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Introduction
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Introduction:

Prenatal screening,

invasive Diagnosis.

Invasive and No n-



12 Introduction

Prenatal screening is carried out to detect pregearat risk for fetal anomalies, specifically
chromosomal anomalies such as trisomy 21 (Down ®yné)(figure 1), trisomy 18

(Edwards Syndrome) and trisomy 13 (Patau Syndr¢ije)
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Figure 1. Karyotype from a female with Down syndeonThe red arrow indicates the triplication of

chromosome 21. Image adapted from Clinical Toails, |

Prenatal screening is a routine procedure in ctirobstetric practices. The first method
introduced in the screening was advanced mategel as it was known for long time that
advanced maternal age is associated with an irente@sk of having a trisomic baby [2]. It
has being shown that chances of having trisomy bstapbout 2% in the women under 25

years, but it increase to 35% in women over 40s/é@igure.2) [3].
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of clinically recognized pregnancies)

Incidence of trisomy (%6

Maternal aga

Figure 2. Maternal age and trisomy. This shows riteernal-age-specific estimates of trisomy amorg al
clinically recognized human pregnancies. Graph sthfrom Nature Reviews in Genetics, 2001 (Has3oéd

al).

In the developed world, due to the change in deamlgcs many women are older when
having children, with many women above 35 yearshattime of first pregnancy [4]. As

discussed above, an advance in maternal age isfdhe criteria for the prenatal screening.
In a recent longitudinal [5] study carried out (892008) on women in the UK, a 71%
increase in the number of Down Syndrome (DS) casesobserved (Figure.3). As women at
risk of carrying a fetus with a chromosomal anomaly identified by screening procedures,
are encouraged to undergo an invasive prenatahdstig procedure, this will be a big health

care burden.
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— All diagnoses (71% increase)

=== Live hirths In the absence of antenatal screening and
subsequent terminations (48% increase)

-====Live births in the presence of antenatal screening and
subsequent terminations (1% increase)

No of diagnoses

0
1990-1 1995-6 2000-1 2005-6

Figure 3. 71% increase in the number of pregnanmaes/ing a fetus with Down's syndrome in the perad

1990 till 2006. Graph adapted from BMJ, 2009 (MediKet al).

Current prenatal screening tests for the detectiggregnancies at risk of bearing a fetus with
a chromosomal anomaly are carried out Thtrimester (11-13 weeks of gestation). Hence,
this procedure is also known as th@ ttimester screen. This non-invasive screening test
largely relies on the ultrasound analysis of thehalifold of the fetus neck, also called nuchal
translucency (NT), which is increased in DS fetugegure.4). If the nuchal fold is thicker
then average, it is considered as a high risk @negyfor a chromosomal anomaly. On its
own, the NT screening test can detect approximat®lyo of DS fetuses, but is hampered by

a high false positive rate (> 5%).
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= oy 13.02mm

Figure 4. Nuchal Translucency Scan: Increased nufthd in the neck of DS fetus. Scan adapted from

www.obgyn.net

In order to improve the accuracy of this testrent £ trimester screens combine ultrasound
NT measurements with maternal serum markers sudiet@shCG (Beta-Human Chorionic
Gonadrotropin) and PAPP-A (Pregnancy-associatedniRlaProtein A) for DS screening.
These serum proteins are shown to be elevatedeintiternal serum with DS pregnancy.
This approach is known as the combined test, wiiell a detection rate of approximately
80%, with significantly reduced false positive rafearound 5%.

The combined St trimester screening test is a great improvememtr dkie previous ™
trimester screen, which had a false positive r8t&0%) and a detection rate of only 65%.
Hence, the combined test iff trimester is routine practice for DS screeningniany centres
worldwide.

Those pregnancies which are screen positive aresetlad to consider an invasive prenatal
examination. Currently invasive procedure inclu@sorionic Villous Sampling (CVS) or
Amniocentesis, which are described in detail |§tefer to section 1). The main drawback
with 1%'trimester screen is large number of false positages that are detected, and that these
healthy pregnancies are unnecessarily subjectad tovasive prenatal diagnostic procedure.
Since the risk of fetal loss calculated for invasprocedure is around 1%, this implies that a
lot of fetuses are exposed to an unnecessary uiskalthe current high false positive rate. In

reality, this means that a large number of hedtidyies are lost due to this problem.
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In order to increase the accuracy of tietrimester screening test, a number of efforts have
been undertaken to increase efficacy and accuratheaurrent procedure. This includes the
inclusion of a number of additional serum screenmgrkers such as the inhibin, or
ultrasonography for the fetal nasal bone. Unfortellya these have not lead to the desired
reduction in the FP rate.

Hence, it has become obvious that there is a needdditional biomarkers, which can add
more to the sensitivity and specificity of curr@oin-invasive screening procedure.

This aspect forms the major aim of this thesis

1.1 Current invasive procedures for prenatal diagn  osis.

1.1.1 Amniocentesis:

In this procedure amniotic fluid (AF) is obtainerbrh the fetal amnion, which contains
amniotic cells that can be used to determine whedh&etal chromosomal abnormality of
developing fetus is present. The procedure is padd under ultrasound guidance, whereby
a thin canulla is inserted into the amniotic sad arvolume of 15-20 ml of AF is collected
using a standard syringe. The procedure is uswhilye after 16 weeks of pregnancy.
Conventionally, the chromosomal analysis relies kanyotyping of cultured AF cells, a
procedure which can take up to 2 weeks. In ord@npyove the speed of the diagnosis, many
labs now offer direct fluorescenh situ hybridization (FISH) or QF-PCR (quantitative

fluorescence polymerase chain reaction) of uncedtusF cells [6].
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- Ammniotic fluid
Placenta - -

Fetus

Uterus
(womb)

Cervix

Figure 5.Transabdominal Amniocentesis procedur8g2@ucleus Medical Art, Inc.)
1.1.2 Chorionic villus sampling

During Chorionic villous sampling (CVS), a samptem the villi of the placenta, as this
material contains cells with the same genetic cattipm as the developing fetus. The
advantage of CVS is that it can be done in finstéster. Hence, it is a method of choice for
the karyotyping or molecular diagnosis of inheritesborders such as the hemoglobinopathies
in early gestation. Akin to amniocentesis, it isfpemed under ultrasound guidance, either
transabdominally or transcervically, to determiretaf position, placental location and

amniotic fluid volume.
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Transabdominal procedure

Ultrasound
transducer

Placenta

Figure 6.Transabdominal Chorionic Villous Sampling (Adapfesim ADAM)

Due to the intricacy of the operation, CVS requmasre skilled staff to perform it than AC.
A confounder with CVS is confined placental mosaiti(CPM), which is one of the major
problems in placental samples, as it can impos®userguestions when the discrepancy
between the chromosomal makeup of the cells inptheenta and the fetus are dissimilar.
CPM is detected in approximately 1-2 % of ongoimggmancies that are studied by CVS.
There are also some indications that CVS may besrdangerous than amniocentesis. Other
complications, which are common to AC includes atifen, vaginal bleeding and uterine

irritability.



19 Introduction

1.2 Non-invasive prenatal diagnosis:

Due to the risk associated with invasive proceduadarge research effort has been expended
to the development of risk free alternatives. Quirreesults indicate that we may be
approaching the long sought goal of Non-InvasivenBtal Diagnosis (NIPD), whereby it will
be possible to identify hereditary single gene dists or a chromosomal abnormality in the
growing fetus.

One of the routes explored for NIPD was via theiolmnent of fetal cells, specifically
erythroblasts, from maternal blood. After the emment, the putative fetal cells were
examined by FISH analysis for the presence of ambsomal anomaly. In the large a multi-
centre NIFTY study it was concluded that althougbnpising, the sensitivity and specificity
was below the required clinical application.

A new avenue was provided by the detection of fetdl-free DNA (cf-DNA) in maternal
plasma or serum [7, 8]. The advantage of this ambras that cff-DNA is more abundant than
fetal cells in maternal circulation. It is, howeyaampered by the overwhelming presence of
maternal cell free DNA.

In order to overcome this deficit, our laboratoryamined for possible biochemical
differences between maternal and fetal cf-DNA fragm. Here we made the striking
observation that a difference in the size existavben the fetal and maternal cf-DNA
fragments, in that the fetal fragments were smahan maternal ones. We showed that this
difference could be used to selectively enrichfdtal cf-DNA sequences, thereby permitting
the detection of otherwise masked fetal loci, saglpoint-mutations or polymorphisms which
could assist with the determination of fetal aneigés [9]. In order for this approach to
become clinically practical, the enrichment procedwill need to be optimized and
automated.

Other attempts to overcome this drawback rely agesetic differences between mother and
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fetus, such as thenaspingene on chromosome 18 or the RASF1 gene [10]. ebpiir
approaches are currently hindered by inefficienthogs such as bisulfite conversion, which
leads to massive loss of epigenetically modifiedeaDNA.

A further approach being explored is that of cetef MRNA of placental origin, such as that
of the PLAC4 gene, which is located on chromosome 21. In a spilalf study, it has been
suggested that it may be possible to detect DSubly means [11]. However, this approach is
hampered by the instability of the placentally-ded mRNA, cost of processing and

shipment requiring dry-ice.

These facets are discussed in an invited reviewma¢e on new developments for NIPD of
chromosomal anomalies and single gene disordees ggblications) [12]. In this we also
describe the new strategies, such a next genesaseguencing and digital PCR, being

explored in this field

1.3 Mass spectroscopy based proteomics

Proteomics is defined as the analysis of wholegimatomponent of a tissue (e.g. brain), cell
(e.g. yeast) or a body fluid (blood or urine). Mgmecisely it involves the determination of
identity of the protein present in the mixture atsdrelative and absolute quantity. Recently it
is also used to identify protein modifications (e.ghosphorylation, glycosylation).
Applications of proteomics are very wide, with th@jor application in clinical research
being applied for the better understanding of lgalal processes and disease state. Examples
are, to find and validate new biomarkers (diagmoatid prognostic) or to understand the
pharmacodynamics and pharmacokinetics of a drugpoand.

A specific proteome is very dynamic and can prouimteof information on the expression
pattern on normal vs. disease or control vs. tckalke study the proteome in its complexity,
advanced tool are required, and in this contextsnspgctroscopy has emerged as a powerful

technique for proteomic analysis.



21 Introduction

A typical mass spectroscopy based proteomics waskihvolves the digestion of protein in-
gel or in liquid. Online or off-line fractionationf the peptides is performed by liquid
chromatography (LC) and followed by ionization. Tieptides are converted into ions and
mass analysis is done on these ions, following ke mass to charge ratio is recorded. The
resulting fragment masses is used to search of largtein databases search, resulting in the

identification of the peptide and protein (Figude.7

Digestion
with .

y trypsin - ® oo oy

< — o P = Database
—_— e il . 0‘\_:5 e —> 5 - search

/"“-\ o ] oo = | o
! e
Protein Peptides LC/ESI hS ciD ME/MS s

Nature Reviews | Genetics
Figure 7. Typical workflow of mass spectroscopydshproteomics (adapted from Gstaiger M et al., Matu

Review, Genetics 2009)

1.4 Plasma proteomics for new screening biomarkers

Plasma is an attractive entity for the proteomtaslies. It contains different proteins from the
various organs in high or low abundance. Many dathoor disease associated proteins are
often present in plasma. Due to there low abundamceimber of different strategies have

been developed to detect these in the plasma pneteaf which a few are discussed below.

1.4.1 Two-dimensional gel electrophoresis (2-DE)

Two-dimensional gel electrophoresis was introduiced975 by Klose and O’Farrell. 2-DE
involves the separation of the protein in first dimion according to the isoelectric poink)(p
by isoelectric focussing and in second dimensionnimtecular weight by running it on
sodium dodecyl sulfate polyacrylamide gel electmpbkis (SDS-PAGE). After staining the

gel and comparing it with the control gel, diffei@hspots are located, excised and analyzed
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using the mass spectroscopy. The major drawbathkiobtrategy is that the resolution of the
protein spots for plasma is poor. This is becaimgenhost abundant plasma proteins like
albumin, IgG, IgM mask the low abundant proteinise Teproducibility and sensitivity is low

and it is very difficult to use 2DE for quantitagianalysis.

» pH(3-10)

Figure 8. 2D gel for Human plasma, after the etgidtoretic run gel was stained with sliver satin

1.4.2 2-D Differential Gel Electrophoresis (2D DIGE )

In traditional 2D gel electrophoresis the most @nefd staining method is by Coomassie
Brilliant Blue (CBB) or sliver stains. After stamyg intensity of the protein spot is used for
relative quantitation when compare with the gelalhis run in parallel. But CBB has poor
detection sensitivity, where as sliver stain is notnpatible with the down stream mass
spectroscopy analysis. To over come this probleenpifoteins were label with fluorescent
cyanine dye (cy2, cy3 and cy5) before the 2D sejoaraThis method in know as 2-D

differential gel electrophoresis (2D DIGE) to avaiee gel to gel variation. In same gel one
can run control and experimental sample as wellinkernal standard. Internal standard is

made by mixing equal amount of control and expentalesample and is used for the relative
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quantitation (Figure.9). After the run the gel masned with the special Typhoon variable

mode imager and DeCyder software is used for ttierdntial analysis.

Pooled internal . |
standard (’/ \I Cy2 L
label with Cy™2 \___/ e

Protein extract 1 (2 $) =»(a &) —> '§ o —/b © —_—
label with Cy3 Q:) {’:.'/l R & i i L |
/_\ A
Protein extract 2 @:9 \ S L
label with Cy5 > Qyﬁ ) —
= DeCyder™
Mix labelled 2.DE Typhoon™ Differential
extracts separation Variable Mode Analysis
Imager Software

Figure 9. Workflow of 2D-DIGE (adapted from GE héatare)

1.4.3 Isobaric Tagging for Relative and Absolute Qu  antitation (iTRAQ)

Over a decade MS has evolved as a powerful tecanitfus has lead to the development of
shotgun proteomics, which is a useful tool as ihkbaeady quantification using special
reagent and technique. Lately there are differechiriiques available for the labeling which
enables the quantification of the protein like Baisotope labeling of amino acid in cell
cultures (SILAC) [13, 14], isotopic-coded affinitggs (ICAT) and isobaric tags for relative
and absolute quantitation (iTRAQ) [15]

ITRAQ is an isobaric chemical labeling approachrently the only technique capable of
multiplexing up to eight different samples for tela quantification. 8-plex chemically
identical iTRAQ reagents are available, named 11%, 116, 117, 118, 119, and 121 which
have the same overall mass. Each label is compafsggbeptide reactive group (NHS ester)
and an isobaric tag of 145 Da that consists ofianoar group (carbonyl) and a reporter group
(based on N-methyl piperazine), between the batarsoed the reporter group is a
fragmentation site (Figure.10). The peptide reactgroup attaches specifically to free

primary amino groups — N-termini aneamino groups of lysine residues [16].
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leaharie Tag
(Total mass = 145
Reporter
Peptide Reactive
- —. Group
1 I
1 1
1
i I
T 1
| :
1 1 I
J i_= M=5/MS5 Fragmenta tion Site
v -

Balance
Mass = 31 thru 28

Figure 10. Schematic representation of the iTRA&eats (adapted from Applied Biosystems)

Each sample to be analyzed is tryptic digestedia@neled with the single ITRAQ label after
which sample are pooled for tandem mass analysis.pEptide product ion spectra is then
used for the identification of the proteins andatieke quantitation is derived from the peak
intensities of the 8-plex iTRAQ reporter ions dételcin the 114-121 m/z region of the
fragmented ion spectra. Data acquired is alwayspeoed to a reference sample, and the
quantity of each peptide is expressed as a rabive to the reference sample [17]. As the
field of shotgun proteomics is evolving rapidly,stlikely to play a role in the detection of
biomarkers. iTRAQ has been shown to permit veryabéd quntitation of proteins in complex
mixture such as plasma, serum or urine. As subhstbeen suggested to be a useful tool for

the detection of biomarkers. Hence, it is likelyptay a key role in this field.
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1.5 Plasma proteomics for DS biomarker development

Only a limited number of studies have attempteduse proteomic approaches for the
discovery of new biomarkers for pregnancies at-oifskarrying a fetus with DS. Two of these
used 2-DE (see above) approaches [21, 22], whilether used a SELDI method [23]. Of
these studies that by Nagalla and colleagues isatigest, having examined serum samples
from 56 pregnant women. This study used sampldsatet! in both theSiand 2 trimester

of pregnancy, which were recruited as part of thel Winded FASTER study, and largely
made use of the fluorescent 2D-DIGE process. lir #tady, 18 proteins were found to be
elevated in 1 trimester samples, which included members of tpeliprotein family,
clusterin and proteins involved in skeletal devetept (tetranectin). None of the identified

marker proteins attained any specificity in a bdddnalysis of maternal serum samples.

The study by Kolialexi and colleagues [21] usedlitranal 2DE stained with Coomassie blue
on 20 maternal plasma samples (8 cases, 12 cqni®i$8 weeks of pregnancy), by which
means 8 candidate proteins were detected. Elegatvene noted for apoliprotein E and serum
amyloid P-component. In contrast to the study bgdlla et al., [22] a down regulation for
clusterin was noted.

The drawback or merits of the various approacheswall as future development are
discussed in detail in our review on this topic][24

In our experimental analysis we determined thatuses of isobaric tagging (iTRAQ) was the
most promising for the quantitative analysis ofrades in the maternal plasma proteome in
DS affected pregnancies. This approach forms ampegd of this thesis (refer to secti@n

and 5).
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1.6 Preeclampsia

Preeclampsia (PE) is a severe disorder of pregnandya major cause of fetal and maternal
mortality. It occurs almost 3-5% of pregnancieddaveloped countries, and is considerably
higher in less developed nations. The clinical syms include rapid hypertension in
previously normotensive women, as well as excestepr in urine. Other symptoms may

include oedema, severe headache and liver or kidgsfyinction [25].

