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ABSTRACT

Preeclampsia (PE) is a pregnancy specific disease that affects 5-8% of all
pregnancies worldwide, and is one of the leading causes of maternal and
neonatal morbidity and mortality. While the cause of PE is still unknown, clinical
evidence unequivocally points to placenta as the site of pathophysiology. It is
widely accepted that impaired cellular invasion during placental development and
a lack of proper development of the decidual spiral arteries account for the
development of PE. Despite considerable research, the factor(s) that ultimately
cause PE have not been fully characterized. Through the use of 2D SDS-PAGE
and LC MS/MS, control and PE placental samples were compared at the
proteomic level. This study identifies 12 differentially expressed proteins in PE.
Many of these proteins are functionally related and point to several biological
pathways or processes involved in the pathology of PE, suggesting a potential

starting point for further biomarker discovery.
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Chapter 1
Introduction

1.1 An Introduction to Preeclampsia

Among the many diseases that can influence the successful outcome of
pregnancy, preeclampsia is one of the most detrimental and yet, most poorly
understood. This disease, which is specific only to pregnancy, is the leading
cause of maternal and perinatal deaths worldwide [1]. It has been shown that
this disease affects 3-10% of all pregnancies regardless of socioeconomic status
or geographical location [1]. While the incidence of preeclampsia does not vary
with race or ethnicity, the severity of the disease shows considerable variation
amongst different racial or ethnic groups [2]. Despite considerable research
efforts, the factor, or factors, that ultimately cause the onset of preeclampsia
have yet to be identified. Over the last several decades, many theories have
been put forward that speculate on the causative agent of preeclampsia.
However, none of the molecules studied have been directly linked to this
disease, either as a direct agent or a prediétive biomarker. The abundance of
unsubstantiated theories that have been proposed with regards to the causes of
preeclampsia has lead to this disease being dubbed “the disease of theories” [3]
To date, there are no reliable diagnostics or biomarkers that can accurately
predict the onset of preeclampsia. While the exact cause of this disease is
unknown, clinical evidence unequivocally points to the placenta as the site of
pathophysiology [4].

Preeclampsia is a multisystemic disease of the maternal endothelium that
manifests itself in a variety of ways. Symptoms of this disease affect nearly
every maternal organ system with profound pathophysiological effects [5].
Diagnostics used to determine if a pregnancy is preeclamptic or not depend on a
broad range of traditionally measurable factors, as well as close observation of
physical and neurological symptoms. Currently, the diagnosis of preeclampsia is
made based on certain clinical criteria. The presence of hypertension, (a
sustained blood pressure elevation of greater than 140/90 mmHg over the past

20 weeks of pregnancy in women who were previously normotensive), and



proteinurea (the excretion of protein in the urine exceeding 300 mg over a 24
hour period) are the two most important criteria [6]. As this disease is now
recognized as a maternal endothelial disorder of pregnancy, generalized
vasoconstriction, platelet activation, activation of the coagulation cascade and
edema are also characteristics observed in women who have developed
preeclampsia [7, 8]. In addition to these easily measured and well defined
clinical characteristics of preeclampsia, several other symptoms are believed to
accompany this disease, such as neurological symptoms that range from
auditory and visual disturbances to headaches or complete paralysis [9-11]. As
many of these symptoms are manageable on their own, it is the combined affect
of these symptoms and generalized endothelial dysfunction that ultimately
becomes a problem during the pregnancy. If the pregnancy is left to continue the
disease will progress from preeclampsia to eclampsia, which is characterized by
maternal seizures, coma and potential mortality [12].

Although very little is known about which factors ultimately cause the
onset of preeclampsia, it is known that the development and sustainability of this
disease are entirely dependent on the presence of the placenta and not the fetus
[4]. In preeclamptic pregnancies that have been ended prematurely by the
delivery of the fetus, the failure to remove the entire placenta from the uterus of
the preeclamptic mother results in the continued manifestation of this disease.
Once the entire placenta has been removed, the symptoms and pathology of this
disease are completely reversed within 24-48 hours [13]. Since preeclampsia
affects women in the late second and third trimester of pregnancy, the premature
delivery of the placenta, and hence premature delivery of the fetus, is clearly not
desirable. Additional supporting evidence linking this disease with the presence
of a placenta is given by the observance of preeclampsia in women who carry
molar pregnancies, a pregnancy by which a sperm fertilizes an empty egg, and a
placenta develops in the absence of a fetus [14]. This abnormal and aggressive
growth of the placenta puts these women at risk of contracting severe
preeclampsia even though a fetus is not present. As in the case of a normal

pregnancy affected by preeclampsia, the reversal of the symptoms of






The correct functioning of the placenta depends on the cooperative and
accurate coordination of both maternal and fetal physiology. After fertilization
and implantation, specialized cells called trophoblasts arise from the
trophectoderm of the blastocyst and adhere to the uterus. These trophoblasts
invade the decidua of the myometrium and begin to form the placenta. During
this process, several different lineages of trophoblasts develop, with each type of
trophoblast serving a very specific function [16]. To fully appreciate the
complexity of the placenta as the link between the mother and the developing
fetus, a closer look at the gross morphology of the placenta and chorionic villi
(CV) is needed.

The placenta can be thought of as a sandwich comprised of the maternal
aspect (made up of the basal plate decidua (BPD)), the fetal aspect (made up of
the chorionic plate), and the space between these two membranes where the
chorionic villi are located, as shown in Figure 1.2. The BPD serves as the
anchoring point for the maternal aspect of the placenta to’the uterus and houses
the maternal spiral arteries which are known to play a key role in the
pathophysiology of preeclampsia [17]. Conversely, the chorionic plate comprises
the fetal aspect of the placenta and serves as an anchoring point for the umbilical
cord. The membranes of the chorionic plate also contain the fetal veins and
arteries that facilitate the transfer of fetal blood to and from the chorionic villi of
the placenta.  While both the BPD and the chorionic plate make up a large

portion of the placenta, in this study, the site of interest was the chorionic villi.















1.3 Current Theories of PE; Causation and Detection of Preeclampsia

1.3.1 The Two Part Theory of PE

The development of preeclampsia as a disease occurs because of many
physiological changes that occur within the decidua, CV, and ultimately, within
the maternal endothelium. Hence, it has been proposed that this disease can be
thought of as a case study in two parts: the consistently observed and known
changes in placental morphology and structure, and the manifestation of this
disease within the mother.

Stage one of preeclampsia is the defective remodeling of the maternal
spiral arteries, as described above. As a direct result of this defective
trophoblastic invasion and lack of spiral artery remodeling, the placenta is
subjected to abnormally low maternal blood flow, giving rise to placental ischemia
and subsequently placental hypoxia. Current theories suggest the release of
vasoactive or endothelial targeted factor(s) from the hypoperfused placenta into
the maternal blood stream [26, 29, 30]. Stage two is a direct result of this
hypoperfusion and consists of the widespread systematic maternal endothelial
dysfunction seen in the onset of preeclampsia. It is at this stage that the
symptoms of preeclampsia manifest themselves in the mother and the disease
becomes symptomatic. The effects of preeclampsia on the maternal epithelium
are so profound and widespread that there are only a few organ systems that are
left unaffected by this disease. In women who have progressed to eclampsia,
the very serious and final stage of preeclampsia, all of their organ systems
exhibit severe damage consistent with extreme organ hypoperfusion [5, 31].

With the two-stage model of the development of preeclampsia in place,
this disease can be viewed as two distinct events: the physical placental
defect(s) due to incomplete spiral artery remodeling and the ensuing maternal
endothelial dysfunction. While little is known about what causes each of these
stages to progress in their own respect, the real question, and subject of

intensive research, is what factor or factors link these two stages. If this link can
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be found, then potential avenues for early detection and therapeutic treatment of

preeclampsia can be developed.

1.3.2 “The Disease of Theories”: Current Theories as to What Causes
Preeclampsia

It is now widely accepted that the pathological defect at the root of
preeclampsia is the lack, or impairment of spiral artery remodeling. However,
there are many different theories proposed which claim to offer insight into the
specific causes and mechanisms of preeclampsia. These theories focus on such
aspects as immunological or genetic insufficiency, infection, or nutritional defects
[32, 33]. Although many of these theories were explored in the past, no
individual theory has proven to be definitive as to the cause of preeclampsia.

It has been shown that there is a familial or genetic risk factor in the
development of preeclampsia. Women whose mother and/or sister(s) have had
preeclamptic pregnancies show an increased susceptibility to the development of
this disease [34]. It has also been shown that the probability of a pregnancy
becoming preeclamptic is greatest in the first pregnancy and then diminishes with
each subsequent pregnancy [35]. Interestingly, this risk factor also seems to
have a paternal element, in that, when a woman who has had several children
with the same partner changes partners, her chances of having a preeclamptic
pregnancy return to a level consistent with her first pregnancy [35].

