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PEFTIDES AND THEIR USE IN ASSAYS
FOR CARDIDVASCULAR BISEASE

Field of the Invention
This invention relates to the preparation of peptides for use in assays for

evaluating the risk of coronary heart diseases and other cardicvascular
diseases.
Background to the lnvention

Coronary heart disease (CHD] [s the leading cause of death in European
coupiries. 1 most cases, the basic cause of CHD is atherosclerosis. Currently,
the risk of atherosclerosis is evaluated by measuring the amount of fotal
cholesterol, low density lipeprotein {LLDL) and high density lipoproten {HDL).
However, thess tests do not predict the disease in approximately one third of the
patients; see Yla-Herituala, Current Opinion Lipidal. (1998) 8: 337-344. There
is therefore @ nead to dovelop a better assay fo pradict the risk for CHD.

Oxidized low density lipeprotein {oxLDL} has been shown to be a risk
factor in atheroscleresis, but it has nol been possible to measure oxLDL directly
in plasma because its half-life in circulstion is short  Recent studies have
therafore focused on different indirect measuremants to define the extent of LDL,
oxication.

OxLDL plays an important role in atherpgenesis. It has been detected in
astheroscierctic lesicns, is cytotoxic to varicus cell types and chemptactic for
blood monccytes. In addition, axLDL is immuncgenic, and atherosclerotic
lesions contain immunaglobuling that recognize oxLDL; autoantibodies against
oxLDL are present in human and rabbit sera. The best way lo analyze oxLDI-
appears to be the measurement of autcantibodies against oxt DL, as suggested
by Yla-Herttuala, supra.

Apclipoprotein B-100 (apcB-100) is the major pratein sonstituent in LOL.
The human cDNA and amince-acid sequences are reported by Chen et al., J. Biol.
Chem. (1986) 261: 12912-12921.

During oxidation of LDL, both the protein and the lipid portion of the
particle can be medified. Malondialdehyde (MDA} and 4-hydroxynonenal (4-
HNE) &re the main reactive aidehydes formed during LDL oxidation, as reporied

JP 2004-504327 A 2004.2.12
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by Esterbauer ef al., Free Radical Biol. Med. (1992) 13:341-390; each can
further react with lysine residues of apoB-100. These poorly characterized
axidation specificepitopes are recognized by the autoantibodies. More recently,
it has bean suggested by Palineki ¢f af., J. Clin. Invest. {1596) 98: 800-814, thai
oxidized phospholipids are epitopes for autoantibodies. |naddition, it has been
reported  thal  healthy individuals produce antibodies  against
lysophosphatidylcholine, which is a major componerit of oxLDL.

Anti-oxLDL autoantibodies may predict progression of carotid
atherosclarosis, sororary athsrosclerosis and myocardial infarction. Elevated
{evels of autoantibodies have aise besn found in systemic Jupus erythematosus
(SLE), pre-eclampsia, chronic periaortiis, non-insulin-dependent diabetes
mellitus and in endothelial dysfunction.

Autoantibodies against oxLDL have been measured using very different
immunoassays (EIA ar RIA), and no standard method or reference material is
available for the standardizaiion of the assays. LDL used in previous tests has
been purified from human plasma and Is usually oxidized by incubation with
coppser ions o by conjugation with MDA, Copper-oxidized LDL contzing a
mixture of axidation-specific epitopes, and therefore the oxidation process must
be standardized carefully to produce homogensous antigen. Human plasma
|.DL-based antigens are alse inherently unstable and are not suilable for the
production of commercia! test kits. Therefore, there is a need to prucluce' an
assay for CHD that can be standardised and which makes use of reagents which
are stable and give reproducible results.

Summary of the Inventicn

The present invention is based on the realisation that sultable peptides,
e.g. modified with a reactive aldehyde, are stable and tan be used as antigens
in an immunoassay for CHD. More generally, a novel peptide has affinity for
oxidised low density lipoprotein, in cyslised or multimeric form.

According to one aspect of the invention, & poptide of the invention is
used i an immunoassay to determine the presence and, optionaily, the amount
of antibodies, in a sample, having affinity for oxidised low density lipoprotain.

