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This disclosure relates to methods of predicting and diagnos 
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methods include detecting a decrease of soluble c-kit in a 
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pared to a gestational age-adjusted control indicates that the 
pregnant subject Will develop or has preeclampsia or eclamp 
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SOLUBLE CD117 (SC-KI T) FOR DIAGNOSIS 
OF PREECLAMPSIA AND ECLAMPSIA 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims the bene?t of US. Provisional 
Application No. 61/265,260, ?led Nov. 30, 2009, Which is 
incorporated by reference herein in its entirety. 

FIELD 

This disclosure relates to methods of predicting and diag 
nosing preeclampsia and eclampsia in pregnant subjects. 

BACKGROUND 

Preeclampsia is a hypertensive disorder that occurs only 
during pregnancy, affecting roughly 5% of all pregnancies. 
Preeclampsia typically arises after 20 Weeks gestation 
(middle to late pregnancy). It is a rapidly progressive condi 
tion characterized by high blood pressure and abnormally 
high concentrations of protein in the urine. Preeclampsia and 
other hypertensive disorders of pregnancy are a leading cause 
of maternal and infant illness and death. By conservative 
estimates, these disorders are responsible for 76,000 maternal 
and 500,000 infant deaths each year. The etiology and patho 
genesis of preeclampsia remains poorly understood and use 
ful predictors of the disease are currently lacking (Roberts 
and Hubel, Lancet, 354:788-789, 1999). 

This disease, or the threat of onset, is the most common 
cause of elective premature delivery, accounting for approxi 
mately 15% of all premature births. The measurement of 
blood pressure and testing for proteinuria in all pregnant 
Women is carried out predominantly for the detection of 
preeclampsia. HoWever, these procedures and the care of 
affected Women and of the premature children make consid 
erable demands on healthcare resources. In addition, there is 
no Widely accepted or accurate method for the early predic 
tion of preeclampsia. Elevation of the blood pressure and 
detection of protein in the urine occur When the disease pro 
cess is Well established. 

Detection of an abnormality of the blood How to the uterine 
artery by Doppler ultrasound in Women Who later develop 
preeclampsia has been of some predictive use but this abnor 
mality has been found to be relatively non-speci?c. In addi 
tion, both sFlt-l and soluble endoglin Were proposed to have 
potential predictive utility for preeclampsia, but their modest 
screening performance (sensitivity for detection of impend 
ing preeclamptic cases) suggests that While they may not be 
clinically useful as sole/individual disease predictors. Thus, a 
need remains for the development of an early pregnancy 
predictive test for preeclampsia and resultant eclampsia. 

SUMMARY OF THE DISCLOSURE 

Methods are provided herein for diagnosing or predicting 
preeclampsia or eclampsia in a pregnant subject. These meth 
ods include quantitating soluble c-kit (sc-kit) in a sample 
from the pregnant subject; Wherein the concentration of sc-kit 
in the sample indicates that the subject has or Will develop 
preeclampsia or eclampsia. The sample can be any sample of 
interest, for example a bodily ?uid that contains sc-kit, 
including a blood, plasma, serum, or urine sample. In some 
embodiments, the concentration of sc-kit is compared to a 
control, such as a standard value, or a sample from a subject 
knoWn not to have preeclampsia or eclampsia, such as a 
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2 
gestationally-matched subject. In some embodiments, a 
reduced concentration of sc-kit in the sample as compared to 
a control indicates that the subject has or Will develop preec 
lampsia or eclampsia. In other embodiments, the methods are 
utiliZed prior to, or in conjunction With, detecting increased 
blood pressure or proteinuria in a pregnant subject. 

In some embodiments, the methods disclosed herein can 
distinguish preeclampsia or eclampsia from gestational 
hypertension in a pregnant subject. These methods include 
detecting sc-kit in the sample; Wherein the concentration of 
sc-kit in the sample indicates that the subject has or Will 
develop preeclampsia or eclampsia and does not have gesta 
tional hypertension. In some embodiments, the concentration 
of sc-kit is compared to a control, such as a standard value, or 
a sample from a subject knoWn not to have preeclampsia or 
eclampsia or knoWn to have gestational hypertension, such as 
a gestationally-matched subject. A reduced concentration of 
sc-kit in the sample as compared to a control indicates that the 
subject has or Will develop preeclampsia or eclampsia and 
does not have gestational hypertension. 
The foregoing and other objects, features, and advantages 

of the invention Will become more apparent from the folloW 
ing detailed description, Which proceeds With reference to the 
accompanying ?gures. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a graph shoWing the results of a cross-sectional 
study using ELISA to compare the concentration of sc-kit in 
Women diagnosed With preeclampsia and diagnosed With 
gestational hypertension (GEST HTN). Concentration of sc 
kit in Women Who had normal pregnancies is also shoWn 
(N L-PREG) as respective gestationally-matched controls for 
the preeclamptic and hypertensive test groups. 

FIG. 2 is a graph shoWing the results of a cross-sectional 
study using ELISA to compare the concentration of SCF in 
Women diagnosed With preeclampsia and diagnosed With 
gestational hypertension (GEST HTN). Concentration of 
SCF in Women Who had normal pregnancies is also shoWn 
(N L-PREG) as respective gestationally-matched controls for 
the preeclamptic and hypertensive test groups. 

FIG. 3 is a Western blot shoWing sc-kit immunoprecipi 
tated from samples taken from Women Who had normal preg 
nancies (NP; lanes 1 and 4) and Who Were diagnosed With 
preeclampsia (PE; lanes 2 and 5). Lane 3 is a control shoWing 
recombinant sc-kit. The immunoprecipitation (IP) Was car 
ried out With a c-kit antibody from R&D Systems (Minne 
apolis, Minn.) (R&D). The Western blot (WB) used c-kit 
antibodies from R&D and Santa Cruz Biotechnology Inc. 
(Santa CruZ, Calif.) (SC). 

FIG. 4 is a graph comparing the concentration of sc-kit in 
umbilical cord (fetal) plasma of preeclamptic pregnancies 
and normal pregnancies (N L-PREG). Concentration of sc-kit 
Was determined by ELISA. 

FIG. 5 is a graph comparing the concentration of SCF in 
umbilical cord (fetal) plasma of preeclamptic pregnancies 
and normal pregnancies (NL-PREG). Concentration of SCF 
Was determined by ELISA. 

FIG. 6 is a graph shoWing the results of a longitudinal study 
using ELISA to compare the concentration of sc-kit in Women 
having preeclamptic and normal pregnancies (NL-PREG). 
The concentration of sc -kit Was determined at mid-pregnancy 
(mean1SD gestational Weeks: preeclampsia 18.712.5, con 
trol 18.812.7; left) and in the third trimester (mean1SD ges 
tational Weeks: preeclampsia 37314.2, control 37014.2; 
right). 
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FIG. 7 is a graph showing the results of a longitudinal study 
using ELISA to monitor the concentration of sc-kit at several 
gestational time points in women having normal pregnancies. 

FIG. 8 is a graph showing the results of a longitudinal study 
using ELISA to compare the concentration of PlGF at several 
gestational time points in women having normal pregnancies. 

FIG. 9 is a graph showing the results of a longitudinal study 
using ELISA to compare the concentration of sFlt-l at several 
gestational time points in women having normal pregnancies. 

DETAILED DESCRIPTION 

I. Abbreviations 

ANOVA Analysis of variance 
AuNP Gold nanoparticles 
BMI Body mass index 
ELISA EnZyme-linked immunosorbent assay 
EPC Endothelial progenitor cell 
FACS Fluorescence activated cell sorting 
FITC Fluorescein isothiocyanate 
HRP Horseradish peroxidase 
mRNA Messenger ribonucleic acid 
MWCNT Multi-wall carbon nanotubes 
PBS Phosphate buffered saline 
PlGF Free placental growth factor 
RIA Radioimmunoas say 
SELDI-TOF Surface-enhanced laser desorption-ioniza 

tion time-of-?ight 
SCF Stem cell factor 
sc-kit Soluble c-kit 
sFlt-l Soluble fms-like tyrosine kinase-1 
SWNT Single-wall carbon nanotubes 
VEGFR-l Vascular endothelial growth factor receptor-1 
VEGFR-2 Vascular endothelial growth factor receptor-2 

II. Terms 

Unless otherwise noted, technical terms are used according 
to conventional usage. De?nitions of common terms in 
molecular biology can be found in Benjamin Lewin, Genes V, 
published by Oxford University Press, 1994 (ISBN 0-19 
854287-9); Kendrew et al. (eds.), The Encyclopedia of 
Molecular Biology, published by Blackwell Science Ltd., 
1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.), 
Molecular Biology and Biotechnology: a Comprehensive 
Desk Reference, published by VCH Publishers, Inc., 1995 
(ISBN 1-56081-569-8). Terms describing protein structure 
and structural elements of proteins can be found in Creighton, 
Proteins, Structures and Molecular Properties, W.H. Free 
man & Co., New York, 1993 (ISBN 0-717-7030) which is 
incorporated by reference herein in its entirety. 

Unless otherwise explained, all technical and scienti?c 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
disclosure belongs. The singular terms “a,” “an,” and “the” 
include plural referents unless context clearly indicates oth 
erwise. Similarly, the word “or” is intended to include “and” 
unless the context clearly indicates otherwise. It is further to 
be understood that all base siZes or amino acid siZes, and all 
molecular weight or molecular mass values, given for nucleic 
acids or polypeptides are approximate, and are provided for 
description. Although methods and materials similar or 
equivalent to those described herein can be used in the prac 
tice or testing of this disclosure, suitable methods and mate 
rials are described below. The term “comprises” means 
“includes.” The abbreviation, “e.g.” is derived from the Latin 
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4 
exempli gratia, and is used herein to indicate a non-limiting 
example. Thus, the abbreviation “e.g.” is synonymous with 
the term “for example.” 

All publications, patent applications, patents, and other 
references mentioned herein are incorporated by reference in 
their entirety. In case of con?ict, the present speci?cation, 
including explanations of terms, will control. In addition, all 
the materials, methods, and examples are illustrative and not 
intended to be limiting. In order to facilitate review of the 
various embodiments of the disclosure, the following expla 
nations of speci?c terms are provided: 

Alteration: A statistically signi?cant change in a parameter 
as compared to a control. In one example, an “increase” is a 
statistically signi?cant elevation in a parameter, such as the 
presence of a biological marker, such as sc-kit, as compared to 
a control. Suitable statistical analyses are well known in the 
art, and include, but are not limited to, Student’s T test and 
ANOVA assays. In some embodiments, an “increase” or 
“elevation” is about a 10%, 20%, 30%, 40% 50%, 60%, 70%, 
80%, 90% or a 2-fold, 3-fold, 4-fold or 5-fold increase. In one 
example, a “decrease” or “reduction” is a statistically signi? 
cant decline in a parameter, such as the presence of a biologi 
cal marker, such as sc-kit, as compared to a control. Suitable 
statistical analyses are well known in the art, and include, but 
are not limited to, Student’s T test and ANOVA assays. In 
some embodiments, a “decrease” is about a 10%, 20%, 30%, 
40% 50%, 60%, 70%, 80%, 90% or a 2-fold, 3-fold, 4-fold or 
5-fold decrease. 

Animal: Living multi-cellular vertebrate organisms, a cat 
egory that includes, for example, mammals and birds. The 
term mammal includes both human and non-human mam 
mals. 

