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1
METHOD FCR THE PREDICTION OF
PRELCLAMPSLA AND OTHER DISEASES

TIELI} OF THE INVENTION
The present jnvention relates to metheds for predjcting and following
illnesses. More particularly, the present invention relates to the diagnosis of

preeclampsia and other diseases.

BACKGROUND OF THE INVENTICR

Vascular disease is often related to the composition of blood flowing
therethrough. In particular, high concentrations of vory low density lipoproteins
(YLDL) in blood huve a deletarious effect on vascular integrity. Very low densily
Tipoproteins in Bloed tend to break down the inner vaseular walls cansing vascular
Jiseases including preeclampsia, atherosclercsis, stroke, peripheral vascular diseaso,
t_iiubcl.ic vascular disease, and such.

Methods providing eardier detection of vascular diseases, and methods for
diagnosing a pafient’s proclivity towanl developing a vascular disease at a lager point
in his Life are desivable so that such disease inay be befter controlled, or even avoided.
The carly detection of proeclampsia is particolarly importunt.

Preeclampsia is a toxic vascular disease of particular intereat. Preaclampsia
develaps in late preguancy and is chatacierized by a sudden rise in blood pressure,
excessive increase in weight, generalized edema, albuminuria, severe hieadaches, and
visual disturbances, The blood vessels in a pregoant woman’s uterus supplying blood
io her plai:enfa ang fetus hecome restricted during preeclampeia, thereby delivering

reduced amounts of blood and oxygen to the fetus, Preeclampsia is Linked to poor

fetal growth and, in its most severs form, can he fata to both the fetus and the mother,

Human blood's natural defense against the destructive effect of VLDL on
Endothelial cells and Leukocytes has been guantified by an index or facter known as
the “toxicity preventing activity” or “ TxPA” of the blood. (Arbogast, B.W., and
Dreher, M.J. Coronary Disease Prediction Using a New dtherogenic Index.
Atherosclerpsis, Vol. 73 (1988) 255-267), {Chi, D.8., et al. Decreased Lymphocyte
Response in Streptozotocin Induced Diabetic Rats: A Function of Very Low Density

JP 2004-500581 A 2004.1.8
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2
Lipoproteins. Diuberes 31 (1982) 1098-1104). U.S. Patent 4,699,878 discloses that
the TxPA of a blood sample can be estimated by vomparison of the growth of a
culture of cells treated with & toxic guantity of VLIDL and varying amounts of the
blood sample to the “zern™ growth of a reference culture of sells which was {reated
with the same toxic quantity of VDL and no blood.

The ratic of VLIL ta TxPA determines the eytotaxicity of the blood in visro.
The ratio of VLDL to TxPA has also been effective in predicting vascular disease i
vitrg. The presence of or future development of precclampsiz van be predicted with 2
0% accuracy using the ratio of VLDL o TxPA. {(Arbogest, B.W., Leeper, 8.C.,
Merrick, BRI}, Olive, K.E. and Taylor, RN Plasma Factors that Determine
Eundotheliol Cell Lipid Toxicity in vitro Correctly Identify Women with Preeclampsiv
in Early and Late Pregnancy. Hypertension in Pregnancy Vol. 15 (1996) 263- 279).
Similar accuracy has been achieved with atherosclerosis. (Azbogast, B.W., Gill, LR,
and Schwertner, HA. A New Profective Factor tn Coronary Ariery Disecse: Very-
Low-Density Lipoprotein Toxicity-Preventing Activity. Atherosclerosis Vol, 57
(1985) 75-86), (Arbogast, B.W, and Direher, N.J. Cerongry Disease Prediction Using
@ New Atherogenic Index. Atheroselerosis Yol. 66 (1987) 55-62). The drawbacks of
thiz cell culture mefhod arc that it is a relatively expensive assay and that it requires
cell growth time. Also, the level of uncertainty is about 10%, undesirably high for a
medical assay.

Blood plasma containg components including albumin, non-esterified fatty
acids {NEFA), and triglycerides which are carried in varying amounts on very low
density lipoproteins (VL.DL), low density lipoproteins (LDL), and high density
lipoproteins (HDL), Human blood albumin exists as iwo specics that may be
separated by their electrophoretic migration to isoelectric ponts of pH 4.8 and pH 5.6.
{ Basu, 8., Rao, SM. and Hartsuck, A, Infhuence of Fatry deid and Time of
Focusing on the [seelectric Focusing of Human Plasma Albumin. Biochim Biophys
Aetz, Vo). 533 (1978) 66). ki has been found that the toxicify preventing activity of
uanan blood is mainly provided by pl 5.6 aibumin. Arbogast disclosed that the pl 5.6
albumin spccies provides the protective effect against VIDL damage to vasculature
endothelial cells and leukocvtes. (Arbopast, B.W. Purification and Identification aof
Very Low Density Lipapratein Toxicity Preventing Acitvily. Atherosclerosis Yol 7

JP 2004-500581 A 2004.1.8



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

10

15

20

25

30

21)

WO N/TTETS PCTATSNA0T6T

3
(1988) 258-267 and Chi, I.8., Berry, D.L., Dillon, K.A. end Arbogast, B.W.: Decreased
Lymphacyte Resporse in Siveptozorscin Tnduced Diaberic Rats: A Fimcrion of Very Low
Density Lipoproteins. Digbetes 31° 1098-1104 1982). Accordingly, the determination of
the pl 5.6 albumin concentration in bloed would be greatly beneficial in diagnosing
vascular and leukocyte associated diseases.