JP 2004-504327 A 2004.2.12
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Aceording fo a second aspect, a method for measuring the amount of
autoantibodies for oxidised low density lipeprotein in a sample, comprises:

(i} comtacting the sample with immaobilised, derivatised peptides as defined
ahove, under conditions which permit the autaantibodies to bind io the peptides;
and

(if) datermining the amouni of binding.

The amount of binding can be measured directly and will correlata to the
amount of oxidised LDL in a sample. The amount of aniibodies can be
expressed as the ratio of anlibody binding between oxidised LDL and native
LDL.

The use of the derivatised peptides ensures that the immunoassay uses
a stable antigen which provides repreducibla results.

According to a third aspect, a kit for measuring autoantibedies of oxidised
LDL, comprises a muliicontainer unit having:

{i) a composition comprising derivaiised peptides as defined above, and

{ii) remgents mecessary o carry out an immunoabsorption assay.

The present invention provides reagents that can be synthesisad easily
without the need to isolate proteins from a patient's blood. The peptides do not
have the short half-ffe associated with {he proteins used in conventional assays
for CHD and therefore can be manufactured commercially for use in diagnostic
kits.

Description of the Invention

The present invention relies on the production of peplides which are
preferably derived from apeB-100 protein, or which preferably have an amino
acid sequance which forms a structure similar to thet of the epitopes on apoB-
100 protein. The peptides are therefore able Lo undergo specific interaction with
autoantibodias which have affinity for oxidised LDL. The term “spacific
interaction” refers to the recognifion of the autpantibodies for the peptide
(antigen}. The peptides may elicit antibody binding with an affinity constant of
greater thart 10° i/mol, preferably greater than 107 i/mot and more preferably

greater than 10% l/mal.

JP 2004-504327 A 2004.2.12
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In principle, any peptide sequence of approximataly greater than 10 amino
acids may be used in the prasent invention provided that it acts as 2 ligand for
the autoantibodies. The peptide may be derived from & natural s0urce of apoB-
160 or may be a synihetic peptide bassec on the known protein sequence Tor
apcB-100. Methods to isolate peplides from apoB-100 or to synthesis peptides,
will ke apparent ta the skilled person.

The peplides are derivatised with a reactive aldehyde on any suitable
amino acid. Preferably, the peptides are derivatised on an arginine, histidine or
lysine residue. Methods for derivatising the peptides, in addition to those
disclosed herein, will alsc be apparent to the skilled person,

The reactive aldshyde used io derivatise the peplides may be
malondialdebyde or hydroxynonenal. Others will be apparent fo the skilled
person.

The size of the peptides is sufficient for recognition by the autoaniibodies.
Prefarably, the pepiides are 10-40 amino acids in size, mere preferably 15-30
amino gcids. The amino acid sequence of the paplides is preferably greater
than 80%, preferably greater than 90%, and most preferably greater than $5%
identical to a region on the native apaB-100 pretein.

The peplides of the present invention may be used in a diagnostic assay
together with ather reagents capable of eliciting an antibody reaction. For
exampie, phosphatidy( ethanolamine can be derivatised with MDA and, when
used with the peptides of the invention, is capable of acting as an epitopa for
some autoantibodies.

The new peptide-based EIA assay could be used as a test kit for the
evaluation and Tallow-up of patients with cardiovascular diseases and several
other disorders, such as perizortitis, pre-eclampsia, nen-insulin-dependent
diabetes and endotheiiaj dysfunction.

When used in the immunoassay, it is preferable that the peptides are
immobitised on a solid support, a8 this enabies subsequent washing steps to be
carried out easily. Methods to carry oLt immunoassays will be apparent fo the
skilled person.

JP 2004-504327 A 2004.2.12
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The fallowing Examples ilustrate the invention.
Example 1

Various native and modified peptides, derived from the aming acid
sequence of apoB-100 (Chen et al., supra), were tested as antigens suitable for
use in EIA. The peptides were modified with MDA to produce similar oxidation
specific epitopes as in oxLDL, The resulis of peptice ElA ars compared ta the
resulis of oxLDL EIAwhich was optimized using copper-oxidized LDL a5 antigen;
see Narvanen ef af., Free Radical Biclogy & Medicing, in press.