Antibody: A polypeptide substantially encoded by an 
immunoglobulin gene or immunoglobulin genes, or frag 
ments thereof, which speci?cally binds an analyte (antigen) 
such as sc-kit. Immunoglobulin genes include the kappa, 
lambda, alpha, gamma, delta, epsilon and mu constant region 
genes, as well as the myriad immunoglobulin variable region 
genes. 

Antibodies exist, for example as intact immunoglobulins 
and as a number of well characterized fragments produced by 
digestion with various peptidases. For instance, Fabs, Fvs, 
and single-chain Fvs (SCFvs) that speci?cally bind to sc-kit 
or fragments of sc-kit would be sc-kit-speci?c binding agents. 
This includes intact immunoglobulins and the variants and 
portions of them well known in the art, such as Fab’ frag 
ments, F(ab)’2 fragments, single chain Fv proteins (“scFv”), 
and disul?de stabiliZed Fv proteins (“dsFv”). A scFv protein 
is a fusion protein in which a light chain variable region of an 
immunoglobulin and a heavy chain variable region of an 
immunoglobulin are bound by a linker, while in dsFvs, the 
chains have been mutated to introduce a disul?de bond to 
stabiliZe the association of the chains. The term also includes 
genetically engineered forms such as chimeric antibodies 
(such as humaniZed murine antibodies), heteroconjugate 
antibodies such as bispeci?c antibodies). See also, Pierce 
Catalog and Handbook, 1994-1995 (Pierce Chemical Co., 
Rockford, Ill.); Kuby, J., Immunology, 3rd Ed., W.H. Free 
man & Co., New York, 1997. 

Antibody fragments are de?ned as follows: (1) Fab, the 
fragment which contains a monovalent antigen-binding frag 
ment of an antibody molecule produced by digestion of whole 
antibody with the enZyme papain to yield an intact light chain 
and a portion of one heavy chain; (2) Fab’, the fragment of an 
antibody molecule obtained by treating whole antibody with 
pepsin, followed by reduction, to yield an intact light chain 
and a portion of the heavy chain; two Fab’ fragments are 
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obtained per antibody molecule; (3) (Fab’)2, the fragment of 
the antibody obtained by treating Whole antibody With the 
enzyme pepsin Without subsequent reduction; (4) F(ab’)2, a 
dimer of tWo Fab’ fragments held together by tWo disul?de 
bonds; (5) Fv, a genetically engineered fragment containing 
the variable region of the light chain and the variable region of 
the heavy chain expressed as tWo chains; and (6) single chain 
antibody (“SCA”), a genetically engineered molecule con 
taining the variable region of the light chain, the variable 
region of the heavy chain, linked by a suitable polypeptide 
linker as a genetically fused single chain molecule. The term 
“antibody,” as used herein, also includes antibody fragments 
either produced by the modi?cation of Whole antibodies or 
those synthesized de novo using recombinant DNA method 
ologies. 

Typically, a naturally occurring immunoglobulin has 
heavy (H) chains and light (L) chains interconnected by dis 
ul?de bonds. There are tWo types of light chain, lambda (7») 
and kappa (K). There are ?ve main heavy chain classes (or 
isotypes) Which determine the functional activity of an anti 
body molecule: lgM, lgD, lgG, IgA and lgE. 

Each heavy and light chain contains a constant region and 
a variable region, (the regions are also knoWn as “domains”). 
In combination, the heavy and the light chain variable regions 
speci?cally bind the antigen. Light and heavy chain variable 
regions contain a “framework” region interrupted by three 
hypervariable regions, also called “complementarity-deter 
mining regions” or “CDRs.” The extent of the frameWork 
region and CDRs have been de?ned (see, Kabat et al., 
Sequences of Proteins of Immunological Interest, U.S. 
Department of Health and Human Services, 1991, Which is 
hereby incorporated by reference). The Kabat database is 
noW maintained online. The sequences of the frameWork 
regions of different light or heavy chains are relatively con 
served Within a species. The frameWork region of an antibody, 
that is the combined frameWork regions of the constituent 
light and heavy chains, serves to position and align the CDRs 
in three-dimensional space. 

The CDRs are primarily responsible for binding to an 
epitope of an antigen. The CDRs of each chain are typically 
referred to as CDR1, CDR2, and CDR3, numbered sequen 
tially starting from the N-terminus, and are also typically 
identi?ed by the chain in Which the particular CDR is located. 
Thus, a VH CDR3 is located in the variable domain of the 
heavy chain of the antibody in Which it is found, Whereas aVL 
CDR1 is the CDR1 from the variable domain of the light 
chain of the antibody in Which it is found. Light chain CDRs 
are sometimes referred to as CDR L1, CDR L2, and CDR L3. 
Heavy chain CDRs are sometimes referred to as CDR H1, 
CDR H2, and CDR H3. 

References to “VH” or “VH” refer to the variable region of 
an immunoglobulin heavy chain, including that of an Fv, 
scFv, dsFv or Fab. References to “ L” or “VL” refer to the 
variable region of an immunoglobulin light chain, including 
that of an Fv, scFv, dsFv or Fab. 
A “monoclonal antibody” is an antibody produced by a 

single clone of B-lymphocytes or by a cell into Which the light 
and heavy chain genes of a single antibody have been trans 
fected. Monoclonal antibodies are produced by methods 
knoWn to those of skill in the art, for instance by making 
hybrid antibody-forming cells from a fusion of myeloma cells 
With immune spleen cells. These fused cells and their progeny 
are termed “hybridomas.” Monoclonal antibodies include 
humanized monoclonal antibodies. 
A “humanized” immunoglobulin is an immunoglobulin 

including a human frameWork region and one or more CDRs 
from a non-human (such as a mouse, rat, or synthetic) immu 
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noglobulin. The non-human immunoglobulin providing the 
CDRs is termed a “donor,” and the human immunoglobulin 
providing the frameWork is termed an “acceptor.” In one 
embodiment, all the CDRs are from the donor immunoglo 
bulin in a humanized immuno globulin. Constant regions need 
not be present, but if they are, they must be substantially 
identical to human immunoglobulin constant regions, such as 
at least about 85-90%, such as about 95% or more identical. 

Hence, all parts of a humanized immunoglobulin, except 
possibly the CDRs, are substantially identical to correspond 
ing parts of natural human immunoglobulin sequences. A 
“humanized antibody” is an antibody comprising a human 
ized light chain and a humanized heavy chain immunoglobu 
lin. A humanized antibody binds to the same antigen as the 
donor antibody that provides the CDRs. The acceptor frame 
Work of a humanized immuno globulin or antibody may have 
a limited number of substitutions by amino acids taken from 
the donor frameWork. Humanized or other monoclonal anti 
bodies can have additional conservative amino acid substitu 
tions Which have substantially no effect on antigen binding or 
other immunoglobulin functions. Humanized immunoglobu 
lins can be constructed by means of genetic engineering (for 
example, see U.S. Pat. No. 5,585,089). 

Control: A value used as a source for comparison With an 
experimentally determined value. A control can be a standard 
value, a concentration (such as of a soluble factor or circulat 
ing concentration of cells) from one subject, or averaged from 
many subjects, Who does not have a knoWn disorder (such as 
preeclampsia or eclampsia), or a baseline concentration 
obtained from a subject at an earlier time point. Controls for 
gestational values can be adjusted for stage of gestation, 
Which is referred to as a gestational age-adjusted control. 

Detecting or determining: Detection refers to identifying 
the presence of a target molecule in a sample. Determining 
refers to quantitating the target molecule in the sample, either 
absolutely or relatively. For example, sc-kit can be detected or 
determined in a sample from a pregnant subject, such as a 
blood, plasma, serum, or urine sample. Generally, detecting 
or determining a biological molecule, such as a protein, 
nucleic acid, or speci?c cell type in the blood, requires per 
forming a biological assay and not simple observation. For 
example, assays that utilize antibodies or nucleic acid probes 
(Which can both be labeled) canbe used to detect or determine 
proteins or nucleic acids, respectively. Diagnosing or diagno 
sis of preeclampsia/eclampsia involves detecting a concen 
tration of sc-kit in a blood, plasma, serum, or urine sample 
from a pregnant subject, such as a concentration that is 
reduced as compared to a control. 

Endothelial Progenitor Cell (EPC): Cell type With the 
potential to differentiate into mature endothelial cells and 
participate in neW blood vessel formation. EPCs can also 
support the ongoing function of mature endothelial cells by 
providing groWth factors and other paracrine signals. Endot 
helial progenitor cells are mobilized into the blood circulation 
in response to groWth factors such as VEGF. EPCs can be 
identi?ed, for example, by the presence of CD34, CD133, 
CD117, the vascular endothelial groWth factor receptor-2 
(V EGFR-2) and CD31 and the absence or loW levels of 
detectable CD45. 

Fms-like tyrosine kinase-1 (Flt-1): Also knoWn as VEGF 
receptor-1, the soluble form, sFlt-l, is an anti-angiogenic 
factor that is increased in most Women With preeclampsia. 
sFlt-l binds to, and thus neutralizes, VEGF and PlGF. An 
exemplary protein sequence for Flt-1 is found at GEN 
BANK® accession number NMi002019 (accessed on Nov. 
29, 2009). 
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Free placental growth factor (PlGF): A pro-angiogenic fac 
tor that has been shown to be reduced in preeclamptic sub 
jects. An exemplary protein sequence for PlGF is found at 
GENBANK® accession number NMi002632 (accessed on 
Nov. 29, 2009). 

Gestational hypertension (Pregnancy-induced hyperten 
sion): Hypertension associated With pregnancy, but Without 
concurrent high concentrations of protein in urine. For a 
diagnosis of gestational hypertension to be made, the patient 
must have been normotensive before becoming pregnant and 
must have a blood pressure of at least 140 sytolic and/or at 
least 90 mm Hg diastolic, arising de novo after 20 Weeks 
gestation at least tWo times and at least six hours apart. 
Women Who develop mild gestational hypertension after 37 
Weeks gestation generally have pregnancy outcomes similar 
to those of pregnant Women Who are normotensive, apart 
from increased rates of induced labor and cesarean delivery. 

Gestationally-matched: A "gestationally-matched” or 
“gestational age-adjusted” sample is a sample type that is 
taken from pregnant subjects at about the same time point 
during pregnancy. For example, a gestationally-matched con 
trol blood sample is a blood sample taken from a control 
individual (such as an individual experiencing a normal preg 
nancy) at about the same or similar gestational time that a 
blood sample is taken from a test individual (such as to 
determine if the individual has preeclampsia). 

Hypertension: A subject is considered to be hypertensive, 
or have hypertension if measured systolic blood pressure is 
about 140 mm Hg or greater and/ or measured diastolic blood 
pressure is about 90 mm Hg or greater. Prehypertension con 
sists ofblood pressure that is 120 to 139 mm Hg (systolic) and 
80 to 89 mm Hg (diastolic). 

Immunoassay: A method of detecting the presence or 
amount of a protein (as opposed to an mRNA encoding a 
protein) in a sample. An immunoassay detects a protein (for 
example, an antigen, such as sc-kit) in a sample by detecting 
interaction of the antigen With a speci?c binding agent, such 
as an antibody. A sample including an antigen (such as sc-kit) 
is incubated With an antibody under conditions permitting 
antibody-antigen binding. Antibody-antigen binding can be 
detected by means of a detectable label conjugated to the 
antibody (such as a primary antibody), by means of a detect 
able label conjugated to a secondary antibody, Which is raised 
against the primary antibody, or by means of a detectable 
label conjugated directly or indirectly to a second antibody 
that binds the antigen. Exemplary detectable labels that can 
be used for immunoassays include, but are not limited to, 
radioactive isotopes, ?uorochromes (such as ?uorescein, 
?uorescein isothiocyanate, and rhodamine), magnetic labels, 
and enzymes (such as horseradish peroxidase or alkaline 
phosphatase). Particular examples of immunoassays include 
Without limitation, ELISA, Western blotting, immunohis 
tochemistry, electrochemical immunoassay, radioimmunoas 
say, and magnetic immunoassay. In a speci?c non-limiting 
example, an immunoassay used to detect sc-kit protein 
includes a conventional ELISA utilizing an anti-sc-kit anti 
body (for example, anti-human sc-kit, such one commercially 
available from R&D Systems, Minneapolis, Minn.). 