The underlying aetiology of PE is unknown, but ilwes aberrant placentation. Frequently
the only therapeutic option is delivery of the bamd removal of the placenta, upon which
most cases with PE resolve. This, however, leadbhdodelivery of very premature fetus,
which is frequently affected by growth retardatidnmajor clinical concern is that no reliable
method exists to detect at-risk pregnancies, amdehea many efforts are expended for the
development of new screening biomarkers. It is ddpat these markers will facilitate better

management of at-risk pregnancies, by permittimty ¢élaerapeutic intervention [26].

Amongst the markers currently being explored argiagenic factor like soluble fms-like

tyrosine kinase-1 (sFLT), placental growth factetGF), vascular endothelial growth factor
(VEGF) [27] and endoglin which are produced by pt#a, and whose abnormal expression
are thought to play a role in the hypertensive spmg. Unfortunately changes in these
molecules only appear to occur in tHé @imester of pregnancy very shortly before ondet o

symptoms [28].

Apolioprotein E (ApoE) is a major constituent ofydow-density lipoprotein. As it has been
hypothesised that preeclampsia may developed becatisabnormal lipid metabolism,

leading to oxidative stress, ApoE may play a rale¢his cascade. In this context it has been
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observed that women with PE have an abnormal ppadile, which contributes to endothelial

dysfunction [29].

Inhibin A and Activin A are placentally producedygbproteins that have been reported as
possible predictors for preeclampsia [30], althotigjs may be limited to the"2trimester,
where elevations in inhibin A have been noted.tRnisnester inhibin A analysis has been

shown to have a low predictive value [31].

Pregnancy-associated plasma protein A (PAPP-A) ighly glycosylated protein and

produced by the developing trophoblast. Lower lewéIPAPP-A appear to be present in first
trimester serum of pregnant women who subsequeletielop PE, however, its specificity
has been guestioned as alterations are also oldservather pregnancy related conditions

[32].

Hence, the quest continues for biomarkers that ggssgredictive value even in th& 1

trimester of pregnancy.

One of the most promising of those currently besrgmined is placental protein 13 (PP13), a
short diamer protein (32-kDa), which is highly esgged in placenta. During normal
pregnancy PP13 expression gradually increasesthdtgestational age [33]. Of interest is
that PP-13 expression is lower in women who sub=@ty develop preeclampsia when
compared to healthy controls [34]. The efficacy RPIP-13 as a screening marker was
investigated in the EU funded Pregnancy projectwivich our lab participated, and which

funded a large part of this thesis.

1.6.1 Plasma Proteomics for new screening biomarker s for Preeclampsia

As discussed above, currently no reliable earlgesting marker exists for the prediction of

preeclampsia. It is our hypothesis that as theepit is in close contact with the maternal
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circulation, and as preeclampsia is associated plahental alterations, that these could be
detectable via analysis of the maternal plasmaeproe. Such biomarkers could then be used
for the early detection of at-risk pregnancies, tnateby could assist with better management
of these. In our study we examined ttimester maternal plasma samples by quantitative

proteomic analysis using isobaric tagging for tetedtion of putative biomarkers.
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2.1 Abstract

Objectives To examine whether there is difference in prel post-delivery maternal plasma
proteome by shotgun proteomics.

Methods: Blood samples were collected from pre- and 24dst- delivery sample. Plasma
extracted from the sample was subjected to 2 @ifiietypes of pre-fractionation techniques,
namely immuno-depletion and free flow electrophisre§-FE). Tryptic peptides were
analysed using mass spectroscopy (LC-MS/MS).

Results Eleven plasma proteins were detected in pre eslisgample, which were absent
from the post delivery sample.

Conclusion FFE and immuno-depletion are efficient systempi@-fractionation of maternal
plasma samples to remove albumin, thereby permittiee detection of changes in the

maternal plasma proteome which occur following\cly.

Keywords: Free Flow Electrophoresis, maternal plasma, simopgateomics
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2.2 Introduction:

A successful pregnancy outcome depends on mangreiiff factors, which includes the
physiologic implantation of the placenta. The pfdads a dynamic organ which increasingly
nurtures the developing fetus with required nutseand oxygen. It also helps to protect the
fetus against potentially adverse maternal imm@spanses [35]. The placenta is the direct
interface between the mother and developing f&&6§ |n this context it is noteworthy that a
number of pregnancy related disorders, such aslarepsia, preterm labour or even fetal
aneuploidies, are associated with placental anesyalvhich can contribute to the underlying
pathology. Furthermore, there is continuous shegldintrophoblast-derived micro-patrticles,
as well as liberation of cell-free nucleic acidsl d@rophoblast deportation into the maternal
circulation by the placenta during almost all stagé fetal development [37]. Hence, and
analysis of the maternal plasma proteome for placdarived peptides may yield important
biological clues regarding various physiologicatl grathological states of fetal development
[38].

The aim of this study was to examine whether chaingethe maternal plasma proteome
occurred as a result of delivery, due to removdhefplacenta. For this purpose we examined
maternal plasma samples taken prior to and 24 dssrpmoval of the placenta by before and
shotgun proteomics. This analysis permitted s terain whether we could detect placenta
specific peptides and whether these were cleaced fine maternal circulation post delivery.

In this study, we also attempted to optimize thehoe for the depletion of major abundant
proteins in plasma, as these are a great hindrathesm desiring to detect less prevalent
peptides, such as those of fetal origin. We usedttto commercially available depletion
column systems and the recently described Free Elewtrophoresis (FFE) system [39]. FFE

essentially operates on the principal of isoelectacusing (IEF). The usefulness of this
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system is that it permits the clear separationllmiirain from the remaining plasma proteins

[40].

2.3 Material and Methods:

Urea was purchased from Serva (Heidelberg, Germ&undium hydroxide, sulphuric acid
were purchased from Rield-de-Haen (St. Louis, MBAY p -2-Aminobutyric acid, glycyl-
glycine, ethanol-amine, 6-aminohexanoic acid, arachtylglycine were obtained from Fluka
(St. Louis). HEPES, AMPSO, and acetic acid wereclpased from Roth (Karlsruhe,
Germany). 3-Alanin was obtained from Sigma-Aldr{@t. Louis). TAPS were purchased
from CalBiochem (Darmstadt, Germany). Sequencirgdgrtrypsin was purchased from
Promega (Madison, WI, USA). FFE reagent, IEF peBuffer2, IEF Prolyte Buffer 3-9, and
2-(-4 sulfophenylazol)1,8-dihydroxy-3,6-naphthalerm-sulfonic acid (SPADNS) were
bought from BD Diagnostics (Munich, Germany). Sdpleartridges were purchased from
Waters (Milford, MA, USA). Ultrafilteration spin ¢omns (MWCO 3 kDa) were bought from

Vivascience (Hannover, Germany).

2.4 Samples

This study was approved by the Institutional EthiBaard of the University Hospital Basel,
Switzerland. Informed consent was taken from a#l pnegnant women who participated in
the study. Blood for this study was collected frelow risk pregnant women with singleton
pregnancies prior to and 24 hrs after an electagsarean section. In this manner, the plasma

proteome was not influenced by the effect of labour
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Characteristic Case (n=6)
Maternal age, (y) 35.1+1.3
Gestational age, (wk) 38.84£0.8

Table 1. Clinical details of the pregnancy casesider the study

2.5 Sample preparation

9 ml blood was drawn into BD P100 tubes (BD Diagdiuss Franklin Lake, NY, USA),
which are specially designed for the proteomic ysed [39]. EDTA and protease inhibitor,
present in the tube, prevent coagulation and staklplasma proteins. Tubes were centrifuged
at 3,000x g for 30 minutes at 10°C. Plasma wasratgghfrom maternal erythrocytes and
leukocytes by a mechanical separator. Smallull@liquots of plasma were transferred in

Eppendorf tubes and stored at -80°C until furtmecgssing.

2.5.1 Immuno-depletion

To remove the most abundant proteins present imtternal plasma samples, we made use
of commercially available columns, which either lgépd fourteen (MARS Human-14,
Agilent) or twenty (Proteoprep 20, Sigma-Aldrict)tbese proteins. Both systems were used

according to the manufacturer’s instructions.

2.5.2 Free Flow Electrophoresis (FFE)

Electrophoresis was performed in isoelectric foegsIEF) [40] mode using a BD™ FFE
system (BD diagnostics) [41]. In brief, all the meedere prepared fresh for the run according
to the manufacturer’s instructions. The media Usedhe IEF run contained 8 M Urea. The
counter flow media (inlet 1-3) was made by 8M ukeigh no prolyte addition. Anode

stabilization buffer (inlets 1 and 2) consistedl6D mM sulphuric acid, 50 mM acetic acid,
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100 mMp_-2aminobutytic acid and 30 mM glycyl-glycine; Degpbe buffer 1 (inlet 3 and 5)
contained 29% of prolyte buffer 2 (BD Diagnosticdgpletion buffer 2 contained 17%
prolyte buffer 2, 50 mM HEPES, and 42 mM 6-aminamic acid; and cathodic
stabilization buffer (inlets 6 and 7) 100 mM sodibgdroxide, 30 mM ethanolamine, and 300
mM R-alanin; anode and cathode electrode buffetadoed 100 mM sulphuric acid and
sodium hydroxide respectively.

The instrument was operated in horizontal mode wiipacer of 0.4 mm and the filter paper
of 0.6 mm thickness. During entire depletion el@ghoretic run the temperature was
maintained at 10°C and the media flow rate wasits@d ml/h, with a constant voltage of 700
V. Prior to electrophoresis, 500 ul of plasma wihsteld ten times with the depletion buffer 2
and was introduced into the instrument from the@amort. After the fractionation, samples
were collected in a 96 well plate. About 2 ml otledraction was collected. A volume of 500
ul of the each FFE fraction 24-33 was reduced inm TCEP for 60 min at 25°C and
alkylated in the dark in 50 mM iodoacetic acid floe 60 min at 25°C. The pH was adjusted to
7.8 with ammonium bicarbonate and the urea conatoitr was reduced to approximately 2

M using an ultra-filteration spin column Vivasciengiannover, Germany).

2.5.3 Mass Spectroscopy analysis

The pooled FFE peptide fraction, as well as thosm fthe immuno-depletion columns were
digested with trypsin (100 ng) at 37°C for 16 hp $ak™ C18 RP cartridges were used to
purify the peptides. The peptides were analyseddpyllary liquid chromatography tandem
MS (LC/MS/MS) using a 300SB C-18 trap column (0QGxfn) (Agilent Technologies,
Basel, Switzerland) connected to a 0.1 mm x 10 apillary separation column packed with
Magic C18 (5 um particle diameter). The capillaojuenn was connected to an Orbitrap FT
hybrid instrument (Thermo Finnigan, San Jose, C8AY A linear gradient from 2 to 60%
solvent B (0.1% acetic acid and 80% acetonitrilevater) in solvent A (0.1% acetic acid and

2% acetonitrile in water) in 85 min was delivereiima Rheos 2200 pump (Flux Instruments,
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Basel, Switzerland) at a flow of 100 pl/min. A prelumn split was used to reduce the flow
to approximately 500 nl/min. 10 pl sample was itgdovith an autosampler, thermostated to
4°C onto the trap column for efficient desalting. Téeting peptides were ionized at 1.6 kV.
The mass spectrometer was operated in a data-dapefaghion so that peptide ions were
automatically selected for fragmentation by callisinduced dissociation (MS/MS) in the
Orbitrap. The MS/MS spectra were then searchedchagtiie data bank using TurboSequest

software [42].

2.6 Two-Dimensional Gel Electrophoresis

We performed the two dimensional electrophoresishenimmuno-depleted plasma, as well
as FFE depleted pooled fractions (24-33) usingSDOALT system. In this run, ampholine
pH 3-10 (Invitrogen) in the first dimension; and-19% linear acrlyamide gradient in the
second dimension was used. After electrophoresigiéts were stained with silver stain, and

then scanned by Pharmacia Image Scanner at 3006bit [43].

2.7 Results

In this study we examined for differences in thaanaal plasma proteome following deliver
via the use of shotgun proteomics. Samples werairgdat from 6 cases with singleton
pregnancies, all of which were delivered by volupt@aesarean section. Care was taken to
maintain the uniformity in the collection time fall the samples.

In the analysis of un-depleted maternal plasma t&snp 21l volume from a pre- and post-
delivery was examined by 4-12% SDS-PAGE. Followsilger staining, it became apparent
that the presence of the most abundant proteins

Such as albumin, or immunoglobulins, totally maskieel presence of other less abundant

proteins (refer to Figurel).
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Figure 1. Undepleted maternal plasma from (a) pre(h) post delivery. A volume ofuiwas loaded on the 4-

12% SDS-PAGE. M represents the protein marker

In order to overcome this problem, we next examimdtether we could deplete these
abundant plasma proteins, which contribute mora 8826 of the plasma proteome, by using
commercially available immuno-affinity columns. Wexamined two different column
systems which either have the ability to depletertten (MARS Human-14, Agilent) or
twenty (Proteoprep 20, Sigma-Aldrich) major plagmnateins (refer to Figure 2. (A) and (B)

respectively).
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*pH (3-10)

»pH (3-10)

v - -
kDa

Figure 2. Two dimensional electrophoresis of deglehaternal plasma was preformed in the ISODALTesys
After electrophoresis, the gels were sliver staingg Depletion of fourteen major plasma proteinARIS

Human-14, Agilent). (B) Depletion of twenty majdapma proteins (Proteoprep 20, Sigma-Aldrich).

We determined that although these immuno-depletadamns did permit reliable removal of
the most abundant plasma proteins, their use edtaillarge number of washing steps which
resulted in low recovery of the desired placentaved proteins.

In order to improve the recovery of these raregnst species, we next examine the efficacy
of a recently described Free Flow Electrophoregssesn, which operates on the principal of

isoelectric focussing (IEF) [44]. By the use ofsthiechnology, we were able to confine
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albumin into certain fractions (numbers 37-40)jsaslustrated in Figure 3. The system was

used under denaturing conditions.

b N s
b 191 KD a
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51
39
28
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14

Acidic poal

213 M EHwITIRINGO3LIN B I4M

FFE fraction nurmber

=R -0 R - N F T

O 191 kDa
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Alkaline pool
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L]
-
i
353637 B 3940414243 44 45 46 4T 4849 M

FFE fraction number

Figure 3. Separation of plasma using FFE protd8bIS-PAGE (4-12%) analysis of the FFE fraction olsdi
using the depletion protocol. Proteins were visagali by silver staining. Albumin has a molecular sna$

almost 50 kDa. A volume of bl was loaded per FFE fraction. M indicates protawmlecular weight marker.
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After mass spectrometric analysis of acidic (fraiesi 26-33) and alkaline pool (fractions42-

49), we were able to identify 51 unique proteinspne- and 71 proteins in post-delivery

samples. Of these, eleven of the proteins wereeptas the pre-delivery samples, which

were absent in post-delivery samples (refer to @ 2kl

Accession no.

Protein Name

Molecular function

P02671
P01031
P17931
P01019
P04114
P02787
P02746
PO0736
pPoCoOL4
P15814
Q96KN2

Fibrinoagen, alpha polypeptide isoform alpha-E
Alpha-2-macroglobulin

Galectin 3

Angiotensinogen

Apolipoprotein B-100

Transferrin

Cla B-chain

Complement factor H

Complement component 4 binding protein
Immunoglobulin lambda light chain VLJ region
Carnosinase 1

Sianal transduction
Complement activity
Transcriptional requlator
Signal transduction
Sianal for cellular binding
Transporter activity
Complement activity
Complement system
Complement system
Immuno response
Metalloproteinase activity

Table 2. List of proteins identified in pre-deliyematernal plasma, but absent 24 hour post-dsliver
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2.8 Discussion:

In this pilot study set out to examine whether gemnin the maternal plasma proteome were
apparent following delivery (24 hr). In order tameve the most abundant proteins, such as
albumin, which mask the rare placentally-derivedt@ns from the maternal plasma sample
we tested two strategies. In the first we examitiesl use of two different commercially
available immuno-depletion columns, that either seen14 (MARS Human-14, Agilent) or
twenty (Proteoprep 20, Sigma-Aldrich) of the mgtasma proteins.

Our experience indicated that although though th&smuno-depletion columns are
convenient to use, they do not permit optimal recg\or rare plasma proteins due to a large
number of washing steps.

In the second strategy we examined the use of @ H@v Electrophoresis system. In our
experience this system permits a more optimal rexgoef rare plasma proteins, as it permits
the effective removal of albumin, which constitutdsost 99% of the total plasma protein.
Furthermore, this system permits the fractionatérarge plasma volumes (up to 3ml/h),
thereby permitting large-scale analyses.

A further advantage of the FFE system is that enxdbnaturing mode, it permits the recovery
of proteins which normally bind to albumin, and wtiwould as such be removed by
methods relying on immuno-depletion. Consequerithghould permit the more optimal
recovery of rare proteins that would be achieve@&mwhsing immuno-depletion strategies.
[45].

