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MARKER FOR INFLAMMATORY
CONDITIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 12/389,983, filed Feb. 20, 2009, which is a continuation
of U.S. application Ser. No. 11/516,020, filed Sep. 5, 2006,
which is a continuation of U.S. application Ser. No. 11/254,
224, filed Oct. 18, 2005, now abandoned, which is a continu-
ation of U.S. application Ser. No. 11/062,400 filed Feb. 22,
2005, now abandoned, which is a continuation of U.S. appli-
cation Ser. No. 10/767,666, filed Jan. 29, 2004, now aban-
doned, which is a divisional of U.S. application Ser. No.
10/210,339, filed Jul. 31, 2002, now U.S. Pat. No. 6,699,675,
which is a divisional of U.S. application Ser. No. 09/760,376,
filed Jan. 12, 2001, now U.S. Pat. No. 6,500,630.

TECHNICAL FIELD

The invention relates to uses of pregnancy-associated
plasma protein-A (PAPP-A) as a marker and therapeutic tar-
get for inflammatory conditions, and in particular, for acute
coronary syndromes.

BACKGROUND

Pregnancy associated plasma protein-A (PAPP-A)is a high
molecular weight glycoprotein originally isolated from
human pregnancy serum. It is routinely used today as an index
of placental function and first trimester screen for Down’s
syndrome. No biological function was known for PAPP-A
until recent evidence linked it to the insulin-like growth factor
(IGF) axis, the dynamic balance between IGF-I, IGF binding
proteins (IGFBP’s), and IGFBP proteases that ultimately
determines the extent of IGF-dependent cellular events.
PAPP-A specifically cleaves IGFBP-4, which releases IGF-I
and makes it available to activate receptors. Lawrence et al.
(1999) Proc. Natl. Acad. Sci. USA 96:3149-3153; and
Durham et al. (1994) J. Bone Min. Res. 9:111-117.

SUMMARY

The invention is based on the use of PAPP-A levels in
serum for diagnosis of inflammatory conditions, and in par-
ticular, acute coronary syndromes (unstable angina, acute
myocardial infarction, sudden cardiac death, coronary plaque
rupture, or thrombosis) in all stages of their occurrence.
Patients with acute coronary syndromes are at considerable
risk for death and serious complications, and outcomes can be
improved with appropriate therapy. Thus, rapid and accurate
diagnosis of chest pain is critical for patient. Also, there are
important implications to predicting which patients are at risk
of acute coronary syndromes before the syndrome occurs.
The results described herein demonstrate that serum PAPP-A
levels are elevated in unstable angina and acute myocardial
infarction, are within normal ranges in stable angina, and
correlate with serum levels of high-sensitivity C-reactive pro-
tein (CRP) and free IGF-I. Furthermore, PAPP-A is highly
expressed in unstable plaques from sudden cardiac death
patients. Thus, PAPP-A can be used as an early marker of
inflammatory conditions, and in particular, acute coronary
syndromes.

In one aspect, the invention features a method for diagnos-
ing an inflammatory condition (e.g., an acute coronary syn-
drome such as unstable angina, sudden cardiac death, or acute
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myocardial infarction, rheumatoid arthritis, Crohn’s disease,
or inflammatory bowel disease). The method includes mea-
suring the level of PAPP-A in abiological sample (e.g., whole
blood, plasma, or serum) from a non-pregnant patient; com-
paring the level with that of control subjects; and diagnosing
the inflammatory condition based on the level of PAPP-A
relative to that of control subjects. The patient can be diag-
nosed as having the inflammatory condition if the level of
PAPP-A is increased relative to that of control subjects. The
level of PAPP-A can be measured using an immunoassay
such as an ELISA. PAPP-A can be captured with anti-
PAPP-A polyclonal antibodies or an anti-PAPP-A mono-
clonal antibody. The method further can include measuring
the level of a polypeptide selected from the group consisting
of high sensitivity C-reactive protein, creatine kinase MB,
troponin I, troponin T, creatine kinase, creatinine, fibrinogen,
interleukin-1, and interleukin-6, and diagnosing the inflam-
matory condition based on the level of the polypeptide and the
level of PAPP-A relative to that of control subjects.

In another aspect, the invention features an article of manu-
facture for diagnosing an inflammatory condition in a non-
pregnant patient. The article of manufacture includes an anti-
PAPP-A antibody and packaging material, wherein the anti-
PAPP-A antibody can be used for measuring PAPP-A levels
in a biological sample (e.g., whole blood, plasma, or serum)
from the patient, and wherein the packaging material includes
a label or package insert indicating that the anti-PAPP-A
antibody can be used for diagnosing the inflammatory con-
dition.

In yet another aspect, the invention features an article of
manufacture for diagnosing an inflammatory condition in a
non-pregnant patient that includes reagents for measuring
levels of a plurality of polypeptides in a biological sample
from the patient. The plurality of polypeptides includes
PAPP-A and one or more of the polypeptides selected from
the group consisting of high sensitivity C-reactive protein,
creatine kinase MB, troponin I, troponin T, creatine kinase,
creatinine, fibrinogen, interleukin-1, and interleukin-6. The
biological sample can be selected from the group consisting
of whole blood, plasma, and serum.

The invention also features a method for diagnosing an
inflammatory condition that includes administering (e.g.,
intravenously) to a patient an amount of an antibody having
specific binding affinity for PAPP-A effective to detectably
bind to PAPP-A, wherein the antibody is labeled; detecting
the level of the antibody bound to PAPP-A in the patient; and
diagnosing the inflammatory condition based on the level of
the antibody bound to PAPP-A. The detecting step can
include diagnostic imaging such as positron emission tomog-
raphy, gamma-scintigraphy, single photon emission comput-
erized tomography, magnetic resonance imaging, intravascu-
lar ultrasound, or functional magnetic resonance imaging.
The label can be a radioisotope (e.g., **°I, *F, *''In, ®’Ga,
and *mTc).

Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention
belongs. Although methods and materials similar or equiva-
lent to those described herein can be used to practice the
invention, suitable methods and materials are described
below. All publications, patent applications, patents, and
other references mentioned herein are incorporated by refer-
ence in their entirety. In case of conflict, the present specifi-
cation, including definitions, will control. In addition, the
materials, methods, and examples are illustrative only and not
intended to be limiting.
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Other features and advantages of the invention will be
apparent from the following detailed description, and from
the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 is a box plot of circulating PAPP-A levels. The
Kruskal-Wallis analysis for PAPP-A indicated highly signifi-
cant group differences (p<0.0001).