Immunologically reactive conditions: Includes “condi 
tions suf?cient to form an immune complex” Which alloW an 
antibody raised against a particular epitope to bind to that 
epitope to a detectably greater degree than, and/or to the 
substantial exclusion of, binding to substantially all other 
epitopes. Immunologically reactive conditions are dependent 
upon the format of the antibody binding reaction and typi 
cally are those utilized in immunoassay protocols (such as 
ELISA or radioimmunoassay) or those conditions encoun 
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8 
tered in vivo. See HarloW & Lane, Antibodies, A Laboratory 
Manual, Cold Spring Harbor Publications, NeW York (1988), 
for a description of immunoassay formats and conditions. 
The immunologically reactive conditions employed in the 
methods are “physiological conditions” Which include refer 
ence to conditions (e.g., temperature, osmolarity, pH) that are 
typical inside a living mammal or a mammalian cell. While it 
is recognized that some organs are subject to extreme condi 
tions, the intra-organi smal and intracellular environment nor 
mally lies around pH 7 (i.e., from pH 6.0 to pH 8.0, more 
typically pH 6.5 to 7.5), contains Water as the predominant 
solvent, and exists at a temperature above 00 C. and below 500 
C. Osmolarity is Within the range that is supportive of cell 
viability and proliferation. 

Label: A detectable compound or composition that is con 
jugated directly or indirectly to another molecule, such as an 
antibody or a protein, to facilitate detection of that molecule. 
Speci?c, non-limiting examples of labels include ?uorescent 
tags, enzymatic linkages, and radioactive isotopes. In one 
example, a “labeled antibody” refers to incorporation of 
another molecule in the antibody. For example, the label is a 
detectable marker, such as the incorporation of a radiolabeled 
amino acid or attachment to a polypeptide of biotinyl moieties 
that can be detected by marked avidin (for example, strepta 
vidin containing a ?uorescent marker or enzymatic activity 
that can be detected by optical or colorimetric methods). 
Various methods of labeling polypeptides and glycoproteins 
are knoWn in the art and may be used. Examples of labels for 
polypeptides include, but are not limited to, the folloWing: 
radioisotopes or radionucleotides (such as 35S or 131I), ?uo 
rescent labels (such as ?uorescein isothiocyanate (FITC), 
rhodamine, lanthanide phosphors), enzymatic labels (such as 
horseradish peroxidase, beta-galactosidase, luciferase, alka 
line phosphatase), chemiluminescent markers, biotinyl 
groups, predetermined polypeptide epitopes recognized by a 
secondary reporter (such as a leucine zipper pair sequences, 
binding sites for secondary antibodies, metal binding 
domains, epitope tags), or magnetic agents, such as gado 
linium chelates. In some embodiments, labels are attached by 
spacer arms of various lengths to reduce potential steric hin 
drance. 

Normotensive: Having a normal blood pressure. Normote 
nisive is generally considered to be a systolic blood pressure 
of90-120 mm Hg and a diastolic blood pressure of60-79 mm 
Hg. 

Prediction: Determination that a subject Who does not 
manifest symptoms of a given disease Will develop the dis 
ease. In particular examples, it is possible to predict that a 
pregnant subject Will develop preeclampsia/eclampsia during 
the pregnancy by the measurement of a signi?cant reduction 
of sc-kit in the pregnant subject in comparison to a control. 

Preeclampsia: A hypertensive disorder that occurs only 
during pregnancy. In human subjects, preeclampsia typically 
arises after 20 Weeks gestation (middle to late pregnancy). It 
is a rapidly progressive condition characterized by hyperten 
sion and abnormally high concentration of protein in the 
urine. Left untreated, preeclampsia can develop into the more 
severe form of the disorder knoWn as eclampsia, Which is 
additionally characterized by seizures and possible coma and 
death. 

Preeclampsia has been classically diagnosed by a clinician 
according to the guidelines of the International Society for the 
Study of Hypertension in Pregnancy (Davey et al., Am. J. 
Obstet Gynecol; 158: 892-98, 1988). Gestational hyperten 
sion is diagnosed as tWo recordings of diastolic blood pres 
sure of 90 mm Hg or higher at least 4 hours apart and is 
considered severe if the diastolic pressure is 110 mm Hg or 
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higher at least 4 hours apart or one recording of diastolic 
blood pressure of at least 120 mm Hg. Proteinuria is diag 
nosed as excretion of 300 mg or more in 24 hours or tWo 

readings of 2+ or higher on dipstick analysis of midstream or 
catheter urine specimens if no 24 hour collection Was avail 
able. Women are classi?ed as previously normotensive or 
With chronic hypertension before 20 Weeks’ gestation. For 
previously norrnotensive Women, preeclampsia is diagnosed 
as gestational hypertension With proteinuria. For Women With 
chronic hypertension, superimposed preeclampsia is often 
diagnosed by the neW development of proteinuria. 

Puri?ed: The term “puri?ed” does not require absolute 
purity; rather, it is intended as a relative term. Thus, for 
example, a puri?ed protein preparation is one in Which the 
protein referred to is more pure than the protein in its natural 
environment Within a cell. For example, a preparation of a 
protein is puri?ed such that the protein represents at least 50% 
of the total protein content of the preparation. 

Sample: A biological specimen containing genomic DNA, 
RNA (including mRNA), protein, or combinations thereof, 
obtained from a subject. In some examples, a sample is a 
bodily ?uid, such as, but not limited to, a blood, serum, 
plasma, urine or saliva sample. A bodily ?uid is a natural 
liquid or secretion of a subject’s body. 

Soluble c-kit (sc-kit): Soluble form of c-kit [sc-kit, also 
knoWn as stem cell factor soluble receptor (SCFsR), or 
soluble CD117]. As described herein, sc-kit is signi?cantly 
reduced in a sample, such as a blood, plasma, serum, or urine 
sample, of preeclamptic subjects compared to control preg 
nant subjects. 

C-kit is a receptor tyrosine kinase expressed in many cell 
types of the hematopoietic hierarchy as Well as some mature 
natural killer cells, germ cells, melanocytes, glial cells, 
smooth muscle cells, endothelial progenitor cells (EPCs), 
some mature endothelial cells, and placenta. The c-kit gene 
encodes a 972 amino acid precursor protein; the N-terminal 
25 amino acids of Which are a signal peptide, folloWed by a 
495 amino acid extracellular domain, a 23 amino acid trans 
membrane domain and a 429 amino acid cytoplasmic 
domain. Proteolytic cleavage of c-kit releases its extracellular 
domain and is knoWn as sc-kit. An exemplary sequence of the 
full-length c-kit protein is found at GENBANK® accession 
number NMi000222 (accessed on Nov. 29, 2009). 

Soluble endoglin: A truncated, circulating version of the 
normally membrane-bound endoglin receptor. It increases in 
maternal blood months before the clinical signs of preec 
lampsia manifest. An exemplary sequence of the endoglin 
protein is found at GENBANK® accession number is 
NMi000118 (accessed on Nov. 29, 2009). 

Speci?cally binds: A term that refers to the binding of agent 
that preferentially binds to a de?ned target (such as an anti 
body to a speci?c antigen or a nucleic acid probe to a speci?c 
nucleic acid sequence). With respect to an antigen, “speci? 
cally binds” refers to the preferential association of an anti 
body or other ligand, in Whole orpart, With a speci?c polypep 
tide (such as sc-kit or a portion thereof). 

Standard: A substance or solution of a substance of knoWn 
amount, purity or concentration that is useful as a control. A 
standard can also be a knoWn value or concentration of a 
particular substance. A standard can be compared (such as by 
spectrometric, chromatographic, spectrophotometric, or sta 
tistical analysis) to an unknown sample (of the same or simi 
lar substance) to determine the presence of the substance in 
the sample and/ or determine the amount, purity or concentra 
tion of the unknoWn sample. In one embodiment, a standard is 
a peptide standard. In another embodiment, a standard is a 
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knoWn concentration of sc-kit that is found in a sample from 
a non-preeclamptic or non-eclamptic subject at a particular 
gestational age. 

Stem Cell Factor (SCF): Also knoWn as kit ligand, mast cell 
groWth factor, or steel factor, SCF is a cytokine that is pro 
duced constitutively by bone marroW stromal cells particu 
larly ?broblasts and by endothelial cells as both a transmem 
brane form and as a secreted/soluble from (by alternative 
splicing). SCF triggers its biologic activity by binding to its 
membrane receptor, c-kit. An exemplary protein sequences 
for kit ligand variant a (5351 bp) is found at GENBANK® 
accession number NMi003994 and an exemplary protein 
sequence for kit ligand variant b (5435 bp) is NMi000899. 
Both accession numbers Were accessed on Nov. 29, 2009. 

Subject: Living organisms susceptible to preeclampsia/ 
eclampsia; a category that includes both human and non 
human mammals, such as non-human primates. 
Under conditions suf?cient for: A phrase that is used to 

describe any environment that permits the desired activity. 

III. OvervieW of Several Embodiments 

Disclosed herein are methods of predicting or diagnosing 
preeclampsia or eclampsia in a pregnant subject. These meth 
ods include quantitating soluble c-kit (also referred to herein 
as sc-kit) in a sample obtained from a pregnant subject. In 
some embodiments, the sample is a bodily ?uid that contains 
soluble c-kit, such as a blood, plasma, or serum sample. In 
other embodiments, the sample is a urine or saliva sample. In 
other embodiments, a reduced concentration of soluble c-kit 
as compared to a control, such as a gestational age-adjusted 
control, indicates that the pregnant subject Will develop or has 
preeclampsia or eclampsia. These methods can also include 
obtaining the sample, preparing a treatment plan based on the 
assay, or treating the subject for preeclampsia or exlampsia. 

In particular embodiments, the disclosed methods can dis 
tinguish preeclampsia or eclampsia from gestational hyper 
tension in a pregnant subject. These methods include deter 
mining soluble c-kit in a sample from a pregnant subject. In 
some embodiments, the sample is a bodily ?uid, such as a 
blood, plasma, or serum sample. In other embodiments, the 
sample is a urine sample or saliva sample. In some embodi 
ments, a reduced concentration of soluble c-kit as compared 
to a control, such as a gestational age-adjusted control, indi 
cates that the pregnant subject Will develop or has preeclamp 
sia or eclampsia and does not have gestational hypertension. 
These methods can also include obtaining sample. 

In particular examples of the disclosed methods, the preg 
nant subject is a veterinary subject. In other particular 
examples, the pregnant subject is a human subject, Who in 
further examples is in the second or third trimester of preg 
nancy, and in still further examples is at least eighteen Weeks 
pregnant. 

In some embodiments of the disclosed methods, the control 
is the concentration of soluble c-kit in a sample from a preg 
nant subject that does not have preeclampsia or eclampsia. In 
other embodiments, the control is the concentration of soluble 
c-kit is a sample from a gestationally-matched pregnant sub 
ject that does not have preeclampsia or eclampsia. In other 
embodiments, the control is a standard value. 

