOOYIOYYOILIDLLYYYLIDDDLLYOVIVIOILLDLLIODLYIOYYDLLVIVOYLYDLLLOLODDLLYIOVLOVYDIDIL
YOOVOILOLIDILVYIOVLOYIIDLLVYIOVLYDDDLOVLLLIDLOVYYLIOYIVIVLLOLYIDLILODDYDDVILIOVYIIDL
YOOVOVYLOLIDLOVYLLOYIDLLVOVLLODLOVOLLOLYLVYOLOYIVIVLLOLOLLLODDLLODVYYIIDVYYIODL
YOOVIILOLIDILVYVYLLOYIDLLYIOVLODDLOVIOLLOLYLVYOLOYIVIVLLOLDLDLOOVLLLOVYYIDVYYIODL
QL6 T06

SNsussuo)

692692a¥ oM vdwo

89769z4Y 9GHW vdwo

€T9Z9LAY  0CAL¥SM VWO
6GZ769Z4Y GzzSA vdwo

79269ZdY  QTTRO-ZZTUA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769za¥ 10N wdwo
19269z4Y @9 vdwo
69769zd¥ €40 vdwo
GE0ELW 099 vdwo

GCLOTELY FECT-F8 YdwO

o9 87 09d¥0 ZGGF00ON oqed) wdwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N Te3dD vduo
G690Udd 2Z60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo

SNsussuo)

69269z3¥ oM vwdwo

89269zAY 9GW vdwo

€T19Z9LAY 0CHIISM vdwo
66269z3d¥ GzzSA vwdwo

79269ZdY  QTTRO-ZZTUA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769za¥ 10N wdwo
19269z4Y a9 vdwo
69769zAY £dD wdwo
GEOECLW Dd9 wduwo

GELOTELY vECZ-18 vdwo

o9 87 09d¥0 ZGGF00ON oqed) ydwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N Te3dD vduo
G690Udd 2Z60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo



PCT/EP2012/061420

11/23

Figure 4 — continued (7)

WO 2012/172042

LODDYIILVYVYLLODYYIOLIODLLOLIDVILIOLIDLOLLODYY YYDV LILOVYDLYYVYYIOVYYOLYIDVYIOLLYDDLLID
LODDYIILVYVYLLODYYIOLIODLLOLIDVILIOLIDLOLLODYY YYDV LILOVYDLYYVYYIOVYYOLYIDVYIOLLYDDLLID
LODDYDILVYYLLODYYDIDLIDLLOLODVILOLIODLOLILI LYY YYDV LILYYYDLYYVYYOVYOLYIDVYILLYDDLLID
||||||||||||||||||||||||||||||||| LOLLODVYYVYYOVLOLOVYILYYYYOYYILYOVIOLLYDILLID
LODDYIILVYVYLLODYYIOLIODLLOLIDVILIOLIDILILLODYY YYDV LILYYYDLYYVYYOVYOLYIDVYILLYDDLLID
LODDYDILVYYLLODYYIDLIODLLOLIDVILIOLIDILILLODYY YYDV LILOVYDLYYVYYIOVYOLYIDVYILLYDDLLID
||||||||||||||||||||||||||||||||| LOLLODVYYVYYOVLOLOVYILYYYYOYYILYYYOLLYDILLOD
LODDYDILVYYLLODYYDIDLIDLLOLODVILOLODLOLLIOVYY YDV LILOVYDLVYYVYYIVYOLYYYOLLYDDLLID
D0DDY¥DILVYYLLODYYDIDLIDLLYLODVLLLODDDLLODYY YYDV LILOVYDLVYYVYYIOVYOLYIDVYILLYDDLLID
LODDYDILVYYLLODYYDIDLIDLLOLODVILOLIODLOLILI LYY YYDV LILYYYDLYYVYYOVYOLYIDVYILLYDDLLID
LODDYIILVYVYLLODYYIOLIODLLOLIDVILIOLIDLOLLODYY YYDV LILOVYDLYYVYYIOVYYOLYIDVYIOLLYDDLLID
||||||||| YLIDOVYYOIDLDDLLOLOOVLILODLOLLIDVY VYOV LD LIVYILYYYYIVYILYDYILLYODLLID
LODDYIILVYVYLLODYYIOLIODLLOLIDVILIOLIDLOLLODYY YYDV LILOVYDLYYVYYIOVYYOLYIDVYIOLLYDDLLID
LODLYDLILVYLLOOYYDILIDLLOLODLLVLID LD LLODYY YYDV LILOVYDLYYVYYIOVYOLYYYOLLODDLLID
LODDYDILVYYLLLOYYDIVIDLLOLODLLVLIDIDLLODYY YYDV LILOVYDLYIVYIVYOLY VYOO LY LD LLLD
LODOLYDLLOVILLLOYLODVIOVLOLOVLLOVIDLOLLODYY YYDV LI LYY Y LLLDVYOVYYOLYIDVYIOLOLODLLLD
LODLYDVYILIILLIVYOYYIVYVYIILLYYODLLIOLIODDDLILILYYYYDVIILYYYDLYIVYIVYOLODVYIODLLIDLLLD
YOOLVYIOLOLILYLOVYIYYIDIDVYILOVODLLYILDDDDLLDLVYYY OV LDLYVYVYIOLYDVYIOVYOLLYYDDLLODOLLLD
00c¢T 9CTT
LLYYYDIDLLOL J¥DLD LOLL ¥ VY D I VIV LLLD DJV¥JJDY V¥IIVILLLLODOYYID
LIVYYOVLILOVYYIOVYIDLD-——LODLOVY-OVVYVYOYOYYIVIL—————— LOYIOLIDDLOLYIDIDDLIOVLLYIOYYID
LIVYYODLLILOLYDLILVILOLLOLYIDVYLODLOVIVYLYYIDIDLLLODLOVIOVYILYDIDVIVLLODDVYYID
LIVYYODLLILOLYDLILVILOLLOLYDIDVYLODLOD LYY ILYYIDIDLLLODLOVIOVYILYIDVLOLLIODDVYYID

OLYYYOVLIILLOYIDD-——LOLLYYY-OVYOOYLODILYOV—————— LLLODYOVLOOYYDIIIVILLLLOLOYYID
LIVYYODLLILOLYDLILVILOLLOLYIIDVYLODLIDILVYILYYIDIDLLLOYLIOVIOVYILYDDVLOLLODDVYYID
LLOYYOVLIDLLOVYILD-—LOVLLOY-LVYYOOYLIDIVYID—————— LOLOYYOVIODOYYYIIVILLLLOYOYYID
LLOYYOVLIDLLOVYILD-—LOVLLOY-LVYYOOYLIDIVYID—————— LOLOYYOVIODOYYYIIVILLLLOYOYYID
OLYYYOVLIDLLOYILI--VYOLLYYY - LVYYOOLLOYIVOL—————— LODILYYIVIOIOYYDIIIIVILLLLIDOYYID

