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OXIDIZED APOA1 DETERMINATION BY MASS SPECTROMETRY

FIELD OF THE INVENTION

[0001] The present invention relates to methods for detecting and quantitating apolipoprotein
A-I and oxidized derivatives thereof, and to the use of this information to assess risk of disease in

a subject.
BACKGROUND OF THE INVENTION

[0002] The following description of the background of the invention is provided simply to aid
in understanding the invention and is not admitted to describe or constitute prior art to the

invention.

[0003] Apolipoprotein A-I (apoA-I) is the major protein component of the High-Density
Lipoprotein (HDL) blood fraction having a nominal concentration of about 1.0 to 1.5 mg/mL in
plasma. Mature apoA-I is a single polypeptide chain of 243 amino acids, which maps in humans
to gene locus 11g23. ApoA-1 is synthesized in the liver and small intestine as a 267-residue
preproapolipoprotein. An 18-amino acid residue presequence is cleaved during translation by a
signal peptidase, and the resulting proapoA-I contains a hexapeptide prosegment covalently
linked to the amino terminus of mature apoA-I. ProapoA-I is secreted into the plasma and lymph
and undergoes extracellular posttranslational cleavage of the hexapeptide prosegment to give rise

to the mature 243-residue apoA-L.

[0004] Multiple properties and functions are ascribed to apoA-IL Specifically, apoA-lis a
cofactor for lecithin cholesterol acyltransferase (LCAT), which is responsible for the conversion
of cholesterol and phosphatidylcholines (lecithins) to cholesteryl esters and
lysophosphatidylcholines on the surface of high density lipoproteins. Hence, apoA-Iis
implicated in cholesterol metabolism. ApoA-I, as a key element of the reverse cholesterol
transport pathway, promotes efflux of cholesterol from cells which include vessel walls. Hence,
apoA-1 is envisaged to provide a protective mechanism against the development of

atherosclerosis. Furthermore, apoA-I is implicated in the organization of HDL structure.

[0005] A correlation between the occurrence of cardiovascular disease (CVD), and in
particular atherosclerotic heart disease, and oxidative processes is long known in the art. See

e.g., Chisolm & Steinberg (2000) Free Radic. Biol. Med. 28:1815-1826; Navab et al. (2002)
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Curr. Opin. Lipidol. 13:363-372; Ross (2003) New Engl. J. Med. 340:115-126; and Heinecke
(2003) Am. J. Cardiol. 91:12A-16A. For example, the extent of modification of apoA-1 by
oxidation of tyrosine (i.e., chlorination and nitration) is correlated with functional impairment in
reverse cholesterol transport activity of isolated apoA-I [Zheng et al. (2004) J. Clin. Investig.
114:529-541.]

[0006] Further investigation (e.g., Zheng et al. (2004) J. Clin. Investig. 114:529-541) has
demonstrated that apoA-I is a selective target for nitration and chlorination in vivo by
myeloperoxidase (MPO, EC 1.11.1.7). MPOis a heme-containing protein that maps to human
gene locus 17¢23.1, which is synthesized by various phagocytes. Although produced as a single
chain precursor of 80-kD, MPO is subsequently cleaved into light (12-kD) and heavy (60-kD)
chains, which form mature MPO, a tetramer composed of 2 light chains and 2 heavy chains.
MPO utilizes hydrogen peroxide and chloride to generate chlorinating oxidants, e.g., HOCI, that
kill pathogens. Additionally, in human monocytes, MPO utilizes hydrogen peroxide and nitrite
to generate nitrating oxidants capable of lipid and protein nitration. A correlation has been
established between plasma MPO levels and the incidence of myocardial infarction in patients

presenting with chest pain (Brennan et al. (2003) New Engl. J. Med. 349:1595-1604).

[0007] Further elucidation of the role of MPO-mediated oxidation of apoA-I has been provided
by various investigators (e.g., Zheng et al., J. Biol. Chem. (2005) 280:38-47) which identified the
sites of MPO-mediated oxidation of apoA-I in vitro and in vivo as T yr'%?, Tyr', Tyr236, and
Tyr* (SEQ ID NO: _ ). Site-specific quantitative analyses conducted by these investigators
demonstrate that the favored modification site within apoA-I after exposure to MPO-generated
oxidants is Tyr'>*, with Tyr'® oxidized as a secondary site, and with Tyr**° and Tyr*’ modified
only minimally. The term “favored modification site” refers to the apoA-I amino acid which is
oxidized to the greatest extent after exposure to MPO-generated oxidants. The term “secondary
site” refers to an apoA-I amino acid which may be oxidized after exposure to MPO-generated
oxidants, but for which the frequency of oxidation is not as great as for a favored modification

site. The term “minimally” in this context refers to amino acid sites of apoA-I which undergo a

low frequency of oxidation by MPO-generated oxidants under physiclogical conditions.
SUMMARY OF THE INVENTION

[0008] The present invention provides methods for the rapid and efficient determination of the

oxidation status of apoA-I of a biological sample by determining the extent of oxidation of
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amino acid residues thereof. Additionally, there are provided methods for the assessment of the

risk of CVD in a subject based on the oxidation status of apoA-I as determined herein.

[0009] In a first aspect, the invention provides a method for determining the oxidation status of
apoA-I which method includes either a) comparing the total amount of apoA-I having at least
one oxidized amino acid residue with the total amount of apoA-I, or b) comparing the total
amount of at least one target fragment of apoA-I having at least one oxidized amino acid residue
with the total amount of the apoA-I target fragment. The term “oxidation status” refers to a
metric of the extent to which specific amino acid residues are replaced by corresponding
oxidized amino acid residues in a target protein or a target fragment. The term ‘“‘extent of
oxidation” refers to the degree to which potentially oxidizable amino acids in a target protein or
target fragment have undergone oxidation. For example, if the target fragment contains a single
tyrosine residue which is potentially oxidized to 3-chlorotyrosine, then an increase in mass of
about 34 Dalton (i.e., the approximate difference in mass between chlorine and hydrogen)
indicates oxidation of tyrosine to 3-chlorotyrosine. Oxidation status can be measured by metrics
known to the arts of protein and peptide chemistry including, without limitation, assay of the
number of oxidized residues, mass spectral peak intensity, mass spectral integrated area, and the
like. In some embodiments of any of the aspects provided herein, oxidation status is reported as
a percentage, wherein 0% refers to no oxidation and 100% refers to complete oxidation of
potentially oxidizable amino acid residues within apoA-I or target fragment. The term
“potentially subject to oxidation,” “potentially oxidizable amino acid residues”, and the like refer
to an amino acid which can undergo oxidation, for example by nitration or chlorination. In the
context of the present invention, the term “target protein” refers to apoA-I. The term “‘target
fragment” refers to a polypeptide comprising a sequence of amino acid residues, which sequence

is contained within the target protein (i.e., apoA-I).

[0010] In another aspect, the invention provides a method for quantitating the amount of
oxidized apoA-I from a biological sample. The method includes determining the oxidation
fraction of apoA-I from the biological sample; determining the total amount of apoA-I from a
biological sample; and multiplying the total amount of apoA-I by the oxidation fraction. The
term “oxidation fraction” refers to the term “oxidation status” as defined herein expressed as a
fraction in the range -1, e.g., 0.0, 0.1, 0.2, 0.3, and the like up to 1.0. It is understood that the
number of significant digits in an oxidation status, oxidation fraction, or other experimental
result herein is a function of the sensitivity of the instruments and experimental protocols and

can assume values of 1, 2, 3, 4, or even more significant digits. Methods for the calculation of
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significant digits are well known in the art. The phrase “determining the oxidation fraction”
refers to determining the oxidation status, as defined herein, and expressing the result as a
fraction of amino acids of the target protein which can be replaced by corresponding oxidized
amino acid residues. The term “total amount of target protein in a biological sample” and like
terms refer to the total amount of target protein irrespective of the oxidation state of the
constituent amino acids thereof. In some embodiments of this aspect, the total amount of apoA-I
is determined by assay, for example without limitation, a standard immunoassay well known in
the art. Examples of reagents readily available for immunometric determination of apoA-I
include antiserum to apoA-I (Dade Behring, Deerficld, IL). In some embodiments of this aspect,
the total amount of apoA-I is multiplied by the oxidation fraction to provide a quantitation of the
amount of oxidized apoA-I in a biological sample. For example without limitation, if the
oxidation fraction were 0.5 and the total concentration of apoA-I in the biological sample were
1.0 mg/mL, the amount of oxidized apoA-Iin the biological sample would be reported as 0.5
mg/mL (i.e., 0.5 x 1.0 mg/mL).

[0011] In another aspect, the oxidation status of apoA-I'in a biological sample is correlated
with the risk of CVD in order to provide an assessment of the risk thereof by the subject from
which the biological sample was obtained. In some embodiments of this aspect, the oxidation
status of apoA-I in a biological sample of a subject is determined by methods described herein,

and the resulting oxidation status is used with a standard curve that relates oxidation status to

risk of CVD.