Peptides were synthesized by using sclid-phase peptide synthesis
technology and Fmoc chemistry and purified with HPLC using a G, column. The
melecular weights of the synthesized peptides were identified by using 2 MALDI-
TOF mass spaecirometer. Peptide sequences sither derived from or urrelated
fo the aminec acid sequence of apaB-100 are shown in Table 1.

Table 1. Sequences of the synthetic peptides

Nurnber of | Number of
Peptide | Sequence amino acids | lysines (=)
pé2 SEQ | DIVAHLLSSSSSVIDALGYKLEGTTRLTRKRGLK a5 i 3
ID NO. §
pé2 SEQ | LEVKAQYKHNKHRHSITHNPL 20 ] 4
ID NO. 2
p64 SEQ | STTVMNPYMKLAPGELTIIL 20 1
IDNOG 3.
p65 SEQ | KKKKKKKKKKKKKKKKKKRKKKKKKKKKKKKKKKK 35 35
iDNO. 4

Moaodification of the peptide with MDA
MDA was coupled to the peptide via the primary amines of lysines by

using & madification of the method of Palinski & af., Arteriosclerosis (1980) 10:
325.335. MDA was made freshly from malondialdehyde-kis{dimethyl acetal) by
acid hydrolysis. 10 males of MDA was then coupled to 1 mole of peptide by
stiming the mixture for 3 hours at 37°C. The efficiency of coupiing waé checked
by rinhydrin reaction which reveals the presence of primary amines.

JP 2004-504327 A 2004.2.12
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Sarum and plasma samples for peptids ElA tests were collected from
ongoing studies including samples from patients with suspected corcnary heart
disease and from healihy contrals, These samples were stored in afiquols at
-~20°C.

Autoaniipcdies agairst pepides and peptide-MDA compleses (peptide ElA)

Native and MDA-modified peptides were tested always on the same plate.
One half of the plate was coated with the native peptide (20 pg/iml) end the other
haif was coated with the MDA-modified peptide (20 pg/mly 100 yliwel! in 100
mmolil bicarbonate buffer {pH 8.5)]. Coated plates were incubated overnight at
room temperatiure (RT) and then washed with an automatic washer [Walwash
4 MK 1), Labsystems Qy) three times with phosphate buffered saline {PBS)
containing 0.05% Tween 20. Plates were blocked with FBS containing 1%
human serum albumin (HSA) (150 pliwell) for 1 h at RT and washed as asbove.
Serum samples were diluted 1:20 iﬁ PBS cortaining 0.2% HSA and 0.05%
Tween 20 and pipeited 100 Lliwell. Platas were incubated for 2 h &t RT and
washed as above. HRP-conjugated anti-numan 1gG (difuted 1:20 00C in the
sample buffer} was added (100 pl} to each well and incubated for 1 hat RT. After
washing, colour was developad by adding the peroxidase substrate
{tetramethyibenzidine (TMB) as a chromagen, 100 pliwsll} and incubating the
plates for 30 min at roern temperaturs in the dark. The reaction was stopped
with 0.5 molfl H,50, {100 pliweil) and absarbances were measured at 450 nm
{Multiskan microplate reader, Labsystems Oy). Tha results are shown in Table
2 and are expressed as the absorbance measurament obtained for the native
and the modified peplides or as the ratio between antibody binding to tha native
and the madifiad peptides after subiracting the blank coatrol.