FIG. 2 is a graph of C-reactive protein levels in the four
studied groups: non-atherosclerotic controls, stable angina,
unstable angina and acute myocardial infarction. The
Kruskal-Wallis analysis for C-reactive protein indicated
highly significant group differences (p=0.0015).

FIGS. 3A and 3B are graphs of the correlation between
PAPP-A and C-reactive protein (3A), and between PAPP-A
and free IGF-I levels (3B) in patients with acute coronary
syndromes (n=37). A significant association was found
between PAPP-A and C-reactive protein (p=0.61, p<0.001),
and with free-IGF-I (p=0.39, p=0.018).

FIGS. 4A and 4B are graphs of the correlation between
PAPP-A levels and the cardiac necrosis markers troponin I
(4A) and CK-MB (4B) in patients with acute myocardial
infarction. No significant association was found between
troponin I (p=0.33, p=0.18) or CK-MB (p=0.23, p=0.36) and
PAPP-A levels.

FIGS. 5A and 5B are graphs of the receiver operating
characteristic (ROC) analysis of PAPP-A and C-reactive pro-
tein in patients with acute myocardial infarction (5A) and
unstable angina (5B). The area under the curve (AUC) of
PAPP-A was 0.94 in acute myocardial infarction (standard
error=0.03), and 0.88 (standard error=0.05) in unstable
angina. Statistically significant differences in AUCs were
found between the two markers for acute myocardial infarc-
tion (p=0.026) and unstable angina (p=0.011). CRP=C-reac-
tive protein.

DETAILED DESCRIPTION

The invention features methods for diagnosing inflamma-
tory conditions in a mammal (e.g., a human patient), includ-
ing acute and chronic inflammatory conditions, and espe-
cially those inflammatory conditions as related to
vasculature. Non-limiting examples of inflammatory condi-
tions include acute coronary syndromes (unstable angina,
acute myocardial infarction, sudden cardiac death, coronary
plaque rupture, or thrombosis), Crohn’s disease, inflamma-
tory bowel disease, and rheumatoid arthritis. As described
herein, levels of PAPP-A are significantly higher in patients
with such inflammatory conditions. For example, PAPP-A
levels increase 100 fold or more in rheumatoid arthritis
patients. PAPP-A levels also are significantly increased in
patients with unstable angina and myocardial infarction. As
raised PAPP-A levels are common in unstable angina and
acute myocardial infarction and PAPP-A is up-regulated in
unstable plaques from sudden cardiac death patients, PAPP-A
can be used as a marker for such conditions. As described
herein, PAPP-A levels above 10 mIU/L identified 17 of 20
unstable angina patients (85.0%), and 16 of 17 myocardial
infarction patients (94.1%). In contrast, diagnostic sensitivi-
ties of cardiac-specific troponins and C-reactive protein in
unstable angina is low. As described herein, troponin I was
elevated in 3 (15%) and C-reactive protein in 10 (50%) of
unstable angina patients. In other studies, only 22% of
patients had a positive result for troponin T, 36% had a posi-
tive result for troponin I, and 65% had raised C-reactive
protein levels. See, Hamm et al., N. Engl. J. Med., 1997,
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337:1648-1653 and Liuzzo et al., N. Engl. J. Med., 1994,
331:417-424. Both markers, nonetheless, are associated with
unfavorable outcomes when elevated. Thus, PAPP-A seems
to be a valuable unstable plaque marker even when troponins
and C-reactive protein are not elevated, potentially identify-
ing high-risk patients who otherwise might remain undiag-
nosed. Without being bound by a particular mechanism,
PAPP-A may be directly involved in the pathophysiology of
acute coronary syndromes as a metalloprotease, and indi-
rectly through release of IGF-1.

The cDNA sequence of PAPP-A indicates that the serum
form is derived from a pre-proprotein with a putative 22-resi-
due signal peptide, a pro-part of 58 residues, and a 1547-
residue circulating mature polypeptide. The sequence shows
no global similarity to any known protein, but it contains two
sequence motifs common to the metzincins, a superfamily of
metalloproteases. The sequence also contains three Lin-12/
Notch repeats known from the Notch protein superfamily,
and five short consensus repeats known from components of
the complement system.

Inhibition of PAPP-A activity is useful for treatment of
inflammatory conditions. As described herein, PAPP-A
expression is strongest in the inflammatory shoulder of an
unstable plaque. Therefore, inhibition of PAPP-A expression
and/or proteolytic function could increase plaque stability.
Without being bound by a particular mechanism, PAPP-A as
a metalloprotease may be directly involved in plaque vulner-
ability, even before the plaque becomes clinically manifested.
The proform of eosinophil major basic protein (proMBP),
which is disulfide linked to PAPP-A in pregnancy serum to
form an approximately 500 kDa 2:2 complex (PAPP-A/
proMBP), may be useful for treating inflammatory conditions
as proMBP functions as an inhibitor of PAPP-A activity.

In general, methods of the invention include measuring the
level of PAPP-A in a biological sample from a non-pregnant
patient and comparing the level to that from control subjects.
An inflammatory condition is diagnosed based on the level of
PAPP-A relative to the control. Thus, it is determined if
PAPP-A levels are increased, decreased, or the same as that of
control subjects. If PAPP-A levels are increased relative to
that of control subjects, the diagnosis is that an inflammatory
condition is present. In particular, a PAPP-A threshold value
of 10 mIU/L can be used to accurately identify patients with
acute coronary syndromes. The level of PAPP-A can be
assessed by measuring PAPP-A protein, message (mRNA),
or activity. Suitable biological samples for measuring
PAPP-A levels include, for example, blood (including whole
blood, plasma, and serum), urine, saliva, oral washings, and
tissue biopsies such as skin, bone, or blood vessel plaque.
Blood is a particularly useful biological sample.