In particular examples, the sample is a maternal blood, 
plasma, or serum sample. In still other examples, the sample 
is an umbilical cord blood, plasma, or serum sample. 

In some embodiments, quantitating soluble c-kit com 
prises contacting the sample, such as the bodily ?uid that 
contains soluble c-kit, for example blood, plasma, serum, or 
urine With an antibody that speci?cally recogniZes soluble 
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c-kit, under conditions su?icient to form an immune com 
plex, and determining the presence of the immune complex. 
In some examples, the antibody is labeled, such as With a 
radioisotope or an enzyme. In particular examples, quantitat 
ing comprises the use of radioimmunoassay (RIA) or the use 
of an enzyme linked immunosorbant assay (ELISA). 

In particular embodiments, the methods described herein 
can further comprise quantitating soluble fms-like tyrosine 
kinase-1, soluble endoglin, or free placental growth factor in 
the sample, Wherein a signi?cant elevation in at least one of 
soluble fms-like tyrosine kinase-1 or soluble endoglin; and/or 
or a signi?cant reduction in free placental groWth factor, in the 
sample compared With a control indicates the pregnant sub 
ject has preeclampsia or eclampsia. 

In other embodiments, the methods described herein can 
further comprise quantitating circulating endothelial pro 
genitor cells in the blood, plasma, or serum sample from the 
subject, Wherein a signi?cant reduction in circulating endot 
helial progenitor cells compared With the control indicates the 
pregnant subject has preeclampsia or eclampsia. In such 
embodiments, quantitating circulating endothelial progenitor 
cells comprises contacting a blood sample With an antibody, 
under conditions su?icient to form an immune complex With 
an endothelial progenitor cell marker, and determining the 
presence of the immune complex. In particular examples, the 
endothelial progenitor cell marker is one or more of CD34, 
CD133, CD1 17, the vascular endothelial groWth factor recep 
tor-2 (VEGFR-2), or CD31. 

1V. Methods of Predicting or Diagnosing 
Preeclampsia/Eclampsia 

Preeclampsia is a disease of pregnancy characterized by 
hypertension and abnormally high concentrations of protein 
in urine (proteinuria). Left untreated, it can develop into 
eclampsia, and associated multiple organ system disfunction 
and potentially death (Grill et al. Reprod. Biol. Endocrinol. 
7:70, 2009). It is disclosed herein that the concentration of 
sc-kit is signi?cantly reduced in a preeclamptic/eclamptic 
pregnant subject in comparison to control sc-kit concentra 
tions, such as in non-preeclamptic/eclamptic pregnant sub 
jects. Thus, preeclampsia/eclampsia can be predicted or diag 
nosed in a pregnant subject by the measurement of sc-kit in a 
sample taken from a pregnant subject. The measured concen 
tration of sc-kit can be compared to a control. A signi?cant 
reduction in sc-kit diagnoses or predicts the development of 
preeclampsia/eclampsia in the pregnant subject. Measure 
ment of sc-kit concentrations can also be used to distinguish 
betWeen preeclampsia/eclampsia and gestational hyperten 
sion in a subject. 
c-Kit and Kit Ligand 

The methods of prediction and diagnosis of preeclampsia/ 
eclampsia described herein involve the determination of the 
circulating concentration of sc-kit in a pregnant subject. Gen 
erally, molecular assays are used for the determination of the 
circulating concentration of sc-kit in a pregnant subject. 

Several cytokines/groWth factors promote the survival, 
proliferation, and differentiation of hematopoietic stem cells 
and progenitor cells both during development in utero (es sen 
tial) and in adult life (Where de?ciency of these cells causes 
pancytopenia and decreases bone marroW cellularity) 
(Broudy, Blood, 90(4):1345-1364, 1997). One of these fac 
tors is Stem Cell Factor (SCF; also knoWn as kit ligand, mast 
cell groWth factor, or steel factor). SCF is produced constitu 
tively by bone marroW stromal cells, particularly ?broblasts, 
and by endothelial cells in both a transmembrane form and as 
a secreted/ soluble from (by alternative splicing). SCF triggers 
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its biologic activity by binding to its membrane receptor, c-kit 
(also knoWn as stem cell factor receptor, SCFsR, or CD1 17). 

C-kit is a receptor tyrosine kinase expressed in many cell 
types of the hematopoietic hierarchy as Well as some mature 
natural killer (N K) cells, germ cells, melanocytes, glial cells, 
smooth muscle cells, endothelial progenitor cells (EPCs), 
some mature endothelial cells, and placenta (Broudy et al., 
Blood, 83(8):2145-2152, 1994; Ashman, Int. J. Biochem Cell 
Biol, 31(10):1037-1051, 1999). In vivo, binding of SCF to 
c-kit causes receptor dimerization and activation of tyrosine 
kinase activity, leading to phosphorylation of the receptor 
subunits as Well as of doWnstream signal transduction mol 
ecules. Uncontrolled activity of c-kit contributes to the for 
mation of various malignancies (Broudy, Blood, 90(4): 1345 
1364, 1997; Broudy et al., Blood, 83(8):2145-2152, 1994; 
Ashman, Int. J. Biochem CellBiol, 31(10):1037-1051, 1999; 
Wypych et al., Blood, 85(1):66-73, 1995; Nakamura et al., 
Exp Hematol, 32(4):390-396, 2004; Cruz et al., Journal Biol 
Chem, 279:5612-5620, 2004). 
A soluble form of the c-kit receptor, sc-kit, is generated by 

proteolytic release of the c-kit extracellular domain (by tumor 
necrosis factor a-converting enzyme (TACE; ADAM-17)), 
and can be measured in blood, plasma, or serum (Ashman, In! 
JBiochem Cell Biol, 31(10):1037-1051, 1999; Cruz et al., 
Journal Biol Chem, 279:5612-5620, 2004). sc-kit binds SCF 
With high a?inity and blocks binding of SCF to cell-surface 
c-kit (Ashman, In! J Biochem Cell Biol, 31(10): 1037-1051, 
1 999). 
Samples Taken from a Pregnant Subject 
As described herein, prediction of the development, or 

diagnosis of, preeclampsia/eclampsia involves determination 
of the sc-kit concentration in a sample, for example a bodily 
?uid, such as a blood, plasma, serum, saliva or urine sample 
taken from a pregnant subject. Methods of obtaining a blood 
sample or a fraction thereof (such as plasma or serum), or a 
urine sample, or a fraction thereof, are routine. In some 
examples, the blood, plasma, or serum sample is a maternal 
sample. In other examples, the blood, plasma, or serum 
sample is a sample from the fetus (such as an umbilical cord 
blood, plasma or serum sample). 

If desired, the sample can be concentrated or puri?ed 
before use. For example, proteins or nucleic acids can be 
isolated from the sample. Alternatively, the sample can be 
used directly. In particular examples, a blood, plasma, serum, 
or urine sample obtained from a pregnant subject is analyzed 
to determine the concentration of sc-kit. In other examples the 
sample is also analyzed to determine the concentration or one 
or more of sFlt-l, PlGF, soluble endoglin. In other examples 
the blood sample is also analyzed to determine the number of 
circulating EPCs. 
The subject can be any animal, human or veterinary subject 

that can become preeclamptic/eclamptic. In particular 
examples, the subject is a rat, mouse, coW, dog, guinea pig, 
rabbit, or primate. In one embodiment, the primate is a non 
human primate such as a macaque or chimpanzee. In other 
embodiments, the primate is human. 
The typical duration of a human pregnancy is 40 Weeks, 

Which is divided into three trimesters. The ?rst trimester is the 
period from fertilization until 13 Weeks after fertilization. The 
second trimester is the period from 14 Weeks until 27 Weeks. 
The third trimester is from 28 Weeks until birth. In human 
subjects, the sample, such as a blood, serum, plasma, or urine 
sample, is taken from the pregnant subject generally in the 
second or third trimester of pregnancy. In some embodiments, 
the sample is taken from the pregnant subject from 4 to 13 
Weeks, 11 to 24 Weeks, 14 to 27 Weeks, 27 to 42 Weeks, 20 to 
25 Weeks, 26 to 30 Weeks, 31 to 35 Weeks, 36 to 40 Weeks or 
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40 to 42 Weeks into pregnancy. For example, the sample can 
be taken from the pregnant subject at 4 to 13 Weeks, such as at 
5 to 12 Weeks, or at 14 to 20 Weeks, such as at 16 to 19 Weeks; 
or at 20 to 27 Weeks, such as at 22 to 27 Weeks into pregnancy. 
In particular examples, the sample is taken from the pregnant 
subject at least 18, at least 19, at least 20, at least 21, at least 
22, at least 23, at least 24, at least 25, at least 26, at least 27, 
at least 28, at least 29, at least 30, at least 3 1, at least 32, at least 
33, at least 34, at least 35, at least 36, at least 37, at least 38, 
at least 39, at least 40, at least 41, or at least 42 Weeks into 
pregnancy. In still other examples, the sample is taken from 
the pregnant subject at 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 
28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, or 42 
Weeks into pregnancy. 

Generally, the concentration of sc-kit in the sample from 
the pregnant subject is compared to a control. The control can 
be the concentration of sc-kit in a sample from a subject 
knoWn not to have preeclampsia or eclampsia. The control 
can be the concentration of sc-kit from a pregnant subject 
knoWn not to have preeclampsia or eclampsia, and Who is at 
the same stage of pregnancy (gestationally-matched). The 
control can also be a standard value, such as a numerical 
representation of an averaged value of the concentration of 
sc-kit in samples from pregnant subjects, including gestation 
ally matched subject, knoWn not to have preeclampsia or 
eclampsia, or an averaged value of the concentration of sc-kit 
in samples from other subjects, such as Women Who are not 
pregnant. 

In particular embodiments, the control is a knoWn cut-off 
value representing a normal concentration of sc-kit in a preg 
nant subject experiencing a normal pregnancy at a particular 
time during pregnancy. In these embodiments, a gestation 
ally-matched concentration of sc-kit in the test subject beloW 
this value is predictive or determines that the subject Will 
develop or has preeclampsia/eclampsia. 
Monitoring the Effectiveness of Therapy 

In several embodiments, the diagnostic methods disclosed 
herein are used for monitoring the usefulness of a speci?c 
therapeutic agent administered to a subject. In other embodi 
ments, the methods are used to monitor the usefulness of a 
therapeutic regimen prescribed for and undertaken by a sub 
ject including but not limited to bed rest, dietary restrictions, 
antihypertensive therapy, or administration of an agent 
including but not limited to magnesium sulfate. For example, 
the assays can be performed about every 12,24, 36, 48, 60, or 
72 hours for a speci?ed period, such as daily, biWeekly, 
Weekly, or longer. 

In some examples, the concentration of sc-kit is assessed. 
Generally, the therapy or regimen is effective if the concen 
tration of sc-kit increases over time, remains constant or 
decreases less rapidly over time during the period Wherein the 
therapeutic agent is administered or regiment is undertaken. 
In contrast, the therapeutic agent is ineffective When the 
decrease in concentration of sc -kit With time is not attenuated. 
In this manner, the effectiveness of a particular therapeutic 
regimen can be assessed. 