JP 2004-504327 A 2004.2.12
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Takle 2: Reactivity of autoantibodies

A. Heallhy controls {n=17}.

OxLDL EIA PEPTIDE EIA
oxLDLnatLDL ratic | 1.886 % 0.683 MDApS3:natps3 ratio | 2.582 + 0.751

loxLDL 0.561 £ 0.221 MDARES 0487 £ 0.184
natlLbL 0351 £0.172 natp6d 0.216 £0.142

B. Patients (n=18).

JP 2004-504327 A 2004.2.12

JOXLDL ElA FPEPTIDE ElA
oxLDL:nail DL ratio 1 2.535 + 1.430 MDApPE3:natpE3 ratic | 2.886 £ 0.924
oxLDL J 0.600 + 0.287 MDApPE3 0.418 +0.141
nafLiL l 0.258 £ 0.17Q natpG3 C.159 £ 0.079

Based on the ratio values, the amount of sutcantibodies was higher in
patient samples than in controls when tested with the peptide E1A and the human
LDL-based oxLDL EIA. The reactions of auteantibedies using the native and
modified {peptide} antigens are similar in oxl DL-EJA and peptide-ElA because
the medified antigens {oxLOL and MDApPS3) are recognized better than the
native antigans (natL DL and naipB3), i.e. there is greater specificity for the
modifiea artigens. The results for the peptide-EIA are significantly better than
for the oxLDL-EIA.

To find out whether autoantibodies react with the peptide, with MBA or
both when peptide-MDA complexes are used as antigen, a microtiter plate was
coafed with natp83, MDA and MDApS3 antigen and the immunoassays
performed. MDA antigen was prapared as MDApS3 antigen but without peptide
and MDA was diluted for coating in the same way as MDApRS3. The reaction of
autcantibadies was higher with MDARE3 than with natpgd and MDA, in both
control {0.53320.077, (,282+0.100 and 0.300+£0.019, respectively, meantSD
n=23) and patient samples (0.43140.040, 0.222:0.041 and 0.33840.000,
respactively, n=186}, Indicating that both peptids and MDA are needed for optimal

recognition.




—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(19)

WO 006314 POTIGROTAG2)2Z

10

15

20

25

30

8

Spsarman correlation coefficients were calculated between antibodies
against natps3, MDA and MDApG3.  Anti-MDA and anti-MDApB3 antibodies
comelated inconirol and patient samples (r=0.581 p=0.004 and r=0.582 p=0.018,
respectively), but anti-natp63 and anti-MDA antibodies did not correlate (r=0.297
p=0 169 and r=0.112 p=0.68, respectively). This shows that different antibodies
react with MDA and naipG3 and is evidsnce that the peplide-MDA somplex is the
optimal antigen.

Example 2

Six different forms of peptide p&3 were tested, to find out what is the best
medification of the pepfida for EIA:
linear pg3 (PA3)
p53 modified with MDA (p63-MDA)
ph3 modified with MDA and phosphatidylethanolamine (p63-FEA-MDA)

a linear form of pA3, which contains two extra amine acids {glycine and cysteine)
af both ends of the peptide (p244); see SEQ D NO. 5

cyclic p244 (p244cyc)

cyclic p63 modified witnh MDA (p244cyc-MDA)

The amount of autoartibodies was highest in patient samples when the
linear peptide p244 was used as antigen (Table 3). Antibody titers against cyclic
peplide 244cyc were also slightly higher than against pB2-MDA. In this study
autoantibodies reacted most with peptides without lipids.

Specificity studies

The specificity of different antigens was tested by titration of peptides.
Figure 1 shows titration curves for 4 peptide antigens tested with one patient
sample. In addition, the specificily of antibedies against cyclic and linear
peptides, p2d4cyc and p244, was tested by adding 0.5 M sodium chloride ta
sample diluent. The titer of patient samples ageinst p244, p244cyc and pg3-
MDA was 19%, 38% and 47% lower {(mean of 20 patient samples), respectively,
when galt was added to sample diluent. |t appears that antibodies against p244
have the best specificity.