Detection of PAPP-A Protein

PAPP-A protein can be detected, for example, immuno-
logically. For example, a sandwich assay can be performed by
capturing PAPP-A from a biological sample with an antibody
having specific binding affinity for PAPP-A. PAPP-A then
can be detected with a labeled antibody having specific bind-
ing affinity for PAPP-A. Alternatively, standard immunohis-
tochemical techniques can be used to detect PAPP-A protein,
using such antibodies. Antibodies having affinity for PAPP-
A/proMBP complexes are available. See, for example, Qin et
al., Clin. Chem., 1997, 43(12):2323-2332. Monoclonal anti-
bodies having specific binding affinity for PAPP-A, but not
for PAPP-A/proMBP complexes, can be produced through
standard methods.

In general, PAPP-A not complexed to proMBP can be
produced in various ways, including recombinantly, or can be
purified from a biological sample, and used to immunize
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animals. To produce recombinant PAPP-A, a nucleic acid
sequence encoding PAPP-A polypeptide can be ligated into
an expression vector and used to transform a bacterial or
eukaryotic host cell. In general, nucleic acid constructs
include a regulatory sequence operably linked to a PAPP-A
nucleic acid sequence. Regulatory sequences do not typically
encode a gene product, but instead affect the expression of the
nucleic acid sequence. In bacterial systems, a strain of
FEscherichia coli such as BL-21 can be used. Suitable E. coli
vectors include the pGEX series of vectors that produce
fusion proteins with glutathione S-transferase (GST). Trans-
formed E. coli are typically grown exponentially, then stimu-
lated with isopropylthiogalactopyranoside (IPTG) prior to
harvesting. In general, such fusion proteins are soluble and
can be purified easily from lysed cells by adsorption to glu-
tathione-agarose beads followed by elution in the presence of
free glutathione. The pGEX vectors are designed to include
thrombin or factor Xa protease cleavage sites so that the
cloned target gene product can be released from the GST
moiety.

Mammalian cell lines that stably express PAPP-A can be
produced by using expression vectors containing the appro-
priate control elements and a selectable marker. For example,
the eukaryotic expression vector pcDNA.3.1+ (Invitrogen,
San Diego, Calif.) is suitable for expression of PAPP-A in, for
example, COS cells or HEK293 cells. Following introduction
of the expression vector by electroporation, DEAE dextran,
or other suitable method, stable cell lines are selected. In an
expression system using pCDNA3.1+ and HEK293 cells,
yield of the protein was about 5 pg/ml. The secreted product
was a dimer devoid of proMBP. Alternatively, PAPP-A canbe
transcribed and translated in vitro using wheat germ extract or
rabbit reticulocyte lysate.

In eukaryotic host cells, a number of viral-based expres-
sion systems can be utilized to express PAPP-A. A nucleic
acid encoding PAPP-A can be cloned into, for example, a
baculoviral vector and then used to transfect insect cells.
Alternatively, the nucleic acid encoding PAPP-A can be intro-
duced into a SV40, retroviral or vaccinia based viral vector
and used to infect host cells.

Recombinant PAPP-A (rPAPP-A) is immunoreactive
against all available monoclonal antibodies in ELISA and in
Western blotting. Recombinant PAPP-A is secreted as a
homodimer of about 400 kDa and, after reduction, yields
monomers of about 200 kDa. rPAPP-A is active and cleaves
IGFBP-4 in an IGF dependent manner. Recombinant
PAPP-A is about 100-fold more active than PAPP-A/proMBP
complex in pregnancy serum.

PAPP-A can be purified using standard protein purification
techniques. For example, PAPP-A can be purified from con-
ditioned media by passing over iminodiacetic acid immobi-
lized to Sepharose 6B loaded with Zn*?. After elution of
bound proteins with a stepwise decreasing pH gradient, the
pH 5.0 fraction can be purified further by passing over a wheat
germ agglutinin column. Bound proteins can be eluted with a
Tris-salt solution, then by N-acetylglucosamine. Alterna-
tively, a heparin sepharose column can be used and PAPP-A
is eluted with an increase in salt concentration to 1000 mM.
Fractions containing PAPP-A, as measured with PAPP-A
specific antibodies or with a specific protease activity assay,
can be pooled, concentrated, then assessed by SDS polyacry-
lamide gel electrophoresis. In reducing SDS/PAGE, the
molecular mass of PAPP-A monomer is approximately 200
kDa.

Various host animals can be immunized by injection of
PAPP-A. Host animals include rabbits, chickens, mice,
guinea pigs and rats. Various adjuvants that can be used to
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increase the immunological response depend on the host spe-
cies and include Freund’s adjuvant (complete and incom-
plete), mineral gels such as aluminum hydroxide, surface
active substances such as lysolecithin, pluronic polyols,
polyanions, peptides, oil emulsions, keyhole limpet
hemocyanin and dinitrophenol. Polyclonal antibodies are
heterogenous populations of antibody molecules that are con-
tained in the sera of the immunized animals. Monoclonal
antibodies, which are homogeneous populations of antibod-
ies to a particular antigen, can be prepared using a PAPP-A
polypeptide and standard hybridoma technology. In particu-
lar, monoclonal antibodies can be obtained by any technique
that provides for the production of antibody molecules by
continuous cell lines in culture such as described by Kohler,
G. et al., Nature, 256:495 (1975), the human B-cell hybri-
doma technique (Kosbor et al., Immunology Today, 4:72
(1983); Cole et al., Proc. Natl. Acad. Sci USA, 80:2026
(1983)), and the EBV-hybridoma technique (Cole et al.,
“Monoclonal Antibodies and Cancer Therapy”, Alan R. Liss,
Inc., pp. 77-96 (1983)). Such antibodies can be of any immu-
noglobulin class including IgG, IgM, IgE, IgA, IgD, and any
subclass thereof. The hybridoma producing the monoclonal
antibodies of the invention can be cultivated in vitro and in
vivo.

Antibody fragments that have specific binding affinity for
PAPP-A polypeptide can be generated by known techniques.
For example, such fragments include but are not limited to
F(ab'), fragments that can be produced by pepsin digestion of
the antibody molecule, and Fab fragments that can be gener-
ated by reducing the disulfide bridges of F(ab'), fragments.
Alternatively, Fab expression libraries can be constructed.
See, for example, Huse et al., Science, 246:1275 (1989). Once
produced, antibodies or fragments thereof are tested for rec-
ognition of PAPP-A by standard immunoassay methods
including ELISA techniques, radioimmunoassays and West-
ern blotting. See, Short Protocols in Molecular Biology,
Chapter 11, Green Publishing Associates and John Wiley &
Sons, Edited by Ausubel, F. M etal., 1992. Antibodies having
affinity for PAPP-A are identified in a positive selection.
Antibodies identified in such a selection can be negatively
selected against PAPP-A/proMBBP, to identify antibodies hav-
ing specific binding affinity for epitopes of PAPP-A that are
not accessible in the specific complex of PAPP-A and
proMBP.

