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(57) ABSTRACT

The invention relates to SAEP 11 peptide dimers that mimic
polymyxin B ia, in its ability to bind non-covalently the
lipopolysaccharide {LPS) of Gram-negative bacteria with
high affinity, and therefore to detoxify LPS. The dimetic
structure is maintained by a pair of disulphide bonds between
two cystein residues present in the peptide sequence, which
does not exceed 17 amino acids and essentially comprises
cationic and hydrophobic amino acid residues. The peptides
i the dimers may have a pazallel or anti-parailel orientation.
SAEP 1 dimers ate useful for treating or proventing septic
shock and related disorders generated by Gram-negative bac-
teria infection. The invention also relates to LPS-peptide
complexes in which LPS and SAEP II diners are non-co-
valently bound together. These complexes are useful as vac-
cinal agents against Gram-negative bacteria infection,
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POLYMYXIN B ANALOGS FOR LPS
DETOXIFICATION

The present inveation relates to peplide analogs of poly-
myxin B that are useful for LPS detoxificalion, [n the phar-
maceutical field, they may be used (i) as suchi.a. to treat fatal
disorders, such as septic shock, caused by Gram-negative
bacteria infection; or {ii) non-covalently bound to LPS which
is therefore detoxified; the complex thereof being useful as
vaccinal agent against Gram-negative bactetia infection.

Lipopolysaccharide (LPS) is a major constituent of the
outer membrane of the cell wall of Gram-negative bacteria,
LPS is highly toxic in mammals, particularly humans and
with regard of its biological activity has been called endot-
oxin. It is responsible for the effects deriving from endotoxi-
cosis in septic shock, a life-threatening event that sccurs upon
acute infection (sepsis) by Cram-negative bacteria.

LPS structure is consiituted by a lipid moiety, called Lipid
A, covalenily linked to a polysaccharide moiety.

Lipid A is responsible for the toxic effect of LPS, in par-
ticular through interaction with B-cells and macrophages.
This interaction induces the secretion of pro-inflammatory
cytokines. The inflammatory condition may reach the fatal
state of endotoxic shock.

Lipid A is highly hydrophobic and anchors LPS in the outer
layer of the bacterial cefl wall. Lipid A is composed of (i) a
conserved bis-phosphorylated dissacharide region (most fre-
quently, N,O-acyl beta-1,6-D-glucosamine |, 4'-bisphos-
phate) with (ii} fatty acids, that substitute various hydrogen
atoms pertaining to the disaccharide iydroxyls. The number
of the fatty acids and their composition are interspecies vari-
able. As a malter of example, each of the two symmetric
phucosamines (GleN1 and GleN2) of Neisseria meningitidis
lipid A carries the following fatty acids: 2N-—C14,30H; Ci2;
and 30—CI2,301.

The LPS polysaccharide moiety is constituted by carbohy-
drate chains, responsibie for antigenicity. The carbohydrate
chain structure is itself composed of (i) a conserved innercore
called the KDQ {2-keto, 3-desoxyoctulosonic acid) region
bound to lipid A and {ii) a variable outer core bound to the
K.DO region, that is commonty defined as including varicus
saccharides, and the first repeat unit (that may comprised up
to ten saccharides) of (1ii) the external O-specific chains

In Gram-negative, non-eniteric bacteria such as Neisserias,
Bordetellos, Haemophilus and Moraxellas, the O-specific
chains do not exist (what is defined as the first repeat unit is in
fact not repeated). Therefore, the LPS of these bacteria are
often referred to as lipocligosaccharide (LOS).

LPS is not only toxic but also highly immunogenic. In
mammalg, anti-LPS autibodies are induced during infection
and carriage, and may be protective. In view of this, it has
been alrendy proposed to detoxify LPS and lo use the detoxi-
fied form thereof in prophylaxis of Gram-nepative bacterial
infections and related diseases.

Several detoxification methaods are already known, In par- 3

ticular, it is possible to detoxify LPS while using polymyxin
B or more appropriately, peptide analogs thereof.

Polymyxin B is a molecule that binds Lipid A with high
affinity so that LPS is significantly detoxified. When given
therapeutically in animal models, polymyxin B can prevent
seplic shock However, polymyxin B is a polycationic antibi-
otic that may be somewhat toxic to humans because of its
non-biodegtadability and the consequent tendency to aceu-
mulate in the kidneys. Therefore, il is pot recommended for
use in prophylactic or therapeutic products.

To overcome this limitation, peptide analogs to polymyxin
B have been developed. They do not retain the polymyxin B
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toxicity but merely mimic the primary and secondary stue-
tures of polymyxin B and bind lipid A at the same site as
polymyxin B does, so that o LPS-peptide complex is formed.
As aresult, LPS is detoxified. Peptide analogs are in particn-
lar described in U.S, Pat, No. 5,358,933, WO 93/14115, WO
95103327, WO 96/38 163, EP 842 666 and EP 976 402, One of
them, the cyclic monomer SAEP2 (synthetic anti-endotoxin
peptide 2) of formula KTKCKFLKKC (SEQ ID: ) has been
more particularly studied (Rustici et al, 1993, Science 259
361 and Velucchi et at, [997, I. BEndotox. Res. 4{(4): 261).

It has now been found that the SAEP2 peptide as well as
similar peptides including in their sequences a number of
uncharged polar amine acids surrounded by two adjacent
cysteine residues and counter-balanced by a short external tail
made of cationic amino acids (hereinafter generically
reforeed to as SAEP I peptides) are of particular interest
when they are in dimeric form; the dimer being conforma-
tionally made and maintained by & pair of disulphide bonds
between the cysteine residues. Indeed, SAEP 1 peptide
dimers exhibit enhanced detoxification properties over the
corresponding monomers.

Therefore, the invention relates to a SAEP 11 peptide dimer
of formula (1)

NH2-A-Cys[-B-Cys2-C—COOH (SEQ ID); 2

MH2-A*Cyst-B-Cys2-C-COOH (SEQ ID: 1

wherein the two Cys ! residues are linked togeiher through
a disulphide bond and the two Cys2 residues are linked
together through a disulphide bond;

or formula (I1)
NH2-A-Cys1-B-Cys2-C—COOH {SEQ ID: 4)

COOH-C-Cys2-B-Cysl-A-NHUSEQ i1k 5)

wherein the Cys| residues are linked to the Cys2 residues
through a disuiphide bond;

wherein A and A' independently are a peptide moiety of
from 2 to 5, preferably 3 or 4 amino acid residues, in which at
least 2 amino acid residues, are independently selected from
Lys, Hyt (hydroxy-Lysine), Arg and His;

whereitt B and B' independently are a peptide moiety of
from 3 to 7, preferably 4 or 5 amino acid residues, which
comprise at least two, preferably three amino acid residues
independently selected from Val, Leu, Ile, Phe, Tyr and Tip;
and

wherein C and C' are optional (these positions may be
empty or not) and are independently an amino acid residue or
a peptide moiety of from 2 to 3 amino acid residues,

provided that the cationic amino acid residues/mydropho-
bic amino acid residues ratio (cathydroph ratio) is from 0.4 to
2, advantageously from 0.5 to 1.2 or 1.5, preferably from 0.6
to 1; most preferably from 0.6 te 0.8; eg. 0.75.

Advantageously, A and A' independently are a peptide
motety of from 2 to 5, preferably 3 or 4 amino acid residues,
in which at least one, preferably 2 amino acid residues, are
independently selected from Lys, Hyl, Arg and His; those that
are not selected from Lys, Hyl, Arg and His {(*the remaining
amino acid residues™), if any, being selected from the group
consisting of uncharged polar or nonpolar amino acids resi-
dues; preferably Thr, Ser and Gly; most preferably Thr.

When the A and A'peptide moieties comprise 3 amino acid
residues, each of them can be a cationic residue; or alterna-
tively, two ounl of three residues are calionic amino acids,
wherens the remaining residue is selected [rom the group
consisting of uncharged polar or aoapotar amino acids resi-
dues; preferably Thr, Ser and Gly; most preferably Thr.
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When the A and A’ peptide moleties comprise 4 amino acid
residues, it is preferred that two or three out of four residues
be selected from the groups of cationic amino acid residues as
defined above, whereas the remaining residue (s) is (are)
selected from the group consisting of uncharged polar or
non-polar antino acids residues as defined above.

When the A and A* peptide moleties comprise 5 amino acid
residues, it is preferred that three or four out of five residues
be selected from the groups of cationic amino acid residues s
defined sbove, whereus the remaining residue (s) is (are)
selected from the group consisting of unchaiged polar or
non-polar amino acids residues as defined above,

Advantageously, B and Blindependently are a peplide moi-
ety of from 3 fo 7, preferably 4 or 5 amino acid residues,
which comprises at least two, preferably three amino acid
residues independently selected from Val, Leu, Ile, Phe, Tyr
and Trp; preferably from Leu, [le and Phe; those that are not
selected from Val, Leu Ile, Phe, Tyr and Trp (“the remaining
amino acid residues™), if any, being independently selected
from the group consistingof Lys, Hyl, Argand His. As may be
easily undezstcod, the B and B' peptide moieties may com-
prise up to 7 amino acid residues independently selected from
Val, Ley, lle, Phe, Tyr and Trp. Advantageously, the B and B'
peplide moieties comprise the sequence -X1-X2 -X3., in
which X1 and X2; X2 end X3; or X1, X2 and X3 are inde-
pendently selected from Val, Lew, lle, Phe, Tyr and Tip;
preferably from Leu, Ile and Phe. In a preferred embodiment,
the sequence -X1-X2-X3- comprises the Phe-Leu motif.

Particular embodiments of peptide moieties B and B'
include:

(i) the -X1-X2-X3- sequence in which:

X1 is Lys, Hyl, His or Arg, preferably Lys or Arg; more

preferably Lys;

X2 is Phe, Lew, Ile, Tyr, Trp or Val; preferably Phe or Lew;

more preferably Phe; and

X3 is Phe, Lev, Ile, Ty, Trp or Val; preferably Phe or Lew;

more preferably Leu; and
(ii) amino acid residues, if any, each being independently
selected from the group consisting of Val, Leu, Ile, Phe,

Tyr, Trp, Lys, Hyl, Arg and His; preferably Val, Leu, lle,

Phe, Tyr and Trp; motre preferably Lex, He and Phe,

When B and B' comprise more than 4 nonpelar amino acid
residues, A and A’ preferably comprises at Jeast 3 positively
charged amine acid residues.

In the C and C' peptides moieties, the amino acid residue(s)
may be any amino acid residues provided that the cationic
amino acid residues/hydrophobic amino acid residues ratio
remains within the specified range. Advantageously, they are
independently selected from uncharged amino acid residues
polar or notpolar, these latter being preferred, However, ina
preferred manner, C and C' arc empty posilions.

Therefore, a preferzed class of dimers are of formula (111)

NH2-A-Cys1-B-Cys2-COOH(SEQ ID: 2)
NH2-A%Cys1-B-Cys2-COOH{SEQ ID: 5)
or formuly(IV})
NH2-A-Cys1-B-Cys2-COOH(SEQ 1B 4)
HOOC-Cys2-B-Cysl-A~NHHSEQ I1: 5}

wherein A, A", B and B' are ns described above; provided that
the cationic amino acid residuesthydrophobic amino acid
residues mtio is from 0.4 lo 2, advaniageously from 0.5 to 1.2
or 1.5, preferably from 0.6 to 1; most preferably from 0.6 to
0.8; e.p. 0.75.
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Dimers of formula (1) ot (111, that is with peptides in the
parallel orientation, are referred to as parallel dimers, Dimers
of formula (1) or (IV), that is with peptides in the anti-parallel
orientation, are referred to as antiparallel dimers.

In formulas (I} to (IV), A and A' are preferably identical.
The same helds true for B and BY and C and C'. A peptide
dimer of formula {1}, {11}, (I11) or (IV), in which A and A"; B
and B'; and C and C' are two-by-two identical, is referred to as
homologous diner. Indeed, in this case, the peptide subunits
included in the dimer are identical.

As a matter of example, the following peptides are cited as
being suitable for use in dimers of the invention;

NH,-Lys-Asg-His-Hyl-Cys-Lys- Arg-Tle-Val-Leu-Cys-
COCH(SEQ 1D 6%

NH-Lys-Arg-Hig-Cys-Val-Leu-lie-Trp-Tyr-Phe-Cys-
COOI(SEQ [E: 7);

WH,-Lys-Thr-Lys-Cys-Lys-Phe- LeasLeu-Lou-Cys-
COOH(SEQ ID: 8); and

NH,-Hyl-Asg-His-Lys-Cys-Phe-Tyr-Trp-Val-lie-Lew- -
Cys-COUH(SEQ 18 9).

The respective cat/iydroph ratio of the corresponding

s homologous dimers are 2,00, 0.50, 0.75 and 0.67.

A particular example of the dimers deseribed above, is
constituled by a peptide of formula (V) NH2-Lys-Thr-Lys-
Cyst-Lys-Phe-Leu-Leu-Leu-Cys2-COOH(SEQ 1D: 8). This
peplide is hereinafter referred to ns the SAEP2-L.2 peplide. As
described above, it can also be in parallel or anti-parallel
dimeric form.

Peptides invelved in the or dimers of the invention can be
conventionally syntitesized by classical methods using e.g. a
computer-driven awtomatic synthesizer. It i within the skills
of professional practitioners in the art of peptide synthesis to
know how Io design procedures so that a particular peptide is
obtained. It goes without saying that during the synthesis
phase, the cysteine thiol groups can be protected. Once the
synthesis is completed, they are de-protected and oxidation of
the thiol groups is achieved in crder to generate the cyclic
monomer, the parallel or anti-parallcl dimer.

When both cysteine residues present n the peptide are
de-protected simullaneously, it is theoretically possible to
generate each of the three forms upoa oxidation, Then cachof

5 the three forms can be separated from each other by conven-

tienal blochemical purification methods. Prepazative reverse-
phase high performance liquid chromatography (RP-HPLC)
is cited as a suitable example. Indeed, one may expect that
cach of the three forms elutes at a different vetention time,
Therefore, a preparation containing the purified cyclic mono-
mer, or the purified parallel and anti-parallel dimers can be
simply obtained by pooling together the respective peak frac-
tions.

The respective proportions of each of the three forms gen-

s erated upon oxidation depend on i.a. the specific amino acid

sequence and importantly, the concentration of the peptide. It
may happen that one or two of the three forms be predomi-
nantly created and indeed, the prevalence of one or two forms
may be such that the other(s) are not formed at all,

As a matter of example, the SAEP2-L2 peptide spontane-
ously oxidises into cyclic monomer and anti-parallel dimer, in
proportions, which depend from the concentration of fhe
peptide in solution. The internal steric hindrance of the “side-
chains” (the NH2-Lys-Thr-Lys-portion) of the anti-paralle]
dimer is obviously lower than that of the parallel dimer and
one may expect that a lower minimal energy be responsible
for the privileged formation of the anti-parallel dimer in ague-
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ous solvents by comparison with the parallel dimer, As a
direct consequence of this concentration-driven process, the
formation of the anti-paralle] dimer and to a lesser extent the
cyelic monomer is favoured up to the exclusion of the parallel
dimer from the equilibrium

When the paralle! dimer cannat be spontancously gener-
ated upon oxidation, it Is necessary to adopt particular mea-
sures to make the peptide assaciate within the parallel orien-

“qation, These messures are within the skills of the
professional pructitioners in the art of peptide synthesis, Nev-
ertheless and as o matter of example only, it is indicated that
differential protection of the Cysl and Cys2 amino acids
followed by selective de-protection is a convenient way to
achieve dimerisation with the parallel orientation. Then the
dimer may be purified by conventional methods, including
RP-B: HPLC.