Although many of the theories that attempted to describe the pathological
root or cause of preeclampsia have been abandoned in favor of the “insufficient
spiral artery remodeling” theory, research on preeclampsia has failed to uncover
the exact cause of this remodeling deficiency. While no single molecule or
pathway has been proven to be the direct cause of preeclampsia, much of the
current research related to this disease has been directed at diagnostic
biomarker discovery [28]. While the discovery of a preeclamptic biomarker may
not uncover the physiological defect at the root of preeclampsia, it would prove to
be an extremely useful clinical diagnostic for the prediction or assessment of this

disease.
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1.3.3 Current Knowledge of Potential Biomarkers of Preeclampsia

As none of the above theories have given rise to biomarkers that were
useful in the detection of preeclampsia, current research is focused on the
identification of readily accessible, soluble preeclamptic biomarkers in the
maternal blood stream or amniotic fluid. As a result of the low positive predictive
values and significant patient to patient variation seen in maternal plasma-based
biomarkers, current studies showing limited promise in the diagnosis of
preeclampsia have gone largely unnoticed. The following is a summary of some
of the potential biomarkers involved in the diagnosis of this disease and the work
that has been done to prove their predictive value as a diagnostic. While not
each and every molecule that has been studied or assessed as a maternal
biomarker in preeclampsia will be addressed, the major studies and molecules
that show the most promise are summarized.

The biomarkers that have been studied in the past, or are in the process
of being assessed, for their diagnostic capabilities for preeclampsia can be
loosely grouped into two categories. The first category is reserved for suspected
preeclamptic biomarkers that have been abandoned because they showed no
promise as a diagnostic for reasons such as low positive predictive value, low
specificity, or low sensitivity. The second group, and much more clinically
relevant group, is comprised of suspected preeclamptic biomarkers that either
show promise as a diagnostic marker, or are in the process of being assessed to
this end.

In order for a biomarker to be of real use it needs to be a reliable
diagnostic tool early on in the pregnancy. Proving that a pregnancy is
preeclamptic once the symptoms are fully developed in the third trimester is of
little use for prophylactic clinical screening. Two possible preeclamptic
biomarkers examined in the past were dismissed for this reason. Fibronectin
was shown to be increased in the maternal serum very early on in a preeclamptic
pregnancy. While it initially showed promise as an early diagnostic biomarker,

further studies proved that this difference really only manifested later in the third
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trimester and it was summarily dismissed as a potential biomarker [36, 37]. The
second biomarker was based on the fact that women who will develop
preeclampsia are much more susceptible to vasoactive compounds, like
angiotensin Il. Vasoactive sensitivity assays, which test for susceptibility to these
compounds, presented a formidable clinical and cost-related challenge. In
addition, it was shown that this sort of test only became significant in the third
trimester after the onset of preeclampsia [38]. Both fibronectin and the
vasoactive compound susceptibility testing were dismissed as diagnostic tools,
not because of their irrelevance to this disease condition, but for the apparent
lack of utility as early biomarkers due to their effectiveness only within the third
trimester [38].

Low positive predictive value is also a major hurdle in the assessment of a
molecule as a successful biomarker. Both homocysteine and human chorionic
gonadotrophin (hCG) were initially identified as reliable preeclamptic biomarkers
[39, 40]. Unfortunately, further studies proved that their positive predictive value
was much too low to be considered for this purpose [39, 40]. In the case of
homocysteine, it was found that multiple factors, such as environmental, genetic,
and nutritional fluctuations, influenced the metabolism of this molecule in a
manner unrelated to the preeclamptic disease state [41].

Taking a hypothesis-driven approach towards the discovery of biomarkers
has also been shown to have some pitfalls. The danger of this approach is that
depending on the patient sample size used and the statistics applied in the
analysis, there is inherent bias introduced into the studies. If a molecule is
hypothetically predetermined fo be, or suspected to be, a preeclamptic
biomarker, there is a tendency to attempt to prove its reliability as a marker in
any way possible. Plasma corticotrophin-releasing hormone (CRH), maternal
serum a-fetoprotein (MSAFP) and a host of different signaling molecules, like
plasma interleukin-12, TNF-a and interleukin 6, were all proved and then
disproved as viable preeclamptic biomarkers that were selected through a
hypothesis-driven approach [27, 42-44]. Although these molecules may play a

role in the pathology of preeclampsia, it is unlikely that they are the initial cause
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of this disease, but rather down-stream responses to an unknown, underlying
dysfunction.

To date, there have been dozens of molecules that were studied as
possible maternal serum biomarkers. However, most of these biomarkers were
abandoned as viable candidates for reasons stated in the preceding text. While
there have been some setbacks, several molecules have been identified in
maternal serum that hold promise as diagnostic biomarkers, facilitating the early
detection of preeclampsia or supporting other more traditional diagnostics. Some
of these molecules include placental growth factor (PGF), inhibin-A, activin-A,
vascular endothelial growth factor (VEGF), leptin, neurokinin B, P-selectin,
transforming growth factor-1, and serum soluble fms-like tyrosine kinase (sFit1)
[28, 42, 45]. Amongst these molecules, sFit1 has received the greatest amount
of attention. Current research has shown that the infusion of sFit1 into the
bloodstream of rats induces severe endothelial dysfunction with symptoms that
mimic preeclampsia [46]. It has also been shown that sFit1 is significantly up-
regulated in the plasma of preeclamptic women [47]. While no one single
molecule has been shown to be an effective biomarker for the onset or
susceptibility of preeclampsia in a clinical setting, it is much more likely that a
panel of biomarkers will ultimately facilitate the early diagnosis of this disease in
women who will go on to develop preeclampsia.

The benefits of using a biomarker discovery approach that does not rely
on a hypothesis-driven approach is that no inherent bias is given towards any
one molecule of interest. Technologies that aim to analyze the broadest possible
range of proteins as potential preeclamptic biomarkers not only allow for a global
approach for the discovery of proteins related to this disease, but also eliminate
the bias associated with working on molecules of known identification. While the
causative agent of preeclampsia may be a lipid, steroid or hormone, each of
these molecules will cause perturbations on the protein level and thus the CV
protein component was examined. Additionally, there is no rule that says the
molecule or molecules that play a role in preeclampsia have to be well

characterized or even implicated in any previous disease state. Thus, the
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analysis of a broad range of proteins allows for the possibility that the unknown
causative factor in preeclampsia may, in fact, be a molecule that would never
have been suspected had it been targeted from a hypothesis-driven approach.
There are many different proteomic approaches that can be taken in the
analysis of a complex biological sample, such as chorionic villi. All of these
proteomic approaches have their benefits and shortcomings. The following is a
summary of current proteomic tools that are currently being applied in biomarker

discovery initiatives for complex biological systems.
1.4 Proteomic Techniques for the Analysis of Complex Samples

Without a doubt, one of the most challenging issues facing the field of proteomics
is the separation and prefractionation of complex biological samples. Of
particular interest, and substantial complexity, is the separation and identification
of proteins that are either up- or down-regulated in diseased tissue samples.
While the mass spectrometry-based identification of proteins is well established
and highly effective, the ability to resolve proteins present in a sample that show
no change in expression from differentially expressed proteins remains a
challenge [48]. There are several mainstream techniques that aim to separate
proteins in a manner that allows for the quantitation and identification of
differentially expressed proteins. Many of these techniques are complementary
to one another and each one has its own particular strengths and weaknesses.
Frequently, the accurate detection and analysis of differentially expressed
proteins takes advantage of several of these proteomic techniques.

Perhaps the most widely used and earliest developed method to look at
changes at the proteomic level is analysis by two dimensional sodium dodecy!
sulfate polyacrylamide gel electrophoresis (2D SDS-PAGE). This technique
consists of a 1% dimensional separation based on proteins’ isoelectric points and
a 2" dimensional separation based on proteins’ molecular weight. The
quantitation of proteins between different samples is achieved by the software-

based comparison of gel images, which allows the identification of differentially
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regulated proteins. While it is not the most modern tool used to examine
differences at the proteome level, 2D SDS-PAGE has several distinct
advantages, including its relative speed of operation, its high sample loading
capacity per single run, its cost effectiveness, and the fact that differentially
regulated proteins, and not the entire proteome, can be carefully selected and
identified from individual spots by mass spectrometry. Unfortunately, there are
several disadvantages that limit the utility of this technique. Since all of the
proteins in a successful 2D SDS-PAGE sample must be soluble, membrane
proteins and proteins that are near their solubility limit tend to be a problem in
obtaining high resolution, streak-free gel images. In addition to solubility issues
at the sample preparation level, the fact that proteins are least soluble at their
isoelectric point may cause proteins to precipitate during isoelectric focusing in
the first dimension of the 2D SDS-PAGE. As well as solubility becoming an issue
in the separation of proteins by this technique, it should be noted that this system
is adversely affected by endogenous salts, DNA, and lipids that are present in
the sample. By carefully controlling the sample preparation and running
conditions, this limitation can be overcome and reproducible high resolution
images can be produced across an entire sample set. Although 2D gels allow for
high sample loading, samples containing high abundance proteins or extremely
complex protein samples may require other techniques, such as
immunodepletion, in order to effectively separate these protein samples.