Detection of PAPP-A Message

PAPP-A message can be detected, for example, by a poly-
merase chain reaction (PCR) assay. In general, PCR refers to
amplification of a target nucleic acid, using sequence infor-
mation from the ends of the region of interest or beyond to
design oligonucleotide primers that are identical or similar in
sequence to opposite strands of the template to be amplified.
PCR can be used to amplify specific sequences from DNA as
well as RNA, including sequences from total genomic DNA
or total cellular RNA. Primers are typically 14 to 40 nucle-
otides in length, but can range from 10 nucleotides to hun-
dreds of nucleotides in length. PCR is described, for example
in PCR Primer: A Laboratory Manual, Ed. by Dieffenbach,
C. and Dveksler, G., Cold Spring Harbor Laboratory Press,
1995. Nucleic acids also can be amplified by ligase chain
reaction, strand displacement amplification, self-sustained
sequence replication or nucleic acid sequence-based ampli-
fication. See, for example, Lewis, R., Genetic Engineering
News, 12(9):1 (1992); Guatelli et al., Proc. Natl. Acad. Sci.
US4, 87:1874-1878 (1990); and Weiss, R., Science, 254:1292
(1991).

For example, the levels of PAPP-A mRNA can be detected
using reverse transcription-polymerase chain reaction (RT-
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PCR) assay. See, for example, WO 00/54806. In particular,
PAPP-A cDNA can be coamplified with a deletion variant
thereofthatis used as an internal standard (IS). The amount of
PAPP-A is normalized against the total amount of mRNA in
the sample, determined as the amount of f-actin mRNA.
RT-PCR has been shown to be 1,000-10,000 fold more sen-
sitive than traditional RNA blotting techniques, and can
detect and quantitate both PAPP-A and proMBP mRNA in
tissue samples.

Products from competitive PCR can be quantified by ion
exchange chromatography on an HPLC system, an accurate
method that involves a minimum of post-PCR handling.
Alternatively, real-time quantitative PCR can be performed
using, for example, the ABI PRISM 7700 Sequence Detec-
tion System and Taqman fluorogenic probes, or the LightCy-
cler™ instrument from Roche. An internal reference can be
used, such as amplification of the 28S rRNA with limiting
primer concentration. This method allows quantitation down
to approximately 500 copies of the target sequence.

Alternatively, testing different tissues for the presence of
specific mMRNAs can be done routinely by RNA blotting tech-
niques such as Northern or dot blotting or through microarray
technology.

Detection of PAPP-A Activity

PAPP-A activity can be detected by examining IGFBP-4
proteolytic activity in a biological sample. For example, a
detectably labeled substrate can be incubated in the presence
of the biological sample under suitable conditions, and pro-
teolytic products then are detected. The substrate can be, for
example, IGFBP-4 or a fragment thereof. In general, the
reaction can be carried out at 37° C. in a buffer such as 2 mM
CaCl,/50 mM Tris (pH 7.5), including IGF-II or fragments
thereof, or any other protease activator. Typically, the sub-
strateis labeled radioactively with isotopes such as '**I or **P,
or non-radioactively labeled with biotin, digoxygenin, or a
fluorophore. Proteolysis of IGFBP-4 is detected, for example,
by examining proteolysis products, such as the 18 and 14 kDa
reaction products of IGFBP-4. Radioactive proteins can be
separated by reducing 15% SDS/PAGE and visualized by
autoradiography. Proteolytic cleavage products also can be
detected by immunoblotting.

PAPP-A activity also can be detected after capturing
PAPP-A with polyclonal or monoclonal antibodies immobi-
lized, for example, in a well of a microtiter plate. After wash-
ing away unbound protein of the biological sample, the activ-
ity of PAPP-A can be measured with a low molecular weight
synthetic substrate that liberates a colored product that can be
detected spectrophotometrically. IGF-II or other activator of
PAPP-A can be added with the substrate.

Additionally, PAPP-A activity can be detected by incubat-
ing the sample in a well that contains immobilized substrate,
e.g., IGFBP-4. Substrate is specifically labeled, i.e., radioac-
tively or non-radioactively. Upon proteolytic cleavage of the
substrate, labeled fragments are liberated into the liquid phase
and can be detected. Substrate can be immobilized, for
example, by coating with antibodies or IGF-II.

Labeling can also be accomplished by using IGFBP-4
expressed with different tags on the N-terminus or C-termi-
nus of the protein, for example an N-terminal FLAG tag and
a C-terminal c-myc tag. This allows IGFBP-4 to be immobi-
lized with a monoclonal antibody that binds one of these tags.
Detection of bound IGFBP-4 can then be accomplished by
standard ELISA methodology using, for example, a peroxi-
dase conjugated monoclonal antibody that recognizes the
other tag. IGFBP-4 can also be immobilized and detected
using monoclonal antibodies that recognize the N-terminus
and the C-terminus, respectively. Proteolytic activity will
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result in a decreased signal, dependent on the amount of
proteinase activity and time of incubation.

Diagnosing Inflammatory Conditions by Visualization of
PAPP-A In Vivo

Inflammatory conditions also can be diagnosed by admin-
istering an amount of an antibody having specific binding
affinity for PAPP-A to a patient effective for visualizing
PAPP-A in vivo. In addition, visualizing PAPP-A would
allow sites in the body of abnormal accumulations, such as
plaques that are potentially vulnerable, to be identified. Suit-
able antibodies and methods for making antibodies are
described above. The antibody typically is labeled, and diag-
nostic imaging is used to detect antibody bound to PAPP-A.
Diagnosis of the inflammatory condition is based on the
increase of PAPP-A, as described above. Threshold can be set
to any level, so a level over normal can be detected. Thus,
diagnosis can be made based on the presence or absence of
antibody bound to PAPP-A.