The concentration of pl 5.6 albumin is not determinable from the total albumin
concentration, due to the fact that the pl 5.6 and p) 4.4 albumin species exist in
hugnan plasma in wnprediciable ratios. The TxPA of a sumple of plasma can be
determined by separating the pl 4.8 albumin from the pl 5.6 albumin via liquid
column, jsoclectsic foeusing aud determining the concentration of the pl 5.4 albumin
fraciion via absorbanee spectrometry. The concentration of pI 5.6 albumin in plasma
is then compared to a standard voncentration knowa to indicaie delineation between
patients having been diagnesed with arterial disease and these not diagnosed with
arierial disease. {Arbogast, B.W., Leeper, 8.C,, Merrick, R.12., Olive, K.E. and Taylor, RM.:
Plasmu Factors that Determine Endothelial Cell Lipid Toxicity in vitra Corvectly fdentify
Women with Preccloaupsia in Earlp and Lare Preguancy. Hypertension i Preguency
15:263-279, 19%6). The clestrophoretic method disclosed by Arbogast is quite
cumbersomge and expensive for clinical operation. The degree of uncertainty of the
electrophoresis method is abont 10%,

In light of the above, it would be desirable to have a simpler process for
diagnosing the presence of or the proclivity towsrd developing albumin-inhibited
VLDI-sensitive diseases, including vasculer and nou-vascular diseases and
conditions. A process noi requiring coll culture growth or an isoclectric focusing
separation would be more useful . ¥ would be further desirable for such new

diagnostic process 1o be more accurate than previous processes.

SUMMARY OF THE INVENTION
The present invention is a process tor determining the toxicity preventing
ability of plasma against a disease having 2 correlation to a reduction in the
coneentration of pl 5.6 albumin ip the plasma. The present process comprises the
steps of :

JP 2004-500581 A 2004.1.8
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(a) providing a plasma sample containing fice albumin, fres non-esterified fatty acids,
triglyverides, very low deﬁsity lipoproteins, low density lipoproteins, and ligh density
lipoproteins;
() determining the concentration of the free albumin;
(c} determining the concentration of ihe free non-esterified fatty acids; and
(d) calculating a valve indicative of the toxicity preveniing ahility of the plasma by
comparing the conceniration of the free albumin to the coneentration of the free non-
esterified fatty acids, The preferred indicator value is o “IxPA-S ratio”, caleulated by
dividing the concentration of the free albumin by the concentiation of the free non-
esterified fatty acids.

The present invention further includes an assay kit useful for conducting the
present process. The assay kit comprises the following:
() a bpid-precipitating reagent;
{b) areagent that displays a color upen binding with albumin; and

{c) areagentthat displays a color upon binding with non-csterified fatty acids.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 lustrates a plot showing the lack of diagnostic separation that acenrs hy
comparing the plasma albmmin conceniration of severe preeclampsia patients and
control patients. Conirol patients are matehed with preeclamptic patients on the basis
of gestational age, maternal age and race.

FIG. 2 illusirates a plot similar to FIG. 1 except that the albumin concentration
is the alburain found in the plasma supernatant after removing VLDL and LDL by
precipitafion and cettrifugation.

FIG. 3 iusirates a plot showing that some diagnostic separafion oceurs by
camparing the plasma WEFA concentration of sevene precclampsia pafients and
control patienis.

FIG. 4 illustrates a plot similar to FIG. 3 except that the NEFA concentration
is the NEFA found in the plasma supernatant after precipitation of VLDL and LDL.

FIG, 5 illustrates a graph showing improved diagnostic separation between
preeclampsia patients and contol patients when a ratio of plasma albumin

cancenitation to plasma NEFA concentration is plotted.

JP 2004-500581 A 2004.1.8
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FIG. 6 fliusirates a praph showing further improved diagrostic separation
between severe preeclampsia pafients and control patients when a ratio of supematant
albumin concentration to supermatant NEFA concentration (TxPA-S ratio) is plotted,

FIG. 7 illustrates a linear conelation plot between the TxPA-S raties
{supernatant) and the column TxPA values (from plasma) measured on the same set of
blood samples.

FIG. 8 ilustrates a plot similar fo FIG. 1, for blood samples taken from a
different set of women having mild precolampsia and a set of control worsen

FI{i. 9 illusirates a plot similar to FIG. 6, for blood samples taken from the
same group of blood samples used in FIG, 8.

FIG. 10 illustrates a plot similar to FIG. 9, except that a quoticnt of TxPA-S
ratio multiplied by the HDL concentration was piotted instead of TxPA-3 alone, This
set of blood samples was from a group of women who were outside of the United
States. The obaarvation thar HDI. has a. significant contribution to the classification of
these women ¢an be cither a function of the area of the world where the sumples were

collected or it may be an integral part of the new methodalogy for measpring TxPA-S.

DETAILED DISCLOSURE OF THE INVENTION

The applicant has discavered 2 new process far predicting the ability of plasma
to prohibit deleterious cell injury from blood toxins, particularly against VLDL-
eytotoxicity. The process of the present invention is based upon the applicant’s
discovery that the toxieity inhibiting ability of hlood can be indicaied by the particular
pl 5.6 albamin that is not bound to VLDL. Albumia not bound to VLI is reforred o
herein as “free alburin”. While the Appiicant has found that direct measurement of
free pl 5.4 albumin provides an indication of the toxicity inhibiing activity under the
prosent invention, such direct measurement would require separation of the pl 5.6
albumin from the pl 4.8 albumin as well as separating the free albumin from the
VLDL-bound albumin. In an effort to find an alternative t0 2 cumbersome
electrophoretic focusing assay for separating pl 5.6 albumin from pl 4.8 albumin, the
applicant has found that the concentration of fiee {total) albumnin and the
conecentration of non-esterified fatty acids (“NEFA™) bound to free albumin can be

compared ta pravide a very good estimation of the concentration of free pl 5.6

JP 2004-500581 A 2004.1.8
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altenmin. This provides an easier process since both of these qurantities are measuable
by simple in vitro techniques. The applicant has found thai a ratio of the concentration
of free albumin o the concentration of WEFA bound to free slbumin (referred to
herein as “free NEFA™) is an improved mdicator of the ability of plasma to prohibit
cell injury from blood toxins. However, other diagnostic vahues calculated largely
based on the free athumin and free WEFA conceniration are considored to be
madifications of the present invention.

[t should be noted that the diagnostic ratio detemuned by the present process is
bused upon different parameters than the TxPA value previously vsed to indicate the
toxicity inkibiting ability of bload in 1.8, Patent 4,699,878 or the isoelectic focusing
method used to isolate pI 5.6 albumin. Accordingly, the two values are not
corpparable. It order to clearly distmpuish the new {oxicity inhibiting ability
diagnostic ratio determined by the present invention from the TxPA value previousiy
used in the art, the dlagnostic ratic determined by the present invention is hereinalter
referred to as the “TxPA-S ratic”, with the “S” indicating that a plasma supematant is
assayed. Determination of the TxPA-§ ratia and diagnosis besed thereon, according to
the present invention, provides an accurate mdication of the potential for developing
an albumin-inhibited disease using assay methods much simpler than electrephoresis
and eell elturing.

