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A method for determining the concentration and modifica-
tions of apolipoprotein in biological samples including
plasma, serum, and lipoprotein fractions, by obtaining a
sample from a patient, adding a specific volume of an internal
standard to the sample, applying the sample to a surface-
enhanced, Protein G-coated, antibody-bound chip and
removing unbound sample components, analyzing the
sample by mass spectrometry, determining the concentration
of the apolipoprotein using values of internal standards, and
evaluating the concentration of the apolipoprotein, its iso-
forms, amino acid substitutions and modifications for use as
a tool for diagnosing cancer, diabetes, stroke, stress, Alzhe-
imer’s disease, inflammation, neurological disease and car-
diovascular diseases.
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FIGURE 1B
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Reported Mass Spectra of the Different Cll Isoforms
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APOLIPOPROTEIN FINGERPRINTING
TECHNIQUE AND METHODS RELATED
THERETO

CROSS-REFERENCE AND PRIORITY CLAIM

[0001] The present U.S. Non-Provisional Patent Applica-
tion, is a continuation-in-part of Patent Cooperation Treaty
Application no. PCT/US2007/007359, publication no. WO
2007/112005 A2, entitled “Apolipoprotein Fingerprinting
Technique,” filed on Mar. 23, 2007, on behalf of inventors
Emelita De Guzman Breyer and Mary K. Robinson, which
claims priority to and the benefit of U.S. Provisional patent
application entitled “APOLTPOPROTEIN FINGERPRINT-
ING TECHNIQUE filed Mar. 23, 2006, on behalf of inventors
Emelita De Guzman Breyer and Mary K. Robinson, having
Ser. No. 60/743,678.

COPYRIGHT NOTICE

[0002] A portion of the disclosure of this patent document
may contain material which is subject to copyright protection.
The copyright owner has no objection to the facsimile repro-
duction by anyone of the patent document or patent disclosure
as it appears in the U.S. Patent and Trademark Office patent
file or records, but otherwise reserves all copyright rights
whatsoever.

BACKGROUND

[0003] 1. Field of the Invention

[0004] The present invention relates to the field of compo-
sitions, analysis and quantification of apolipoproteins in bio-
logical and clinical samples. More particularly, this invention
relates to methods, techniques, and protocols for the finger-
printing, profiling, determining, and/or quantifying of apoli-
poproteins present in samples of human biological matrices,
such as, for example and without limitation, plasma, urine,
serum and lipoprotein fractions.

[0005] I Description of the Related Art

[0006] It is well accepted that apolipoproteins, the protein
components of lipoproteins, are able to solubilize hydropho-
bic lipids and facilitate cell targeting and transport. These
components, synthesized in the liver and intestine, are essen-
tial for maintaining the integrity of lipoprotein particles, serv-
ing as cofactors for enzymes that act on lipoproteins, and
facilitating receptor-mediated interactions that remove lipids
from circulation.

[0007] There are several groups of apolipoproteins: A (Apo
A), B (Apo B), C (Apo C) and E (Apo E). Each of the three
groups A, B and C consists of two or more distinct proteins.
Theseare Apo Al, Apo All,Apo AIV, and AV for Apo A; Apo
B100 and Apo B48 for Apo B; and Apo CI, Apo Cli, Apo CIII,
and Apo CIV for Apo C. Apo CI, CIII, CIV and Apo E each
consist of two or more isoforms. The apolipoproteins have
various roles in disease and in health.

[0008] Apolipoprotein CIII is a 79 amino acid protein that
exists in humans as three isoforms differing in the glycosy-
lation at Threonine-74. CII1-0 isoform is the final product of
sialidase enzyme reactions, has an absence of sialic acid,
galactose and galactose amine residues, and accounts for 14%
of the total isoforms. CIII-0 isoforms are inhibitors of very
low density lipoproteins (VLDL) binding to the lipolysis
stimulated receptor, which is an important route of clearance
ofhigh triglyceride lipoproteins in plasma. CIII-0 isoform has
the lowest affinity to VLDL. CIII-1 isoform has 1 mole of

Jun. 18,2009

sialic and counts for 51% of total isoforms. CIII-2 isoform is
the initial form of CIII synthesized and secreted in the liver,
has 2 mole of sialic acid, and accounts for 35% of total
isoforms. CIII-2 isoform has a higher affinity to VLDL and is
apoorer inhibitor of VLDL binding to the lipolysis stimulated
receptor.

[0009] Current methods to identify and quantitate CIIT iso-
forms involve isolation of lipoprotein fractions from plasma,
delipidation of this fraction, and purification of the CIII from
the water-soluble fraction of apolipoproteins. Although the
different purified isoforms can all be detected by isoelectric
focusing gel electrophoresis, mass spectrometry, and fluores-
cence and absorbance spectroscopy, no individualization, dif-
ferentiation, or relative quantification of a mixture of iso-
forms is provided by or within such results. Separation of the
isoforms must be accomplished first, such as by ion exchange
chromatography, if specific detection information regarding a
particular isoform is desired. That is, current methods are
disadvantageous in that they are tedious in isolation of CIII
from plasma, having only a 60-80% protein recovery, and in
that current methods for clinical diagnostics for CIII in
plasma, such as ELISA and immunoturbidimetric assays,
only can detect total CIII.

[0010] However, CIII isoforms are clinically significant for
several reasons. The levels of the isoforms change with the
level of glucose control in diabetic patients.” For example,
high HbA1C directly correlates to high CIII-0 levels.” Hyper-
triglyceridemic subjects have an increased proportion of CIII
as the CIII-2 isoform in VLDL. CIII-2 levels increase in
females subjected to severe caloric restriction despite normal
total CIII levels. The variation in CIII-2 positively correlates
to changes in VLDL triglycerides while the variation of
CIII-1 inversely correlates. Because of the limitations in the
existing techniques with respect to the accurate quantitation
and detection of the CIII isoforms, the role of these isoforms
in various metabolic processes, although of great importance
in understanding lipid metabolism, is still subject to contro-
versy.

!Sundsten, T., Ostenson, Claes-Goran, Bergsten, P., Diabetes/Metabolism

Research Reviews, 24(2):148-54, 2008 February, Serum Protein Patterns in
Newly Diagnosed Type 2 Diabetes Mellitus—Influence of Diabetic Environ-

ment and Family History of Diabetes.

?Florez, H., Mendez, A., Casanova-Romero, P., Larreal-Urdanets, C., Castillo-
Florez, S., Lee, D., and Goldberg, Ronald., Atherosclerosis, 188(1):134-41,
2006, September, Increased Apolipoprotein C-1IT Levels Associated with Insu-
lin Resistance Contributed to Dyslipidemia in Normoglycemic and Diabetic

subjects from a Triethnic Population.

[0011] The literature or prior art report various character-
izations and correlations between various apolipoproteins
and diseases. For example, Apo D is a multi-ligand, multi-
functional transporter and is known to accumulate in a spe-
cific site of regenerating peripheral nerves in Alzheimer’s
disease.? Further, Apo I so far has been reportedly implicated
in several diverse physiological processes, such as sperm
maturation, lipid transportation, complement inhibition, tis-
sue remodeling, membrane recycling, cell-cell and cell-sub-
stratum interactions, stabilization of stressed proteins in a
folding-competent state, and promotion or inhibition of apo-
ptosis. Also, Apo H is known to bind tightly to negatively
charged surfaces and to inhibit the activation of the intrinsic
pathway of blood coagulation and the prothrombinase activ-
ity of activated platelets by covering the negatively charged
surfaces necessary for both activities. Apo F associates with
LDL and inhibits cholesterol ester transfer protein (CETP)
activity, and appears to be an important regulator of choles-
terol transport. Apo F associates to a lesser degree with



US 2009/0155812 Al

VLDL, Apo Al and Apo All. Apo M was proposed to be
involved in lipid transport.* Apo CIV is a 14.5 kD size apo-
lipoprotein in the same locus as CI and CII, yet no function
appears to be reported in the literature.