Typical labels that are useful include radioisotopes used for
imaging procedures in humans. Non-limiting examples of
labels include radioisotope such as '**I (iodine), **F (fluo-
rine), *°"Tc (technetium), *'In (indium), and ®’Ga (gal-
lium). Antibodies can be labeled through standard tech-
niques. For example, antibodies can be iodinated using
chloramine T or 1,3,4,6-tetrachloro-3c,6c.-diphenylgly-
couril. Antibodies can be labeled with '*F through, for
example, N-succinimidyl 4-['*F]fluorobenzoate. See,
Muller-Gartner, H., 7IB Tech., 16:122-130 (1998); Saji, H.,
Crit. Rev. Ther. Drug Carrier Syst., 16(2):209-244 (1999);
and Vaidyanathan and Zalutsky, Bioconjug. Chem.
5(4):352-6 (1994) for a review of labeling of antibodies with
such radioisotopes.

The labeled antibodies are formulated with a pharmaceu-
tically acceptable carrier and administered to the patient. In
general, the antibodies are administered intravenously (i.v.),
although other parenteral routes of administration, including
subcutaneous, intramuscular, intrarterial, intracarotid, and
intrathecal also can be used. Formulations for parenteral
administration may contain pharmaceutically acceptable car-
riers such as sterile water or saline, polyalkylene glycols such
as polyethylene glycol, vegetable oils, hydrogenated naph-
thalenes, and the like.

The dosage of labeled antibody to be administered will be
determined by the attending physician taking into account
various factors known to modify the action of drugs. These
include health status, body weight, sex, diet, time and route of
administration, other medications, and any other relevant
clinical factors.

Imaging techniques that can be used to detect PAPP-A in
vivo include positron emission tomography (PET), gamma-
scintigraphy, magnetic resonance imaging (MRI), functional
magnetic resonance imaging (FMRI), single photon emission
computerized tomography (SPECT), and intravascular ultra-
sound.

Articles of Manufacture for Diagnosing Inflammatory Con-
ditions

Antibodies having specific binding affinity for PAPP-A
can be combined with packaging material and sold as a kit for
diagnosing inflammatory conditions. Components and meth-
ods for producing articles of manufactures are well known.
The articles of manufacture may combine one or more anti-
PAPP-A antibodies or fragments thereof as described herein.
In addition, the articles of manufacture may further include
reagents for measuring levels of a plurality of polypeptides in
a biological sample, including, for example, antibodies hav-
ing specific binding affinity to the particular polypeptide,
secondary antibodies, indicator molecules, solid phases (e.g.,
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beads) and/or other useful agents for diagnosing inflamma-
tory conditions. Instructions describing how the various
reagents are effective for diagnosing inflammatory conditions
also may be included in such kits. Polypeptides that may be
useful to measure in combination with PAPP-A include
polypeptide markers of inflammation, markers correlating
with increased risk of unstable angina or myocardial infarc-
tion (e.g., homocysteine), markers of cardiac injury, and other
non-specific markers of inflammation. For example, interleu-
kin-1 (IL-1), IL-6, or neopterin can be assessed in combina-
tion with PAPP-A as a marker for inflammation. Cardiac
markers and non-specific markers of inflammation include,
for example, troponin I or T, hs-CRP, creatine kinase (CK),
CK-MB, creatinine, myoglobin, and fibrinogen.

Particular combinations of polypeptides that can be used
for diagnosing a patient with acute coronary syndrome
include, for example, PAPP-A, troponin I, and CK-MB;
PAPP-A, troponin I, and hs-CRP; PAPP-A, CK-MB, and
myoglobin; PAPP-A and myoglobin; PAPP-A and hs-CRP;
PAPP-A and troponin I or T; and PAPP-A and CK-MB. In
general, myoglobin is not cardiac specific, but is released
from infarcted myocardium at an early stage (about 2-3 hours
post infarction) and returns to normal within about 24 hours.
Cardiac isoforms of troponin I and troponin T are specific, but
appear in the circulation later than myoglobin (5 to 48 hours
post infarction). Myocardial tissue contains one isoform of
CK-MB, while skeletal tissue has different isoforms. Anti-
bodies having specific binding affinity for such cardiac mark-
ers are available commercially.

The anti-PAPP-A antibody can be in a container, such as a
plastic, polyethylene, polypropylene, ethylene, or propylene
vessel that is either a capped tube or a bottle. Non-limiting
examples of other reagents that can be included in the kit are,
for example, labeled, secondary antibodies that bind to the
anti-PAPP-A antibody and buffers for washing or detecting
PAPP-A. Reagents for measuring levels of other polypeptides
can be included in separate containers or can be included on
a solid phase with anti-PAPP-A antibody, e.g., a handheld
device for bedside testing that includes anti-PAPP-A anti-
body and one or more antibodies having specific binding
affinity for markers of inflammation or in particular, cardiac
injury.

The invention will be further described in the following
examples, which do not limit the scope of the invention
described in the claims.

EXAMPLES
Example 1
Methods and Materials

Patient population: The study groups consisted of 17
patients with acute myocardial infarction, 20 with unstable
angina, 19 with stable angina, and 13 age-matched control
patients without clinical or angiographic evidence of coro-
nary atherosclerosis. Acute myocardial infarction was
defined as prolonged chest pain accompanied by ST-T seg-
ment elevation or depression evolving into pathologic
Q-wave or T-wave inversion confirmed by an elevation of
CK-MB fraction of more than twice the upper limit of normal,
and troponin 1>0.5 ng/mL. Unstable angina was defined as
rest chest discomfort with either ST-T segment depression
(greater than or equal to 0.1 mV) or T-wave inversion in 2 or
more contiguous electrocardiographic leads, CK-MB frac-
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tion within normal limit, and angiographically proven coro-
nary artery disease. Chronic stable effort angina was diag-
nosed as chest pain of at least six months duration, evidence
of severe coronary artery disease at coronary angiography,
and no clinically evident ischemic episodes during the previ-
ous week. Exclusion criteria were advanced kidney or liver
failure, overt heart failure, and major surgery or trauma within
the previous month. Patients with known or suspected sys-
temic thrombotic disorders (other than from coronary origin),
inflammatory diseases, or pregnancy were also excluded.
Angiographic severe coronary artery disease was defined as
one or more stenosis with a diameter reduction Z70% in any
major coronary artery. To identify a possible association
between PAPP-A levels and the extent and severity of coro-
nary artery disease discovered at angiography, the Jenkins
score was obtained from every patient. Jenkins et al., Br. Med.
J., 1978, 2:388-391. Blood samples were taken at coronary
angiography, placed onice and centrifuged within 30 minutes
at 1600 G for 5 minutes. All samples were analyzed without
knowledge of the clinical data. The mean time from the last
ischemic episode to blood sampling was 8.4+3 hours in myo-
cardial infarction and 9.4£3.9 hours in unstable angina.

