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DIAGNOSING ATHEROSCLEROSIS RISK BY
MEASURING CARBAMYLATED LOW
DENSITY LIPOPROTEIN LEVELS

CROSS-REFERENCE TO RELATED
APPLICATION

This non-provisional patent application claims benefit of
provisional patent application U.S. Ser. No. 60/315,101, filed
Aug. 27,2001.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to the field of car-
diovascular physiology and atherosclerosis. More specifi-
cally, the present invention relates to the prevention and treat-
ment of atherosclerosis using reducing the carbamylation of
LDL or the effects of carbamylated LDL.

2. Description of the Related Art

Atherosclerosis is the main cause of many cardiovascular
diseases in humans. Atherosclerosis is initiated by injury to
cells of the vascular wall. One group of patients that is very
susceptible to atherosclerosis is patients with renal insuffi-
ciency [1-3]. Patients with end-stage renal disease (ESRD)
are at several-fold increased risk of developing cardiovascu-
lar pathology because of accelerated atherosclerosis. [1,2].
Even patients with mild renal insufficiency are at 2-3-fold
higher risk of cardiovascular disease [3]. The high rate of
cardiovascular complications cannot be entirely explained by
the known cardiovascular risk factors in these patients.

There is a large body of data which indicates that an ath-
erosclerotic lesion starts when the vascular endothelium is
injured. The injured endothelium expresses adhesion mol-
ecules for the monocytes to bind to, and the monocytes bur-
row beneath the endothelial cell layer, ingest modified LDL,
and form so-called “foam cells”. This process leads to the
atherosclerotic plaque, which consists of a mass of lipid-
engorged monocytes and macrophages covered by a fibrous
cap being pushed out into the vessel lumen by proliferating
smooth muscle cells [4-6].

When decrease renal function occurs, the increased
amount of urea undergoes spontaneous (chemical, non-enzy-
matic) transformation to cyanate, which accumulates in
patients with chronic renal failure (CRF). Cyanate acts as a
potential toxin, inducing a modification of proteins called
“carbamylation” [see reviews 7-9].

An example of the carbamylation reaction of free amino
groups of protein N-termini is shown in FIG. 1. This reaction
is 50 to 100 times faster with a-amino groups of amino acids
than with e-amino groups [7]. Isocyanic acid, the active form
of cyanate, reacts irreversibly with nonprotonated groups of
amino acids forming o-amino-carbamylamino acids from
free amino acids. The irreversible carbamylation forming
a-amino-carbamyl-lysine occurs in multiple lysine sites
within a protein with accumulation over the life span of the
protein. When a molecule of cyanate is removed by carbamy-
lation, a new molecule of cyanate is formed because of the
equilibrium between urea and cyanate. Reversible carbamy-
lation occurs also at the hydroxyl groups of tyrosine, serine,
or threonine, and the sulthydryl groups of cysteine.

Very few studies have been aimed at the prevention of
carbamylation, and all of them have involved lens protein [ 14,
15]. Incubation of rat lens in cyanate induces an aspirin-
preventable increase in phase separation temperature [14].
Similarly, ibuprofen was found to induce a dose-dependent
decrease in the binding of cyanate to lens protein [15]. It is
possible that ibuprofen competes for cyanate binding sites.
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Aspirin was more effective when it was pre-incubated with
lens protein, suggesting a predominantly covalent interac-
tion. Bendazac also inhibits the carbamylation of lens protein
when present with cyanate [16]. Therefore only aspirin, ibu-
profen, and bendazac have been evaluated as inhibitors of
carbamylation. There are no studies in which any amino acid
has been used to prevent carbamylation of proteins or lipids.

The prior art is insufficient for prevention and treatment for
cardiovascular pathology caused accelerated atherosclerosis
in normal individuals and deficient in the lack of an effective
prevention and treatment of individuals with renal disease.
The present invention fulfills this long-standing need and
desire in the art.