In our analysis of pre- and post delivery mateglabma samples we were able to detect 11
proteins present in the former, but absent indkied. Amongst the proteins we detected was
angiotensinogen (P01019) [46], which plays a pHggical role in the regulation of
uteroplacental blood circulation. Alterations iretlevels of this protein, as well as auto-

antibodies directed against the receptor have lm@ficated in the underlying aetiology
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leading to the development of preeclampsia AlplhaaZroglobulin (P01031) is also
noteworthy, as a number of studies have indicdtatit may play possible role in pregnancy
Two proteins known to be expressed in the placeméa galectin 3 (P17931) [47] and
Apolipoprotein B-100 (P04114) [48]. Galectin 3 hhsen shown to be present in all
trophoblastic lineages including villous cytrotramtast and extravillous trophoblasts.
Apolipoprotein B-100 (P04114) [48] has been showrbé synthesized and secreted by the
placenta. The detection of transferrin (P02787)] [49also significant, as this is a very
important iron transport protein, responsible fog transfer of iron from mother to the fetus.
An elevation in the inflammatory response markexssch as C-reactive protein [50] and
members of the immunoglobulin family such Ig lamlmi@in C region were present in pre-
delivery samples, but absent in post-delivery sasipivhich could be indicative of an
increased inflammatory response associated withotiset of labour towards the end of

pregnancy.
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3.1 Abstract

A current major obstacle is that no reliable sciegmarkers exist to detect pregnancies at
risk for preeclampsia. Quantitative proteomic as@lyemploying isobaric labelling (iTRAQ)
has been suggested to be suitable for the deteatipotential plasma biomarkers, a feature
we recently verified in analysis of pregnanciesmitown syndrome foetuses. We have now
examined whether this approach could yield biomarke screen pregnancies at risk for
preeclampsia. In our study, we used maternal plasamples obtained at 12 weeks of
gestation, six from women who subsequently developeeeclampsia and six with
uncomplicated deliveries.

In our analysis, we observed elevations in 10 pmete the preeclampsia study group when
compared to the healthy control group. These prstancluded clusterin, fibrinogen,
fibronectin, angiotensinogen, increased levels bictv are known to be associated with
preeclampsia. An elevation in the immune-modulatoptecule, galectin 3 binding protein,
was also noted. Our pilot study, therefore, indisathat quantitative proteomic iTRAQ

analysis could be a useful tool for the detectibneav preeclampsia screening markers.

Key words: iTRAQ (Isobaric Tags for Relative andsalute Quantitation), preeclampsia,

maternal plasma, biomarker, screening.
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3.2 Introduction

Preeclampsia is a major health concern, as iteading cause of fetal and maternal mortality
and morbidity, worldwide. A major clinical defids that no reliable screening markers exist
to detect at-risk pregnancies, thereby offeringppportunity for intervening therapies prior to
the onset of symptoms. This is especially relevansevere cases of early onset forms of the
disorder, resulting in the delivery of prematurdiba, who are frequently affected by intra-
uterine growth retardation.

It is widely accepted that the underlying aetioladyhis enigmatic disorder, characterised by
sudden hypertension in previously normotensive qaatywomen, involves the placenta. In
this context, the placentae of early onset preeguiden are usually characterised by
abnormalities in trophoblast differentiation, lawkmodification of the maternal spiral arteries
and ill-defined villous structure.

Recent studies have indicated that the clinical pdgms, such as hypertension and
proteinuria, are largely brought about by alteragidn the levels of angiogenic factors
produced by the placenta such as placental graaetiorf (PIGF), vascular endothelial growth
factor (VEGF), soluble Flt-1 and endoglin [51] Adilgh alterations in the levels of these
cytokines do precede the onset of clinical symptdtris not clear how effective they will be
as screening markers, as these changes occuvebjdtite in gestation.

A considerable effort in prenatal medicine is beileyoted to the development of efficacious
first trimester screening tools, to detect pregrenat risk for fetal aneuploidies, but also
pregnancy-related disorders such as preeclampsithia would permit sufficient time for
intervention. In this regard, quantitative change$1-14 weeks of pregnancy in proteins such
as ADAM-12 [52], PP-13 (placental protein -13) [934], pregnancy-associated plasma
protein-A (PAPP-A) in combination with Doppler @sound, have been shown to posses

some predictive value in detecting cases at riskfeeclampsia [32].
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Since the aetiological cascade leading to the dewednt of manifest preeclampsia is multi-
factorial, it is very unlikely that a single moléeuor small group of analytes) will possess
sufficient sensitivity and specificity. Hence, nstategies will need to be explored in order
to increase the pool of biomarker candidates.

One such route is by proteomic analysis of the mateplasma proteome. The underling
rationale for such investigations is that as thec@ihta is in direct contact with the maternal
circulation, proteins released by it should be cdetde in maternal plasma. Since
preeclampsia is associated with structural platemtamalies, the underlying alterations in
protein expression should be reflected in plasn@epme. Consequently, this serve as a
promising route for the detection of biomarkers¢ative of abnormal placentation [55]
Consequently, a number of studies have been castiednder this premise, and have shown
that alterations in protein expression are evidewaternal serum or plasma of affected
pregnancies. Unfortunately the validity of thessgdsts is limited, as they were performed on
samples obtained from cases with manifest symptant furthermore, did not employ state-
of-the-art quantitative approaches permitting meessessment of the extent of up- or down-
regulation of the newly discovered markers.

A further limitation in these studies is the exteyncomplex nature of the plasma / serum
proteome, whereby low abundance proteins are mabiethe preponderance of a small
number of highly abundant plasma proteins. In amdditthe high dynamic range of the
plasma proteome precludes the use of conventior@kegmic strategies employing gel
electrophoresis, even when making use of fluordskadrelling e.g. DIGE (Difference Gel
Electrophoresis). Hence, the identification of ndwomarkers in plasma/serum by
conventional proteomic approaches is not very Basi

A method that has been proposed to largely overctitase deficits is isobaric labelling
(ITRAQ: Isobaric Tags for Absolute and Relative Quiation) coupled with MALDI

TOF/TOF analysis. In this approach, the plasmaigegt following trypsin digestion, are
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chemically labelled with a discrete set of isotopsan amine-tagging reagent. These isotope
tags permit ready discrimination by mass spectromdahereby permitting comparative
quantification to a reference sample in a multipheanner. To date, most applications have
made use of commercial 4-plex reagents, but 8-fagents are becoming available. By the
use of these different isobaric tags, it is posstol examine 4 or 8 different samples in a
single mass spectrometric analysis.

Since this method has been shown to permit higiyaducible comparative assessment of
tagged peptides, it has been suggested to be lsufimbthe discovery of biomarkers in
complex body fluid PE such as plasma. In a recamdyswe have shown that the iTRAQ
isobaric labelling approach may indeed be validtierdetection of biomarkers for pregnancy
related conditions, such as fetuses with Down syme; in that we were able to discern
quantitative alterations in known screening marlseish aghCG [56].

Confident by the validity of the iTRAQ methodologye have now in a pilot experiment
investigated whether this approach could be swttdylthe detection of biomarkers useful for
determining pregnancies at risk for preeclampsiathis study we examined 12 maternal
plasma samples obtained at 12 weeks of pregnaheyhioh 6 cases subsequently developed

preeclampsia, while 6 cases had uncomplicatedetedw.

Maternal plasma peptides were examined by 4-pl&AQ labelling in conjunction with a
4800 MALDI TOF/TOF analysis. Our results indicateat quantitative differences can be
already being detected in the first trimester oégmancy between pregnancies which

subsequently developed preeclampsia and those Wwhitimormal healthy outcome.
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3.3 Materials and Methods

3.3.1 Samples

Blood samples for this case-control proteome studye collected prospectively from

pregnant women at approximately 12 weeks of gestatin a retrospective manner, 6
samples from cases that subsequently developedlpngesia were matched with 6 samples
from pregnancies with normal healthy outcome (TaBleThis study was undertaken with the
approval of the Institutional Ethical Board of tbeiversity Hospital, Basel, Switzerland and

written informed consent was required in all inses

(A)

Control PE

Maternal age (years) 35.1+1.3 35.1+6.8

Gestational age (weeks) 38.8+0.8 34.9+2.4

Systolic BP (mmHg) 122.5+14.2 188.8+18.6
Diastolic BP (mmHg) 73.6x7.0 111.8+14.1
Proteinuria (dipstick) Negative +++
(B)

Control PE

Gestational age (weeks) 12.4+12 12.3#1.1

Tablel. Characteristic of study population. (A)€rid used for pregnancy with or without preeclamfsr the
longitudinal study. (B) Gestational window selectedthe current study (n=6) who subsequently daved the

preeclampsia
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3.3.2 Sample preparation

As described previously, 9 ml blood was drawn iBD P100 tubes (BD Diagnostics,
Franklin Lake, NY, USA), which are specially desgnfor proteomics experiments, in that
the EDTA (Ethylenediaminetetraacetic acid) and gaeé inhibitor present in the tube prevent
coagulation and stabilize the plasma proteome.ofuilg phlebotomy the samples were
centrifuged at 3,000x g for 30 minutes at 10°C, iwhg the plasma was separated from the
cellular fraction by aid of a mechanical separddOil aliquots were stored at -80°C until

further use. For an overview of the work-flow usedhis analysis refer to Figure 1.
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Human Plasma
Depletion
Reduced, cysteine block &trypsin digestion
iTRAQ labelling

Control: iTRAQ reagent (114)‘ PE: iTRAQ reagent (115)

Control: iTRAQ reagent(116) l PE: iTRAQ reagent (117)
Combined labelled sample
Strong cation exchange chromatography

LC MSIMS for protein identification and quantitation

Figure 1: Workflow for quantitative proteomics using iTRAQ™ reagent. Ecjual amount of plasma protein (100 Wg) from
control and PE (n=6) were pooled separately and duplicated, controls were 1abeled with 114 and 116 ITRAQ™ Iabel and D3
were labeled with 115 and 117 ITRAQ™ label. The labeled samples were pooled and was subjected to & strong cation
exchange chrom atagraphy to remove the excess label. Afteraards LC-MALDL MSMS was performed for protein identification
and quantification,
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3.3.3 Immuno-depletion of High-Abundance Plasma Pro  teins

Highly abundant plasma proteins were depleted uBnogeoMiner™Protein Enrichment Kit

(Bio-Rad Laboratories, Inc.), as per the manufaetsiinstructions. 1 ml of plasma was used
for the depletion and after the whole procedurd BDwas eluted in elution reagent. After
depletion protein concentration was measured bygguRC-DC Protein assay kit (Bio-Rad

Laboratories, Inc.)

3.3.4 Tryptic digestion and iITRAQ™ Reagent labellin g

Equal amounts (100 pg) of depleted plasma proteim fsix of the PE cases and controls
were pooled separately in duplicate for the iTRAR€Elling. These samples were denatured
with 2% SPE in 500mM triethylammonium bicarbonafdAB) (Sigma-Aldrich) for 15
minutes at room temperature, following which thesrevreduced with 2ul of 50mM tri-(2-
carboxyethyl) phosphine (TCEP) (Sigma-Aldrich) &® for 1h and were then alkylated
with 10mM s-Methylmethanethisulfonate (MMTS) for nutes in room temperature. After
alkylation, the proteins were digested overnighBZC with 1U/ul trypsin (TPCK treated)
(Applied Biosystems, Foster City, CA 94404, USAg¢pRdes were labelled with one unit of
ITRAQ™ Reagent Multi-plex kit (Applied BiosystemBpster City, CA 94404, USA) that
was reconstituted in 70 ul of ethanol. iTRAQ labéls4, 116 were used separately for
labelling the pooled duplicated control sample &a&8, 117 were used separately to label the
pooled duplicate preeclampsia samples. The iITRA®RIliag reagent solution was added to
the digest and incubated for 1h at room temperafloeassess the accuracy of the ratiometric
quantitation of iITRAQ reagent a split in signal wasformed and the data was corrected as

described in detail by Unwin and colleague [57].
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3.3.5 Strong cation exchange chromatography (SCX)

Strong cation exchange chromatography was prefotmeeimove the excess iTRAQ reagent
and interfering substances for the mass analysiedpeptides were resuspended in 200 ml
of Buffer A and were loaded on Poly Sulfoethyl Al@an (200 mm length x 4.6 id, 5 pm
particle size, 20Gh pore size) on a BioLC HPLC unit (Dionex). BuffercAnsisted of 10mM
KHPO, and 25% acetonitrile, 500 mM KCI, pH 3.0, and BufB consisted of 10mM
KHoPOy, 25% acetonitrile, and 500 mM KCI pH 3.0. The 6@ gradient comprised of 100%
Buffer A for 5min, 5-30% Buffer B for 40 min, 30-Q@ Buffer B for 5min, 100% Buffer B
for 5 min, and finally 100% Buffer A for 5 min. Tdractions were collected using a Foxy Jr.
Fraction Collector (Dionex). Subsequently, thesactions were pooled according to the
chromatogram profile based on the peak intensity #re products dried in a vacuum

concentrator, after which they were stored at -209@r to mass spectrometric analysis.

3.3.6 Nano LC MALDI

The dried SCX iITRAQ-labeled peptides were dissolire®uffer A which consist of 95%
H.0O, 5% acetonitrile, 0.1 % TFA and were loaded o8 @ap column (Imm x 300um i.d.
column) at 30 ul/min and separated on an analytickimn (150 mm x 100 um i.d. column)
at 500 nL/min using the LC-packing Ultimate systéfhe peptides were separated using a
linearly increasing concentration of acetonitribeBuffer B from 5% to 30% in 120 min, and
from 30% to 60% in 40 min. The elute was mixed witlatrix (2 mg/ml alpha-cyano-4-
hydroxycinnamic acid in 80% acetonitrile, 0.1% TFa) a flow rate of 800 nl/min and
deposited on an Opti-TOF LC/MALDI (Applied Biosyate) plate in 10S fractions, using an

automatic robot, (Probot,Dionex).



52 Kolla et al, in preparation

3.3.7 MS and MS/MS

The Mass spectrometer 4800 plus MALDI TOF/TOF™ Amal (Applied Biosystems) was
set to perform data acquisition in positive ion ®oén MS condition of 1000 shots per
spectrum was used. Monoisotopic precursor seledborMS/MS was done by automatic
precursor selection using an interpretation methsidg thel2 most intense peaks per spot
with an MS/MS mode condition of 4000 laser shotsgpectrum. Minimum peak width was
one fraction and mass tolerance was 80 ppm. Adaletance (m/z) +/- 0.003. MSMS was
done with a gas pressure of 25¢Har in the collision cell Air was used as collisiges.

Protein Identification and Database Searches:

Protein identification and quantification was ddmeusing the ProteinPiolt™ software v2.0
(Applied Biosystems; MPE-Sciex). The search was$opered against the Human database of
UniProtKB/Swiss-Prot (Version 3.50) from the EBI lveite
(www.ebi.ac.uk./IPI/IPIhelp.html) and concatenatdlget-decoy database search strategy
was used to check the false positive rate [58]un case it was found to be 0%, which

boosted the reliability of our data.

3.3.8 Relative quantitation criteria:

The Paragon algorithm [17, 59] in ProteinPiolt v&ditware was used as the default search
program with digestion enzyme set as trypsin anthyhenethanethiosulfonate as cysteine
modification. The search also included the posgibibf more than eighty biological
modifications and amino acid substitution of uptw® substitutions per peptide using the
BLOSUM 62 matrix. Data was normalized for loadingoe by bias correction calculated
with Progroup algorithm identified proteins with &ast 95% confidence and with a
ProtScore of 1.3, were reported. The results obthfrom ProteinPilot software v2.0 software
were exported to Microsoft Excel for the furtheabysis. The study was performed in double
duplex manner, where PE samples were labelled Iifhand 117; control was labelled with

114 and 116. Peptides were selected based onitiacdefined in the protein pilot software,
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which means all the peptides were included for gteion with an exception for those

without an iTRAQ modification or reporter ion, area count less then 40 and peptides with p
value less then 0.001 were excluded [60]. As deedrby Gan and colleague in their study on
estimation of relative quantitative ratio from ITRAexperiments, we also used only peptides

above or equal to 70 % confidence level for thereston of relative quantitation [61].

3.3.9 PANTHER analysis:
The PANTHER database was used to elucidate thecolalefunction, biological process and
signalling pathway associated with each individualtein

(http://panther.appliedbiosystems.com
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3.4 Results

Samples were obtained from 6 cases with subsequeeiclampsia and 6 samples from
normal healthy deliveries. Care was taken to mhatth maternal and gestational age, to rule
out any confounding influence of these two paransete

Low abundant plasma proteins were enriched by uBmteoMiner™Protein Enrichment Kit.
This was accomplished through the use of a largghh\h diverse bead-based library of
combinatorial peptide ligands. When plasma wasieggb the beads, a small fraction of the
high abundance proteins saturated their high &ffingands and the excess high abundance
proteins were washed away. In addition a very saralbunt of high abundance proteins and
low abundance proteins were concentrated on tpetific affinity ligands. This provides for

a significant enrichment of medium and low abungdasma proteins.

The samples were pooled separately in and duplinabdrder to have more precise analytical
replicate measurements. The ITRAQ analysis was dondouble duplex style, the PE
samples were labelled with iTRAQ 115 and 117 aedctimtrol samples with iTRAQ 114 and
116, using the work-flow illustrated in Figure.l.

Following tandem MS MS, and by focussing on iTRAEarter ions in low molecular mass
range (114-117Da) for quantification, we identifiBd0 proteins with> 95% confidence.
However, after manually rechecking the MS/MS datadughly peak by peak, only 167 out
of 200 proteins (83.5%) had a relative quantitatienived from the analysis of two or more
peptides, while for 30 proteins, the quantitaticasvibased on single peptide. For 3 proteins no
quantitation could be ascertained by analysis uBirgdein Pilot. Figure.2 shows the MSMS
spectrum of the precursor ([M+H] +, m/z 1259.67 .0a)low mass region the reporter ions,

are seen while the where area under of the curgeused for quantification.