In one embodiment, the pregnant subject is prescribed a 
therapeutic protocol. The concentration of sc-kit in a sample 
from the subject is then assessed. An increase or no change in 
the concentration of sc-kit, as compared to concentration of 
sc-kit in a sample from the subject prior to the prescription of 
the therapeutic protocol (or to a standard value) indicates that 
the therapeutic protocol in effective in preventing or treating 
preeclampsia. A continued decrease in the concentration of 
sc-kit as compared to the concentration of sc-kit in a sample 
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from the subject prior to the administration of the therapeutic 
protocol (or to a standard value) indicates that the therapeutic 
protocol is ineffective. 
Detection of sc-Kit 

Generally, the detection of sc-kit involves the use of 
molecular methods and the detection of a signal, such as 
?uorescent, radioactive, or enZymatic readout. Methods of 
detecting proteins, such as sc-kit, are knoWn in the art. In 
some examples, immunoassays are used to determine the 
quantity of sc-kit in a sample, for example a bodily ?uid that 
contains sc-kit, such as a blood, plasma, serum, saliva or urine 
sample. See HarloW & Lane, Antibodies, A Laboratory 
Manual, Cold Spring Harbor Publications, NeW York (1988), 
for a description of immunoassay formats and conditions that 
can be used to determine speci?c immunoreactivity. Gener 
ally, immunoassays include the use of one or more speci?c 
binding agents (such as antibodies) that speci?cally recog 
niZes and can bind a molecule of interest, such as sc-kit. Such 
binding agents can include a detectable label (such as a radio 
label, ?uorophore or enzyme), that permits detection of the 
binding to the protein and determination of relative or abso 
lute quantities of the molecule of interest in the sample. 
Although the details of the immunoassays may vary With the 
particular format employed, the method of detecting sc-kit in 
a sample generally includes the steps of contacting the sample 
With an antibody, Which speci?cally binds to sc-kit under 
immunologically reactive conditions to form an immune 
complex betWeen the antibody and sc-kit, and detecting the 
presence of and/or quantity of the immune complex (bound 
antibody), either directly or indirectly. Exemplary immu 
noassays that can be used include, but are not limited to: 
Western blotting, ELISA, radioimmunoassay, ?uorescence 
microscopy, and ?oW cytometry. 

In one example, the speci?c binding agent is an antibody, 
such as a polyclonal or monoclonal antibody, or fragment 
thereof. In some examples, the antibody is a humaniZed anti 
body. In some examples, the antibody is a chimeric antibody. 

In one embodiment, the antibody used for detection and 
quantitation of sc-kit is directly labeled With a detectable 
label. In another embodiment, the antibody that binds sc-kit, 
(the ?rst antibody) is unlabeled and a second antibody or 
other molecule that can bind the antibody that binds sc-kit is 
utiliZed. As is Well knoWn to one of skill in the art, a second 
antibody is chosen that is able to speci?cally bind the speci?c 
species and class of the ?rst antibody. For example, if the ?rst 
antibody is a mouse IgG, then the secondary antibody may be 
a goat anti-mouse-IgG. Other molecules that can bind to 
antibodies include, Without limitation, Protein A and Protein 
G, both of Which are available commercially. 

Suitable labels for the antibody or secondary antibody 
include various enZymes, prosthetic groups, ?uorescent 
materials, luminescent materials, magnetic agents and radio 
active materials. Non-limiting examples of suitable enZymes 
include horseradish peroxidase, alkaline phosphatase, beta 
galactosidase, or acetylcholinesterase. Non-limiting 
examples of suitable prosthetic group complexes include 
streptavidin/biotin and avidin/biotin. Non-limiting examples 
of suitable ?uorescent materials include umbelliferone, ?uo 
rescein, ?uorescein isothiocyanate, rhodamine, dichlorotri 
aZinylamine ?uorescein, dansyl chloride or phycoerythrin. A 
non-limiting exemplary luminescent material is luminol; a 
non-limiting exemplary a magnetic agent is gadolinium, and 
non-limiting exemplary radioactive labels include 125I, 131I, 
35 S or 3 H. 

In another example, a sandWich ELISA can be used to 
detect the presence or determine the amount of an antigen in 
a sample, such as a sc-kit. In this method, a solid surface is 
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?rst coated With a sc-kit antibody. The test sample containing 
the antigen (such as a blood, plasma, serum, or urine sample), 
is then added and the antigen is alloWed to react With the 
bound antibody. Any unbound antigen is Washed aWay. A 
knoWn amount of enZyme-labeled sc-kit antibody is then 
alloWed to react With the bound antigen. Any excess unbound 
enzyme-linked antibody is Washed aWay after the reaction. 
The substrate for the enZyme used in the assay is then added 
and the reaction betWeen the substrate and the enZyme pro 
duces a color change. The amount of visual color change is a 
direct measurement of speci?c enzyme-conjugated bound 
antibody, and consequently the quantity of sc-kit present in 
the sample tested. 

In an alternative example, sc-kit protein can be assayed in 
a biological sample by a competition immunoassay utiliZing 
sc-kit protein standards labeled With a detectable substance 
and an unlabeled antibody that speci?cally binds sc-kit. In 
this assay, the biological sample (such as a blood, plasma, 
serum, or urine sample), the labeled sc-kit protein standards 
and the antibody that speci?cally binds sc-kit are combined 
and the amount of labeled sc-kit standard bound to the unla 
beled antibody is determined. The amount of sc -kit protein in 
the biological sample is inversely proportional to the amount 
of labeled sc-kit protein standard bound to the antibody that 
speci?cally binds sc-kit. 

Quantitative spectroscopic methods, such as MALDI or 
SELDI, can also be used to analyZe sc-kit protein amount in 
a sample (such as a blood, plasma, serum, or urine sample). In 
one example, surface-enhanced laser desorption-ionization 
time-of-?ight (SELDI-TOP) mass spectrometry is used to 
detect protein, for example by using the PROTEINCHIPTM 
detection system (Ciphergen Biosystems, Palo Alto, Calif.). 
Such methods are Well knoWn in the art (for example see U.S. 
Pat. Nos. 5,719,060, 6,897,072, and 6,881,586). SELDI is a 
solid phase method for desorption in Which the analyte is 
presented to the energy stream on a surface that enhances 
analyte capture or desorption. 

Brie?y, one version of SELDI uses a chromatographic 
surface With a chemistry that selectively captures analytes of 
interest, such as sc-kit protein. Chromatographic surfaces can 
be composed of hydrophobic, hydrophilic, ion exchange, 
immobiliZed metal, or other chemistries. For example, the 
surface chemistry can include binding functionalities based 
on oxygen-dependent, carbon-dependent, sulfur-dependent, 
and/ or nitrogen-dependent means of covalent or noncovalent 
immobilization of analytes. The activated surfaces are used to 
covalently immobiliZe speci?c “bait” molecules such as anti 
bodies, receptors, or oligonucleotides often used for biomo 
lecular interaction studies such as protein-protein and pro 
tein-DNA interactions. 

The surface chemistry alloWs the bound analytes to be 
retained and unbound materials to be Washed aWay. Subse 
quently, analytes bound to the surface (such as sc-kit protein) 
can be desorbed and analyZed by any of several means, for 
example using mass spectrometry. When the analyte is ion 
iZed in the process of desorption, such as in laser desorption/ 
ioniZation mass spectrometry, the detector can be an ion 
detector. Mass spectrometers generally include means for 
determining the time-of-?ight of desorbed ions. This infor 
mation is converted to mass. HoWever, one need not deter 
mine the mass of desorbed ions to resolve and detect them: the 
fact that ioniZed analytes strike the detector at different times 
provides detection and resolution of them. Alternatively, the 
analyte can be detectably labeled (for example With a ?uoro 
phore or radioactive isotope). In these cases, the detector can 
be a ?uorescence or radioactivity detector. 
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In an additional example, the method may include detec 

tion of sc-kit protein in a sample using an electrochemical 
immunoassay method. See, e.g., Yu et al., J. Am. Chem. Soc., 
128:11199-11205, 2006; Mani et al., ACS Nano, 3:585-594, 
2009; Malhotra et al., Anal. Chem, 82:3118-3123, 2010. In 
this method, an antibody (such as an anti-sc-kit antibody) is 
conjugated to terminally carboxylated single-Wall carbon 
nanotubes (SWNT), multi-Wall carbon nanotubes 
(MWCNT), or gold nanoparticles (AuNP), Which are 
attached to a conductive surface. A sample (such as a blood, 
plasma or serum sample) is contacted With the SWNTs, 
MWCNTs, or AuNPs, and protein in the sample (such as 
sc-kit) binds to the primary antibody (such as an anti-sc-kit 
antibody). A second antibody conjugated directly or indi 
rectly to a redox enZyme (such as horseradish peroxidase 
(HRP), cytochrome c, myoglobin, or glucose oxidase) binds 
to the primary antibody or to sc-kit protein (for example, in a 
“sandwich” assay). In some examples, the second antibody is 
conjugated to the enZyme. In other examples, the second 
antibody and the enZyme are both conjugated to a support 
(such as a magnetic bead). Signals are generated by adding 
enZyme substrate (e.g. hydrogen peroxide if the enZyme is 
HRP) to the solution bathing the sensor and measuring the 
current produced by the catalytic reduction. 

In a particular example, the method includes a ?rst sc-kit 
antibody attached to a AuNP sensor surface. A sample (such 
as a blood, plasma, serum, or urine sample) is contacted With 
the AuNP sensor including the ?rst antibody. After sc-kit 
binds to the ?rst (capture) antibody (Ab1) on the electrode, a 
horseradish peroxidase (HRP)-labeled second sc-kit anti 
body (HRP-Ab2) or beads conjugated to both a second sc-kit 
antibody and HRP are incubated With the sensor, allowing the 
second antibody to bind to sc-kit. Biocatalytic electrochemi 
cal reduction produces a signal via reduction of peroxide 
activated enZyme folloWing addition of hydrogen peroxide. 
Use of HRP is advantageous for arrays since immobilization 
of the electroactive enZyme label on the electrode eliminates 
electrochemical crosstalk betWeen array elements, Which can 
occur When detecting soluble electroactive product. 
The concentration of sc-kit detected is compared to a con 

trol, such as the concentration of sc -kit in a non-preeclamptic/ 
eclamptic pregnant subject. In some examples, the control 
can be the concentration of sc-kit from a pregnant subject of 
the same gestational age knoWn not to have preeclampsia or 
eclampsia. In other examples, the control is a standard value, 
such as a value that represents an average concentration of 
sc-kit expected in a pregnant subject Who does not have 
preeclampsia/eclampsia. In other examples, the standard is 
the concentration of sc-kit in a non-pregnant subject. Sc-kit is 
signi?cantly reduced in preeclamptic/eclamptic subjects. 
Thus, any signi?cant reduction of sc-kit in the blood, plasma, 
or serum sample of the pregnant subject in comparison to the 
control Will be predictive or indicative of preeclampsia/ec 
lampsia in the subject. 
Combination Methods 

Methods of prediction and diagnosis of preeclampsia/ec 
lampsia by quantitating sc-kit in a sample (such as a blood, 
plasma, serum, or urine sample) can be combined With detect 
ing and/or quantitating one or more additional factors the 
same sample by the methods described above for detection of 
sc-kit. In particular examples, preeclampsia/eclampsia is pre 
dicted or diagnosed in a subject if a sample from the subject 
has a signi?cantly reduced concentration of sc-kit and one of 
a signi?cantly increased concentration of sFlt-l or soluble 
endoglin, or a signi?cantly reduced concentration of PlGF. 