The present invention includes a process for determining a TxPA-8 ratio for
blood and a method of making a medical diagnosis based on the TxPA-S ratio thus
determined, The present process cen be conducted by testing a sample of bloed,
serum, Or plasma. Since blood is difficult io analyze due to coagulation, seruny and
plasma processed from whole blood are preferable. The specific type of assays used
to conduct the process of the present invention will determing whether scrum or
plasma would be the most preferable blood form.  Although plasma is the most
preferred blood form for the present process, the teym “plasma” is hereinafier used to
indicate blood, senum, and/or plasma.

The most pertinent components of plasma assayed in the present invention are
Jree albumin, NEFA baving an acyl chain length of 6 to 20 carbons, triglycerides
having an acyl chain length of § to 20 carbons, low density lipoproteins (\LDL™), very
low densify lipoproteins (“YLDL”), and high density lipoproteins (“HDL™). VLI
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have a dengity less than about 1,006 gm/ml, LDL have a density of about 1.006 to
aboui 1.063 gm/ml.  FIDL have a density greater than about 1.063gm/mi. The NELA
component is made up of VL.DL-bound NEFA, end NEFA not hound to VLDL. Sinee
it has been found that the overwhelming majority of NEFA not boued to VLDL is fies
MNEFA, the term “frec NEEA” is hereinafter used interchanpeably ta refer to either
type of NEFA entity, unless otherwise specified.

The present process comprises determining the conceniration of free albumin
(both pl 4.8 and pl 5.6 albumin? and the concentration of free NEFA in a plasma
samplc and calculating the TxPA-S ratic of the plasma by dividing the concentration
of free albumin by the concenication of fiee NEFA, The concentration of free NETFA
is preferably determined afier temoval of the VLDL from the plasma. The albumin
concentration may be measured either as the total plasma albumin hefore the VLDL is
removed or as the free albumin remaining after the removal of VLDL. However, a
mare accurate 1xPA-S ratio is obtained using the free NEFA concentration and the
free albumin concentration to calculate the TxPA-S ratio,

It is more preferable that the free albumin and free NE[FA concentrations
measured do not include albuinin o WEFA bound to LDL. Accordingly, it is
prefested that the LDL is removed from the plasma along with the VLDL. The TxPA-
S raiio has been found to be accurate when the free albumin and free NEFA measuved
docs net inciude LDL-bound eniities,

Afier determining the TxPA-S ratio, the TxPA-Sis preferably used to classify
{he toxicity preventing ability of the piasma for a particular albumin-ishibited toxic
disease or condition by comparing the TePA-S catio to a standard TxPA-5 for that
specific disease. The standard 1'xPA-S is determined by conducting the process of the
present invention on a statistically significant plurality of plasma samples having
known potetitials for the suspected albumin-inhibited disease or condition. The
TxPA-S rafio determined for each of the plasma siandards is categorized according to
an independent medical disgnosis for the suspected albumin-iphibited disease, A
positive diagnosis for the suspect athbumin-inhibited diseasc is typically based on the
achal development of the disease within a given period, A negative diagnosis for the
albumin-inhibited disease is typically based upon the non-development of the disease
over a given period. The standard may be a single benchmark TxI*A-8 raiio .ur,
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preferably, a range of TePA-S ratios indicative of a high potential for the albursin-
inhibited disease. The most preferable standard is a pair of TXPA-S ratio ranges, with
one of the ranges representing TxPA-S ratios indicating a high potential for ihe
albumig-inbubited disease and the other range indicating a low potential for the same
disease.

The process of the present invention provides an unexpeciedly high amount of
separation between such a pair of high and low potential TxPA-S ratio standard
ranpes. The TxPA-B standard ratios obtained from a sufficiently large population of
plasma siandards, most preferably aggregate into two essentially exclusive ranges, ie.,
no overlapping between the two ranpes except for a statisticelly minor oumber of
cutliers. .

Ths, the acciracy in diagnosis using the present process Js higher than
previous processes. A sample TxPA-S ratio falling within the higher siandard range
indicates that the patient has a significantly low potentia) for developing the suspected
discase, A sample TxPA-S ratio falling within the lower standard range indicates that
the patient has a significantly high potentiat for developing the disease, A test TxPA-
8 ratig falling hetween the two standard ranges would be indeierminate of the risk of
development of the disease.

An even more accirate determination of a patient™s proelivity toward
develaping an albumin-inhibited disease is made when the present pracess further
congprises the step of measunng the total triglyceride concentration in the plasma and
incorporating the trigiyoeride eomeentration into the diagnostic equation. The
trighyceride concentration may be taken Inte consideration in determnining the patient’s
disease potential by evaluaiing a plot of TxPA-S mtio versus iriglyceride
concentration. From such a plot. 2 linear equation separating the high disease
potential plasma from the low disease polential plasma can be calcunlaled. Diagnosis
of a plasma sample can be eusily made by entering both the TxPA-S ratio and the
trigtyceride concentration into the equatien. The high and low discase-potenifal
standard ranges are furthey narrowed and separated from each other when, the
triglyceride concentration effect is included in the dingnosis. However, the siark
mprovement In diagnosis aceuracy using TxPA-S ratios instead of TxPA values is

further evidenced by the fact that the triglyceride concentration has significantly less
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of an effect on the amount of separation between diagnosis standard ranges based on
TxPA-S ratios, compared to its effect on TxPA value standard ranges.

The diseases that may be diagnosed by the present process are diseases having
a corrclation to a redustion in the conceptration of pl 5.6 albumin in the plasma. The
process is especially useful in predicting vascular diseases caused by the breakdown
of endothzlial cells due to VI.DL attack. The term “disease™ is uscd herein to refor to
diseases and other medically dsagnosable conditions. Examples of such diseases arg
preeclampsia, atherosclerosis, stroke, nephrotic syndrome (kidney diseasc), peripheral
vascular discase, and diabetic vascular disease. Fxamples of non-vaseular diseases
and congitions not recognized as vaseular diseases but which have a correlation to the
albumin concentration are cancer, monality, morbidity, sepsis, shock and aging.