3Shuvaev, et al., Newrobiology of Aging, 22(3):397-402, 2001 May-June.
Increased protein glycation in cerebrospinal fluid of Alzheimer’s disease;
Christen, Y. American Journal of Clinical Nutrition, 71(2):6215-6298, 2000
February. Oxidative stress and Alzheimer disease; Sasaki, et al., American
Journal of Pathology, 153(4):1149-55, 1988 October. Advanced glycation end
products in Alzheimer’s disease and other neurodegenerative diseases.
4Feingold, et al., Atherosclerosis, 199(1):19-26, 2008 July. Infection and
inflammation decrease apolipoprotein M expression; Huang, et al. Medical
Hypotheses, 69(1):136-40, 2007. Apclipoprotein M likely extends its anti-
atherogenesis via anti-inflammation; Dahlback, et al. Current Opinion in Lipi-
dology, 17(3):291-5, 2006 Jun. Apolipoprotein M—a novel player in high-
density lipoprotein metabolism and atherosclerosis.

[0012] Further, based on epidemiological correlation
between cardiovascular disease and cholesterol levels, ¢lini-
cians have long measured and standardized the measurement
of cholesterol levels to assess risks of heart disease. Lipopro-
tein particles (LDL and HDL) and the cholesterol associated
with them also have been used in the assessment of cardio-
vascular risks.> Many research studies have been conducted
to relate health effects to lipoprotein particle sizes and den-
sities, but the conclusions from these studies have not been
consistent.

SChen, et al., International Journal of Urology, 12(10):886-91,2005 October.
Antiandrogenic therapy can cause coronary arterial disease; Florez, et a.,
Atherosclerosis, 188(1):134-41, 2006, September, Increased Apolipoprotein
C-III Levels Associated with Insulin Resistance Contribute to Dyslipidemia in
Normoglycemic and Diabetic subjects from a Triethnic Population; Scheffer, et
al. Clinical Chemistry 54(8):1325-30, 2008 August. Increased plasma apoli-
poprotein C-IIT concentration independently predicts cardiovascular mortality:
the Hoom Study; Gervaise, et al. Diabetologia, 43(6):703-8, 2000 June. Trig-
lycerides, apo C3 and Lp B:C3 and cardiovascular risk in type II diabetes;
Huang, et al. Medical Hypotheses, 69(1): 136-40, 2007. Apolipoprotein M
likely extends its anti-atherogenesis via anti-inflammation; Dahlback, et al.
Current Opinion in Lipidology, 17(3):291-5, 2006 June. Apolipoprotein M-a
novel player in high-density lipoprotein metabolism and atherosclerosis.

[0013] Ower the last few years, there has been considerable
evidence that apolipoprotein levels are associated with a vari-
ety of conditions, and recently the National Heart, Lung, and
Blood Institute (NHLBI), in a recent meeting with the Centers
for Disease Control and Prevention, recommended that apo-
lipoprotein B measurements be included for standardization
in the near future. Apolipoproteins have been associated with
cardiovascular disease, diabetes, stroke, obesity, Alzhe-
imer’s, HIV, and other diseases.® Given the primary role of
apolipoproteins in the transport and metabolism of lipids,
these associations are not surprising. The difficulty of puri-
fying, detecting, and quantifying apolipoproteins, however,
has not made it easy to conduct investigations between levels

of these compounds and health effects.

$Allard, et al. Proteomics. 4(8):2242-51,2004 August. ApoC-1 and ApoC-III as
potential plasmatic markers to distinguish between ischemic and hemorrhagic
stroke; Sierra-Johnson, et al., European Heart Journal, 28(21):2637-43, 2007
November. ApoB/apoA-1: an independent predictor of insulin resistance in US
non-diabetic subjects; Florez, et al., Atherosclerosis, 188(1):134-41, 2006 Sep-
tember. Increased apolipoprotein C-III levels associated with insulin resistance
contribute to dyslipidemia in normoglycemic and diabetic subjects from a
triethnic population; Malik, et al. Clinical Cancer Research, 11(3):1073-85,
2005 Feb. 1. Serum levels of an isoform of apolipoprotein A-11 as a potential
marker for prostate cancer; Chen, et al., International Journal of Urology,
12(10):886-91, 2005 October. Antiandrogenic thetapy can cause coronary
arterial disease; Sundsten, et al., Diabetes/Metabolism Research Reviews,
24(2):148-54, 2008 February. Serum protein patterns in newly diagnosed type
2 diabetes mellitus-influence of diabetic environment and family history of
diabetes; Alborn, et al. Clinica Chimica Acta, 378(1-2):154-8, 2007 Mar.
Relationship of apolipoprotein A5 and apolipoprotein C3 levels to serum
triglycerides in patients with type 2 diabetes; Florez, et a, Atherosclerosis,
188(1):134-41, 2006, September, Increased Apolipoprotein C-Ill Levels Asso-
ciated with Insulin Resistance Contribute to Dyslipidemia in Normoglycemic
and Diabetic subjects from a Triethnic Population; Dallinga-Thie, et al. Dia-
betoloia 49(7):1505-11, 2006 July. Plasma apolipoprotein A5 and triglycerides
in type 2 diabetes; Davidsson, et al., Journal of Lipid Research, 46(9):1999-
2006, 2005 September. A proteomic study of the apolipoproteins in LDL
subclasses in patients with the metabolic syndrome and type 2 diabetes; Rim-
land, et al., Journal of Acquired Immune Deficiency Syndromes: JAIDS, 42(3):
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307-13, 2006 July. Antiretroviral therapy in HIV-positive women is associated
with increased apolipoproteins and total cholesterol; Feingold, et al., Athero-
sclerosis, 199(1):19-26, 2008 July Infection and inflammation decrease apoli-
poprotein M expression; Shuvaev, et al., Neurobiology of Aging, 22(3):397-
402, 2001 May-June. Increased protein glycation in cerebrospinal fluid of
Alzheimer’s disease; Christen, Y. American Journal of Clinical Nutrition,
71(2):6218-629S, 2000 February. Oxidative stress and Alzheimer disease;
Sasaki, et al., American Journal of Pathology 153(4):1149-55, 1988 October.
Advanced glycation end products in Alzheimer’s disease and other neurode-
generative diseases; Rosenberg, et al., Molecular & Cellular Biology, 22(6):
1893-902, 2002 March. Apolipoptrotein J/clustering prevents a progressive
glomerulopathy of aging; Scheffer, et al. Clinical Chemistry, 54(8): 1325-30,
2008 August Increased plasma apolipoprotein C-III concentration indepen-
dently predicts cardiovascular mortality: the Hoorn Smudy; Gervaise, et al.
Diaberologia, 43(6):703-8, 2000 June Triglycerides, apo C3 and Lp B:C3 and
cardiovascular risk in type II diabetes; Ordonez, et al. Histology & Histopa-
thology, 21(4):361-6, 2006 April Apolipeprotein D expression in substantia
nigra of Parkinson disease; Tozuka, et al. dnnals of Clinical & Laboratory
Science, 27(5):351-7, 1997 September-October Characterization of hypertrig-
lyceridemia induced by L-asparaginase therapy for acute lymphoblastic leu-
kemia and malignant lymphoma; Favrot, et al. Biomedicine & Pharmaco-
therapy, 38(1):55-9,1984. Study of blood lipids in 30 children with malignant
hematological disease or carcinoma; Huang, et al. Medical Hypotheses, 69(1):
136-40, 2007. Apolipoprotein M likely extends its anti-atherogenesis via anti-
inflammation; Dahlback, et al. Current Opinion in Lipidology, 17(3):291-5,
2006 June Apolipoprotein M-a novel player in high-density lipoprotein
metabolism and atherosclerosis.