[0012] Insome embodiments of this aspect, the determination of the oxidation status of
apoA-I in a biological sample of a subject includes the steps of a) determining the mass and
amount of apoA-I in a biological sample; b) comparing the mass determined for the apoA-I with
the mass of apoA-I which is not oxidized, wherein an increase in mass of apoA-I over the mass
of the apoA-I which is not oxidized reflects the number of oxidized amino acid residues in the
apoA-I; and ¢) determining the oxidation status of apoA-I from the total amount of apoA-I
having at least one oxidized amino acid residue and the total amount of apoA-I. In some
alternative embodiments of this aspect, the determination of the oxidation status of apoA-I na
biological sample of a subject includes the steps of d) determining the mass and amount of at
least one target fragment obtained by fragmentation of apoA-L, wherein the at least one target
fragment contains at least one amino acid residue potentially subject to oxidation; e) comparing

the mass determined for the at least one target fragment with the mass of the same target
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fragment from apoA-I which is not oxidized, wherein an increase in mass of the at least one
target fragment over the mass of the same target fragment from apoA-I which is not oxidized
reflects the number of oxidized amino acid residues in the at least one target fragment; and f)
determining the oxidation status of apoA-I from the total amount of the at least one target
fragment having at least one oxidized amino acid residue and the total amount of the at least one

target fragment.

[0013] The term “subject” refers to a mammal having a blood fraction comprising HDL and/or
LDL. In some embodiments of any of the above aspects, the oxidation status of apoA-Iin a
biological sample obtained from the subject is determined by determining the mass and amount
of at least one target fragment obtained by fragmentation of the apoA-I, wherein the at least one
target fragment contains at least one amino acid residue potentially subject to oxidation;
comparing the mass determined for the at least one target fragment so obtained with the mass of
the same target fragment from apoA-I which is not oxidized, wherein an increase in mass of the
at least one target fragment over the mass of the same target fragment from apoA-I which is not
oxidized reflects the number of oxidized amino acid residues in the at least one target fragment;
and determining the oxidation status of apoA-I from the total amount of the at least one target
fragment having at least one oxidized amino acid residue and the total amount of the at least one
target. Risk of CVD is assessed by inspection of the oxidation status in view of the correlation
of CVD with oxidation of apoA-1. For example, no oxidation of apoA-I (i.e., ratio of
oxidized/total apoA-I = 0) implies no excess risk of CVD correlated to oxidized apoA-I.
Alternatively, complete oxidation of apoA-I (i.¢., ratio of oxidized/total apoA-I = 1) implies the
greatest risk of CVD correlated to oxidized apoA-I. In this context, the term “excess risk” refers
to the potential for CVD attributable to the oxidation state of the apoA-I. Evaluation of the
excess risk due to oxidized apoA-I can be determined for example by methods known in the field
of epidemiology using, for example, the reported correlation between the occurrence of CVD
and oxidative processes. See e.g., Chisolm & Steinberg (2000) Free Radic. Biol. Med. 28:1815-
1826; Navab et al. (2002) Curr. Opin. Lipidol. 13:363-372; Ross (2003) New Engl. J. Med.
340:115-126; and Heinecke (2003) Am. J. Cardiol. 91:12A-16A.

[0014] In some embodiments of any of the above aspects, the apoA-Lis obtained from a
biological sample. The term “biological sample” refers to explanted, withdrawn or otherwise
collected biological tissue or fluid including, for example without limitation, whole blood, serum
and plasma. The term “serum” in the context of blood refers to the fluid obtained upon

separating whole blood into solid and liquid components after it has been allowed to clot. In



WO 2008/011379 PCT/US2007/073607

some embodiments of any of the above aspects, the biological sample is of human origin. In
some embodiments of any of the above aspects, the biological sample is serum. In some

embodiments of any of the above aspects, the biological sample is plasma.

[0015] In some embodiments of any of the above aspects, the method further includes affinity
purification of apoA-I. In some embodiments of any of the above aspects, the method includes
determining the mass of apoA-I or target fragment by mass spectrometry. In some embodiments
of any of the above aspects, the method includes determining the mass of apoA-I or target

fragment by MS/MS spectrometry.

[0016] In some embodiments of any of the above aspects, apoA-I may be fragmented into
target fragments, and the mass and amount of at least one target fragment which contains amino

acid residues potentially subject to oxidation is measured.

[0017] In some embodiments of any of the above aspects, the invention provides for
comparison of the mass of at least one target fragment obtained from apoA-I with the mass of the
same target fragment (i.e., a polypeptide having the same amino acid residue sequence and
amino and carboxyl terminii) from apoA-I which is not oxidized. The terms “same target protein
which is not oxidized,” “apoA-I which is not oxidized,” and the like refer to apoA-I which has
not undergone posttranslational oxidation. The increase in mass of a target fragment over the
mass of the same target fragment from apoA-I which is not oxidized reflects the number of
oxidized amino acid residues in the target fragment. The increase in amount of target fragment
having oxidized residues over the amount of target fragment which has no oxidized residues
reflects the extent of oxidation. Then, the oxidation status of apoA-I is determined from the total

amount of target apoA-I having one or more oxidized amino acid residues and the total amount

of target fragment.

[0018] Insome embodiments of any of the above aspects, apoA-I is not fragmented. In some
embodiments of aspects which contemplate determining the oxidation status of apoA-I, the
determination comprises comparing the total amount of apoA-I having at least one oxidized

amino acid residue with the total amount of apoA-L

[0019] In some embodiments of any of the above aspects, oxidation of apoA-I is manifest as
chlorination and/or nitration. In some embodiments of any of the above aspects, the amino acid
residue is tyrosine, and the corresponding oxidized amino acids are 3-chlorotyrosine and 3-

nitrotyrosine. In some embodiments of any of the above aspects, oxidation status is determined
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by direct measurement of the abundance of oxidized amino acid residues with respect to
unmodified amino acid residues in at least one target fragment of apoA-I. In some embodiments
of any of the above aspects, the unmodified amino acid residue in the target fragment(s) is
tyrosine, and the corresponding oxidized amino acid residues are 3-chlorotyrosine and 3-
nitrotyrosine. Accordingly, complete oxidation of all tyrosine to either 3-chlorotyrosine or 3-
nitrotyrosine corresponds to an oxidation status of 100% for apoA-I. In some embodiments of
any of the above aspects, a representative subset of tyrosine residues within apoA-I is selected to
represent the oxidation status. Within the context of embodiments of the present invention
contemplating tyrosine as a representative subset, complete oxidation of the representative set of
tyrosine residues represents an oxidation status of 100%. In some embodiments of any of the
above aspects, the subset of tyrosine residues selected to represent the oxidation status consists
of all tyrosines within apoA-I (SEQ ID NO:_ ). In some embodiments of any of the above
aspects, the subset of tyrosine residues selected to represent the oxidation status consists of
apoA-I Tyr192 (SEQ ID NO:_ ). Accordingly, in this context complete oxidation of Tyr'” (SEQ
ID NO:_ ) corresponds to an oxidation status of 100% for apoA-I. In some embodiments of any
of the above aspects, the mass and amount of a single target fragment having a potentially
oxidizable amino acid are determined in order to calculate the oxidation status of apoA-I
originally containing the target fragment. In some embodiments of any of the above aspects, the
masses and amounts of a plurality of distinct target fragments having potentially oxidizable
amino acid residues are used to determine the oxidation status of apoA-I. In some embodiments
of any of the above aspects where a plurality of target fragments are analyzed, the oxidation
status of apoA-I can be calculated from the total amount of target fragments having an oxidized
amino acid residue and the total amount of target fragments. In some embodiments of any of the
above aspects where a plurality of target fragments are analyzed, the oxidation status of apoA-I
can be calculated as the arithmetic mean of the oxidation statuses of the individual target
fragments that form the plurality. The term “oxidation status of the individual target fragments”
refers to the oxidation status calculated for distinct target fragments by neglecting the oxidation
status of any other target fragment. In some embodiments of any of the above aspects, the
oxidation status of apoA-I can be calculated as the weighted mean of the oxidation statuses of the
individual target fragments, wherein the term “weighted” refers to a statistical weight as is well
known in the art. Example weights include without limitation weights proportional to the total
amount of the distinct target fragment for which each oxidation status is determined, and weights

proportional to the occurrence of specific oxidized amino acids in apoA-I as found in a plurality
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of subjects using epidemiological methods well known in the art. The term “about” when used

in the context of a number means the number plus or minus 10%.

[0020] In some embodiments of any of the above aspects, fragmentation of apoA-I into target
fragments can be achieved by a variety of techniques known in the art, including without
limitation, dissociation within a mass spectrometer, chemical cleavage, and proteolytic cleavage.
The terms “fragmentation,” “fragmenting,” and the like refer to the result of specific cleavage of
a polypeptide or protein (e.g., the target protein) backbone. In some embodiments of any of the
above aspects, fragmentation of apoA-I into target fragments comprises proteolytic digestion.
The terms “reaction with a protease,” “proteolytic digestion,” and the like refer to the
methodology of proteolytic digestion by the use of one or more proteases. Proteases
contemplated by the invention include, without limitation, serine proteases, €.g., trypsin,
chymotrypsin, elastase, and the like; sulthydryl proteases, e.g., papain, ficin, and the like; acid
proteases, ¢.g., pepsin and the like; and metalloproteases, e.g., thermolysin, carboxypeptidase A
or B, matrix metalloprotease, and the like. In some embodiments of any of the above aspects,

the protease employed in the proteolytic digestion step is trypsin.