55 Kolla et al, in preparation

100- 265 2260

10E+
a0
MSMS 125967 Da CKPPFDIR
&0
1]
1151234

61
7
@50
=
Ed

a0 Fo.1c1z2

| S )\ J L A

20 S 34 {74144

176 4604
=R =
0
" jag 4z 23 —
Sh 2= 7
1251 0TI l Tg 090 ag a0y TOAZSE 1115 ATEE
4457 -
.4|.|.l 1{4 MAEFA;JLIL ll uL jII:E:. h .].IJ. [ FiAﬁ?i L\u. s JuJ.lu. -
%o A 5305 a0e2 1066 £ 13510

Maz= [miz)

Figure 2. Components of the spectrum illustratesl @ MSMS spectrum of the precursor ([M+H] +, m/z
1259.67 Da),(ii) low mass region showing the repoibns used for quantitation. The peptide is latheby
isobaric tags at both the N terminus and C-termliygdhe side chain. The precursor ion and all thgrent ions
therefore contain all four members of the tag lset,remain isobaric. The MSMS spectrum was obtaineih

the singly charged [M+H]+ peptide using a 4800 MALIBDF-TOF analyzer

As we did the experiment in double duplex mannér,(PL5 and 117) and control (114 and
116), it was possible to estimate the cut-off pdortdifferentially expressed protein in our
sample [60, 61]. Based on 167 relative abundartepraatios from PE and control sample,
an average variation of 4.4% (x 0.04) was measufetthe cut off was set at 5% average
variance then only 75% of the proteins would fathwn this variation range, but. If the range
was increased to 20% then about 94% of the préadimin this variation range as illustrated

in Figure.3. So the cut-off point in this experimevas set at 20% (x0.2). That means any
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relative change in protein ratio below or above.2 fbld was considered as differentially

under or over expressed.

N Acc.No Protein Names Biological Processes Molecular Function
1 PO2679 Fibrinogen Fragment O ignal transduction Calciurm ion hinding
2 P10209 Clusterin isoform 2 Complirmernt activation Misfolded protein binding
3 PO2647  Apolipoprotein A Signal transduction Receptor binding

4 PO2751  Fibronectin Angiogenesis Callagen hinding

5 PO101% Angiotensinogen Blood vessel remodeling Receptor binding

B PO09382 Galectin 3 binding Apoptosis Galactosicde binding
¥ POO7a0 Plasminogen Proteolysis P rotein binding

8 POZ27E7 Transferrin [ron ion transporter Ferric ion hinding

9  PO4003 CAbeta binding Complirment activation Protein binding

10  PO2780 Hermopexin Herm e transporter Iron ion binding

Table 2. List of proteins unregulated in iTRAQ esipent

The functional distribution of these proteins lsstrated in Figure.3. For this interpretation,

an analysis of 176 proteins was performed usingPRTHER classification system, which

sorts the proteins into respective classes baséaearbiological process.
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f Protease (13%)

— Signaling molecule (139%)

Molecular function unclassified (7%)

Carrier protein (20%)

— Transporter (7%
Cell adhesion molecule (13%)

Miscellaneous function (7%) J

Extracellular matrix (13%)

Regulatory molecule (7%)

Figure 3. Number of plasma protein identified usiM@®AQ reagent. In total, 167 proteins were ideetf

Shown above is the classification of these protiirdifferent category based on molecular function

It is of interest that three of the major groupgoine cell adhesion molecules (13%), extra
cellular matrix proteins (13%) and member of thetgpase family (13%), factors that are
known to be aberrant in placental insufficiency ajgpt in preeclampsia. Further more large
groups were found to involve signalling molecul&3%) and carrier proteins (20%).

A list of 10 of the most pronounced protein difieces is provided in Table 2. A PANTHER
sub-analysis for pathway association of these bfeprs indicates that 33% are associated
with blood coagulation, 33% with plasminogen adiwa, 17% with angiotensin Il and 17%

with integrin function shown in Figure 4.
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Blood Coagulation (33%)

’7 Angiotensin Il (17%)

Plasminogen Activation (339%)

Integrin (17%)

Figure 4. PANTHER analysis for pathway. In totd), droteins were identified as elevated. Shown alimtiee

different signaling pathways hit by these protein.
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3.5 Discussion:

The comparative quantitative assessment of seruplasma proteins via iTRAQ isobaric
labelling combined with MALDI-TOF/TOF analysis hasiggested to be suitable for the
detection of biomarkers. This is largely due to linghly reproducible nature of the system,
which exhibits little run-to-run variation, detemmeid after a lengthy comparison of pooled
and individual of case and control samples, yigldircoefficient of variation of 11.7% [20].

In a previous proof-of- principle study, we exandnghether this approach was suitable for
the detection of screening markers that could leel $a screen for pregnancies with a Down
syndrome fetus [56]. This analysis indicated tlmg¢ ®pproach may indeed be valid, as we
were capable of detecting known screening marlsemsephCG was determined to amongst
pool of elevated proteins.

In a preliminary proof-of-principle experiment, iiave now assessed whether this method
could be suitable for the detection of biomarkessful for PE screening. From our small-
scale preliminary evaluation we identified over@d@teins whose concentration was altered
in the plasma of pregnancies with a PE comparéidase with normal pregnancies.

It is of interest that glycoprotein clustrine isofo2 was found elevated in our study. In one of
the recent study Blumenstein and colleague [62] dias seen the elevation in isoform of
clusterin. Other protein like angiotensinogen, wmhig was reported in PE to be elevated. The
presence of this important screening marker inpmal of elevated plasma proteins suggests
that the strategy we have chosen for the identifinaof new biomarkers is functional and
worthy of further pursuit.

That our assay is indeed detecting proteins ofegpid origin is illustrated by presence of
galectin 3which is a glycoprotein and derive itgortance in pregnancy by playing potential
role in preventing the attack from maternal immagstem on the developing fetus which can

be seen as foreign allograft [63]. This protein \@asongst our list of up-regulated proteins,
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apolipoprotein E3 isoform. The altered productidnapoE3 in PE might impair reverse
cholesterol transport contributing to arterial dge§c4].

Elevations in a number of inflammatory moleculesk@4a and fibronectin, most of which are
probably of maternal origin, may be a reflectiontloé elevated release of placental debris
which has been suggested to occur in pregnancids M. Williams and colleague has
reported the elevation of and fibrinogen in PE s468].

In our follow up studies we would like to validatbese putative biomarkers using
immunoblot and Enzyme linked immunosorbent assayiSE). More recently Selected
Reaction Monitoring (SRM) has evolved as a methibdhoice for validation of biomarkers
using mass spectroscopy.

The increasing popularity of the iTRAQ approach dwets reproducibility and robustness,
including studies for cancer or inflammatory autoiome disorder specific biomarkers
suggests that it will become the method of chowefdture studies, until it is surpassed by a
new technical development. As pregnancy represantsique constellation, whereby a
foreign being is supported and nourished by thd, hbsnay serve as an ideal model for
proteomic analyses, as any unique markers shouéallyd disappear post delivery.
Furthermore, as very few specific biomarkers eixisissist with the screening of a number of
pregnancy related disorders, especially preeclaansipreterm labour, it is likely that this

will become the focus of considerable researcmadte in the near future.

3.6 Conclusion:

In this report we conclude, isobaric labelling teicue is a suitable approach for the
quantitative detection of new screening biomarkerthe plasma of pregnancies with a PE
compared to those with normal. In this preliminprgof-of-principle study, we were able to

detect quantitatively under or over expressed prstén the future additional studies, using
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larger sample sizes will be required to identifpanel of biomarkers which can be used in

screening for PE pregnancies.
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4.1 Abstract

4.1.1 Background

Currently no reliable ° trimester screening method exists to detect fegpancies which
will develop preeclampsia. This deficit makes iffidult to develop appropriate intervention
strategies. As the underlying placental aetiolagpding to the development of preeclampsia
is thought to occur early during gestation, we higpeised that such changes may already be
evident in the maternal plasma proteome. Hencéy somue proteomic fingerprints could be
used to distinguish between pregnancies with healétiveries form those which developed
preeclampsia. For this purpose we investigated wke of Surface-Enhanced Laser

Desorption/lonization Time-of-Flight mass spectram¢SELDI-TOF-MS) SELDI.

4.1.2 Results

Unique spectral profiles were generated using SELOF-MS.A total of 8 peaks
corresponding to peptides and proteins in the rdvegeeen 3.2 kDa and 22.2 kDa were
identified from a set of 26,707 representing theMbspectral analysis (0 to 60 kDa), were
identified which could discriminate pregnancies hwihormal deliveries to those which

developed preeclampsia.

4.1.3 Conclusion
Maternal plasma proteome fingerprinting by SELDIH®IS may lead to the development of

a set of markers which can be used in discern jreges at risk for preeclampsia.
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4.2 Introduction

In the last two decades several biochemical anghlysical traits were identified which led to
a considerable improvement in the screening ofqgimegpsia (PE). But there is no reliable
screening biomarker for PE. So there is a neethprave both the sensitivity and specificity
of current screening strategies. As consideratiatefhas being invested in the discovery and
development of further markers. Platforms basedpmteomics [66] coupled with mass
spectrometry (MS) techniques [21] is gaining coesatlle acceptance following the
identification of different markers associated wstveral types of disease conditions such as
ectopic pregnancies [67], detection chromosomababalities [22, 23], ovarian cancer [68,
69], diabetic nephropathy [70] and inflammatory lebwisease [71]. The current practice of
using single protein biomarkers will most likelyvgi way to the use of multiplexed
biomarkers, as they promise better sensitivity setificity [72]. High-throughput platforms
using MS permit profiling large numbers of samgleselatively shorter time mostly within
the same day of admission. Using proteomics platfiar mine deep into the plasma proteome
has resulted in the identification of several targgndidates for Down’s syndrome [73, 74].
Moreover proteomic signatures can reduce problents imdividual variability in peak
detection [75]. We hypothesized that by using a lwoation of unique serum proteomic
features (hydrophobic proteins) in protein profilaed differentially expressed proteins
(hydrophilic proteins) could be employed to distirglh pregnancies with trisomy fetuses

from control healthy conditions.

4.3 Materials and Methods

4.3.1 Samples
Blood samples for this case-control proteome studye collected prospectively from

pregnant women at approximately 12 weeks of gestatin a retrospective manner, 6
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samples from cases that subsequently developedlpngesia were matched with 6 samples
from pregnancies with normal healthy outcome (TaBleThis study was undertaken with the
approval of the Institutional Ethical Board of tbeiversity Hospital, Basel, Switzerland and

written informed consent was required in all inses

4.3.2 Sample preparation

As described previously, 9 ml blood was drawn iBD P100 tubes (BD Diagnostics,
Franklin Lake, NY, USA), which are specially desgnfor proteomics experiments, in that
the EDTA (Ethylenediaminetetraacetic acid) and gaeé inhibitor present in the tube prevent
coagulation and stabilize the plasma proteome.ofailg phlebotomy the samples were
centrifuged at 3,000x g for 30 minutes at 10°C, nehg the plasma was separated from the
cellular fraction by aid of a mechanical separal@Qul aliquots were stored at -80°C until

further use.
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(A)

Control PE

Maternal age (years) 35.1+1.3 35.1+6.8

Gestational age (weeks) 38.8+0.8 34.9+2.4

Systolic BP (mmHg) 122.5+14.2 188.8%£18.6
Diastolic BP (mmHQg) 73.6£7.0 111.8+14.1
Proteinuria (dipstick) Negative +++
(B)

Control PE

Gestational age (weeks) 12.4+12 12.3#1.1

Table 1. Characteristic of study population. (A}&tia used for pregnancy with or without preeclaiasr the
longitudinal study. (B) Gestational window selectedthe current study (n=6) who subsequently deved the

preeclampsia

4.3.3 Plasma protein profiling

Protein profiling was performed using the ProteipCh Biomarker System (Ciphergen

Biosystem$, Freemont, CA, USA), a SELDI-TOF MS platform. Wged H50 (C8 reversed

phase/hydrophobic interaction chromatography) Ri6teip” Array. Samples were applied

to H50 protein chip arrays (Ciphergen, Fremont, O&A) according to the manufacturer’s
protocol. Saturated solution of sinapinic acid P& acetonitrile, 0.5% trifluoroacetic acid

was applied twice to each spot on the array, withldgying between each application. To
minimize bias, plasma samples from mothers who Idpee PE and those with normal
outcome were assayed on the same chips. Plasmdesawgre analyzed using the Protein

Biology System 2 SELDI-TOF mass spectrometer (Qipére Biosystems). Peptides and
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proteins below the 60 kDa range were ionized arcgano-4-hydroxy-cinnamic acid matrix.
Known proteins were used for data calibration betwexperiments, and the mass accuracy
was determined daily using the Ciphergen Broad Ranglecular weight standards (C100-
0001, Ciphergen Biosystems). Chips with plasma $esnpere analyzed under the following
conditions: laser intensity 260V, detector sengitit0, mass focus 30 kDa, with molecular
mass/charge (m/z) range from 0-60 kDa and masmigatiion 3-60 kDa. Data were collected
by averaging 65 laser shots per sample. Theseexpated as raw data (Ciphergen PBSII™
software), and used without modification for doweatn bioinformatics analyses. Spectra
were calibrated, baseline subtracted, and nornthli@eialified mass peaks (signal/noise >5;
cluster mass window at 0.3%) within the m/z ranfj2-&60 kDa were selected automatically.
Logarithmic transformation was applied to the pe#knsity before analysis for biomarker
discovery. After biomarker discovery, the qualitydantensity readings of the selected peaks

were manually reconfirmed from raw spectra.

4.3.4 Bioinformatics approach

We analyzed spectra of 6 control and 6 cases wdeekloped PE. Each spectrum had 26,707
mass spectral components. To reduce non-spectikspespecially in the low mass range, we
eliminated the first 5,989 components that all esponded to masses < 3kDa. We manually
inspected the remaining part of the spectra arett 62 apparent peaks in the spectra with
the aim to select few that could be used to clpd8E cases and separate them from the
control healthy cases. These 62 peaks served &rajennitial feature set based on which the

individual cases were analyzed.
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4.3.5 Classification process and final selection of features

All classification tasks were done in the same ifaghdistinguishing between cases which
developed PE and those with normal deliveries, basethe Mahalanobis distance between
the groups using the Lawrence and Solovyev algoriffi6]. We also searched for the

minimum number of features and the small portiorthef data in the training set, so as to
achieve good generalization properties of the limkgscriminate model. The process involved
separation of each of the groups to the trainir qrad the test part. The model is built using

only the training data, and it is tested usingtds data.

4.4 Results and Discussion:

Unigque spectral profiles were generated using SELOF-MS method (Figurel). A total of

8 spectral peaks corresponding to peptides anceipsoin the range between 3.2 kDa and
22.2 kDa were identified from a set of 26,707 feaguepresenting the whole spectra (0 to 60

kDa) (Table 1; Figure 1a & 1b).
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PUUegnU

Figure la. Representation of peak identities cpmeding to proteomic features identified using
bioinformatics approach to discriminate healthytools and PE cases that subsequently

developed the preeclampsia.
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IR

Figure 1b. Representation of peak identities cpording to proteomic features identified using biormatics

approach to discriminate healthy controls and PEes#hat subsequently developed the preeclampsia
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Eight features were identified which could discriatie all control pregnancies from the PE —

before onset of PE.

m,z Dalton
Peaks 77 84 89 92 102 126 139 222
O
Preeclapmsia ¥ v N v Y N N Yo
Control Mo MY N Y M M M E

Table 2. Proteomic features identified to discria@éPE conditions from normal are based on prgisifiling

technique. Y is present and N is absent for peak.

Using SELDI platforms we tried to identify uniquenderprints of protein markers for
pregnancies at risk for PE. Some studies have qushlyi reported on the use of maternal
serum [21, 23] and plasma [73]. The current studgresses these two important issues.
Results from our study indicates that it might losgible to effectively screen for pregnancies
at risk for PE using " trimester maternal plasma samples and generatintegmic
fingerprints by SELDI-TOF MS analysis.

Protein profiling is a powerful technique to look several hundred proteins in a single
spectrum [18].

Human serum is known to contain a complex mixturedifferent kinds of protein and
peptides [77], and it is suggested that a succedisiinguishing healthy person from a patient
could be improved with the identification of uniqéeatures in protein profiles [78]. The
number of distinct features of spectral informatidetected in the mass spectrum of a
processed sample is a strong indicator of the mm&tion content of the signature. Recent
studies have focussed on using the power of SEEDhrtiques to study amniotic fluid,
cervical vaginal fluid for various disease condiscassociated with the developing fetus such
as inflammation, infection [79], and neonatal sgpand also to investigate into the

mechanisms of idiopathic preterm birth [80]. Thensaapproach has been used to detect
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ectopic pregnancies [67] and as well as Down syndrf23]. Till now this approach has not
been explored for prenatal screening in a largéesas well as in clinical settings. In the
current analysis, the mass (mw) of the markers edngetween 3 kDa and 60 kDa with

majority of the markers in the range less thanRa.k

4.5 Conclusions

In summary, maternal plasma proteomic profilinghw8ELDI may prove to be a useful tool
for the screening of pregnancies at risk for PEe Blecuracy of this approach, however,

requires large scale verification before it carcbesidered for clinical use.
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Corrently no specific biomarkers exist for the screening of pregrancies at rigk for down syndrome [DS). Since a quantilative
prol=emic approach with ischaric labefling (iTRALQ) has recently been suggested to be highly suitable for the discovery of novel
plasma biomarkers, we have now used this method to0 examine for poiential quantitative changes in the plasma proteome of the
pregnancies bearing D5 fetuses in comparison to normal healthy babies In our study, we used plasma from six women with 0%
pregnancies and six with uncomplicated pregnancies care were taken 1o match cises and mntrols for gestational and maternal age,
s these could be a confoander. In our quantitative proleomics analysis we were able to detect 178 proteins using iTRAC labelling
in comjumction with 4800 MALDI TOFTOFR Amongst these we observed changes in fHCG, 2 known screening marker for D5,
indicating that our assay was functional. We foand a number of elevated proteins Ig lambda chain C region, serum ampdoid P-
component, amyloid beta Ad, and under expressed proteins lik= gamma-actin and titin in D8 pregnancies. These proteins are als
found in the sera of patients with Alzheimer disease, which share similar pathologies of D5 Our study therelore indicates that the

iTRAC} labelling approach may be indeed useful for the detection of novel biomarksms.