[0014] Using prior art methodology, the quantification and
measurement of apolipoprotein currently requires the step of
separation of lipoprotein particles from serum by analytical
or sequential ultracentrifugation, column chromatography,
electrophoresis, or precipitation. These traditional techniques
currently are too expensive and time consuming for routine
clinical use. Another useful technique is high performance
liquid chromatography, which is faster but much more com-
plex and expensive. Other techniques presently used for mea-
surement of Apo A and B content include enzyme immunoas-
say (ELISA), radioimmunoassay, fluorescence
immunoassay, radial immunodiffusion, nephelometry, turbi-
dimetry and electroimmunoassay. Recently, surface-en-
hanced laser desorption ionization mass spectrometry
(SELDI or SELDITOF-MS, with TOF meaning time of flight
and MS meaning mass spectrometry) has offered some new
options for measuring apolipoproteins in plasma, serum, and
lipoprotein fractions. However, each known technique is dis-
advantageous at least in that a single apolipoprotein nmust be
targeted for quantification and measurement, thus requiring a
plurality of lengthy, complex, and expensive techniques to be
performed if information regarding a plurality of apolipopro-
teins is desired. Further, profiles of total plasma or serum
require elaborate clustering and pattern recognition tech-
niques to detect differences in samples of normal and healthy
individuals.

[0015] Accordingly, there is always a need for accurate,
rapid, reproducible assays for the separation, identification,
and quantification of apolipoproteins. There is a need for
improved techniques for the fingerprinting, profiling, deter-
mining, and/or quantifying of apolipoproteins present in bio-
logical matrices, such as samples of human plasma, serum
and lipoprotein fractions, urine, or the like, whereby the phe-
notype of a particular individual human may be characterized
in lieu of or in addition to the genotype. It is to these needs
among others that the present invention is directed.

BRIEF SUMMARY OF THIS INVENTION

[0016] Briefly, the technique of this invention combines
immunological techniques with surface enhanced laser des-
orption/ionization, SELDI, to facilitate detection and mea-
surement of multiple apolipoproteins directly in biological
matrices, such as, for exemplary purposes only, urine, unfrac-
tionated plasma or serum, or in lipoprotein fractions, or any
other suitable biological matrix. Moreover, internal standards
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facilitate enhanced confidence of results, wherein detection
and measurement of known proteins having very similar anti-
body-binding properties to the proteins of interest, but with a
visibly different molecular mass, may be co-analyzed in order
that the mass of the unknown polypeptide(s) determined by
mass spectrometry may be compared to the mass of the inter-
nal standard reference polypeptide of known identity and
concentration. In such manner, previously unrecognized sys-
temic limitations may be essentially overcome.

[0017] According to its major aspects, and briefly stated,
the preferred apolipofingerprinting technique, as described
herein, enables separation, concentration, and detection of
one or more apolipoproteins on one surface, rather than
requiring, for example, extraction and delipidation of the
sample, and then a selection of either a charged chip or a
series of chips, according to the apolipoprotein for which
information being sought.

[0018] As noted above, according to known methodolo-
gies, profiles of total plasma or serum require elaborate clus-
tering and pattern recognition techniques to detect differ-
ences in samples of normal and healthy individuals. The use
of specific antibodies in SELDI technology, however, leads to
a much simpler method of analysis. Another simplifying fea-
ture of the SELDI technology is retentate chromatography.
Proteins of interest are retained by their binding to a specific
surface while other analytes are washed away, wherein
absorption and desorption can be modified by adjustments in
pH, salt concentration or organic solvents. Sinapinic acid or
another appropriate matrix is mixed in a freshly prepared
solution with tetrafluoroacetic acid and applied to the so-
called chip and, upon drying, the matrix-embedded analyte
molecules are desorbed by a laser, ionized from the solid
phase, and accelerated as intact molecular ions. These SELDI
features are further exploited by the improved technique of
the present invention.

[0019] One embodiment of the preferred technique of the
present invention uses specific antibodies, bound to surface-
enhanced chips via Protein G, or similarly functional anti-
body capture protein or molecule, to selectively absorb apo-
lipoproteins directly from plasma samples. The preferred
Protein G binds the fc portion of the selected antibodies,
resulting in an intentional directional positioning thereof that
serves to reproducibly enhance the binding of the antibodies
to specific antigens of interest in biological samples. One or
more of the specifically targeted apolipoproteins in a biologi-
cal sample are thus retained on the surface of the surface-
enhanced chips, while other sample components are washed
away. The EAM (energy absorbing molecule) solution matrix
facilitates laser desorption ionization of the apolipoproteins.
The ionized apolipoproteins reach the detector at slightly
different times based on their times of flight, which time
differences can be converted to masses. The intensities of the
peaks are related to the quantity of each protein. Thus, total
apolipoprotein, as well as isoforms, may be identified and
quantitated, resulting in the efficient development of an apo-
lipoprotein profile for a target sample from a singular tech-
nique. Moreover, the technique provides for a beneficial
increase in quality control by enabling the inclusion of inter-
nal standards, thus increasing quality assurance, accuracy and
reproducibility of the results.

[0020] The compositions, levels, and isoforms of apolipo-
proteins in biological matrices, plasma and in lipoprotein
fractions are determinant of several disorders or conditions
related to cardiovascular disease and other chronic disorders
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such as stroke, metabolic syndrome, inflammation, Parkin-
son’s disease, diabetes, Alzheimer’s, HIV and HIV patients
under protease inhibitors (hypertriglyceridemic), and various
types of lipoproteinemia.” For example, a clinical diagnostic
assay for ClII isoforms, according to the presently described
technique, could beneficially indicate potential disorders,
including, but not limited to, those mentioned above. Clinical
studies using lipid-lowering drugs would benefit from the
apolipoprotein fingerprinting techniques of the present inven-
tion, wherein the techniques of the present invention would
enable a valuable look at the levels and distribution of apoli-
poproteins and their isoforms in biological matrices, such as
plasma and in different lipoprotein fractions to show how
these parameters change with different disorders and treat-
ments. The techniques of the present invention also are ideal
for assessing apolipoprotein status in newborns and for evalu-
ating apolipoprotein modifications that occur with aging,
nutrition, environmental exposures, and lifestyle changes.
d.

[0021] TIllustrative applications of the presently described
technique include defining disease specific apolipoprotein
biomarkers or profiles and developing quantitative assays that
are rapid and useful for diagnosis or categorizing one or more
diseases or conditions. These features, and other features and
advantages of the present invention will become more appar-
ent to those of ordinary skill in the relevant art when the
following detailed description of the preferred embodiments
is read in conjunction with the appended drawings.

BRIEF DESCRIPTION OF THE FIGURES

[0022] The present invention will be better understood by
reading the Detailed Description of the Preferred and Alter-
nate Embodiments with reference to the accompanying draw-
ing figures, which illustrate representative isoform standards
and profile reproducibility for the invention, in which like
reference numerals denote similar structure and refer to like
elements throughout, and in which:

[0023] FIG. 1A is a table of Molecular Weights of the
Different CIII Isoform Standards;

[0024] FIG. 1B is a representation of Reported Mass Spec-
tra and Molecular Weights of the Different CIII Isoform Stan-
dards;

[0025] FIG. 2 is a representation of Pooled Apolipoprotein
CIII (CIII-0, CIII-1, and CIII-2 Isoforms) Profile CIPHER-
GEN Q10 chip;

[0026] FIG. 3 is a representation of Pooled Apolipoprotein
CIII (CIII-0, CIII-1, and CIII-2 Isoforms) Profile CIPHER-
GEN CM10 chip;

[0027] FIG. 4A is a first representation of CIII Isoforms
Profile Reproducibility CIPHERGEN Anti-CIII PS 20 chip;
[0028] FIG. 4B is a second representation of CIII Isoforms
Profile Reproducibility CIPHERGEN Anti-CIII PS 20 chip;
[0029] FIG. 5 is a representation of CIII Isoforms Profile
Reproducibility CIPHERGEN Anti-CIII PS 20 chip;

[0030] FIG. 6 is a representation of Plasma CIII Isoform
Profile Reproducibility;

[0031] FIG. 7 is a representation of Plasma CIII Isoform
Profile at Different Plasma Dilutions;

[0032] FIG. 8 is a representation of Plasma CIII Isoform
Profile at Different Plasma Dilutions;

[0033] FIG. 9 is a representation of Comparison of CIII
Isoform Profile of Normal and Diabetic Subjects CIPHER-
GEN Anti-CIII PS 20 chip;
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[0034] FIG. 10 is a representation of Comparison of Apo-
lipoprotein C Profile of Normal an Diabetic Subjects;
[0035] FIG. 11 is a representation of Distribution in Whole
Plasma Between Normal and Diabetic Subjects; and

[0036] FIG. 12 is a representation of Apolipoprotein Iso-
form Profiles from Direct Plasma Tests.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0037] In describing the preferred and alternate embodi-
ments of the present invention, and with reference to FIGS.
1A-12, specific terminology is employed for the sake of clar-
ity. The invention, however, is not intended to be limited to the
specific terminology so selected, and it is to be understood
that each specific element includes all technical equivalents
that operate in a similar manner to accomplish similar func-
tions.