[0021] In some embodiments of any of the above aspects, apoA-I is enriched prior to
fragmentation into target fragments. The terms “enriching,” “enrichment,” and the like refer to
purification, i.e., an increase in relative concentration by any one or more methods known in the
art of biochemical purification. Accordingly, “enrichment of the target protein,” “enrichment of
apoA-1,” and like terms refer to the process whereby the concentration of apoA-I is increased
relative to the concentrations of other constituents of the biological sample. The term “other
constituents of the biological sample” and like terms refer to components of the biological
sample which are not apoA-I. Examples of such other constituents include, without limitation,
immunoglobulins and albumins. Such methods of enrichment include, for example without
limitation, removal of blood cells and blood cell components, removal of other constituents of
the biological sample, affinity purification of apoA-I, precipitation, differential solubility as a
function of ionic strength, pH, and temperature, and the like. The term “blood cell components”
refers to proteins and lipoproteins found in blood, examples of which include without limitation,
immunoglobulins, coagulation and complement factors, and the like. In some embodiments of
any of the above aspects, precipitation includes reaction with polyanions, for example without
limitation, dextran sulfate, phosphotungstate, or the like, in the presence of divalent cations such
as calcium, magnesium, manganese, or the like by methods well known in the art. In some

embodiments of any of the above aspects, the enrichment comprises affinity purification. In
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some embodiments of any of the above aspects, the affinity purification includes the steps of
incubating the biological sample containing apoA-I with an affinity reagent such that apoA-I
complexes with the affinity reagent, and subsequently removing non-binding materials from the
complex of apoA-I and affinity reagent. In some embodiments of any of the above aspects, the
affinity reagent is an antibody. In some embodiments of any of the above aspects, the affinity
reagent is an aptamer. In some embodiments of any of the above aspects, following removal of
non-binding materials, the complex of apoA-I and affinity reagent is separated into apoA-I and
affinity reagent components, thereby increasing the concentration of apoA-I relative to the

concentration of other proteins in the biological sample.

[0022] In some embodiments of any of the above aspects, enrichment of apoA-I comprises
removal from the biological sample of other constituents thereof. For example, removal of blood
cell components of the biological sample by methods long known in the art results in purification
of apoA-I by the removal of protein and lipoprotein components of the blood cells. In some
embodiments of any of the above aspects, enrichment of apoA-I comprises removal from the
biological sample of other constituents including, for example without limitation,

immunoglobulins and albumin.

[0023] In some embodiments of any of the above aspects, enrichment of apoA-I includes
affinity purification and occurs via differential interaction of the target protein with an affinity
matrix to form a complex, and subsequent removal of unbound (i.e., uncomplexed) materials
from the apoA-I affinity reagent complex. In some embodiments of any of the above aspects, the
compound(s) of the affinity matrix are further separated from apoA-I, while in yet other

embodiments, apoA-I is retained with one or more compositions of the affinity matrix.
DETAILED DESCRIPTION OF THE INVENTION

[0024] In some embodiments of any of the above aspects, apoA-I is fragmented into target
fragments. Target fragments can comprise any length of polypeptide comprising a contiguous
subset of amino acid residues of apoA-I from one amino acid residue up to the length of apoA-I,
cg,1,2,3,4,5,6,7,8,9,10, 12, 14, 16, 18, 20, or more aminc acid residues. Target
fragments can be identified by a variety of methods known in the biochemical arts, including,
for example without limitation, direct sequencing, comparison of chromatographic behavior
with standard polypeptides, and mass spectrometry. In some embodiments of any of the above

aspects, target fragment sequences can be deduced based on the specificity of proteases used in
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proteolytic fragmentation of apoA-I by methods well known in the art. In some embodiments of

any of the above aspects, identification of target fragments is by mass spectrometry.

[0025] Regarding trypsin catalyzed cleavage, trypsin specificity, being to the C-terminal of
arginine and lysine residues, results in fragments containing these highly basic residues at the C-
terminal. The presence of C-terminal basic residues has been found to facilitate interpretation of
MS/MS spectra [Olsen et al. (2004) Molecular & Cellular Proteomics 3:608-614.]. Factors
which influence the extent to which trypsin proteolytic digestion proceeds include time of
incubation, solution conditions including pH, temperature, ionic strength, and other factors well
known in the art, as well as residual secondary and tertiary structure of the trypsin substrate
during digestion. A biological sample containing apoA-I can be incubated with trypsin for a
defined time period, for example without limitation, 1, 5, 10, 15, 30, 45 minutes, 1, 2, 3, 4, §, 12
hours, overnight, 1 day, or even longer. The temperature can be room temperature, or any other
temperature wherein trypsin is active as a protease of apoA-I, for example without limitation, 4,
8, 12, 16, 20, 25, 30, 32, 34, 36, 37, 38, 40, 45, 50, 60 degrees Celcius, or even higher. In some
embodiments of any of the above aspects, proteolytic digestion results in all potential cleavage

sites being cleaved; i.e., exhaustive proteolytic digestion.

[0026] The term “potential cleavage site” refers to a peptide bond which is known to be
susceptible to cleavage by a protease, for example, by virtue of sequence. In some embodiments,
proteolytic digestion is limited by time and/or solution conditions well known in the art such that
certain potential cleavage sites are not cleaved. Accordingly, the resulting target fragments may
contain internal (i.e., neither C-terminal nor N-terminal) potential cleavage sites and comprise

more residues than target fragments obtained after exhaustive proteolytic digestion.

[0027] In some embodiments of any of the above aspects, determination of the mass of target
fragments employs mass spectrometry. The terms “mass spectrometry,” “MS,” and the like refer
to methods of filtering, detecting, and measuring ions based on their mass-to-charge (i.e., “m/z”)
ratio. The terms “mass” and “m/z” are used interchangeably within the context of the results of
mass spectrometric analysis, and unless otherwise indicated, all m/z values assume singly
ionized species. The terms “main isotope mass” and “main isotope m/z” refer to the mass
reported for a molecular ion taking into account the mass of the most abundant (i.c., main)
isotope of each element. In general, one or more molecules of interest are ionized, and the ions
are subsequently introduced into a mass spectrometer where, due to a combination of magnetic

and electric fields, the ions follow a path in space that is dependent upon mass (“m”) and charge
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(“2”). See, e.g., U.S. Patent Nos. 6,204,500, entitled “Mass Spectrometry From Surfaces;”
6,107,623, entitled “Methods and Apparatus for Tandem Mass Spectrometry;” 6,268,144,
entitled “DNA Diagnostics Based On Mass Spectrometry;” 6,124,137, entitled “Surface-
Enhanced Photolabile Attachment And Release For Desorption And Detection Of Analytes;”
Wright et al., Prostate Cancer and Prostatic Diseases 2:264-76 (1999); and Merchant and
Weinberger, Electrophoresis 21:1164-67 (2000), each of which is hereby incorporated by
reference in its entirety and for all purposes, including all tables, figures, and claims. The terms
“integrated intensity,” “mass spectral integrated area,” “integrated mass spectral intensity,” and

the like refer to the area under a mass spectrometric curve corresponding to the amount of a

molecular ion having a particular main isotope m/z, as is well known in the art.

[0028] For example, in a “quadrupole” or “quadrupole ion trap” instrument, ions in an
oscillating radio frequency field experience a force proportional to the DC potential applied
between electrodes, the amplitude of the RF signal, and m/z. The voltage and amplitude can be
selected so that only ions having a particular m/z travel the length of the quadrupole, while all
other ions are deflected. Thus, quadrupole instruments can act as both a “mass filter” and as a

“mass detector” for the ions injected into the instrument.

[0029] Moreover, one can often enhance the resolution of the MS technique by employing
“tandem mass spectrometry,” or “MS/MS.” In this technique, a first, or parent, ion generated
from a molecule of interest can be filtered in an MS instrument, and these parent ions
subsequently fragmented to yield one or more second, or daughter, ions that are then analyzed in
a second MS procedure. By careful selection of parent ions, only ions produced by certain
analytes are passed to the fragmentation chamber, where collision with atoms of an inert gas to
produce these daughter ions. Because both the parent and daughter ions are produced in a
reproducible fashion under a given set of jonization/fragmentation conditions, the MS/MS
technique can provide an extremely powerful analytical tool. For example, the combination of
filtration/fragmentation can be used to eliminate interfering substances, and can be particularly

useful in complex samples, such as biological samples.

[0030] Additionally, recent advances in technology, such as matrix-assisted laser desorption
jonization coupled with time-of-flight analyzers (“MALDI-TOF”) permit the analysis of analytes
at femtomole levels in very short ion pulses. Mass spectrometers that combine time-of-flight
analyzers with tandem MS are also well known to the artisan. Additionally, multiple mass

spectrometry steps can be combined in methods known as “MS/MS".” Various other
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combinations may be employed, such as MS/MS/TOF, MALDIYMS/MS/TOF, or
SELDI/MS/MS/TOF mass spectrometry.