The particulaz methods used to remove the VLDL, measure free NEFA, and
measure albumin are not critical. Varous methods for condueling each step in the
present preccss are known in the art. - Fxamples of suitable methods and reagents are
provided below, but should not be construed te be limiting on the scope of the present
invention.

Even though the NEFA concenteation of interest is the NEFA bound to free
alburnin, a determination of non-VLDL bound NEFA. concentration bas been found to
te a uselul approximation of the NEFA bound to free albumia, for the present
process. Thus, any technigue that provides differentiation between the VI.DL-bound
NEFA and the non-VL.DL bound NEFA is suitable for determining the concentration
of free NEFA. The VLIDL-bound NEFA can he distingnished from the free NE[A
after semoving the VLDL from the plasma.

The VLDL may be removed from the plasia sample by a number of
techniques. Examples of such separation means include any known techniques for
removing T.0L andfor VLDE. including ultacentrifugation, precipitation by sulfated
glycans or phosphotungstic acid in the presence of divalesit cations, intmusno-
precipitation, electrophoresis, isoelectric focusing, charge separation techniques such
as fon exchange chromatography, sire separation techniques such as gel filiration
chromatography, and ihe like. The VLDL is most preferably removed from the
plasma sample by way of precipitetion, followed by filtretion, siphoning or

decantation of the supernatant from the precipitated solids.
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The VLDL may be precipitated by use of a non-albumin binding lipid
precipitating reagent. A prefered reagent ineludes & sulfated plyean such as dextran,
sulfate, and a divalent cation such as magnesium. chloride. An example of a
commercially availuble precipitating reagent usefil for precipitating VLDL is the
HDi-Chnlesterol Precipitating Reagent comprised of dextran sulfate, magpesivm
chloride, sodium chloride, and polyethylene glycol. available commemiaily from
Reflab Medical Analysis Systems, lvc. This preferred precipitating reagent is &
mixture of dextran sulfate (0.2 mM), magnesium chloride (63.9 mM), sodium chloride
{63.3 mM), and polyvethylene glyeol (3.5 mM). 1tis preferable to remave LDL from
the plasma sample along with VIL.DIL. LDL typically precipitaies out of solution along
with VLDL. The precipitated VLDL and LDL solids may be removed By known,
methods such as by centrifugation of the solution followed by decantation of the
plasma supematant. An altemative VL. and DL precipitaiion reagent is composed
of 30.3 mM phosphotungstic acid and 100 mM magnesinm chloride. This solution is
mixed in a 1:5 sampls to reagent ratio and the precipitated VLDL and LDL solids
removed es stated above for the dextrap-magnesium precipitation,

After removing the VLDL, the free NEFA concentration may be deternmined
from the supernatant by any inethod known to determine fatty aeid concentraiion.
Examples of such metbods are disclosed in U 8. Patents 4,071,413, 4,360, 591;
4,34%,625; 4,301,244; and 4,229 538. Suitable methods of measuring NEFA
concentration include titration, eolorimetry, and radioisatope methods, with
colorimetry being preforred, Appropriate solvent systems for extracting NEFA are
disclosed by Dole, ¥.P.J Clin fnvest Vol 35 (1956) 150. Gutracted NEFA may be
measured by titration with standard alkali to &n acid-base indicator endpeint.

Radiochemical methods for determining NEFA concentration involve
extracting the NET' A into the heptane phase of a Dove extract and freeing it of
phospholipids. The extract is then labeled with radioactive N by mixing if with
radioactive nickel nitrate. The upper, organic phase containing the nickel-farty acid
complex is thereafter assayed for radicactivity. “*Co can replace i, but is more
hezardous because it is a gamrma emitter.

Various methods of colorimetric determination of NEFA concentration arc

known in the art and may be conducted an NEFA exiracted from the supeimatant or on
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the NEFA as it exists in vitro in the supernatant. Extraction methods are typically
baged op the formalion of copper or cobali salts and the extraction of the salt into a
non-polar organic solvent where it is complexed with a chromogen dye for
colarimetric measurement. AMernatively, and mare preferably, the NEFA may be
measured in vifro using an enzymatic colorimetric method. Cae suchmethod
involves freating the supematant with acyi Cocnzyme A synthetase in the presence of
added adenosine triphosphate (ATP}, magnesinm catons and CoA, to form the thiol
esters of CoA known as Acyl CoA as well as the by products adenosine
mancphosphate (AMP) and pyrophosphate (PPi). The Acyl CoA thereby produeed is
then oxidized with Agyl CoA Oxidase, with the generation of hydrogen peroxide.
Hydrogen peroxide, in the presence of peroxidase, permits the oxidative coadensation
of 3-methyl-N-ethyl-N-f-hydroxyethyl-aniline with 4-amincantipyrine thus forming &
purple-colored addugt, The concenfration of NEFA in the supernatant may be
determined firom the opiical density measuied ai a maximum, absorbance of 550nm.

1t has been found that ascorbic acid {Vitemin C} existing in plasma aflen
canses significant interference in the determination of NEFA concentration when
using {lis colozimeiric assay. This is largely due {0 the biological role of ascorbio acid
as an antioxidant and it’s ability to Teact with hydrogen petexide. Therefore, when
using this type of a colorimetrdc method to detenming NEFA. concentratian, it is
preferable (o remove ascorbic acid from the plasma or the plasma supstnatagt prior to
colorimetric determiration of MEFA concentration. The addition of ascorbate oxidase
{AOD) i5 a convenient way of remaving ascorbic acid.