JP 2004-504327 A 2004.2.12
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Inhikition studies

The spacificity of cyclic {p244cyc) and the corresponding linear peptide
{p244) were tested in inhibition tests by adding increasing concentrations of
peptides 1o sampla diluent. P244cyc peptice inhibited with the highest inhibitor
concentration {100 pgiml}, the average being 1% of the binding of B patient
samples (Fig. 2A); 3 samples were inhibited by less than 50%. P244 inhibited
with the highest inhibitor concentration (100 pghml), the average being 70% of
the binding of 24 patient samples (Fig. 2B). 3 samples were inhibited less than
50%. P244 seemed to be more speciic than p24doye peptide. Finally, it was
confirmed that the epitopa of p244 is similar fo p63 by coating plate with p244
and inhibiting the binding of patient samples with p&3. PB3 inhibiled with the
highest inhibitor concentraticen {100 pg/mt), the average being 53% of the binding
of 22 patient samples (Fig. 3). 9 samplas were inhibited less than 50%.
Modificatior: of p244

As a summary of previous results it appears that patient samples are best
recognized by the peplide p244. Therefore, medified p244 was medified with
MDA and p244 and p244-MDA were both used as antigen in EIA. The titers of
patient samples (mean + 50) against p244 and p244-MDA were slightly higher
than titers of control samples (Table 5).

Evaluation of peptide ElA '

205 samples of patients with symptoms of CHD were anaiysed. The
paiients were angiographically tested and classified as 0-, 1-, 2-, or 3-vessel
disease. Peptides pedd and p244-MDA were used as antigen in peptide EIA,
and the results compared to human-LDL-based oxLDL EIA.

The titers of autoantibodies against p244-MDA were highest in those
patients with 3-vessal diseass compared {o 0-, 1-, or 2-vessel disease (ANOVA
p=0.0258). The titers of autoantibodies against human-L0L-based oxLDL
{n=185) correlated with the titers against p244 {r=0.227 p=0.0019) and with the
titers against p244-MDA (p=0.217 p=0.003}. The correlation was confirmed
when the titers of autoantibedies ageinst peptides p244 and p244-MDA were
compared to the titers of autoantibodies against human-LOL-based oxLDL
classiied to four groups based on anti-oxLDL titer (1. quartile 0.072-0.22 (n=37),

JP 2004-504327 A 2004.2.12
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2. quartile 0.22-0.36 (n=44), 3. quartile (1 88-0 63 (n=57), and 4. quartile 0.63-
2,757 (n=68)) (Fig. 4). In addition, we compared the amount of antibodies
against p244 and p244-MDA to angina pectoris symploms classified accerding
tothe New York Heart Association (NYHA) heart disease classification (NYHA-1
n=5, NYHA-2 n=12, NYHA-3 n=27, and NYHA-4 n=14). We found that antibody
titers increased when angina pectoris symptorms increased {Fig. 53 The total
sum of coronary sterasis compared with NYHA classification (NYHA-1 n=14,
NYHA-2 n=26, NYHA-3 n=57, and NYHA-4 n=29) showed more serious
symptomswith the progression of corenary disease (Fig. 6). This resultrevealed
that the total sum of corcnary stenosis examined using coronary angiography is
comelated as well as the antibodies with the seriousness of angina pectoris

sympioms.

Table 3. The amount of gutpantibodies against six different forms of p63 peplide
antigen

Peptide P33 PE3-MDA | PB3-PEA- | P244cyc | P244cyc-MDA |P244
antigen MDA

Fatients |0.389: 0.601: (04062 |0.734+ |0.521+ 0.985 %
(n=20} [0.352 a.192 0.215 0.520 0.504 0.570

Values are mean absorbances + SD after subtracting the blank.

Tablg 4. The amount of autoantibodies against p244 and MDA modified p244
peptide

Peptide antigen P244 P244-MDA
Controls {n=23) 0.670+0.371 0.956 £ 0.307
Patients (=20} 1.074 £ 0.610 1.266  0.544

Values are mean absorbances + S0 after subtracting the blank.
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15