As an alternative to 2D gels, a gel-free HPLC/mass spectrometry based
approach can be employed. One such technique is termed multidimensional
protein identification technology, or MudPIT. This methodology uses both strong
cation exchange (SCX) and reverse phase HPLC columns as the first and
second dimension, respectively [49]. As opposed to the 2D SDS-PAGE
methodology of whole proteins being separated, analyzed, selectively digested
and identified by mass spectrometry, MudPIT utilizes tryptic digests of sample
proteins, separates these peptides in two dimensions by HPLC, elutes the
separated sample peptides directly into the mass spectrometer and identifies

each peptide by MS. Protein quantification between different samples depends



16

on the highly reproducible separation and elution of peptides from the HPLC
column. By cataloguing the retention time, mass to charge ratio and intensity of
the peptides observed by the mass spectrometer, an in silico 2D map of the
peptides present can be developed [50]. Plotting each peptide’s retention time
versus mass to charge ratio, and indicating its relative abundance by the intensity
of the spot on this graph, creates a visual map of all of the protéins present in a
sample. Using software to compare differences in spot locations and intensities
between these in silico 2D maps allows for the detection of differentially
regulated proteins between different samples. While this technique allows for a
more comprehensive and sensitive analysis of proteins present in a sample, it
still has its disadvantages. The high reproducibility in HPLC retention time prior
to MS presents a formidable hurdle. Additionally, the software needed to detect
differences in this manner is not commercially available and depends on the
production of in-house technologies to analyze these data sets. As well, the
identification of peptides eluting from the HPLC into the mass spectrometer is
limited by the short elution period of the peptide from the HPLC column, the
complexity of the peptide digest being analyzed, and the fixed duty cycle of the
mass spectrometer which may prevent every peptide that gets eluted from being
identified. As a means to separate peptides in a time resolved manner so the
mass spectrometer has more time to analyze each peptide, a more
comprehensive SCX elution profile can be used and an extended reverse phase
gradient can be employed. Even with an extremely long MudPIT run, not all
peptides will have time to be analyzed in one experiment. To overcome this
limitation, successive runs of the same sample are often analyzed, with ions
identified in previous runs excluded from being subjected to analysis again in
each subsequent run.

There are many other approaches that can be employed in the
quantitative analysis of complex proteomes that take advantage of specific
properties or functional groups of the proteins being separated. Different
quantification reagents have been employed that target specific functional

moieties, such as-sulfhydryl, amine, lysine, carboxyl, or sugar residues [51]. In
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order to quantitate the levels of proteins in a sample at the peptide level by mass
spectrometry, a plethora of different methodologies or techniques has been
developed. Peptides from enzymatic digestions can be isotopically labeled at the
N- or C-terminus, or at cysteine or lysine residues [51]. The incorporation of a
different isotopic tag in each of the protein samples being analyzed, coupled with
enzymatic digestion with trypsin and mixing of the samples at the peptide level,
allows for the quantification of protein expression levels by mass spectrometry.
A more comprehensive review of this technology can be found in Gygi et al.
(1999) and Smolka et al. (2001) [52, 53]. Alternatively, isotopically labeled amino
acids can be added directly to growth media, a method termed stable isotope
labeling with amino acids in cell culture (or SILAC), which allows for the
differentiation of control- and experimental-protein components at the mass
spectrometry level [54]. While this is not an exhaustive list of quantitation
approaches by any means, a more comprehensive review of these techniques
can be found in Leitner et al. (2004) [55]. The utility of these approaches are all
valid, but each separate technology has its own drawbacks. Frequently the cost
of special reagents, use of proprietary software for data analysis, and limited
compatibility of certain brands of mass spectrometer make these approaches
less desirable than traditional protein quantitation approaches.

Like the wide range of proteomic analysis methodologies mentioned
above, there are many different types of mass spectrometers available, each with
its own advantages and disadvantages. The simplest and fastest type of mass
spectrometer is a matrix assisted laser desorption ionization time of flight, or
MALDI ToF. Although this type of mass spectrometer is fast, it lacks a collision
cell for the fragmentation of peptides and cannot determine the sequence of each
peptide fragment analyzed. Identification of proteins by MALDI ToF depends on
peptide mass fingerprinting, which is the comparison of sample peptides against
an in silico database, as described by Thiede and Jungblut (2005)[56]. Peptide
analyses performed with MALDI ToF instruments dependent on the ionization
efficiency of the peptides from the sample matrix, and real time separation (i.e.,

on-line LC separations) of sample peptides prior to mass analysis are not
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available. Another commonly used mass spectrometer is a triple quadrupole
mass spectrometer. In contrast to MALDI ToF instruments, triple quadrupole
mass spectrometers are amenable to sample separation by LC prior to mass
analysis, the selective analysis of single peptide masses, and the sequencing of
peptides by MS/MS Fragmentation. Sequencing of peptides by MS/MS
fragmentation is facilitated by the quadrupole based separation of a single
peptide m/z followed by collisionally-induced dissociation of the peptide in a
collision cell. Peptide fragments are generated by very specific cleavages of the
peptide backbone in the collision cell. As this fragmentation takes place
randomly, at regular intervals along the peptide backbone, a population of
peptide fragments are generated that allows for the parent ion sequence
determination. The downsides of this technology are that it is of limited
sensitivity and mass accuracy compared to the ToF [57]. A more robust and
sensitive technology is a hybrid instrument that combines the benefits of both
ToF and triple quadrupole mass spectrometers: a quadrupole time of flight, or
qTof. These instruments allow for the real time chromatographic separation of
sample peptides prior to mass analysis, the isolation of single peptide masses,
and the sequencing of the peptides by MS/MS. The LC MS/MS capabilities, high
sensitivity, high resolution, and high mass accuracy of the qToF instrument yields
quality data conducive to the identification of low-level protein samples such as
those examined in this study. As technology advances in the field of mass
spectrometry, new instruments are constantly being developed that serve to
separate and identify proteins, peptides or small molecules in a diverse manner.
A much more complete discussion of these instruments, and the instruments
discussed above can be found in Glish and Vachet (2003) [58], and Aebersold
and Mann (2003) [48].

As there are many different targeted or selective approaches that can be
taken in the analysis of a proteome, the initial assessment of the proteins that are
present in a sample should begin with the broadest and simplest possible
approach. A logical approach would begin by first looking for coarse changes in

higher abundance proteins, then only later hunting for all of the low abundance
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proteins that are present in the sample. As proteins that are present in lower
concentrations are often molecules involved in cell signaling, protein
phosphorylation, or act as hormones or growth modulators, it is often tempting to
try an approach that attempts to cover both high and low abundance proteins.
Looking at low abundance proteins presents a substantial hurdle due to the fact
that proteins present in the sample at a much higher concentration have an
unfortunate way of completely eclipsing those proteins that are present at low
concentrations. This highly desirable approach that aims to cover both high and
low abundance proteins is simply not feasible due to the huge dynamic range of
protein concentrations in the cell which can range by up to ten orders of
magnitude [59]. As a result of the substantial infrastructure costs involved with
isotopic mass spectrometry-based proteomic approaches, and the desire to
examine easily separated high abundance proteins as a first pass analysis, 2D
gels have been, and still are, the traditional standard for first pass proteomic

approaches that seek to find differentially expressed proteins.

1.5 Dimensional Gel Electrophoresis.
1.5.1 What is Two Dimensional Gel Electrophoresis?

Two dimensional gel electrophoresis is one of the most widely used and
robust methods for the differential analysis of proteomic samples. Although 2D
gel methodology is well established as a first pass proteomic tool, the final
preparation and running conditions seldom follow a standard protocol. There are
several standard methods that are commonly used as an initial starting point in
developing a method for the separation of a specific tissue or cell type. While
many factors vary between specific running protocols, only two things remain
constant between all 2D gels; a first dimension separation by isoelectric focusing
(IEF) and second dimension separation by molecular weight using SDS-PAGE.