In the step of determining the alburmin congentration, it is preferable that the
albumin eencentration determined is the conceniration of fres albumin, Accordingly,
the alburmin concentration s preferably measured from the plasma éupernatam
remaining after removal of VLIDL more preferably after removed of both VLDL and
LDL. Albumin concentration may be measared by known metheds such as an onzyme
linked immunoabsorbent assay (ELISA), immunoassay, radioimmunoassay (RIA), dye
binding colorimetric analysis, and through measuring the amount of protein or amino
acid after purification of the aibumin using precipitation, slectrophoresis,
electrofoousing, gel filtration, ion exchange chromatography, affinity chromatography
and such. A dye binding colorimetric assay is the preferred assay methodology for
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determining albumin concentration: since it is simpler and less time consuming than
other procedures. In general, when a dye binds 10 a site on the albumin molecule it
becoraes detectible due to the difference in the pH environmeni on the albumin mass
and in the solution. Examples of such colorimeiric dye bnding albumin assays are
disclosed in U.S. Patents 5,182,214; 4,568,647, 3,873,272; 3,884,637; 5,194,290,
4,337,064; and 4,230,456, A preferred colorirneiric assay for determining albumin
ronceniration includes mixing about 1 {0 about 10uL of supernatant or plasma with
about 50 to about 200 1. of a 0.030 mmelliter bromeresel green (pH 4.2) albumin
reagent. The albumin concentration may be determined by measuring optical density
at a maximum absorbance of 628 nm.

An alternative means of determining a value indicative of the free pl 5.6
alburmin concentration comprises measuring the concentiations ef albumin and NEFA
bound to VL.DL and subtracting those concentrations from the total concentrations of
albumin and WEFA in serum, thereby obtaining a concentration of free albumio and a
cenceatration of free MEFA. These concentratiens eould thus be nsed to caleulate a
TxPA-S value a8 provided above,

The TxPA-S ratio for a given sampie of plasma is caloulated according 1o the
present invention by dividing the concentration of free albumin by the concentration
of frees NEFA. The consentzation unils nsed aze not importact, as long as the same
units are used to obtain the TxPA-S ratio standard. For example, the TxPA-S value
may be expressed as mg albumin/mg NEFA or absorbance albumin/absorbance NEFA
oF a8 a combination of the abeve wnits.

It should be understood that, although the preferzed embodiment of the process
which includes the determination of the TxPA-S ratio is deseribed above, the present
invention also includes a pracess wherein the actual concentration of the free pl 5.6
albumin, or elsc any ather indicator of such, is determined and used as the value
indicative of the toxicity preventing ability of blood for the particular disease. Buch
an embodiment of the present invention comprises the steps of providing & plasma
sampie as described above, determining an indication of the concentration of free pl
5.6 albumin in the plasma, and evaluating the toxicity preventing ability of the plasma
against the disease by comparing the concentration of the free pl 5.6 albumin to a
standard obtained by conducticg cach of sald steps (a) and (b) on a plurality of plasma
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samples, with each of the pluality of plasna samples being withdrawn from a patient
having a known diagnosis for the presence of or the development of said disease. One
skilled in the art would realize that the direct measurement of the concentration of free
pl 5.6 albumin would not be us economically teasible as the measurement of free
albumin and frec NEFA dus to the complexity of conducting elecinophotetic focusing
10 sgparate the pl 5.6 albumin from the pl 4.% albumin.

The preferred process of the present invention includes measuring the
triglyceride concenttation and facioring the lovel found inio the diagnesis. The
wiglycerids concentation may be determined by conducting an enzymatic
colorimetric endpoint assay.

The present inventior further includes an assay kit which is a particujar
cembination of reagents useful for conducting the preferred process of the present
invention wherein VLIL avc romaved via precipitation prior to determining the
cencentration of NEFA and albumin remaining in the supematant determined via
colorimetric assays. The assay kit of the present invention includes a VLDL
precipitating reagent, an albumin binding pH-sensitive dye, and an enzyimatic faity
acid, a colorimetrie reagent. The assay kit of the presest invention preferably includes
ap ascorbie acid oxidizing agent such as ascorbate oxidase.

The assay kit alzo preferably includes a triglyceride enmyratic colorimetric
endpoint reagent. A colorimetsic reagent suitable for binding with and indicating
triplyceride includes a compound and enzyme that work together to hydralyze
triglycerides to glycerol and fatty acids. Adenosine tei-phosphate (ATP) and glycerol
are reacted with glycerokinase to form glycerol-1-phosphate and adenosine di-
phosphate. Glycerol-1-phosphate (G-1-P) can be oxidized to produce hydrogen
peroxide, which is measured similarly to the NEFA reagent. Altematively, G-1-P can
react with meotine adenine di-nucleotide {(NAD) to produce reduced nicotipe adenine
di-nucleotide (NADH). NADH. then reduces a dye that changes color upon reduction
forming formazan. Crin the preceding assay pyruvaic can be added to NADH In the
presence of lactale dehydrogensase and the resuliing NAL can he determined using
ultraviolet light. In an alternative method figlycerides are hydrolyzed with aleoholic
KOH 1o form glycerel and free fatty acids. Glycerol and ATP then react in the
presence of glycerokinase to form glycerol-1-phosphate and ADP. In the next step
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ADP combings with phosphoenel pyruvate in the presence of pyruvate kinase fo form
pyruvate and ATP. Pyruvate then reacts with NADH in the presence of lactic
dehydrogenase te form Jactate and MAD, MAD is then messured with wltraviolet
lighe,

The VLDL precipitating reagent of the present diagnostic test kit preferably
includes eititer dextran sulfate as the sulfated giycan and magnesium chioridc as the
divalent cation or phosphotungstic acid and magnesivm chloride.

The pH-sensitive slbumin binding dye is preferably selected from the group of
dyes cansisting of bromcresol green, bromeresel purple and the ltke. The preferred
enzyimatic fatty acid colorimetric reagent is 2 mixiure including acyl coenzyme A
synthetase, adenosine triphosphate, and coenzyme A. In regard to the various reagents
in the kit of the present invention, a compound 35 herein considered to have displayed
a color upon binding with 2 plasma entity whon a colar is displayed at any time due to
a chemical reaction ageurring on. the plasima catity as a rosult of contacting the reagent
with {he plasma,

‘This invention can be further illustrated by the follawing examples, iflustrating
preferred embodiments thereof. However, it sbould be uderstood that these
exainples are included mezely for purposes of illustration and are not miended o limit

the scope of the invention unless otherwise specificaliy indjcated.