[0031] Ions can be produced using a variety of methods including, but not limited to, ¢lectron
ionization, chemical ionization, fast atom bombardment, field desorption, and matrix-assisted
laser desorption ionization (“MALDI"), surface enhanced laser desorption ionization (“SELDI”),

photon ionization, electrospray ionization, and inductively coupled plasma.

[0032] The term “electron ionization” refers to methods in which an analyte of interest in a
gaseous or vapor phase is interacted with a flow of electrons. Impact of the electrons with the

analyte produces analyte ions, which may then be subjected to a mass spectroscopy technique.

[0033] The term “chemical ionization” refers to methods in which a reagent gas (e.g.
ammonia) is subjected to electron impact, and analyte ions are formed by the interaction of

reagent gas ions and analyte molecules.

[0034] The term “fast atom bombardment” refers to methods in which a beam of high energy
atoms (often Xe or Ar) impacts a non-volatile test sample, desorbing and ionizing molecules
contained in the sample. Samples are dissolved in a viscous liquid matrix, such as glycerol,
thioglycerol, m-nitrobenzyl alcohol, 18-crown-6 crown ether, 2-nitrophenyloctyl ether, sulfolane,
diethanolamine, and triethanolamine. The choice of an appropriate matrix for a compound or

sample is an empirical process.

[0035] The term “field desorption” refers to methods in which a non-volatile test sample is

placed on an ionization surface, and an intense electric field is used to generate analyte ions.

[0036] The term “matrix-assisted laser desorption ionization,” or “MALDI” refers to methods
in which a non-volatile sample is exposed to laser irradiation, which desorbs and ionizes analytes
in the sample by various ionization pathways, including photo-ionization, protonation,
deprotonation, and cluster decay. For MALD]I, the sample is mixed with an energy-absorbing

matrix, which facilitates desorption of analyte molecules.

[0037] The term “surface enhanced laser desorption ionization,” or “SELDI” refers to another
method in which a non-volatile sample is exposed to laser irradiation, which desorbs and ionizes
analytes in the sample by various ionization pathways, including photo-ionization, protonation,

deprotonation, and cluster decay. For SELDI, the sample is typically bound to a surface that
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preferentially retains one or more analytes of interest. As in MALDI, this process may also

employ an energy-absorbing material to facilitate ionization.

[0038] The term “electrospray ionization” or ESI refers to methods in which a solution is
passed along a short length of capillary tube, to the end of which is applied a high positive or
negative electric potential. Solution reaching the end of the tube, is vaporized (nebulized) into a
jet or spray of very small droplets of solution in solvent vapor. This mist of droplets flows
through an evaporation chamber which is heated slightly to prevent condensation and to
evaporate solvent. As the droplets get smaller the electrical surface charge density increases
until such time that the natural repulsion between like charges causes ions as well as neutral

molecules to be released.

[0039] The term “Atmospheric Pressure Chemical Ionization,” or “APCI,” refers to methods
that are similar to ESI; however, APCI produces ions by ion-molecule reactions that occur within
a plasma at atmospheric pressure. The plasma is maintained by an electric discharge between the
spray capillary and a counter electrode. Then ions are typically extracted into the mass analyzer
by use of a set of differentially pumped skimmer stages. A counterflow of dry and preheated N;

gas may be used to improve removal of solvent. The gas-phase ionization in APCI can be more

effective than ESI for analyzing less-polar species.

[0040] The term “inductively coupled plasma” refers to methods in which a sample is

interacted with a partially ionized gas at a sufficiently high temperature to atomize and ionize

most elements.

[0041] The term “ionization” refers to the process of generating an analyte ion having a net
electrical charge equal to one or more charge units. The term “charge unit” refers in the usual
sense to the fundamental electrical charge of a proton. Negative ions are those ions having a net
negative charge of one or more charge units, while positive ions are those ions having a net

positive charge of one or more charge units.

[0042] The term “operating in negative ion mode” refers to those mass spectrometry methods
where negative ions are detected. Similarly, “operating in positive ion mode” refers to those

mass spectrometry methods where positive ions are detected.

[0043] The term “desorption” refers to the removal of an analyte from a surface and/or the

entry of an analyte into a gaseous phase.
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[0044] In those embodiments, such as MS/MS, where parent ions are isolated for further
fragmentation, collision-induced dissociation (i.e., “CID”) is often used to generate the ion
fragments for further detection. In CID, parent ions gain energy through collisions with an inert
gas, and subsequently fragment by a process referred to as “unimolecular decomposition.”
Sufficient energy must be deposited in the parent ion so that certain bonds within the ion can be

broken due to increased vibrational energy.

[0045] In exemplary embodiments described herein, the mass of apoA-I, at least one target
fragment or the masses of a plurality of target fragments of apoA-I, are determined. Oxidation of
amino acid residues by for example chlorination or nitration results in modified amino acid
residues with characteristic masses. As shown in Chart I below, tyrosine, 3-chlorotyrosine, and
3-nitrotyrosine have nominal (i.e., uncharged) main isotope masses of 181.07, 215.03, and
226.06 Dalton, respectively. Accordingly, target fragments which comprise 3-chlorotyrosine or
3-nitrotyrosine have masses of approximately 34.0 or 45.0 Dalton (i.e., main isotopic mass)
respectively, in excess of the mass of the corresponding target fragment without oxidized
tyrosine. It is well understood in the art that observed mass, for example as determined by mass
spectrometry, have an inherent error, which error can be +/- 1, 2, 3, 4, 5, or more Dalton, and

which error can be a percentage, e.g., +/- 0.1%, 0.5%, 1.0%, 2.0%, 3.0%, 4.0%, 5.0%, 10.0%, or

even larger.

Chart L
cl NO,
OH OH OH
NH; o NH, o NH, o
H H H
. OH . OH . . H
Tyrosine 3-Chlorotyrosine 3-Nitrotyrosine

[0046] In some embodiments of any of the above aspects, a sample containing target fragments
is subjected to mass spectrometric analysis thereby providing a mass spectrum comprising all
(i.e., unoxidized, partially oxidized, and fully oxidized) fragments within the sample.
Accordingly, target fragments comprising any of the seven tyrosine residues naturally occurring
within apoA-I (i.e., at positions 18, 29, 100, 115, 166, 192, and 236 of SEQ ID NO:_ ) are

subject to excess mass due to oxidation of tyrosine. Comparison of the amount of unoxidized
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and oxidized tyrosine in target fragments, as measured, for example without limitation, by the
integrated mass spectral intensity of the corresponding mass spectral peak of target fragments
containing unoxidized tyrosine, 3-chlorotyrosine, or 3-nitrotyrosine, provides the amount of
target fragments having oxidized tyrosine as well as the amount of fragments having no oxidized
tyrosine. In some embodiments of any of the above aspects, the amount and mass of each target
fragment are determined by the intensity and position, respectively, of mass spectral peaks as
determined by mass spectrometry. In some embodiments of any of the above aspects, the
amount and mass of each target fragment are determined by the integrated intensity and position,

respectively, of mass spectral peaks as determined by mass spectrometry.

[0047] In some embodiments of any of the above aspects, the amount of each target fragment
in each possible oxidation state is determined by comparison of the amount of oxidized and
unoxidized amino acid residues. The amount of each target fragment in each possible oxidation
state can be determined, for example, by the integrated intensity of the peaks corresponding to

the mass of each target fragment in each possible oxidation state as determined by mass

spectrometry.

[0048] In some embodiments of any of the above aspects, the comparison of unoxidized and
oxidized amino acid residues within target fragments may be determined by evaluating
unoxidized and oxidized tyrosine. In some embodiments of any of the above aspects, the
comparison is directed at specific tyrosine residues, for example tyrosine at positions 18, 29, 100,
115, 166, 192, and 236 of apoA-I (SEQ ID NO:__ ). In some embodiments of any of the above
aspects, the comparison is directed at Tyr166 and Tyr192 of apoA-I (SEQ ID NO:_ ). In some

embodiments of any of the above aspects, the comparison is directed at Tyr'*? of apoA-I (SEQ

ID NO:_ ).

[0049] The comparison of the amount of target fragments having oxidized or unoxidized amino
acid residues provides a metric of the number of oxidized amino acid residues in at least one
target fragment of apoA-1. In some embodiments of any of the above aspects, the ratio of the
amount of target fragment having at least one oxidized amino acid residue to the total amount of
target fragment having amino acids potentially subject to oxidation determines the oxidation

status of apoA-I. In some embodiments of any of the above aspects, the aminoe acid is a tyrosine

of apoA-I (SEQ ID NO:__ ).

[0050] In some embodiments of any of the above aspects, enrichment of apoA-I includes

affinity purification directed to other components of the biological sample, whereby differential
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interaction of one or more other constituents of the biological sample with an affinity matrix

results in a complex, and subsequent removal of the complex results in enrichment of apoA-L.