LIVYYODLLILOLYDLILVILOLLOLYIDVYLODLOVIVYLYYIDIDLLLODLOVIOVYILYDIDVLOLLODDVYYID
LIVYYODLLILOLYDLILVILOLLOLYIDVYLODLOVIVYLYYIDIDLLLODLOVIOVYILYDIDVIVLLODDVYYID

OLYYYOVLIILLOVYIDD--VYOLLYYY-OVYOOYLOVIVOV—————— LLLYYYOVLOOYYIIIIVLLOLIODOYYID
LIVYYODLILILLOYIDLO-—DOLLYYY-OVYOOYLOVIVOV—————— LLLODYOVLOOYYIYIIVILLLLIODOYYID
LIVYYOVYLIDVYOOYILI-——DILVLYYY-¥YIIVIOILOVIVVY—————— LYLOYIOVLODOYIIIIVILILVLLLIOYLID
OLYYYOIDLVYILLOYILD-—DILVLYYY-OVYOOLODYIVIV—————— LLLOYYOVIODOLOYIIDVILLLLOLOYYID
LIVYYODLVYILLOYIYI——LOLLODL-LVYILOYLOYIOL)—————— LLYODYOVIODLYYYIIVILOVLLLIDLLID
LIVYYOVYLILVOVLYDIDIVYIOLYYYYYOVILIVOLLOOYIVIV-——————————————— LODLOLYDDLOLILYIOVYYID
OLYYYODLVYYIOVIYIYIDILIODYILIDIVIVIOIDDILOVY —————— YYILOLYDIIIDLIDVYIDLIDLILYLOYYDD

QCTT TGO0T

SNsussuo)

69269z3¥ oM vwdwo

89269zAY 9GW vdwo

€T19Z9LAY 0CHIISM vdwo
66269237 6zzSA wdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y @9 vdwo
69269zAY £dD wdwo
GEOELW 099 vdwo

GELOTELY vECZ-18 vdwo

o9 87 09d¥0 ZGGF00ON oqed) wdwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo

SNsussuo)

69269z3¥ oM vwdwo

89269zAY 9GW vdwo

€T19Z9LAY 0CHIISM vdwo
66269237 6zzSA wdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y a9 vdwo
69269zAY £dD wdwo
GEOECLW Dd9 wduwo

GELOTELY vECZ-18 vdwo

o9 87 09d¥0 ZGGF00ON oqed) ydwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo



PCT/EP2012/061420

12/23

Figure 4 — continued (8)

WO 2012/172042

YYL
LLLLLYDLOLLOODLILOLOYIDDLIIVYYIYILYLIDOOILILLLLLOYYLOD LY LOVLY - LL LDV LLLYDDVVYL
LLLLLYDLOLLOODLILODDYIOVLIIVYYIOYILYLIDOOILILLLLLOYYLOD LY LOVLYLLLIDVLLLYDOVY.L
LLLLLYDLOLLOODLILOLOYIDDLIIVYYIYILYLIDOOILILLLLLOYYLOD LY LOVLY - LL LDV LLLYDDVVYL
LLLLLYDLOLLOODDILOLOYIIDLIIVYIYILYLIDOOILILLLLLOYYLOD LY LOVLIY - LL LDV LLLYDDVYL
LLLLLYDLOLLOODDILOLOYIIDLIIVYIYILYLIDOOILILLLLLOYYLOD LD LOVLY-DLIIOVLLLYDIVYL
LLLLLYDLOLLOODLILOLOYIOVIIIVYOYILYLIDODDLOLLLLLOYYLOD LY LOVLIY - LL LDV LLLYDDVVYL
LLLLLYDLOLLOODDILOLOYIIDLIIVYIYILYLIDOOILILLLLLOYYLOD LY LOVLIY - LL LDV LLLYDDVYL
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| Y-LLLOVYLLLYIOVYL

0GET 9LZT
OLLYDVYILLYYOILODLYVYILYIOYILIDLOOYIYYYILYYILYYLLODOVYIOVYYILODLOYOLYVYILODLYYYIOVD
OLLYDVYILLYYOILODLYVYILYIOYILIDLOOYIYYYILYYILYYLLODOVYIOVYYILODLOYOLYVYILODLYYYIOVD
OLLYOYILILVYYOLODIOVYVYILYIYILIDLOOYIYYYILYYILYYLLODOVYIOVYILODLOYOLYIIDLODLYYYLYD
OLLYDVYILLYYOILODLYVYILYIOYILIDLOOYIYYYILYYILYYLLODOVYIOVYYILODLOYOLYVYILODLYYYIOVD
OLLYDYILILVYYILODLYYILYIOYILIDLOOYIYYYILYYILYYLLODOVYIOVYYILODLOYOLYVYILODLYYYIOVD
OLLYOYILILVYYILODLYYILYOYILODLODVIYYYILYIODLYYLLIODOVYIDIYILODLOYILYVYILODLYYYIOVD
OLLYDVYILLYYOILODLYVYILYIOYILIDLOOYIYYYILYYILYYLLODOVYIOVYYILODLOYOLYVYILODLYYYIOVD
OLLYDVYILLYYOILODLYVYILYIOYILIDLOOYIYYYILYYILYYLLODOVYIOVYYILODLOYOLYVYILODLYYYIOVD
OLLYDVYILLYYOILODLYVYILYIOYILIDLOOYIYYYILYYILYYLLODOVYIOVYYILODLOYOLYVYILODLYYYIOVD
OLLYOYILILVYYILODLYYILYOYILIDIDOOYIYYYILYYILYYLLODOVYIOVYILODLOYOLYVYILODLYYYIOVD
OLLYOYILILVYYOLIDIOYYVYLIODYILODLODVIYYYIIVYILYYLLODDLOOVYYILODLOYOLYIILODLYYYIVD
OLLYOYILILVYILIODLYYLLYOYOLODLOOVIYYYIIVIDLYYLLIODOVYIOVYYILODLOVLLYIDLODLYYYLYD
OLLYOYILIDVYILIODLILVYLIODYILIDLOOVIYIVIIVVYLLYYLLLIDLOOVYIVYIDLOVLIOVILODLYYYLYD
OLLLODDLIDVYILIDLYYVLIODYILODVYIIOVIYYYILYIODLYDLLIODOYIYIVYILLIOLOVLLIOVIDLYLYYY.LYD
OLLODDDLILVYYIOYIDLYYVLIODYILIDVYIIOVIVYIVILYIODLYDLLIODDLOYIYILILOVIOVLLIOVIDIOYLYYYIOVD
QLZT ToZT