As a first step in the preparation of a 2D gel, all proteins in a sample are
separated based on their isoelectric points. The isoelectric point (pl) of a protein

is the pH at which the net charge of a protein is zero. Proteins are amphoteric
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molecules, which, depending on the pH of their environment, may carry a
positive, negative or net charge of zero. This net charge is based on the sum of
all the positively and negatively charged amino acid side chains, as well as the
charges arising from the carboxyl and amino termini at a given pH. A protein that
is in a pH environment that is below its pl will be positively charged, while a
protein that is in a pH environment that is above its pl will be negatively charged.
This type of separation takes advantage of the multiplicity of charges on different
proteins and the fact that proteins carrying a net charge will move within an
electric field until they reach their pl, at which point the absence of net charge
prevents further migration. It follows from this that the isoelectric point of a
protein is the point within a pH gradient in which the net charge, and hence
electric mobility, of protein is zero. The pl-based separation of proteins by
isoelectric focusing is the basis for the first dimensional separation of the 2D
electrophoresis procedure.

In order for this type of separation to occur, a stable and reproducible
immobilized pH gradient (IPG) needs to be established. Many different pH
ranges of IPG strips can be prepared and the pH range of each separation can
be tailored to fit the application. Although IPG strips were traditionally
manufactured in house, reproducibility and quality control issues have made
commercially available |PG strips the industry standard. An IPG strip consists of
a plastic backing with a linear (or non-linear) immobilized ampholyte pH gradient
within an acrylamide layer bound to the plastic backing. Sample proteins are
applied by absorption in a suitable rehydration buffer directly to the dehydrated
acrylamide [IPG strip. Once rehydration and sample entry into the
acrylamide/ampholyte IPG strip has occurred, an electrical current is applied.
As time progresses, individual proteins within the electric field migrate to their
isoelectric point in the IPG strip. Figure 5 illustrates this principle for a simplified

theoretical sample consisting of a single protein.
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1.5.2 Sample Preparation Considerations

Although 2D gels are a very robust and effective method for the
separation of multiple proteomic samples, successful separation is highly
dependent on the initial components present in the sample. The choice of an
appropriate extraction buffer and the removal of any I|EF-incompatible
contaminating components in the sample are essential in order to obtain
successful separation.

Although there is no one “magic” buffer that is suitable for all proteomic
samples, the ideal extraction buffer is one that disrupts all non-covalent
interactions, prevents proteolytic digestion of the extracted proteins, and
minimizes the inclusion of substances that interfere with isoelectric focusing.
Often the only way to determine the correct concentrations of detergents,
reducing agents, chaotropes and ampholytes used in an extraction is through
repeated trial and error. In general, a good initial recipe for a cell lysis/protein
extraction buffer should contain 1-2% CHAPS or another non-ionic or zwitterionic
detergent, 1% dithiothreitol (DTT), sufficient protease inhibitors, 2M thiourea, 7M
urea, and 0.5% carrier ampholytes. Perhaps the greatest hurdle in the
successful separation of proteins by 2D gel is the removal of contaminants that
adversely affect the IEF.

As proteins are separated in an electric field based on their pl in the IPG
strip, contaminating components in the sample that are charged will greatly affect
the resolution of the |IEF step. The main interfering components that present a
problem in 2D gel electrophoresis are salts, nucleic acids, lipids, and
polysaccharides [61]. With respect to the overall quality of the IEF, salts pose
the biggest problem and should be kept to an absolute minimum. Migration of
the proteins to their isoelectric points depends on the electric current acting on
them. Charged species, such as interfering salts, serve to increase the electrical
current across the IPG strip and impede the focusing of proteins in the sample.
Additionally, the inclusion of nucleic acids in the sample can cause staining

artifacts in the high molecular weight region of the gel. By treating the IEF
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sample with nucleases to degrade nucleic acids and reduce the viscosity of the
cell lysate and by removing or limiting salts in the sample, successful isoelectric
focusing is facilitated. Endogenous proteases are also a problem when
preparing high resolution 2D gels. While proteases do not adversely affect the
running of the IEF step, they will create multiple spots in the second dimension
through the degradation of individual proteins. This creates a level of complexity
that makes relative quantitation impossible. In order to compare multiple gels
accurately from a variety of samples, endogenous proteases must be effectively
inhibited. Once again, the optimal concentrations of protease inhibitors needed
to effectively prevent proteolysis of the sample are usually determined by trial
and error. After running the SDS-PAGE second dimension and high resolution
2D gels are obtained, a suitable protein visualization procedure must be

selected.

1.5.3 Protein Staining

There are four main categories of stains traditionally used to visualize
proteins after a one, or two dimensional gel-based separation. These categories
are: (1) coomassie blue-based stains, (2) silver stains, (3) zinc or copper stains,
and (4) fluorescent stains. Coomassie blue-based stains are visible, cheap, fast
and sensitive, but they lack selectivity and stain many other biomolecules (e.g.,
nucleic acids) other than proteins in the gel [62]. Silver stains are traditionally the
most sensitive of protein stains; however, like coomassie blue stains, they lack
selectivity. A further drawback of the silver stain is their lack of compatibility with
down-stream analysis by mass spectrometry. Fortunately, slight modifications of
the silver staining protocol that are mass spectrometry-friendly can be prepared
[63]. Zinc- or copper-based protein stains are ideal for proteomics-based
applications because they stain the background of the gel and leave the proteins
in the gel unstained [64]. These “negative” stains are fast, specific, cost
effective, and allow for unimpeded down-stream analysis due to the lack of stain
bound to the proteins of interest. However, these stains are seldom used due to

the thin nature of 2D gels, which do not allow for adequate background staining,
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thus providing insufficient contrast for protein identification. Fluorescent stains
encompass the benefits of silver stain in sensitivity, the selectivity of zinc or
copper stains in specificity for proteins, and have a very large dynamic range,
which makes them very effective when coupled to densiometric analysis
techniques [65, 66]. The downsides to fluorescent stains are that they are costly,
and gels are not easily visualized without the use of expensive imaging
equipment. In this study, a fluorescent stain was used to visualize the separated
proteins due to its sensitive and selective staining, and the dynamic range

benefits of the stain.

1.6. Summary

A review of the current literature revealed that no specific proteins have
been reliably identified or significantly implicated in the causation or onset of
preeclampsia. Hence, an approach that employed 2D gel electrophoresis as a
broad first pass examination was used in this study. This methodology allows for
the separation and quantitation of the high abundance component of the
chorionic villous proteome in a broad, fast, and effective manner in order to
examine proteomic differences between the preeclamptic and control placental
samples. As previously stated, the purpose of this approach is not to examine
proteins at the lowest possible level of abundance, but to identify high abundance
differentially regulated proteins during the first pass analysis of whole
unfractionated CV. Moreover, as the CV are the sites from which preeclamptic
placenta will produce disease-related proteins into the maternal circulation, it is
hypothesized that the proteomic analysis of control and preeclamptic CV
samples will subsequently yield a higher probability of detecting a molecule or
molecules that are associated with preeclampsia. Through 2D SDS-PAGE
analysis, the proteomic comparison of disease and control chorionic villi samples
will provide an understanding of proteins involved in preeclampsia. While
identifying proteins potentially responsible for the pathology of this disease, the
proteins that are reliably linked to a preeclamptic pregnancy will be explored as

potential biomarkers of preeclampsia.
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Chapter 2
Experimental Design

2.1 Sample Collection

Between the years 2000 and 2006, a tissue repository of 275 clinical
preeclamptic and control placental samples was created at the London St
Josephs’ Hospital and was based on the following inclusion criteria. For a
pregnancy to be included in sampling for the preeclamptic tissue repository, the
maternal blood pressure had to exceed a systolic measurement of 160 mm Hg or
a diastolic measurement of 110 mm Hg, and show at least one of the secondary
“Inclusion Criteria” listed in Table 2.1. Potential preeclamptic placental samples
were rejected from this study if any of the “Exclusion Criteria” in Table 2.1 were
met. For the purpose of this study, gestationally age-matched placentas that
were used as controls were added to the tissue repository if neither inclusion or
exclusion criteria were met, provided that the placental age exceeded 22 weeks

gestation.

Table 2.1: Criteria used in the selection of placentas from preeclamptic and control pregnancies. For a
placenta to be included in the preeclamptic sample group one of the two primary inclusion criteria must have
been met as well as at least one of the secondary inclusion criteria. Preeclamptic placentas were not
included in the preeclamptic sampling if any of the above exclusion criteria were met. Control placentas
were collected if they exceeded 22 weeks gestation and the pregnancy showed neither inclusion nor
exclusion preeclamptic criteria.