Methods of predicting or diagnosing preeclampsia/ec 
lampsia by measurement of sc-kit also can be combined With 



US 8,518,716 B2 
17 

measurement of circulating EPCs in the sample. In such 
embodiments, a signi?cant reduction in circulating EPCs 
concomitant With a signi?cant reduction in sc-kit Will predict 
or diagnose preeclampsia/eclampsia in the subject. 
EPCs are measured in a sample by determining the pres 

ence or absence of an EPC-speci?c cell surface marker, such 
as CD34, CD133, the vascular endothelial groWth factor 
receptor-2 (VEGFR-2), or CD31. Methods of determining 
the presence or absence of a cell surface marker are Well 
knoWn in the art and are analogous to the methods of detect 
ing a speci?c protein in a sample. For example, antibodies 
that speci?cally bind to the particular marker can be conju 
gated to other compounds including, but not limited to, 
enzymes, magnetic beads, colloidal magnetic beads, haptens, 
?uorochromes, metal compounds, radioactive compounds or 
drugs. The antibodies can also be utiliZed in immunoassays 
such as but not limited to radioimmunoassays (RIAs), 
enZyme linked immunosorbent assays (ELISA), or immuno 
histochemical assays. The antibodies can also be used for 
?uorescence activated cell sorting (FACS). A FACS employs 
a plurality of color channels, loW angle and obtuse light 
scattering detection channels, and impedance channels, 
among other more sophisticated levels of detection, to sepa 
rate or sort or enumerate cells (see US. Pat. No. 5,061,620). 
Any of the human antibodies that speci?cally bind CD34, 
CD133, the vascular endothelial groWth factor receptor-2 
(VEGFR-2), or CD31, as disclosed herein, can be used in 
these assays. Thus, the antibodies can be used in a conven 
tional immunoassay, including, Without limitation, an 
ELISA, an RIA, FACS, tissue immunohistochemistry, West 
ern blot or immunoprecipitation. 
Numerous other assay protocols exist that are suitable for 

to detect sc-kit in a pregnant subject. The above descriptions 
are intended to be illustrative only. 

The folloWing examples are provided to illustrate certain 
particular features and/or embodiments. These examples 
should not be construed to limit the disclosure to the particu 
lar features or embodiments described. 

EXAMPLES 

Properly functioning vascular endothelial cellsithe cells 
that line the interior of blood vesselsiare vitally important 
for healthy cardiovascular function and healthy pregnancy. 
Many lines of evidence indicate that endothelial cell dysfunc 
tion explains the vasoconstriction, activation of the coagula 
tion cascade, and multi-organ damage that often occurs dur 
ing preeclampsia. The mechanisms of endothelial 
dysfunction in preeclampsia, hoWever, remain poorly under 
stood (Roberts, Semin. Reprod. EndocrinoL, 16(1):5-15, 
1998; Woelkers and Roberts, Handbook of Hypertension, Vol 
21, NeWYork: Elsevier; 126-162, 2000; Gammill et al., Front. 
Biosci., 12:2383-2394, 2007; Germain et al., Hypertension, 
49: 1 -6, 2007). In normal pregnancy, cytotrophoblast cells 
from the placenta invade the maternal spiral arteries, causing 
them to lose their smooth muscle and enabling the expansion 
of vascular capacity necessary to support fetal groWth. In 
some, but not all, cases of preeclampsia, there is insu?icient 
remodeling of the spiral arteries, resulting in reduced utero 
placental perfusion. Compromised utero-placental perfusion 
is thought to lead to the release of signals, many unidenti?ed, 
from the placenta into the maternal circulation that target the 
maternal vascular endothelium. In Women Who develop 
preeclampsia, the doWnstream effects include Widespread 
in?ammation and endothelial cell dysfunction (Roberts and 
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Hubel, Lancet, 354:788-789, 1999; Redman et al., American 
Journal ofObstetrics & Gynecology, 180(2 Part 1); 499-506, 
1 999). 
There is still a need for an effective method for the diag 

nosis or preeclampsia or eclampsia, and for methods that can 
be used to monitor the e?icacy of treatment regimens for 
these disorders. 

It is demonstrated herein that Women With preeclampsia 
are distinguished by abnormally loW concentrations of sc-kit 
in maternal or umbilical cord (fetal) blood compared to both 
controls With uncomplicated (normotensive) pregnancies and 
Women With just gestational hypertension Without proteinuria 
or other hallmark signs of preeclampsia, and that maternal 
plasma sc-kit concentrations are reduced early in pregnancy 
(~18 Weeks’ gestation) in Women Who subsequently develop 
preeclampsia. 

Example 1 

Methods 

Samples. 
Archived plasma samples Were obtained from the Preec 

lampsia Program Project (PEPP) longitudinal and cross-sec 
tional studies of pregnant Women enrolled at their ?rst pre 
natal visit and folloWed through the immediate postpartum 
period. Clinical data Was deidenti?ed. A jury of clinicians met 
monthly to determine pregnancy diagnosis of all the Women. 
The symptoms of Preeclampsia are: 1) neW onset hyperten 
sion, plus 2) having proteinuria, plus 3) manifesting hyperu 
ricemia (uric acid in serum greater than 1 standard deviation 
from normal for gestational age) With reversal of hyperten 
sion and proteinuria postpartum (Chesley, Kidney Int, 
18:234-240, 1980). Uncomplicated pregnancy controls are 
normotensive, Without proteinuria or hyperuricemia through 
out gestation, and delivered of healthy babies at term. All 
participants Were Without illicit drug use, and had no history 
of renal or vascular disease. 

Cross-Sectional Study: 
Women With preeclampsia develop the disease and deliver 

at an earlier gestational age on average compared to Women 
With gestational hypertension Without proteinuria. Therefore, 
Women With preeclampsia and Women With gestational 
hypertension Were group-matched to separate control groups 
according to the gestational age at the time of venipuncture. 
Thus, soluble sc-kit and stem cell factor (SCF; also knoWn as 
kit-ligand) Were compared in third trimester plasma samples 
from 26 Women With preeclampsia (mean1SD gestational 
Weeks at venipuncture: 34.113.0) matched to 27 controls 
(34.612.7 Weeks; P:0.49) and 12 Women With gestational 
hypertension (39.111.9 Weeks) matched to 10 controls 
(39.111.9 Weeks; P:0.99). 

Concentrations of SCF are signi?cantly higher in cord 
blood and neonatal blood than in the maternal blood, and 
strikingly high SCF mRNA expression and moderate c-kit 
mRNA expression is found in human umbilical vein (fetal) 
endothelial cells. Without being bound by theory, this sug 
gests that endothelial cells are an important source of SCF in 
cord blood (perhaps during development of the fetoplacental 
vasculature and blood ?oW). If kit/SCF dysregulation exists 
in the fetoplacental circulation, this might be of pathophysi 
ologic signi?cance. Therefore, SCP and sc-kit Were measured 
in cord blood samples that Were available from a subset of 
these patients (n:19 preeclamptic pregnancies and n:22 con 
trol pregnancies). 



US 8,518,716 B2 
19 

Longitudinal Study: 
Maternal nonfasting plasma samples Were collected at the 

?rst prenatal visit and during pregnancy at usual times for 
clinical indications, and Were stored in aliquots at —700 C. 
Sc-kit concentrations Were measured in a 2:1 (case:control) 
study of gestational age-matched plasma samples obtained at 
mid-gestation (meaniSD gestational Weeks: 18.7123), prior 
to development of preeclampsia. The mid-pregnancy samples 
Were obtained from 26 Women Who later developed preec 
lampsia and from 52 controls Whose pregnancies remained 
uncomplicated. Of these Women, samples Were also available 
from 24 during clinically evident preeclampsia and 46 of the 
controls (gestational age-matched, third trimester samples). 

Additionally, the change in plasma levels of sc-kit in sub 
jects experiencing a normal pregnancy (non-preeclamptic/ 
eclamptic) over the course of gestation, Was assayed in lon 
gitudinal samples collected at 4 gestational WindoWs (Weeks 
5-10, 16-19, 27-30, and 40-42 (pre-delivery)) from 9 controls 
With uncomplicated pregnancy outcome. 

Postpartum Study: 
The persistence (or reemergence) of de?cits in circulating 

sc-kit after pregnancy Was also explored. Study participants 
gave permission to be contacted for additional preeclampsia 
related research studies upon consenting to participate. The 
Women Were mostly moderate- to loW-income, and Were a 
racially diverse population. Subjects underWent a history and 
physical examination and a urine pregnancy test. History of 
cardiovascular disease in any ?rst-degree relative Was 
recorded. Blood Was collected on the morning after an over 
night fast. Soluble c-kit and SCF Were measured in the banked 
plasma from 21 primiparous Women With a history of preec 
lampsia, 28 primiparous Women With a history of normal 
pregnancy (both on average 1 year postpartum) and from 23 
nulligravid/never pregnant Women. No Women Were taking 
oral contraceptives or lactating, and all Were nonsmokers. 
There Were insuf?cient numbers of pregnancy samples avail 
able from these Women for comparison. 
ELISA of sc-Kit (SCFsR) and SCF: 
Concentrations (during pregnancy and postpartum) Were 

estimated in duplicate using ELISA based assays purchased 
from R&D Systems (Minneapolis, Minn.). The human sc-kit 
samples available from R&D Were used as controls. The 
ELISAs for use in pregnancy samples Were validated by 
performing sample dilution and spike-recovery tests on sepa 
rate pools of preeclampsia and normal pregnancy plasma 
(n:6 patient samples per pool) as done previously for sFlt-l 
and PlGF (Shibata et al., .1. Clin Endocrinol Metab, 90(8): 
4895-4903, 2005). The intra-assay coef?cients of variation 
for sc-kit and SCF in our pregnancy plasma samples, respec 
tively, Were 5.1 and 5.9%. To assess linearity of the assays, a 
pregnancy reference sample Was diluted With appropriate 
calibrator diluent and then assayed. Percent observed/ex 
pected values of 1:2, 1:4 and 1:8 dilutions of both analytes 
approximated 100%, ranging from 91 to 114%. sc-kit con 
centrations in pools of normal pregnancy plasma Were not 
appreciably affected by the addition of 2 ng/mL human 
recombinant SCF (R&D Systems, Minneapolis, Minn.) or by 
the addition of 50 ng/mL human recombinant sFlt-l (R&D 
Systems, Minneapolis, Minn.). 

Immunoprecipitation of sc-kit Was performed folloWed by 
Western analysis of sc-kit in pools of plasma collected from 
Women experiencing a normal pregnancy and Women With 
preeclampsia. TWo pools of plasma (200 uL, pooled from n:4 
Women With preeclampsia and n:4 Women having normal 
pregnancy) Were diluted to 0.5 ml With sterile PBS and mixed 
With equal volume of 2x buffer, in the presence of protease 
and phosphatase inhibitors. To this 1 ml sample, 20 pL of 
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protein A/G sepharose Was added to pre-clear any non-spe 
ci?c proteins. The protein A/G agarose Was then removed by 
centrifugation. 10 pL of the human speci?c anti c-kit (SCF-R; 
CD1 17, c-kit) antibody (R&D Systems, Minneapolis, Minn.) 
Was added to the supernatant and incubated overnight at 40 C. 
These samples Were further incubated for an additional 30 
minutes With protein A/G sepharose and the immune com 
plexes Were captured and Washed by centrifugation. The 
immunoprecipitated proteins Were solubiliZed in 1x Laemmli 
buffer and subjected to electrophoresis folloWed by Western 
analysis using three different antibodies: 1) the same R&D 
Systems antibody used in the previous immunoprecipitation 
step, 2) a c-kit antibody from Santa CruZ Biotechnology 
(Santa CruZ, Calif.) and 3) a c-kit antibody from eBioscience 
(San Diego, Calif.). 
As an additional validation of the R&D ELISA for sc-kit, 

aliquots (750 750 ug) of the pools of preeclampsia and normal 
plasma Were immunoprecipitated With an antibody raised 
against the full-length c-kit (0.2 ug/ml, Santa CruZ Biotech 
nology catalog #sc-13508, Santa CruZ, Calif.). The immuno 
complex Was recovered using protein G sepharose beads. The 
precipitated proteins Were released by the addition of 0.25 M 
glycine folloWed by neutralization With Tris buffer (pH 8.0). 
The released protein Was added to the ELISA plate and 
alloWed to bind. The antigen-antibody complex Was eluted 
With 0.25 M glycine and the eluate Was run on SDS-PAGE 
and the gel Was re-probed With a mouse anti-human mono 
clonal antibody against c-kit (Santa CruZ, sc-13508). 