Peptides that are chemically synthesized and purified are
commonly obtained in salt form due to the fact that acids and
salts are used during the chemical synihesis and purification
steps. Acetate is a salt commonty used. Therefore, it shall be
understood that the term “peptide” as used in the present
description encompasses the salt form as well. ]

Peptides for use in the dimers of the invention can be
characterized by various techitiques, including i.a. Jon Cyclo-
tron Resonance {ICR), Mass Assisted Laser Desorption Joni-
sation—Time of Flights (MALDI-ToF) spectrometry and
Nuclear Magnetic Resonance (NMR) spectrophotometyy. In
particular, it is possible to diseriminate cach of the three forms
{cyclic monomet, paraliel and anti-parallel dimer) by NMR
analtysis. MALDI-ToF mass spectrometry allows discrimi-
nating hetween monomer and dimers only.

The purily of compounds of the invention can he evaluated
by RP-HPLC. Brielly, 1 preparation of compound is submit-
ted to RP-HPLC. The relative pirity degree is caiculated by
integrating the peak surfaces, | is expressed as the compound
peak surface/surfaces of the whole peaks. It is usual to prepare
compounds ofthe luvention that each exhibits a purity degree
of at teast 95 %, frequently of at least 97 %.

The invention also relates to compositions comprising:

A SAEP 1II peptide, wherein the peplide is essentially in

dimeric parallel form;

A SAEP 1I peptide, wherein the peptide is essentiatly in

dimeric anti-parallel form; or

mixtures thereof,

By “essentially” it is meant that in the compositions, a
particular form is at least 95 %, preferably at least 97%, more
preferably 98% pure.

Mixed compositions in which the SAEP I peptide is
present under several forms (dimeric parallel, dimeric anti-
paratlel and/or monomeric forms) may sporntaneous result
from the evolution of a composition comprising a single
entity, e.g. the dimeric parallel form, kept at an appropriate
temperature over a certain period of time. 'This may be
revealed by e.g. RP-HPLC analysis, The respective amounts
of the various peptide forms may be quantified by the same
token,

The SAEP Il dimers are useful as such as z detoxifying
agent of Gram-negative bacterial LPS in vitro as well as in
vivo. Accordingly, they may be used to prevent or ixeat patho-
togical conditions due to the release of LPS into the systemic
cireulation, e.g. into blood, as & result of Gram-negative bac-
lerin infections. These conditions include i.a. endotoxicosis,
bacterial sepsis and septic shock.

Therefore, the invention encompasses:

The pharmaceutica] use of a compound or composition of

the invention;

5
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A pharmaceulical composition comprising a compound or
a composition of the invention together with a pharma-
ceutically acceptable diluent or carrier;

The use of # compound or composition of the invention in
the preparation of a medicament for treating or prevent-
ing septic shock; and

A method for treating or preventing septic shock, which
comprises administering a therapentically or propliylac-
tically effective amount of a compaund or composition
of the invention, to an individual in need.

A compound or composition of the inveation may be
administered to mammals, i.e. humans, when a Gram-nega-
tive bacteria infection is diagnosed that may lead to endot-
oxicosis, bacterial sepsis and/or septic shock. Gran-negalive
bacteria that mey be responsible for these fatal disorders
inchude i.a., N, meningitidis, E. coli, Salmonella typhi, Bor-
detella pertussis and Psetidomonas aeruginosa. A compound
or composition of the invention may be administered to an
individual in need by a systemic route, preferably the intra-
venous route, The dose to be administered depends on various
factors including i.a. the age, weight, physiological condition
of the patient as well as the infection status. It may be admin-
istered once or several times until the risk of fatal event is
avoided,

Since the SALP If dimers and the SAEP2-L2 peptide are
also able to detoxify LPS in vitro, the invention also relates fo
a LPS.peptide complex comprising (i} a LPS moiety of
Gram-negative bacteria, and (i) a SAEP 1 peptide dimer or
the SAEP2-L2 peptide; wherein the LPS molety and the
SAEP II peptide dimer or the SAEP2-L2 peptide are noo-
covalently bound to each other.

L.PS detoxification may be assessed in a number of assays
referred to in the Buropean Pharmacopeia They include the
Limulus Amebocyte [ysate (L.AL) assay; the pyrogen test in
rabbits and the acute toxicity assay in D-galactosamine sex-
sitized mice. These assays are illustrated hereinafter in the
examples. In each of the assays the effect of LPS and that of
the LPS-peptide complex are measured in parallel so that a
detoxitication ratio be established,

In the LAL assay, the detoxification ratio is expressed by
the LPS/LPS-peptide complex ratio. In the pyropen test and
the acute toxicity assay, the detoxification ratio is expressed
by the LPS-peptide complex/LPS ratio.

Siguificant detoxification is achieved, when the detoxifi-
cation ratio measured in:

(1) the LA, assay is at least of 100, preferably 500, more

preferably H000;

(i) the pyrogen test isat least of 50, preferably of 100, more
preferably 500; or

(iii) D-galactosamine mice is at least of 50, preferably of
100, more preferably of 200,

Detoxilication may ulso be evalualed while comparing the
elfect of LPS and o EPS-peptide complex out the release of
pro-inflammatory cytokines such as IL6, IL8 and TNFu, inin
vitro or in vivo assays. These assays are il lustrated hereinafter
it the examples. Significant detoxification is achieved, when
the LPS-peptide complex allows for at least 25-fold decrease,
preferably at least 50-fold, move preferably at least 75-fold,
most preferably at least 100-fold decrease In 116 secretion in
the in vivo assay as described in the examples, section 5.4.1.

LPS-peptide complex of the invention is advantageously
characterized by a molar LPS: peptide ratio of from 1:1.5to
1:0.5, preferably 1:1.2 10 1:0.8, more prefernbly of 1:1.1 to
1:0.9, most preferably I:1.

For use in (he complex of the invention the LPS is advan-
tageousty a LPS of N. meningitidis; E. coli; Salmonella typhi;
Satmonella paratyphi; Shigella flexneri; Haemophilus influ-




US 7,507,718 B2

7

enzae; Helicobacter pylori; Chiamydia trachbmatis; Borde-
tefla periussis; Brucella; Legionella pnewmophia; Vibrio
cholera; Morasella catharralis; Prewdomonas aeruginosa;
Yersinia; and Kiebsiella pnetumonia,

As mentioned in the introduction, detoxified LPS may be
useful as vaccinal agent against Gram-negative bacteria
infection,

Meningitis is a life-threatening disease of either viral or
bacterial origin. /. influenzae and N. meningitidis are respee-
tively responsible for about 40 and 50 % of bacterial menin-
gilis. While a vaccine against /. influenzae has been on the
market for more than 10 years, there is still a need for a
vaccine against V. meningitidis.

Meningovoccea] invasive diseases may manifest as eitheran
inflammation of the meninges of the brain and spinal cord

13

8

F1G. 1 shows a scheme of the structure ofa N. meningitidis
108, LOS is constituted by a branched ofigosaccharide com-
posed of 5 to 10 monosaccharides linked to lipid A by a KDO.
Lipid A and the inner core constituted by two KDO, two
heptoses (Hep T and I} and a N-acetylated ghicosamine
(GlcNAc), are conserved intraspecies. The remaining of the
oligosaccharide chains that constitutes the outer core
(¢t-chain sttached to Hepl; 8-chain attached to position 3 of
Hepll; and y-chain antached to position 2 of Hepll} is variable
according to the immunotypes (1Ts), ¥, meningitidis LPS can
be classified into 13 immunotypes, based on their reactivity
with a series of menoclonal antibodies { Achunan et ai, 1992,
JInfect. Dis. 165: 53-68), Differences between immunotypes
come from variation in the composition and conformation of
the oligosaccharides chains. This is to be seen in the table
hereinalfter.

Additional Hepll
substituents in

IT  a-chain f-chain position 6or7  y-chain

Ll MeuNAcee2-6Galeet-dCrabpL-4Gle -4 PEA (1-3)  None GileMAerel -2

L2 MeuNAca2-3Galp1 -4GleNAcp] -3Galpi-4 Glcpi-4 Glect {1-3)  PEA{1-6) ou {Acy 4 GleNAcal-2
PEA{1-7)

L3 NeuNAcu2-3GaPi-4GleNAcBL -3Gakpl-4 Glepl-4 PEA {1-3) None GlcNAcal-2

L4 NeuNAcn2-3Galp1-4GleNAcp1-3Galft-4 Glepl-d H(3) PEA {1-6) Aggs-(HeNAc]-2

L3 NeuNAcu2-3Galpi-4GIoNACH -3GalBl-40lcpL-4GIcBl-4  Glea (I-3)  None (Acy 5.0.0-CleNAcal -2

Lé GleNAcht-IGalpi-4 Glepl-+4 H (3} PEA{1-0) cu GleMNAcot-2
PEA(1-7)

L7 NeuNAca2-)Galfi-4GleMNAcp1-3Gaift-4 Glepl-4 PEA (1-3)  None GleNAcat-2

L3 Galplad Gicpl-4 PEA (1-3) Noue GleNAcal-2

Ly Galpl-4GleNAcp1-3Galfl-4 Glepl-4 PEA (ne) ne GleNAcal -2

L Galft-4GleNAB]-3GalP1-4 Glefi1-+ PEA (ne) e (n.e.)GleNAcai-2

L1} Galal-4GalBi-4Glefl-4 PEA ()  ne (me.)>-GleNAcul-2

12 ne PEA (ne)  ne. (n.e,)-GlcNAcul-2

L1} ne e, e ne.

{meningitis) or a systemic infection of the blood (meningo-
coccal sepsis or meningoccaemia}.

Meningococei are classified using serological methods
based on the structure of the polysaccharide capsule. Thirteen
antigenically and chemicatly distinct polysaccharides cap-
sutles have been deseribed. Almost all the invasive meningo-
coccal diseases are caused by five serogtoups: A, B, C, Y and
W-135. The relative importance of each serogroup depends
onthe geographic location. Serogroup B isresponsible for the
majority of meningococceal diseases in temperate countries,

While conjugmed polysuccharide vaccines already exist
against serogroup A, C, Y aad W-135, there Is currently no
vaccine available against the serogroup that is prevalent in the
USA and Europe. Indeed, the use of capstlar polysaccharide
as a vaccinal agent for preventing menB diseases has been
problematic,

Therefore, the use of N. meningitidis LPS as vaccinal
agent, in a fully antigenic and ad hoc detoxified fonn, is a
promising altemative that may offer a desirable vaccinal cov-
erage, in particular to serogroup B.

As mentioned hereinabove in the introduction, the major
constituent of the cell wall of Gran-unegative, non-enteric
bacteria such as Neisserias, Bordetellas, Haemophilus and
Moraxellas, is n tipooligosaccharide (LOS) rather than a true
LPS. Nevertheless, for the purpose of this application, the
term LPS shall be understood us encompassing L.OS. LOSs
constitule o particufar sub-class of LPS. The terms “merin-
gococcal LPS™ and “meningococcal LOS™ are used herein-
after interchangeably.

40
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As indicated in the ahove table, a phospho ethanol amine
(PEA} replaces the Gl of the B-chain al position 3 o[ Hepll in
LOSLI, L3,L7 and L8, A PEA is attached in position 6 or 7
inLOS L2, L4 and L6, LOS L2, 1.3, L4, L5, L5, L7 may also
be sialylate with N-acety] neuraminidic acid, on the terminal
galactose (Gal) of the a-chain.

Immunotypes L1-L8 are essentially associated with sero-
groups B and C, while immuno-types L8-L12 are found pre-
dominantly within serogroup A.

While any [0S can be equally detaxified, it may be advan-
tageous to employ LOS L8 in the complexes of the invention
as these latterare further intended to vaceinal use. Indeed, the
compiete structure of the LOS L8 a-chain is common to all
the immunotypes for which the structure has been identified
so far Kahler & Stephens, 1988, Crit. Rev. Microbiol. 24:
281).

Meningococeal steains frequently express several inunu-
notypes, the presence of which may be influenced by the
culture conditions. If these is a special interest in LOS L8, it
may he desirable to extract this LOS from a strain known to
predominantly express the L8 immunotype, or even better, to
exclusively express it. Strain Al (also called 2E) of serogroup
A, strain M978 of serogroup B (Mandrell & Zollinger, 1977,
Infect. Impnn, 16: 4713 Gu et al, 1992, J. Clin, Microbiol. 30
2047-2053; Zhu et al, 2001, FEMS Microbiol. Lett. 203:
173}, strain 3680 of serogroup B (Domindque Caugeant col-
feclion) und sirmin 8532 (U.S. Pat. No. 6,476,201 ) are suitable
to this end. These strains are obtainable from the scientific
community (U.S. Pat. No. 6,531,131).
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Monoclonals that are specific for LOS L8 include Mab
2-1-18 {Moran et al, 1994 Infect Innngun, 62; 5290-5295;
Mandrell et al, 1986, Infect Impum. 54: 63-69) Mab 6E7-10
(Braun et al, 2004, Faccine 22: 898-908) Mab 4387A5 and
4385G7 (Andersen ct al, 1995, Microb. Pathog. 19: 159-168;
Gu et at {(supra)).

For use in the complexes of the invention, LPS may be
obtained by conventional means; in padicular it may be
extracted from # Gram-negative bacteriat culture and then
puriied according to classical procedures. Numetous
descriptions of such procedures may be found in the kitera-
fure. This includes i.a. Gu & Tsai, 1993, Infect. Immun. 61
(5): 1873, Wu et al, 1987, Anal. Biochem.160: 281 and U.S,
Pat. No. 6,531,131 all cited by way of illustration only. An
L.PS preparation may also be quantified according to proce-
dures well-kuown in the art. A convenient method is the KDO
dosage with high performance anion exchange chromatogra-
phy (HPAEC) PAD.

LPS may be complexed to the compounds of the invention
as such or in & conjugated form. LPS conjugales can be
conveniionally prepured by covalently linking LPS t a car-
rier molecules, e.g, a polypeptide or a peptide; either through
a direct covalent link or using chemdeal spacer/tinker imol-
ecules, Examples of carrier molecules include the pertussis,
diphtheria or tetanns toxoid and outer membrane proteins
{OMP) such as the OMP! or OMP2/3 of N. meningitidis.
MNumerous descriptions of such conjugation processes may be
found in the literature, U.S. Pat. No. 6,531, {31 is cited by way
of illusteation only.