SNsussuo)

692692d¥ oM vdwo

89769z4Y 9GHW vdwo

€T9Z9LAY  0CAL¥SM VWO
6GZ69ZAY GzZSA vdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y @9 vdwo
69769za¥ €d0 vdwo
GE0ELW 099 vdwo

GCLOTELY FECT-F8 YdwO

o9 87 09d¥0 ZGGF00ON oqed) wdwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo

SNsussuo)

69269z3¥ oM vwdwo

89269zAY 9GW vdwo

€T19Z9LAY 0CHIISM vdwo
66269237 6zzSA wdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y a9 vdwo
69269zAY £dD wdwo
GEOECLW Dd9 wduwo

GELOTELY vECZ-18 vdwo

o9 87 09d¥0 ZGGF00ON oqed) ydwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo



PCT/EP2012/061420

WO 2012/172042

13/23

Figure 4 — continued (9)

LOLLYIDLOLYOYYLIVVYY LLYLLYIDVYYYYYLIDDLLOLYYOVLLYOVIOYLOIVYYVYOVLODVYYIVLOLLLLYVYY
LLOLYIDLOLYOYYLIOVYYLLYLLLODVYYYYYLIDDLLOOYYOVLLYOVIYLOIVYYYYLLODVYYIVLOLLLLYVYY
LOLLYIDLOLYOYYLIVVYY LLYLLYIDVYYYYYLIDDLLOLYYOVLLYOVIOYLOIVYYVYOVLODVYYIVLOLLLLYVYY
LOLLYIDLOLYOYYLIVVYY LLYLLYIDVYYYYYLIDDLLOLYYOVLLYOVIOYLOIVYYVYOVLODVYYIVLOLLLLYVYY
LOLLYIDLOLYOYYLIVVYY LLYLLYIDVYYYYYLIDDLLOLYYOVLLYOVIOYLOIVYYVYOVLODVYYIVLOLLLLYVYY
LOLLYIDLOLYOYYLIOVYYLLYLLYIDVYYYYYLIDDLLOOYYOVLLYOVIOYLOIVYYVYOLLODVYYIVLOLLLLYYY
LOLLYLOLIL-JLYLIVVYYLLYLLYIDVYYYYYLIDDLLOLYYOVLLYOVIOYLOIVYYVYOVLODVYYIVLOLLLLYVYY

YILOLVYLLYDILOVIOLLYYIYYILVYODDLLIDILVYYYYLDLLLLOLOLYYYILLLOYOVOILLLLODOYIOVLOOLLL
YILOLYLOYOIIVYLLYOOYYIVIODLLLYDILYYYYLDLLLLOLOLYYYILLLOVY DV LLLLLLOLLYODDDOLLL
YILOLVYLLYDILOVIOLLYYIYYILVYODDLLIDILVYYYYLDLLLLOLOLYYYILLLOYOVOILLLLODOYIOVLOOLLL
YILOLVYLLYDLOVIOLLYYIYILYODDLLIDILVYYYY LD LLLLOLOLYYYILLLD -¥IOVILLLLODDYIOVLOOLLL
YILOLVYLLYDIDVILLOYIVYILYIDDLLYIILYYYYLDLLLLOLOLYYYILLLOVYOVO - LLLLODDYIOVLOOLLL
YILOLVYLLYDILOVILLYYIYYIVYIODDLLYDILYYYY LI LLLLOLOOVIVY LLODYLYLDLLLLODLYOVILOOLLL
YILOLVYLLYDLOVIOLLYYIYILYODDLLIDILVYYYY LD LLLLOLOLYYYILLLD -¥IOVILLLLODDYIOVLOOLLL

SNsussuo)
6926924Y Om vdwo
89269z4d¥Y 9GW vdwo

€T9Z9LAY  0CAL¥SM VWO
692692dY SZZSA YAWO _
292692d¥ 0TTRO-ZZTIA-NW vdwo

£62T/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y a9 vdwo
69269zAY £dD wdwo
GEOECLW Dd9 wduwo

GELOTELY vECZ-18 vdwo

o9 87 09d¥0 ZGGF00ON oqed) wdwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo

SNsussuo)
6926924Y Om vdwo
89269z4d¥Y 9GW vdwo

€T9Z9LAY  0CAL¥SM VWO
692692dY SZZSA YAWO _
292692d¥ 0TTRO-ZZTIA-NW vdwo

£62T/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y a9 vdwo
69269zAY £dD wdwo
GEOECLW Dd9 wduwo

GELOTELY vECZ-18 vdwo

o9 87 09d¥0 ZGGF00ON oqed) ydwo
Od LF000¥DD GZ6GT0AY ardd)y vdwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo

09 ZG00JL 09TZ00dY xnw) ydwo
o9 T89LD LTTO00ON 27130 wdwo



PCT/EP2012/061420

14/23

Figure 4 — continued (10)

WO 2012/172042

T0ST SNSUSSU0)
D0OYILOIIOVOVILODIVYIIIOVINIDIDDOOVIOVL (86E€T) 692692AY oM vwdwo
|||||||||||||||||||| LOVIOODDDDOIVIOVL (ZEVT 89269zA¥ 9GW vdwo
||||||||||||||||||||||||||||||||||||| 660T) €T9Z9LAY 0£AIMSM ydwo
DD9YILOLIOVYOVILODIVYILOOVINIDIDIOOVIOVL (68€T) 6526924Y GzgSA vdwo

79269Zd¥  QTTRO-ZZTUA-NW vdwo

(
(
(
(
(
||||||||||||| DDILYYOLIOVIODDIDDDIYIDIVL (0LET
(
(
(
(
(

)

)

)

)

)

)
||||||||||||||||||||||||||||||||||||| 690T) €621/26 d TdWO ¥d4
DDOYILOLIOVOVIODIVYILOOVIOIIIDIIOVIOVL (¥6E€T) 992692dY TLN vduo
||||||||||||| IODIVYILOVIONOIIODOIVIOVL (86€T) T19269Zd¥ a9 vwdwo
|||||||||||||||||||| LOVIONODIODOIVIOVL (6ZFT) G9Z69zd¥ €40 wdwo
||||||||||||||||||||||||||||||||||||| 88ZT) GEOELW 099 vdup
||||||||||||||||||||||||||||||||||||| (060T) GELOTELY pEEZ-F8 vdwo
||||||||||||||||||||||||||||||||||||| (TLTT) 0¥ 8%09¥D zGGH00ON ogedd yduo
||||||||||||||||||||||||||||||||||||| (TLTT) O¥ Lv000¥DD GZAGTOEY aeodd wdwo
||||||||||||||||||||||||||||||||||||| (08TT) 8S6040 668L000N T1=3dD wduo
||||||||||||||||||||||||||||||||||||| (TLTT) G690Udd 2Z60000N uddy yduo
||||||||||||||||||||||||||||||||||||| (G9TT) 0¥ ZG00DI 09TZ00dY Inuwd wdwo
||||||||||||||||||||||||||||||||||||| (€8TT) O¥ T89ID LTIT000DON ©x13D vdwo
LEST TOGT