Statistics: 
The natural logarithm of data Was used in cases in Which 

plasma analyte concentrations Were non-normally distrib 
uted. Data Were analyZed by ANOVA or Student’s unpaired 
t-test Where appropriate. The three groups in the postpartum 
study Were compared by ANOVA, With Bonferroni correction 
for multiple comparisons. Statistical signi?cance Was 
accepted at p<0.05. 

Example 2 

Cross-Sectional Study 

Pilot data had indicated that loWer concentrations of the 
soluble (circulating) receptor sc-kit exist in maternal plasma 
of Women With preeclampsia compared to either controls 
With uncomplicated (normotensive) pregnancies or Women 
With just gestational hypertension Without other signs of 
preeclampsia. HoWever, a general decline in plasma sc-kit 
concentrations Was also observed With advancing gestational 
age. Women With preeclampsia develop the disease and 
deliver at an earlier gestational age on average compared to 
Women With gestational hypertension Without proteinuria. 
The number of patients Was therefore expanded in this cross 
sectional study during the third trimester; matching Women 
With preeclampsia and Women With gestational hypertension 
to separate control groups according to the gestational age at 
the time of venipuncture. Thus, soluble sc-kit and stem cell 
factor (SCF; also knoWn as kit-ligand) Were compared in 
plasma from 26 Women With preeclampsia gestational age 
matched to 27 controls, and 12 Women With gestational 
hypertension matched to 10 controls (39111.9 Weeks; 
P:0.99). Patients With preeclampsia delivered earlier 
(p<0.001), had babies With loWer birth Weights (p<0.01) and 
birth Weight centiles (p<0.01), and by de?nition had higher 
blood pressure at admission to labor and delivery (p<0.001). 

Concentrations of sc-kit Were signi?cantly loWer in 
Women With preeclampsia compared to controls (P<0.0005) 
Whereas no difference in sc-kit Was observed betWeen gesta 
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tional hypertensives and their controls (P:0.84) (FIG. 1). 
Concentrations of sc-kit Were lower in the controls for gesta 
tional hypertension than controls for preeclamp sia, re?ecting 
the later gestational age of the former control group (FIG. 1). 
In contrast to sc-kit, no group differences Were observed for 
plasma SCF except, surprisingly, for loWer concentrations of 
SCF in Women With gestational hypertension compared to 
their controls (P<0.04; FIG. 2). 

The ELISA results Were corroborated by immunoprecipi 
tation analysis. The three antibodies used gave similar pro 
?les. The R&D antibody pro?le is shoWn in FIG. 3, shoWing 
fainter bands in preeclampsia samples. Note: soluble c-kit 
molecular Weight has previously been estimated as ~90 kDa. 
As additional validation of the R&D ELISA, the antigen 

antibody complex eluted from the ELISA plate shoWed bands 
on a Western blot using an anti-sc-kit primary antibody from 
Santa CruZ Biotechnology Inc. (Santa CruZ, Calif.) corre 
sponding to the correct molecular Weight for sc-kit that Were 
less pronounced in lanes corresponding to the preeclampsia 
pooled plasma compared to normal pregnancy plasma. 

Concentrations of sc-kit are reportedly loWer in non-preg 
nant Women With systemic lupus erythematosus compared to 
healthy controls, partly attributable to the corticosteroidtreat 
ment that these patients receive (Kitoh et al., Clin Reheuma 
20/, 17:293-300, 1998). In the current study, 15 of 26 Women 
With preeclampsia and 1 control received injections of 
betamethasone prior to blood sampling. The 1 1 preeclamptics 
Without betamethasone nevertheless had signi?cantly loWer 
plasma sc-kit concentrations than controls Without 
betamethasone (P<0.04). The gestational age of preeclamp 
tics Who had not received betamethasone (mean 36.6 Weeks, 
probably re?ecting milder disease of later onset) Was greater 
than preeclamptics Who did receive the corticosteroid (mean 
32.2 Weeks) (P<0.0005) but sc-kit concentrations Were not 
signi?cantly different betWeen the subgroups of preeclamp 
tics Who did versus did not receive betamethasone (P:0.34). 
SCF concentrations Were not different betWeen these 
betamethosone +/— subgroups. No gestational hypertensives 
in our patient sample received betamethasone. 

Correlations Were also explored betWeen sc-kit or SCP and 
betWeen plasma concentrations of free placental groWth fac 
tor (PlGF, a pro-angiogenic factor) and soluble fms-like 
tyrosine kinase-l (sFlt-l; also knoWn as solubleVEGF recep 
tor-1, an anti-angiogenic factor increased in most Women 
With preeclampsia that binds and thus neutraliZes VEGF and 
PlGF). Except for a Weak positive correlation of SCF With 
sFlt-l (1:041, P<0.05) among Women With preeclampsia, no 
correlations Were observed Within any of the disease or con 
trol groups (including betamethasone +/— subgroups). Con 
sistent With several previous studies, sFlt-l Was signi?cantly 
elevated and PlGF reduced in Women With preeclampsia, but 
not Women With gestational hypertension, compared to con 
trols. As With the maternal circulation, concentrations of sc 
kit Were signi?cantly loWer in umbilical cord (fetal) plasma 
from preeclamptic pregnancies (n:19) compared to control 
pregnancies (n:22) (P<0.03; FIG. 4). As With the maternal 
values, cord concentrations of SCF did not differ betWeen 
preeclampsia and control groups (P:0.28; FIG. 5). Consistent 
With previous reports, hoWever, fetal SCF concentrations 
Were signi?cantly higher in cord than maternal blood (com 
pare FIGS. 2 and 5). 

Example 3 

Longitudinal Study 

Similar to the cross-sectional study subjects, longitudinal 
subjects Who developed preeclampsia delivered earlier 
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(p<0.001), had loWer birth Weight babies (p<0.001) and birth 
Weight centiles (p<0.01), and by de?nition signi?cantly 
higher blood pressure at admission to labor and delivery 
(p<0.001). Plasma sc-kit concentrations Were signi?cantly 
reduced, both at 18 Weeks (prior to clinically evident preec 
lampsia) (P<0.02) and during the third trimester (during the 
clinical syndrome) (P<0.005) in Women Who developed 
preeclampsia compared to controls (FIG. 6). 

FIG. 7 shoWs that sc-kit concentrations decreased progres 
sively over the course of uncomplicated pregnancy. Signi? 
cant decreases occurred at the 16-19-, 27-30- and 40-42-Week 
intervals compared to the 5 -10 Week interval, and betWeen the 
16-19 and 40-42 Weeks’ gestation intervals. FIG. 8 con?rms 
previous reports that plasma PlGF increases during the ?rst 
30 Weeks of gestation and then declines remarkably at term. 
Signi?cant differences Were found betWeen the apparent apex 
at Weeks’ 27-30 and gestational Weeks 5-10, 16-19 and 40-42. 
In contrast to sc-kit, sFlt-l concentrations rose over the 
course of gestation, except for an apparent plateau at 27-30 
Weeks (FIG. 9). Signi?cant correlations betWeen sc-kit and 
PlGF Were observed at gestational ages 16-19 (1:070, 
P:0.03) and 27-30 (1:065, P:0.05), but no other correlations 
of the three plasma variables Within any of the other time 
points Were observed. 

Example 4 

Postpartum Study 

Persistence (or reemergence) of de?cits in circulating sc 
kit postpartum after ?rst pregnancy Was also tested. Soluble 
c-kit and SCF Were measured in the banked plasma from 21 
Women With a history of preeclampsia, 28 Women With a 
history of normal pregnancy (both on average 1 year postpar 
tum) and from 23 nulligravid/never pregnant Women. Mean 
systolic blood pressures in postpartum Women With prior 
preeclampsia Were slightly but signi?cantly elevated (mean 
119/78) compared to both Women With prior normal preg 
nancy (110/71) (P<0.02 systolic and diastolic) and Women 
Who had never been pregnant (108/69) (P:0.01 systolic, 
P<0.002 diastolic). Body mass index (BMI) did not differ 
betWeen the postpartum prior preeclamptic (mean 29.2 
kg/m2) and normal pregnancy (28.1 kg/m2) groups, but each 
had signi?cantly higher BMIs compared to the nulligravidas 
(23.5 kg/m2) (P<0.05). Mean heart rates, age, and days after 
delivery did not differ. Contrary to hypothesis, no betWeen 
group differences in sc-kit or SCF Were observed. 

Thus, it is demonstrated herein that dysregulated soluble 
c-kit is associated With preeclampsia. Given the normal sc-kit 
concentrations in Women With gestational hypertension With 
out proteinuria, the loWer sc-kit concentrations in Women 
With preeclampsia is not merely a consequence of hyperten 
sion per se. These data indicate that preeclampsia and gesta 
tional hypertension (Without proteinuria) are distinct syn 
dromes With different pathophysiology. The lack of 
correlation of sc-kit With sFlt-l or PlGF suggests that sc-kit 
regulation is independent of sFlt-l and PlGF (suggesting the 
possible utility of diagnostic or predictive rules that combine 
these variables). Without being bound by theory, sc-kit/SCF 
dysregulation exists in the fetoplacental circulation and thus 
may be of pathophysiologic signi?cance. LoW sc-kit could 
impact the fetus and fetal side of the placenta. 
Median plasma sc-kit concentrations Were signi?cantly 

loWer Weeks before the onset of preeclampsia. Thus, sc-kit 
may have a role in the onset and progression of preeclampsia. 
These data thus support that reduced maternal plasma sc-kit 
concentrations are reduced early in pregnancy in many 
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Women Who subsequently develop preeclamp sia compared to 
Women Whose pregnancies remain uncomplicated. The post 
partum data suggest that the lower sc-kit evidently associated 
With preeclampsia is a pregnancy-speci?c abnormality. Thus, 
Without being bound by theory, sc-kit probably does not 
contribute to the increased risk of later-life cardiovascular 
disease in Women With a history of preeclampsia. 

Example 5 

Prediction and/ or Diagnosis of 
Preeclampsia/Eclampsia by Measurement of sc-Kit 

As discussed above, the concentration of sc-kit in serum 
obtained from a pregnant subject is signi?cantly reduced in 
preeclamptic pregnant subjects compared to normal pregnan 
cies. This example discusses a method of predicting and/or 
diagnosing preeclampsia/eclampsia in pregnant subjects. 