The study was approved by the Institutional Review Board
of the Mayo Clinic and Foundation, and all patients gave
informed consent.

Human Tissue and Analysis: Atherosclerotic arteries were
collected at autopsy from 8 patients within 24 hours of sudden
death. Sudden cardiac death was defined as described by
Burke et al., N. Engl. J. Med., 1997, 336:1276-1282. Acute
plaque rupture, plaque erosion, and stable plaque character-
istics were also defined as described by Burke et al., supra.

Immunohistochemical staining was performed on 5-mm-
thick paraffin sections using a peroxidase-labeled streptavi-
din-biotin method. Slides were deparaffinized and rehydrated
through the following solutions: xylene twice for 5 minutes,
100% ethanol twice for 1 minute and 95% ethanol twice for 1
minute. Endogenous peroxidase activity was blocked ten
minutes room temperature (RT) in 1.5% H,0,/50% methanol
and rinsed in running tap water. Non-specific protein binding
sites were blocked by applying 5% normal goat serum diluted
in PBS/0.05% Tween 20 (pH=7.2-7.4) to slides for ten min-
utes RT. The serum was blotted off and the primary antibody
at indicated dilutions was applied and incubated one-hour RT
in a humidity chamber. The primary antibody was rinsed in
tap H,O and blotted, then biotinylated goat anti mouse IgG,
diluted 1/400, was incubated on the slides for 30 minutes RT.
Slides were rinsed in running tap H2O, blotted, and strepta-
vidin-horseradish peroxidase diluted 1/500 in PBS/0.05%
Tween20+1% normal goat serum was applied and incubated
30 minutes RT. The slides were developed with 3-amino-9-
ethylcarbazole (AEC) and counterstained with hematoxylin.
Monoclonal human PAPP-A antibody (234-5) was used at a
concentration of 20 mg/mL (Qin et al., Clin. Chem. 1997,
43:2323-32). Sections were also stained with antibodies to
a-smooth muscle actin (clone 1A4, Dako; 1/50) or antibodies
to macrophage CD68 (clone KP-1, Dako; 1/200). Negative
controls were stained by omitting the primary antibody. Total
plaque area and the percentage of plaque area that stained for
PAPP-A were evaluated. Quantitative analysis of immuno-
histochemistry was performed using a quantitative color
image analysis system (Diagnostic Instruments, Inc., Sterling
Heights, Mich.).

Laboratory Assays: PAPP-A was measured by a sandwich
biotin-tyramide amplified ELISA (sensitivity 0.03 mIU/L;



US 7,939,280 B2

11
units from WHO IRP 78/610) using PAPP-A polyclonal anti-
bodies for capturing and a combination of PAPP-A mono-
clonal antibodies for detection. See, Oxvig et al. (1994) Bio-
chim. Biophys. Acta 1201:415-423 and Qin et al. (1997) Clin.
Chem. 43:2323-2332 for a description of the polyclonal and
monoclonal antibodies, respectively.

The quantitative determination of CRP was achieved by
latex particle enhanced immunoturbidimetric assay (Kamiya
Biomedical Corp., Seattle, Wash.). Latex particles coated
with antihuman CRP antibodies aggregate in the presence of
serum CRP forming immune complexes. The formed
immune-complexes cause increased turbidity (measured at
572 nm) that is proportional to the concentration of CRP in
the serum.

Total IGF-I was measured by a commercially available
assay (DSL-5600 Active IGF-1, Diagnostic Systems Labora-
tories Inc., Webster, Tex.). Assay of plasma IGF-I is compli-
cated by the presence of IGF-binding proteins, which may
sequester IGF-1 in the reaction mixture. Daughaday and Rot-
wein (1989) Endocrin. Rev. 10:68-91. The procedure
employs a two-site immunoradiometric assay (IRMA)
including a simple extraction step in which IGF-I is separated
from its binding protein in serum. Powell et al. (1986) J. Clin.
Endocrinol. Metab. 63:1186-1192. Free IGF-I was assayed
by a commercially available coated-tube IRMA kit (DSL-
9400 Active free IGF-1, DSL Inc., Webster, Tex.). The free
IGF-I IRMA is a non-competitive assay used to measure the
dissociable fraction of IGF-I. Frystyk et al. (1994) 348:185-
191.

CK-MB isoenzyme and cardiac troponin I (¢Tnl) were
measured with an immunochemiluminometric assay (Chiron
Corp, Emeryville, Calif.).

Statistical Analysis: Histologic data are presented as
mean+SD. FEroded and ruptured plaques were compared to
stable plaques by means of student’s t test. Differences in
demographic and angiographic characteristics between
groups were compared using analysis of variance or two-way
cross-tabulation with 2 when appropriate. Data on PAPP-A,
free-IGF-I, total IGF-I, and C-reactive protein, which were
not distributed normally, were summarized by medians and
box plots, and compared among groups by the Kruskal-Wallis
test. When this showed significant group differences, pair-
wise group comparisons were made using the Wilcoxon rank
sum statistic. Associations among circulating levels of these
proteins were assessed by Spearman’s rank correlation coef-
ficient. Associations of PAPP-A with patient risk factors, and
group comparisons of PAPP-A adjusted for these risk factors,
were assessed using multiple linear regression with logarithm
of PAPP-A as the dependent variable. Receiver operating
characteristic (ROC) analysis was performed on PAPP-A and
C-reactive protein for myocardial infarction and unstable
angina. The areas under the curve were compared between
PAPP-A and C-reactive protein by the method of Del.ong et
al. (Biometrics, 1988, 44:837-845). P values less than 0.05
were considered statistically significant.

Example 2
Tissue PAPP-A Expression in Unstable Plaques
Four ruptured plaques and four plaque erosions were iden-
tified as the culprit unstable plaques in the autopsy series.