1. Introduction

Diown syndrome (D5} is the most common chromosomal
aneuploidy in live births and a leading camse of mental
retardation. Prenatal detection of chromosomal anomalies,
such as trisomy 21, in cases with DS relies on iovasive
practices such as ammiocentesis or choriondc villi sampling.
These procedures are associated with a risk of fetal loss or
adverse pregmancy outcome |1]. Furthermore, it requires
spocial Gcilities and highly trained staff. For this reason
alternative strategies are sowghi, such as the noninvasive
prenatal disgnosis of felal genetic anomalies via the analysis
of rare trafficking fetal cells [2] or cell-free fetal nudeic ackds
in maternal blood [3]. As this long sought goal has not yet
reached climical implementation |4], carrent dinical practice
relies on a series of screening steps aimed al detecting at-
risk pregrancies. In many centres the screening procedure for

D¥5 is carried ont in the late first and early second trimester
{11-14 weeks of gestation) and involves a combination of
ultrasound and serum marker analysis [5]. Although the
efficacy of this method has improved considerably, and is
more accurate than previons secomd trimester screening
approaches, it is hampered by the skill and precision of the
ultrasonographer and exernal factors soch as ethnicity or
other factors, such as assisted reproductive technologies.
Hence, it is obwvious thal new tools are needed o improve
ourrent state of the art. One soch sirategy is to look
for new potential biomarkers using noninvasive profecmic
appreaches. The rationale for this strategy s that placentae
from fetuses with DS, especially the villi, are morphologically
distind from the placemtae of enploid fetwses, a feature
attributed to altered zberrant protein expression [&]. As
the placenta, 3 large organ with rapid cell turm-over is
in direct contact with the maternal circolation, proteins
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released by it should be detectable in maternal plasma,
and conld consequently serve as promising markers for
abnormal placentation involved in 2 number of pregnancy
refated disorders. In this regard, preliminary proteomic
investigations have shown that gquantitative alterations in
prodein expression ane found to oocur in the amniotic fuid
|7, B] and maternal serum of pregnancies with fetnses
affected with down syndrome, and that these conld serve as
new potential biomarkers [9].

Unfortunately none of these studies wsed quantitative
approaches of the type that permit precise assessment of
the extent of wp- or down-regulation of the proposed
biomarkers, As such, it will be difficult to validate these in
blinded studies of dinical serum or plasma samples, a crucial
fzcet in determining their specificity [0-11].

These studies are further complicated by the complex
nature of the plasmalserum proteome, whereby the majority
oflow abundance proteins are masked by the preponderance
of a few highly abundant proteins. This high dynamic
range [12] effectively prechedes the use of more conven-
tional proteomic sirategies, sach as those employing gel
electrophoresis with or without or fluorescent labelling,
for example, Difference Gel Electrophoresis (DIGE). This
deficit renders the identification of potential biomarkers
in plasma‘serum by conventional comparative proteomic
approaches very challenging.

For this rezsom an approach using lsobaric Taps for
Absolute and Relative Cuantitation (TTRAD) has been
progosad for the discovery of plasma biomarkers [13]. This
chemical labelling method involves the stable incorporation
of isotopes into an amine tagging reagent, which can be
reliably dietected by mass spectrometry, therchy permilting
comparative quantitation in a multiplex manner, Correndly
4-plex and B-plex reagents are commercially available, which
are mwsad fo label the protein samples of imerest following
trypsin digestion. The uwse of different isobaric tags implies
that ap o 4 or 8 different samples, one of which serves as a
reference, can be examined simultanecusly in a single mass
specitometric analyss. 1t i for this resson that the TTRAQ
appreach has been sugpested to be suitable for the discovery
of bicmarkers in 2 wide range of body floids and tisswes,
incloding plasma.

In order to examine whether this approach wonld be
suitable for the detection of potential biomarkers for down
symdrome, we performed 3 proof-of-princple experiment,
in which we examined samples from 6 cases with down
symdrome in comparison to 6 matching controks. In our
stody we have used a 4-phex iTRAL) habelling in conjunction
with a 4800 MALD] TOFTOF approach to examine plasma
samples obtained in first trimester pregrancies. Our results
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indicate that quantitative differences can be detecied between
anenploid samples and samples from enploid pregnancies
and that such alteration may reflect upon changes known to
ocour in down symdrome.

2. Materials and Methods

2.1. Samples. Blood samples for this cuse-control proteome
study were collected from six pregnant women camying a
15 fetus | 11-13 weeks of gestation ) and six pregnant women
with normal enploid pregnancies. The samples were matched
for maternal and gestational age (Table 1). This stody was
undertaken with the approval of the Institutional Ethical
Board of the University Hospital, Basd, Switzertand and
wrilten informed consent was required in all instances.

2.2 Sample Prepararion. 9ml blood was drawn into BD
Pl tobes {BD Diagnostics, Franklin Lake, WY, USA),
which are specially designed for proteomics experiments,
in that the Ethylenediaminetetrascetic acid (EDTA) and
profease inhibilor present in the tube prevent coagulation
and stabilize the plasma proteome. Fellowing phlebotomy
the sampdes were centrifuged at 3000 g for 30 minutes at
10-C, whereby the plasma was separated from the cellular
fraction by 2id of 3 mechanical separator. 100 ul. aliquots
were stored at —807C ontil further nse. For an overview of
the work-flow used in this analvsis refer to Figare 1.

21, Imnmunodeplesion of High-Abumndance Plasma Proseins.
Highly abundant plasma proteins were depleted using Pro-
teoMiner Protein Enrichment Kit (Bio-Rad Laboratories,
Inc.) [14], as per the mamifacturers instructions. | mL of
plasma was used for the depletion and after the whaole
procedure, 30ul was efuted in eintion reagent. After
depletion prodein concentration was measured by using RC-
DHC Protein assay kit { Bio-Rad Laboratories, Inc.)

24, Tryppic Digestion and iTRAQ Resgenr Labelling Equal
amounnts {100gg) of depleted plasma protein from six
of the D5 cases and controls were pooled separately in
duplicate for the iTRAQ bbeling. These samples were
denatured with 2% 5DS in 500mM trethylommoninom
bicarbonate (TEAR) ( Sigma-Aldrich) for 15 minutes at room
temperature, fdlowing which they were redooed with 2l
of 50 mM tri-(2-carboxyethyl) phosphine (TCEP) (Sigma-
Aldrich) at 6FC for | hour and were then alkylated
with 10mM s-Methylmethanethisulfonate (MMTS) for 10
mimtes in room temperatare. After allvlation, the proteins
were digested overnight at 37°C with [ UfpL trypsin (TPCK
treated ) [ Applied Biosystems, Foster City, CA S4404, 1154
Peptides were bbdled with one unit of TTRAQ Reagent
Muhi-plex kit {Applied Biosystemns, Foster City, CA 94404,
1USA) that was reconstituted in 70wl of ethanol. iTRAG
labels 114, 116 were nsed separately for labefling the pooled
duplicated control sample and 115, 117 were used separately
to label the pooled duplicate down syndrome samples. The
TIRAL) labelling reagent solution was added to the digest
and incabated for 1 hoor at room temperatane. To assess the
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Human plasma

Contrat {TRAQ reagent (114) DS TTRACY reagent {115}
Controt iTHAQ reagent (116) DS iTRAL resgen { 117)

Strong ation evchange chromatography

LC M&/MS for protein identification and quantistion

Fumme I: Workflow for quantitative pmoteomics wsing iTRA
o Equsl of pi protein (100 zg) from contml
and D5 (m = &) were poaled separately and duplicated, controls
were hbeled with 114 and 116 fTRAQ kbel and D5 was hbeled
with 115 and 117 iTRAD label The labeled mamples were pooled
and were subjected 1o a strong @tion exchange chromatography
o remove the rocess bbel Afterwards LC-MALDI MSMS was
performed for protein identification and quantifcation.

gocaracy of the ratiometric guantitation of iTRAQ) reagent a
split in signal was performed and the data were corrected as
described in detail by Unwin and collexgue |15].

2.5 Strong Cation Exchange Chromatography (SCX). Strong
cation exchanpe chromatography was preformed (o remove
the excess ITRAC rezgent and interfering substances for the
of Buffer A and were loaded on Poly Sulfoethyl A Column
{20 mm length « 4.6 id, 5 gm particle size, 200 pore size) on
1 BioLC HPLC unit | Dionex). Buffer A consisted of 10 mM
KHPOy and 25% acetonitrile, 500mM KCL pH 3.4, and
Buffer B consisted of 10 mM KH:POy, 25% acetonitrile, and
S00mM KCl pH 300 The 60 minutes gradient comprised
of 100%% Buffer A for 5 mimutes, 5%-30% Buffer B for
40 mimmtes, 30%-100% Buffer B for 5 minuies, 1%
Buffer B for 5 mimotes, and finally 100% Boffer A for
5 mimmes Tem fractions were collected uwsing a2 Foxy o
Fraction Collector (Dionex}. Sobsequently, these fractions
were pooled according lo the chromatogram profile based
on the peak intensity and the products dried in a vaomm

concentrstor, after which they were stored at — 20" C prior o
mass spectrometric analysis.

28 Nang LC MALDT, The dried SCX iTRAD- labeled pep-
tides were dissolved in Buffer A which consist of 95% H, O,
5% acetomitrile, (1% TFA and were loaded on CI18 trap
colomn {1l mm x 300um id. column) at 30 pliminutes
and separaied on an analytical coluomn (150 mm = 100 gm
id. colommn) at S nl'min using the LC-packing Ultimate
systern. The peptides were separated using a linearly increas-
ing concendration of acetonitrile in Buffer B from 5% to
30% in 120 minwtes, and from 30% to 60% in 40 minutes.
The elute was mixed with matrix (2 mg/ml alpha-cyano-4-
hydroxycinnamdc acid in 80% acetonitrile, and 0.1% TEA)
ol 3 flow rate of BN nlimin and deposited on an Opti-
TOF LOMMALD] {Applied Biosystems) plate in 105 fractions,
wiing an automatic robot { Probol, Dionex).

27 MS and MSMS The Mass spectrometer 4800 plus
MALDI TOFTOF Anabyzer {Applied Biosystems) was set
to perform data acguisition in positive ion mode. An M5
condition of 100 shots per spactrum was nsed. Monoiso-
topic precarsor selection for MS'MS was done by automastic
precursor selection using an interpretation method using
the 12 most infense peaks per spot with an M55 mode
condition of 4000 laser shots per spectrume. Minimum pezk
width was one fraction and mass tolerance was B0 ppm_
Addnct tolerance is (myfz) = 0.003, MSMS was done with a
gas pressare of 2 = 102 bar in the collision cell. Air was mwsed
as collision gas.

28, Prowein Identificarion amd Database Searches Prolgin
identification and gquantification was done by using the
ProteinPiolt software vL0 | Apphied Biosystems MID5-5ciex).
The search was performed against the Human database of
UniProtk B/Swiss-Prot {Version 3.50) from the EBE website
(hitpefwww.ebiacokSIPITPIhelp.iitml} and concatenated
target-decoy database search strategy was used to dheck the
false positive rale [16] in our case it was found to be 096,
which boosted the reliability of onr data.

20 Refative Qumntitation Criteria. The Paragon alporithm
|17, 18] in ProteinPiok v2.0 software was nsed as the defanlt
search program with digestion enzyme set as trypsin and
methyl methanethiosulionate as cysteine modification. The
search also included the possibility of more than eighty
binlogical modifications and amino acid sabstitution of up to
two snbstitations per peptide nsing the BLOSUM 62 matrix.
Dhata were normalized for loading error by bias correction
calmulated with Progroup algorithm Identified proteins with
at feast 45% confidence and with a ProtScore of 1.3, were
reported. The resulis obfained from ProteinPiolt software
v1.0 software were exported to Microsoft Excel for the forther
amalysis. The stady was performed in douoble duplex manner,
where DE samples were labelled with 115 and 117, control
were labelled with 114 and 116. Peptides wene selected based
om the criteria defined in the protein pilot software, which
means 2l the peptides were included for quantitation with
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an exception for those without an iTRAQ modification or
reparier ion, an area count less than 40 and peptides with
P valoe less than .001 were exchaded [19]. As described by
Gan and colleagne in ther stody on estimation of relative
guantitalive ratio from TRAQ experiments, we also used
only peptides above or equal to 70% confidence level for the
estimation of relative quantitation [20].

2.1f). PANTHER Analysiz. The PANTHER database was wsed
to ehacidate the molecular function, biological process and
signaling pathway associated with each individoal protein
(http:#ipantherappliedbiosystems.com/ ).

3. Results

Samples were obtained from & cases with 3 confirmed
D5 fietus and & samples from normal eoploid singleton
pregnancies. Care was taken to match both maternal and
gestational ape, to mle oot any confounding inflwence of
these two parameters.

Low abundant plasma proteins were enriched by nsing
ProteoMiner Protein Enrichment Kit. This was acoomplished
throwgh the use of a large, highly diverse bead-based Bbrary
of combinatorial peptide igands. When plasma was applied
to the beads, 2 small fraction of the high abundance
prodeins saturated their high affinity ligands and the excess
high abundance proteins were washed sway. In addition a
very small amoam of high abondance proteins and low
gbundance proteins were concentrated on their specific
affimity ligands. This provides for a significant enrichment of
medium and low abundam plasma proteins.

The samples were pooled separstely in and duplicate
in order to have more precise anafytical replicate measare-
menis. The ITRAQ analysis was done in double duplex style.
the DS sumiples were lbefled with iTRAC) 115 and 117 and
the control symples with iTRAG 114 and 116, osing the
work-flow illusirated in Figare 1.

Following tandem M5 M3, and by focussing on iTRAG
reporter ions in low molecalar mass range (114-117 D)
for quantification, we identified 235 proteins with =95%
confidence. However, after manually rechecking the M5/M5
dats thoroughly peak by peak. only 187 oot of 235 pro-
teins (78.5%) had a relstive gquantitation derived from the
analysis of two or more peptides, while for 45 proteins, the
quantitstion was based on single peptide. For 3 proleins no
quantitation could be ascertained by analysis using Protein
Pilot. Figure 2 shows the M5MS specirum of the precursor
{IM 4 H| +, mz 1527.7 Dia). In low-mass region the reporter
ions, are seen. while area under the carve was used for
guantification

As we did the experiment in double doplex manner, D5
(115 and 117} and controd {114 and 116], it was possible to
estimate the cotof point for differentially expressed protein
in our sample |19, 20]. Based on 187 refative abundant
profein ratios from DS and control sample, an sverage
variation of 4.4% (+0.04} was measured. If the cutofl was
set al 5% average variance then only 72% of the proteins
would fall with in this variztion range, but. If the range was
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Ficame 2 Componenis of the spectrum illustrated are (i) MSMS
spectrum nFIh:pmcm!ﬂr“M + H . mv'z 1527.7 Da). (i) bow-
s region showing the reporier jons wsed for quantitation. The
peptide iz labeled by isoharic tags at both the N termimes and C-
terminal lysine side chain. The precumsor ion and all the fragment
wms therefore contain all four members of the tag set, but remain
soharic. The MSMS spactrum was ohtained from the singly charged
IM + H| + peptide nsing a 4800 MALDI TOF-TOF analyzer.
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ijuiﬁoqmmmgdilrﬂmﬁm {bars] from both DS and control
replicits acroes different. manges of varation. The comulative
percentage (lines} is defined as the cumulative mumber of proteins
falling within the defined variation mange agairst the total number
of protein.

increased to 20% then about 92% of the protein falls in this
vartation range as illnstrated in Figare 3. 50 the ootoff point
in this experiment was set ot 20% (+£0.2). That means any
relative change in protein ratio below or ahbove +1.2 fold was
considered as differentially nnder or over expressed.

The functional distribution of these proteins is ilustrated
in Figured. For this interpretation, an analysis of 235
proteins was performed nsing the PANTHER classification
systemn, which sorts the proteins into respective classes based
on their biological process.

1t is of interest that two of the major groups imdve cell
adhesion molecubes {1 3%) and extra cellular matrix proteins
{18%) and member of the prolease family, faciors that are
known to be aberrant in down syndrome. Farther more large
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Tapin 2= List of the protein identihed as wp-regulated from the iITRAQ experiment, indicating i the biologicl process and molecular
function of these proteins. (F valoe. 001).

Moo Acc. number % Cow Protein nams Binological procemes Malecular functions
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Tamen 2: Contined.

M. Az Number % Cov Protein name Binlogical proceses Molecular functions
przEs 103 m"z“'dq’“‘dm Tratealyss Serine protease
P27l 141 ﬁ;’;"’m n Cell surface receptor Receptor
7 POTIST 70 Comglement Ej:; i Shmp
component CH Sy component
1 P74l £9 C-reactive protsin Strems respanss m: .

unclassified 5%

Heydeolase 7%

Frgume & Number of plasma protein identified nsing iTRAD reagent. In total, 235 proteins were identified. Shown abowe is the dassification

of these protein in different category based on melecular Amction.

groups were found to involve signalling molecules (13%) and
18% defensefimmunity proteins.