[0051] The term “affinity matrix” refers to any one or more affinity compositions which
differentially react with apoA-I or other constituents of the biological sample such that
subsequent biochemical purification results in separation of apoA-I from other components of
the biological sample. In this context, the term “differentially react” refers to the formation of a
complex between apoA-I or other constituents of the biological sample and affinity matrix. In
some embodiments, the complex of apoA-I or other constituents of the biological sample with
affinity matrix is maintained by non-covalent forces. In additional embodiments, one or more
covalent bonds are formed between apoA-I or other constituents of the biological sample and
affinity matrix. Affinity matrices includes antibodies, aptamers, and immobilized derivatives
thereof. In some embodiments, the affinity matrix is an aptamer. In some embodiments, the

affinity matrix is an antibody.

[0052] The term “aptamer” refers to macromolecules composed of nucleic acid, such as RNA
or DNA, that bind tightly to a specific molecular target. The terms “bind,” “binding” and the
like refer to an interaction or complexation resulting in a complex sufficiently stable so as to
permit separation. In some embodiments, the aptamer specifically binds apoA-I. Methods for
the production and screening of aptamers useful for the present invention are well known in the
art; see e.g., Griffin ef al., United Stated Patent No. 5,75 6,291 entitled “Aptamers Specific for

Biomolecules and Methods of Making,” incorporated herein by reference in its entirety and for

all purposes.

[0053] As usually practiced in the art, the method of selection (i.e., training) of aptamer
requires a pool of single stranded random DNA oligomers comprising both random sequences
and flanking regions of known sequence to serve as primer binding sites for subsequent
polymerase chain reaction (PCR) amplification. Such DNA oligomers are generated using
conventional synthetic methods well known in the art. As an initial and optional step, PCR
amplification is conducted by conventional methods, and the amplified pool is left as duplex
DNA, or used as single stranded DNA after strand separation. Optionally, transcription into
RNA can be conducted. The term “oligomer pool” in this context refers to such single stranded
or duplex DNA, or RNA transcribed therefrom. The term “refined oligomer pool” refers to an

oligomer pool which has been subjected to at least one round of selection as described herein.
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[0054] Further the aforementioned aptamer training, a “selection” step is conducted employing
a column or other support matrix (i.c., target-coupled support) having target molecule attached
thereon. Attachment, well known in the art, may be by covalent or non-covalent means. The
oligomer pool, or refined oligomer pool, and target-coupled support are incubated in order to
permit formation of oligonucleotide-target complex, and the uncomplexed fraction of the
oligomer pool or refined oligomer pool is removed from the support environment by, for
example, washing by methods well known in the art. Subsequent removal of oligonucleotide by
methods well known in the art results in a refined oligomer pool fraction having enhanced

specificity for target relative to a predecessor oligomer pool or refined oligomer pool.

[0055] Alternatively, the aforementioned aptamer training can employ a “reverse selection”
step wherein aptamer is selected to bind to other constituents of the biological sample. In this
case, a column or other support matrix is employed (i.e., constituent-coupled support) having
other constituents of the biological sample attached thereon. The oligomer pool, or refined
oligomer pool, and constituent-coupled support are incubated in order to permit formation of
oligonucleotide-constituent complex, and the uncomplexed fraction of the oligomer pool or
refined oligomer pool is removed from the support environment by, for example, washing by
methods well known in the art. Subsequent removal of oligonucleotide by methods well known
in the art results in a refined oligomer pool fraction having enhanced specificity for other
constituents of the biological sample relative to a predecessor oligomer pool or refined oligomer
pool. Examples of other constituents of the biological sample used in the reverse selection step

include, without limitation, immunoglobulins and albumins.

[0056] In atypical production training scheme, oligonucleotide recovered after complexation
with target or other constituent of the biological sample is subjected to PCR amplification. The
selection/amplification steps are then repeated, typically three to six times, in order to provide
refined oligomer pools with enhanced binding and specificity to target or other constituent of the
biological sample. Amplified sequences so obtained can be cloned and sequenced. Optionally,
when a plurality of individual aptamer sequence specific for a target having been obtained and
sequenced, pairwise and multiple alignment examination, well known in the art, can result in the
elucidation of “consensus sequences” wherein a nucleotide sequence or region of optionally
contiguous nucleotides are identified, the presence of which correlates with aptamer binding to
target. When a consensus sequence is identified, oligonucleotides that contain the consensus

sequence may be made by conventional synthetic or recombinant means.
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[0057] The term “antibody” refers to an immunoglobulin which binds antigen (i.e., target
protein, target fragment, or other component of the biological sample) with high affinity and high
specificity. In this context “high affinity” refers to a dissociation constant of, for example
without limitation, 1 pM, 100 nM, 10 nM, 1 nM, 100 pM, 10 pM, 1 pM, or even more,
characterizing the binding reaction of antibody with antigen to which the antibody has been
raised. The term “raised” refers to the production of high affinity antibody by methods long
known in the art. Further in this context, the term “high specificity” refers to a preference of
binding of antigen by a test antibody relative to non-antigen characterized by a ratio of
dissociation constants of, for example without limitation, 1, 2, 5, 10, 20, 50, 100, 200, 500, 1000,

10000, or more, in favor of binding of antigen to which the test antibody has been raised.

[0058] Methods of derivatization of antibodies and aptamers contemplated by the present
invention include, for example without limitation, biotinylation. In some embodiments, the
antibody or aptamer is biotinylated such that subsequent isolation on an avidin conjugated
matrix, for example without limitation, an avidin chromatography column, affords facile
separation by methods well known in the art of biochemical purification. In some embodiments,
the biotinylated antibody or aptamer in complex with apoA-I is further subjected to streptavidin-
conjugated magnetic beads. The ternary apoA-I-biotinylated affinity reagent-streptavidin

conjugated magnetic bead complex is then isolated by immunomagnetic methods well known in

the art.

[0059] In some embodiments, the biological sample is incubated with an affinity reagent under
conditions such that a complex is formed between apoA-I and the affinity reagent, and in a

subsequent step the complex so formed is selected (i.e., isolated) thereby enriching apoA-L

[0060] In some embodiments of any of the aspect provided herein, at least one target fragment
resulting from a fragmentation step is enriched prior to the determination of the mass of at least
one of the target fragments. Enrichment of at least one target fragment can employ methods well
known in the art including, without limitation, chromatography and affinity purification. In
some embodiments, enrichment of at least one target fragment is by chromatography on, for

example without limitation, a C;5 column as routinely employed in the art.

[0061] In some embodiments of any of the above aspects, the method further comprises
determining the mass and amount of all target fragments from apoA-I which contain amino acid
residues potentially subject to oxidation; comparing the masses determined for all target

fragment with the masses of the same target fragments from apoA-I which are not oxidized,
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wherein an increase in mass of all target fragments of apoA-I over the masses of the same target
fragments from apoA-I which are not oxidized reflects the number of oxidized amino acid
residues in all target fragments; and determining the oxidation status of apoA-I from the total
amount of oxidized amino acid residues of all target fragments of apoA-I and the total amount of

all target fragments.
EXAMPLES

[0062] Examples related to the present invention are described below. In most cases,
alternative techniques could also be used. The examples are intended to be illustrative and are

not limiting or restrictive to the scope of the invention.

Example 1 - Biological sample preparation

[0063] Serum can be obtained from a subject by taking a blood sample (i.e., biological sample)
and allowing the blood sample to clot, using methods of sterile sample collection and storage
well known in the art. The clotted sample is then centrifuged and the serum (i.e., supernatant) is

retained for subsequent manipulation.

[0064] Partial purification of target protein apoA-I can be afforded from the initial biological
sample by the facile removal of albumin and immunoglobulin G (IgG) using, for example, the
ProteoPrep Albumin Deletion Kit (Sigma-Aldrich, Saint Louis, MO) via a simple column
chromatographic step wherein target protein flows through but albumin and immunoglobulin G

is retained, as well known in the art.

Example 2 — Affinity purification

A.l. - Antibody production
[0065] Production of antibody to apoA-I, or fragments thereof, can employ methods routinely
used in the art of antibody production. For example, unoxidized apoA-I can serve as
immunization agent for the production of anti-(unoxidized)-apoA-I in an immunocompetent
animal for example, without limitation, rabbit, goat, sheep, horse, and the like. The term
“immunocompetent” refers to the ability to produce antibody. In this context, the term
“unoxidized apoA-I" refers to apoA-I which contains no 3-chlorotyrosine or 3-nitrotyrosine.
The term “anti-(unoxidized)-apoA-I” refers to antibody produced using unoxidized apoA-I as

immunogen. Generally speaking, the antibody produced thereby is polyclonal and can react in
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principle with multiple determinants of apoA-I, and with apoA-I in multiple states of oxidation
as measured by the presence of 3-chlorotyrosine and/or 3-nitrotyrosine at any one or more of the

seven naturally occurring tyrosine residue positions in apoA-I.

[0066] In order to refine the spectrum of determinants to which anti-apoA-I reacts, a
immunochromatographic step can be employed one or more times which selectively removes or
retains antibody with specificity to either oxidized or unoxidized apoA-I. For example, anti-
(unoxidized)-apoA-I can be applied to a column to which oxidized apoA-I has been covalently
affixed using methods well known in the art, for example without limitation, crosslinking to
Sepharose with glutaraldehyde. In this context, “oxidized apoA-I” refers to apoA-I wherein one
or more of the available tyrosine positions thereof is occupied by 3-chlorotyrosine or
3-nitrotyrosine. Antibody with cross reactivity to immobilized oxidized apoA-I can be retained
on this column for subsequent removal by a change in elution conditions, whereas eluant which
flows through the column comprises antibody which does not react specifically with oxidized
apoA-1. By “subsequent removal by a change in elution conditions” is meant any of the
conditions known in the art for disruption of antibody-antigen complex including, for example
without limitation, change in ionic strength, pH, or concentration of chaotrope. In a subsequent
purification step, the eluant from the previous step can be applied to a second column comprising
immobilized unoxidized apoA-I. Again, the retained antibody fraction can be removed by

subsequent removal by a change in elution conditions.