Inclusion Criteria Exclusion Criteria

Pregnancies included in the preeclamptic placental Placentas were excluded from this study if ANY of
sampling MUST have met one of the following the following exclusion criteria were met in the
primary inclusion criteria: pregnancy:

J A maternal systolic blood pressure e ROM > 18 hours

> 160 mmHg e Evidence of chorioamnionitis
OR e  Fetal congenital or genetic anomalies
. A maternal diastolic blood pressure e  Polyhydroamnios

> 110 mmHg

AND any one of the following secondary inclusion
criteria:

Secondary Inclusion Criteria:
e Proteinuria: > 3 g in 24 hours OR > 3+ by
dipstick.
Platelets: < 100 x 10%/L
IUGR: EFW < 5 percentile
Oliguria: < 500 ml in 24 hours
Cerebral or visual disturbances
Severe edema
Epigastric pain
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chain reaction (RT-PCR). Additionally, three samples were removed from each
control and preeclamptic placenta for the purpose of histological examination.
Preeclamptic and control placentas meeting the above sampling criteria were
added to the placental tissue repository.

From the tissue repository, an initial sample set of twenty four placentas
was selected for analysis by 2D SDS-PAGE. Since this data set was used for
the initial determination of differentially expressed proteins between the control
and preeclamptic sample groups, it was termed the “discovery sample set”. An
additional sample set was selected from the tissue repository in order to validate
proteomic differences obtained through the 2D gel analysis of the “discovery
sample set”. This group of samples was termed the “validation sample set”.
Table 2.2 summarizes the placental identification, experimental condition, and
gestational age bracket for each of the CV samples in both the discovery and

validation sample sets.
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Table 2.2: A summary of the placentas used in this study. The first sample set, termed the discovery
sample set, was subjected to 2D gel analysis with differentially regulated proteins being validated by western
blotting. The second data set was used validate proteomic differences found in the discovery sample set
and was termed the validation sample set. Placental identification number, condition of the pregnancy, and
gestational age bracket are shown in this table.

Discovery Sample set
Placental Placenta | Experimental Gestational | Placental Placenta | Experimental Gestational
Sample ID Condition Age Sample ID Condition Age
number Bracket number Bracket
1 21-99 Control <28wks 13 39-01 PE <28wks
2 59-01 Control <28wks 14 17-99 PE <28wks
3 188-04 Control <28wks 15 117-02 PE <28wks
4 46-01 Control <28wks 16 174-03 PE <28wks
5 118-02 Control <28wks 17 137-03 PE <28wks
6 87-02 Control <28wks 18 189-04 PE <28wks
7 28-00 Control >28wks 19 3-00 PE >28wks
8 89-02 Control >28wks 20 159-03 PE >28wks
9 23-99 Control >28wks 21 145-03 PE >28wks
10 5-99 Control >28wks 22 141-03 PE >28wks
11 151-03 Control >28wks 23 58-01 PE >28wks
12 34-01 Control >28wks 24 103-02 PE >28wks
Validation Sample set
Placental Placenta | Experimental Gestational | Placental Placenta | Experimental Gestational
Sample ID Condition Age Sample | © )y Condition Age
number Bracket number Bracket
25 203-04 Control <28wks 44 236-04 PE <28wks
26 101-02A Control <28wks 45 135-03 PE <28wks
27 206-04 Control <28wks 46 202-04 PE <28wks
28 250-05 Control <28wks 47 254-05 PE <28wks
29 149-03 Control <28wks 48 241-05 PE <28wks
30 219-04 Control <28wks 49 39-01 PE <28wks
31 19-98 Control <28wks 50 90-02 PE <28wks
32 238-04 Control <28wks 51 17-96 PE <28wks
33 229-04 Control <28wks 52 82-01 PE <28wks
34 260-03 Control >28wks 53 225-05 PE <28wks
35 232-04A Control >28wks 54 57-01 PE >28wks
36 278-06 Control >28wks 55 16-00 PE >28wks
37 199-04 Control >28wks 56 83-01 PE >28wks
38 152-03A Control >28wks 57 91-02 PE >28wks
39 213-04 Control >28wks 58 215-04 PE >28wks
40 211-04 Control >28wks 598 49-01 PE >28wks
41 261-05 Control >28wks 60 163-03 PE >28wks
42 73-01 Control >28wks 61 142-03A PE >28wks
43 256-05 Control >28wks 62 12-00 PE >28wks
63 25-99 PE >28wks
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2.2 Patient Demographics

Performing proteomic analysis on complex tissues from variable sources
requires special attention to sample selection. In this study, the details of each
pregnancy were carefully examined in order to ensure the closest possible
gestational age and conditions of pregnancy within each test group. Table 2.3
summarizes the patient demographics for each test group used in this study.
Note that the samples from the discovery data set and the validation data set

have been merged as single groups for the purpose of patient demographics.

Table 2.3: Total Patient Demographics

Category < 28 weeks > 28 weeks
Control (n = 17) PE (n = 16) Control (n = 18) PE (n=16)
Non-twin Pregnancy
(%) 82.35% 100% 83.33% 93.75%
Age (yrs) 24,76 +/- 5.84 28.5 +/- 5.88 27.71 +/-5.75 26.13 +/- 5.55
First Pregnancy (%) 52.94% 62.5% 61.11% 62.5%
Gestational Age (wks)  26.07 +/- 1.54 25.98 +/- 1.3 33.23 +/-1.95 33.68 +/- 2.07%
Severe PE (%) N/A 75% N/A 87.5%
PE + HELLP (%) N/A 18.75% N/A 12.5%
Antenatal Steroids (%) 70.59% 81.25% 55.56% 68.75%
2247 .4 +/- 1848.31 +/-
Birth Weight* (g) 921.41 +/- 217.63 680.75 +/- 174.69 | 568.70 581.33
414.93 +/-
Placenta Weight™ (g)  311.79 +/- 133.55 214.75+/-57.93 | 559.4 +/- 162.98  159.47***
Caesarean Section
(%) 47.01% 62.5% 50% 68.75%

Value +/- Standard Deviation
* In twins pregnancy, the weight of baby A is chosen to calculate the mean

** The mean placental weight is for non-twin pregnancies only
*** The mean placenta weight of singleton pregnancy n = 14. One placenta weight is unknown.

2.3 Experimental design of the project

The “discovery sample set” was comprised of twenty four samples
selected from the placenta tissue repository. These samples were split into two
separate groups, the first of which included twelve placenta samples, all under 28
weeks of age. Six of the placenta samples were selected from preeclamptic

pregnancies and the other six selected from gestationally age matched controls.
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The second group was also comprised of twelve placentas (six PE and 6
controls), but these were from post 28 week deliveries. The cutoff of 28 weeks
between the two sample sets was a time point that was set in the clinical
environment.

The goal of this study was to examine and compare the proteomes of
preeclamptic CV and age matched control CV at both below and above the 28
week cutoff. Hence, the under 28 week and over 28 week samples were
analyzed separately. An additional group of placentas were selected for the
purpose of validating proteomic differences seen in the 2D gel analysis of the
“discovery sample set”. The “validation sample set” was also comprised of two
groups. The samples in the first group were all under 28 weeks gestation and
were made up of 9 control and 10 preeclamptic samples. The second set was
comprised of 10 control and 10 preeclamptic samples, all of which were above
28 weeks gestation. Once differentially regulated proteins were identified in the
discovery sample set, the expression levels were validated by western blotting
with an independent group of control and preeclamptic samples. Figure 2.2
shows the general design of the experimental approach taken in the analysis of
the discovery data set. This figure outlines the analysis flow for the under 28

week discovery sample set.
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The general extraction procedure involved extraction of proteins from the
placentas in each group, desalting by dialysis, followed by determination of the
protein concentrations for each sample, and finally analysis of an appropriate
amount of protein by 2D SDS-PAGE in duplicate for each sample. All of the gels
were imaged and software analyzed for the presence of differentially expressed
proteins. Proteins that were determined to be differentially expressed were
excised from the gel, digested with trypsin, analyzed by mass spectrometry, and
identified through database searching. Proteins that were determined to be
differentially regulated were further validated by western blotting.

Although the under and over 28 week placenta sample sets were treated
as completely separate experiments, proteins that were identified as being
differentially regulated in the under 28 week samples were investigated in the
over 28 week samples, and vice versa. By comparing the differentially
expressed proteins between the two placental age groups, proteins of interest in
each group were assessed with respect to their placental age specificity. This
was done in order to determine if the increase or decrease in regulation of a
specific protein was the same in the under or over 28 week gestation placental
group, or if the expression level of the protein was confined to the gestational age
of the placental group examined.