SUMMARY OF THE INVENTION

Patients with certain diseases such as renal disease are at an
increased risk of developing cardiovascular events because of
accelerated atherosclerosis. The high rate of cardiovascular
complications cannot be explained entirely by the known
cardiovascular risk factors in these patients. There is a large
body of data that indicates that an atherosclerotic lesion starts
when endothelium is injured. Blood urea dissociates to form
cyanate, which reacts with proteins by a process known as
carbamylation. The present invention discloses that carbamy-
lated LDL-cholesterol (¢LDL) causes endothelial cell dam-
age, and would thus lead to accelerated atherosclerosis and
significant contribution to cardiovascular complications in
patients with renal failure. An additional contributory factor
is related to carbamylated LDL forming more aggregates than
native LDL-cholesterol (nLDL) resulting in its deposition in
the arterial wall.

The present invention discloses that lysine, glycine and
arginine prevent carbamylation. The present invention further
discloses that agents that inhibit or reduce carbamyation or
prevent its aggregation or the effects of carbamyation provide
new modalities for the treatment of cardiovascular complica-
tions in patients with renal disease. Since urea is normally
present in the blood of all humans, carbamylated LDL may
also play an important role in atherosclerosis in individuals
with normal kidney function.

One embodiment of the instant invention discloses a
method of determining whether an individual is at risk for
atherosclerosis, comprising the step of measuring the level of
carbamylated LDL in a sample obtained from said individual.

In another embodiment of the instant invention, a methodis
provided of assessing the effectiveness of a treatment for an
atherosclerosis-related disease in an individual in need of
such assessment, comprising the step of monitoring carbamy-
lated LDL and/or antibody to carbamylated LDL in said
sample.

Yet another embodiment of the instant invention provides a
method of reducing carbamylation in an individual in need of
such treatment, comprising the step of treating said individual
with enzymatic or non-enzymatic inhibitors of carbamyla-
tion.

In yet another embodiment of the instant invention, a
method is provided of reducing carbamylation in an indi-
vidual in need of such treatment, comprising the step of
treating said individual with a monomeric amino acid.

In yet another embodiment of the instant invention, a
method of treating or preventing atherosclerosis in an indi-
vidual in need of such inhibition, comprising the step of
inhibiting aggregation and/or deposition of carbamylated
LDL in said individual, is provided.
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Yet another embodiment of the instant invention provides a
method of inhibiting atherosclerosis in an individual in need
of such inhibition, comprising the step of preventing endot-
helial cell and/or vascular smooth muscle cell damage caused
by carbamylated LDL in said individual.

In still another embodiment of the instant invention, a
method of preventing carbamylation in an individual with
normal renal function is provided, comprising the step of
treating such an individual with a monomeric amino acid.

Moreover, further aspects will be apparent from the fol-
lowing description of the embodiments of the invention given
for the purpose of disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the matter in which the above-recited features,
advantages and objects of the invention, as well as others that
will become clear, are attained and can be understood in
detail, more particular descriptions of the invention briefly
summarized above may be had by reference to certain
embodiments thereof which are illustrated in the appended
drawings. These drawings form a part of the specification. It
is to be noted, however, that the appended drawings illustrate
embodiments of the invention and therefore are not to be
considered limiting in their scope.

FIG. 1 shows an example of the carbamylation reaction of
free amino groups of the N-terminal protein.

FIG. 2 shows that after human, LDL was carbamylated in
vitro in the presence of potassium cyanate (20 mg/mg LDL
protein), or oxidized by exposure to 5 uM cupric sulfate, the
isoforms have different mobility in agarose gel.

FIG. 3 shows that exposure of human normal LDL to
potassium cyanate (20 mg/mg LDL protein) for 15 to 240
minutes led to gradually increased mobility of the carbamy-
lated LDL in agarose gel.

FIG. 4 shows that endothelial cell morphology is changed
after treatment with carbamylated LDL. Cells treated with
200 pg/ml carbamylated LDL showed morphological signs of
deterioration as compared to cells treated with the same
amount of native LDL. The cells look damaged, they are
smaller than normal and shrunken, and some of them are
detached from the plastic surface. The monolayer is dis-
rupted. Spaces between cells are filled with cellular debris.

FIG. 5 shows LDH release by cultured human endothelial
cells treated with native (nLDL), carbamylated (cLDL), or
oxidized LDL (oL.DL).