[0038] This invention provides sensitive and rapid methods
that can be useful in identifying and assessing cardiovascular
diseases (e.g. lipid disorders, metabolic syndrome, and ath-
erosclerosis), Alzheimer’s disease, cancer, prostate cancer,
stress, stroke, diabetes, inflammation, Parkinson’s disease
and other neurological disorders, and/or any condition or
disorder that may be diagnosed and/or characterized using a
profile comprising apolipoproteins. As anapolipoprotein pro-
file, and relative isoform characterization, correlates with a
status of a disease, so therefore the status of a disease in a
patient can be determined sensitively and rapidly using the
presently described technique. Thus, an ability of the pres-
ently described technique and methodology is to enable defi-
nition of disease specific apolipoprotein biomarkers or pro-
files and to develop quantitative assays that are rapid and
useful for diagnosis or categorizing one or more diseases or
conditions.

[0039] More particularly, in one illustrative embodiment,
the present invention provides a method of qualifying disease
status in a subject comprising the steps of:

[0040] (1) measuring at least one biomarker in a sample
from the subject, wherein the at least one biomarker is
selected from the group consisting of Apo CI, Apo CII, Apo
CHI, Ape CIV, Apo Al, Apo All, Apo ALV, Apo AV, Apo
B100, Apo B48, Apo E, Apo D, Apo H, Apo G, Apo F, Apo J,
Apo L, Apo M, isoforms thereof, and combinations thereof;
[0041] (2) analyzing or quantifying or measuring the at
least one biomarker in the sample by spectrometry;

[0042] (3) preparing a profile of the at least one biomarker
using the analysis, quantification, or measurement; and
[0043] (4) comparing the profile of the at least one biom-
arker to standard profiles that indicate disease,

[0044] whereby the presence, absence, or relative concen-
tration of the at least one biomarker in the sample indicates
disease.

[0045] In a related illustrative embodiment the present
invention provides a method of qualifying disease status in a
subject comprising the steps of:

[0046] (1) measuring a plurality of biomarkers in a sample
from the subject, wherein the biomarkers are selected from
the group consisting of Apo ClI, Apo CIT, Apo CIII, Apo CIV,
Apo Al, Apo All, Apo AIV, Apo AV, Apo B100, Apo B4g,
Apo E, Apo D, Apo H, Apo G, Apo F, Apo J, Apo L, Apo M,
isoforms thereof and combinations thereof;

[0047] (2)analyzing or quantifying or measuring the biom-
arkers in the sample by spectrometry;
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[0048] (3) preparing a profile of the biomarkers using the
analysis, quantification, or measurement; and

[0049] (4) comparing the profile of the biomarkers to stan-
dard profiles that indicate disease,

[0050] whereby the presence, absence, or relative concen-
tration of the biomarkers in the sample indicates a disease or
diseases.

[0051] In other illustrative embodiments, the measuring
step comprises quantifying the amount of the at least one
biomarker or plurality of biomarkers in the sample. In further
illustrative embodiments, the invention involves resolution of
the at least one biomarker or plurality of biomarkers, com-
prising the use of SELDI mass spectrometry.

[0052] Thus, the presently described high-throughput pro-
tein profiling technique, in combination with effective use of
bioinformatics tools provides a useful approach to screening
forbiomarkers, as well as other useful benefits as compared to
presently available techniques for apolipoprotein determina-
tion. The system used in the present invention preferably
utilizes chromatographic PROTEINCHIPO laboratory
equipment, namely, an apparatus for screening samples,
detecting the presence of analytes in samples, identifying
sample type, together with measuring patterns, as well as
equipment for making and screening molecular arrays to
assay samples using SELDI. Proteins bound to the arrays are
preferably read in a PROTEINCHIPO array reader, which is
a time-of-flight mass spectrometer.

[0053] Additionally, the method of this invention effec-
tively enhances the ability of the chip to reproducibly detect
modified proteins (glycosylated proteins, etc.) and degraded
proteins, wherein the utilization of Protein G, Protein A,
derivatives thereof, or other suitable antibody receptor mol-
ecule, facilitates accurately preferred directional placement
of antibodies on the chip, wherein the term antibody, as used
throughout, is intended to refer to whole antibody, antibody
fragment, antibody mimic, aptimer, and/or any other suitable
antigen receptor. Similarly, the term antibody receptor, as
used throughout, is intended to refer to any molecular struc-
ture, or component thereof, that is able to bind with an anti-
body, or antigen receptor, as defined herein. Further, the
method’s elimination of initial extraction and targeted puri-
fication techniques coupled with the replacement of fluores-
cence-based detection techniques allows for the detection of
a plurality of apolipoproteins with pre- and/or post-transla-
tional modifications. Pre-translational modified forms
include allelic variants, slice variants and RNA editing forms.
Post-translational modified forms include forms resulting
from truncation, proteclytic cleavage (for example, frag-
ments of a parent protein), glycosylation, lipidation, cysteiny-
lation, glutationylation, phosphorylation, prenylation, acyla-
tion, acetylation, methylation, sulfation, sulfonation,
hydroxylation, myristoylation, farnesylation, oxidation and
ubiquitination. Modified forms of any biomarker of this
invention also, themselves, may thus be used as biomarkers.
Such modifications have previously served to adversely influ-
ence or prevent results in former techniques.

[0054] As may be seen, the profiles realized from the
present technique may comprise the compositions, levels,
and isoforms of apolipoproteins from any suitable biological
matrix, such as extracted from plasma and in lipoprotein
fractions, wherein such compositions, levels, and isoforms
may be determinant of several diseases, disorders or condi-
tions. As used herein, the term diseases includes disorders and
conditions and is used specifically in relation to, but not
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limited to, cardiovascular disease and other chronic disorders
such as stroke, metabolic syndrome, diabetes, Alzheimer’s,
HIV. inflammation, Parkinson’s, neurological disease, vari-
ous types of lipoproteinemia, prostate cancer, and various
other cancers. For example, clinical studies conducted in
conjunction with the aforementioned or other relevant dis-
eases and the use of lipid-lowering drugs would benefit from
the apolipoprotein fingerprinting technique of the present
invention, wherein rapid, efficient, reliable and accurate
results may be collected and analyzed. As a further example,
use of the fingerprinting technique of the present invention
would enable a look at the levels and distribution of apolipo-
proteins and their isoforms in plasma and in different lipo-
protein fractions to show how these parameters change with
different diseases and their treatments. For still another
example, the technique of the present invention can be ideal
for assessing apolipoprotein status in newborns and for evalu-
ating apolipoprotein modifications that occur with aging,
nutrition, environmental exposures, and lifestyle changes, for
example.

[0055] In yet another example, the present invention pro-
vides kits for qualifying disease status in which the kits can be
used to measure particular biomarkers, according to the tech-
nique present invention. For example, the kits can be used to
measure any one or more of the biomarkers described herein,
which biomarkers are differentially present in samples of
diseased patient and normal subjects. For another example,
the kits also can be used to monitor the patient’s response to
a course of treatment, enabling the physician to modify the
treatment based upon the results of the test. For still another
example, the kits can be used to identify compounds that
modulate expression of one or more of the biomarkers in in
vitro or in vivo animal models for diseases, assessing the
impact of metabolic changes due to differences in the levels of
hormones, vitamins, enzyme activities and other vital bio-
logical regulatory molecules on lipid, protein and carbohy-
drate metabolisms, immunity, mental health, and behavior.
And, further, the kits can be used to look at the impact of
genetics on nutrition, drug and other therapy, such as gene,
chemo-, radio-, or the like, treatment and response, aging,
behavior, growth and development, lifestyle, environment,
and diseases on protein expressions and human metabolism.