20

25

11

LAIMS
1. A peptide having affinity for oxidised Tow density lipoprotein, in cyclised
or multimeric form.
2. A peptide according to claim 1, of which the monomeric form comprises
between B and 40 amino acid residues.
3. A peptide according te tlaim 1 or claim 2, which cornprises an amino agid
sequence having at least 80% identity to a sequence of the sarne length in apoB-
108 pratein.
4. A peptide according to claim 3, which has an amino acid sequence
corresponding to part at least of apoB-100 protein.
5. A peptide according to any preceding claim, wherein the monomeric form
of the peptide Interacts with the antibody with an affinity constard of greater than
10° ¥mol.
B. A peplide according to any precading claim, wherein the monomeric form
of the peplide comprises any of SEQ D NQS. 110 3.
7. A peptide according to any of claims 1 fo 5, wherein the monomeric form
of the peptide comprises SEQ ID ND., 5.
8. A peptide according to any preceding claim, wherein each menomer
comprises ane or more Lys residues and the muliimeric form is obtainable by
derivatisation with a dialdshyde.
S. A peptide according to dlaim 8, wharein the dialdehyde is
malondialdehyde.
10. A peptide according to any of claims 1 fo 7, wherein the monomer
containg Cys residues and the multimeric form is linked thereby.
11. A peptide according to any of claims 1 o 7, which is cyclised.
12.  Use of a peplide according to any preceding claim, in an immunoassay
to determine the presence and, optionally, the amount of antitodies in a2 sampls,
having affinity for oxidised low density lipoprotein.

JP 2004-504327 A 2004.2.12
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12

13. A method for measuring the amount of autcantibedies for oxidised low
density lipoprotein in a sample, comprising:
(i) contacting the sampie with an immobitised peptide according any
of claims 1 to 11, under conditions which permit the autoantibodies
o bind to the peptides, and
{ii) determining the amount of binding.
14.  Amethod according te claim 13, wherein the sample is a serum or plasma
sample from z patient.
15, A Kit suitable for measuring auteentipedies of oxidised LDL, comprising
2 unit including containers respectivefy containing:
10} a peptide according ta any of claims { to {1; and
(i}  reagenis necessary to carry out an immunoadsorbence assay.

2004-504327 A 2004.2.12
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FURTHER INFQRMATION CONTINUED FROM  PCTASAY 71

This Internatienal Searching Autharity found muTtiple (groups of)
inventions in this fnternational applicatton, as Tollows:

1. Claims: 1-15 {partially)

peptide comprising SEQ ID NO 1 and

Z. Claims: 1-15 {partially)

peptide comprising SEQ ID KO 2 and

3. Claims: 1-15 (partially)

peptide comprising SEQ 1D NO 3 and

4. Clatms: 1-15 {partially)

peptide comprising SEQ 10 NO 5 and

its use

its use

its use

its use

and method

and method

and method

and method
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FURTHER INFORMATION CONTINUED FROM  PCTASA! 210

Contfnuation of Box I.2

Claims Hoes.: 1-16 {partiatly)

Present claitme 1-18 relate to peptides defined by reference to a
desirable characteristic or property, namely their affinity for oxidised
Tow density lipopratein.

The claims caver all peptides having this characteristic or property,
whereas the application provides support within the meanfng of Artfcle 6
PCT and disclosure within the meaning of Article b FCT for only a very
Timited number of such peptides. In the present case, the claims se lack
support, and the applicatfon so Tacks disclesure, that a meaningful
search over the whale of the claimed scope 15 impossible. Independent of
the above reasoning, the claims alse lack clarity {ArticTe & PCT). An
athempt is made to define the peptides by reference to 2 result to be
achieved. Again. this lack of ¢larify In the present case is such as to
render & meaningful search over the whole of the ctaimed scope
impassihla. Consequently, the search has been carried out for these parts
of the cTatns which appear to be clear, supported and disclosed, namely
those parts relating to peptides in cyclised or multimeric form wherein
the manomer comprises SEQ ID NOs 1 to 3 and §, and fragments af
apolipngrotem E-100 having between 8 to 40 amino acid residues (see
clatm 2).

The applicant’s attention s drawn te the fact that claims, or parts of
<iaims, relating to inventions in respect of which no fnternatianal
search report has Deen established need not be the subject of an
tnternational preliminary sxamination (Rule &6.1{e} PCT). The applicant
is adyised that the EPQ policy wher acting as an Internaticnal
Preliminary Examining Authority is normally not to carry out a
praliminary examinatian on matter which has not been searched. This fs
the case irrespective of whether or not the £laims are amended following
receipt of the search report or durinsg any Chapier IT procedure.
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