Prediction or diagnosis of preeclampsia/eclampsia 
involves measurement of sc-kit in a blood, plasma, or serum 
sample taken from a pregnant subject. A blood sample or 
plasma sample is taken from a human subject Who is 20 Weeks 
pregnant. The concentration of sc-kit in the blood sample or 
plasma sample is determined by use of an ELISA. The sc-kit 
concentration in the sample from the pregnant subject is 
compared to the sc-kit concentration that Was measured in the 
blood of a subject Who Was 20 Weeks pregnant and Who did 
not have or develop preeclampsia. Alternatively the sc-kit 
concentration in the test subject is compared to a standard 
value of sc-kit for non-preeclamptic/non-eclamptic pregnant 
subjects at 20 Weeks. A statistical test is performed. A statis 
tically signi?cant reduction in the sc-kit in the blood sample 
from the test pregnant subject in comparison to the control 
subject or standard value is predictive of preeclampsia if the 
subject does not have any preeclampsia symptoms, or indica 
tive of preeclampsia after development of symptoms. If the 
subject is partially symptomatic, such as hypertensive, but 
Without proteinuria, a statistically signi?cant reduction in 
sc-kit concentration compared to the control subject or stan 
dard value indicates that the pregnant subject is likely to 
develop preeclampsia (gestational hypertension With pro 
teinuria) later in the pregnancy. 

Example 6 

Diagnostic Test for Diagnosing Preeclampsia or 
Eclampsia 

This example describes an exemplary diagnostic test, for 
example in a clinical setting, for detecting preeclampsia or 
eclampsia in a subject. HoWever, one skilled in the art Will 
appreciate that methods that deviate from these speci?c meth 
ods can also be used to successfully detect preeclampsia or 
eclampsia. 

In some embodiments, the test includes directly determin 
ing an amount of sc-kit in a sample in a subject, for example 
a bodily ?uid such as a blood, serum, or plasma sample, for 
example as described in Example 1 . The results of the test are 
provided to a user (such as a clinician or other health care 

Worker, laboratory personnel, or patient) in a perceivable 
output that provides information about the results of the test. 
In some examples, the output can be a paper output (for 
example, a Written or printed output), a display on a screen, a 
graphical output (for example, a graph, chart, voltammetric 
trace, or other diagram), or an audible output. In one example, 
the output is one or more voltammetric traces obtained uti 
liZing an electrochemical immunoassay, such as a AuNP 
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immunosensor. The siZe of the voltammetric trace is propor 
tional to the amount of sc-kit protein in the sample. 

In other examples, the output is a numerical value, such as 
an amount of sc-kit protein in the sample or a relative amount 
of sc-kit protein in the sample as compared to a control. In 
additional examples, the output is a graphical representation, 
for example, a graph that indicates the value (such as amount 
or relative amount) of sc-kit protein in the sample from the 
subject on a standard curve. In a particular example, the 
output (such as a graphical output) shoWs or provides a cut-off 
value or level that indicates the presence of preeclampsia or 
eclampsia if the value or level of sc-kit protein in the sample 
is beloW the cutoff and absence of preeclampsia or eclampsia 
if the value or level of sc-kit protein in the sample is above the 
cut-off. In some examples, the output is communicated to the 
user, for example by providing an output via physical, 
audible, or electronic means (for example by mail, telephone, 
facsimile transmission, email, or communication to an elec 
tronic medical record). 
The output can provide quantitative information (for 

example, an amount of sc-kit protein or an amount of sc-kit 
protein relative to a control sample or value) or can provide 
qualitative information (for example, a diagnosis of presence 
or absence of preeclampsia or eclampsia, a likelihood of 
developing preeclampsia or eclampsia, or information as to 
Whether the subject has preeclampsia or eclampsia or gesta 
tional hypertension). In additional examples, the output can 
provide qualitative information regarding the relative amount 
of sc-kit protein in the sample, such as identifying a reduction 
in sc-kit protein relative to a control or no change in sc-kit 
protein relative to a control. 

In some examples, the output is accompanied by guidelines 
for interpreting the data, for example, numerical or other 
limits that indicate the presence or absence of preeclamp sia or 
eclampsia. The guidelines need not specify Whether preec 
lamp sia and/ or eclampsia is present or absent, although it may 
include such a diagnosis. The indicia in the output can, for 
example, include normal or abnormal ranges or a cutoff, 
Which the recipient of the output may then use to interpret the 
results, for example, to arrive at a diagnosis, prognosis, or 
treatment plan. In other examples, the output can provide a 
recommended therapeutic regimen (for example, based on 
the amount of sc-kit or the amount of decrease of sc-kit 
relative to a control). 

In some examples, the test may include determination of 
other clinical information (such as determining blood pres 
sure, or measuring the presence of other proteins in the 
sample). In some examples, the test includes an array, such as 
an antibody array or an electrochemical immunosensor array 
and the output of the test includes quantitative or qualitative 
information about sc-kit protein (such as the amount of sc-kit 
protein or an amount of change of sc-kit protein relative to a 
control, or a relative increase or decrease of sc-kit protein 
compared to the control), as Well as quantitative or qualitative 
information about one or more additional proteins. 

Example 7 

Combination Methods to Predict or Diagnose 
Preeclampsia/Eclampsia 

As disclosed herein, a signi?cant reduction in sc-kit con 
centration in pregnant subjects is predictive or indicative or 
preeclampsia/eclampsia. It has previously been shoWn that an 
increase in sFlt-l or soluble endoglin, or a reduction in PlGF 
or circulating EPCs can also be predictive or indicative of 
preeclampsia/eclampsia. Thus, the predictive value of sc-kit 
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measurement can be enhanced by combining the measure 
ment of sc-kit With the measurement of one or more of sFlt-l, 

soluble endoglin, PlGF, or circulating EPCs. This example 
presents a method of predicting or diagnosing preeclampsia/ 
eclampsia in a pregnant subject that combines the measure 
ment of sc-kit as Well as one or more of sFlt-l, soluble 

endoglin, PlGF, or circulating EPCs. 
A blood sample is taken from a human subject Who is 20 

Weeks pregnant. The concentrations of sc-kit and at least one 
of sFlt-l, soluble endoglin, PlGF, or circulating EPCs in the 
blood sample are determined by use of separate ELlSAs that 
are speci?c for each factor. The concentration of circulating 
EPCs is determined by detection of one or more EPC-speci?c 
cell surface markers CD34, CD133, the vascular endothelial 
groWth factor receptor-2 (VEGFR-2), or CD31. The concen 
trations of sc-kit and at least one of sFlt-l, soluble endoglin, 
PlGF, or circulating EPCs in the pregnant subject are com 
pared to the concentrations of sc-kit and at least one of sFlt-l, 
soluble endoglin, PlGF, or circulating EPC concentration that 
Were measured in the blood of a subject Who Was 20 Weeks 
pregnant and Who did not have or develop preeclampsia. A 
signi?cant reduction in the sc-kit concentration combined 
With a signi?cant increase in sFlt-l or soluble endoglin and/or 
a signi?cant reduction in PlGF or circulating EPCs in the test 
pregnant subject Will be predictive of preeclampsia if the 
subject does not have any preeclampsia symptoms, or indica 
tive of preeclampsia after development of symptoms. 

Example 8 

Monitoring the Ef?cacy of Preeclampsia/Eclampsia 
Treatment by Measurement of sc-Kit 

Signi?cantly reduced concentrations of sc-kit in a pregnant 
subject are indicative of preeclampsia/eclampsia. This 
example describes a method of monitoring the e?icacy of 
preeclampsia/eclampsia treatment by measurement of sc-kit. 

In this example, the concentration of sc-kit in the blood of 
a subject is determined and compared to a gestationally 
matched control or standard value as described in any of the 
preceding examples. If the measured concentration of sc-kit 
in comparison to the control indicates that the subject has or 
is predictive of preeclampsia or eclampsia, appropriate clini 
cal interventions are taken. Such interventions for preeclamp 
sia/eclampsia include, but are not limited to, bed rest, admin 
istration of an antihypertensive medication, or administration 
of magnesium sulfate. 

The methods described herein of monitoring the concen 
tration of sc-kit are then used to monitor the ef?cacy of the 
prescribed preeclampsia/eclampsia intervention. For 
example, at regular intervals folloWing prescription of the 
therapy, a blood sample or serum sample is obtained from the 
preeclamptic/eclamptic subject and the concentration of sc 
kit in the blood sample is determined by an assay, such as an 
ELISA, and compared to a control, such as the concentration 
of sc-kit in the preeclamptic/eclamptic subject prior to pre 
scription of the therapy or a gestationally-matched control 
value or gestationally-matched standard value of sc-kit in a 
subject knoWn to be experiencing a normal pregnancy. 
A signi?cant increase in or attenuation in the reduction of 

sc-kit concentration in the subject over the course of the 
prescribed therapy indicates the therapy is effective. The 
therapy can be adjusted based on the results of the assay. 
Thus, if there is not a signi?cant increase in or attenuation in 
the reduction of sc-kit, a different therapeutic agent can be 
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administered to the subject. If there is a signi?cant increase in 
or attenuation in the reduction of sc-kit, the therapy can be 
continued. 

It should be recogniZed that the illustrated embodiments 
are only preferred examples of the invention and should not 
be taken as limiting the scope of the invention. Rather, the 
scope of the invention is de?ned by the folloWing claims. We 
therefore claim as our invention all that comes Within the 

scope and spirit of these claims. 

We claim: 
1. A method for diagnosing preeclampsia or eclampsia in a 

pregnant subject, or for distinguishing preeclampsia or 
eclampsia from gestational hypertension in a pregnant sub 
ject, the method comprising: 

(a) quantitating soluble c-kit in a sample obtained from the 
pregnant subject, Wherein the sample is a blood, plasma 
or serum sample; 

(b) quantitating soluble fms-like tyrosine kinase-l or free 
placental groWth factor in the sample; 

(c) detecting a statistically signi?cant decrease in the con 
centration of soluble c-kit in the sample as compared to 
a control, Wherein the control is a level of soluble c-kit in 
a sample from a gestationally matched pregnant subject 
that does not have eclampsia or pre-eclampsia; and 

(d) detecting a statically signi?cant elevation in soluble 
fms-like tyrosine kinase-l, a statistically signi?cant 
reduction in free placental groWth factor, or both, in the 
sample as compared to a control, Wherein the control is 
a level of fms-like tyrosine kinase-l or free placental 
growth factor respectively, from a gestationally matched 
pregnant subject that does not have eclampsia or pre 
eclampsia, 

Wherein the combined detection in step (c) and step (d) 
indicates that the pregnant subject has preeclampsia or 
eclampsia, or indicates that the pregnant subject has 
preeclamp sia or eclamp sia and does not have gestational 
hypertension. 

2. The method of claim 1, Wherein the pregnant subject is 
a veterinary subject. 

3. The method of claim 1, Wherein the pregnant subject is 
a human subject. 

4. The method of claim 3, Wherein the pregnant subject is 
in the second or third trimester of pregnancy. 

5. The method of claim 4, Wherein the pregnant subject is 
at least eighteen Weeks pregnant. 

6. The method of claim 1, Wherein the sample is a maternal 
blood, plasma, or serum sample. 

7. The method of claim 1, Wherein the sample is an umbili 
cal cord blood, plasma, or serum sample. 

8. The method of claim 1, Wherein quantitating soluble 
c-kit comprises: 

contacting the sample With an antibody that speci?cally 
binds soluble c-kit, under conditions su?icient for the 
antibody to form an immune complex With soluble c-kit, 
and 

determining the quantity of the immune complex. 
9. The method of claim 8, Wherein the antibody is labeled. 
1 0. The method claim 9, Wherein the label is a radioisotope. 
11. The method claim 9, Wherein the label is an enZyme. 
12. The method of claim 8, if Wherein quantitating com 

prises the use of radioimmunoassay. 
13. The method of claim 8, Wherein quantitating comprises 

the use of an enzyme-linked immunosorbent assay (ELISA). 
14. The method of claim 1, further comprising treating the 

pregnant subject for preeclampsia or eclampsia. 