When used in a conjugate form, the LPS Is advantageously
conjugated hefore being complexed to the compounds of the
invention. This being said, non-conjugated L.PS is suitable as
well.

The invention also relades to:

A process for detoxifying Gram-negative bacteria LPS,
which comprises mixing together (i) a LP8 of Gram-
negative bacteria and (ii) a compound of the invention;
and

A process for preparing a LPS-peptide complex, which
comprises mixing together (i) a LPS of Gram-negalive
bacteria and (ii) a compound of the inveation.

For use in the processes of the invention, both constituents
are advantagecusly in a liquid medium, suitably water. LPS
and compotnd solutions are advantageously sterilized before
nrixing. The preparation process is advantagecusly achieved
under sterile canditions. Upon mixing, a precipitate contain-
ing the complex is formed. It can be recovered i.a, by centri-
figation, and submitted to one or several washing steps, if
necessary.

As mentioned above, LPS-peplides complexes of the
invention arc useful in that they can be safely administered to
mamuaals. Indeed, LPS is detoxified to such an extent that
adverse events shall not occur upon sdministration. As a
matter of example, & LPS-peptide complex that exhibils a
pyrogenic threshold superior to 1, preferably 10 ng/mL/kg IV
dose in the rabbit pyrogen assay, is suitable. Alternatively or
additionally, one may refer to the LAL assay. As vaccines
containing LPS amounting 3,000 - 5,000 L. AL endotoxin units
have already been authorized for human administration (Fre-
deriksen etal, 1991, NIPH Annals 14 (2): 67), itis possible to
predict that 2 dose of the vaccine of the invention may safely
exhibit 5,000 LAL endotoxin units or less, e.g. less than
3,000, 2,000, 1,000 or 500 LAL endotoxin units,

As v mutler of example, 1 complex thal exhibits e.g. 100
endotoxin wnits (EU)pg in the LAL assay, may be therefore
acceptable for administration at a dose of 20 yg. This is

50
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achievable with the complexes of the invention as they may
exhibit an LAL activity inferior to 50 EU/pg, frequently infe-
rior to 20 EUlug,

Furiher, LPS-peplides complexes of the invention are
stable, even in physiological conditions. By “stable™ it is
meant that the detoxification stutus of LPS in the complexes
remains constant overtime, at least 3, 6, 12 or 18 months. This
can be monitored by evaluating the detoxification ratio at
intervals, i.e. in at least one of the assays listed above. No
sighificant difference is observed in the detoxification ratio
over time.

LPS-peptides complexes of the invention are also useful in
that they are able to induce an immune response against
Gram-negative bacteria. This may be shown upon adminis-
tration of complexes to mammals, ey, rabbils, mice or
humans, follewed by ELISA analysis of the sera lo reveal the
presence of antibodies (1.a. immmunoglobulins G or M) spe-
cific for LPS, Advantageously, the inunune response {anti-
bodies induced) may have bactericidal and/or opsonic activ-
ity.

The ability of the inunuae response induced by the com-
plexes of the invention to protect against Gram-negative bac-
teria infection may be evaluated in appropriate animal models
that are curreatly specific for a bacterial species or disease, It
is within the skills of the professionals in (he arl o vaccines lo
select a known animaf model with regard to a parlicular
bacteria or disease.

As a matter of example, the ability of the immune response
induced by the complexes of the invention to protect against
N. meningitidis may be evaluated in the mouse intraperitoneal
infection modet (Schryvers et al, 1989, Tnfect, Immun. 57 (8):
2425 and Danve et al, 993, Vaccine 11 (12): £214). It may be
also evajuated in humans by measuring the bactericidal activ-
ity of the human serum after a complex is administered.
Indeed, this test has been proposed to serve as w surrogate test
of protectioa al leust for N, meningliidis serogroup B (Hols1 et
al, 2003, Vaccine, 21; 734). A human serum bactericidal
activity {SBA) titer superior or equal to 4 has been shown lo
correlate with protection.

In view of this, the invention also relates to:

(i) The use of a LPS-peptide complex of the invention, for
treating or preventing a Gram-negative bacterial infection;

(i) A phurmacentical {vaccinal) composition comprising a
LPS-peptide complex of the invention and a pharmaceuti-
cally acceptable diluent or carrier;

(iii) The use of s LPS-peptide complex ofthe invention, in the
preparation of a medicament for treating or preventing a
Gram-negative bacterial infection;

(iv) A method for inducing an immune response in a mamsnal
against a Gram-negative bacteria LPS or a Gram-negative
bacteria, which comprises administering an effective
amount of a LPS-peptide complex of the invention, to the
mammal; and

(v) A method for lreating or preventing a Gram-negative
bacterial infection, which comprises administering a thera-
peutically effective amount of a LPS-peptide complex of
the invention, to an individual in need.

A vaccinal composition of the invention can be adminis-
tered by any conventional route, in particular by systemic or
intramuscular route; as a single dose or as a dose repeated
once or several times, e.g, two or three times at intervals, e.g.
at1,2,3,6, 10, |2 month-interval. A vaccinal composition of
the invention can be conventionolly formulated, advanta-
geously in liquid form. If necessary, an adjuvant can be added
to the vaccinal composition of the invention; however, it is
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indicated that complexes of the invention can be sufficiently
immunogenic so that the presence of adjuvant in the vaceinal
compositions is not required.

The appropriate dosage depends on various parameters, for
example the individual treated (aduit or child), the mode and
frequency of administration and the LPS detoxification sta-
tus, as can be determined by persons skilled in the art. In
peneral, it is indicated that a dose for administration to a
huinman adult should not excess 10,000, advantageously
8,000; preferably 5,000; more preferably 1,000; most prefer-
ably 500 LAL Endotoxin Unit. In the LAL assay, the value
measured fora complex of the invention may commonly be as
fow as 10-20 BU/ug, Therefore, a dose can contain from 1 to
300, advantagecusly from 2.5 to 100, preferably from 10 to
50, more preferably from 15 to 30 pg.

1t is reminded that, by convention, amounts of complex are
always expressed as LPS content. Accordingly and by way of
example only, “50 pg of complex” actually means 50 pg of
LPS in ihe complex preparation.

The Gxamples reported hereinafter further illustrate the 2

invention by reference to the following figures.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows the structere of the LPS L8 of N. menin-
gltidis. Kdo stands for 2-keto, 3-desoxy octulosonic acid;
Hep stands for heptose; Gle stands for ghecose; Gal stands for
galactase; and GleNAc stands for N-acetylated glucosamine,

FIG. 1B shows the reaction that ocotrs upon LPS treatment
with acetic acid,

FIGS. 2A-2C show the HPLC chromatogram oblained at
214 nm with a composition essentially comprising the
SAEP2-1.2 peptide in monomeric form (2A), in parallel
dimeric form (2B) and anti-paralel dimerie form (2C), Coor-
dinates are: times (min) and absorbance unit {AU),

FIG. 3 shows the HPLC chromatogram obtained at 214 am
with a composition comprising the SAEP2-1.2 peptide in
mononteric form, paraltel dimeric form and anti-parallel
dimeric form.

FIGS. 4A-4C show the 'H NMR spectra obtained with 4
composition essentiafly comprising the SAEP2-L.2 peptide in
monomeric form (4A), in parallel dimeric form (4B} and
anti-paralle! dimetic form (3C). In all of them, a peak at 1.9
ppm indicates that the peptide is in an acetate salt form.

FIGS. 5A-5C show an enlargement of the region of the 'H
NMR spectra of FIGS. 4A-4C comprised between 6.5and 7.5
ppm.

FIG. 6 shows the 6.5.7.5 ppm region of the 'H NMR

spectrum cbtained with a composition comprising the _

SAEP2-1.2 peptide in menometic form, parallel dimeric form
and anti-paratlel dimeric form.

F1GS8. TA-7C show the MALDI-ToF spectra of the calibra-
tion standard (7A), the parallef dimer (7B) and the anti-
parallel dimer (7C).

FIG. 8 shows the HPEAC-PAD chromatogram of LPS
hydrolysed by acelic acid treatment,

EXAMPLE 1

Preparation of the SAEP2-L.2 Parallel Dimer

1.1. Synthesis

The synthesis ol the corresponding linear monomer is
achieved on solid phase using a computer-driven aulomatic
synthesizer Milligen 9050 (Millipore Inc.) operating with
columns containing resin supports e.g. polyoxyethylene gly-
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col-activated polystyrene, or activated polyacrylamide,
which are appropriately activated according to the choice of
the Arst amino acid of the selected peptide sequence as
reported by Atheron & Shepard: in Solid phase peptide syn-
thesis, 1989, IRL press, Oxford U,

Thesynthesis cycle proceeds step-by-step, according to the
reported linear sequence. It is performed in pure solvent dim-
ethylformamide (DMF). Side-protected, activated amino
acids are used.

The thial group of the Cys residue in position 10 (Cys-10)
is protected with the acid-labile group Trityl (triphenyl-me-
thyt derivative, Trt). The thiol group of the Cys residue in
position 4 (Cys-10) is protected with the acid-resistant group
S-acetamido-methyl (Acm).

All the amino acids are activated at the —COOH side by
O-penta-fluorophenyl-phosphate esters (O-Pip-derivatives).
They are temporarily protected at the -NH, side by 9-fluore-
nyl-methytoxy-carbony] esters (Fmoce-derivatives).

Once synthesized, the protected peptide is cleaved from the
resin support using TFA 95% in the presence of the scavenger
ethandithiol at 2-5% {v/v). In these conditions, the thiol group
of the Cys-10 is de-protected, while the thiol group of the
Cys-4 remains Acm-prolected, The [ree, Acm-protected pep-
tide is concentrated by vacuum-evaporation and then recov-
ered by precipitation with ether at 80% (v/v} final concentra-
tion.

The Cys-4 protected, Cys-10 de-protected peptide is dried
under vacuun, then solubilized in water at the concentration
of 1 to 10 mg/mlL and adjusted at pH 7.50 with 0.1 M aqueous
ammonia, Inorder fo achieve dimerization through the Cys 10
residues, oxidation is then performed by vigorous string of
the aqueous solution at 4° C., under a pressure of | Atm, for
18-24 hours. Complete oxidation of the thiol groups is deter-
mined by the Elman calorimetric assay.

The partly axidized peptide in solution at the concentration
of | to 10 mg/ml. is then processed for de-protection of the
remaining Cys-4 S-Acm functions, Te this end, the peptide
solution is added with mercuric acetate at a final concentra-
tion of 0.1 M, using phenol at 2-5% (v/v) as scavenger. The
solution is again vigorously stirred at 20° C., under a pressure
of 1 Ahn, for 18-24 hours. Complete oxidation of the thivl
groups is determined by the Blman calorimetric assay.

1.2, Purification

in order to remove the low-MW molecules contained in the
peptide preparation (scavenger, mercuric acetate ete.), this
latier is applied on a reverse-phase column Sep-Pack (Milli-
pore} operaled under pressure of 1 Atm. In an aqueous sol-
vent, the peptide is retained on the columau by hydrophobic
forces, while all the hydro-soluble, low-MW molecules go
with the flow-throngh. The peptide is then eluted by a mixture
of methanol-water 50-70% (v/v}. The peptide eluted in the
alcoholic solvent, is recovered by vacuum concentration and
solubilized again in water at the desired concentration.

Final purification is achieved on HPLC-operated reverse-
phase C18 column (dimensions=250x4 mm) using a linear
gradient 0-100% of Solvent A (0.1% TFA (triflvoroacetic
acid) in water) and Solvent B (nitry! acetate 80% in watcr). In
these conditions, the parallel dimer elwtes as & single sharp
peak. Peak frnctions are recovered.

The preparation is kept in Iyophilized form, at +2-+6° C,,
under a newtral gas, argon or nitrogen.
1.3, Characterization of the Purified Peptide

1.3.1. Amino Acid Composition

The amine acid composition is analysed by the Pico-Tag
method (Millipore). Results are reparted in the table herein-
after.
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Auming avid Theoretical (moleshmele)  Found (moles/mote) Amine acid Theoreticsl (moles/mole;  Found (niolesinole)
Lysine 6,0 5.90 5 tysine 6.0 610
Threonine 2.0 2.00 Threoniae 20 195
Fhenylalanine 20 2.08 Phenytalanine 20 1.90
Eeucine 6.0 6.10 Leucine (] 6.05
Cysteine 4.0 3.85 Cysteine 4.0 390
10

1.3.2. Molecular Mass

The molecular mass is measured by Ion Cyclotron Reso-
nance (ICR}. The value found is 2,387.3320.3 AMU, a value
coherent with the elementary structure C) o Hyag Oaq Ny Sy
of the peptide formula.

15

EXAMPLE 2
Prepuration of the SAEP2-L2 Monomer and Antj 0
Paralle] Dimer
2.1. Synthesis
The synthesis of the linewr monomer is performed as in 25

Bxample |, except thata the different methodology is used for
protecting the thiol groups of the cysteine residues: Both
Cys-4 and -10 are protected at their —SH group by the acid-
labile group Trityl (triphenyt-methyi, Tet).

The protected peptide is cleaved from the resin support by »
TTFA 95%, in the presence of the scavenger Lithandithiol at
2-5% (v/¥). In these conditions, the thiol groups of both Cys-4
and 10 residues are de-protected. Tle cleaved and de-pro-
tected peptide is then concensrated under vacuum-evapora-
tion and recovered by precipitation with ether 80% (v/v),

The de-protected peptide is solubilized in water at the
concentration | to 10 mg/mL and the pH is adjusted to 7.50
with 0.1 M aqueous ammonia.

Oxidation is then performed by vigorous string of the aque-
ous solution for 18-24 hours, at 4° C., under pressure of |
Atm. Complete oxidation of the thiol geoups is determined by
the Elman calorimetric assay.

35
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2.2, Purification of the Peptides 45

The peptides in solution actually constitute a mixtore of
cyclic monomer {ubout 40%) and anti-parallel dinter (about
60%). Each form is purified by preparative Reverse-phase
HPLC chromatography. Indeed, it is possible to separate the
cyclic monomer from the anti-parallel dimer since these
forms elute, each as a single sharp peak, at different retention
times. The anti-parallel dimer elutes at a fower retention time,
This is consistent with the different molecular symmetry of
the two dimers. The anti-parallef peptide may assume a lower
minimal energy in aqueous solvents by virtue of its lower
internal steric hindrance of the side-chains, similarly to the
“trans” vs “cis” conformation of any other isomeric entities.

All preparations are kept in lyophilized form, at +2-+6°C,,
under a newiral gas, argon or nitrogen.

2.3, Characterization of the Antiparallel Dimer

2.3.1, Amino Acid Composition

The amino acid composition is analysed by the Pico-Tag
method (Millipore). Results are reported in the table herein-
afler.
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2.3.2, Molecular Mass

The molecular mass is measured by lon Cyclotron Reso-
nance (ICR). The value found is 2,387.30+0.3 AMU, a value
coherent with the elementary structure Cyyp H 55 0p4 Nag Sy
of the peptide fornnia.