FIG. 6 shows that carbamylated LDL induces apoptosis of
human coronary endothelial cells. FACS analysis of endot-
helial cells stained with propidium iodide/Annexin V after
being treated with 200 ug/mlnl.DL or 200 pg/ml cLDL for 24
hours. More cells are visible in the lower right quadrant of the
plot (annexin V staining).

FIG. 7 shows in vitro inhibition of LDL carbamylation
with L-lysine.

FIG. 8 shows reactivity of rabbit antisera raised to LDL
isoforms. FIG. 8A shows cross-reactivity of cL.DL antisera
withnL.DL and oxLDL and cross-reactivity of nLDL antisera
with cL.DL and oxL.DL. FIG. 8B shows that cL.DL and n.DL
antibodies can be purified using affinity chromatography so
as to lose all of its cross-reactivity.

FIG. 9 shows identification of carbamylated LDL in
patients with end stage renal disease using Western blotting of
human plasma proteins with anti-carbamylated LDL.
Patients (P1, P2) but not donors (D1, D2) have a second band
(shown by arrow) which reacts with anti-carbamylated LDL
and have the mobility of carbamylated LDL in agarose gel.
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FIG. 10 shows the identification of cLDL in patients with
end stage renal disease using Western blotting of human
plasma proteins with anti-cLDL. Patients (P1, P2) but not
donors (D1, D2) have a second band (shown by arrow) which
reacts with anti-cLDL and has the mobility of cLDL in aga-
rose gel.

FIG. 11 shows carbamylated LDL in end stage renal dis-
ease patients and controls determined by using specific anti-
cLDL antibodies. Results are presented as absorbance at 450
nm.

FIG. 12 shows increased anti-cLDL autoantibody (anti-
cLDL/anti-nL.DL ratio) in end stage renal disease patients.

FIG. 13 shows the proliferation of vascular smooth muscle
cells in the presence of LDL isoform as measured by a BrdU
assay.

DETAILED DESCRIPTION OF THE INVENTION

Carbamylated low density lipoprotein cholesterol (cL.DL),
by virtue ofits ability to cause endothelial cell damage, leads
to accelerated atherosclerosis and contributes significantly to
cardiovascular complications in patients with renal failure.
An additional contributory factor is related to caramylated
LDL-cholesterol forming more aggregates than native LDL-
cholesterol (nLDL), resulting in its deposition in the arterial
wall. In addition, because urea is normally present in the
blood of all humans, crabamylated LDL may also play an
important role in atherosclerosis in individuals with normal
kidney function.

The instant invention is directed to a method of determin-
ing whether an individual is at risk for atherosclerosis, com-
prising the step of measuring the level of carbamylated LDL
in a sample obtained from the individual. Preferably, when
the level of carbamylated LDL in the sample is greater than
normal as established by standard laboratory methodology in
subjects with no known vascular or renal disease, the indi-
vidual is at risk for atherosclerosis. Generally, the sample is
selected from the group consisting of plasma and urine. The
level of carbamylated LDL in the sample is determined using
an antibody to carbamylated LDL, autoimmune antibody to
carbamylated L.DL, or any other method known to a person
having ordinary skill in this art.

The instant invention is directed to a method of assessing
the effectiveness of a prevention and treatment for an athero-
sclerosis-related disease in an individual in need of such
assessment, comprising the step of monitoring carbamylated
LDL and/or antibody to carbamylated LDL in the sample.

The present invention describes that cL.DL causes endot-
helial dysfunction and other effects that are linked to athero-
sclerosis, and therefore, a central premise of the present
invention centers on a reduction of cLDL by any means as a
beneficial treatment. Accordingly, the present invention is
further directed to a method of treating an individual having
an undesirably high level of carbamylated LDL by reducing
or inhibiting carbamylation in the individual. This method
comprises the step of removing carbamylated LDL from the
blood or from the individual’s body. Thus, it is possible for
example to remove cLDL in dialysis patients or other patients
by immunophoresis (passing blood plasma through immmu-
nosorbent) or by using a scavenger of carbamylated LDL in
vivo.