EXAMPLES

In the following examples, blood samples were deawn from. pregbant women
who did nat have preeclampsia at that time, The development of preeclampsia or
lack of development of presclampsia in these patients was confirmed at the end of the
pregnancies, Examples 1-6 involve blood samples drawn from women having severe
preeclampsia, defined as women who had lafe-pregnancy hiyperisusion (an absolute
blood pressure of at least 140/60 totr or a vise of at least 30 torr systolic or at leasi [5
torr diastolic over values in the fiest 20 weeks), proteinuria (st least 30 mg protein /dLL
wrine in a cathelerized specimen or at least 60 mg/dl in voided urine), aod
hyperuricemia (serum uric acid > 1 siindard deviation above normal for gestational

age) and did not carry to term. Examples 7-9 involve blood samples drawn from
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women having mild presclampsia, defined as having the same criteria ag defined for

severe preeclampsia, except they wete able to carry their pregnarnicies to term.

The foliowing rcagents were used in the examples:
Precipitating reagent-
Reflab trand HIN .~cholestera] precipitating reagent, availabie from Medical Analysis
Systems, Inc, {USA), containing 0.2 M dextran sulfate, 63.9 mi magnesiom
chleride, 63.3 mM sodinm chlorde, and 3.3 mM polyethylene glyéol,

Albumin Binding Reagent-
Albumin assay kit availabie from Wakn chemicats USA, Ine, contains a 0.2 mmole/L
solution 2t pH 3.8 of bromcresal green in 50 mmole/L citrate buffer.

WEFA binding reagent with ascorbic acid remover -

assay kit available from Wako Chemicals USA, Inc, Richmond, VA.

Reagent A was preparcd Tor the purpose of oxidizing ascorbic acid and acetylating Co
etizyme A for determination of NCFA. Reagent B was prepared for the purpose of
oxidizing acyl CoA and gencrating hydrogen peroxide for dcnex'min.ation of NEFA.
The hydrogen peroxide then reacts with 3-methyl-N-eathyl-N-B-hydroxyethyl-aniline

and 4-amineantipyrine to form a purple color.

Reagent A:

ACS (Acyl Coenzyme A Synthetase) 3 Utvial
AOQD (Ascorbate Oxidase) 15 Ufvial
CoA (Coenzyme A) 7 mg/vial
ATP (Adenosine Triphosphale) 36 mgfvial
4-Aminpantipyrine 3 mg/vial

A 10 mi diluent {0.05 M phosphate buffer, pH 6.9, 3 mM magnesium chloride,
surfactant and stabilizers) was added to each vial of reagent A to make working
Solution A,
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Reagent B:
ACOD (Acyl Coenzyme A Oxidate) 132 Ubvial
PCD {peroxidase) 150 Usvial
MEHA (3-methyl-N-ethyl-N-B-hydroxyethyl-aniline) 4 myg/vial

Working Solution B was prepared by dilwiing reagent B with 20 ml of phenoxyetharol
(0.3% v/v) and a surfactant.

Example 1 (comparison)-
Figure 1 illustrates the lack of diagnostic sepavation that acourred by simply
measuring the 1otal albumin concentration in plasma from 11 preeclamptic women

and 11 matched controls.

Example 2- (comparisan)

The same process of measwing (total) albuoin was conducted as in Example 1
on the same piasma samples, cxcept that the VL.DT. was removed from the plasma
prior to measuring the albumin concentration, The VL.DL was precipitated from each
plasma sample by combining 100 ul. of the plasma and 100 pl. of precipitating
reagent in a centrifige tubce (cither the 1:1 or 1:5 sumple to reagent ratic is acceptable
depending on the concentration of the reagent). The contrifuge tube was shakenona
vortex mixer t¢ obiain thorough mixing and then centrifuged for 10 minutes at 3,000
rpm. The supernatant was decanted by pipetiing into a ciean test tube. The albumin
concentration was determined using the resultant supematant. The results are shown
in Figure 2,

Comparison of the data shown in Figures 1 and 2 show that there is some
improvement in separation of albumin coneentration between the group of
preeclampiic blood samples and the control blood samples when the VLDL
component is yemoved prior to measuring albumin. There is Jess overlap in Figure 2
than in Figure 1. The mean albumin concentration fox the conirol, patient blood
sarrples is higher than the mean albumin concentration for the preeclamptic patlent

tlood samples.
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Example 3- (comparison)

This example illustraies the separation of META concentration between the 11
preeclamptic and 11 control, patient blood samples of example 1. The plasma
processed from the blood sarnples was tested for NEFA concemration (no removal of
VLDL). Te measure the NEFA. concertration, five L of plasma was pipetted inta the
well of a flat-botiomed microtiter plate, The working solution for reagent A was
added, (70 uL) the solutiop mixed well and the plate incubated at 37°C for 10
minutes. The working solution for reagent B was then added (140 pL), the plate
mixed well and incubated at 37°C for another 10 minutes. The aptical density was
measured at a wavelength of $50 nm on a microtiter plaie reader. The absorbance
from & water blank was subtracted and the concentration of NEFA was recorded as a
proportion to the resulting absorbance as compared to a known standard.

The results are graphically shown in Figure 3.

Example 4-

Example 4 illustrates the methods used to conduct the process of the present
invention,

The 22 plasma samples were tested as in example 3, except that the VLDL was
removed from the plasma to provide a bound alburin free superatant prior to
measuring NEFA concentration. The VLDI. was precipitated from the plasma sample
by combining 100 L of the plasma and 100 pl of the precipitating reagent in a
contrifuge tube. The centrifuge tube was shaken on a vortex mixer to obtain thorough
mixing and then centrifuged for 10 minutes at 3,000 rpm. The supernatant was
decanted by pipetting into 2 clean test tube. The NEFA concertation of the
supernatani was mcasared according to the method used in example 3. The results are
shown in Figure 4.

Comparisen of the Figure 3 tn Figure 4 illustirates that the concentration.of
MNEFA in the patient samples is significantly separated between the presolamptic
semples and the eontrol samples when the VLDL is first retnoved from the plasma.
This indicates that 4 significant ameunt of the NEFA in plasma is bound to VLD, in
addition to being bound to albumin, Thercfore, the removal of VLDL-bound NEFA
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and VLDL-bound albumin allows for a more precise measurement of the
concentration of NEFA bound to fiee albumin, which strongly correlates with the
toxicity preventing ability of the blocd.