EXAMPLE 3

Furiher Characterization of the Monower, Parallel
and Antiparallel Dimers By HPLC-reverse Phase,
NMR and MALDI-TolF Mass Spectrometry

The dimeric purallel peptide as prepared in Example 1 and
the monomeric and dimeric antiparallel peptides as prepared
in Bxample 2 are characterized by HPLC-reverse phase
(FIGS. 2A-2C) and NMR (FIGS. 4A-4C and 5A-5C).

3.1, Charucterization By HPLC-reverse Phase

Experimental Conditions

This technique is camried out on a IPLC chain (Waters™),
using the Millenium software 32 V30501 {Waters™) for data
acquisition. The analytical column Macherey Nagel™ ref
720014.6 (Nucleosit 5 um C18 100Angstrom 250x4.6 mm)is
operated at 25° C. 30-40 pg ol cach lyophilised peptide are
diluted first in 30 ul water; to which is added 30 pt of trifluo-
roacetic acid (TFA) 0.1% in water.

A mixture of the monomeric, dimeric parailei and antipar-
allel peptides is also prepared by mixing 40 pg of & powdered
prepacation of each peptide in 60 pl water; 1o which is added
60 jl of TFA 0.1% in water,

The column is equilibrated using 20% phase mobile B
(TFA 0.1%, CH,CN 80% in water). Once samples are applied
to the equiiibrated column, the phase B gradient runs from 20
to 60% within 40 min (1% B/min), at a flow rate of 1 mI/min.

Detection is achieved at 214 nm. Results are to be seen in
FIGS. 24-2C.

Results

Bach peptide is eluted al a different retention time, In the
experimental conditions described above, elution nceurs at
the following retention time (RT):

menemer: RT=28.283 min

paralle!l dimer: RT=29.708 min

antiparailel dimer: RT=22.059 min

‘The HPLC-RP technique is used to verify the purity of cach
peplide prepuration. The relative purity degree of each pep-
tide iy calculuted by integrating the peak surfaces. it is
expressed as the peptide peak surface/surfaces of the whole
penks.

InFIG. 2A-2C, itcan be seen that the monomer and parallel
and antiparaltel dimer preparations exhibit a purity degree of
98, 96.9 and 97% respectively.

FIG. 3 shows the HPLC clhromatogram of the mixture.
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3.2, Characterization By NMR

Experimental Conditions

'H NMR analysis (500 MHz, 25° C., HOD presaturation)
is carried out using samples of peptides diluted ina H,0/D,0
mixture (90/10 v/v). A Bruker™ DRX 3500 specirometer and
associated sofware for data acquisition are used.

In more details, peptides preparation kept at ~70° C. are
used for analysis. Dimeric peptide solutions 0.5 mM are
prepared while diluting 1.33 g in | mL H,0. 144 pl of the
solutions are mixed with 16 ul of D,099.9% D in 3 nun NMR
tubes. For calibration, an exiernal solution of TSP-d4 (3-
{(irimethylsily]}propionic-2,2,3,3, -d4 acid sodium sall; Ald-
rich rel 29304.0) 0,075% {w/w) in H,O/D, 0 mixture (90/10
viv) is used. The spectrometer is calibrated so that the unique
resonance signal of TSP-d4 be at 0 ppm.

Results

In the experimental conditions used, 'H NMR spectra of
the monomer and dimers cover n range from 0o 9.5 ppim and
are compused of 3 main regions:

from 6.5 to 7.5 ppm;

from 5.5 to 2,5 ppm; and

from 2 to 0.3 ppm.

This is to be seen in FIG. 4A-4C.,

'H NMR specirum of the monomer is chamcterized by a
MNMR pattern of 5 aromatic protons that are expected between
7.25 and 7.45 ppm, in the experimental conditions reported
hereinabove, In the experiment reported in FIG. 5A, this
NMR pattern is itself composed of a first multiplet from 7.25
to 7.35 ppm with an infegral curve corresponding to 3H and a
second multiplet {psendo-triplet), centered at 7.39 ppm with
an integral curve of 21 This [atter signal is characteristic of
the monomer only.

'H NMR spectrum of the parallel dinzer is characterized by
adounblet signal between 7.10 and 7.25 ppm corresponding to
4 aromatic protons and a multiplet between 7.25 and 7.40
ppm with an integral curve of 6H. In the experiment reported
in FIG. 5B, the 4H doublet is found centered at 7.185 ppm
(pics at 7.18 and 7.19 ppm}.

'H NMR spectrum of the antiparallel dimer is character-
ized by a doublet signal 4 aromatic protons between 6.95 and
7.10 ppm and a multiplet between 7,10 and 7.30 ppm with an
integral curve of 6H. In the experiment reported in F1G, 5C,
the 4H doublet is found centered at 7,025 ppm (pics at 7.02
and 7.03 ppm).

As shown in FIG. 4C, the *H NMR spectriin of the anti-
parallel dimer is also characterized by lwo upfield methylic
resonances that are expected between (i) 0,40 and 0.65 (dou-
blet) and {ii) 0.70 and 0.85 ppm (doublet). In one experiment,
these doublets are found centered at 0.42 and 0.68 ppm. They
are observed neither in the monomer, nor in the parallel dimer,

3.3, Identification By MALDI-ToF Mass Spectrometry

Analysis by MALDI-ToF (Mass Assisted Laser Desorp-
tion Ionisation —Time of Flight) mass spectrometry allows
determining the monoisotopic mass of the peptide. This tech-
nigue does not discriminate the andiparallel and paratlel
dimers,

Experimentul Conditions

MALDI-ToF analysis is achieved using the Biflex TIl mass
spectrometer (Bruker™) and associated softwares, it a posi-
tive reflector mode. Peptides are mixed with a matrix (alpha
cyano-4-hydroxy cinnamic acid) that absorbs laser energy.

The spectrometer is externally calibrated with a mixture of 43

synthetic peptides (ACTH 18-32 (adenacorticotropic frag-
ment 18-39) bombesine, and somatostatine 28,

0
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A satarated HCCA matrix solution is prepared while dilut-
ing 50 mg FICCA in 300 p} 70% ACN (acetonitril) 0.1% TFA
(trifluorpacetic acid) in water.

A ¥4 satwrated HCCA solution is lurther prepared while
diluting vol: vol with 30% ACN, 0.1% TFA in water.

For calibration, primary standard solutions are first pre-
pared in 0.1% TFA. They are as follows:
Adenocorticotropic fragment 13-39 (ACTH 18-39) 100

pmoles/ul (0.247 mg/ML);

Bombesine: 100 pmoles/nl(0.160 mg/mL); and
Somatostatine 28: 100 pmoles/pl (0.31 mg/mL).

A secondary standard solution is prepared as follows:
ACTH 100 pmoles/pl 2 ul
Bombesine 100 pmoles/ul 4 pl
Somatostatine 100 pmoles/ut 4
ACN30%, TFAD.1% 50

Peptide solutions at 1 mg/ml in water are diluted down to
0.02 mg/ml. with 30% ACN, 0.1% TFA in water.

Calibration and peptide samples are diluted vol: vol with
the 14 saturated HCCA solution. Droplets of about 1 pl are
deposited on a steel target (Bruker™) and dried by evapora-
tion.

Results

Resuits are to be seen in FIGS, 7TA-TC.

The theoretical monoisctopic masses caleulated by the
software based on the amino acid sequences are;

ACTH 28 M+H*=2465.199 Da
Bombesine M+H*=1619.823 Da
Somatostatine 28 M+H"=3147.471 Da
SAEP2-L2 M+H*=2388.35 Da.

The standard value used for the control is fixed at +2 Da
compared to the theoretical mass.

Asshownin FIG. 74, the experimenital values found for the
calibration peptides are 2465225, 1619814 und 3147,454 Da
respectively. L'ecart de mesure interne est donc (0.026+
0,00040.017)/7232.493 =7.2 ppm. (authorized <50 parts per
million).

As shown in FIGS. 7B and 7C, the experimental volues
found for the parallel and antiparallel dimer preparations are
2388.449 and 2388.532 Da. These values are within the iden-
tity range (+2 Da) centered on the theoretical values range.
This means that the samples coutain what is expected.

EXAMPLE 4

Preparation of a LPS L8/peptide I
Complex/aggregate

4.1, Preparation of LPS L8

4.1.1, Meninge Culture

Preculture; Two mL frozen samples of working seed from
a M. meningifidis A steain known to express LPS exclusively
under the .8 form, are used 1o inoculate ina 2 1 etlen con-
taining 200 wL of Mueller-Hinton broth (Merck) comple-
mented with 4 mL of a ghicose solution in water (500 g/l).
This operation is repeated 4 times. Erlens are incubated at
361 ° C. for 1041 hrs while stiing (100 1pm).

Cultute: The etlen contents are gathered together and the
preculture is complemented with 400 mL of a glucose solu-
tion in water (500 g/,) and 800 mL of an amino acid solution.
This preparation is used to inoculate the Mueller-Hinton
broth, in a 30 | fermentor (B. Braun™) at an initiul ODygy,,
close to 0,05, Fermentution is performed ovemight at 36°C.,
pH 6.8£0.2, 100 tpm, pO;, 30%, and initial flow rate of the air
0.75 U/min/L culture, Afler 7£1 hrs, (0D 440 nmm, about to 3),
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the culture is [eeded by MIT broth at a flow rate of 440 g/h.
When the glucose concentration is lower than 5 g/, the fer-
mentation is stopped. Usually, the final ODg, om is com-
prised between 20 and 40. Cells are collected by centritiga-
tion for 1 130 at 7000 g a1 4° C. Pellets are kept frozen at -33°
C.

4.1.2. Purification of LPS

First Phenol Exiraction

Deltets are defrosted and suspended with 3-volume phenol
4.5% (v/v) and stirred vigorously for 4 hrs minimum at about
5°C,

The bacterial suspension is heated at 65° C. and then mixed
viv with phenol 90% at 65° C. The suspension is stirred
vigorously, at 65° C. for 50-70 min and then cooled down to
about 20° C,

The suspension is centrifuged for 20 min, at 11 000 g, at
about 20° C. The aqueous phase is collected and kept The
phenol phase and the interphase are recovered and submitted
1o a second extraction.

Second Phenol Extraction

The phenol phiase and the interphase are heated at 65° C.
and mixed with a volume of water equivalent to the volume of
the aqueous phasc that was previously collected, The mixture
is stirred vigorously for 50-70 min at 65° C. and then cooled
down (o sbout 20° C. The mixture is centnfuged for 20 min,
at 11000 g, at about 20° C. The aqueous phuse is collected and
kept The phenol phase and the interphnge are recovered and
submilied to a third extraction.

Third phenol extraction: Procedure for the secand extrac-
tion is repeated.

Dialysis

The 3 aqueous phases are dialysed overnight and sepa-
rately against 40 1 of water. The dialysates are pooled
together. The dinjysate pool is adjusted with Tris 20 mb,
MgCl, 2 mM (one volume per 9 volumes of the dialysate
pool). pH is adjusted to 8,0 +0.2 with NaOH 4 N.

DNAse Treatment

250 UT of DNAse is added per gram of treated bacleria
pellet (wet weight). The preparation s stirred at 37:2° C, for
55-65 min, pIl is adjusted at 6.8+0.2. The preparation is
filtered on 0.22 pun membranes.

Gel filtration; The preparation is purified on a Sephacryl
8-300 column (5.0x90 cin; Pharmacia™).

First Alcoholic Precipitation

Powder of MgCl,, 6H,0 is added to the L.PS-containing
fractions pooled together, to reach an MgCl,, concentration of
0.5 M and dissolved while stiring,

While stirring at 523° C., dehydrated absolute alcohol is
added to o final concentration of 55% (v/v). Stirring is per-
formed overnight at 53° C., followed by centrifigation at
5,000 g for 30 min at 523° C. The supernatants are discarded
and the pellets are submitted to a second extraction.

Second Alcoholic Precipitation

The pellets are resuspended withat least L0 mL MgCl, 0.5
M, while stiring.

The previous procedure is repeated. Pellets are resus-
pended with at least 150 mL water,

Final step: Gef filtration is repeated and the LPS-contain-
ing fractions pooled together are finally sterilised by filtration
(0.8-0.22 jun) and kept at 543° C.

As a preliminary ¢ontrol, the LPS preparation is analyzed
by SDS-PAGE electiophoresis, Upon silver nitrate staining, a
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single large band is revealed. This indicates at least thal the

preparation does not contain any entity other than LPS L8.
The purificalion process as described allows obtaining

about 150 mg LPS L8 per culture liter (vield about 50%).

4,13, I.PS L8 Quantification: KDO Dosage with HPAEC-
PAD

The hibtographic reference for this technigne is Kiang et
al, (1997) Delermination of 2-keto-3-deoxyoctulosonic acid
(KDO) with high performance anion exchange chiomatogra-
ply (HPAEC): Survey of stability of KDO and optimal hydro-
lytic conditions Anal. Biochem. 245: 7.

As shown in FIGS. LA-1B, LPS comprises in its structure
2 KDO units, one being in a lateral position.

LPS quantification is achieved through dosage of the lat-
eral XDO unit liherated upon soft acid hydrolysis {See FIG.
1B).

Acid Hydrolysis

Samples of the LPS preparation obtained after the last
diafiltration of section 4.1.2. are recovered and diluted with
water under a final volume of 400 pl in Dionex™ 1.5 mlL
flasks so that LPS concentration of the samples falls under the
etalon range (1.4-72.1 pg/mL).

Samples to be quantified as well as the KDO etalon range
are proceeded as follows: 100 pl of the hydrolysis solution
(acetic acid 5%; glucuronic acid (GleA) 20 pg/ml.) are added.
Hydrolysis is performed for 1 i at 100° C. Flasks ave then
diied at 40° C. under nitrogen and fitled with 400 ul water,

Dosage

This technique is carried out on a HPAEC chain (Di-
onex™!), using the Chromeleon Dionex™ software for data
acquisition. The analytical column Carbopac PA1 4x250 mm
{Dionex™) is operated at 30° C.

The column is equilibrated with the elution selution
(MaOH 75 mM, AcONa 90 mM). 100 pl of sample are
injected into the columu. Then the column is submitted to an
elution flow rate of 1 mL/min for 22 min.

Chromatogram of LPS snmple is to be seen in FIG. 8. The
KDO amount present in the santple is determined by integra-
tion of the KO peak. As one KDO mole liberated by
hydrolysis corresponds to one LPS nwole, it is possible to
deterniine the LPS concentration of the initial preparation.

4.2, Preparation of peptides: Peptides are prepared according
to the processes described in Examples 1 and 2 above.

4.3, Preparation of the LPS L8/peptide I" Complex/aggregate

Purified LPS is used as pseudo-solution at 1 mg/ml. in
sterile, pyrogen free water (Milli Q quality, adjusted to pH 7.2
Limulus negative). The translucid pseudo-solution is steril-
ized by filteation using a 0.22 pm membrane.