The instant invention is directed to a method of reducing
carbamylation in an individual in need of such reducing treat-
ment, comprising the step of treating the individual with
enzymatic or non-enzymatic inhibitors of carbamylation.

The present invention is directed to a method of reducing
carbamylation in an individual in need of such reducing treat-
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ment, comprising the step of treating the individual with a
monomeric amino acid. Representative examples of useful
monormeric amino acids include lysine, glycine, and arginine.

Preferably, the amino acid is administered in a dose of from
about 5 mg/kg to about 500 mg/kg. 1n one aspect, this method
is useful for treating an individual susceptible to atheroscle-
rosis. In another aspect, this method is useful for treating an
individual with renal disease such as an individual with
advanced renal failure requiring dialysis and/or transplanta-
tion.

The present invention is also directed to a method of treat-
ing or preventing atherosclerosis in an individual in need of
such inhibition, comprising the step of inhibiting aggregation
and/or deposition of carbamylated LDL in the individual. In
one aspect, such treatment or prevention of atherosclerosis
may comprise preventing cell damage caused by carbamyla-
tion of LDL in the the individual, such as endothelial cell
and/or vascular smooth muscle cell damage, or the adhesion
of monocytes.

The present invention is additionally directed to a method
of preventing carbamylation in an individual with normal
renal function, comprising the step of treating such an indi-
vidual with a monomeric amino acid. Representative
examples of useful monomeric amino acids include lysine,
glycine, and arginine.

The present invention is also directed to an antibody
directed against carbamylated LDL. Such an antibody could
be either monoclonal or polyclonal. The present invention is
also directed to a kit comprising the antibody of the present
invention.

The following examples are given for the purpose of illus-
trating various embodiments of the invention and are not
meant to limit the present invention in any fashion.

EXAMPLE 1

Cell culture

Human coronary artery endothelial cells (HCAECs) and
vascular smooth muscle cells (VSMCs) were obtained from
Clonetics, (Walkersville, Md.). Human coronary artery
endothelial cells were maintained in EGM-2-MV medium
(Clonetics) and vascular smooth muscle cells were main-
tained in SmBM medium (Clonetics), both supplemented
with 5% fetal bovine serum, growth factors, and antibiotics
(gentamycin, amphotericin B). Cells were grown in a humidi-
fied incubator (5% CO,, 37° C.), and culture medium was
changed every other day. In all experiments, human coronary
artery endothelial cells and vascular smooth muscle cells
were used at passages between 4 and 7.

EXAMPLE 2

Human native LDL

Human native LDL (nLDL) was purchased from Fluka
(Milwaukee, Wis.) and stored at +4° C. in nitrogen atmo-
sphere to prevent oxidation.

EXAMPLE 3

Carbamylated LDL
Carbamylated LDL (cLDL) was produced by chemical
modification of nL.DL. Native LDL was incubated under

sterile conditions with potassium cyanate (Aldrich; Milwau-
kee, Wis.) (20 mg KOCN/mg nL.DL) at 35° C. for 4 hours.
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6
Salt was removed by excessive dialysis against 0.15 M NaCl,
0.01% EDTA, pH 7.0 at 4° C. for 48 hours under sterile
conditions. To obtain cLDL carbamylated to different
degrees, various incubation periods, from 5 to 300 min, were
used.

EXAMPLE 4

Oxidized LDL

Oxidized LDL (oxLLDL) was obtained by incubation of
nL.DL at 1.5 mg/ml concentration with freshly prepared ster-
ile 5 uM CuSO, for 24 hours at37° C., after removal of EDTA
by dialysis in sterile conditions against phosphate-buffered
saline (PBS), pH 7.4 for 24 hours at 4° C. The reaction was
stopped by adding 200 uM sterile EDTA.

EXAMPLE 5

Carbamylated-oxidized LDL

Carbamylated-oxidized LDL (coxLDL) was obtained by
oxidation of cLDL. All modified LDL forms were kept at 4°
C.away from light, and used within 2 weeks after preparation.

EXAMPLE 6

Protein concentration
Protein concentration was measured by the BCA protein
assay (Pierce; Rockford, 111.).