[0067] As understood by those of skill in the art, fragments of oxidized and/or unoxidized
apoA-I can serve as immunogen for antibody production. For example, apoA-I nitrated at Tyr'*?
and apoA-I chlorinated at Tyr'” (SEQ ID NO: _ ) can serve as immunogen for the production of
anti-[NO,-Tyr'**]apoA-I and anti-[Cl-Tyrlgz]apoA—I, respectively.

[0068] In an alternative antibody production scheme, a fragment of apoA-I not comprising an
oxidizable tyrosine could serve as immunogen for the production of anti-(unoxidized)-apoA-I,
and, for example without limitation, target fragment LAEYHAK (Entry 79, Table 1, SEQ ID

NO: ) nitrated or chlorinated at Tyr'”* can serve as immunogen for the production of anti-

(oxidized}-apoA-I.

[0069] Monoclonal antibodies to the target antigen such as apoA-I also may be prepared using

methods well known in the art. Commercially available antibodies are commonly available and

may be used as well.
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A.2. - Antibody reaction
[0070] In atypical experiment, antibody to apoA-I, produced by, for example without
limitation, any of the methods described herein, can be bound to protein A and cross-linked with
dimethylpimelimidate prior to packing in an antibody column. The biological sample containing
target protein apoA-I can be applied to the antibody column in, for example without limitation,
0.15 M NaCl, 0.1 M phosphate, pH 7.2 buffer. apoA-I in both oxidized and unoxidized form
can be retained on the column and subsequently removed by a change in elution condition to

provide substantially purified target protein apoA-I.

B.1. - Aptamer production
[0071] In atypical experiment, aptamer produced against apoA-I would comprise an initial
oligomer pool comprising random sequences of 3 to 40 nucleotides in length and flanking
sequences for PCR amplification of from 3 to 10 sequences in length. Three to six rounds of
selection/amplification would be conducted, and the resulting aptamers would be cloned and
sequenced for determination of consensus sequence. Aptamers contained the consensus

sequences would be produced by conventional synthetic or recombinant techniques well known

in the art.

B.2. - Aptamer reaction
[0072] Aptamer fractions containing consensus scquences would be covalently attached to a
solid support, as for example without limitation a chromatographic column affinity matrix, using
conventional methods. ApoA-I sample could be applied directly to the aptamer column so
formed resulting in retention of apoA-I which could be subsequently separated by a change in
elution conditions as, for example without limitation, a change in pH or ionic strength. In an
alternative procedure, derivatized aptamer and apoA-I sample could be mixed in solution with

subsequent isolation of aptamer-apoA-I complex by any of the methods known in the art and/or

described herein.

Example 3 — Fragmentation of apoA-I

[0073] The sample of Example 1, optionally enriched in apoA-I as exemplified in Example 2,
can be incubated in a reaction mixture with trypsin overnight at 37 degrees Celcius to afford
target fragments. After incubation, in an optional step, the reaction mixture can be passed over a
C,s HPLC column with monitoring of the peptide backbone absorption at, e.g., 208 nm, in order

to identify target fragment elution. Fractions rich in target fragments can then be collected for

subsequent analyses.
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[0074] As an alternative method of production of target fragments, sample containing apoA-I
can be directly introduced into an MS/MS mass spectrometer. Cleavage of peptide backbone
bonds by any of the mechanisms of bond dissociation discussed herein and well known in the art
can result in fragments of known mass and known sequence. Selection based on mass and
containment of selected fragments within a quadrapole ion trap then can provide target fragments
for subsequent analyses. Target fragments would be selected based on the inclusion therein of

potentially oxidized amino acid residues.

Example 4 —Apolipoprotein A-I Trypsin Cleavage Sites
[0075] The sequence of human apolipoprotein A-I (GenPept sequence NP_000030) is a 267-
amino acid preproprotein:
1 MKAAVLTLAV LFLTGSQARH FWQQDEPPQS PWDRVKDLAT VYVDVLKDSG RDYVSQFEGS
61 ALGKQLNLKL LDNWDSVTST FSKLREQLGP VTQEFWDNLE KETEGLRQEM SKDLEEVKAK
121 VQPYLDDFQK KWQEEMELYR QKVEPLRAEL QEGARQKLHE LQEKLSPLGE EMRDRARAHV
181 DALRTHLAPY SDELRQRLAA RLEALKENGG ARLAEYHAKA TEHLSTLSEK AKPALEDLRQ

241 GLLPVLESFK VSFLSALEEY TKKLNTQ (SEQ ID NO: )

[0076] Post-translation removal of the signal sequence (residues 1-18) and the prosegment
(residues 19-24) provides mature apoA-I protein, within which there are 21 naturally occurring

lysine and 16 arginine residues indicated by underlining in the sequence following

(SEQIDNO: )

p = s [Er—r = IE |
IDEPPQSPWDR :]VKDLATVYVDJVLEDSGEDYV |[SQFEGSALGK ||QLNLKLLDNW [DSVTSTFSKL [REQLGPVTQE |
[71 81 o1 JLo1 112 121 131 ]
[FWDNLEKETE |[GLRQEMSKDL |[EEVKAKVQPY |[LDDFQKKWQE |EMELYRQKVE [PLRAELQEGA IlRQKLHELQEIE_]
141 |FER I161 171 [FER 191 i[_01 ]
[LSPLGEEMRD |[RARAHVDALR |THLAPYSDEL |RORLAARLEA |LKENGGARLA |[EYHAKATEHL |STLSEKAKPA |
IR TR TN TR [ N ]
[LEDLRQGLLP |[VLESFKVSFL |[SALEEYTKKL |INTQ | I | |

[0077] Assuming digestion with trypsin by methods well known in the art of protein chemistry,
a maximum of two missed cleavages, a minimum digest fragment length of 5 residues, and
fragment mass in the range 800-4000 Dalton, 96 fragments from the digestion, shown in Table 1,
would result. The results shown in Table 1 are merely exemplary of the peptide fragments which
could be obtained by proteolytic digestion and are not limiting to the scope of the claimed
invention. The skilled artisan could easily manipulate the conditions, for example time of

incubation, protease and protein concentration, temperature, ionic strength and the like, to obtain
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different sized fragments using trypsin or another protease well known in the art to obtain

fragments different from those of Table 1.

Table 1.

Theoretical fragmentation resulting from trypsin digestion of apoA-1.

| 1] 10]fof(-) DEPPOSPWDR (V)

|
L
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i
!

3:; ;2165 .

i 1201 “(—‘DEPPQSPWDRVK(D)
Ll .
I 1;% 2355:_!{ } DEPPQSPWDRVKDLATVYVDVLK (D) |
ki i i T
LAI 11) 23.@3gR;VKDLAhWVDVLK( D)
(I — |
T 11‘; 27@E(R)VKDLATVYVDVDKDSGR(
- l (] =
| 13 23}[}J[(K;DLATVYVDVLK( )
{ i J——
! 135‘ 27J!?;f(K\DLATVYVDVJJKDSGR(D3 | R
L | | il | — |
| 8|3032 | 13| 4012f(K)DLATVYVDVLKDSGRDYVSQFEGSALGK(Q) {ﬁsm ID NO g
L il { i !
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Ll | | —
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Lf_:_]_J‘ Ll i | |
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L ' | j
12[[1997. 28| 45|[1][(R) DYVSQFEGSALGKQLNLK (L) llsEQ 1D wO:___ |
! | —
13{3590. | | 28] 59”5”(R)DYVSQFEGSALGKQLNLKLLDNWDSVTSTFSK(L) |SEQ ID NO: ]
I Ll L B ;
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P I .
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[ I i
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Ll | L | :
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{3795.8v9jt3798.2?jﬁl GJ { K) LLDNWDSVTSTFSKLREQLGPVTQEFWDNLEK (E) IEEQ ID NO: T
L,_.: I .
;21H2202.1‘2}§2203. Ii ?‘ }l 77][]'(1( ) LREQLGPVTQEFWDNLEK (E) lESEQ ID NO: |
L ‘ - | |
EE@!2887.4EJ]2889. tl: 50| 832 '(K)LREQLGPVTQEFWDNLEKETEGLR(Q) } ID NO: }
L] ’
231932.93]1934.13] | 62| 77|0| (R) BQLGPVTQEFWDNLEK (£) : ID NO:___ |
sl | o) } | — |
]241[5618.27]EL2619.87JT11 623 ”(R)EQLGPVTQEFWDNLEKETEGLR(Q) D NO:___ |
| | |
%t221'54}P223 57]D§ 62[ BBE} (R ) EQLGPVTQEFWDNLEKETEGLRQEMSK (D) ID NO [
: i ik
;ﬂﬁs@?. | a6 ij 8[ BBHL(K}ETEGLRQEMSK( ) ID NO:___ |
i i i P 4
[27] 2 54)2][ () ETEGLRCEMSKDLEEVK (B) ID NO:
| (R) QEMSKDLEEVK (A) ID NO:
R) QEMSKDLEEVK (A} ID NO:
(R} QEMSKDLEEVKAK (V) ID NO:
! (R) QEMSKDLEEVKAK (V) 1D NC
1/[(X) DLEEVKAK (V ID NO
;
(K) DLEEVKAKVOPYLDDFQK (K) D NO
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1 i
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L