PCT/EP2012/061420

WO 2012/172042

15/23

Figure 4 — continued (11)

AYYNIAMAYAOTHYOAVIN d9d ¥ I¥YSY 9ILY Id YYWOSAIMNAAAMTAYAAAXRAOAXAOVIISIVAOMI (9L)
AYSNIAMAYAD THMO AV INAIAAY - -OMYSSALDSSHLAT VYR SA IMNAAANTAIAIARAADAXROVIAISIVAOML (8F)
AYYNSAMAVAOWHIDAY INVIONYHA LOLNIYND SYALALYYNO LA IMNAAANTAIAIAAADAXOVIISIVAOMI (£G)
AYYNSAMAVAOWHIDAY INGIONYHAONINSYNO IVOLALYYNO SA IMNAAANTAIAIAAADAXOVIISIVAOML (£G)
AYYNIAMAYADTHMOAVINAIALALMAAYY - - - -¥YSOLAVYORI ST IMNAAANTAIAIARAADAXROVIAISIVAOML (0G)
AYYNSAMAVAOWHIDAY INGIONYHAONINSYNO IVOLALYYNO SA IMNAAANTAIAIAAADAXOVIISIVAOML (€€)
AYYNIAMAYADTHMO AV INLIAAY -~ LLLYSYIOIVALASMYNO SA IMNAAANTAIAIARAADAXROVIAISIVAOML (€£G)
AYYNIAMAYADTHMO AV INLIAAY -~ LLLYSYIOIVALASMYNO SA IMNAAANTAIAIARAADAXROVIAISIVAOML (T1G)
AYYNIAMASADTHIDAVANIIAIVYNMAANd - - -SSOLAMID IDSAIMNAAANTAIAIARAADAXROVIAISIVAOML (€£G)
AYYNSAMAVAOWHIDAY INGIONYHAONINSYNO IVOLALYYNO SA IMNAAANTAIAIAAADAXOVIISIVAOML (£G)
AYYNSAMAVAOWHIDAY INGIONYHAONINSYNO IVOLALYYNO SA IMNAAANTAIAIAAADAXOVIISIVAOML (ZL)
AYYNIAMAYADTHMO AV INVIALALMAAYY - - - - SNOLAAYOWI) LA IMNAAANTAIAIARAADAXROVIAISIVAOML (€£G)
AYYNIAMAYADTHMO AV INGIALALMANY Y- - - —~YIOLAAYOWO LT IMNAAANTAIAIARAADAXROVIAISIVAOML (€£G)
AYYNILSMAYAOWHMO AY INNIAYALMAAYY - - - -¥NOLAVILOW- ST IMNAAANTITIAIARAADAXROVIAISIVAOML (€£G)
AYYNIOMAVAD THYOAYANSIAVYY - ~ALINSYIOSYYILAYYYNOS T IMNAAANTIIAIAAADAIOVIISIVAOMI (£G)
JOVNIAMAYAHTHMNAVANTIAAYLLANY Y- - - -¥SOLAMYON-SAIMAVAANT TIAIARAADAIOVITSIVAOML (FG)
AYYNLANAVADWHYO AYANI-ISYd LdYILT--AYAD LdYYORN-HADMNAAINTAIAIAIADAXADTITSIVAOML (£G)
OYYNLANAVADWHAO AYANIIVLILSdVYSN--OLALIAMYON-0d IMNAAINTAIAIAIADAXOATINS IVAOML (£G)
0GT 9L

¥2ddddddSYOIMAILOAITISdIVANOAITYOTSTIYS OLYYATTYSTTTINH (1)
¥2da0ddssSYOAMNILOAI TTISdAVANIAd TYOTSTYS - OLYYAT TS —————— = ——————————— (T
$0dd0dd9SYOAMKNIOAITISdAVANIAdTYDTSTYS - OLVYAT IV S T I - ————————————————————— (T
¥Odd0daoSYOAMALOAITIS dAVANIAdTYOTSTYS - OLYYATTY S TTMIR - — ————————————————— ——— (1)
¥2da0ddasSYOAMNILOAI TTISdAVANIAd TYOTSTYS - OLYYATTY ST TT———————————————————— ————— (T
¥2da0ddssSYOAMNILOAI TTSdAVANIAd TYD - ———————————mm o e (T
¥Odd0daoSYOAMALOAITIS dAVANIAdTYOTSTYS - OLYYATTY S TTMIR - — ————————————————— ——— (1)
YOdd0dadSYOAMALOAITIS dAVANIAd TYOTSTYS - OLVYATTIY S TI -~ —————————————————— - — —— (1)
$0dd0dd9SYOAMKNIOAITISdAVANIAdTYDTSTYS - OLVYAT IV S T I - ————————————————————— (1)
¥Odd0daoSYOAMALOAITIS dAVANIAdTYOTSTYS - OLYYATTY S TTMIR - — ————————————————— ——— (1)
¥Y0ddDdd9sSYOAMANLOAITTISAEIVANIAdTYOTSTYS —OLYVATTY ST TIMINS AT TS -V - AIMMMHASN-NYId (1)
$0dd0dd9SYOAMKNIOAITISdAVANIAdTYDTSTYS - OLVYAT IV S T I - ————————————————————— (1)
$0dd0dd9SYOAMKNIOAITISdAVANIAdTYDTSTYS - OLVYAT IV S T I - ————————————————————— (1)
$0dd0dd9SYOAMKNIOAITISdAVANIAdTYDTSTYS —OLIVATIVSH TIMN - ————————————————————— (1)
¥Odd0dadSYOAMALOAITIS dAVANIAdTYOTSTYS - OVYYATTY S TIMIR-— - ————————————————— ——— (1)
¥Y2dadddovyOaIMIIOAITISdASANIAdTYOTSOASOVAVY STIV S TIMMH- ————————————————————— (T
10dd0dd99d9aMTIOAINTSdAVANDAd TYHTISSYS —OTAVAVTASH T TN - —— ——————————————————— (1)
¥0dd2ddao9d9dMTIOAINISdAVANIAdTYOTSSYS - STYVAATAST TIMNN - ————————————————————— (1)
SL T