Four stable plaques were also characterized. No statistically
significant differences in plaque burden were identified
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between ruptured (7.1x1.4 mm?), eroded (8.0£3.7 mm?), and
stable plaques (5.7+2.1 mm?). In plaques with large lipid
cores and cap rupture, PAPP-A stained mostly in the inflam-
matory shoulder region, in areas surrounding the lipid core,
and co-localized with CD68-positive cells. In fibrous plaques
with superficial erosion, PAPP-A was identified within
spindle-shaped smooth muscle cells, in the extracellular
matrix, and in non-eroded endothelial cells. By quantitative
image analysis, PAPP-A expression in fibrous eroded plaques
(28.3£16.8%) exceeded that in ruptured plaques (18.5+8%),
without reaching statistical significance (p=0.34). PAPP-A
was only minimally expressed in stable plaques. By quanti-
tative analysis, PAPP-A expression in stable plaques
(3.2+£1.9%) was significantly lower than ruptured (p=0.01)
and eroded plaques (p=0.02).

Example 3

Circulating Marker Proteins in Acute Coronary
Patients

To determine whether abundant PAPP-A tissue expression
in unstable plaques would translate to elevated circulating
levels, PAPP-A levels were measured in patients with acute
coronary syndromes (myocardial infarction and unstable
angina) and in stable patients (stable angina and non-athero-
sclerotic controls). Table 1 shows age, sex, risk factor profile,
baseline therapy, and angiographic results of the four studied
groups. Patients with stable angina had three vessel disease
more often than myocardial infarction patients (p=0.004), but
no statistical differences were observed among the three dis-
eased groups (stable angina, unstable angina, and myocardial
infarction) regarding coronary atherosclerotic burden evalu-
ated by the angiographic Jenkins score (p=0.88). Normal
controls tended to have lower levels of the various risk factors
than the three disease groups, but the three groups were com-
parable amongst themselves.

Group data on PAPP-A levels are shown as box plots in
FIG. 1. The Kruskal-Wallis test indicated highly significant
group differences (p<0.0001). Median serum PAPP-A levels
in control patients were 7.4 mIU/L (range 3.8 to 11.3 mIU/L),
and not significantly different from those observed in stable
angina (median 8.3 mlIU/L; range 4.4 to 22.5 mlIU/L)
(p=0.068). In unstable angina, median PAPP-A levels were
15.01U/L (range 4.4 to 22.5 mIU/L), significantly higher than
those observed for control (p<0.0001) and stable angina
patients (p=0.0002). In acute myocardial infarction, PAPP-A
levels were 20.6 mIU/L (range 9.2 to 46.6 mIU/L), signifi-
cantly higher than those observed for control (p<0.0001) and
stable angina patients (p<0.0001). Distribution of PAPP-A
was not significantly different between unstable angina and
myocardial infarction patients (p=0.75). In this study, tropo-
nin I and CK-MB levels were not associated with PAPP-A in
patients with acute coronary syndromes, indicating that
PAPP-A response is not induced by myocardial necrosis.

Using multiple regression models, PAPP-A levels were not
associated with age, sex, risk factors or medications. Among
the three disease groups, PAPP-A levels were significantly
inversely associated with atherosclerosis evaluated as num-
ber of vessels with significant lumen stenosis (1- to 3-vessel
disease) (p=0.037), but were not associated with the Jenkins
score (p=0.27). This reflects the coexistence in the coronary
tree of quiescent atherosclerotic plaques with active, vulner-
able or fissured plaques.
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TABLE 1
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Demographic and angiographic characteristics of control patients and patients
with stable angina, unstable angina, and acute myocardial infarction

Stable Unstable Myocardial
Control Angina Angina Infarction
(n=13) (n=19) (n=20) (n=17)
Age, y (mean = SD) 58.5+13.2 66.4 =109 67.7+x11.7 63.4+10.4
Sex, M/F 5/8 15/4 13/7 10/7
Risk factors, n (%)
Hypertension 4 (30.8) 9 (47.4) 6 (30) 8 (47)
Smokers 0 (0) 4 1) 6 (30) 5 (29.4)
Hypercholesterolemia 2 (15.4)* 12 (63.1) 13 (65) 11 (64.7)
Diabetes 0 (0) 6 (31.6) 6 (30) 2 (11.8)
Therapy, n (%)
Aspirin 3 (23.1)% 17 (89.5) 18 (90) 16 (94.1)
B-blocker 3 (23.1)% 15 (79) 13 (65) 13 (76.5)
ACE Inhibitors 1 (7.7)* 2 (10.5)** 10 (50) 7 (41.2)
Nitrates 1 (7.7 2 (10.5) 4 (20) 1 (5.9
Statins 2 (154 13 (68.4) 13 (65) 11 (64.7)
Calcium channel 2 (15.4)* 8 (42.1) 6 (30) 0 (0)**
blockers
Angiography, n (%)
1-vessel disease 0 (0)* 4 (21.1) 6 (30) 7 (41.2)
2-vessel disease 0 (0)* 4 (21.1) 7 (35 8 (47.1)
3-vessel disease 0 (0)* 11 (57.9) 7 (35) 2 (11.8)**
Jenkins Score, mean + SD 0* 13.3 £6.8 13.2£9.9 12.1 £4.9

CRP levels were measured to assess the relation of PAPP-A to
*Significant vs. the three atherosclerotic groups (p < 0.05);
**Significant vs. other atherosclerotic groups (p < 0.05) inflammation.

The Kruskal-Wallis analysis for CRP indicated highly sig-
nificant group differences (p=0.0015). CRP levels were sig-
nificantly elevated in myocardial infarction compared to
unstable and stable angina patients (p=0.018 and p=0.001,
respectively) (FIG. 2), and were slightly but significantly
elevated in unstable compared to stable angina patients
(p=0.0445)(Table 2). Control group CRP levels were only
significantly lower than myocardial infarction levels
(p=0.0057). CRP was significantly associated with PAPP-A
in patients with acute coronary syndromes (p=0.61,
p<0.0001) (FIG. 3A). CRP levels were not associated with
age, sex, risk factors, medications, or coronary atheroscle-
rotic burden.