110
)

[71)l1251.75 1252.51@172§182¥;5}§(R)QRLAARLEALK{E} SEQ ID NO:
% | I —
@*(R)QRLAARLEALK(E} lseQ 1D NO i
] i —
?I—z:(R‘}LJ-\ARLEALK(E} SEQ ID NO:
)
i

S

1 {R}) LAARLEALKENGGAR (L)

i

I

63/1158.31] i%178‘?188;§1{§(R}LEALKENGGAR{L} |
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lg H H vy }LJ‘ !
— i i ] U T 4
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L i || I |
78/2612.31||2613. 865§—~I;183§?2063§2§1 (K) ENGGARLAEYHAKATEHLSTLSEK (A)
Ll | N
[79] 831 441} 831 95§m§189t§195!ﬁ)§[(R}LAEYHAK(A) I |
bl i L - Lt i j
lso]l2028.04]2025.27 [[185]206|[1] (R) LAEYHAKATEHLSTLSEK (A) SEQ ID NG
Ll | }l_r__: il |
l81ll3021 60]!3023,445} filggiizlsﬁﬁ(R}LAEYHAKATEHLSTLSEKAKPALEDLR(Q) §}SEQ ID NGC:
L) : 1S | —
@21215.625{1216.34}[}%196[}206@{(K}ATEHLSTLSEK(A} |sEQ TD NO: |
f L i |
83l2209 18&2210.51]ﬁ5196i‘215*3 (K) ATEHLSTLSEKAKPALEDLR (Q) sEQ ID NO: 1
2l | I | —
@{3420.871{3422.97}Mi196§l2261@§{K)ATEHLSTLSEKAKPALEDLRQGLLPVLESFK{V) !ESEQ ID NO: |
| L,J i!_i i i
]85]1012.581{1013.191L!207[1215|@(K)AKPALEDLR(Q) HSEQ ID NO: |
l i | |
@}2224.27J2225.65|D‘207}}226@!(K)AKPALEDLRQGLLPVLESFK(v) ”SEQ ID NO: i
| J L i
/873591 97”3594.21!,[—”207[1238”5“(K)AKPALEDLRQGLLPVLESFKVSFLSALEEYTK(K) |sEQ 1D mO:___ |
Ll i il il It i
r&z—Si‘l213 68“1214 46l5§‘216”226[0E(R)QGLLPVLESFK(V) E'SEQ ID NO: |
i ‘ |
;1230 715*1231 49!ﬂi216*]226@i(*ﬁ)QGLLPVLESFK(V) E%SEQ ID NO: |
L i - L | ;
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[F=e1 33[e3 calpafasc)ael] | —
@]2598.41!12600 os]DImsHmaiEj(R)QGLLPVLESFKVSFLSALEEYTK(K) lsEQ Ip NO: |
| i ; i i |
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H H |
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1 | ! J | [ i
133‘1386 72]’1387 58{Di227”238}@§(K)VSFLSALEEYTK(K) llsEQ 1D NO: *
H H ) il L i i
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ol | Ll | j
9611971.04111972‘26}!Jt227%‘243%iﬁ(K)VSFLSALEEYTKKLNTQ(—) §§SEQ ID NO:
i ]! | ;

Column 1: Index number.

Column 2: m/z (main isotope).

Column 3: m/z (average).

Column 4: pE: N-terminal glutamine reported as pyroglutamic acid.

Column 5: Starting residue number in apoA-I sequence (SEQ ID NO:_ )

Column 6: Ending residue number in apoA-I sequence. (SEQ ID NO: )

Column 7: Number of missed potential trypsin cleavage sites.

Column 8: Target fragment sequence; residues in parentheses indicate adjacent residues
not in target fragment sequence; (-) indicates N- or C-terminal.

Column 9: Sequence identification numbers of target fragments.

[0078] As provided in Table 1, digestion with trypsin under the conditions indicated for Table
1 provides 96 target fragments of predicted amino acid sequence. Of these 96 target fragments,
42 (i.e., fragments 3-13, 33-43, 65-70, 76-81, 87, and 90-96 of Table 1) comprise at least one

.25 .



WO 2008/011379 PCT/US2007/073607

tyrosine. Of these 42 fragments, six (i.e., fragments 76-81 of Table 1) comprise Tyr'** of apoA-I
(SEQIDNO:_ ).

[0079] Accordingly, Table 2 (target fragments 76-81 of Table 1) provides the main isotope m/z
for each target fragment comprising Tyr'* for unoxidized (Col. 2), chlorinated (Col. 3) and
nitrated (Col. 4) forms of Tyr'"* of apoA-I (SEQ ID NO:_ ).

Table 2. Theoretical observable masses for fragments 76-81 of Table 1.

7611970.12004.0) 2015.0/178/195 (R) LEALKENGGARLAEYHAK (A) SEQ ID NO:
—'77:7 1415.7)11449.7| 1460.7)|1831195| {(K) ENGGARLAEYHAK (A) SEQ ID NO:
ﬁ 2612.3 2646.3/ 2657.3||183/1206|| (K) ENGGARLAEYHAKATEHLSTLSEK (A} SEQ ID NO:
:;'“’9— 831.4) 865.4 876.4/189195) (R) LAEYHAK (A) SEQ ID NO:_
'80l2028.0]2062.0/| 2073.0/189|206] (R) LAEYHAKATEHLSTLSEK (A) SEQ ID NO:
ET 3021.6 3055.—6—: 3066.6/189/215 (R) LAEYHAKATEHLSTLSEKAKPALEDLR (Q) ||SEQ ID NO:

Column 1: Index number.

Column 2: m/z (unoxidized) [M+H]".

Column 3: m/z (chlorinated Tyr'** SEQ ID NO:_ ) [M+CI]"

Column 4: m/z (nitrated Tyr'> SEQ ID NO: ) [M+NO,]"

Column 5: Starting residue number in apoA-I sequence.

Column 6: Ending residue number in apoA-I sequence.

Column 7: Target fragment sequence; residues in parentheses indicate adjacent residues
not in target fragment sequence; (-) indicates N- or C-terminal.

Column 8: Sequence identification numbers of target fragments.

[0080] The extent of oxidation of Tyr192 (SEQ ID NO:_ ) can be calculated from the amount

of 3-chlorotyrosine and 3-nitrotyrosine relative to the total amount of naturally occurring Tyr'”

in any of target fragments 76-81 (Table 2).

Example 5 - Sample Preparation for Mass Spectrometry

[0081] In a typical experiment, reaction mixture containing target fragments could be
separated by a reverse-phase capillary HPLC (50-pm-i.d., 10-um-tip, 6 cm length) packed with
C,s packing material as routinely employed in the art. Elution could employ a gradient protocol,

for example without limitation, 2-70% acetonitrile in 50 mM acetic acid over 45-min.

Example 6 - Mass Spectrometry of Target Fragments
[0082] In a typical experiment, the reaction mixture containing potentially oxidized target
fragments can be analyzed by employing the capillary column HPLC protocol of Example 5 in

combination with a tandem mass spectrometer. The mass spectrometer could be operated in
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MS/MS mode. Sample introduction can employ nanospray electrostatic ionization with a flow
rate of, for example without limitation, 200 nL/min. Fragments with excess mass corresponding
to chlorination or nitration at position 3 of the aromatic ring of tyrosine can be identified by
computer based analysis programs long known in the art of mass spectrometry. In some cases,
all tyrosines of apoA-I are analyzed for oxidation. In other cases, representative tyrosines are
analyzed. In some embodiments, the masses of fragments of apoA-I comprising T}ﬂ'm (SEQID

NO:_ ) are analyzed.

Example 7 — Calculation of Oxidation Status

[0083] In atypical experiment, the relative abundance of unoxidized, chlorinated, and nitrated
tyrosine is calculated from the observed MS/MS fragmentation pattern. These calculations can
rely on the observation of a single target fragment comprising a specific tyrosine residue, or
multiple target fragments each comprising a specific tyrosine residue. Additionally, these
calculations can rely on the observation of a single target fragment comprising a plurality of
specific tyrosine residues, or multiple target fragments each comprising a plurality of specific

tyrosine residues.

[0084] As an example, if the results of MS/MS analysis showed that the integrated intensities
for a target fragment having only a single tyrosine present in the form of tyrosine, 3-
chlorotyrosine, and 3-nitrotyrosine, are 1000, 350 and 650, respectively, the total amount is
(1000 + 350 + 650) = 2000, the extent of oxidation is (350 + 650) = 1000, and the oxidation
status is (extent of oxidation)/(total amount) = 1000/2000 = 50%.