SNsussuo)

69269z3¥ oM vwdwo

89269zAY 9GW vdwo

€T19Z9LAY 0CHIISM vdwo
66269237 6zzSA wdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y @9 vdwo
69269zAY £dD wdwo
GEOELW 099 vdwo

GELOTELY vECZ-18 vdwo

8709¥D ZGSH 000N ogqedd yduo
LP000¥DD G26GT0AY arod) ydwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo
ZG000I 09TZ003Y xnw) ydwo
T89ID LTITO00ON ©x3D ydwo

SNsussuo)

69269z3¥ oM vwdwo

89269zAY 9GW vdwo

€T19Z9LAY 0CHIISM vdwo
66269237 6zzSA wdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y @9 vdwo
69269zAY £dD wdwo
GEOECLW Dd9 wduwo

GELOTELY vECZ-18 vdwo

8709¥D ZGSH 000N ogqedd yduo
LF000¥0D §265T0dY Ar2d) vdwo
866040 668L000N T23dD vdwo
G690Udd 2Z60000N uddy yduo
ZG000I 09TZ003Y xnw) ydwo
T89ID LTITO00ON ©x3D ydwo

ssousnbes (gWOW) uTtejoad sueaqusw xs3no xolel



PCT/EP2012/061420

16/23

Figure 4 — continued (12)

WO 2012/172042

HHAMIIVSMIALY AIOVLIdTdANSSIOMADIAMHIAADYASSIANTWEIMANSOYADATVOTIVIODAMTIVYOYT
HHAMIIVSMILALVIALOVITATdANS LIOMADIAMHIAIDYASSIANTWE IMANSOYADAIVOTIVIODAMTIVYOT
HHAMIIVSMIALVAAIOVLIIATdANS SIOMADIAMHIAIDYASSIANTIWE IMINSOYADAIVOTIVIODAMTVYOT
HHAMIIVSALALVALIOVLIIATAdANS SYOMADIAMHIAIDYASSIANTATIMANSOYADAIVOTIVIODAMTIVYOT
AHAMTIVSIIALVOALOVITATAANS DILOMADIdNHANIDIASS IANTWA IMANSOVADIIYOTIVIDOEIMTIYOE
HHAMIIVSALALVALIOVLIIATAdANS SYOMADIAMHIAIDYASSIANTATIMANSOYADAIVOTIVIODAMTIVYOT
HHAMTIVSILALVYYALOVAIdTdANSOIOMADIAMHIAIDYASSIANTWE IMANSOYADAIVOTIVIODAMTVYOYT
HHAMTIVSILALVYYALOVAIdTdANSOIOMADIAMHIAIDYASSIANTWE IMANSOYADAIVOTIVIODAMTVYOYT
HHAMTIVSILALVYYALOVNYATdANYSIOMADIAMHAAIDYASS IANTWE IMANSOYADAIVOTIVIODAMTYOYT
HHAMIIVSAILALVALIOVLIIATAdANS SYOMADIAMHIAADYASSIANTIHIMANSOYADAIVOTIVIODAMTIVYOYT
HHAMIIVSALALVALIOVLIIATAdANS SYOMADIAMHIAADYASSIANTWE IMANSOYADAIVOTIVIODAMTIVYOYT
HHAMTIVSILALVYYASOLLIAdTSANYIVOMADIdMHAAIDYA SATIANTWE IMANSOYADAIVOTIVIODAMTYOYT
AHAMILVSIIALIVOALOVITdTdAV -— IO ADIddNHANIDYA SSAANTWA IMANSOVADIIYOTIVIDOEIMTIYOE
HHAMILVSIIALVSHALIOVITATAANYYIOMADIdNHIAADIASS IANTWA IMANSOVADIIYOTIVIOOEIMTIYOE
HHANMALYSALALVIVIOVYAdTAANYYIOMADIAMHINAOVYASSIANTWE IMANSOYADAIVOTIVIODAMTYOYT
HHANILVSMIOIVIVADVALATdA--YADMZOUANNASADSAND IANTHEIAMAN SOVADIIYOTIVIDOEIMTIYOE
HHAAISYAMIALVSALOVIINTAAA-—0DAZOUANNILAAVYND TANTHEIAMAN SOVADISYDTIVIDOEIMTIVY T
AHAAISYANIOIVYALOVITATAdAT-—IDAZDUANINILAAVYND TANTHEIAMAN SOVADISYDTIVIDOEIMTIVY T
00¢€ 9cc
YOASMSALIALAITAADDLIVANGTO arn D ADITOATNAVYSSYMAADNSYITLOAIAAIAMINTY'T
¥OASMSALIALAITATOOLIVANATOANTYNS IS - NOVIDATOATNAVYS SOMAADNS YO TLOAIAAIIAMINTIVYT
YOASMSASIALAATAADDLIVANATOMATALSAYSSYSADITOATNAVYS SYMAZONS VO TLOAIAAIAMINTIVYT
¥OASMSASIALAITAADDLIDANATONA TALS LS SIYSADITOATNAVYSSSHAADNS YO TLOAIAAIIAMINTIVYT

YOASMSALIALAITATIDOLIDANATOAVYAS ———— LOMAD I TOATNAVYS SYMAADNS YO TLOA IAAIAMINTIVYT
¥OASMSASIALAITAADDLIDANATONATALSLSSIVSADI TOATNAVYSSSHAADNS YO TLOATAAIIAMINTIVYT
¥OASMSALIALAIIAADDLIVANA TONNAQL ————— OMTOITOATNAVYSSYNMAADNSYITLOAIAAIAMINTY'T
¥OASMSALIALAIIAADDLIVANA TONNAQL ————— OMTOITOATNAVYSSYNMAADNSYITLOAIAAIAMINTY'T
¥OASMSALIALAITAADDLIVANATOANL TS ————SOMAD I TOATNAVYS SYMAADNS YO TLOAIAAIAMINTIVYT

YOASMSASIALAATAADDLIDANd TONA TALS LSNIVSADITOATNAVYS SSUAZDNS YO TLOAIAAIAMINTIVYT
YOASMSASIALAATAADDLIDANdTONATALS ISSYYSADITOATNAVYS SYMAZDNS VO TLOAIAAIAMINTIVYT