The significant correlation between PAPP-A and CRP
shows that all patients with acute coronary syndromes and
hs-CRP levels >0.3 ng/mL (levels associated with increased
risk of developing myocardial infarction [see, Haverkate et
al., (1997) Lancet, 349:462-466) had elevated PAPP-A levels
>8.9 mIU/L. However, 13 patients with acute coronary syn-
dromes (35.1%) (5 myocardial infarction patients and 8
unstable angina patients) showed CRP levels <0.3 ng/mL and
high PAPP-A levels.

TABLE 2

35

40

45

50

Free-IGF-I was measured to determine the bioactive circu-
lating level of IGF-I. It was hypothesized that increased
PAPP-A levels would yield increased free IGF-I levels by
IGFBP-4 proteolysis. No statistical differences in free IGF-I
levels were found between groups, but a weak, yet significant,
correlation was observed with PAPP-A levels (p=0.39;
p=0.018; FIG. 3B) in patients with acute coronary syn-
dromes. The free fraction of circulating and locally synthe-
sized IGF-I induces vascular smooth muscle cell migration,
and is important for monocyte chemotaxis, activation and
cytokine release within the atherosclerotic lesion. No differ-
ences were found for total IGF-I levels between unstable and
stable patients, and no association with PAPP-A levels was
observed (Table 2).

CK-MB levels were not increased in blood samples
obtained from unstable angina patients, and only 3 of 20
patients with unstable angina had troponin I levels above
normal (1.6+0.7 ng/mL). Peak troponin I and CK-MB levels
in myocardial infarction patients rose to 60.9 ng/ml (range,
1.3 10 368 ng/mL) and 76.3 ng/mL (range, 4.4 to 341 ng/mL),
respectively. In these patients, there were no significant cor-
relations between troponin I (p=0.34; p=0.19) or CK-MB

Median (range) for CRP, free-IGF-I and total IGF-I levels in control patients and patients
with stable angina (SA), unstable angina (UA),and acute myocardial infarction (MI)

Control (n =13) SA (n=19) UA (n=20) MI(n=17)
CRP 0.28 (0.08-0.8) 0.16 (0.02-5.2) 0.3 (0.03-9.7) 1.03 (0.07-9.9)
(mg/dL)*
Free-IGF-I 0.9 (0.3-3.9) 0.78 (0.4-1.7) 1.2 (0.1-3.5) 1.18 (0.2-5.2)
(ng/mL)
Total IGF-I  108.8 (45.1-374.3) 151.2 (60.2-262.4) 141.3 (21.6-317.2) 1125 (12.4-251)
(ng/mL)

*p=0.0015 among groups
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(p=0.24; p=0.36) and PAPP-A levels (FIGS. 4A and 4B).
Even when unstable angina and myocardial infarction
patients were combined, there was no significant association
between troponin I (p=0.07, p=0.69) or CK-MB (p=0.10,
p=0.57) and PAPP-A levels. Therefore, the elevated PAPP-A
levels in these patients cannot be attributed to myocardial
necrosis.

Example 4

PAPP-A as a Diagnostic Marker of Acute Coronary
Syndromes

The area under the curve (AUC) of ROC analysis for
PAPP-A was 0.94 in myocardial infarction (standard
error=0.03), and 0.88 (standard error=0.05) in unstable
angina, pooling stable angina and control patients as the
stable group. In a parallel analysis, C-reactive protein had an
AUC of 0.81 (standard error=0.07) in myocardial infarction,
and of 0.67 (standard error=0.08) in unstable angina. These
differences in AUCs between the two markers were signifi-
cant both for myocardial infarction (p=0.026) and for
unstable angina (p=0.011) (FIGS. 5A and 5B, respectively).
These data suggest that PAPP-A is a valuable marker, signifi-
cantly better than C-reactive protein, for the identification of
patients with acute coronary syndromes.

The discriminant power (combined sensitivity and speci-
ficity) for acute coronary syndromes was best at PAPP-A
levels of 10 mIU/L. The sensitivity and specificity of PAPP-A
levels >10 mIU/L to identify acute coronary syndromes were
89.2% and 81.3%, respectively. For myocardial infarction,
the sensitivity of PAPP-A levels >10 mIU/L was 94.1% and
for unstable angina 85.0%, respectively. In non-atheroscle-
rotic controls only 1 of 13 patients (7.7%) showed PAPP-A
levels >10 mIU/L, and 5 of 19 patients (26.3%) with stable
angina had PAPP-A levels >10 mIU/L.

Example 5
PAPP-A Levels in Rheumatoid Arthritis Patients

PAPP-A levels were assessed in serum samples from 16
patients with Rheumatoid Arthritis. Values ranged from 3 to
>2000 mIU/ml. In 13 of 16 patients, PAPP-A levels were
>119 mIU/ml (119 to >2000). For comparison, normal sub-
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25

30

35

16

jects (n=30) have a PAPP-A level of 4.32+1.54 mIU/ml).
Table 3 contains the individual values for the 16 rheumatoid
arthritis patients.

TABLE 3

PAPP-A Levels in Rheumatoid Arthritis Patients (mIU/ml)

3 759 592 253

14 >2000 377 >2000

119 >2000 905 308

188 192 572 16
Other Embodiments

It is to be understood that while the invention has been
described in conjunction with the detailed description
thereof, the foregoing description is intended to illustrate and
not limit the scope of the invention, which is defined by the
scope of the appended claims. Other aspects, advantages, and
modifications are within the scope of the following claims.

What is claimed is:

1. A method for detecting the presence an unstable plaque
in a non-pregnant subject, said method comprising:

a) measuring the level of pregnancy-associated plasma
protein-A (PAPP-A) in a biological sample from said
non-pregnant subject;

b) comparing said level with that of control subjects; and

c¢) detecting said unstable plaque based on the level of
PAPP-A relative to that of control subjects, wherein said
unstable plaque is detected if the level of PAPP-A is
increased relative to that of control subjects.

2. The method of claim 1, wherein said level of PAPP-A is

measured using an immunoassay.

3. The method of claim 2, wherein said immunoassay is an
ELISA.

4. The method of claim 3, wherein PAPP-A is captured
using anti-PAPP-A polyclonal antibodies.

5. The method of claim 3, wherein PAPP-A is captured
using anti-PAPP-A monoclonal antibodies.

6. The method of claim 1, wherein said biological sample
is selected from the group consisting of whole blood, plasma,
and serum.

7. The method of claim 1, wherein said biological sample
is a plaque.
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