[0056] One embodiment of the preferred technique of the
present invention uses specific antibodies, bound to surface-
enhanced chips via Protein G, to selectively absorb apolipo-
proteins directly from plasma samples. Protein G binds the fe
portion of the antibodies, effectively and beneficially orient-
ing the bound antibodies. Prior techniques were disadvanta-
geously unreliably non-reproducible, wherein the physical
orientation of the bound antibodies was left to chance, and
thus varied in the concentration of sites that were available for
subsequent binding to the target apolipoprotein. Thus, the
present technique enhances the binding of the antibodies to
specific antigens of interest in biological samples. In the
context of the present disclosure, and particularly with
respect to the antibodies as discussed hereinabove, it is noted
thatantibody fragments, mimics, and/or any other component
comprising the appropriate variable region and/or antigen
receptor may alternately be utilized.

[0057] The surface of the surface-enhanced chips retains
the specific apolipoproteins, while other sample components
are washed away. The EAM solution matrix facilitates laser
desorption ionization of the apolipoproteins. The ionized
apolipoproteins reach the detector at slightly different times
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based on their times of flight, which time differences can be
converted to masses. The intensities of the peaks are related to
the quantity of each protein. As used herein, the terms anti-
body and antibodies include fragments of antibodies, immu-
noglobulins, affybodies, etcetera. It should be noted that
according to the preferred technique, and unlike other pres-
ently available techniques for apolipoprotein characteriza-
tion, the profile is phenotypic, rather than genotypic. This
beneficial characteristic allows for identification of modified
apolipoproteins, and can therefore facilitate identification of
environmental influences, for example, when comparing
samples from the same individual from differing time peri-
ods. By way of further example, development of an apolipo-
protein profile according to the present technique would
enable identical twin samples to be distinguished based upon
lifestyle modifications, or mutations, that are reflected in the
profile differences.

[0058] Preferred methods of measuring the biomarkers
include use of a biochip array. Biochip arrays useful in the
invention include protein and nucleic acid arrays. One or
more biomarkers, apolipoproteins and modifications thereof,
as described herein, are captured on the biochip array and
subjected to laser ionization to detect the molecular weight of
the biomarkers. Analysis of the biomarkers is, for example, by
molecular weight of the one or more biomarkers against a
threshold intensity that is normalized against total ion current.
Preferably, logarithmic transformation is used for reducing
peak intensity ranges to limit the number of biomarkers
detected. Also preferably, one or more internal standards are
captured on the same biochip array with the biomarker
unknowns, wherein the internal standard(s) is preferably a
biomarker of a molecular weight of a size relevant to the
biomarkers sought for profiling. The ability of the present
technique to facilitate the addition of an intemal standard
enables quantitation of profile components, including identi-
fied apoliprotein isoforms. The ability of the described tech-
nique to define and present the contribution of each apolipo-
proteinisoform to overall health and relate this information to
the currently measured and known total protein concentration
enables the physician to translate new knowledge to existing
clinical guidelines of patient care. Previous techniques have
been unable to provide such data.

[0059] In preferred methods of the present invention, the
step of preparing a profile of biomarkers and comparing the
biomarkers with a disease status is performed by a software
classification algorithm. Preferably, data is generated on
immobilized subject samples on a biochip array by (1) sub-
jecting the biochip array to laser ionization and detecting the
intensity of a signal for mass/charge ratio; (2) transforming
the data into computer readable form; (3) executing an algo-
rithm that classifies the data according to user input param-
eters for detecting signals that represent biomarkers that are
present in diseased patients and that are lacking in non-dis-
eased subject controls; (4) comparing the levels of the biom-
arkers to the existing clinical reference range to assess the
degree of risk or severity of the disease; and (5) transforming
individual biomarker’s data into the currently measured and
known total protein concentration to enable the translation of
new knowledge to existing clinical guidelines of patient care.
Step (1) preferably uses SELDI-TOF-MS, which generally
speaking comprises (a) providing a probe adapted for use
with a mass spectrometer comprising an adsorbent attached
thereto; (b) contacting the subject sample with the adsorbent;
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(c) desorbing and ionizing the biomarker or biomarkers from
the probe; and (d) detecting the ionized biomarkers with the
mass spectrometer.

[0060] Inoneexample, CIPHERGEN BIOMARKER PAT-
TERNS™ software, which is a software package for super-
vised classification of SELDI mass spectral data sets derived
from the CIPHERGEN PROTEINCHIP® array platform
mass spectrometers and chemical synthesizers used to deter-
mine protein identification and structure, is used to detect a
pattern in the spectra that are generated. The data is classified
using a pattern recognition process that uses a classification
model. In general, the spectra will represent samples from at
least two different groups for which a classification algorithm
1s sought. For example, the groups can be pathological versus
non-pathological (for example, cancer versus non-cancer),
drug responder versus drug non-responder, toxic response
versus non-toxic response, progressor to disease state versus
non-progressor to disease state, or phenotypic condition
present versus phenotypic condition absent.

[0061] Thespectra that are generated in step (1) of embodi-
ments of the invention can be classified using a pattern rec-
ognition process that uses a classification model. In some
embodiments, data derived from the spectra (for example,
mass spectra or time-of-flight spectra) that are generated
using samples such as “known samples™ can then be used to
“train” a classification model. A “known sample” is a sample
that is preclassified (for example, cancer or not cancer). Data
derived from the spectra (for example, mass spectra or time-
of-flight spectra) that are generated using samples such as
“known samples” then can be used to “train” a classification
model. A “known sample” is a sample that is pre-classified.
The data that are derived from the spectra and are used to form
the classification model can be referred to as a “training data
set”. Once trained, the classification model can recognize
patterns in data derived from spectra generated using
unknown samples. The classification model can then be used
to classify the unknown samples into classes. This can be
useful, for example, in predicting whether or not a particular
biological sample is associated with a certain biological con-
dition (for example, diseased vs. non diseased).

[0062] The training data set that is used to form the classi-
fication model may comprise raw data or pre-processed data.
Insome embodiments, raw data can be obtained directly from
time-of-flight spectra or mass spectra, and then may be
optionally “preprocessed” in any suitable manner. For
example, signals above a predetermined signal-to-noise ratio
can be selected so that a subset of peaks in a spectrum is
selected, rather than selecting all peaks in a spectrum. In
another example, a predetermined number of peak “clusters”
at a common value (for example, a particular time-of-flight
value or mass-to-charge ratio value) can be used to select
peaks. [llustratively, if a peak at a given mass-to-charge ratio
is in less than 50% of the mass spectra in a group of mass
spectra, then the peak at that mass-to-charge ratio can be
omitted from the training data set. Pre-processing steps such
as these can be used to reduce the amount of data that is used
to train the classification model.

[0063] Classification models can be formed using any suit-
able statistical classification (or “learning”) method that
attempts to segregate bodies of data into classes based on
objective parameters present in the data. Classification meth-
ods may be either supervised or unsupervised. Examples of
supervised and unsupervised classification processes are
described in Jain, “Statistical Pattern Recognition: A
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Review”, IEEE Transactions on Pattern Analysis and
Machine Intelligence, Vol. 22, No. 1, January 2000, which is
herein incorporated by reference in its entirety.

[0064] Insupervised classification, training data containing
examples of known categories are presented to a learning
mechanism, which learns one or more sets of relationships
that define each of the known classes. New data may then be
applied to the learning mechanism, which then classifies the
new data using the learned relationships. Examples of super-
vised classification processes include linear regression pro-
cesses (for example, multiple linear regression (MLR), par-
tial least squares (PLS) regression and principal components
regression (PCR)), binary decision trees (for example, recur-
sive partitioning processes such as CART—classification and
regression trees), artificial neural networks such as back
propagation networks, discriminant analyses (for example,
Bayesian classifier or Fischer analysis), logistic classifiers,
and support vector classifiers (support vector machines).
[0065] Once captured on a substrate, for example a biochip
or antibody, any suitable method can be used to measure a
biomarker or biomarkers in a sample. For example, biomar-
kers can be detected and/or measured by a variety of detection
methods including for example, gas phase ion spectrometry
methods, optical methods, electrochemical methods, atomic
force microscopy and radio frequency methods. Using these
methods, one or more biomarkers can be detected in the
sample.