Example 5-

Alburnin to NEF A ratios were calcuiated for cach of the 22 patient samples
using the resuli of Examples 1-4. The ratio was first calenlated by dividing the
albumio concentration determnined in example 1 (plasma sample) by the NEFA
copcentration determined in Example 3 (plasma sample). These results are plotted in
Figure 3.

TxFPA-S ratios were calenlated according 10 the present invention for each of
the 22 patient samples by dividing the albumin copcentration determined in Example
2 (supernatant measured} by the NEFA concentration determined in Example 4
(supematant measured). These results ave plotted in Figurs 6,

Comparison of Figures 5 and 6 illustrates the signiticant amount of separation
gained by measuring boih the albumin concentration and NEFA in the present process
ogly after ke VLDL has beer reaoved. Tigure 6 shows a complete separation
hetween the precelampsia samples and the control samples.

Analysis of the results shown in Figure 6 indicated that a TkPA-S rafio falling
behween about 1.17 and ahout }.78 would indicate a normal risk of preeclampsia, with
aa approximately [00% degree of certainiy. A TxPA-8 ratio falling between about
0.63 and about 0.9 would indicafe & high risk of preeclagsia, with an approximately
100 % degree of ceriainty. TxPA-S ratios falling between these two tanges would be
indsterminate,

The plot shown in Figure & is an example of a TxPA-S ratio standard usetil in
disymosis nsing the present process. For cxample, a single TxPA-S ratio cut-off value
of 1.0 cowld be used 1o separate fest TxI'A-S ratios for disgmostic purposes, if desired.
But the use of discreet ranges is ruore precise, cspecially with a larger population of

veference samples to derive the TxPA-S standard ranges,

JP 2004-500581 A 2004.1.8
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Examplec 6-

‘The present example illugtrates a previously used method of determining
coliumn TxP A and compates the resulis with TxPA-5. The {toial) albumin
concentration of plasme samples obtained from [1 pregnant female patients diagrosed
fur severe preeclampsia and 11 pregoant female patiznis matched for gestational age,
maternal age and race was measured divecily from an aliquot (10 :1) of ibe plasma (no
remaval of VLDL) by isoelectvic focusing, according io the method disclosed by
Arbognst i Hypertonsion in Preghancy Vol. 15. Ten micreliters of plasma is placed in
3 10 m1 sucrose density {5%-50%) gradient with (.25 ml ampholive of pl 4-6.5.
Current was applied for 18 hours and the column eluted into microtiter plates. One
drop fractions were coliecied. Twao hundred microliters of the albumin reagent is
mixed with the eluted sample and the color measared at about 668mm.

The plot shown in Figure 7 illustrates the high correlation between the results
shown in Figure 6 for the colorimetric determination of TxPA-S on supernatant
aliguots according to the present invention versus the column method determination
of TxPA on plasma aliquots from the same patient samples according to the method
disclosed by Arbogast in Hypertension in Pregnancy Vol 15. The correlation
cosfficient {R ) found between the two sets of results was 0,66. The variation of
replicaies is approximately 10% with the column TxPA. methad, whereas the present
colarimetric method using supernatant has approximately a 2% variation.

Examples 7-9 iilusirate use of the present process in women later diagnosed to have

mild precclampsia,

Example 7 (Comparison}-

Figure 8 shows total serum albumin levels in 25 preeclamptic and 25 control women
in the third trimester of pregnancy obtaincd by conducting the same method uscd in
Example 1. As can be seen, a nmnber of the presclampiic women have total albumin
levels (< 4 g/dl) below the standard range of the controls. There is, however,
significant overlap between the groups which makes total serum albbmin levels
nnsatisfactory for predicting presclampsia.

JP 2004-500581 A 2004.1.8
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Example §-
The TxPA-S ratio of the same 50 blood samples assayed in Example 7 were
determined via the same procedure nsed in Example 5. Figure 9 shows that the
TxPA-8 determined for these same two groups of women resulted in a better
separation of the groups than did the measurcment of total serum albumin levels in
Example 7. Using the horizontal line shown in Fig. 9 as a diggnostic benchmark, 76%
(19 of 25) of the controls can be separated from 68% (17 of 25) of the preeclamptics.

This is @ marked improvement over Example 7.

Exanaple 9-

In the present Example, the TxPA-S data determined in Example 8 was further
evaluated by multiplying each TxPA-S ratio by the coneentration of [TDL in the
supernataat {after removal of VLDL and LDL). The HDL cholestero! concendration
was measured on the supernatant afier precipitation of VLDL and LDL using
phosphohmgstate acid, as disclosed in Lopes-Virella MF, Stong P, Ellis 8, Colwell
TA. Cholesteral Determination in Iiigh Density Lipoproteins Separated by Three
Diffevent Methods. Cln Chem 23:882-6 (1977), and Allain CA, Poon LS, Chan CSG,
Richmond W, FuPC. Enzpmatic Determination of Total Serum Cholesterol. Clin
Chem 20:470-5 (1974), incorporated herein.

Figure 10 shows the further improvement gained by incorporating the level of HDL.
into the equation. In this instance 76% (19 of 25) of the Conirol women are separated
from §8% (22 of 25} of the Preeclamptic women.

Although the present inveation has been deseribed in terms of the presently
prefasred embediment in the specitication and in the examples, it s to be wnderstood
that such disclosure is nat to be inferpreted as limiting to the invention described
herein. Mo doubt that after reading the disciosure, various slierations and
modifications will becorne apparent to those skilled in the art to which the invention
pertains. Tt is intended that the appended clairs be interpretad as covering all such

alterations and modifications as fall within the spirit and scope of the ioveation.
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WHAT I8 CLATMED IS:
1. A process for determining the toxicity preventing ability of plasma against &

disease having a eorrelation 10 a reduciion in the coticontration of pl 5.6 albumin in
the plasma, said process comprising the steps of

(a) providiog a plasma sample coniaining free albumin, free non-esteritied fatty acids
having an acyl chain length of 6 to 20 carbons, wriglycerides having acyl chain lengths
of 6 o 20 carbons, very low density lipoproteins, low density lipoproteins, and high
density lipoproteins;

(b) determining the concentration of the free albumin;

(c) determining the concentration of the freo non-esterified fatty acids; and

(d) calculating a value indicative of the toxicity preventing ability of the plasma by
comparing the concentration of the fee albumin to the concentration of the free non-
esterified {atty acids.