As stated -above, the control and preeclamptic CV samples in the
“discovery sample set” were split three ways. One third of each CV sample was
subjected to 2D SDS-PAGE analysis, one third was subjected to microarray
analysis, and the remainder was retained for future experimentation. Handling
and treatment of all of the CV samples that were used in this study was done

according to the following methodologies.
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Chapter 3
Material and Methods

3.1 Sample Collection of the Chorionic Villi (CV)

Both preeclamptic and control placenta CV samples were collected in a
timely manner immediately after delivery. Freshly delivered intact placenta was
placed fetal aspect face down and a standardized sample collection grid was
superimposed upon the placenta (Figure 2.1). Individual 1 cm x 1 cm tissue
samples were excised from the center of each collection grid matrix, giving rise to
12 samples per placenta. The basal plate decidua and the chorionic plate were
surgically removed from the CV and each sample was snap frozen in liquid
nitrogen. All twelve samples from each individual placenta were pooled and

stored at -80°C for further analysis.

3.2 Protein Extraction from the Chorionic Villi

For each individual placental protein extraction performed, a 100 ug
portion of each of the 12 samples was chiseled off of the original 1 cm x 1 cm
samples and pooled to give a sample of ~1 g (1.00 g - 1.29 g). The pooled CV
samples remained frozen at all times while being ground under liquid nitrogen
with a mortar and pestle. Once the CV was ground to a talcum powder-like
consistency, a 200 ug aliquot of this homogenate was removed for protein
extraction; the remaining tissue was stored at -80°C. To each 200 ug CV sample
was added 435 uL of 2X PE extraction buffer [4% CHAPS (Sigma, St Louis, MO),
50mM ammonium bicarbonate (Sigma), 20 mM DTT (Sigma), 20 pL/mL Ettan
protease inhibitor mix (GE Healthcare Bio-Sciences Corp. Piscataway, NJ), 5
mM EDTA (Fisher Biotech, NJ)]. Protein extraction was allowed to proceed on
ice with vigorous shearing of the genomic DNA with a 30.5 gauge needle. To
further extract the protein; an aliquot of 380 mg of urea (Sigma) and 139 mg of
thiourea (Sigma) was added to the homogenate for a final concentration of 7 M
urea, 2 M thiourea. Samples were subsequently dialyzed in Slide-A-Lyzers
(Pierce, Rockford, IL) against 1 mM EDTA for 48 h. Protein concentrations of the
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dialyzed samples were determined by Modified Micro-Bradford Assay (Bio-Rad,
Hercules, CA). Extracted proteins were stored at -80°C for further analysis.

3.3 Two-Dimensional Polyacrylamide Gel Electrophoresis.

First dimension isoelectric focusing (IEF) was carried out as follows. Sufficient
rehydration buffer [6 M urea, 2 M thiourea, 4% CHAPS, 0.4% DTT, 0.5%
ampholytes (GE Healthcare), 10 uL/mL Ettan protease inhibitor mix, 10 mM
EDTA, 1 mM PMSF(Sigma)] was added to 200 ug of protein to make a total
volume of 450 yL. This solution was dispensed evenly across the trough in a
reswelling tray and the IPG Immobiline Drystrip pH 3-10 NL (GE Healthcare) was
added and covered with mineral oil to prevent evaporation during a 16 h
rehydration. The rehydrated strips were focused in an Ettan IPGphor manifold
with an Ettan IPGphor |l isoelectric focusing apparatus (GE Healthcare). |EF
was carried out by using the following voltage gradient: a constant 500 V for 1 h,
a 1 h gradient to 1000 V, another 2 h gradient to 5500 V, and finally a constant
5500 V for 8 h, for a total of 99,000 Vh for complete |EF.

For the second dimension, the focused proteins were equilibrated,
reduced, and alkylated in SDS equilibration buffer [2% SDS (Sigma), 6 M urea,
30% glycerol (FisherBiotech), 50 mM Tris-ClI pH 8.0 (Bioshop, Burlington, ON)]
for 40 min just prior to use. The IPG strips were reduced in 10 mL SDS
equilibration buffer with 1% w/v DTT for 20 min at room temperature. The free
thiol groups of the proteins’ cysteines were then S-carboxyamidomethylated by
reaction with 2.5% w/v iodoacetamide (Sigma) for an additional 20 min in 10 mL
of SDS equilibration buffer. Polyacrylamide slab gels (25.5 cm X 20.5 cm X 0.15
cm, 12% acrylamide) were cast in a PROTEAN® Plus Multi-casting chamber
(Bio-Rad, Hercules, CA). The IPG strips bearing the reduced and alkylated
proteins were sealed in place with agarose sealing solution (0.5% Agarose,
0.002% w/v bromophenol blue, 0.1% SDS). The gels were loaded, 12 at a time,
into a PROTEAN® Plus Dodeca™ electrophoresis cell (Bio-Rad) and were

stacked at a constant 100 V for 1h. This voltage was finally adjusted to 250 V for
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6-7 h, or until the dye front had migrated to within 0.5 cm from the edge of the
gel. In the second dimension, the SDS running buffer (25 mM Tris, 192 mM
glycine, 0.1% (w/v) SDS, pH 8.3) was held at a constant 15°C throughout the

entire run.

3.4 2D GE Gel Imaging, Image Analysis and Robotic Spot Picking.
Polyacrylamide gels were stained with the fluorescent stain Sypro Ruby
(Molecular Probes, Eugene, OR) for 48 h following overnight fixation in a solution
of 50% methanol, 7% acetic acid. In order to minimize background staining,
destaining prior to gel image acquisition was carried out for 30 min in a solution
of 10% methanol, 7% acetic acid, followed by 3 washes in milliQ dd H,O. The
Sypro Ruby stained gels were imaged on a ProXPRESS Proteomic Imaging
System (Perkin-Elmer, Boston, MA) using top illumination with a solid black
bottom tray and green acrylic sheet for flat field acquisition. The images were
acquired at an excitation wavelength of 480 nm and emission wavelength of 620
nm. The scanned gels were analyzed using Phoretix 2D Expressions gel
documentation software (Non-Linear Dynamics, Newcastle UK). Differentially
regulated spots were selected for based on the following criteria: 1) the protein
expression between the experimental and control gels had to exceed +/- 2-fold
regulation to be considered differentially regulated; 2) the spot of interest needed
to be present in all of the experimental and control gels; and 3) the spots
selected must have been statistically significant as determined by an ANOVA (p-
value <0.005). Spots meeting these criteria were excised from the gels by
means of robotic spot excision into 96 well plates (Ettan spot picker, GE

Healthcare).

3.5 Tryptic Digestion of Protein Samples for Mass Spectrometry

Previously excised 2D SDS-PAGE spots of interest were transferred to 1.5
mL microfuge tubes and destained with alternating washes of 50% (v/v)
methanol / 5% (v/v) acetic acid and 20% (v/v) acetonitriie / 1M ammonium

bicarbonate.  The destained gel pieces were then dehydrated in 100%
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acetonitrile, dried in a rotary Speed Vac concentrator (Savant, Hicksville, NY),
and reduced for 1h by rehydration in 30 yL of 10 mM DTT/100 mM ammonium
bicarbonate. The free thiol groups of the cysteines were alkylated after removing
the DTT solution by aspiration and adding 30 pL of 100 mM iodoacetamide in
100 mM ammonium bicarbonate and incubating for 1 h. The gel pieces were
then dried by Speed Vac concentrator and rehydrated with 30 uL of a solution
containing 0.6 ug of sequencing grade modified trypsin (Promega, Madison, WI)
in 50 mM ammonium bicarbonate.  After 10 min of rehydration on ice, the
excess trypsin solution was removed by aspiration and 5 yL of 50 mM
ammonium bicarbonate was added. The tryptic digestion was allowed to
proceed at 37 °C for 18 h. The tryptic peptides were extracted from the gel
pieces by washing with 30 pL of 50 mM ammonium bicarbonate, followed by two
30 pL washes of 10% (v/v) formic acid, and a final 50 yL wash with 100%
acetonitrile. The washes were pooled in a 500 pL microfuge tube and the
volume reduced to dryness in a rotary Speed Vac concentrator (Savant,

Hicksville, NY). Samples were stored at -80°C until analysis.

3.6 Mass Spectrometry

The samples analyzed by MS were brought up in 5% acetonitrile / 1%
formic acid prior to sample injection. All MS analyses were performed on a
Micromass Q-ToF Ultima Global (Waters, Milford, MA) running in positive ESI
mode. Samples were injected in “pl pick up mode” into a nano-liquid
chromatography system comprised of a Micromass Modular CapLC (Waters)
using a 5 mm x 300 ym 100 A PepMap C18 p-precolumn (LC Packings, San
Francisco, CA) and a 15 cm x 75 um 100 A PepMap C18 column (LC Packings).
Peptides were loaded on-column in 0.1% formic acid and eluted into the MS by
means of a 5-70% acetonitrile/0.1% formic acid gradient over 60 min. The data-
dependent acquisition (DDA) method that was employed followed the following
protocol. MS survey scans were run between m/z 400-1800 for 2.4 s and ions
exceeding an intensity threshold of 25 counts per second were selected for

MS/MS. MS/MS was performed using charge state recognition for the
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assignment of collision energies on the gated ions for either 10 s or until the TIC
rose above 10,000. Upon switching back to the survey scan, previously gated
ions were excluded from being re-gated using real time exciusion for a period of

200 s. All samples were run sequentially with identical experimental parameters.