EXAMPLE 7

Electrophoresis of LDL isoforms

Electrophoresis of LDL isoforms was carried out in 0.5%
agarose gel in barbital buffer, pH 8.6 for 1 hour (7 ug LDL
protein/well, 90 V, 70 mA), and the bands were stained in
Sudan Black B.

EXAMPLE 8

Assessment of carbamylation

Assessment of carbamylation was made (a) on the basis of
relative electrophoretic mobility in agarose gel, and (b) by the
homocitrulline assay as described by Trepanier, et al. .[10].
Briefly, 25 pg of LDL protein in PBS, pH 7.4 (50 pl volume)
was incubated with 2 ug proteinase K and 1% SDS (v:v) at
37° C. for 2hours. Then 250 ul of urea-nitrogen reagent (0.83
M sulfuric acid, 1.13 M orthophosphoric acid, 0.55 mM thi-
osemicarbazide, 2.6 mM cadmium sulfate), 50 ul 3% diacetyl
monoxime in water was added and the mixture was incubated
at 97° C. for 30 min. Samples were transferred into a 96-well
plate and absorption of chromogen(s) was recorded at 530
nm. Homocitrulline (carbamyl lysine) standard curves (0-30
nmol) were generated using serial dilutions of a stock solu-
tion (200 uM) in PBS, pH 7.4. Results are expressed as nmol
homocitrulline/mg LDL protein).

EXAMPLE 9

Assessment of oxidation

Assessments of oxidation were made (a) on the basis of
relative electrophoretic mobility in agarose gel, and (b) using
athiobarbituric acid reactive substances (TBARS) assay [11].
LDL protein (25 pg in 50 ul PBS) was mixed with 150 pl of
freshly prepared 0.67% thiobarbituric acid, 20% trichloro-
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acetic acid and heated at 95° C. for 45 min. Butylated
hydroxytoluene (20 uM) and EDTA (100 uM) were added to
prevent further oxidation during heating. After cooling the
samples to room temperature, 300 pl butanol was added for
extraction, and the samples were centrifuged at 4000 rpm for
10 min. The supematant (200 pul) was transferred into a
96-well plate, and assayed spectrophotometrically at 532 nm
in a plate reader. Freshly prepared 1,1,3,3-tetramethoxypro-
pane, which yields malondialdehyde (MDA), was used as a
standard. The results are expressed as nmol MDA/mg LDL
protein.

EXAMPLE 10

Cell viability

Cell viability was determined by trypan blue exclusion and
LDH release as previously described [12]. For the LDH
release measurements, the LDH release assay (Promega;
Madison, Wis.) was used. Apoptosis was measured using
nuclear staining as described and by annexin V/propidium
iodide staining. For Annexin V and propidium iodide stain-
ing, human coronary artery endothelial cells were cultured
(2x10° cells per well in 6 well plates) in 5% FBS supple-
mented medium overnight and then treated with LDL. The
supernatant and cells obtained with trypsin/EDTA were cen-
trifuged at 1000 rpm for 5 min; cells were combined and
washed in PBS, pH 7 .4, centrifuged, and resuspended in 200
1 binding buffer. Annexin V (Clontech; Palo Alto, Calif.) (5
ul) and propidium iodide (Clontech) (10 pl) were added and
incubated at room temperature in the dark for 15 min. After
300 ul binding buffer was added, FACS analysis was imme-
diately performed using a flow cytometer/cell sorter (Becton
Dickinson, Mountain View, Calif.). The percentage of apop-
totic cells was calculated by the CELLQUEST software pack-
age. Cell viability and proliferation were measured using an
MTS assay (CellTiter 96 Aqueous One Solution Cell Prolif-
eration assay kit, Promega Corporation, Madison, Wis.), or a
bromodeoxyuridine assay (BrdU cell proliferation assay kit,
Oncogene, Cambridge, Mass.). For Western blot analysis,
protein samples were resolved by agarose gel electrophoresis
as described above. Proteins were electrophoretically trans-
ferred to nitrocellulose or to immobilon polyvinylidine dif-
luoride (Millipore, Bedford, Mass.) membranes, and reacted
with antibody as described by Towbin [13]. A statistical com-
parison of the data was carried out using the Student’s t-test,
and p<0.05 was considered to be significant.