A solution of peptide SAEP2-L2 at 1 mg/mL in sterile,
pyrogen-free water (Milli Q quality, adjusted to pH 7.2,
Limulus negative) is also sterilized by filtration on 0.22 um
membrane.

All the nex! steps are achieved under sterile conditions.

One volume of the LPS pseudo-solution is added to one
volume of the solution of peptide SAEP2-L.2, A precipitate
(endotoxoid complex) immediately appears, Stirring is car-
Hed out for 5 min at room temperature., The preparation is left
to stand at +4° C. overnight.

The precipitate (Endotoxoid) is then recovered by centrifu-
gation at 3000 rpm for 10 min. The supernatant is discarded.

The pellet is washed with one volume of sterile, pyrogen
frea water (Milli Q quality, adjusted to pH 7.2, Limulus nega-
tive). Centrifugation/washing steps are repeated five times.
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At last, the pellet is resuspended in sterile, pyrogen free
water {milli Q quality) pH=7.2, at about 1 mg/mL concentra-
tion, based on the wet weight of the precipitate. The suspen-
sion is stored at +4° C, A KDO dosage is achieved to deter-

20

substrate are added. Incubation is pursued for 6 minat 37° C.
The chromogenic reaction is stopped while adding 100 pl
freezed acetic acid 25% in water. Plate is read by spectropho-
tometry al 405 nm.

mine the LPS content and the suspension is adjusted tocg. 5 The results are expressed in Endotoxin Unit (EUYpg of
0.50 mg/ml. of complex {expressed as LI'S content), complex, They are shown in the table hereinafer. The detoxi-
The LPS-peptide complex tested in the following examples fication ratio can be established by the LPS/LPS-peptide
is the LPS-aniiparalle]l dimer complex as obtained in complex ratic and expressed in log unit,
Mean value Detoxification rativ
Range Fliipg BUhg Expressed in log
LPS {6 assayy) 112 10! 25000
LPS-antipasatlel peptide 5-32 12-20 1,254-2,000 35
coniplex (13 assays)
LPS-paraltel peptide 36-40 30-40 §00-800 3
complex
LPS-monomer peptide >2000 52000 <13 <t

complex

section 4.3, unless otherwise indicated Therefore, this
specific complex is simply referred to as LPS-peptide
complex.

In a similar manner, the LPS as obtained in section 4.2. is
simply referred to as LPS.

Comparison of LPS and LPS-peptide complex is achieved
using the LPS lot also used for the preparation of the
complex.

EXAMPLE 5

Evatuation of the Detoxification of the LPS-peptide
Complex

Several assays are used 1o evaluate the detoxification.

5.1. Limulus Amebocyte Lysate (LAL) Assay

In (his assay, the ability of the SAEP2-L2 anti-parattel and
parallel dimers and the SAEP2-L2 cyclic monomer to
detoxily LPS is corapared. To this end, the LPS-peptide com-
plexes involving the parallel dimer or the monomer are pre-
pared exactly as it is reported in Fxample 4 for the LPS-
antiparallel peptide complex.

LAL is a very sensitive test used to detect and quantify
endotoxins of gram-negative bacleria. The test is based on the
properly of the amoebocyte lysate protein from horseshoe
crab (Limnlus polyphenus) o induce coagulation in the pres-
ence of endotoxin.

The evaluation of the LPS endotoxin activity is performed
by using the end-point-chromogenic technique, in accor-
dance with the European Pharmacopeia as described in the
European Pharmacopeia techniques (Edition 5.0, paragraph
2.6.14)]. To this end, the kit QCL-1000 ref 50-647 U (Cam-
brex-BioWhittaker™) is used (linear zone of the kit: 0,1 1 1
UWmL) as well as a pozitive control (£. colf endotoxin, 4 10°
EUMmL, Sigma).

Dilution of (i) samples to be tested, (ii) standard and (iii)
positive control are achieved with dilution buffer {Cambrex-
BioWhittaker™) to cover the respeclive ranges: 1/10 to
1716% 0.5 1o 0.03F EU/mL and 1/10% to 1.8 107,

50l of snmple, standard und posilive control dilutions are
dispensed per well of 96 {lat-bottom well ELISA plate, Fifly
ul of lysate are added per well. Incubation is pursued for 10
min at 37° C. Then 100 ill of the p-nitreanlline chromogenic

30
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As may be seen, the dimeric forms of the SAEP2-L.2 pep-
tide are more elfective in defoxifying LPS than the cyclic
monomer form,

5.2, Pyrogen Test In Rabbits

Rabbit is known to be the animal specie with sensitivity to
pyrogenic effects of LPS equivaient to humans. The pyrogen
test consists in measuring the rise in body temperature evoked
in three rabbits by the intravenous (V) injection of a sterile
solution of the substances to be examined. The test, reading
and calculations are performed in accordance with the Euro-
pean Pharmacopoeia, (Edition 5.0, paragraph 2.6.8). The
femperatere rise s interpreted depending the summed
response of the temperatures:conformity is met when the
summed response does not exceed 1.15° C.; and noa-confor-
mity, when the sunimed response exceeds 2.65° C. In the
present case, the pyrogenic threshold is sel up below, between
1.15° C. and 2.65° C.

As found, the limit pyrogen dose (I} in rabbit corresponds
to 0.025 ng/kg (LPS), and 10-25 ngfkg (LPS-peptide com-
plex). These results show thal the LPS-peptide complex is
less pyrogen than LPS, whea given by the intravenous route.
As measured in this test, the detoxification ratio (LPS-peptide
complex/L.PS) is between 400 and 1,000.

5.3. Acute Toxicity Assay:LDS0 In D-galactosamine Sensi-
tized Mice

References for this assay include i.a Galanos et al, 1979,
PNAS 76: 5939 Baumgartner et al, 1990, J. Exp. Med, 171
{3): 889 and U.S. Pat. Ne. 6,531,131,

Groups of eight-week old female inbred mice are injected
by the intraperitoneal (IP) rouwte (0.5 mL) with escalating
doses of LPS or LPS-peptide complex, just after being treated
with D-galactosamine (15 mg/0.2 mL) by the IP route (the
toxicity of LPS is increased of arownd 1,000 fold with the
P-galactosamine treatment which renders the model very
sensitive). The death cate is then followed during four days.

The LI5S0 observed with the LPS is 3.6 ng/mouse {1.91-
6.70 ng/mousc); whereas that abserved with the LPS-peptide
complex is 1 pg/mouse (0,2-5 pp/mouse), indicating that the
detoxification ratio (LPS-peptide complex/LPS) is about 250
(100-1009),
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5.4. Attenuation of the Pro-inflammatory Effects of LPS
when Completed with Peptide

In arder to evaluate to which extent the LPS-peptide com-

plex can attenuate LPS-induced toxic effects, the effect of the
LPS-peptide complex on the release of pro-inflammatory
cytokines is monitored (assessed) in in vitro and in vivo
assays.

In vivo: cytokine (IL6 and TNFa) releases in the sera of
mice inununized cither with LPS or LPS-peptide com-
plex are compared by ELISA. Blood samiples are recov-
ered 90 min aller SC immunization, which is the optimal
time for the release of those cytokines. C3H/HeOul,
TLR4-/-, C3H/HeN and CD1 mouse straius are tested.
The twa Arst are sensitive neither to LPS nor LPS-pep-
tide complex. The third and fourth are both found LPS-

=
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Incubation is pursued for 2 s at room temperature.

Plates are washed in PBY 0.05% Tween 20. Biotinylated
anli-mouse cyloline antibodies and the enzyme are each
17250 diluted in PBS 10% fetal calf serum. 100 i of each
dilution are added per well. Incubation is pursued for one hr
at room tenperature.

Plates are washed in PBS 0.05% Tween 20, 100 ul of
tetramethylbenzidine (TMB) substrate (TMB solutions A and
B (KPL) mixed volfvol) are distributed in wells. Incubationis
pursued for 10-30 min at rcom temperature.

The reaction is stopped by adding 100 pl of 1 M T1,PO, per
well, Plates are read at 450 nm. Results are to be seen in the
table hereinafter.

ILG release INFua release
Produtet injected Mean (pg/ml) Detosification  Mean (pg/mb)  Detoxifiention
o nice n=6(log)  mlio(lop usit) =6 (kyg)  ratio {ug uni)
LPS 4.7 4.1
LPS-peptide complox 2.2 2.5 <l »3.1
Peplide <1 <t

sensitive. CD1 mice are lound more LPS-peptide com-
plex-sensitive than the others and therefore selected for
further experiments retaining the most severe condi-
tions.

In vitro:cytokine (IL6, IL8 and TNFu) releases from
human whole blood cell cultures stimulated for 2<4h at
37° ., with different concentrations of LPS or LPS-
peptide complex are compared,

5.4.1, In Vivo Assay

CD1 mice are administered subcutaneously (SC) {i) either
10 ug of LPS or (ii) 10 pg of LPS-peptide complex. They are
bled 90 minutes after injection, ILG and TNFa. releases are
measured in the sera by ELISA.

ELISA Detection of Cytokine Secretion

ELISAs are carried out using the OptEIA mouse IL6 and
TNFa sets (Pharmingen), each including the capture anti-
body (anti-mouse cytokine), the detection antibody (biotiny-
lated anti-mouse cylokine), avidin-horseradish peroxidese
conjugate and the standard (recombinant cytokine), all from
Pharmingen.

Anti-mouse EL6 and TNFo antibodies are 1/250 diluted in
0.1 M carbonate buffer pH 9.5 (Sigma). For enchassay, 100 pd
of an antibody dilution nre distributed per well of a Maxisorp
NUNC 96 Aat-botlom well ELISA plate. Plates arz incubated
overnight at +4° C.

Plates are washed in PBS 0.05% Tween 20. 200 pl of PRS,
0.5% bovine seruin albumin (BSA) saturation buffer are then
added per well. Incubation is pursued for one hr at room
temperature, Plates are washed in PBS 0.05% Tiveen 20

Recombinant 1L6 or TNTFa cytokine dilutions are prepared
in the REMI medium 1% FCS 10%, within the range of (i)
4,000 pg/ml.-62.5 pg/mL standard. 100 pl of each dilution are
distributed per well, to esiablizh the standard curve.

Serum dilutions arc prepared in the RPM' medivm P.S. glu
1% FCS 10%. Sern of mice injected with LPS are 1/25 nnd
1/125 diluted. Sern of mice injected with LPS-peptide com-
plex are 1/5 and 1125 diluted $00 pt of each dilution are
distributed per well.

&0

The peptide alone does not induce IL6 or TNFo. The
LPS-peptide complex allows for about 100-fold of detoxifi-
cation (100-fold decrease in IL6 secretion).

5.4.2. In vitro Assay

Preparation of the Test Substances

LPS preparation (1 mg/mL) and LPS-peplide corplex
(500 pg/ml) are each diluted in 10 mbf Tris, NaC1 150 mM,
0.05% Tween 20, 5% sucrose to a concetitration of 50 pg/mb..
They are Further diluted in physiological saiine to a concen-
tration of 5 pg/mL. ’

Serial 1/5 dilutions are performed in AIM-V medium
(Gibeo (Iavitrogen)) for cach test subsiance dowa to a con-
centration of 2.56 1072 pg/mL.

Stimulation

Human blood collected an sedivm heparin (25,000 U/5
ml; sanofi-synthelabo) is diluted 1:4 (vol: val) in AIM-V
medium and disteibuted in Micronics™ tubes (400 il /tube).,
100 ul of a diluticn of the test substances are added, Pepiide
and buffer controls are tested at 1/20 dilution, Tabes are
incubated for 24 hrs at 37° C., ina wet atmosphere al 5% CO,.

Plasma Recovery

“Fubes arc then centrifuged for 10 min at 500 g, At least 200
pl of supernatant are recovercd from each tube and kept
frozen at ~80° C. until titration.

BELISA Detection of Cytokine Secretion

BLISAs are catried out using the OptELA human 116, 1L8
and TNFa sets from Pharmingen, each including the capture
antibody (mouse anti human cytokine), the detection anti-
body (biotinylated mouse anti-human cytokine), avidin-
horseradish peroxidase canjugnte and the standard (recombi-
nant cytokine).

Anti-human 166, 1ILR and TNFa antibodies are 1/250
diluted in 0.1 M carbonate buffer pH 9.5 (Sigma). For ench
assay, 100p] ofanantibody dilutionare distributed per well of
o Maxisorp NUNC 96 flat-bottom well ELISA plate. Plates
are incubated overnight at +4° C.
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Plates are washed in PBS 0.65% Tween 20. 200 pl of PBS,
0.5% bovine serum atbumin (BSA) saturation buffer are then
added per well. Tncubation is pursued for one hr at room
temperature. Plates are washed in PBS 0.05% "Tween 20.

Recombinant 116, IL8 or TNFa cytokine dilutions are
prepared in AIM-V medium within respective range of (i)
1,200 pg/ml.-18.75 pg/mL; (i) 800 pg/ml.-12.5 pg/mL; and
(i) 1,000 pg/mL-15.87 pg/mL standard. 100 ul of each dilu-
tion are distributed per well, o establish the standard curve.

Plasma dilutions are prepared in the AIM-V. Plasmas
recovered from blood stimulated with LES are 1/25 and 1/125
diluted. Those recovered from blood in contact with the EPS-
peptide complex are 1/5 and 1/25 diluted. 100 pl of each
ditution are distributed per weli.

Incubation is pursued for 2 hrs at room temperature,

Plates are washed in PBS 0.05% Tween 20. Biotinylated
anti-iuman cytokine antibodics and the enzyme are each
1/250 diluted in PBS 10% fetal calf serum. 100 pl of each
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The detoxification ratio is expressed as the ratio of the
concentration of the LPS-peptide complex inducing 50% of
maxinum IL6 release (BD,, expressed in pg/mi.) inover that
observed with LPS, Higher the ratio, stronger the detoxifica-
tion is. As the detoxification ratio is systematically measured
using whole blood of several independent donors, results are
averaged.

The detoxification ratio observed with the LPS-peptide
complex is measured several times. Mean data out of six
values obtained in the IL6 release assay: 64220,

The IL6 release correlates with the TNFo, and IL8 secte-
tions. Therefore, the 1L6 release assay is selected to routinely
evaluate the inflammalion decrease observed with the LPS-

15 peptide complex.

5.5. Conclusion

The detoxification ratio is measured between 10% and 10°,
depending on the test. The defoxification values are sumuna-
rized in the following table.

LPS-peptide Detoxification

Asstys LPS L8 complex ratio
LAL 25,000 EU/pg. 12-20 EUiug £, 250-2,000
Limit pyrogein dose V) in mbbit 0.025 ng/kg 10-25 ngfkg 4G60-1,000
Cytokine refeass tost in mice [L6 = 25000 pg/ml L6 = 270 pg/mL 100

IL6 « 10,000 ppimb 116 = 100 pg/mL
In vitro assay of IL6 release by EDsqy = 2 pe/ml EDs5o = 880 pg/ml 64
hanan PBMC
{EDss! concentration of product inducing
50% ol maximum IL6 release)
LD30 in golactosarnine-sensitized 4 ngfseuris | pg/souns (0.2-5) 250

mice

dilution are added per well. Incubation is pursued for one hr
at room tempetature.