3.7 Database Searching

Protein identifications of the excised protein spots was done using three
independent software packages: Protein Lynx Global Server Il (Waters), Mascot
(Matrix Science Inc, Boston, MA), and PEAKS (Bioinformatics Solutions,
Waterloo, ON) Positive identification of the spots of interest were based on the
following criteria: all three software packages had to arrive at the same protein
identification, the spot on the gel had to match both the pl and MW of the putative
protein identification, and the MS/MS sequence coverage of the protein had to
meet or exceed 10%. If all of these criteria were met, the protein identification

was taken as positive.

3.8 Preparation of Additional Preeclamptic and Control Placental Samples
for Use in the Validation of Differentially Expressed Proteins.

Additional samples used for the validation of differentially expressed
proteins were treated in the following manner. Approximately 50 mg of tissue
was removed from each of the twelve 1cm x 1cm CV samples per placenta and
were pooled together. The pooled CV tissue samples obtained from the
placental tissue repository ranged from 240 — 710 mg. To each sample 1 ml of
extraction buffer (2% SDS, 50 mM Tris pH 6.8) was added for each 500 mg of
CV tissue being extracted. The CV was homogenized at “setting six” using a
PowerGen 700 tissue homogenizer (Fisher Scientific).  After complete
homogenization of the sample, protein extraction was performed by placing the
sample in a boiling water bath for 10 minutes. Nucleic acids liberated during cell
lysis were sheared through repeated aspirations using a 30.5 gauge needle.
After protein extraction and shearing of the nucleic acids, the samples were spun

at 15,000 x g for 15 minutes at 15°C to clarify the sample. The protein extracts
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were aspirated off of the pellet, aliquoted and stored at -80°C for further use. A
10 pL aliquot was removed from each of the protein extracts to be used in the
determination of protein concentration by means of a modified micro-Bradford

assay (Bio-Rad).

3.9 Validation of Differentially Expressed Proteins by Immunoblotting.

For validation of the differentially expressed proteins (FABP4 and Per6) in
the individual CV samples, 10 ug of each placental protein extract described
above was resolved by 12% 1D SDS-PAGE and electroblotted onto
polyvinylidene  fluoride membrane (PVDF) (Bio-Rad Laboratories).
Electroblotting was performed at 25 V for 40 min in a Trans-Blot SD semi-dry
apparatus (Bio-Rad Laboratories) using Tris/Gly transfer buffer (25 mM Tris, 192
mM glycine, 20% methanol). Blocking of the PVDF membrane was allowed to
proceed overnight at room temperature in TBST (10 mM Tris pH 7.6, 150 mM
NaCl, 0.1% Tween 20) with 5% skim milk powder. The primary antibodies used
were rabbit anti-FABP4 (Cayman, Ann Arbor, MI) at a dilution of 1:200, and
rabbit anti-peroxiredoxin 6 (Per6) (Abcam, Cambridge, MA) at a dilution of
1:2000. For FABP4 and Per6, an HRPO conjugated goat anti-rabbit IgG
(Jackson Immunoresearch, West Grove, PA) was used as the secondary
antibody at a dilution of 1:10,000. All antibodies were diluted in TBST with 5%
skim milk powder. After addition of SuperSignal Dura chemiluminescent
substrate (Pierce Chemical Company), the immunoblot was developed for 2 min,
imaged on a ProXPRESS Proteomic Imaging System (Perkin-Elmer). The
immunoreactive protein bands in each of the three immunoblots were quantified
using Phoretix 2D Expressions gel documentation software (Non-Linear
Dynamics). The loading control for each individual sample was monitored by the
quantitation of actin. The primary mouse anti-actin antibody, Ab-5 (Lab Vision,
Freemont, CA), was used at a concentration of 1:400 and an HRPO conjugated
goat anti-mouse IgG (Jackson Immunoresearch) was used as the secondary
antibody at a dilution of 1:10,000.
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Chapter 4
Experimental Results

4.1 Protein Extraction

There is no one definitive procedure that can be used for the separation of
complex biological samples by two-dimensional gel electrophoresis. The sheer
complexities of most samples, the salt concentrations of the extraction buffers,
and the concentrations of endogenous contaminating components, such as lipids
and nucleic acids, make finding the optimal experimental conditions quite
challenging. In the specific case of this research, chorionic villi (CV) are a
heterogeneous mixture of different cell types, all of which are at physiological salt
concentrations and contain many components that interfere with the successful
running of 2D gels. Therefore, the successful separation of the CV proteome in
this study by 2D SDS-PAGE depended on the careful preparation of salt-free
protein extracts and the optimization of running buffer conditions, particularly
those conditions pertaining to first dimensional isoelectric focusing.

As discussed previously, there are many different charged molecules,
both endogenous and buffer-related, that adversely affect the quality of
isoelectric focusing. As a first step in the analysis of the control and preeclamptic
CV samples, a successful and robust protein extraction protocol needed to be
developed that was compatible with analysis by 2D SDS-PAGE. As the proteins
of the CV were of primary interest, it was initially considered that a brief washing
of the freshly sampled CV with cold isotonic saline would help rid the CV samples
of the interfering maternal and fetal plasma component. Plasma contains 10
proteins that account for approximately 95% of the total protein present in the
plasma [59]. It was thought that by removing these dominant endogenous
proteins, such as human serum albumin and IgG, the resolution and detection of
CV proteins would be greatly enhanced. On further examination, the washing of
the CV samples at the point of collection was abandoned because the molecule

or molecules of specific interest to the onset or pathology of preeclampsia may in
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fact be soluble molecules. Although a saline wash would help to eliminate the
number of serum proteins that would have to be analyzed along with the CV
proteome, washing the CV samples could potentially serve to eliminate possible
proteins of interest from the analysis done in this study. In actuality, the plasma
component of the CV did not pose a problem for the successful separation and
resolution of the CV proteomes. Although placenta is a bloody organ, the plasma
protein component within the CV was limited and the majority of the proteins
separated were from the CV tissues alone. The analysis of CV revealed many
plasma proteins; however their concentrations were not high enough to pose a
problem resolving CV proteins.

In order to directly compare the proteomes of each placental sample, a
highly reproducible, 2D gel-compatible buffer that would extract the highest
possible number of sample proteins was needed. As SDS is not compatible with
the isoelectric focusing step of the 2D analysis, a buffer containing CHAPS was
prepared and optimized for the extraction of CV proteins. Tissue samples were
individually ground under liquid nitrogen prior to extraction with this buffer in
order to facilitate the shearing of tough placental tissues and to allow for maximal
solvent accessibility into the sample. After the extractions of the CV proteins
were complete, the endogenous salts, lipids and sheared nucleic acids that were
co-extracted with the proteins needed to be removed. This was done by dialysis
against a low salt buffer with subsequent re-concentration by speed vac.
Roughly 250 mg of each liquid nitrogen ground sample was extracted according
to the above procedure, dialyzed to remove salt contaminants, and the protein
concentrations were determined by micro-Bradford assay. Table 4.1
summarizes the identification, experimental condition, mass of CV used in the
protein extractions, and the resulting protein concentrations obtained for the

discovery sample set.
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Table 4.1: The results of the discovery sample set protein extractions. The mass of CV extracted ranged

from 193-324 mg giving rise to protein concentrations that ranged from 2.42 — 8.98 ug/ul. All protein
concentrations were determined using a modified micro-Bradford assay.
Discovery Sample Set
Protein
Placental Placenta | Experimental Gestational | Total CV | Total CV | Concentration
Sample D Condition Age Obtained | Extracted Aftelt
number Bracket (9) (ng) Extraction
(ug/pl)

1 21-99 Control <28wks 1 208 2.42

2 59-01 Control <28wks 1.17 204 2.52

3 188-04 Control <28wks 1.26 266.7 5.89

4 46-01 Control <28wks 1 2455 4.98

5 118-02 Control <28wks 1.09 253.9 3.17

6 87-02 Control <28wks 1.06 277 3.61

7 28-00 Control >28wks 1 205 3.49

8 89-02 Control >28wks 1.1 244 .4 5.21

9 23-99 Control >28wks 1.06 235.5 4.09

10 5-99 Control >28wks 1.147 285 7.49

11 151-03 Control >28wks 1.24 252.7 8.12

12 34-01 Control >28wks 1.23 214.2 5.97

13 39-01 PE <28wks 1 193 3.35

14 17-99 PE <28wks 1.08 195 3.34
15 117-02 PE <28wks 1.08 235.2 4.36

16 174-03 PE <28wks 1.24 276.2 6.94

17 137-03 PE <28wks 1.14 257.8 8.23
18 189-04 PE <28wks 14 320.7 8.98

19 3-00 PE >28wks 1.26 262.3 8.39
20 159-03 PE >28wks 1.23 324.1 6.81
21 145-03 PE >28wks 1.29 218 3.65
22 141-03 PE >28wks 1.1 223.8 6.3
23 58-01 PE >28wks 1.2 246.1 5.44
24 103-02 PE >28wks 1.11 296.1 7.1

The extraction of proteins from samples in the

validation sample set was

done slightly differently than for the discovery sample set. Without the charged

species limitations associated with the running IEF, the protein extractions of the

validation sample set was not as technically challenging as with the discovery

sample set. In this case, SDS could be used to extract the sample proteins and

salt concentrations were not an issue. The protein extraction from the validation

sample set samples was done by homogenization in hot SDS. The protein

concentrations that were determined for each of the validation sample set

samples are summarized in Table 4.2.
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Table 4.2: The results of the validation sample set protein extractions. The mass of CV extracted ranged

from 193-324 mg giving rise to protein concentrations that ranged from 2.42 — 8.98 ug/ul.

concentrations were determined using a modified micro-Bradford assay.