[0066] Inpreferred methods of the present invention, mul-
tiple biomarkers are measured. The use of multiple biomar-
kers increases the predictive value of the test and provides
greater utility in diagnosis, toxicology. patient stratification
and patient monitoring. The process called “pattern recogni-
tion” detects the patterns formed by multiple biomarkers and
greatly improves the sensitivity and specificity of clinical
proteomics for predictive medicine. Subtle variations in data
from clinical samples, for example obtained using SELDI,
indicate that certain patterns of protein expression can predict
phenotypes such as the presence or absence of a certain dis-
ease, a particular stage of disease progression, or a positive or
adverse response to drug treatments.”

Bard, et al., Anziviral Therapy, 11(3):361-70, 2006. Study Group Association of
apolipoproteing C3 and E with metabolic changes in HIV-infected adults
treated with a protease-inhibitor-containing antiretroviral therapy.

[0067] Data generation in mass spectrometry begins with
the detection of ions by an ion detector as described above.
Tons that strike the detector generate an electric potential that
1s digitized by a high speed time-array recording device that
digitally captures the analog signal. The CIPHERGEN PRO-
TEINCHIP® array system employs an analog-to-digital con-
verter (ADC) to accomplish this. The ADC integrates detec-
tor output at regularly spaced time intervals into time-
dependent bins. The time intervals typically are one to four
nanoseconds long. Furthermore, the time-of-flight spectrum
ultimately analyzed typically does not represent the signal
from a single pulse of ionizing energy against a sample, but
rather the sum of signals from a number of pulses. This
reduces noise and increases dynamic range. This time-of-
flight data is then subject to data processing. In the CIPHER-
GEN PROTEINCHIPO array software, data processing typi-
cally includes TOF-to-M/Z transformation, baseline
subtraction, and high frequency noise filtering. In this step,
the signals are converted from the time domain to the mass
domain.

[0068] Baseline subtraction improves data quantification
by eliminating artificial, reproducible instrument offsets that
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perturb the spectrum It involves calculating a spectrum base-
line using an algorithm that incorporates parameters such as
peak width, and then subtracting the baseline from the mass
spectruni. Peak data from one or more spectra can be subject
to further analysis by, for example, creating a spreadsheet in
which each row represents a particular mass spectrum, each
column represents a peak in the spectra defined by mass, and
each cell includes the intensity of the peak in that particular
spectrum. Various statistical or pattern recognition
approaches can applied to the data. As disclosed above, the
CIPHERGEN BIOMARKER PATTERNS™ software is
preferably used to detect a pattern in the spectra that are
generated. The data is classified using a pattern recognition
process that uses a classification model. In general, the spec-
tra will preferably represent samples from at least two differ-
ent groups for which a classification algorithm is sought.
[0069] Samples can be collected from patients or other
subjects who want to establish various disease statuses. The
subjects may be particular humans who believe that they are
ormay be at higher risk for certain types of diseases from, for
example, their medical history. Other subjects may be people
who have had certain diseases and wish to monitor the effec-
tiveness of their treatment. Further, it is possible to obtain the
samples from subjects as part of routine examinations.
[0070] Any biomarker, individually, is useful in aiding in
the determination of disease status. First, the selected biom-
arker is measured in a subject sample using the methods
described herein, for example capture on a SELDI biochip
followed by detection by mass spectrometry. Then, the mea-
surement is compared with a diagnostic amount or control
that distinguishes that disease status from a non-disease sta-
tus. The diagnostic amount will reflect that a particular biom-
arker is up-regulated or downregulated in a disease status
compared with a non-disease status. As is well understood in
the art, the particular diagnostic amount used can be adjusted
1o increase sensitivity or specificity of the diagnostic assay
depending on the preference of the diagnostician. The test
amount as compared with the diagnostic amount thus indi-
cates disease status.

EXAMPLE METHODOLOGIES

[0071] The example methodologies disclosed below are
representative methods for using the preferred embodiments
of the invention. In these methodologies, a serum sample can
be collected from a patient and then fractionated using an
anion exchange resin. The biomarkers in the sample are cap-
tured using an IMAC (Immobilized Metal Affinity Capture)
copper PROTEINCHIP® array.” The biomarkers then are
detected using SELDI. The results then are entered into a
computer system, which contains an algorithm that is
designed using the same parameters that were used in the
learning algorithm and classification algorithm to originally
determine the biomarkers. The algorithm produces a diagno-
sis based upon the data received relating to each biomarker.
See FIGS. 1A-12 for experimental data regarding correla-
tions between CIII isoforms and cardiovascular disease and
diabetes. Exemplary correlations between various apolipo-
proteins and diseases, as previously discussed, were con-
firmed in the literature. *°

*Dubrovsky, et al. Clinical Chemistry, 45(9):1675. 1999. Immobilization of
monolayers of Fe-binding Receptors on Planar Solid Supports.

'0Allard, et al. Proteomics, 4:2242-2004. ApoC-1 and ApoC-1II as potential
plasmatic markers to distinguish between ischemic and hemorrhagic stroke;
Scheffer, et al., Clinical Chemistry. 54(8):1325-30, 2008 August. Increased
plasma apolipoprotein C-IIT concentration independently predicts cardiovas-
cular mortality: the Hoorn Study; Gervaise, et al. Diabetologia. 43(6):703-8,
2000 June. Triglycerides, apo C3 and Lp B:C3 and cardiovascular risk in type
1T diabetes.
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[0072] The diagnosis can be determined by examining the
data produced from the SELDI tests with the classification
algorithm that is developed using the biomarkers. The clas-
sification algorithm depends on the particulars of the test
protocol used to detect the biomarkers. These particulars
include, for example, sample preparation, chip type and mass
spectrometer parameters. If the test parameters change, the
algorithm must change. Similarly, if the algorithm changes,
the test protocol can change.

[0073] For the present preferred invention, purified apoli-
poproteins, plasma samples from normal subjects, and
plasma saniples from diabetic subjects were analyzed using
the PG-20 protein chip surface. The specific apolipoproteins
that were analyzed according to the method of the invention
are present in a plurality of biological matricies, including,
but not limited to, plasma, serum and lipoprotein fraction in
various levels. The presence of each apolipoprotein is deter-
mined using antibodies specific for each of the apolipopro-
teins.

[0074] The below disclosed protocol is limited to the
molecular weight range that can be analyzed by current MS
technology. Initially, B100 (500 kD) and B48 (approx 250
kD) are either first isolated by binding to the antibody-sur-
face, released and then chemically or enzymatically frag-
mented prior to MS analysis or by direct digest while bound
to the PG20 chip using the below protocol.

1. Sample Preparation

[0075] Before the SELDI-TOF-MS procedure, plasma
samples were diluted with buffer 5 and the antibody was
coupled to the PROTEINCHIP® as follows:

[0076] Preparation of Plasma Sample:

[0077] (1) Prepare U9Buffer (9 M urea, 50 mM HEPES,
0.5% CHAPS, pH 7); and

[0078] (2) Dilute plasma sample with U9 Buffer (1:2) and
vortex in cold for 30 minutes.

[0079] Coupling of Antibody to PROTEINCHIP® Array

[0080] (1) Dilute antibody to 0.2 mg/ml and add 2 l to
spots on array,
[0081] (2) Transfer array to a humidity chamber and incu-

bate for 1 hour at room temperature;

[0082] (3) Aspirate antibody without touching surface of
spot;
[0083] (4) Wash chip in 15 mL conical tube for 10 minutes

with 8 mL of wash buffer;

[0084] (5) Empty and wash with 8 mL of phosphate-buff-
ered saline for 5 minutes, and repeat; and

[0085] (6) Blot excess PBS from the surface of the chip.