2 The process according to claim 1 wherein said calculating step comprises
dividing the concentration of the free albumin by the coneentration of the free non-
exterified fatty acids, whereby providing a TxPA-5 ratic as the indicative value,

3, ‘The pracess of claim 1 wherein said step of determining the concentration of
the free non-csterified fatty acids is conducted after a step of removing the very low
density lipoproteins from the plasma sample.

4, The process according to claim 3 wherein said step of defermuning the
concentration of the free albumin is conducted atier said removing step of removing
the very low density lipoproteins from the plasma sample.

5. The process according to claim 3 wherein said siep of remaoving the low
density lipoproteins turther compriscs cemoving ihe low density lipoproteins from the

plasma sample.

JP 2004-500581 A 2004.1.8
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6. The pracess according to claim 1 further comprising a siep of detenmining the
copcentration of the triglycerides and HIL, further wherein said catculating step (d)
mcludes factoring the concentiration of the triglycerides and HDL into the calculafion
of the value.

7. The process according (o clabms 1 and 6 further comprising a siep (2) of
evaluating the toxieity preventing ability of the plasma against said disease including
comparing the valus cal culated in said slep (@) to a standard determined by conducting
each of said steps on a plurality of plasma samples, with each of the plurality of
plasma samples being withdrrwn from a patient having a known diagnoesis for the

presence of or the development of said dissase,

5. The process according 10 ¢laim 1 further comprising diagnosing the toxicity
preventiog ability of said plasia by comparing diagnostic factors including said
TxPA-8 value to & standard determined by conduciing the process of claim 1 ona
plurality of plasma samples having a known foxicily preventing ability for an albumin
inhibited disease.

8. The process according 10 elaim 7 wherein said standard js a single value, o

single range of values, or a plurality of rungss of values.

9. The process according to claim 8 wherein said plurality of ranges arc

essentially exclusive of each other.

10.  The process according ta claim | wherein said disease is preeclampsia,
atberosclerosis, stroke, peripherat vascular disease, diabetic vascular disease,

nephrotic syndreime, sepsis, shock, cancer, aging, mortality, or morbidity.

11,  The process according to claim 1 wherein said step (a) is conducted by way of
precipitation, said step (b} is conducted by performing a colorimettic dye binding
assay, ELISA, or a radioimmunoassay, said step {c) is condocted by performing a

JP 2004-500581 A 2004.1.8
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tiiraticn assuy, a radivisotope assey or a coloximetric assay including an enzymatic

colorimetric assay.

12.  The process according 1o claim ] wherein said plasma sample contains
ascorbic acid and seid step of determining the concentration of the free non-esterified
fatty acids is conducted afier a step of remaving the ascorbic acid from said plasma

sample.

i3, A process for detenmining the toxicity preventing ability of plasma against a
disease having u corelation to a reductien in the concentration of pl 5.6 alburnin in
the plasma, said process comprising the steps of :

(a) providing a plasma sample comprising a concentration of total free albumin
including a concentration of free pl 5.6 albumin and 2 concentration of free pI 4.8
albumin, t¥iglycerides having aeyl chajas having from 6 to 20 cathons, very low
density lipoproteins, Jow density ipoproteins, high density Epoproteins, and noa-
esterified fatty acids bound to the total free albumin, said non-esterified fatty ecids
having an acy) chain lengih of § to 20 carbong;

(&) determining a value indicative of the concentration of the free pl 5.6 alburmn; and
(c) evaluating the toxicity preventing ability of the plasroa against suid disease by
comparing the valie to a standard value obtained by conducting cach of said steps {a)
and () on a plurality of plasma samples, with each of the phurality of plasma samples
being withdrawn from e patient having a known diagnosis for the disease.

14. The process according to claim 13 wherein said determining step (b) is
conducted by detcrmining the concentration of the total free albunin and determining
the concentration of the non-esterified falty acids bound to the total fies albumin, and
calculating the value by comparing the concentration of the fotal frez albumin to the
coneentration of the non-esterified fatty actds bound to the total free albumin,

15, The process according to claim 13 whesein the value determined in said step
(b} is the concentration of the free pl 5.6 aibumin in the plasma, wherein said siep (b)
camprises removing the VLDL and the pl 4.8 albumin from the plasma to pravide a

JP 2004-500581 A 2004.1.8
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plasma supematant, and thereafier measuring the concentration of the albumin

remaining in the supernatant.

16, The process according to clain 13 wherein said disease is preeclampsia,
atherasclerosis, stroke, peripheral vascular disease, diabetic vascular disease,

nephrotic syndrome, sepsis, shock, cancer, aging, monality, or morbidity.

17.  Anpassay kit useful for determining the toxicity preventing ability of blood
comprising:

(a} alipid-precipitating reagent;

(b} areagent that displays a color upon binding with pl 5.6 albumin but does not
display the eolor upon binding with pl 4.8 albumin; and

(o} arcagent thai displays a color upon binding with a non-esterified [aity acid.

18.  The assay kit according te claim L7 wherein

said reagont (a) includes a sulfated glycan selected from the group consisting of
dexiran sulfate, heparin, chondroiiin sulfates A & B, heparin sulfate, and
combinations thereof, and a divalent cation salt selocted from the group consisting of
magnesium, calcinm, and combinations thereof;

said reagent (b} is selected from the group consisting of bromeresol green, bromeresal
purple and a combination thereof; and

said reagent (¢) is a mixture containing compounds selected from the group consisting
of aoyl coenzyme A synthetase, adenosine triphosphate, and coenzyme A, and

combinations thereof.

19, The assay kit according to claim 17 fimther inciuding an ascorbic acid
oxidizing enzyme such as ascorbate oxidase or cther ascorbate oxidizing enzyme and

combinations thereof.

JP 2004-500581 A 2004.1.8
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