Plates are washed in PBS 0.05% Tween 20, 100 pl of
tetramethylbenzidine (TMB) substrate (TMB solutions A and
B (KPL) mixed volivol) are distributed in wells. Incubation is
pursued for 10-30 min af room temperature.

"I'he reaction is stopped by adding 100 i of | M H;PO, per
well, Plates are read at 450 mn.

Results

‘The raw results and the cytokine release curves=f (LPS or
complex concentrations) do not allow comparison of differ-
ent samples. Calculating the detoxification ratie can elimi-
nate inter-blood donor and inter-test variabilily. Only the
linear paris of the curves are taken into account for caleutation

EXAMPLE 6

LPS Peptide Complex Stability Study

"The stability of the LPS-peptide complex is studied for 6

months and cvaluated by measuring the detoxification ratio in

45 two assays (LAL and in vitro 1L-6 release by huPBMC),
Pyrogen test in rubbits may also be achieved,

6.1. Tn vitre Stability of the Formulated LPS Peptide Complex
The stability of the formulatect T.PS-peptide complex is

followed at 5° C., for 6 months. Measurcments are made al

day=0, 90 and 180 (6 months). Resuits are as follows.

Pyrogen test
116 relzase from human blood LAL assay Pyrogeic threshold, as chosen:
i celts (detoxification ratio} endotoxin {EUMg) 10 np/mL/kg [V
0 Jmonths Smonths © 3Imonths 6months O Jmonths 6 months
125 a0 163 14 58 10 c* c C
C* conforn

of the detoxitication ratio, The maximum IL6 release beyond
which a linear progression is no fonger observed is deter-
mined and then, the amount of substance required to induced
50% of that maximum is calculated by linear regression.

The detoxification ratio in 1LG release test are not signifi-

¢s cantly different after 3 and 6 months, indicating the stability

of the LPS-peptide complex: LPS complexed with peptide
remains detoxified after 6 months at 5° C.
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6.2. In vitro Stability of the LPS Peptide Complex in Physi-
ological Liguid

The sim of the experiment is to verify that LPS is not
released when the complex is administered and that the
detoxification rate does not decrease after a contact with a
physiological liquid.

One mL of the LPS-peptide complex, mixed with 1 mi. of
human serum, is incubated at 37° C. The detoxification rate is
evaluated after 1 and 24 hours, Human serun: and the LPS-
peptide complex as prepared in section 4.3. are also tested in
parallel. .

No significant difference of the detoxification evaluated by
both assays is observed afler a 1-hour and 24-hour contact of
the LPS-peptide complex with human serum at 37° C. and
results are similar lo the LPS-peplide complex control,

EXAMPLE 7

Immunogenicity of the LPS-peptide Complex

7.1. Bactericidal Activity of Anti LPS Antibodies Induced In
Rahbits By the LPS-peptide Complex

Imumunization of three adult New-Zealand rabbits is per-
formed with 100 pg of LPS-peptide complex by intramuscu-
lar {IM) and subcutaneous (SC) routes (2x0.5 mL and 5x0.2
mE. respectively) in the presence of adjuvant, They receive
three injections at 3-week interval; the first one with complete
Preund adjuvant (FA), the second and third ones with incom-
plete Freund adjuvant. They are bled two weeks after the last
injection. A contro] group is immunized with the peptide with
adjuvant (71 pg, equivalent 10 the amount of the peptide in
100 pg of LPS-peptide complex) using the same protocol.

The bactericidal activity of the serum (SBA) samples is
evaluated against the N. meringitidis strain used for LPS
production as described in Example 5 in the presence of baby
rabbit serum as exogenous source of complernent.

SBA Assay

Sera are heat-inactivated during 30 min at 56° C. In the
wells of a 96-well microplate, heat-inactivated sera are then
twolold serfally diluted {10 times) in Dulbecco's phosphate
buffered sallne containing Ca** and Mg (volume per well:
50 ul).

Twenty five pl of a log phase culture of N, meningitidis
grown in Mueller-Hirton broth (4.10° CFU/mL) and 25 pl of
baby rabbit serum are added to each well. The plate is incu-
bated one hiour at 37° C,, under shaking,

Fifty ul of the mixture from each well are plated onto
Mueller-Hinton agar. Petri dishes are incubated overnight at
+37° C, ina 10% CO, atmosphere.

Tn each experiment, controls include (i) bacteria and the
comtplement source without antibodies (complement con-
trol), (ii) brcteria and heat-inactivated complement, and (iii)
bacteria and heat-inactivated complement, in the presence of
antibodies. :

Bactericidal titre is reporfed as the highest reciprocal
serum dilution ai which Z50% killing ol bacleriy is observed
as compared to the complement control.

SBA Results

Results ure to be seen in the table hereinafter. High SBA
lilers are ubtained with the complex, The specificity of the
SBA response is confirmed with the extinction of the
response, when the sera (post-dose 3) are adsorbed on LPS.

0

[
W

10

.
o
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Pre- Post-duse 3 Post-dose 3

immunized  immunized  immunized ser

Rabbir # sera sera adsorbed on LPS
LPS.peplide A 16 512 4
complex B 16 1,024 8
C 4 128 <4
Peplide D 4 16 4
E 13 16 8

7.2. Immune Response Induced in Mice with the LPS-peptide
Complex

Ten six-week old female outbred CD{ mice are immunized
with a 10 pg dose of LPS-peptide complex by the subcutane-
ous route (0.2 ml). They receive two injections at 3-week
interval. They are bled before each injection and exsan-
guioated 14 days after the last injection. A control group is
injected with buffer.

In a first experiment, the antibody response is evaluated by
BLISA and the bactericidal activity of the post-dose 2 serum
samples is evaluated against the N, meningitidis sirain used
for LPS production as described in Example 4 (homologous
strain) and a heterologous N. meningitidis strain [N, menin-
gitidis group B strain RH873 (L4, 7, 8 immunotype)].

In 2 second experiment, the antibody response is evaluated
by ELISA and the opsonic activity of the post-dose 2 sertim
samples is evaluated by FACS.

7,21, Immunogenicity of LPS-peptide Complex in Mice

ELISA Titration of Anti-LPS Antibodies

Wells ofn 96-well microplate are coated with 100l ofa 10
pg/mL LPS solution in buffer 1 (PBS+10 mM MgCl,). The
plate is incubated 2 hours at +37° C.; then overnight at +5° C,

The LPS solution is removed from the plate and wells are
satarated with 150 pi of buffer 2 (PBS+milk 1% +'{ween 20
0.05%). The plate is incubated oue hour at 37° C.; then
washed with buffer 3(PBS+Tween 20 0.05%).

Sem are serially diluted (2-Told, direcily in the wells using
buffer 2 (volume: 100 ul per well). The plate is incubated for
90 min at 437° C.; then washed with buffer 3.

Hundred pul of a diluted goat anti-mouse [gG (y chain
specific) or IgM {1 chain specific) peroxydase conjugate are
added in each well. The plate is incubated 90 minat 37° C. and
then washed with buffer 3,

The reaction is developed by adding 100 pl of a tetrameth-
yibenzidine substrate solution in each well, The plate is incu-
bated 20 min a1 37° C. The reaction is stopped by adding 1 M

¥ HCI and absorbance is measured at 450 ma.

ELISA Resulls

Results are expressed in arbitrary ELISA. Unit/ml, (EU/
mL) by comparison to a reference serum.

In a prefiminary immunization experiment, the ELISA
assay is achieved using a pool of sera. As shown in the
{ollowing table, the LPS-peptide complex is able lo induce
high anti-LPS IgG titers in mice and anti-LPS IgM after one
injection (BLISA). A significant IgG booster is observed after
the second injection, whereas no significant IgM increase is
observed.
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Anli-LPS [pG (EL/enl) Anti-LPS leM] (B Ly

Past Post Post Post
dose 1 dose 2 dose 1 dose 2
LPS-peptido §,800 22,600 80 330
complex
Dufler <40 <d0) < <40

In a [urther imunisation experiment, the ELISA assay is
achieved individually. A fter the second injection, seven out of
the ten mice exhibits high fgG and [gM titers. Global mean
titers expressed In log are about 3.7 and 2.8 respectively.

7.2.2. Pactericidal Activity of Mouse Sera

Bactericidal activity is measured as described in section
7.1,
Fourty % of the post-dose 2 sera exhibit a bactericidal
activity (SBA titre 16) against the homologous N, menin-
gitidis straitt, Four are bactericidal against the heterologous
strain.

7.2.3, Opsonic Activity of Mouse Sera

Opsonisation Assay

The opsonic activity is measured by How cytometry tech-
nology (FACS) using lwmen promyelocytic differentiated
HLA0 cells as effector and LPS coated latex fluorescent beads
as largel.

28

Effector cells are differentisted into granulocytes afier
treatment with 100 mM dimethyltormaride, The resulting
cells are washed, resuspended in Hanks® balanced salt solu-
tion and their concentration is adjusted to 2.5x107 celis/mL.

Sera arc heat inactivated during 30 min al 56° C. Ina 36
deep-well microplate, heat-inactivated sera are serially five-
fold diluted (3 limes) in Hanks balanced sall buffer containing
Ca++ and Mg++ (volume per well: 300 pi).

Twenty pl of LPS coated latex Mluorescent beads and 10 ul
of baby rabbit serum as exogenous complement source are
added to each well. The plate is incubated 30 min at 337° C,,
under shaking,.

Fifty jl of the effector cell suspension are added 1o each
well. The plate is incubated 30 min at +37° C.,, under shaking.

One hundred fifty pl from each well are transferred in a
second deep well and the reaction is stopped by adding 400
of PRS+0.02% EDTA. The plate is centrifuged and washed
twice with PBS+BSA bulfer.

The phagocytosis of LPS coated beads by effector cells, in
the presence of antiserum and exogenous complement source
is measured by FACS.

Opsonic activity is expressed as the fnverse of serum dilu-
tion giving a phagocytosis product (PP)=200. PP is measured
as the ratio number of beads/phagoeytic cells x mumber of
fluorescent cells.

Countrols wells lacking antiserum and a positive mono-
clonal antiserum are included in each experiment.

Opsonisation Results
Eight oul ol {en mice exhibit high opsonic activity (2350}

SEQUENCE [ISTIRG

<160> NUMBER OF SEQ ID NOs: 9
<210>
<21l>
<212>
<213>
<220
<223>

SEQ b NO 1
VENGTH: 10

TYPE: PRT

ORGANISM: Artificiak
ERATURE:

OTHER INFORMATICH: Synthetic

<400> SEQUENCE: 1

Lys Thr Lys Cys Lys Phe Leu Lys Lya Cys
1 5 10

<210>
<211>
<212>
€213
<220>
<223
<220
<321>
<k22>
<223
<220>
<221>
<222>
<223»
<R20>
221>
<222>
«223>
<220>
<221>»
<222>
<223

SEQ ID HO 2

LENGTH: 17

TYPE: PRT

ORGANISH: Axtiflcial
FEATURE:

OTHER THFORMATION: Synthetic
FEATURE:

HAME/KEY: misc _feature
LOCATION: (1)..{1)
OTHER INFORMATION: Any
FEATURE :

HAME/KEY: misc feature
LOCATION: (2)..(2}
OTHER INFORMATION: Any
FEATURE :

NUAME/KEY: misc_featuxe
LOCATION: (3)..(3}
OTHER INFORMATION: any
FEATURE :

HRME/KEY: misc.feature
LOCATION: (4}.. ({4}
OTHER INPORMATION: Any

amine a¢id or optionally abment.

amine acid or optionally absent.

aminc acid or optionally abment.

amino acld, but when amlno aclda ac

pooitions 1-3 are absent, X ls selected from Lys, Hyl, Arg, or
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~continued

30

Hia.

<220> FEATURE:

<221> NAME/KEY: misc_featuxe

«222> LOCATION: (5)..(5}) ,

<223> OTHER INFORMATION: Any amino acid, but when amino acldse at
positions 1-3 are abaent, X lg pselected from Lys, Hyl, Arg, or
His.

<220> FEATURE:

<221> MAME/KEY: mioc_featurse

222> LOCATION: {7)..(7)

«223> OTHER INFORMATION: Any amino acid or optilonally absent.

<220> FEATURE:

<221 NAME/KEY: misc_Eeature

«<222> LOCATION: (8)..(8}

«223> OTHER INFORMATION: Any amino acid or optionally abwent.

«220> FEATURE:

<221> NBME/KEY: misc_feature

<222> LOCATION: (9}..(9)

<223> OTHER INPORMATION: Any amino acid or optionally absent.

<220> BEATURE:

<221> HAME/KEY: misc_ feature

«222> LOCATION: (10}..(x0}

<223> OTHER INFORMATION: Any amino acid or optionally absent.

<Z20> FEATURE:

<221> MAME/KEY: misc_feature

<222> LOCATION: {11}..{1l1)

<Z23> OTHER INFORMATION: Any aminc acid, but when aminc acids at
posltions 7-10 are abeent, X i¢ selected from Val, Leu, Ile, Phe,
Tyzr, ox Trp.

<220> FEATURE:

<221> NAME/KEY: mise_feature

«222> LOCATION: {(12)..(12}

<223> OTHER INFORMATION: Any amine acid, but when amino aclds at
peaitions 7-10 are absant, X is pelected from Val, Leu, Ile, Phe,
Ty, or Trp.

<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (13)..{13)

<223> OTHER INFORMATION: Any amine acid, but when amino agide at
positions 7-10 are absgent, X is selectad from Val, Leu, fle, Phe,
TYr, or Trp.

<220> FEATURE:

<221> MAME/KEY: minc_feature

<222> LOCATION: (15)..({15)

«223> OTHER INFORMATION: Any amino acid or optionally absent,

<220> FEATURE:

«221> NAME/KEY: misc_feature

<222> LOCATION: (16)..{16)

<223» OTHER INFORMATION: Any amino acid or optionally absent.

<220> FEATURE:

<221> NAME/KEY: mizc_feature

«222» LOCATION: {17)..(17}

<223> OTHER INFORWATION: Any amino acid or cptionally absent.

<400> SEQUENCE: 2

Xaa Xaa Xaa Xaa ¥aa Cys Xaa ¥aa Xaa Xaa Xaa Xaa Xaa Cys Xaa Xaa
1 5 10 15

Xaa

«210> SEQ ID NO 3
<211> LENGTH; 17

<212» TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221»> MAME/XEY: mipc_feature

<222% LOCATICN: (i)..{1)

223> OTHER INPORMATION: Any amino acid or opticnally abeent.
<22Q> FEATURE:

<221> MAME/XEY: misc_feature

«222> LOCATION: (2)..(2)

<223 OTHER INFORMATION: Any awmlno acid ex optienally abment.
«220> FEATURE:

<221> NAME/XEY: mige_feature

<223> LOCATION: {3)..(3)
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<221>
<220>
<221>
222>
<223>

<230
<22%>
<322>
<223>

«220>
<221>
<222»
<223>
<220>
<221
<222»
<223>
<220>
<221>
<222>
<223»
<220>
«221>
<222>»
<223
<220>
<221>
«222>
223>

<220>
<221>
<222>
223>

OTHER INFORMATION: Any amlno
PEATURE:

NAME/KEY: misc_feature
LOCATION: {4)..{4)

OTHER INFORMATION: Any amino

positions 1-3 are abgent, X im selected from Lys,

His.