¥OASMSALIALAITAADDLIDANATIANI TL -———NOM IO I TOATNAVYS SYMAADNS YO TLOA IAAIAMINTIVYT
YOASMSALIALAATATIDOLIDANATOAVY IS ————SOMAD I TOATNAVYS SYMAADNS YO TLOA IAAIAMINTIVYT
¥OASMSALIALATIATOOS IVANAADDOTAL ————— DLADTTIOATNAYVYYNYITADNSYI TLOAACAIAMINTY'T
YOASMSAYIALATAATIDOS IHANGIONYAAL ————— OYIDITOATNAVAS SYMAADNSYITLOAATIIAMINTY'T
YOASMSASLALATIAADNS TSANATANYNALL-———DMADATOATNAVILSNOII ADNS YO TLOANATIIAMINTIVY I
YOASMYAYIALATIAAYOSTSANA IAAVYAY -~ —— LHQIDATOATNAVYSNONTAD S IYDTLOAAQIIAMINTYIA
YOASMYALILALATIAASOAASHNAASEVIALN - —ONEANAOATOATNASYSNONTADSIVDTLOAAQIIAMINTYIA
qce TST

SNsussuo)

69269z3¥ oM vwdwo

89269zAY 9GW vdwo

€T19Z9LAY 0CHIISM vdwo
66269237 6zzSA wdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y a9 vdwo
69269zAY £dD wdwo
GEOECLW Dd9 wduwo

GELOTELY vECZ-18 vdwo

8709¥D ZGSH 000N ogqedd yduo
LP000¥DD GZ6GT0AY arod) ydwo
866040 668L000N T23dD vdwo
G690Udd 2Z60000N uddy yduo
ZG000I 09TZ003Y xnw) ydwo
T89ID LIT000DN ©11) vdwo

SNsussuo)

69269z3¥ oM vwdwo

89269zAY 9GW vdwo

€T19Z9LAY 0CHIISM vdwo
66269237 6zzSA wdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y a9 vdwo
69269zAY £dD wdwo
GEOECLW Dd9 wduwo

GELOTELY vECZ-18 vdwo

8709¥D ZGSH 000N ogqedd yduo
LP000¥DD G26GT0AY arod) ydwo
866040 668L000N T23dD vdwo
G690Udd 2Z60000N uddy yduo
ZG000I 09TZ003Y xnw) ydwo
T89ID LIT000DN ©11) vdwo



PCT/EP2012/061420

17/23

Figure 4 — continued (13)

WO 2012/172042

AJAOYNWHY I AN I TIVAD LI SMMAVA I TIVOAVADD VIS MWNANIOISY
||||||||||||||||||||||||| AJAOYNWHY I AN I TIVAD LI SMMAVA I TIVOAVADD VIS MWNANIOISY
||||||||||||||||||||||||| AJAOYNWHY I AN I TIVAD LI SMMAVA I TIVOAVADD SMISMWINIOISY
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| OMESHIINIOISY
||||||||||||||||||||||||| AJAOYNWHY I AN I TIVAD LI SMMAVA I TIVOAVADD VIS MWNANIOISY
||||||||||||||||||||||||| AJAOYNWHY I AN I TIVAD LI SMMAVA I TIVOAVADD VIS MWNANIOISY
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| OMESHIINIOISY
||||||||||||||||||||||||| AFJAOVNWHY VI HH I TIVAD LI SMMAVA I TIVOAVADD VIS MWNINIOISY
AI-IDSADANDZISTANAZAATSID-ITIOVINNHYVIENI TIVID LI SMIAYA I TIVOIVIDOTNISMINMNIOISY
AI-IDSADTNOZISTANAZAATSID-ITIOVINNHYVIENI TIVID LI SMIAVA I TIVOAVADDSMISMINMNIOISY
|||||||||||||||||||| TSID-TdIOVIINHY VI ENI TIVID LI SMIAYA I TIVOAVADDTIISMINMNIOISY
||||||||||||||||||||||||||||||||||||||||||||||||||||| TIVOAVADDMESMIMINIOISY
||||||||||||||||||||||||| AJAOYNWHY I AN I TIVAD LI SMMAVA I TIVOAVADD VIS MWNANIOISY
||||||||||||||||||||||||| AJAOYNAHY I EANTI TIVAD LI SMMAVA I TIVOAVIDOVIISMNNANIOISY
||||||||||||||||||||||||| AFAOYNIHY VI EAITIVAD LI SMMAVA I TIVOAVIDOVIISMWNANIORNS A
||||||||||||||||||||||||| AFA0DSARY I AN I TIVAY L TSMMAVAATIVOAIADD VIS MANMNIODS A
||||||||||||||||||||||||| AJAOYNARY VI HA I TILIAIAVAMAVAAI LLOIVTOOSMIASMWNANTO IS A
||||||||||||||||||||||||| AJAOYNARY VI HA I TILIAIAVAMAVAAT LIOAVIDO SMISMWANTO IS A
0S¥ 9LE
I0TAAsS4d NI T I¥ 9TILANMILIINTIVIVIMAOVIVIIAVAALVISMNADI AATANTIASTYTOADM
IOTNASMY-——NINAASOSYOLILANMIMYATAYIVINAOVIYILAVAALVISMNADT AdATRANTIAS TY TOADM
IOTAQSTAQYOSNNTYLLISOITSANMLIINTIESTTIAOVYIII LAVAALVISMNAD I AAATHN TIXAS TYTOADM
IOTAQSTAQYOVNNATYLLSOTISANMLIINTIESTTAOVYIII IAVAALVISMNAD I AAATHN TIXAS TYTOADM
I0TAAOAN---NSYATVIVEADTTLANMI I INTAYYY TIAOVIYI SAVAALVISMNADT AdATRANTIAS TY TOADM
IOTAQSTAQYOONNTILLSOTISANMLIINTIESTTAOVYIII IAVAALVISMNAD T AATHN TIXAS TYTOADM
TOTAASAL---NIDAALLYIDTILANMILITATAVIVIMAOVYIEIIAVAALVISMNAD I AGATHNTIXAS TYTOADM
TOTAASAL---NIDAALLYIDTILANMILITATAVIVIMAOVYIEIIAVAALVISMNAD I AGATHNTIXAS TYTOADM
I0TAASAN--—NSIATHIVEAD TTLANMI L TNNAYSYINAOVIYI LAVAALVISMNADT AdATHANTIAS TY TOADM
IOTAQSTAQYOSNNTYLLISOTTISANMLIINTIESTTIAOVYIII IAVAALVISMNAD I AATHN TIXAS TYTOADM
IOTAQSTAQYOSNNTYLLISOITSANMLIINTIESTTIAOVYIII LAVAALVISMNAD I AAATHN TIXAS TYTOADM
I0TAASAN---NSILATNIVOOTTLANMI I INTAYYY TNAOVIYI LAVAALVISMNADT AdATANTIAS TY TOADM
I0TAAVYAN---NSIATVIVEADTTLANMI I INTAYYY TNAOVIYIVAVAALVISMNAS T AdATANTIAS TY TOADM
IOTOAYAN-——¥OINILIVADTTLANMIIINTIVIATIAOVIYI SAVAALVISMNADT AdATHANTIAS TYTOIOM
IOWAAYAN---NSIATLIVADTTILANMIIINTIVSYINAOVIYILAVAALVISMNADT AdATRANTIAS TY TOADM
IOWAASAS—-——AILSTYLVYNOTISANMY L INTAYIA TIAOVIYINAVAALVISMOADTI AdATSNTIASTSYOADM