EXAMPLE 11

In vtro carbamylation and oxidation of LDL

Human LDL was carbamylated in vitro in the presence of
potassium cyanate (20 mg/mg LDL protein), or oxidized by
exposure to 5 pM cupric sulfate as described above. The
isoforms have different mobility in agarose gel (F1G. 2).

EXAMPLE 12

Human LDL-cholesterol can be carbamylated in vitro to dif-
ferent degrees

Since the level of LDL carbamylation in humans is not
known, it is necessary to have methods to study LDL car-
bamylated to different degrees. Exposure of human normal
LDL to potassium cyanate (20 mg/mg LDL protein) for 15 to
240 min led to gradually increased mobility of the carbamy-
lated LDL in agarose gel (F1G. 3). The degree of carbamyla-
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tion measured using a homocitrillune assay was gradually
increased from 94+14 nmol homocitrulline/mg LDL protein
after 15 min to 221432 nmol homocitrulline/mg LDL protein
after 240 min of carbamylation.

EXAMPLE 13

Carbamylated LDL induces injury to endothelial cells in vitro

Cultured human coronary artery endothelial cells treated
with 50-400 pg/ml cLDL for 24 hours showed, under light
microscopy, signs of morphological alterations, detachment
and presence of cellular debris (F1G. 4). The cells look
smaller (shrunken), which is indicative of apoptosis.

EXAMPLE 14

Carbamylated LDL induces irreversible cell injury

Carbamylated LDL induces irreversible cell injury as mea-
sured by LDH release (F1G. 5). This injury was dose- and
time-dependent, and correlated with the degree of LDL car-
bamylation (between 90 and 220 nmol homocitrulline/mg
protein). At 200 pg/ml carbamylated LDL, the LDH release
was 21.3+4.6% compared to 6.6+3.2% (n=5) induced by
native LDL.

EXAMPLE 15

At least part of the cellular population dies by apoptosis

Flow cytometry using Annexin V staining also demon-
strated the presence of apoptotic cell death (F1G. 6). The
portion of Annexin V-positive cells was 11+2% in non-treated
cells, 14+3% in nLDL treated, and 24+4% in cLDL treated
cells (200 pg/ml LDL for all isoforms). The cytotoxicity of
cLDL was less than that induced by oxL DL in parallel experi-
ments (data not shown).

EXAMPLE 16

In vitro carbamylation of LDL can be inhibited with mono-
meric amino acids

Monomeric amino acids (L-lysine, L-arginine, L-glycine)
can inhibit carbamylation of LDL in vitro when applied in
molar ratios of 1:1 to 16:1 (L-lysine:KOCN) (F1G. 7).

EXAMPLE 17

Carbamylation has little or no effect on oxidation of LDL in
vitro, and vice versa

Gradually carbamylated LDL (90 to 220 nmol homocitrul-
line/mg protein) was oxidized in vitro and the level of oxida-
tion examined using a thiobarbituric acid reactive substances
(TBARS) assay. These results showed that susceptibility of
LDL to oxidation was in the range of 60-70 nmol malonal-
dehyde/mg protein, which was not increased after carbamy-
lation. Instead, some competitive inhibition (up to 20%)
between carbamylation and oxidation of lysine residues was
observed. Another experiment, in which the LDL was gradu-
ally oxidized in vitro and tested for carbamylation, demon-
strated no effect of oxidation on carbamylation of the same
substrate (data not shown).

EXAMPLE 18

As opposed to native LDL, cLDL is more likely to form
aggregates and precipitate from solutions
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The aggregation in LDL isoforms’ solutions was measured
using ultrafiltration through 0.22 um filter or ultracentrifuga-
tion at 14,000 g for 10 min. The results presented in Table 1
show that cLDL’s ability to form aggregates is higher than
that of nLL.DL. Aggregation of cLDL may contribute to ath-
erosclerotic plaque formation.