FEATURE:

PAME/KEY: wisc._faature
LOCATION: {5)..(5)

OTHER IHFORHMATION: Any amino

poeicicna 1-3 are absent, X is melected Erom Lys,

His.

PEATURE:

HAME/KEY: misc_feature
LOCATION: (7)..(7)

OTHER INFORMATICH: Any amine
FEATURE:

HAME/KEY: mlpt feature
LOCATION: (8),.(8)

OTHER INFORMATION: Any amino
FEATURE:

HAME/KEY: misc_feature
LOCATION: {9)..(9)

OTHER INFORMATION: Any amino
FEATURE:

NAME/KEY: mlac_feature
LOCATION: (10)..{10)

OTHER INFORMATION: Any amino
FEATURE:

NAME/KEY: mlec feature
LOCATION: {1%}.. {11}

OTHER INFORMATION: Any amino
posltlons 7-10 are absent, X

Tyr, or Trp.

FEATURE:

HEME/KEY: misc_faature
LOCATION: (12)..(12)

OTHER INBORMATION: Any amino
positions 7-10 are absent, X

acld or optionally absent.

acld, but when amino aclde

acld, but when amino acids

acld or optionally absent.

acid or cptionally absent.

avid or optionally abwent.

acid or optionally absent.

acid, but when amino acids
in gelected from Val, Leu,

acid, but when amine acide
is gmelected from Val, Leu,

acid, but when amino acids
i3 selected from Val, Leu,

acld eor optionally absent.

acid or optionally absent.

acid or optichally absent.

at

Hyl, Arg, or

at

Hyl, Arg, or

at

Ile, Phae,

at
Ile,

at

Ile, Phe,

Xaa Xaa Xaa Xaa Xaa Cyas Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Xaa Xaa

Phe, Tyr, or Trp.

«220> FEATURE:

<221> HAME/KRY: misc_feature

«222> LOCATICN: {(13}..{33)

<223» OTHER INFORMATION: Any amino
positions 7-10 are abgent, X
Tyr, or Trp.

«220> FEATURE:

<221> MAME/XEY: mimc_feature

<222> LOCATION: (15}..{15)

<223> OTHER INFORMATION: Any amino

<220> FEATURE:

2221> MAME/KEY: misc_feature

<222 LOCATION: (16)..(16)

«223> OTHER INFORMATION: Any amino

<220> FEATURE:

<221> NAME/KEY: mioc.faature

222> LOCATION: {17)..(17}

«223> OTHER INFORMATION: Any amino

<400> SEQUENCE: 2

1 s

Xaa

<210> SEQ ID NO 4

<211l> LENGTH: 14

<213> TYPE: PRT

213> ORGANISM: Artirficial

<220> FEATURE:

¢223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221» MAME/XEY: misc_feature

«222> LOCATION: {(1)..{1)

«223> OTHER INPORMATION: Any amino

<220>

FEATURE:

16 15

acid or cpticnally absent.
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-continued

<221> MAME/KEY: misc_feature

<222> LOCATION: {2)..(2}

<223> OTHER IHFORMATION: Any amino acid or optionally absent.

<220» FEATURE:

£221> MAME/KEY: misc_feature

<222> LOCATION: (3)..{3}

<223> OTHER INFORMATION: Any amino acid or opticnally absent.

<220> FEATURE:

<221> NAME/KEY: mipcg feature

«222> LOCATIOH: (4)..{4}

«223> OTHER INFORMATION: Any amino acid, but when amino acids at
pesitiona 1-3 are abzent, X is selected from Lys, Hyl, Arg, or
Hisa.

<220> FEATURE:

<221> MAME/KEY: wigc_feature

«222> LOCATION: (5)..{5}

<223> OTHER INFORMATION: Any amino acid, but when amino acide at
positions 1-3 are abment, X is selected from Lys, Hyl, Arg, or
His.

<220> PEATURE:

<221> MAME/KEY: wisc feature

<2225 LOCATION: {7)..{7

<223> OTHER INFORMATION: Any amino acid or optionally absent.

<220> FEATURE:

<221» NAME/REY: miac_.featuxe

«222> LOCATION: (8),.(8}

<223> OTHER TNFORMATION: Any amino acid ox optionally absent.

<220> FEATURE:

<221> MAME/KRY: misc_feature

<222> LOCATION: (9)..{%}

<223» OTHER INFORMATION: Any amino acid er optionally abeent.

<220> PEATURE!

<221> NAME/KEY: minc_feature

<222> LOCATION: (10}..{10}

<223> OTHER INFORMATION: Any amino acid or optionally abeent.

<220> FEATURE;

<221> NAME/KEY: miac_featute

<222> LOCATION: (11)..{1l)

<223> GTHER INFORMATION: Any aminc acid, but when amiro acide at
positions 7-10 are abgent, X is selected from Val, Leu, Ile, Phe,
Tyr, oxr Trp.

<2205 FEATURE:

«221> MAME/KEY: misc_feature

<222> LOCATION: (12)..{12)

<223> OTHER INPORMATION: Any amino acid, but when amino acids at
pooitions 7-10 are absent, X is sslected from Val, Leu, 1le, Phe,
Tyt, or Trp.

<220> FEATURE:

<221» MAME/KEY: migc_feature

<222 LOCATIOM: (13)..(13)

<333> OTHER INFORMATION: Rny amino acld, but when amlno acids at
positions 7-10 ars absent, X lo selected from Val, Leu, Ile, Pha,

Tyzr, or Trp.
<4 00> SEQUENCE: 4

Xaa Xaa Xaa Xaa Xaa Cyo Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys
1 S 19

<210> SEQ ID NO S

«211> LEHGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artifielal

«220> FEATURK:

<223> OTHER INFORMATION: Synthetic

«220> FEATURE:

<221> NAME/KEY: misc Feature

<222> LOCATION: {1)..{1)

«223> OTHER INFORMATION: Any amino acid or opticnally abssnt.
<220> PEATURE:

<221> NAME/KEY: wmisc feacture

<222 LOCATION: (2)..{2}

«223» OTHER INFORMATION: Any amino acid or optionakly absent.
<220> FEATURE:

<221> NAME/KRY: miso_feature

222> LOCATION: (3}..(3)

<223> OTHER INFORMATION: Any amino acid or optionally absent.
<220> FEATURE:
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<221> NAME/KEY: misc_feature

222> LOCATION: (4)..(4)

<223> OTHER TNFORMATION: Any amino acid, but when amino acide at
positions 1-3 are absent, X ic setected from Lys, Hyl, Arg. or
Hie,

<220> FEATURE:

¢221> MAME/KEY: misc_feature

<222> LOCATION: {(5)..{5)

«223» OTHER INFORMATION: Any amino acid, but when amino acids at
positions 1-3 are absent, X 1ls gelected from Lyse, Hyl, Arg, or
Hia.

<2206> PEATURE:

<221» NAME/KEY: misc feature

<222> LOCATION: (7)..({7}

<223> OTHER INFORMATION: Any amino acid or opticnally absent.

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (@8}..(8}

<223> OTHER INFORMATION: Any amino acid or optionally absent.

<320> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Any amino acid or optlonally absent.

<220> FEATURE:

<221> MAME/KEY: misc_feature

«222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: Any amino acld or optionally absent.

<220> PEATURE;

<221> HAME/KEY: misc.featura

<222> LOCATION: {11}..(11)

<223> OTHER INFORMATION: Any amine acid, but when amino acids at
positiong 7-10 are absent, X is selected frem Val, Leuw, Ile, Phe,
TYr, ot Txp.

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: {12}..(12)

<223» OTHER INFORMATION: Any amino acid, but when amino aclds at
poaitione 7-10 are absent, X ia ssiected from Val, Leu, Ile, Phe,
Tyr, or Trp.

<220> FEATURE:

<221> NAME/KEY: mise_feature

<222> LOCATION: {13}..(13)

<223> OTHER INFPORMATION: Any amino acid, but when amino acids at
positions 7-10 are abeent, X ig selacted from Val, Leu, Ile, Pha,
Tyr, or Tep.

<400> SEQUENCE: 5

¥aa Xaa Xaa Xaa Xaa Cys Xaa Xaa Xaa Xaa Xaa Xaa Kaa Cys
1 5 10

<Z10> SEQ ID NO &

<211> LENGTH: 11

<212> TYPE: BRT

<213> ORGANISM: Artiticial

«220> FEATURE:

<223» OTHER INFORMATION: Synthetic
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4i..1{4)

<223> OTHER INFORMATION: Hydroxylysine

<400> SEQUENCE: 6

Lys Arg His Xaa Cys Lyo Arg Ile Val Leu Cys
1 5 10

<210> SEQ ID NO 7

<211> DENGTH: 11

<212> TYPE: PRT

<213»> ORGANISM: Artlficial

«220> FEATURE:

<223» OTHER INPORMATION: Synthetic

<400> SEQUENCE: 7

Lys Arg Wig Cya Val Leu Tie Trp Tyr Phe Cyo
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~continued

10

<210>
<211>
<212>
<213>
<220s
<223>

JEQ ID WO 8
LENGTH: 10
TYPE: PBRT
ORGANISHM:
FEATURE:

OTHER INFORMATEON: Synthetic

Artificial

<400> SEQUENCE: 8
Cys

Lys Thr Lys Cys Lys Phe Leu Leu Leu
by 5 10

<2L0>
<2il>
<212»
<213>
<220>
<233>
<220>
<221>
<222>
<223

SEQ ID HCe 9

LENGTH: 12

TYPE: PRT

ORGRMISH: Arcificial

FEATURE ;

OTHER INFORMATION: Synthetic
FEATURE:

MAME/KEY: misc_feature

LOCATION: {1)..{l)

OTHER INFORMATION: Hydroxylysine

<400> SEQUENCE: 9

Xaa Arg His Lys Cys Phe Tyr Txp Val Ile Lau Cys
1 5 10

The invention ¢laimed is:

1. A SAEP II peptide dimer, wherein the peptide dimer is
essentially in the form of

(a) a dimer of formula (1)

NH-A-Cys 1-B-Cys2-C—COOH

NH,-A-Cys1-B-Cys2-C'—CODH

wherein Cys! and Cys2 are each a cysteine aniino acid;

wherein the two Cys1 residues are linked together through
a disulphide bond and the two Cys2 residues are linked
together through a disulphide bond;

and/or

(b} a dimer of formula (I1)

NH,-A-Cys1-B-Cys2-C—COOH

HOOC—C'-Cys2-B“Cysi-A'NH,

wherein Cys1 and Cys2 ate each o cysteine amino neid;

wherein the Cys1 residues are finked to the Cys2 residues
through intermolecular disuiphide bonds,

wherein A and A' independently are a peptide mofety of
from 2 to 5 amino acid residues, in which at least 2 amino
acid residues are independently selected from Lys, Hyl
(hydroxy-Lysine), Arg and His;

wherein B and B independently ave a peptide moiety of
from 3 lo 7 amino acid residues, which comprise at least
two amino acid residues independently selected from
Vai, Leu, Tle, Phe, Tyr and Trp; and

wherein C and C' are optional and arc independently an
amino acid residue or a peptide moiety of from 2 t0 3
amino acid residues;

provided that the cationic amino acid residues/hydropho-
bic amino acid residues ratio (cat/hydraph ratio) of the
dimer is from 0.4 to 2.

2. The SAEP II peptide dimer according to claim 1,

wherein the cat/hydroph ratio is from 0.5 to 1.5,
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3. The SAEP II peptide dimer according to claim 2,
wherein the cat/hydroph ratio is from 0.6 to 1,

4, The SAEP II peptide dimer according to claim 3,
wherein the cat/hydroph ralio is from 0.6 to 0.8.

5, The SALP II peptide dimer according to claim 1,
wherein the B and B peptide moieties comprise the sequence
-X1-X2-X3-, inwhich X1 and X2; X2and X3; or X1, X2 and
X3 areindependently selected from Val, Leu, Ile, Phe, Tyrand
Trp.
6. The SALP [I peptide dimer according to claim 5,

wherein the B and B' peptide moieties independently com-
prise:
(i) the sequence -X1-X2-X3-, in which:
X1 is Lys, Hyl, His or Arg;
X2 is Phe, Leu, Tle, Tyr, Trp or Val; and
X3 is Phe, Leu, le, Tyr, Trp or Val; and
(i) if the B and B' peptide moietics comprise amino acid
residues, in addition 1o the sequence -X1-X2-X3-, the
additional amino acid residues are independently
selected ffom the group consisting of Val, Leu, lle, Phe,
Tyr, Trp, Lys, Hyl, Arg and His.
7. The SAEP 11 peptide dimer according to claim 1, which
. is a dimer of formula (11T}

NH;-A-Cysi-B-Cys2-COOH
NH;-A' -Cysl-B-Cys2-COOH

wherein the two Cys1 residues are linked together through
a disulphide bond and the two Cys2 residues are linked
together through a disulphide boad;

and/or formula (TV)

NH;-A-Cyst-B-Cys2-COOH
HOOC-Cys2-B'-Cys1-A'-NH,,

whetein the Cys! residues are linked fo the Cys2 residues
trough intermolecular disulphide bonds.
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8. The SAEP 11 peptide dimer according to claim 1, which
is a homologous peptide dimer.

9, The SAEP Il peptide dimer according to claim 1, which
is an antiparaliel dimer formn of formula (V1)

NH,-Lys-Thr-Lys-Cys1-Lys-Phe-Leu-Leu-Leu-Cys2-
£O0OH

COOH-Cys2-Leu-Leu-Leu-Phe-Lys-Cys! - Lys-Thi-
Lys-NH,,
wherein the Cys! residues are linked to the Cys2 residues
through intermolecular disulphide bonds.
10. The SAEP I peptide dimer according to claim ¥, which
is a parallel dimer of formula (V11)

NH,-Lys-Thr-Lys-Cys1-Lys-Phe-Len-Lea-Fen-Cys2-
COOH

NH,-Lys-ThrLys-Cysi-Lys-P he-Lew-Leu-Leu-Cysl-
COOoH
wherein the two Cys! residues are linked together through
a disulphide bond and the two Cys2 residues are linked
together through a disulphide bond.

11. A composition comprising 2 peptide dimer according to
claim 1, wherein he peptide dimer is essentinlly in dimeric
paratlel form.