IOTIALINIAAQI————-— DSOS ILANMIINXTISIATXdOVIYILAVAISVISMIADTI AdLANNTIAS TYISYOM
IOWIAOTODEYIL——MAAOVOVILANILLIAA IVIVSYAOVIYILAVAASVISMIADT Ad LAWNTIAS TY ISYOM
QLE T0€

SNsussuo)

692692d¥ oM vdwo

89769z4Y 9GHW vdwo

€T9Z9LAY  0CAL¥SM VWO
6GZ69ZAY GzZSA vdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y @9 vdwo
69769za¥ €d0 vdwo
GE0ELW 099 vdwo

GCLOTELY FECT-F8 YdwO

8709¥D ZGSH 000N ogqedd yduo
LP000¥DD G26GT0AY arod) ydwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo
ZG000I 09TZ003Y xnw) ydwo
T89ID LTITO00ON ©x3D ydwo

SNsussuo)

69269z3¥ oM vwdwo

89269zAY 9GW vdwo

€T19Z9LAY 0CHIISM vdwo
66269237 6zzSA wdwo

79269ZdY  QTTRO-ZZTIA-NW vdwo
£6ZT/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y a9 vdwo
69269zAY £dD wdwo
GEOECLW Dd9 wduwo

GELOTELY vECZ-18 vdwo

8709¥D ZGSH 000N ogqedd yduo
LP000¥DD GZ6GT0AY arod) ydwo
866040 668L000N T23dD vdwo
G690Udd zZ60000N uddy yduo
ZG000I 09TZ003Y xnw) ydwo
T89ID LIT000DN ©11) vdwo



PCT/EP2012/061420

18/23

Figure 4 — continued (14)

WO 2012/172042

03s) (16%)
OFS) = mmmmm (z6€)
OFE) = mmmmm (c0p)
OFS) = mmmmm (L9€)
DES) mm oo (68€)
DES) —mm oo (£8¢)
OFE) = mmmmm (LSE)
OFS) = mmmmm (16€)
0FS) WSAIULSTISINI-AHMMETILIATN-YATIN-IITSNMHSHIMAITA-YIDASITT (GTp)
0FS) —--AdVH-SATSTMIISMADSOTI-IATI-AINST-HIMIYASHTISIOIASIAdTT (92F)
o3 e (9zp)
OFS) = mmmmm (79€)
DES) —mm oo (06€)
DES) mm oo (06€)
DES) mm oo (€6€)
DES) mm oo (06€)
DES) mm oo (88¢)
OFE) = mmmmm (76€)

SNsussuo)
69269z3¥ oM vwdwo
89269zAY 9GW vdwo
€T19Z9LAY 0CHIISM vdwo
66269237 6zzSA wdwo
79269ZAY QTTPO-ZZTAA-NW vdwo

£62T/26 @ 1Tdwo ¥d4
99769zd¥ 10N wdwo
19269z4Y @9 vdwo
69269zAY £dD wdwo
GEOELW 099 vdwo

GELOTELY vECZ-18 vdwo
8709¥D ZGSH 000N ogqedd yduo
LP000¥DD G26GT0AY arod) ydwo
866040 668L000N T23dD vdwo
G690Udd 2Z60000N uddy yduo
ZG000I 09TZ003Y xnw) ydwo
T89ID LTITO00ON ©x3D ydwo



PCT/EP2012/061420

WO 2012/172042

19/23

Figure 5

aeyouon

aeanounfuon

2l09g

eayoed

& &

snuig

SR B B

-1

2100g

84008



PCT/EP2012/061420

WO 2012/172042

20/23

Figure 5 — continued (1)

oeslily jeuiwiopqy

2100g

oeslly |eseioy |

2102g



WO 2012/172042 PCT/EP2012/061420

Figure 5 — continued (2) 21/23

Lungs

Liver

Pericardium




PCT/EP2012/061420

WO 2012/172042

22/23

Figure 6

g pue ¢ dnosfi
uoosyugsod Aeqy ZZ

Ll

13

g pue g dnoif
uonosjul

g pue g dnoib
UOHBUIDIBA 18]1500¢

¥ pue ¢'z'| dnosb

Lo o8|

g pue g dnoib
UOIBUIDIEA Ol

ppue g ‘7 ‘L dnosb
UOIJBUIDNE A

o
T

Fpue gzl dnoib
uonosjul 1sod Aeq

g dnoigy -@-
G dnoie) ~g-
f dNoIS) —a—
¢ dnoioy —=-
Z dnoloy -m-
| dnoicy —e-

- 009

- 0001

. e e e e e e e e e P PN e o

- 0051

eias ul joepisd "9 jo uiajoid Jueuiquiooal e jsuiebe 1oy Apoqiue |ejo |

1oy



PCT/EP2012/061420

WO 2012/172042

23/23

Figure 7

g pue g dnoib
uonoaiunsod Aeq

g us g dnoib
U008 U|

g ua g dnoub
LOIIBUIZDBA 1B]500Y]

ppue gz’ dnolf
(el itt=TTH

g pue g dnoib
uoneuIaDEA OWLH

ppue gzl dnoib
UQIIBUIDOEA

(22
o
1
[{e]
t':'.')..-..---

ppue ¢z 'L dnolb
uonoayul 1sod Aegg

<t
-

EH
_—
C::t-

g dnoin
G dnoig
¥ dnoun
¢ dnoig

Z dnoig
| dnolio

bett toe

S(EeMS |esoonwi
jeabulieyd ul roepisd '5H jo ulaloud jueuiquioosal e jsulebe 1931} Apogiyue |ejo |

-0¥

-09

9y ueajy



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2012/061420

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61K38/10 A61K39/118
ADD.