TABLE 1

Aggregation of LDL isoforms in solution (% lost during centrifugation
or ultrafiltration)

LDL
isoform Centrifugation Filtration
nLDL 10 38
cLDL 26 62
EXAMPLE 19

Antibody to carbamylated LDL

Antibody to carbamylated LDL is not commercially avail-
able. In vitro modified cLDL and oxLLDL, as well as nLDL,
were used for raising polyclonal antibody in rabbits.
Although the obtained antisera analyzed by quantitative
Western blotting have some cross-reactivity, both anti-cL.DL
and anti-nL. DL, were more specific to their direct antigens
(F1G. 8). These antibodies can be purified using affinity (im-
munosorption) chromatography so as to lose most or all of the
cross-reactivity. The antibodies were sensitive enough to
detect as little as 30 pg of LDL protein in plasma using an
ELISA assay (FIG. 9). Antisera to oxLLDL did not have any
specificity (data not shown) and was excluded from the stud-
ies. If necessary, commercial monoclonal antibody to human
oxLDL (Research Diagnostics, Flanders, N.J.) may be used.

EXAMPLE 20

Protein carbamylation is increased in patients with end-stage
kidney disease (ESRD)

Although the presence of carbamylated proteins has been
reported in patients with renal failure, the presence of cLDL
in plasma has not been previously examined. In order to
produce a tool for studying cL.DL, ¢cL.DL was prepared and
polyclonal antibodies to ¢cLDL and nl.DL was raised in rab-
bits as described above.

1n pilot experiments, plasma from patients with end-stage
kidney disease was subjected to electrophoresis in agarose
and subsequent immunoblotting with anti-cL.DL antibody to
detect the presence of modified LDL. The high mobility in
agarose (due to increased charge ofthe molecule as compared
to nLDL) corresponding to cL.DL, as well as interaction with
anti-cL.DL antibody, indicates that the modified LDL is cL.DL
(FIGS. 9, 10). The plasma from the same patients demon-
strated increased total levels of carbamylation of lysine resi-
dues in proteins (43+6 versus 143 nmol homocitrulline/mg
protein in donors). The ELISA assay showed a significant
increase of cLDL in dialysis patients (absorption:
0.340+0.045, n=15) versus healthy individuals (0.10420.032,
n=9, p<0.01) (F1G. 11). This increase correlated with the
elevation of the total carbamylation of proteins in plasma
(4326 vs. 143 nmol homocitrulline/mg protein in healthy
subjects). A more quantitative assay to measure an antigen,
competitive ELISA, also showed that ¢cLDL content in
patients is increased (0.350+0.030, n=15, vs. 0.270+0.020,
n=15, in healthy individuals, p<0.03).
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EXAMPLE 21

Elevation of Autoantibody to carbamylated LDL in dialysis
patients

Carbamylated LDL is highly immunogenic when used as
an antigen in rabbits. Both hemodialysis patients and healthy
individuals have autoantibodies to cLDL. Increased anti-
cLDL antibody was detected (anti-cLDL/anti-nLDL ratio) in
patients with chronic renal failure (F1G. 12). Also, in these
patients autoantibody to cLDL are mainly against moderately
carbamylated LDL, rather than mildly or heavily carbamy-
lated LDLs. Taken together, these data suggest that both
elevated cLDL and autoantibody to cLDL are potential patho-
genic factors in the development of atherosclerosis in renal
patients.

EXAMPLE 22

In addition to cell death, carbamylated LDL induces prolif-
eration of endothelial cells

The results of the MTS assay showed significant decreases
in the numbers of cells treated with oxLDL and coxLDL,
especially at high concentrations (at 200 pg/ml. concentra-
tion, viability was 12+2% and 4+2%, respectively) (Table 2).
On the other hand, the decrease was not seen in the number of
cells treated with cLDL despite the presence of high LDH
release assay results and assessment of cell injury/death
under light microscopy (viability 118% for both nLDL and
cLDL).

The results of the bromodeoxyuridine (BrdU) cell prolif-
eration assay showed that cLDL causes a striking prolifera-
tion in human coronary artery endothelial cells (at 200
pg/ml, 298% with cLDL, vs. 92% with nLDL). The prolif-
erative effect gradually increased with concentration of
cLDL: percentage increases of 121,209, 298, and 316% were
seen with ¢cLDL concentrations of 50, 100, 200, and 400
pg/ml, respectively. While oxLDL did not have a significant
proliferative effect at similar concentrations, coxL.DL
showed a 227% proliferation increase compared to controls,
besides a toxic effect similar to or greater than that of oxLL.DL
(Table 3).