12. A composition comprising a peptide dimer according to
claim 1, wherein the peptide dimer is essentially in dimeric
antiparallel form, ‘

13. A pharmaceutical composition comprising (i} a peptide
dimer according to claim 1 and (ii) a pharmacenticaily
acceptable diluent or carsier.

14. A method for reating or preventing, septic shock, which
comprises administering a therapeutically effective amount
of a peplide dimer according to claim I to an individual in
need.

15. A LPS-peptide complex comprising (i} a LPS entity of
Giram-negative bacteria and (it) a SAEP 1T peptide dimer
according to claim I, wherein the LPS moiety and the SAEP
11 peptide are non-covalently bound to each other.

16. The LPS-peptide complex according to claim 15, in
which the LPS is a LPS of N, meningitidis; E, coli; Salme-
nellg tvphi; Saimonella paratyphi; Shigella fexneri; Haemo-
philus influenzae, Helicobacter pylori; Chianydia trachoma-
tis; Bordetella pertussis; Briucella; Legionella prennophia;
Vibrio cholera; Moraxella catharralis; Pseudomonas aerigl-
nosar and Kiebsiella prewmonia.

17. The LPS-peptide complex according to claim 16, in
which the LDS is a LPS of Neisseria meningitidis.

18, The LPS-peptide complex according to claim 17, in
which the LPS is LPS L8.

19. The LPS-peptide complex according to claim 17, char-
acterized by & molar LPS:peptide ratio of from 1:1.5to 1:0.5.

20. The LPS-peptide complex according to claim 19, char-
acterized by a molar LPS:peptide ratio of 1:1.

21. A pharmaceutical composition comprising a [.PS-pep-
tide complex according to claim 15, snd a phanmaceutically
acceptable diluent or carrier.

22, A method for trealing or preventing a Gram-negative
bacteriaf infection, which comprises adininistering a thera-
peutically effective amount of a LPS-peplide complex
according to claim 15, to an individual in need thereof,

23. A process for preparing o L.PS/peptide complex, which
comprises mixing together (i) o LPS of Gram-negative bac-
teria and (i) a peptide dimer according to claim 1.

24. The process according 1o claim 23, wherein the LPS
and the peptide dimer or salt thereof are mixed in a molar
LPS:peptide ratio of from 1:1.2 to 1:0.8.
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25, The process according to claim 24, wherein the LPS
and the peptide dimer or salt thereof are mixed ina 1:1 molar
LPS:peptide ratio.

26. A process for detoxifying a LPS of Grom-negative
bacleris, which comprises mixing logether (i) the LPS and (i)
a peptide dimer according to claim 1.

27. The process according to claim 26, wherein the LPS
and the peptide dimer are mixed ina molar LPS:peptide ratio
of from 1:1.2 10 1:0.8.

28. The process according to claim 27, wherein the LPS
and the peptide dimer or salt thereof are mixed ina 1:} molar
LPS:peptide ratio.

29, The SAEP II peptide dimer according o cluim I,
wherein the dimer is ptrified from non-dimer peptides,

30. The SAEP 11 peptide dimer according to claim I,
wherein B and B' comprise at least three amino acid residues
independently selected from Val, Leu, lle, Phe, Tyr and Trp.

31. The SAEP 11 peptide dimer according to elaim 30,
wherein the dimer is purified from non-dimer peptides.

32. A SAEP II peptide dimer, wherein the peptide dimer is
#1 least 95% in the form of

(a) a dimer of formula (1)

NH,-A-Cys1-B-Cys2-C-COOH

NH;-A-Cysi-B'-Cys2.C-CO0OH

wherein Cysl and Cys2 are each a cysteine amino acid;

wherein the two Cys| residues are finked together through
a disulphide bond and the two Cys2 residues are liniked
together through a disulphide bond;

and/or

{b} & dimer of formula (11)

NH;3-A-Cysl-B-Cys2-C-CCOH
HOOC-C-Cys2-B"-Cysl-A-NH,

wherein Cysl and Cys2 are cach a cysteine amino acid;

wherein the Cys1 residues are linked to the Cys2 residues

through intermoleenlar disulphide bonds;
wherein A and A" independently are a peptide moiety of
from 2 to 5 amino acid residues, inwhichat least 2 amino
acid residues are independently selected from Lys, Hyl
{hydroxy-Lysine}, Arg and His;

wherein B and B independently are a peptide moiety of
from 3 to 7 amino acid residues, which comprise at least
two amino acid residues independently selected from
Val, Leu, Tle, Phe, Tyr and Trp; and

wherein C and C' are optional and are independently an
amino acid residue or a peptide moiety of from 2 to 3
aming acid residues;

provided that the cationic amino acid residuesfhydropho-

bic amino acid residues ratio (cat/hydroph ratio) of the
dimeris from 0.4 t0 2.

33, The SAEP 11 peptide dimer according to claim 32,
wherein the cat/lydroph ratio is from 0.5 to 1.5,

34. The SAEP Il peptide dimer according to claim 33,
wherein the cat/hydroph ratio is from 0.6 (o 1,

35, The SAEP 11 peptide dimer according to claim 34,
wherein the cat/hydroph ratio is frem 0.6 to 0.8.

36, The SAEP II peptide dimer according to claim 32,
wherein the B and B’ peplide moteties comprise the sequence
“X1-X2-X3-, inwhich X1 and X2; X2 and X3; 0r X1, X2 and
X3 areindependently selected from Vat, Lex, Tle, Phe, Tyrand
Trp.




US 7,507,718 B2

41

37. The SAEP 1l peptide dimer according to claim 36,
wherein the B and B peptide moieties comprise:
(i) the sequence -X | -X2-X3-, in which:
X1 is Lys, Hyl, His or Arg;
X2 is Phe, Leu, He, Tyr, Trp or Val; and
X3 is Phe, Leu, Tle, Lys, Trp or Val; and
(i) il the B and B peptide moieties comptise amino acid
residues, in addition o the secivence -X1-X2-X3-, the
additional amino acid residues are independently
selected from the group consisting of Val, Leu, ile, Phe,
Tyr, Trp, Lys, Hyl, Arg and His.
38. The SAEP 11 peptide dimer according to claim 32,
which is a dimer of formula (X1)

NHpA-Cyst-B-Cys2-COOH

NH;-ACysl-B-Cys2-COOH

wherein the two Cys| residues are linked together through
a disulphide bond and the two Cys2 residues are linked
together through a disulphide bond; and/or formula (V)

MH,-A-Cysl-B-Cys2.CCOR

HOOC-Cys2-B-Cys1-A-NH,,

wherein the Cys] residues are linked to the Cys2 residues
through intermolecular disulphide bonds.
39. The SAEP 11 peptide dimer according to claim 32,
whicl: is & homulogous peplide dimer.
40. The SAEP 1 peptide dimer according to claim 32,
which is an sntiperatle] dimer form of formula (V1)

NH;-Lys-Thr-Lys-Cysl-Lys-Phe-Leu-Eeu-Leu-Cys2-
CooH

COOH-Cys2-Leu-Lou-Leu-The-Lys-Cyst-Lys -Thr-
Lys-NHa,
wherein the Cys1 residues are linked to the Cys2 residues
through intermolecular disulphide bonds.
41. The SAEP II peptide dimer according to claim 32,
which is a parallel dimer of formula (VI[)

NH,-Lys-Thr-Lys-Cysl-Lys-Phe-Lei-1eu-Lou-Cys2-
COOH

NH;-Lys-Thr-Lys-Cys1-Lys-Phe- Leu-Len-Leu-Cys2-
COOH
wherein the two Cys1 residues ore linked together through
a disulphide bond and the two Cys2 residues are linked
together through a disuiphide bond.

42. Acomposition comprising a peptide dimer according to
claim 32, wherein the pepticle is essentially in dimeric parallel
form,

43. Acomposition comprising a peptide dimer according to
clatin 32, wherein the peptide is essentially in dimeric anti-
paratle] form.

44, A pharmacentice] composition comprising (i) a peptide
dimer according to claim 32 and (i) a phannaceutically
acceptable diluent or carrier.

45. A SAEP 11 peptide dimer, wherein the peptide is essen-
tially in the form of

() a dimer of-formula ([}

NHy-A-Cys1-B-Cys2-C-COOH

NH,-A'Cyst-B-Cys2-C-COOH

wherein Cys1 and Cys2 are each a cysteine amino acid;

wherein the two Cys1 residues are linked together through
a disulphide bond and the two Cys2 residues are linked
together through a disulphide bond;
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andfor
(b) a dimer of tormula (1[)

NH-A-Cysi-B-Cys2-C-COOH

HODC-C-Cys2-B-Cysl-A-NH,

wherein Cys1 and Cys2 are each a cysteine amino acid;

wherein it Cys1 residues are linked to the Cys2 residues

through intermolecular disulphide bonds;
wherein A and A' independently are a peptide moiety of
from 2 to 5 amino acid residues, inwhich at east 2 amino
acid residues are independently selected from Lys, Hyl
(hydroxy-Lysine}, Arg und His;

whetein B and B independently are a peptide moiety of
from 3 1o 7 amino acid residues, which comprise at least
{wo amino acid residues independently selected from
Val, Leu, lle, Phe, Tyr and Trp; and

wherein C and C' are optional and are independently an
amino acid residue or a peptide moiety of from 2 to 3
amino acid residues;

provided that the cationic amino acid residues/hydropho-

bic amino acid residues ratio (cat/hydroph ratio) of the
dimer is from 0.4 to 2, and

wherein the dimer is in solid form.

46, A pharmaceutical composition comprising (i} a peptide
dimer uccording to claim 45 and (i) & pharmaceutically
pcceptable diluent or carrier.

47, The SAEP 1I peplide dimer according to any one of
claims 1 or 32, which is a heterodimer.

48. A LPS-peptide complex comprising (i) a LPS entity
{moiety) of Gram-negative bacteria and (i) a SAEP 11 peptide
dimer according to claim 32, wherein the LPS moiety and the
SAEP 11 peptide are non-covalently bound to each other.

49. The LPS-peptide complex according to claim 48, in
which the LPS is a LPS of M. meningitidis; E. coli; Salmo-
nella typhi; Salmonella paratvphi; Shigella fexneri; Haemo-
philus influenzae; Helicobacter pylori; Chlamydia ira-
chomatis: Bordetella  pertussis;  Brucella; Legionells
preumophia;  Vibrio  cholera; Moraxella  catharralis;
Psendomonas aeruginos; and Kiebsiella pneumonia.

50. The LPS-peptide complex according to claim 49, in
which the LPS is a LPS of Neisseria meningitidis.

51, The LPS-peptide complex according to ciaim 50, in
which the LPS is LPS L8,

52, The 1.PS-peptide complex accarding to claim 58, char-
acterized by a molar [ PS;peptide ratic of from 1:1.5 10 1:0.5.

53. The LPS-peptide comiplex according to claim 52, char-
acterized by a molar LPS:peptide ratio of 11,

54, A pharmaceutical composition comprising a LPS-pep-
tide complex according, to claim 48, and a pharmaceutically
acceptable diluent or carrier.

53, A process for preparing a LPS/peptide complex, which
comprises mixing together (i) a TLPS of Gram-negative bac-
teria and (ii} a peptide dimer according to claim 32.

56. The process according to claim 55, wherein the LPS
and the peptide dimer or salt thereof are mixed in a molar
LPS:peptide ratio of from 1:1.2 to 1:0.8,

57. The process according to claim 56, wherein the LPS
and the peptide dimer or salt thereofare mixed ina Li1 molar
LPS:peptide ratic.

58. A LPS-peplide complex comprising (1) o LPS entity
(moiely) of Gram-negalive bacteria and (i) a SAEP Il peptide
dimer according to claim 9, wherein the LPS moiety and the
SAEP H peptide are non-covalently bound to each other,

59. The LPS-peplide complex according to claim 58, in
which the LPS is o LPS of N. meningitidis; E. coli; Salno-
nella typhi; Salmonefla pavatyphi; Shingella fexneri; Hae-
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mophilus influenzae; Helicobacter pylori; Chiamydia tra-
chomatis; Bordetella pertussis;  Brucella;  Legionella
pheumophia; Vibria  cholera; Moraxella  catharralis:
Pscudomonas acruginosa; and Kiebsiella preunonia,

0. The LPS-peptide complex according to claim 59, in
which the LPS is a LPS of Neisseria meningitidis,

61. The LPS-peptide complex according to claim 69, in
which the LPS is LPS L8.

62, The LPS-peptide complex according ta claim 84, char-
acterized by a molar LPS:peptide ratio of from 1:1.5 10 1:0.5.

63. The 1.PS-peptide complex accarding to claim 62, char-
acterized by a molar LPS:peptide ratio of 1:1.

64. A pharmaceutical composition comprising a LPS-pep-
tide complex according to claim 58, and a pharmaceutically
acceplable diluent or carrier,

65, A process for preparing a LPS/peptide complex, which
comprises mixing together (i) a LPS of Gram-negative bac-
teria and (i) a peptide dimer according to claim 9.

66. The pracess according to claim 65, wherein the LPS
and the peptide dimer or salt thereof are mixed in a molar
1.PS:peptide ratio of from 1:1.2 to 1:0.8.

7. The process accerding to claim 66, wherein the LBS
and the peptide dimer or salt thereo{ are mixed ina 1:1 molar
L.PS:peplide ratio.

68. A LPS-peptide complex comprising (i) a LPS entity
(moiety) of Gram-negative bacteria and (ii) a SAEP Il peptide
according to claim 40, wherein the LPS moiety and the SAEP
11 peptide dimer are non-covalently bound to each other.
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69. The LPS-peplide complex according to claim 68, in
which the LPS is a LPS of N, meningitidis; E. coli; Salmo-
nella typhi; Salmonella paratyphi; Shingella Sexneri; flae-
wophilus influenzae; Helicobacter pylori; Chiamydia tra-
chomatis; Bordetella pertussis; Brucella; Legionella
prewmophia,  Vibrio  cholera, Movaxvella catharralis,
Psendontonas aertginosa, and Kiebsiella preumonia.

70. The LPS-peptide complex according to claim 69, in
which the LPS is a LPS of Neisseria meningitidis.

1. The LPS-peptide complex according Lo claim 70, in
which the LPS is LPS L.

72. The LPS-peptide complex according to claim 70, char-
acterized by a molar LPS:peptide ratio of from 1:1.3 40 1:0.5.

73, The LPS-peptide complex according to claim 72, char-
acterized by a molar LPS:peptide ratio of 1:1.

74. A phatmaceutical composition comprising a LPS-pep-
tide complex according to claim 68, and a pharmaceutically
acceptable diluent or currier,

75. A procass for preparing o L.PS/peptide complex, which
comprises mixing together (i) a LPS of Gram-negative bac-
teria and (ii) a peptide dimer according to claim 40.

76. The process acoording to claim 75, wherein the LPS
and the peptide dimer or salt thereof are mixed in a molar
LPS:peptide ratio of from 1:1.2 to 1:0.8.

77. The process according to claim 76, wherein the LP3
and the peptide dimer or sali thereof are mixed ina 1:1 molar
LPS:peptide ratio.