Of the arge group of significantly up-regulated proteins,
it is highly noteworthy that this incduwdes SJHOG (Beta
human chorionic gonadotroping, a subunit of the human
chorionic gonadotropin protein known 1o be elevated in
pregnancies [5] with D5 fetases, and which forms one of
the backbone of currenl screeming programs in the first
trimester. This finding, therefore strongly sngpests, that the
ITRAL) method we have chosen appears to be able to identify
relevant proteins (Table 2 ). In this group, slevations were
also recorded for pregnancy zone protein (PEP) (P20742),
thereby indicating that our assay is indeed detecting proteins
of placental origin. Elevation of two members of the amyioid
family (Serum amyloid P-component and Amyloid beta A}
was also observed, which conld be a significant finding, as
these profeins hove been soggested to play 2 role in the
dementia found to occor inadolt 0F patients. An elevation
in the inflammatory response marker, C-reactive protein
and members of the immunoglobualin Gmily like 1g lambda
dhain C region was alse noted, which could be indicative

of an increxsed inffammatory response in DS pregnancies.
phosphatidylinositol-glycn (PEI08), Insulin-like growth
factor {P35858) & involved in protein-protein interactions
that result in protein complexes @nd hepatocrte growth
factor (P26427) was also prominent amongst the st of the
up-regukated proteins.

Amongst the groap of down-regulated proteins (Table 3)
woere 4 number of molecules involved in cell adhesion and
extracellular matrix indoding titin {QEWZAZ), basement
membrane specific heparan salfate proteoglycan (POR16D),
actin, cytoplasmic 2 {Gamma-actin} (P63261 jand Abrinogen
alpha chain (PO2671). This observation could be imgortant
a5 changes in tissne elasticity are a hallmark of DS cases,
and play significant role in their detection by ultrasound via
the presence of an increased neck fold (machal transhacency).
peroxiredioxin 2 (PRIDX2}, an anbioxidant enryme, is nnder-
expressed in D5 fetal brain and dynein beavy chain 9, was
alse noted in oor list of down regolated proteins.

The PANTHER database was used for the pathway
analysis on the proteins which were shown to be over or
under expressed in our stmdy. 1t was interesting to note that
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Tamen 3: List of the protein identibed a5 down reguisted from the iTRAL experiment, indicating is the biological process and molembr
function of these proteins. (F value 001).

Moo Acc. number % Cow Protein nams Biological procemes Malecular functions
Merve-nerve
1 roLoS 318 Alpha- 1-antitrypsin synapisc Clotamate receptor
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5 a7 &1y Apolipoprotein A-1V i i Transporter
N - Pyrimidine
[ POZTTS did Flatelet bagic prot=m bl Phosphorylas
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E POINES WE Alpha-2 Developmental 5:!111::'_ Lhreanine
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11 MIZETL 352 Pﬂ:'rmng:n :1p!1.l.rJl=:|:| and dife Si2 al mEE
Herve-nerve
Iz POl 46 Complement C3 synaptic Glutamate recepior
T
Heparan sulfate . Cell adghesion
13 et E ] 51 Extracellular matriz medi &
(e 1]
14 PSIE84 334 Lumican Receptor adhesion- medmied
signaling
. s Lipid and fatty acid Component of
15 PO4TIA e Aplipaprotein B-100 . St
Twiin {EC 2.7-11.1] : Actin hinding
16 EWTAT o5 {Coms - Muzcls comlradion l:rhﬂrl:l:] pratein
17 POBSID i Apalipaproteinia) ﬂgf‘; eyt Peptide hormene
Oher
I8 P4R6ST 477 Alamin Transport transferfcarrier
protEn
19 POG366 ) Gelsslin el srustusre rapisnaketin
binding progein
! Amino acid 5
Fiil rOzT4S 57 Beta-2-glyooprodein 1 besliaen Transmminas
21 QoNYCe A8 Dymzin heavy chain @ Foece generating ATPase activity
2 PAZIIG t Peromiredoxin-1 Fedox r=gulation Eliminating

133% proteins identified in the DS sample correspond to
profeins fomnd in the Alzheimer disease-amyloid secretase
and Alzheimer disease-presenilin pathways illustrated in
Figure 5.This indicates that these pathways should be morne
closely studied in conjunction with DS. More than the 409

of the protein we identified in DS samples correspond o
proteins in the Integrin sigmalling pathway. This might be
due te the fact that cell adbesion molecules and extra celfular
muatrix protein represent 13% and 18% of the total proteins
identified, respectivdy as illustrated in Figare 4.
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barmeone receptor sigmalling (5.7%

Alrheimer disrase-
amyiloid secretase [13.3%)

Alxhemer disease-
preseniin {13.3%)

Biood coagmiation {21}

Tertegrim sgnalling {#5.7%)

Fraums 5 PANTHER amalysis for pathway. In total, 28 proteins were
identified as elevated and 22 probeins were under expressed. Shown
abowe is the different signaling pathways hits by these protein.

4. Discusslon

Cmantitation of serum or plasma proteins via iTRAC analysis
has recently been sngpested to be suitable for the detection
of biomarkers, as the method i highly reprodudble, with
litile run-to-ran variation. This aspect, which is optimal
to embark on such a “fAshing-expedition”, & actually quite
surprising, granted the large number of individual steps in
the work-flow. This conclusion was, howewer, derived at
afler a lengthy comparison involving three pools of case and
control samples, as well as 3 oumber of individual samples,
wivere 2 coefficient of variation of 1 1.7% was noted [21].

In a prliminary proof-of-princple experiment, we have
now assessed whether this method could be suitable for the
detection of biomarkers useful for DS screening. From our
small-scale prefiminary evahuation we identified over 200
prodeins whose concentration was allered in the plasma of
pregnandies with a DS fetns when compared to those with
enplhoid fetuses.

It is of interest that FhOCG is detected in the pool of
proteins found to be elevated. This glycoprotein, which is
produced early in pregmancy by the developing embryo
and subsequently by the syncytictrophoblast, forms the
backbone of 15t and 2nd trimester screening strategies. In the
15t trimester, pregnancies at-risk of carrying a fetus affected
by D5 are identified on the basis of an akmost 2 fold MoM
{Multipies of the Madian) devation in FhCG. The presence
of this imporiant screening marker in our pool of elevated
plasma proteins suppests that the strategy we have chosen for
the identification of new binmarkers is functional and worthy
of further purswit.

In this context it is worth noting that this marker was
not detected in two previons studies [9, 11] using protecmic
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technologies for the identification of protein markers for
D% in maternal plasma or serum. This could be due to
limitations in detection semsitivity of the 2} gel approach
these sdies had nsed

That our assay is indeed detecting proteins of placendal
origin is illustrated by presence of pregnancy one protein
which & a glycoprotein and a proteinase inhibitor which
derive its importance in pregnancy by playing potential role
in preventing the attack from maternal immune system on
the developing fetus which can be seen as foreign allograft
|22].This protein was amongst our list of wp-regubated
proteins, which is similar to alpha 2-macroglobualin, is qoan-
titatively the most imporiant pregrancy-associated plasma
protein.

Amongst the pool of up-regalated proteins were serom
amyloid P-componemt and amyloid beta Ad, which is
encoaraging as members of this family have found to be
elevaied in previous studies on pregnancies with DS fitnses,
which may be a reflection of an altersd gene expression
pattern associated with D5-refated dememtia. 1t is aiso
important to note that the amyloid precursor protein {APP)
gene is located in X5 region of chromosome 21, Teller
and colleagues have shown that a relatively minor from of
amyloid beta profein was present in the brain of 1S affected
pregnancy as exrly as in bte 2nd trimester [23]

Hevations in 2 number of inflammatory meolecubes,
mast of which are probably of maternal origin, may be a
reflection of the devated release of placental debris which
has been sepzested 1o ocoor in pregnandcies with DS fietuses.
Phosphatidylinositol-ghycan s expressed in the placental
tissme [24], also involved in many cellnfar process and plays
imporiant rofe in several signal transdoction pathways.

Of the down-regulated proteins like actin, pelsolin,
heparan salfate proteoglycan [25], and Abrinogen alpha
chain, it is noteworthy that all these prolein are imvolved in
cell adhesion, extracelinlar matriz, cell structure or mmscle
coniraction, since 5 fehses are known Lo exhibit connective
tissme abnormalities [26], the most pronounced of which is
the increased neck fold (nuchal transhecemcy). Since adnlt
D% patients are prone to skebetal mmscle deficiency, our
finding concerming reduced titin plasma levels is intrigning.
a5 this very large protein plays an important mle in muoscle
coniraction. In one of recent study D and colleagoe [27]
have shown trophoblast expression of titin in first trimester
placentze.

Omly a limited namber of studies have atternpted to ase
protecmic approaches for the discovery of new biomarkers
for pregrancies at-risk of carrying 2 fetus with DS, two of
these nsed 3-DE approaches |8, 11], while a further wsed
a SELTM method [10]. Stody of the former studies thal
by Magafla and colleagmes is the largest, having examined
serum sumples from 56 pregnant women. This study wsed
samples collected in both the Ist and Ind trimester of
pregnancy, which were recruited as part of the NTH fanded
FASTER study, amd bargely made use of the Awnorescent
ID-DIGE process. In their stady, 18 proteins were found
to be devaled in 18t irimester samples, which incloded
members of the apoliprolein family, chasterin and proleins
involved in skeletal development (tetranecting. The study by
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Koliabexi and colleagoes [11] nsed traditional 2DE stained
with Coomassie blue on 20 maternal plisma smples (8
cases, 12 comtrols, 16-18 weeks of pregnancy), by which
means § candidate proteins were detected. Elevations were
noted for apoliprotein E and serum amyboid P-component.
In contrast to the study by Magafla et al. [9] a down regalation
fior chosterin was noted.

In the stady by Busch and colleagnes | 10] using 2 SELDI
approach, traces were noted which differed between DS cases
and comtrols. However, no attempt was made to discern
what proteins were responsible for these altered patterns, nor
was any detailed description provided of how they could be
reproduced.

Oiher than common elevation in seram amyloid and
complement component families, fitle commonality exists
between our study and these studies. This may be due to
a mamber of factors inchading, Emited study size, time of
sampling collection, sample processing and storage, as welf as
use of very different technical approaches. In our follow-up
stndies we would like to vafidate these putative biomarkers
using immunoblot and Enryme finked immunosorbent assay
{ELISA). More recently Sefected Reaction Monitoring (SEM)
|28] has evobved as a method of choice for validation of
biomarkers nsing mass spectroscopy.

The increasing popularity of the iTRALQ approach due
to its reproducibility and robustness, including stodies
for cancer or inflammatory autoimmune disorder specific
biomarkers suggests that it will become the method of
choice for future studies, ontil it is surpassed by a new
technical development. As pregnancy represents a unigue
constellation, whereby a foreign being is supported and
nourished by the host, it may serve as an ideal model for
prodecmic analyses, 35 any unigue markers should ideally
disappear post delivery. Furthermore, as very few speafic
biomarkers exist o assist with the sceeming of 2 number
of pregnancy-related disorders, especially preeclampsia or
preterm Baboar, it is likely that this will become the focos of
considerable research attention in the near ftmre,

5. Conclusion

In this report we concude that isobaric tabelling technigue
is 2 suitable approach for the gquantitative detection of new
screening biomarkers in the plasma of pregnancies with
a2 DS felos compared 1o those with euploid fetuses. In
this preliminary proof-of-principle stody, we were able to
detect quantitatively under- or over-sxpressed proteins. In
the future additional stndies, nsing larger sample sizes will
be required to identify a panel of biomarkers which can be
used in screening for DS pregnancies.
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Proteomic technologies for
prenatal diagnostics: advances
and challenges ahead

Expert ev. Profeomics 6(1), B7-101 {2003)

Froteomics-based identification of biomarkers for fetal @hnormalities in matemal plasma,

amnictic flusd and reproductive fluids has made significant progress in the past 5 years. This is
attributed mainly to advances in variows technology platiofmsassocisted with mass spectromietry-
based techniques. As thesa technigues are highly sefsitive and require only small quantities of
body fluids, it is hoped that they will pave the way forthe devetopment of effective nonimasie
approaches, without subjecting the deuﬂbpuﬂfahs'hﬂﬁsmdagreeufhmnacmm
imvasive procedures {e.g., amniocentesis), It s possible that these developments will mdude
same-day analyses, thereby permrrtmgmpldmmmwhm necessary. To date, a host of
body fluids, such as matemal semim and plasma, ammiotic fluid, cervical fluid, vaginal flusd,

wrine, safiva or fetal material; such = placenial trophoblast, fetal membranes or cord blood,
hawve been used successfully in-the quest o develop markers for a number of pregnancy-relzted
pathologies. in the cument review update we focus on the emergence of proteomics 2= a major
platform technology in studying vanious types of fetal conditions and developing markers for
pregnancy-refated disorders, such fetal aneuplaidy, preterm birth, preeclampsia, intra-amniotic
infection and fetal stress Should the development of these markers be successful, then it is to
be envisaged that proteomic approaches will become standard of cre for a number of disease
conditions ass:ﬁatedﬁlh foto—maternal health.

Krraromos: amniotc {lod » biomarier » dvomosomal aneupinidies fetal abnormaities « mas spactomiatry
= ronirvessa preratal dagnoss « pronatsl dagnoss « protoomecs

the developing world is narrowing fas. More
Ihn_h:ﬁiﬂxm“':gupﬂaﬂjnnﬁmindnﬂ-
oping countries, and the majarity of births ako
take place there. However, with rapid develop-
ment comes 2 changing set of demographics:
working moehers, smaller fmmilies and larer
pregrancies Sa, now mose than ever, prenatal
dizpaosis ks becoming an imporane issue for
Rmilies arownd the world.

At the same time, the -omics” era is offer-
ing new technalogical options for biomarker
discovery and clinical diazgnostics. Whether
these technologies allow che identification of
single/pane] of diagnostic markers thar coubd
be used on their own, or be pare of an overll
strategy to enhance accnracy and reduce falee
postives remaing oo be seen (1. For examgple,
in the aneenaral decection of Down's synd rome
(D35}, it is likely that an -omics strategy coubd
belp to enhance screening detection beyond
95% and, more importantly, 1o reduce the

falz=-positive race w0 below 1%, We beliewe thar
this will penerally be the case, excepe fora few
single pene disorders.

The Human Genome Project was completed
in 2003, and the impzct of penomic medicine
on prenatzl disprostics i only now becoming
evident. Technologies sach as army-compara-
tive genomic hyhridization are being explored
as albternacives o conventional karyotyping (5,
and cell-free mudleic acids circulating in marernal
plezma are being explodted to dizpnose several
fetal penetic canditions nontovasively 1) In this
cantext it has been interesting wo see the merp-
ing of new md:nnlngnﬂ and prnomic strategies
to ndidress an important feezl peneric condision,
35 ferisonmy 21}, in chat the analysds of cell-free
feal nucksic acids by digiml PCR [3-4) or high-
throughput shotgun sequencing (5] may permit
the noninvasive detection of this feal disorder.

Ewen a5 the penome continues to unfold, the
protecime s beginning to take cencer stape.
Abier all, the protein is the execution arm of the
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cellular machinery. The situation has, however, become more
compler a3 recent dara heve nuppested that ane pene can produce
more than ane protein product, and that single proceins can have
m;nyd.ﬁmmﬁlm:ﬂmlﬂ_w:mrbzpnmtmdprmk
strategies not as mutualby exchesive, but rather compl

dynamic range of proweine or peprides in plasma, which neces-
sitazes the effecrive removal of abundant plasma proteins m allow
amalysis of the lower concentration analytes. In zddition a oumber
of sther factors moke chis research very challenping, beginning
with standardization of mmple collection and consistent sample

straregies for the optimal ﬂmmurhzfnalm:hd}rﬂlammbu
of fetal medical and penetic conditions have already been studied
winy different provesmic pladforms 77, we anticipare thae many
maore will emerge shortly as the different technologies are used
focus on prenatal disgnosis, by both conventional invasive and
novel nomimvasive approaches.

In this review article, we explore novel protesenic sirategies
that have been used to study the feral condicion and focus on
protsomic strategies thar have been used succeschully o date.

inical proteomics & fetal diagnosis

The term proteamics, cotned by Mare Wilkins m 1994, indicates
u larpe-scale characterization of the entive protein complement
of body Huids, a cell type, tissue or of an entire coganism |8).
The primary aim of clirical prowomics is wo idemstihy biomark-
exs for diagnnsis and therapeutic intervention for various dissase
conditions by comparing the proteamic profiles or individual
entiries {proteins or peptides) of control and disease conditions,
have been saccesdhul in the sssemment of clinical mmples in friwo—
maternal medicine p-io. Althongh 200 pel dectrophoresis {ZDE):
remains an impormaat ool for protein identibation, it = now
being coupled with mass spectromerry (M5) analysis 25 2 means
o characrerize complex milieus under study [11-12. y

It is mostly accepted thar the *haly prail” fn:prm.:ul ih_gnnﬂ
uﬂndem:um-ufm:lu!mmm:lbhndlharﬂﬁhl}rpuﬂn
the securrence of a fetal abnormaling. T.l'l.l.:-ﬂtm,d"mnnu
prenatal disgnods offers the npp-nrt:mirm -nai’ﬂ-zt:iy elimi-
mn&mmmﬂumﬂlﬂh
riamic villus sampling (13- In ﬁumﬂdﬁfm&ﬂ:vz approaches
mﬂzm::fﬂ:]gp.elzm&xumﬂ:mm;lurmlmnm}'
mmhiqw&ﬁmmwﬁr
Imm.mdtpmxwr@xgm:m
m;rheulnuzb:theumnhnfpmpun:iﬂunﬁi&d’bﬂing
an ancuplodd feaws j11.14).