Validation Sample Set
. Protein
Pslztﬁgltzl Placenta Experimgntal Gesr;:aonal Concentratign
number ID Condition Bracket After Extraction
(Hg/pl)
25 203-04 Control <28wks 12.01
26 101-02A Control <28wks 12.95
27 206-04 Control <28wks 12.54
28 250-05 Control <28wks 9.14
- 29 149-03 Control <28wks 13.03
30 219-04 Control <28wks 12.7
31 19-98 Control <28wks 8.92
32 238-04 Control <28wks 11.51
33 229-04 Control <28wks 10.16
34 260-03 Control >28wks 15.22
35 232-04A Control >28wks 16.35
36 278-06 Control >28wks 16.78
37 199-04 Control >28wks 18.25
38 152-03A Control >28wks 15.82
39 213-04 Control >28wks 15.59
40 211-04 Control >28wks 15.90
41 261-05 Control >28wks 15.22
42 73-01 Control >28wks 13.31
43 256-05 Control >28wks 14.13
44 236-04 PE <28wks 12.88
45 135-03 PE <28wks 12.27
46 202-04 PE <28wks 12.07
47 254-05 PE <28wks 11.88
48 241-05 PE <28wks 13.03
49 39-01 PE <28wks 11.61
50 90-02 PE <28wks 12.46
51 17-96 PE <28wks 9.1
52 82-01 PE <28wks 8.72
53 225-05 PE <28wks 12.61
54 57-01 PE >28wks 18.76
55 16-00 PE >28wks 17.55
56 83-01 PE >28wks 16.73
57 91-02 PE >28wks 19.26
58 215-04 PE >28wks 19.36
59 49-01 PE >28wks 18.92
60 163-03 PE >28wks 18.19
61 142-03A PE >28wks 16.03
62 12-00 PE >28wks 14.58
63 25-99 PE >28wks 16.91

All protein
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4.2 Running of the Two Dimensional Gels

While the reduction of the salt concentration by dialysis was successful,
an initial MS-based examination of post-dialyzed proteins separated by 2D
electrophoresis revealed an unwanted intense proteolytic degradation of the
proteins oh a wide scale. From the initial 2D gels that were run, 294 protein
spots of the highest abundance and reproducibility were selected for
identification by MS. This was done to assess sample integrity post-sample
collection, the quality of separation by 2D SDS-PAGE, and the expected dynamic
range of this analysis. Many of the proteins that were identified by MS appeared
in the 2D gel at the incorrect (lower) molecular weight and pl. While slight
variations in the molecular weights and pls of proteins due to post-translational
modifications are expected in a 2D gel experiment, this case was particularly
unsatisfactory. Most of the proteins identified were at much lower molecular
weights than theoretically expected, which is a good indication of proteolytic
digestion. Figure 4.1 shows the distribution of all 294 high abundance protein
spots selected from the gel. Of these, the majority of the protein spots were low
mass proteolytic degradation products of proteins that should have been
detected migrating at much higher molecular weights. Clearly, there were active
proteases that were either (a) evading neutralization by the extraction buffer
laden with protease inhibitor or (b) were refolding and regaining activity after the
removal of high concentrations of the extraction buffer or protease inhibitors
during dialysis. It was decided that the concentrations of protease inhibitors
present in the extraction and IEF stages were not sufficient to prevent the

proteolytic digestion of the sample and further optimization was required.
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4.3 Testing for Differential Analysis Software Fidelity

Successful differential display analysis of the samples used in this study
depended on the accurate and reproducible software-based analysis of high
quality 2D gels. As each of the CV samples was collected from a different
patient, an element of patient-to-patient variability was expected. While we did
not expect variation in the performance of the 2D gel analysis software, we
tested for such sample-to-sample variability between identical standard samples.
These experiments involved analyzing three protein standards, which were run in
quadruplicate over a spot concentration range of 50 — 1000 ng. Table 4.3
summarizes the values obtained for the spot volume for each protein and
concentration tested. It was found that all four replicates in a group showed very
similar spot volumes with low standard deviations observed over the
concentration replicates for each standard tested.

In addition to testing for replicate variability during 2D gel analysis with the
Phoretix 2D Expressions™ software, we also assessed the linearity and
reproducibility of the software for the quantitative analysis of artificially
“differentially regulated” spots. The same three protein standards that were used
to determine the variation among sample replicates were used for this evaluation;
the values obtained for the sample replicate assessment were averaged in order
to give a value for the spot volume of each concentration tested. For the BSA
and myoglobin standards, the 50 ng, 100 ng and 250 ng concentrations were
used to represent an artificial differential regulation of 1-, 2- and 5-fold. For the
carbonic anhydrase standard the 100 ng, 250 ng, 500 ng, and 1 ug
concentrations were used to represent 1-, 2.5-, 5-, and 10-fold differential
regulations. For BSA and myoglobin the 50 ng average spot volume was used
as the 1:1 ratio reference to which the 2- and 5-fold concentration averages were
compared. For carbonic anhydrase, the 100 ng average spot volume was used
as the 1:1 ratio reference to which the 2.5-, 5-, and 10-fold concentration
averages were compared. Table 4.3 summarizes the values obtained for the

theoretical regulation ratios and the observed experimental regulation ratios.
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Figures 4.4A, 4.4B and 4.4C illustrate the replicate reproducibility of the different
standards, as well as the correlation of theoretical and experimental regulation
ratios. The replicate reproducibility and ratio correlation determined for this set of

standards correlated with current published data [68].



BSA

. Spot Volume . .
Protein Replicate Replicate Standard . . .
Per Spot Replicate | Replicate | Replicate | Replicate Avgrage P Deviation Theoretical regulation Actual regulation
1 2 3 4
250ng 90.67 90.5 94.25 91.4 91.7 1.74 1:5 1:3
100ng 54.26 43.06 54.01 48.93 50.07 5.27 1:2 1:1.6
50ng 27.42 32.63 31.96 34.47 31.62 2.99 1:1 1:1
Carbonic Anhydrase
: Spot Volume . .
Protein Replicate Replicate Standard . . .
Per Spot Replicate | Replicate | Replicate | Replicate AVZrage P Deviation Theoretical Regulation Actual Regulation
1 2 3 4
1000ng 31.08 34.99 32.56 36.06 33.67 2.27 1:10 1:13
500ng 17.45 15.5 18.61 16.44 17 1.34 1:5 1:6.5
250ng 4.77 9.14 10.65 12.55 9.28 3.31 1:2.5 1:3.5
100ng 2.55 3.65 1.43 2.72 2.59 0.91 1:1 1:1
Myoglobin
. Spot Volume . .
Protein Replicat Replicate Standard . . ;
Per Spot Replicate | Replicate | Replicate | Replicate sz rlag: P Deviation Theoretical Regulation Actual Regulation
1 2 3 4
250ng 89.26 102.15 125.97 118.14 108.88 16.41 1:5 1:3.4
100ng 44.31 47.38 61.63 58.67 52.99 8.44 1:2 1:1.7
50ng 29.27 27.1 37.41 35.36 32.29 4.89 1:1 11

Table 4.3: The three proteins used to determine the replicate reproducibility during analysis with the Phoretix 2D Expressions software. For BSA and myoglobin

50ng, 100ng, and 250ng of protein were run in quadruplicate. For the carbonic anhydrase standard 100ng, 250ng, 500ng, and 1ug of protein was run in

quadruplicate. All four values obtained for spot volume at each concentration tested was averaged and the averaged values were compared to one another to

mimic differential analysis.
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