2. SELDI-TOF-MS Procedure

[0086] (1) Add 2 pl of plasma sample to each spot;

[0087] (2) Transfer array to a humidity chamber and incu-
bate for 1 hour at room temperature;

[0088] (3) Wash chip in 15 mL conical tube with 8 mL of
wash buffer for 10 minutes;

[0089] (4) Empty and wash with 8 mL of Phosphate-buff-
ered Saline for 5 minutes, and repeat;

[0090] (5) Empty and wash with 8 mL. of 1 mM HEPES
(N-2-Hydroxyethylpiperazine-N'-2-Ethanesulfonic Acid) 1
minute, and repeat;

[0091] (6) Remove chip from tube, flick off liquid, and
air-dry for 10 minutes;
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[0092] (7) Prepare EAM solution by adding 100 pl of
99.8% acetonitrile and 100 pl of 1.0% trifluoroacetic acid to
1 vial (10 mg) of sinapinic acid powder, and vortex for 5
minutes to dissolve the powder; and

[0093] (8)Add 5plofEAM solutionto each spotand air dry
for 5 minutes, repeat, and air dry for 10 minutes.

[0094] The procedure may be modified for use with a bio-
processor that allows larger volumes and automated addition
of samples and reagents. Both positive and negative controls
are usually included in experiments. TNF-a (Tumor Necrosis
Factor Alpha) antibody and antigen are included in the kit for
this purpose.

3. Generation of Fingerprints

[0095] The preferred procedure for generating apolipopro-
tein fingerprints for plasma samples and purified apolipopro-
teins is described below:

[0096] (1) The PROTEINCHIP® array reader and software
(Ciphergen Biosystems, Inc.) are used to generate the pro-
files.

[0097] (2) Spot protocols are generated and used to make
the chips.

[0098] (3) Data collection parameters must be adjusted for
each antigen and are based on molecular mass. Instructions
are included in the PROTEINCHIP® array Antibody Capture
Kit supplied by Ciphergen Biosystems, Inc.

[0099] (4) The data was analyzed and the apolipoprotein
fingerprints were generated by, for example, comparing the
data intrinsically with itself and comparing the data extrinsi-
cally with norms such as, for example, control subjects.
[0100] Alternatively, this invention can be carried out by
coupling antibodies, fragments thereof, or mimic molecules
to beads, capturing the apolipoproteins on the beads, eluting
purified proteins from the beads, and then detecting by any
version of mass spectrometry, including matrix assisted laser
desorption ionization (MALDI) and electrospray methods.
Methods for coupling antibodies to beads are well known in
the art and such methods are suitable for the present inven-
tion. MALDI is a laser-based soft ionization method in which
the sample is embedded in a chemical matrix that greatly
facilitates the production of intact gas-phase ions from large,
nonvolatile, and thermally labile compounds such as proteins,
oligonucleotides, synthetic polymers, and large inorganic
compounds. The matrix plays a key role in this technique by
absorbing the laser light energy and causing a small part of the
target substrate to vaporize.

[0101] The foregoing detailed description of the preferred
embodiments and the appended figures have been presented
only for illustrative and descriptive purposes and are not
intended to be exhaustive or to limit the scope and spirit of the
invention. The embodiments were selected and described to
best explain the principles of the invention and its practical
applications. One of ordinary skill in the art will recognize
that many variations can be made to the invention disclosed in
this specification without departing from the scope and spirit
of the invention.

[0102] Again, although the description given above
includes specific examples of currently envisioned embodi-
ments of the present invention, these possibilities should not
be understood as limiting the scope of the present invention
but rather as providing illustrations of some of the embodi-
ments that are now preferred. Several examples of alternate
embodiments are also described and various other alterna-
tives, adaptations, and modifications may be made within the
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scope of the present invention. Merely listing or numbering
the steps or blocks of a method, procedure, or experiment in
a certain order does not constitute any limitation on the order
of the steps of that method. Many modifications and other
embodiments of the invention will come to mind to one
skilled in the art to which this invention pertains having the
benefit of the teachings presented in the foregoing descrip-
tions and the associated drawings. Although specific terms
may be employed herein, they are used in a generic and
descriptive sense only and not for purposes of limitation.
Accordingly, the claims that follow herein and their legal
equivalents, rather than the examples given in the specifica-
tion, should determine the scope of present.

1. A method for obtaining and reporting a profile of at least
one selected apolipoprotein biomarker in a biological sample,
comprising:

a) providing the biological sample;

b) treating a surface with an antibody receptor molecule;

¢) applying at least one antigen receptor to the treated
surface to bind with the antibody receptor molecule;

d) applying the biological sample to the treated surface to
bind with the at least one selected apolipoprotein biom-
arker;

e) removing unbound components of the biological
sample;

) measuring the at least one selected apolipoprotein biom-
arker by analyzing the sample by spectrometry; and

) preparing the profile using the simultaneous analysis.

2. The method as claimed in claim 1, wherein the at least
one selected apolipoprotein biomarker is selected from the
group consisting of Apo Cl, Apo CII, Apo CIII, Apo CIV, Apo
Al,Apo All, Apo AlV, Apo AV, Apo B48, Apo B100, Apo D,
Apo E,ApoF, Apo G, Apo H, Apo ], Apo L, Apo M, isoforms,
modifications, mutations, and combinations thereof.

3. The method as claimed in claim 1, wherein the spec-
trometry analysis is laser desorption ionization time-of-flight
mass spectrometry.

4. The method as claimed in claim 1, whereby at least one
disease may be diagnosed.

5. The method as claimed in claim 1, wherein the biological
sample is selected from the group consisting of human bio-
logical matrices, urine, plasma, serum, and human lipopro-
tein fractions.

6. The method as claimed in claim 4, wherein the at least
one disease is selected from the group consisting of diabetes,
stroke, stress, Alzheimer’s, cardiovascular diseases, lipid dis-
orders, metabolic syndrome, obesity, inflammation, Parkin-
son’s disease, neurological disorders, and atherosclerosis.

7. A method for determining the concentration of specific
apolipoproteins in a biological sample, the sample being
obtained from a patient and the sample including plasma,
serum, and lipoprotein fractions, the method comprising the
steps of}

a) adding a specific volume of an internal standard to the

sample;

b) applying the sample to a surface-enhanced, Protein
G-coated, antibody-bound chip and removing unbound
sample components;

¢) analyzing the sample by mass spectrometry; and

d) determining the concentration of the apolipoproteins
using values of internal standards.

8. The method as claimed in claim 7, wherein each ana-

lyzed apolipoprotein is bound to a specific antibodies anti-
body on the chip.
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9. The method as claimed in claim 8, wherein the specific
antibodies are immobilized on the antibody capture protein
coated surface of the chip, and wherein the specific antibodies
are selected from the group consisting of antibody fragment,
antibody mimic, antibody, and aptimer.

10. The method as claimed in claimed in claim 9 wherein
the sample is applied to and allowed to bind with the antibody
capture protein coated surface, and the unbound sample com-
ponents are washed away.

11. The method as claimed in claim 7, wherein the mass
spectrometry is laser desorption ionization time-of-flight
mass spectrometry.

12. The method as claimed in claim 7, wherein apolipo-
proteins are selected from the group consisting of Apo CI,
Apo CII, Apo CIII, Apo CIV, Apo Al, Apo All, Apo AlV,
Apo AV, Apo B48, Apo B100, Apo D, Apo E, Apo F, Apo G,
Apo H, Apo J, Apo L and Apo M and the chip bound anti-
bodies are selected from the group consisting of antibodies to
Apo CI, Apo CII, Apo CIII, Apo CIV, Apo Al, Apo C11, Apo
AIV, Apo AV, Apo B48, Apo B100, Apo D, Apo E, Apo F, Apo
G, Apo H, Apo I, Apo L and Apo M.

13. The method as claimed in claim 12, wherein the sample
is selected from the group consisting of human urine, body
fluid, plasma, serum, and human lipoprotein fractions.