Advances in technology have led to 2 rapid increass in applics-
tians 1o a wide ranpe of samples; from initial experiments using
cell lines to mare comgplex tissoes and biological Huids now being
assessed to extablish changes in protein expresion. A bos of body
Huids and tisases, such a5 maternal serom (10,15 and plasma i),
amniotic fluid |17, cervical-vaginal Auid fis-21), orine (223,
saliva [24), erophoblaste ps-a6), placema 27, feral membranes 28],
cord blood (i and fllicular Buid [ss-2) has been examined o
difficulties owing o the complevity and dynamic mnpe in plasma
and the diffirulty of sbeaining cratical tisme biopses. A number of
these proteamic analyses have fostered the hope that this approach
may lead to the identification of nowvel biomadeers for the detecrion
of fetal anenploidy. However, 2 major obsacle remains the large

preparation, and contiming through the entise analyrical process.
Therefore, reproducble sample complexicp-reduction methods,
such as depletion or fractionation, are an essential firer step in
bicmarker discovery experimernts.
Conventional biochemical markers
Chromosamal aneupioidy & protein markers
Conventionzl prenstal ﬂ.l:.gnnsﬂ;tn:ﬂ'ln-chﬁm the dizgmosis of
fm]mm.qiuﬂyrﬂfmnhmﬂnghﬂmurulhylmnﬂ!pmﬂ—
dmﬂxhumnﬂntmsmdi‘mﬁ.ﬂﬂnsnmphng,mmm
:ae:.ﬁulbhndnmpﬁng_.it_hgml.nﬂnﬂdwﬁh:l*ﬂd:
of feml boxs. Tuminimiuﬂi:uﬂ:l&lnth:miﬂ!ﬁmp!u:z&m:.
pregnant wosmen are ugkq:rﬂﬁ*fhymug using a combing-
vion of uler “and serum biochernical madeers 7356,
However, these screening methods peserally mreper epiphenomena,
nndiunndﬂ] r.m."tl!lt‘r which iz asspciated with chroma-
lmlmhﬂupnlhllprmm this practice permits deeec-
mnmﬁmsﬂ'ﬁﬂ%ﬁrm Edward syndrome {erisoarmy 18)
n.rldhqndmm:{m.l:my 13) 1351 Some of the conventional
erytsed for s g fetal loid conditions are described
htﬂylnll'hnﬂ:uquem sectionz.

‘Human s-fetoprotein

Human @-fetoprosein (AFT) is 2 tumor-associated Eeeal ghyco-
prosein involved with both onmopenic and encogenic prowth 37
This proein was frst described in 1972 where elevated AFP
levels in amniotic Auid were found 1o be associated with new-
ral tube defects j3g). Presently, a vass biomedical literature has
amassed concerning the wee of human AFF during pregnancy as
a biomarker in hurmnan maternal serum and amniocic Buid. Swch
studies have addressed the measurement of serum levels of AFP
outzide the normal levels in the sera of pregnant women; such
vahees are indicarive of intrauserine growth reeardation of the
developing Fetus (4.

Inhibins as diagrostic markers in human reproduction
Inhibin A, the newest addition to second trimester serum screen-
ing; is an Q-fmbunit hormone of placentzl origin, and is mes-
sured using 3 monoconal ewo-site ELISA validased for use in
prenatzl screening. Inhihin A is 2 marker of dominant follice
amd corpus uteum accivity, and is decressed in polycystic m:.ry
synelrome Hao|. Inhibin A was alo found o incoease in

disezeres, such zx preeclampsiz and feszl D05, and was found
decrease in warnen with dedining ovarian function and correlates
with female response o evaluson indocrion.

Triple test & quadruple test

A number of serom markers during, the second trimestes have
been found to be associzeed with DS, The principal markers are
AFT, hOG or its individual subanits {free - and free B-hCGE),

Exprrs Rrp. Preveweno S(1), {30
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uncorjugated estriod (uE) 3 and inbibin A The screening modal-
ity will be dependent on the choice of markers, as well ax whether
ar ot ubtrasound is used to estimate pestarional age. Along with
ultrzsound scan, che enimated pestational age detection mie for
a 5% Rlse-positive rate is estimated to be 5% using the double
test (AFP and hCG), 69% using the eriple tes (AFP, hOG and
uE}) and 76% using the quadruple s (AFP, RCG, aE3 and
inhibin AJ; all in combination with mavernal age {i). The mul-
tipbe marker combination with the highest positive predicrive
valoe (PPV) currenthy available for DS is AFP, uE3, hCG and
inhibin A, together with maternal ape (quadruple marker cest).
With this combination, o devection rate of B0% wizh 2 5% fale-
pasitive rate is reported [42). Other well-sudied trisomy condi-
tions include Edward syndrome and Pasau spndrome. ADAMIT
{a dizinzegrin and metzlloprotease 12} may be @ useful addition
to ezcly screening for Edward syndrome alongside ocher cho-
masomal anomalies, particulady if biochemical screening can
oceur before 10 weeks (49 ADAM12 maternal serum concentra-
tion in the early first trimester demonstraces reduced levels, while
it ix elevared during the secomd trimester approvicnately 16-18
weeles 441 Placental protein (PAPP)-A levels were found o be
reduced in Parau syndrome prepnancies in the second trimeser,
this bmlated lower madeer value s unlikely to be of vahoe in screen-—
ing for Paran syndmme in the second trimester (85, The etology
of reduced levels of PAPP-A in cases of Patan syndimome may be
sirnilar 1o that in cases of Edward syndrome, but differenc foom
that in cases of DS since the temporal patterns in P:'m.l.n?hﬁum:
and Edward syndrome are differens from ththS_r_w
free f-OG have been :nmhirledwishﬂ:zrmdnitﬁﬁiﬂu&nqrﬁ;
the combined firse trimester screen.

proteomics platforms p

The subsequent sections describe ecem. research developments
associzted with chmm'n:inb:né:ﬂim.l [t various dissase condi-
tions associated with B‘.l!blglnpmﬂ.l..'inmenﬁhﬁm:cum—
mon ﬂammnﬂmammwlrhﬂudnﬂnpng s, as
nﬂ]uﬂmnurdmpﬁﬂmm'rhrhz maternal system, and che
prosenmics strategics weed t&;ﬁuu.l.ﬁr biomarkers ane described
inTams o

Amniotic fluid

Amnsotic Buid is an aquesus layer of Anid surrounding the feius
and is 2 spnificane contriburor o fetal heakth. It constinees o
potensial rich source of hiomarkers for disgnasis of maternal and
feeal disorders. Amniotic fiuid procects ehe feeus from injury, belps
in ies mobilicy and siehilizes temperature. It s contimeally exposed
tor feral wame products, skin and che cells ta). Feesl produces, such
as feeal cells, lamupn, urine and phospholipids originating from the
hungx, are deposited conssantly in the amniotic Buid. The com-
pasition of the Buid changes over the course of gessation. Since
amnmnintic fuid i constansly exposed to fetal marerials, any chanpe
in the volume and compeasition of the amniotic fuid might bean
indicarion of the metzbeli or developmental searus of the feous
at that particolar point of time in its gesiation f4a;. Therefore,

abnomnalities in fetal development are reflected in the amniotic
Buid in the form of nudeic acids (DMNA and mRNA), metabo-
lites, peptides, proteins, encymes, lipids, cells and =o forth j.

Abnormal constituents in the amniotic fuid are amplifed dus
to the difference in the gene expression dy-%), or conld be asso-
ciated with feral infection which weuzlly results in the precerm
defivery [51). Few systemaric studies have been carried ouwt an
the chanper in amniotic fluid composition sarting from eacy
gestarion to term pregrancy, posshly for ethical reasons.

Monitoring gestational-dependent changes in the
developing fetus

The buman placenta prnchnﬂ a wide range of peptides and
proteins throughooe pregnancy. These placental proeins and
Pel:tiﬂ-e: are associated with common pestational diseases, such
as intrasterine g;mwrh.ntﬂﬂ.nﬂm. preterm. labor, preechimpsia,
chromosomal disorders, Eeﬂtlnn.ni diaketes and trophoblastic
disease (521. In lnppd.ﬂ.lﬂ:ﬁ hmman amniotic finid has been
subjected o compeehensive proteomic analysis to study ges-
lmunﬂl.gge-ﬁgennh: changes (5%, The stody need a host of
molecular bul:hh.lpu, incloding pel-based 2D-liquid chroma-
W{LC} -MSIMS and ID-DIGE on amniotic foid, serum
lnd-ﬂr";ﬂﬂ-‘-’h.g".ﬂ.ljﬁ.lld o study pestational-dependent changes.
ke reults based on 2D-DIGE technique showed thar amony
marimal differences in the relstive sbundance of amniotic fuid
proteins accur berween the first and second trimesters. The study
proposed that 2 sysernatic anzlysis of proteine presene both in
ammintic Buid and matermal serum coukd lead o the development
of new nonimvasive dizprostic proceduses o monioer fetal stacus.
The placenta has been described as @ "diary of intratesine life” and
bas the poteneial 1o reflect many facets of this thess processes. A
systematic approach to this with dinical correlations, was recently
reparted by Redline (94, The report has outlined a conceproal
framewark separating placensal patterns of injury and maladap-
tation ints three cavepories of lesons affecring the marernal and
fetal vasculzrure (maldevelopment, ohsmuction and dismption)
and two catepories of inflammarory lesions {infectious and idio-
pathic). Maternal lipids were also found to be srong determinants
of feal environmene and growth in pregnancees with pesatdonal
diabetes mellivws (55 In well-contralled gestational diabetes mel-
litus pregnancies, maternal lipids were found to be sronp pre-
dictors for fetal lipids and fetal prowth. Infamts with abacemal
prowth seem o be expased o 2 distines intrawterine environ ment
compared with those with appropriate growth.

Markers for preedlampsia

Preeclampsia is a major cause of fetal and marernal mosbidioy and
mortality f56)- It is an enigmatic disorder of unknown etinlogy,
characterized by o madden ical elevation in maternal blood
pressure, which ifuncarrected, can lead o fits {sclamipsia) and death
54 Althouph mest cases of preeclampsia seonr close o termy, the
most severe forms occur in the late second feady third 1 and
are associated with severe feal prowth cesardasion. As preeclamp-
sia can only be resalved by delivery of the fetus and placents, this
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resulis in the delivery of 2 very prematore sick baby. Presclampsia
alzo increases the sk of cardiovas—ular disszse for the affected
fetus in the funere. Studies have shown that the aszocistion
berween shnormal urerine artery Doppler fow welocimetry, rigk
of preeclampeia, and indices of arterial srocmre and funcrion.
Wamen with sheormal userine artery Doppler resubis may not
aaly be st increased risk of developing subsequent preeclampsia
baar alsn of frrure cardiovascular disezee [,

A mumber af recent studies have identified that ciroulatory levels
of anpiopenic factors, such us VEGFE, plnspharidylinosil phyean
anchor biosynthesis, class F {GF) and the sobuble focm of their
mﬂmmﬂ'ﬂ,uwﬂlupl&nhﬂydﬁmﬂ eotuble endo-
glin (sENG), are al i in those ies that subsequently
develop preeclampsia fil- i.!j.'l'luﬁ.uﬂlngl have suppesed r.h:l:
these malecules may serve as screening rmarkers o detect at-risc
prepnancies. Since che aleerations in these zngiogenic fcroes only
accur relatively lase in pregnancy, the seacch is continuing for
markers whose behaviar is altered earlier during pesation insuch
affeceed pregnancies. The reason being chat eady detection may
aid in the development of effective therapeutic or preveniative
straregies. Onee such facor is placental protein 13 {pp-13}, where
alterations oocur in the At trimester in chose preproncies chat
submquently develop preeclampsia jei)- Similar observations-were
made concerning the disintiprin/metalloproeinase ADAM-12
ig4]. The masz recent of these is by Buhimachi er al, who exam-

with a control group with healthy pregnancy catcomes (5. Tltr
oheerved 2 unique protecmic profile in r]z:m.dymhon.qflﬂ
wormen. This abnormal profile became resdily apparent | 10 weeks
prior i ansee of sympeame. M5/MS and oo Mmzqugnc'kgdm—
tified nonmndom cleavage produces of albumin and SERPINAL.
m:wm&umrpmmngmhyunngqﬂn: offers a non-
Immwmhmtmﬁ.m‘ﬂ:d{ﬁ}rbﬂmg
md;mamtwuhrhz&:mju:hq&ﬁhhmﬂgnumnf
prosein binmmrdeers. For this reason, Parkand examined
amniotic fuid samples by SELDEFOF (6 In their study they
emmmined amniotic ﬂmd-n; froen cases with preeclampia,
thom with chronic .l.ndnmn:lhuhl'gm.tmk.'[n
their proteomic profiling q:ﬂm:ﬂ: they identified two peaks
that could be resolved by HPLC, SDS-polyacrylamide el elec-
trophoresis (PAGE) and eryptic digestion to be proapoliprotein
A-] and the peptide 5BB412, These rwo markers conld be used
1o distinguish preeclampsa from chronic hypertension, ar bath
preeclarmpsia and chronic hypertension fromm healthy controls. As
placentzl hypoxia has been suppested to play a role in the eticlopy
of preeclampaia, Ishioka o ol examined the influence arrobic/
hypaxic condirions on the human chartocarcinorma cell line JAR
25). Their experiments showed thar thae 2 number of apoptosis-
specific proteins (Belx, caspase-3 and -9, heat-shodk protein
[Hsp]70, FTEN, and Bag-1} are altered. Protecmic pateerns
approach werne empboped as a novel sreening tood for preeclamp-
gin 7). Amniotic Auid mipht again prove to be an ideal source
for detecting markers for diagnosing preeclampsiz at an eady
stape. A recent report identified oxidized transthyrerin (TTHY)
in amniotic finid 35 an early marker of preeclampsia jan. TTHY

is responable for transporting both the thyroid hormone tyroxine
and retinol-binding protein, and is present in the amnioeic Buid of
bath preeclamptic and control women as 2 mixsure of dimesc and
post-translationally modified monomeric forms. Althouph the
nature of these forms is simikar in both groups, the preeclampae
women showed 2 significant increzse in the amount of monomeric
proseins with respect o the conerod groop. The report conchuded
that TTHY monomeric forms are the resules of differen: oxidiz-
ing reactions, and higher oxidative stress in preeclampsia is the
majr destabilizing factor of the TTHY funscrional dirmersc form
in preeclamptic womes.

Intra-amniotic inflammation |
Inrraurering infecrion resuls in imumnu: inflarmrnation and
hasemesped 25 3 common and tmpo cawse of preterm delivery

M:ﬁ:ﬂgmlfﬂhﬂwmﬁﬂuﬂuﬁ]lm
hrﬂlmrlnmmhﬂ!w“mtnﬁhlmufﬂuzmnm
mﬂqlh{mﬂn&aﬂr@l&mﬁﬁlﬁcﬂmwﬂhlﬁeﬂﬂdﬂpﬂn
nflhgfﬁ:lmﬂamlrﬂ?umlpﬂ.mmnrﬂﬁmcﬁxdz
mq:cud'mgm.qr. , shore-termn neonaeal complicasions and
fong-term Iu.ﬁ:lps.ﬂnoml:u:.l palsy and chronic hung dis-
ﬂs:,hnmiqmnl}m: of cervical and amniocic Auid in women
~wiiily intrammnion infammation reslied in the identification
nrwpmr_l.m that were sanificantly overexpressed in amniotic
finid From intra-amniotic inflammation caves and pocurred more
often in women with preverm lzbor than chooe with mpeure of
membranes o). Five of these were identified as burnan newtrophil
:Fncu:u'l 3, calpranulin A and B. Specific sreempes were also
mndzm:ruﬂydmn;d:.ahutdugu d:m'.lnn.m.run.nk:l:un.ng
proveseric platforms (71). Four amniceic fuid biamarkers
are characteristic of inflammation {defensins 2 and 1, clgrnulina
C and A). A proteomic hnperprint (Mass Restricred [MR] score)
-was generated from amniotic Buid using SELDI-TOF-MS. AMR
seone was creared wsing four bioenarkees e study the severity of
intra-amniogic inflammarion. OF the four biomadeers, calgranodin
C showed the strompess relztionship with preserce nfl't:ge m
charioamnionits, independent of race, ammrios tcridi

munﬂl:ndgﬂmtma]ng_mmwmd:m:lmnu&m
detect disrases sinch as ool candidal choricamnionitis [72).