[0085] In another example, if a target fragment contains two tyrosines which are the only
tyrosines within the fragment, and mass spectrometric analysis reveals the following target

fragment integrated intensities

Oxidation state integrated intensity
no oxidation 500

1 [3-chloro]-Tyr 1000

2 [3-chloro]-Tyr 400

1 [3-chloro]-Tyr & | 300

1 [3-nitro]-Tyr
1 [3-nitro}-Tyr 200
2 [3-nitro]-Tyr 100

then the total amount is (500+1000+400+300+200+100) = 2500, the extent of oxidation is

(1000+400+300+200+100) = 2000, and the oxidation status is (extent of oxidation)/(total
amount) = 2000/2500 = 80%.
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Example 8 — Quantitation of total oxidized apoA-I

[0086] The oxidation status of apoA-I in a biological sample can be determined by methods
described herein and expressed as an oxidation fraction. The amount, or alternatively
concentration, of apoA-I in the biological sample can be determined by standard immunoassay
methods known in the art. Reagents for immunoassay of apoA-I are readily available, e.g., in
vitro diagnostic reagent (catalog OEUD15) for the quantitative determination of apoA-I in
human serum with nephelometer systems from Dade Behring. Total oxidized apoA-I can be

reported as the multiplicative product of oxidation fraction and total amount of apoA-I in the

biological sample.

Example 9 — Calculation of Risk Potential for CVD
[0087] In the first case of Example 7, the risk potential would be reported as 50%, wherein 0%
corresponds to no excess risk potential due to oxidized apoA-I, and 100% corresponds to the

greatest excess risk potential due to oxidized apoA-I. In the second case of Example 7, the risk

potential would be reported as 80%.

[0088] While the invention has been described and exemplified in sufficient detail for those
skilled in this art to make and use it, various alternatives, modifications, and improvements

should be apparent without departing from the spirit and scope of the invention.

[0089] One skilled in the art readily appreciates that the present invention is well adapted to
carry out the objects and obtain the ends and advantages mentioned, as well as those inherent
therein. The examples provided herein are representative of preferred embodiments, are
exemplary, and are not intended as limitations on the scope of the invention. Modifications
therein and other uses will occur to those skilled in the art. These modifications are

encompassed within the spirit of the invention and are defined by the scope of the claims.

[0090] It will be readily apparent to a person skilled in the art that varying substitutions and

modifications may be made to the invention disclosed herein without departing from the scope

and spirit of the invention.

[0091] All patents and publications mentioned in the specification are indicative of the levels

of those of ordinary skill in the art to which the invention pertains. All patents and publications
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are herein incorporated by reference to the same extent as if each individual publication was

specifically and individually indicated to be incorporated by reference.

[0092] The invention illustratively described herein suitably may be practiced in the absence of
any element or elements, limitation or limitations which is not specifically disclosed herein.
Thus, for example, in each instance herein any of the terms “comprising”, “consisting essentially
of” and “consisting of” may be replaced with either of the other two terms. The terms and
expressions which have been employed are used as terms of description and not of limitation,
and there is no intention that in the use of such terms and expressions of excluding any
equivalents of the features shown and described or portions thereof, but it is recognized that
various modifications are possible within the scope of the invention claimed. Thus, it should be
understood that although the present invention has been specifically disclosed by preferred
embodiments and optional features, modification and variation of the concepts herein disclosed

may be resorted to by those skilled in the art, and that such modifications and variations are

considered to be within the scope of this invention as defined by the appended claims.

[0093] In addition, where features or aspects of the invention are described in terms of
Markush groups or other grouping of alternatives, those skilled in the art will recognize that the

invention is also thereby described in terms of any individual member or subgroup of members

of the Markush group or other group.

[0094] Also, unless indicated to the contrary, where various numerical values are provided for
embodiments, additional embodiments are described by taking any two different values as the

endpoints of a range. Such ranges are also within the scope of the described invention.

[0095] Other embodiments are set forth within the following claims.
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CLAIMS

What is claimed is:

1. A method for determining the oxidation status of apolipoprotein A-I, comprising:

a) comparing the total amount of apolipoprotein A-I having at least one oxidized amino
acid residue with the total amount of apolipoprotein A-I; or

b) comparing the total amount of at least one target fragment of apolipoprotein A-I

having at least one oxidized amino acid residue with the total amount of said at least

one target fragment.

2. The method according to Claim 1, wherein said target fragment is obtained by

fragmentation of apolipoprotein A-1.

3. The method according to Claim 1, wherein said total amount of said at least one target
fragment is determined by comparing the mass of said at least one target fragment with the mass
of the same non oxidized target fragment, wherein an increase in mass of said at least one target
fragment over said mass of said same non oxidized target fragment reflects the number of

oxidized amino acid residues in said at least one target fragment.

4. The method according to Claim 1 wherein said determining comprises comparing the
total amount of said apolipoprotein A-I having at least one oxidized amino acid residue with the

total amount of said apolipoprotein A-1.

5. The method according to Claim 1 wherein said apolipoprotein A-I is obtained from a

biological sample.

6. The method according to Claim 5 wherein said biological sample is of human origin.
7. The method according to Claim 5 wherein said biological sample is plasma.

8. The method according to Claim 5 wherein said biological sample is serum.
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9. The method according to Claim 5 further comprising enrichment of said

apolipoprotein A-I.

10. The method according to Claim 9 wherein said enrichment comprises affinity

purification.

11. The method according to Claim 10 wherein said affinity purification comprises the
steps of:
incubating said biological sample with an affinity reagent under conditions such that
complexation of said apolipoprotein A-I with said affinity reagent occurs; and

removing unbound materials from said apolipoprotein A-I affinity reagent complex.

12. The method according to Claim 11 wherein said affinity reagent is selected from the

group consisting of aptamer and antibody.

13. The method according to Claim 11 further comprising separating said complex of

apolipoprotein A-I and affinity reagent into apolipoprotein A-I and affinity reagent components.

14. The method according to Claim 2 wherein said target fragment is obtained from said

apolipoprotein A-I by reaction with a protease.

15. The method according to Claim 14 wherein said protease is selected from the group

consisting of trypsin, chymotrypsin, papain, pepsin, and thermolysin.
16. The method according to Claim 15 wherein said protease is trypsin.

17. The method according to Claim 3 further comprising enrichment of said at least one

target fragment prior to said determining the mass of said at least one said target fragment.

18. The method according to Claim 3 wherein said determining the mass comprises

mass spectrometry.

19. The method according to Claim 18 wherein said mass spectrometry is MS/MS.
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20. The method according to Claim 1 wherein said oxidized amino acid residues are

selected from the group consisting of chlorinated tyrosine and nitrated tyrosine.

21. A method for quantitating the amount of oxidized apolipoprotein A-I from a
biological sample comprising the steps of:

determining the oxidation fraction of apolipoprotein A-I from a biological sample;

determining the total amount of said apolipoprotein A-I from said biological sample; and

multiplying said total amount of said apolipoprotein A-1 by said oxidation fraction.

22. A method for assessing the risk of cardiovascular disease for a subject, said method
comprising:
determining the oxidation status of apolipoprotein A-I in a biological sample of a
subject; and

using said oxidation status to determine the risk of cardiovascular disease.

23. The method according to Claim 22 wherein said determining the oxidation status of

apolipoprotein A-I in a biological sample of a subject comprises the steps of:

a) determining the mass and amount of apolipoprotein A-I in a biological sample;

b) comparing said mass determined for said apolipoprotein A-I with the mass of
apolipoprotein A-I which is not oxidized, wherein an increase in mass of
apolipoprotein A-I over said mass of said apolipoprotein A-I which is not oxidized
reflects the number of oxidized amino acid residues in said apolipoprotein A-I; and

¢) determining the oxidation status of said apolipoprotein A-I from the total amount of
said apolipoprotein A-I having at least one oxidized amino acid residue and the total
amount of said apolipoprotein A-I; or

d) determining the mass and amount of at least one target fragment obtained by
fragmentation of said apolipoprotein A-I, wherein said at least one target fragment
contains at least one amino acid residue potentially subject to oxidation;

¢) comparing said mass determined for said at least one target fragment with the mass of
the same target fragment from the same apolipoprotein A-I which is not oxidized,
wherein an increase in mass of said at least one target fragment over said mass of
said same target fragment from said same apolipoprotein A-I which is not oxidized
reflects the number of oxidized amino acid residues in said at least one target

fragment; and
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f) determining the oxidation status of said apolipoprotein A-I from the total amount of
said at least one target fragment having at least one oxidized amino acid residue and

the total amount of said at least one target fragment.

24. The method according to Claim 23 wherein said biological sample is human plasma.

25. The method according to Claim 23 wherein said biological sample is human serum.

26. The method according to Claim 23 further comprising affinity purification of said
apolipoprotein A-I prior to said fragmenting said apolipoprotein A-I into target fragments.

27. The method according to Claim 23 wherein said fragmenting said apolipoprotein A-I

into target fragments comprises reaction with trypsin.

28. The method according to Claim 23 wherein said determining the mass comprises

MS/MS spectrometry.
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