14. The method as claimed in claim 7, wherein the at least
one internal standard protein is developed by modifying at
least one selected purified protein, wherein a reference value
is set for each at least one internal standard protein using high
resolution mass spectrometry, and wherein concentration
value for each at least one selected apolipoprotein biomarker
identified in the biological sample are based on internal stan-
dards developed by modifying selected purified proteins and
defining reference values therefore using high resolution
mass spectrometry.

15. The method as claimed in claim 2, wherein the modi-
fications are selected from the group consisting of glycation,
sialylation, fragmentation, amino acid substitutions, allelic
variants, slice variants, RNA editing forms, pre-translational
modifications, post-translational modifications, truncation,
proteolytic cleavage, glycosylation, lipidation, cysteinyla-
tion, glutationylation, phosphorylation, prenylation, acyla-
tion, acetylzation, methylation, sulfation, hydroxylation,
myristoylation, farnesylation, oxidation, and ubiquitination.

16. A method for use in assessing risk factors, disease state,
drug treatment and response in the field of pharmacogenetics,
comprising the steps of:

a) collecting a first biological specimen from a human

being;

b) generating a first apolipoprotein fingerprint for the bio-
logical specimen, said apolipoprotein fingerprint com-
prising data on presence and absence of a plurality of
targeted apolipoproteins, on structural features and dif-
ferences between isoforms of said plurality of targeted
apolipoproteins, and on concentration of said plurality
of targeted apolipoproteins;

¢) comparing said first apolipoprotein fingerprint data to
reported risk factor data to assess risk factors, or to
reported disease state data to assess disease state or
status;

d) collecting a second biological specimen from the same
human being;

e) generating a second apolipoprotein fingerprint; and

) comparing said second apolipoprotein fingerprint data
with said first apolipoprotein fingerprint data to assess
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drug treatment and response, where said second biologi-
cal specimen is collected after a drug treatment.

17. A method for obtaining a profile of a plurality of
selected apolipoprotein biomarkers in a biological sample
from a subject, comprising the steps of:

a) providing the biological sample from a subject;

b) applying the biological sample to the surface of a capture
reagent that specifically captures the plurality of
selected apolipoprotein biomarkers, allowing the plural-
ity of selected apolipoprotein biomarkers to bind to the
capture reagent, and removing unbound sample compo-
nents;

¢) analyzing the captured plurality of selected apolipopro-
tein biomarkers by laser desorption/ionization mass
spectrometry; and

d) preparing the profile using the analysis results,

wherein the plurality of selected apolipoprotein biomark-
ers is selected from the group consisting of Apo CI, Apo
CII, Apo CIII, Apo CIV, Apo Al, Apo All, Apo A1V,
Apo AV, Apo B48, Apo B100, Apo D, Apo E, Apo F, Apo
G, Apo H, Apo J, Apo L, Apo M, isoforms thereof, and
combinations thereof.

18. The method as claimed in claim 17, further comprising

the step of:

using the profile to diagnose a disease in the subject,
wherein the disease s selected from the group consisting
of cancer, diabetes, stroke, stress, Alzheimer’s disease,
cardiovascular disease, inflammation, Parkinson’s dis-
ease, neurological disorders, lipid disorders, metabolic
syndrome, and atherosclerosis.

19. The method as claimed in claim 1, further comprising
the steps of adding at least one other antigen receptor to the
treated surface to bind with the antibody receptor molecule;
adding at least one internal standard protein to bind with the
at least one other antigen receptor; measuring the internal
standard protein coincident with measuring the at least one
selected apolipoprotein biomarker by analyzing the sample
by spectrometry; and quantifying the at least one selected
apolipoprotein biomarker by comparing the internal stan-
dard.

20. The method as claimed in claim 7, further comprising
the steps of identifying 1soforms and the relative concentra-
tions thereof to generate an isoform profile diagnostic tool,
wherein the isoform profile diagnostic tool may detect cancer,
prostate cancer, diabetes, stroke, stress, Alzheimer’s, cardio-
vascular diseases, lipid disorders, metabolic syndrome, obe-
sity, Parkinson’s disease, neurological disorders, inflamma-
tion, and atherosclerosis.

21. The method of claim 16, wherein the drug treatment
assessed 1s a lipid-lowering drug, and wherein parameters
comprising levels and distribution of apolipoproteins and
their isoforms may be monitored for

22. Anassay for individualization, differentiation and rela-
tive quantification of a mixture comprising apolipoprotein
isoforms, comprising the steps of:

a) preparing a surface with an antibody reactive molecule;

b) applying a plurality of apolipoprotein antibodies to said
surface to bind with said antibody reactive molecule;

¢) applying a mixture of apolipoprotein isoforms to bind
withsaid plurality of apolipoprotein antibodies, wherein
said mixture of apolipoprotein isoforms may be non-
purified and said plurality of apolipoprotein antibodies
may be any molecular fragment adapted to bind as an
apolipoprotein antibody;
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d) generating a phenotypic isoform profile of said mixture

of apolipoprotein isoforms; and

e) utilizing said phenotypic isoform profile for identifica-

tion of status of a patient relative to a disease or condi-
tion, for identification of a compromised physiological
process, or for definition of one or more disease specific
apolipoprotein biomarkers or profiles.

23. The assay of claim 22, wherein said plurality of apoli-
poprotein antibodies is CIII isoform antibodies, wherein
identification of high CIII-0 levels in said profile correlates to
high HbA 1C, and wherein identification of an increased pro-
portion of CIIT as the CTII-2 isoforms is said profile in VLDL
relates to hypertrigylceridemism, with an inverse correlation
of CIII-1.

24. The assay of claim 22, wherein said apolipoproteins
profiled and the relevant disease or condition status identified
thereby comprise Apo D for Alzheimer’s disease, Apo B for
cardiovascular disease.

25. The assay of claim 22, wherein the disease or condition
status identified by said phenotypic isoform profile comprise
cardiovascular disease, stroke, metabolic syndrome, diabe-
tes, Alzheimer’s, HIV and HIV patients under protease
inhibitors (hypertriglyceridemic), and various types of lipo-
proteinemia.

26. The assay of claim 22, wherein apolipoprotein status is
assessed in newbormns.

27.The assay of claim 22, wherein said phenotypic isoform
profiles provide data for evaluating apolipoprotein modifica-
tions that occur with aging, nutrition, environmental expo-
sures, and lifestyle changes.

28. The assay of claim 22, wherein said apolipoproteins
profiled and the relevant compromised physiological process
identified thereby comprise Apo J for sperm maturation, Apo
] for lipid transportation, Apo I for complement inhibition,
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Apo ] for tissue remodeling, Apo J for membrane recycling,
Apo ] for cell-cell and cell-substratum interactions, Apo J for
stabilization of stressed proteins in a folding-competent state,
Apo ] for promotion or inhibition of apoptosis, Apo H for
blood coagulation, Apo H for prothrombinase activity of acti-
vated platelets, Apo F for cholesterol ester transfer protein
(CETP) activity, Apo F for cholesterol transport regulation,
and Apo M for lipid transport.

29. The assay of claim 22, wherein an internal standard is
bound, detected, and measured with said mixture of apolipo-
protein isoforms, wherein said internal standard is a known
protein with very similar antibody-binding properties to the
apolipoproteins of interest but with a visibly different
molecular mass.

30. The assay of claim 22, wherein separation, concentra-
tion and detection of said apolipoprotein isoforms is accom-
plished on one biochip.

31. The assay of claim 30, wherein said biochip is sub-
jected to laser ionization, the intensity of a signal is detected
for mass/charge ratio, the resulting data is transformed into a
computer readable form, and an algorithm is executed that
classifies said data according to a plurality of user input
parameter groups for detecting signals that represent biom-
arkers present in diseased patients and that are lacking in
non-diseased subject controls.

32. The assay of claim 31, wherein said input parameter
groups are selected from groups consisting of pathological
versus non-pathological, drug responder versus drug non-
responder, toxic response versus non-toxic respotise, progres-
sor to disease state versus non-progressor to disease state, or
phenotypic condition present versus phenotypic condition
absent.
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