A61P31/04

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61K A61P

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, BIOSIS, Sequence Search, EMBASE, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y VERMINNEN K ET AL:

VACCINE, ELSEVIER LTD, GB,
vol. 23, no. 36,

4509-4516, XP004979018,

ISSN: 0264-410X, DOI:
10.1016/J.VACCINE.2005.04.014
cited in the application

the whole document

"Protection of turkeys
against Chlamydophila psittaci challenge
by DNA and rMOMP vaccination and
evaluation of the immunomodulating effect
of lalpha,25-dihydroxyvitamin D3",

22 August 2005 (2005-08-22), pages

1-16

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

23 August 2012

Date of mailing of the international search report

31/08/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Ferreira, Roger

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 4




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2012/061420

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

SANDBULTE J ET AL: "EVALUATION OF
CHLAMYDIA PSITTACI SUBFRACTION AND SUBUNIT
PREPARATIONS FOR THEIR PROTECTIVE
CAPACITIES",

VETERINARY MICROBIOLOGY, ELSEVIER BV, NL,
vol. 48, 1 January 1996 (1996-01-01),
pages 269-282, XP002913213,

ISSN: 0378-1135, DOI:
10.1016/0378-1135(95)00166-2

cited in the application

the whole document

TIN-WEE TAN ET AL: "PROTECTION OF SHEEP
AGAINST CHLAMYDIA PSITTACI INFECTION WITH
A SUBCELLULAR VACCINE CONTAINING THE MAJOR
OUTER MEMBRANE PROTEIN",

INFECTION AND IMMUNITY, AMERICAN SOCIETY
FOR MICROBIOLOGY, WASHINGTON, US,

vol. 58, no. 9,

1 September 1990 (1990-09-01), pages
3101-3108, XP002913214,

ISSN: 0019-9567

cited in the application

the whole document

WO 94/06827 Al (US HEALTH [US])

31 March 1994 (1994-03-31)

the whole document

in particular

abstract

page 2, line 31 - page 10, line 25

claims 1-16; figures 1-7; examples 1-6
SHANFENG LI ET AL: "Synthetic peptides
containing B- and T-cell epitope of dengue
virus-2 E domain III provoked B- and
T-cell responses",

VACCINE,

vol. 29, no. 20, 1 May 2011 (2011-05-01),
pages 3695-3702, XP055011927,

ISSN: 0264-410X, DOI:
10.1016/j.vaccine.2011.03.002

the whole document

SANCHEZ-BURGOS G ET AL: "Immunogenicity
of novel Dengue virus epitopes identified
by bioinformatic analysis",

VIRUS RESEARCH, AMSTERDAM, NL,

vol. 153, no. 1,

1 October 2010 (2010-10-01), pages
113-120, XP027307245,

ISSN: 0168-1702

[retrieved on 2010-07-16]

the whole document

1-16

1-16

1-16

1-16

1-16

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 4




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2012/061420

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

B. MAHAJAN ET AL: "Multiple Antigen
Peptide Vaccines against Plasmodium
falciparum Malaria",

INFECTION AND IMMUNITY,

vol. 78, no. 11,

1 November 2010 (2010-11-01), pages
4613-4624, XP055011928,

ISSN: 0019-9567, DOI: 10.1128/1A1.00533-10
the whole document

ALAIN BECK ET AL: "Peptides as tools and
drugs for immunotherapies",

JOURNAL OF PEPTIDE SCIENCE,

vol. 13, no. 9,

1 September 2007 (2007-09-01), pages
588-602, XP055011908,

ISSN: 1075-2617, DOI: 10.1002/psc.852

the whole document

K. SCHULZE ET AL: "Identification of B-
and T-Cell Epitopes within the
Fibronectin-Binding Domain of the Sfbl
Protein of Streptococcus pyogenes",
INFECTION AND IMMUNITY,

vol. 71, no. 12,

1 December 2003 (2003-12-01), pages
7197-7201, XP055012043,

ISSN: 0019-9567, DOI:
10.1128/1A1.71.12.7197-7201.2003

the whole document

VERMINNEN KRISTEL ET AL: "Vaccination of
turkeys against Chlamydophila psittaci
through optimised DNA formulation and
administration",

VACCINE, ELSEVIER LTD, GB,

vol. 28, no. 18,

19 April 2010 (2010-04-19), pages
3095-3105, XP002596619,

ISSN: 0264-410X, DOI:
10.1016/J.VACCINE.2010.02.064

cited in the application

the whole document

ZHANG X ET AL: "Mucosal immunity in mice
induced by orally administered transgenic
rice",

VACCINE, ELSEVIER LTD, GB,

vol. 27, no. 10, 4 March 2009 (2009-03-04)
, pages 1596-1600, XP025959931,

ISSN: 0264-410X, DOI:
10.1016/J.VACCINE.2008.12.042

[retrieved on 2009-01-13]

the whole document

1-16

1-16

1-16

1-16

1-16

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 3 of 4




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2012/061420
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A ZHOU ET AL: "Construction and 1-16
immunogenicity of recombinant adenovirus
expressing the major outer membrane
protein (MOMP) of Chlamydophila psittaci
in chicks",
VACCINE, ELSEVIER LTD, GB,
vol. 25, no. 34, 26 July 2007 (2007-07-26)
, pages 6367-6372, XP022169849,
ISSN: 0264-410X, DOI:
10.1016/J.VACCINE.2007.06.031
the whole document
A VANROMPAY ET AL: "High-level expression 1-16
of Chlamydia psittaci major outer membrane
protein in COS cells and in skeletal
muscles of turkeys.",
INFECTION AND IMMUNITY,
vol. 66, no. 11,
1 November 1998 (1998-11-01), pages
5494-5500, XP055011977,
ISSN: 0019-9567
cited in the application
the whole document
A KNIGHT S C ET AL: "A PEPTIDE OF CHLAMYDIA 1-16
TRACHOMATIS SHOWN TO BE A PRIMARY T-CELL
EPITOPE IN VITRO INDUCES CELL-MEDIATED
IMMUNITY IN VIVO",
IMMUNOLOGY, BLACKWELL PUBLISHING, OXFORD,
GB,
vol. 85, no. 1, 1 May 1995 (1995-05-01),
pages 8-15, XP000502790,
ISSN: 0019-2805
the whole document
A US 5 759 551 A (LADD ANNA EFIM [US] ET AL) 1-16
2 June 1998 (1998-06-02)
the whole document

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 4 of 4



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2012/061420
Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 9406827 Al 31-03-1994 AU 669000 B2 23-05-1996
AU 4925093 A 12-04-1994
CA 2144882 Al 31-03-1994
EP 0662083 Al 12-07-1995
JP HO8504188 A 07-05-1996
WO 9406827 Al 31-03-1994
US 5759551 A 02-06-1998  US 5759551 A 02-06-1998
US 5843446 A 01-12-1998

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - claims
	Page 57 - claims
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - wo-search-report
	Page 82 - wo-search-report
	Page 83 - wo-search-report
	Page 84 - wo-search-report
	Page 85 - wo-search-report