TABLE 2

The viability of cells treated with modified LDLs determined by MTS

assay.
MTS assay
Viability (%)
50 100 200 400
pg/mL pg/mL pg/mL pg/mL

Control 97x2

NLDL 110+9 1187 118+ 8 136 12
CLDL 1026 1156 118 +7 143 = 14
OxLDL 72£9 259 12£2 13204
CoxLDL 71+9 21«11 4x2 0.7+05
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TABLE 3

The proliferation rate of cells treated with modified LDLs

BrdU cell proliferation assay
Proliferation (%)

25 50 100 200
pg/ml, ug/ml ug/mlL ug/ml,
Control 75
NLDL 95 97 91 96
CLDL 112 121 209 298
OxLDL 107 107 106 165
CoxLDL 65 107 135 227
EXAMPLE 23

Carbamylated LDL induces both DNA repair and DNA syn-
thesis in endothelial cells.

Flow cytometry of LDL-treated cells double-labeled with
BrdU and 7-AAD (marker of total DNA) was performed to
detect whether BrdU incorporation is linked to DNA synthe-
sis or DNA repair, and whether mitosis is suppressed, and
thus accumulation of polyploid cells is associated with the
increase of BrdU incorporation. The data indicated that n[.DL
induces mainly DNA repair synthesis leading to increased
BrdU incorporation in G0/G1 phase without any significant
change in cell cycle. 1n contrast c[.DL induces both DNA
repair and DNA synthesis (17.0£1.1% vs. 8.3+£0.7% and
7.2+1.4% cells in S-phase in nLDL-treated and non-treated
cells, respectively). No accumulation of polyploid cells after
cLDL or nL.DL treatment was observed. Potassium cyanate
did notinduce proliferation or DNA synthesis in HCAECs. In
conclusion, ¢cL.DL produces a profound dysfunction of cul-
tured endothelial cells, which in addition to cell death
includes DNA damage and the induction of proliferation.

EXAMPLE 24

Carbamylated LDL induces proliferation of vascular smooth
muscle cells (VSMCs).

Proliferation of vascular smooth muscle cells is a crucial
element of the atherosclerotic plaque growth, and thus is very
important in the mechanism of atherosclerosis. Carbamylated
LDL induces a significant proliferation of vascular smooth
muscle cells in vitro in a dose-dependent manner (F1G. 13).
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Any patents or publications mentioned in this specification
are indicative of the levels of those skilled in the art to which
the invention pertains. Further, these patents and publications
are incorporated by reference herein to the same extent as if
each individual publication was specifically and individually
indicated to be incorporated by reference.

One skilled in the art will appreciate readily that the present
invention is well adapted to carry out the objects and obtain
the ends and advantages mentioned, as well as those objects,
ends and advantages inherent herein. The present examples,
along with the methods, procedures, treatments, molecules,
and specific compounds described herein are. presently rep-
resentative of preferred embodiments, are exemplary, and are
not intended as limitations on the scope of the invention.
Changes therein and other uses will occur to those skilled in
the art which are encompassed within the spirit of the inven-
tion as defined by the scope of the claims.

What is claimed is:
1. A method of determining whether an individual is at risk
for atherosclerosis, comprising:
measuring levels of carbamylated low density lipoprotein
cholesterol (¢LDL) in a blood plasma sample obtained
from said individual and in a blood plasma sample(s)
obtained from a healthy individual(s);
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comparing the level of cLDL in the blood plasma sample sample(s) from healthy individuals, thereby indicating
from said individual with the level(s) of cLDL in the that said individual is at risk for atherosclerosis.
blood plasma sample(s) from said healthy individual(s); 2. The method of claim 1, wherein the level of ¢cL.DL in said
and blood plasma sample is determined using an antibody to

determining an increase in the level of cLDL in the blood 5 cLDL.
plasma sample from said individual over the level(s) of
cLDL established as normal in the blood plasma ook ok # %
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