Spontaneous preterm birth and’ premature rupture of
the membranas

The evaluation af ins 3x pe ial cervical-vaginal finid bio-
m::imﬁ:rmnm dugmufmmmrrdmddmﬂm
such as spontaneous preterm birth (SFTB) and premasane mpture of
the membmnes (FROM), has been reported recenthy: A recene study
investigating SPTB identified 205 proteins in cervical-vaginal fuid,
1B o which exhibited sipnificans differences in pairwise and progres-
sve comparizons [74]. PROM isanocher complication that can rende
in feral morbidicy (2274 2DE wus used to penecie protein profiles
nfpﬂ:mmmﬂmgmutn:ﬂuldprmmﬁw?ﬂ!jh‘! Using a

etal. mucied both maremal] plasma and ammictic fuid smples from

the mme passens ar term of pregnancy znd it was used to And specific
ammniotic Anid proseing as markess of PROM p4).
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Profecmic technologies for prenatal diagnosiics: advances & challenges ahead -

Detection of chromosomal abnormalities

Since chromosomal aneuploidy 15 one of the most common con-
ditions amociated with the developing fevas, it is not surprisng
thst it is the mbjeer of eeveral reports uxing advanced penomics
and protecmics techniques. In this context, carrent developments
karpely focus an applying various platform technologies m iden-
tify pertinent binmarkers in body fuids. This inchesdes amniotic
fiuid, which constitures a potentally rich source of biomarkers fur
the diagnosis of maternal and fetal disorders during pregnancy.
A comprebensive ‘procenmic proble’ of amniotic Auid has hupe
potential for detecting several fetal dissase specific markers, with
the potential for carrying cut prenatl diagnosss 75, The awailabil-
ity of a normal amniotic Auid arpernstant (AFS) proceome map
ir 2 vahusble ool for the studying sbermnt prosein expression in
affected pregnancies and serves 2s an impartant ol in the search
for new markers. Towards this poal, 2 recent repore by Teangaris
eral, in 2005, reparted a comprehensive study of amnsotic fuid
cells 7). Anabysis of the amniotic fuid cell extrace resuleed in the
identificarion of 432 different pene products, of which the major-
ity are enrymes, sructural proteins, HSPs and proweins related to
dgnal transduction. As proteins from a number of different cell

rypes were found, this sugpests thar the ammiocic Buid cell popu-
ktion may eicher be heterogensous, orginating from different
feral comparomenes, or sl comaine multipotent cells. The pres--

ence of these proteins could serve as markers for feal disgnoss
bur may alen assist with the idenzification of cells with semicell
characteristics. In a subsequens study, this growp rzpm'ui-u the
normal human ammnictic Buid proseome [77). Tlrllﬁnlﬁunczd'
this study Lies in the fact that amniotic fuid smples ane used
mﬂyhmﬂﬂmﬂf:m&wﬂmm
nn..ﬁnmprmmmcmunlrmsmlﬂm?:mﬂr’m}ﬁamunf
fluid, thl:muﬂhepn&mdm:m]undﬁmwﬁdzrmﬂyzl
Qmu.glur]z.lpmiwﬁwhmhihhpmtm:l?ﬂ:mh
pecformed, it is possble thar they mays ‘tirme-consuming,
comventional karprocyping. Bvidence for mach a development was
m&d@%ﬂdm:wmfﬂﬁaz
rq:dahmmﬁcﬂ:qdun:um-:iﬁnhnmphidhm| In their
examinarion they l-;! pmgnrr_pmﬁ.]n: generated by MALDI-
TOF-MS afer ml!i%-hplﬂ'tdl functionalized mag-
mu:bmdjnnﬁﬂ-ku,ﬂ'vpnll}rnmm];ndlﬂ anenploid AFS

samiples. The m-ﬂq:-[ﬁnmnmlu analysis of AFS with the CI1E
maodel, followed by the weak carion-sxchanpe model, was able w

detect anenploid AFS az 3.3% disease e with T00%
senaizivity, 72-P6% specificicy, 11-50% PPV, and 100/ negacive
Fﬂ‘].wumev:ln; In another study Tsangaris e af. reported some
prosesns, such as splicing farmor arpinine/serine-rich 4 (SFR54;
CHIE1T0), were present only in AFS From DS fetuses and com-
pletely abeent in the control proap (7). Quantisstive differences
were also detected for @-l-microgiobulin (AMBP; PO2760),
1 (1) chain {COLAL; POZ452) collagen-al (1) chain
{COFAL; POZ46L), collagen-wl (W} chain d {COSAT; P20MHIE),
and bazermen: membrane-specific heparin sulfate proteoglyean
care protein (FGEM; PA3160). These proteins were increased in
cases of D5, whereas the protein [BP-1 {PO8833) was decreased
by 40% compared with chromosomally normal fetuses. Four

proveins, COLAL CO3AL, DOSAL and PGBM, appesred as frag-

ments. As differencially expressed proteins wese present in all
regnancies with DS tested, they may represent useful potential

markers for prenatal diagnosis from amnasotic Auid ssmples.

Another aneuploid condizion mubjected to proteomic anakysis
ix Turner syndrome, which occurs in one in 2500 female births,
and s caused by the compleze or partial abeence of one X chmma-
sorme. In an anabysis of ammniotic fuid from fve second-trimeser
pregrancieswith Tarner syndroane fetuses and five conzrol fetnses
h:,r?DE,MALDl-TﬂF—MS and western blotring, increases in the
levels of seroeransfering humican, plasma retinol-binding protein
and apolipoprotein (APCY) A-1 were devected in cases in Tormer
syndrome, while the k'l'\ﬂll#lﬂ-.ﬂimF'lJ prothrombin and APCH
A-TV were decreased [y,

It is not rﬂdmrn‘i‘lzﬂ!ru.ﬁﬂ:inﬁ: finid proteins cross the pla-
cenml barrier in m'duhuipr the marernal circulation. Showld
this premise be troey it i P_ﬂ:le that the differential pastern
obzerved in &HFEmﬂ?.mzmm:: Buid may assist with the
development of similar screening approaches using maternal
plesrna orserom.

A.ldl.!.lme&!ﬂl'ﬂmlﬂy the real aim is the development of
nhr.lﬂ,_m:lt:g.l.ﬂ for the deteceion of abnormal fetuses, mch
uh,-'ﬂuhnlun-nfl:r\mdnmaﬁﬂlln mazernal plasma oc
sevum. An important pioneering study in this regard was curried
u&.mnt}g by Magalls o1 al who set out to identify potential
serum bismarkers for the detection of D5 (15 The study was car-
ried out on first- and second-trimeser maternal serum samples
from pregnancies with D5 feruses and healthy pestarional age-
matched comtrols. A suiwe of advanced protecmmic approaches,
inchuding 20-DIGE, 2D-LC-chramatofornsing (CF), mulei-
dimensional protein identification technalogy {MudPIT; LC/
LC-M3/MS), and MALDI-TOF-MS peptide prohling were
used for the study. A total of 28 and 26 proteins were differen-

tially present in firse- and second-erimester mmples, respecrively.
The majocity of the identified proteins belonped to ghycoproceine
that might ke associated with cellular differentiation and feeal
prawth. Analysis of MALDI-TOE-MS pepride profiles with
pattern-recognition softwzre led o the dexr discriminarion DS
and controls in both trimesters, with an averape detection rate of
almog P6%. [n another recent report using XDE and MALDI-
TOE-MS3 on muternal plagna from DS fetuses and macched
controls, nine differentially expressed proteins were detected in
the DS cases [loj. OF these, eighe proteins, TTHY, ceruloplas-
min (CERU}, afamin (AFAM]), a-l-micreglobulin (AMBF),
APO-E, s=rum amyloid P-componen: (SAMP), histidine-rich
plycoprotein (HRG) and. @-l-anterypsin (ALAT) were upregu-
lated, while one, clusterin, was downregulated. All nine proceins
are known o be involved in feeal prowth and development.
OF these, APO-E, SAMP, AFAM and clusterin are associated
with the DS phenotype. The proceins APO-E and SAMP were
increzsed by 19 and 48%, respectiveby.

In summary, the above differensially expressed proseins have
the potential to be developed as biomardkess for DS, providing
oppoartunities for the developmen: of new moninvasive sereening
and diagnosic strategies.
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Proteomics techniques used for fetal diagnostics

& screening

Major advances associated with cinical prosecmics in recent years
were bazed on M3 plarform [ig). Protein profiling udng SELDI-
TOF-MS as well as MALDI-TOF-MS techniques, coupled with
mowel alporithms for multiple provein identification and dasgfes-
tion and clinical perameters {e.g., MR score) were demonsrated to
disgnowe disease conditions (Ta 1. Multidimenuonal approaches
using 2VE-based approaches and DIGE eechniques, as well =
shotpun procecmics approaches hos yielded bundreds of cands-
date madkers for fetal dingnostics in the last couple of yeare The
meed for lesser sample quantity as well as the shorter turnaround
time required for most of these techniques, not to mention the
sensstivityand the scouracy, are in favor of these newer technigues
o coane with better binmarkers in the near funare. The following
sectian of chis review article will focus on the major technigues
used in the fidld of fewal dizgrostics/screening. Application of
these h.gh—lhmg!q_:n: urbnddug‘uhumnuihluﬂ to the com-
idensification of relevant protein biomarkers that can porensialky
change eardy diagnosis of abnormal feeal condstions.

Muitidimensional protecmics approaches for fetal
diagnostics & screening
This carrent section of the review focuses on the spectrum of

techrniques thar various groups have used, 23 well as the nasure of

the biomarkers identified in the process for varions fetal condi-
tions. The current focus on protenmic technologies zre onthe
following MS-based techniques such as fusrescence ZD-DIGE.
cleavable isotope-coded affnity eaps (eICAT) and uuﬁm: s
for celative and abschse gquantificarion mﬂm I,'.Hiﬁi:l.
uzing 20 pel- or LC-MATDI TOF/TOF. J’lmpull‘h study
of the three quantitative methads ned freg
ics, 2D-DIGE, ICAT and iTRAG, :ni.lﬂ i
the differentially regulated Pa'u‘tnl.n:_i.u cnnfull and disrased
conditions fe). 20-DIGE and :ﬁﬂﬁﬂ' ane. ?m.l]u: techniques
wied in gel- and LC- bﬂllﬂ?ﬂﬂh{h?ﬂmﬁ respectively.
iTRAC) is 2 mew LC- h::g{ that is gradually gaining
pepularity. The fnlbrmnﬁpcﬂduimbe the different tech-
nigues used for 2 wide spectoum of dissases associared with feeal
developments, pathogenesis and abnormal conditions associated
with the developing fetus.

The basic eechnique to start with is 1D-5D5-PAGE, which
requires the minimum infrosorocore. However, if this wech-
nigue is complernented with prefractionation approaches coupled
with LC-MS, this could increase the number of proteins iden-
tified by several hundred-fold as was shown successfully in 2
recent report on the identificarion of proteins in human cervi-
cal-vaginal Boid [0. Usl.ng o butlnm-u]:! proteammic approach
1oy characterize the protein repercoire of homan cervical-vag-
inal fluid the suthors used mmple prefracrionation methods,
1D-5D5-PACE and srong carion-exchanpe chromawsgraphy,
followed by LC-MS/MS and bioinformatics analysis. A total
of 685 proezing were identifed using this approach. Strong
cation-exchange chromatography and prefractionation resubted

in @ larper number of proteins identified when compared with
1D-5DS-PAGE. It was interesting oo find thar exermcellular or
membrane proteins made up 30% of the proteins identified,
according to genome onwlopy (GO) dassfications and their
preseoce in human cervical-vaginal Buid could probably be
penerated from the cells shed into the cervical-vapinal Buid.
The study confirmed the presence of defense-relased proteins,
such as haproplobin, defensing and lacoferring and idenified
new ones such as arurocidin and dermcidin. In addition, ndng
this technology the proup ideneified serine and cysteine pro-
temees, incloding six members of the kallikzein family (KL= 6,
7,10, 11, 12 and 13). The same approach was alss followed by
Doasari et al in M0V, where 2 mulfidimensional 20-1.C coapled
with M35 and GE-haged Fmﬂ:@unﬂm and identification
was wsed for undermanding ]mn{nhrh.lnutm and pﬂthnloglc
condizinns affecting pregnancy. ing al af 150 wnique pro-
teins were identified u.ﬂngtulu#h protein identification algoe-
rithms. Metabaolism m.:' ‘and immune response-related (22%)
proteing are the :rqbr Binktional catepories represented in the
cervical-vapinal il prnhnmn A comparizon of the cervical—
vaginal ﬂi.u.d,..tnlmlﬂ smnintic Buid proteomes showed that
??pmlikammq_n: mnﬂ'ﬂal—w.gmﬂ fuid, while 56 and 17
:ﬂ!ﬂ'l:d.—'tngu:u] haid proteins alss oocor in serem and amniotic
En.‘tﬂ.ﬁacuvd}r.-ﬁlu duta set provides 3 foundarion for evalus-
mnfhpmmufutnmﬂ cervical-vapinal Buid biomark-
ers for noninvasive diagmais of preprancy-related disarders, 1o
develop new tests for the early, noninvasive positive predicrion of
m Rﬂnﬂythznmegmprq:unrdlmﬂ:utmﬁmmnf
mdll:uqun to address markers assocared with SPTB (74, usng
multidimensional LCFLC-MSIMS, ModPIT and 20D-DIGE to
identify potential biomarkers of preterm kbor (PTL) and SPTH.
Fallowing MudPIT analysis the suthors reporeed 205 proeeins
in cervical-vaginal finid, 28 of which exchibited significant dif-
ferences in pairwise and progressive compa risons. Calpranulins,
annexing, SN calcium-binding protein A7 and epidenmal fatty
acid-binding prowein were abundant in cervical-vaginal fluid
and differentially present in PTL and SPTB mmples, a= were
the serum proteins — @-1-anerypsin — @l-acid plycoprotein,
haptoglobin, serotranderrin and vizamin D-binding protein.
1D-DIGE idernified 17 proteins thae were significantly differen-
tially present in PTL and SPTH. Immunoblotting with specific
antibodies confirmed the differences and trends of selected mardk-
ers. Further characterization and quantification of these markers
in z lirger cobort af subjects may provide the basis for new was
for the early, noniovasive postive prediction of SPTEB.

OF the few reports emerping for wiilizing similar molsdi-
mensional approaches on maternzl plawna and serum, some
have focused on the identification of makers for chromosomal
aneupboidy of the developing fertus. A repars by Mapalla o o,
used multiple, complememary proteamic approaches, including
ID-MGE, 2D-LC-CF, MudPIT; LC/LC-MS/MS and MALDI-
TOE-MS5 peptide profiling (15 In total, 28 and 26 proeins were
differentially present in first- and second-trimester samples,
respectively. OF these, 19 were specific for the Arst trimesser and
16 for the second erimester, and ten were differentially present in
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Figure 1. Quantitative Identiflcation of screening blomarkers for Down syndrome-carrying

pregnancy using plasma with

four-plex sobarlc tag for ralative and absolute-quantitaton {ITRAQ™) method. TAAD reagants 114 and 116 lzbals were wsed

fior the labaling of the pooled and duplicated condrol samples (n= 6}

and 115, 117 labals were used 1o labsl the pooled and duplicted

Cowm syndrome samples (n = 6). in this figure, M5MW3 of precursor lon of pregnancy zone protein was shown, which was found o be
dfferentially expressed compared with normal, with an MRAQ ratio of 115,114 1,58 (A) M5ME spactrum of the precursor ([M+H] +,
m¢éz 15277 Da). [B) Low-mass ragion showing the reporter lons usad for quantitation,

[Haus SErds; UnrreLmnen Dath] .

both trimesters. Anabis of MALDI-TOF-MS pepride profiles
with partern-recognition software also discriminared DS and
contrals in both trimesters, wich an average recognition capabilicy
approaching 96% . Mozt of the biomarkers identifisd are serum
glycoproteins that may play a role in cellular differentiation and
growth of ferus,

The 2D-DIGE technique was also used to srudy ammiotic Buid
samiples £1). This study was carried oor to compare amniotic Auld
in both normal and pathelogical situations. 20-DIGE, Ertan
DIGE aswell as 2DE and silver staining followed by image analy-
siswere used, and differentially expressed proceins were idenrified
using M3. This approach was used to study elecerephoregrams
of mormal amniotk fuid cbtained ar 17 weeks of gestation and
ar term, as well as amniotic Huid from feeuses presenting with

congenital daphragmaric hernia.

Premacure mupture of the membranes was also sudied using 2DE
to penerate protein profles of plasms conraining amniotic Auid
proteing for PROM. More recently, a high-throughput approach
was reporeed by Michel o al for PROM smudy wing marsrnal
plasma and amniotic Auid smmples from the same patient at term
of pregnancy o And specific amniotic fuid proceins as markers of
PROM [rg. Maternal plasma and the corresponding ammniotic Buid
were immunodepleced in order to rermeve the st mcse abundane
proteing before the sysematic anabysis of their procsin composi-
tion. The provein samples were then fractionated by iscelecers
focusing OF-Gd elecrrophoresis ((MGE), digesred and anahyzed
with nanc-LC-MS/MS separarion, revealing a toral of 73 and 89
proteins idenrified in maternal plasma and amaiotic Buid samples,
respectively. The proteing identifed in ammictic Suid hove been
compared with those identified in the maternal plasma, as well as

m.ﬂpﬂ'l-!ﬂi.ﬂl.l:ﬂn
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with the reference hurman Fhmapmwhliﬂmbrm
ot al 1], This comparizon showed thae 26 prosrins were present
exclusively in ammiotic Buid and not in plasma, amoeng which ten
bave already been described ro be placents- or pregnancy-specific.
Asa Farther validation ofthe method, plasma proteins fractionated
by OGE and analyred by nano-LC-MS/MS have been compared
with the Swis 2D-PAGE reference map by rconstructing a map
thar marches 21 pel and OGE experimental dara. This represen-
tatinn demonstirates that 36 out of 49 reference protsins could be
idenrified in both dara sets, and that izoform shifts i pl are well
conserved in the OGE dato sers.

In an attempe o develop & comprehensive datsbase of the
smnion proteame, Cho of @ wed two types of 200 LC/MS!
M5 as well as an LC-5D5-PAGE-LC-MSIMS my. A ool of 16
amniotic fluid momples between gestational apes of 16 and 18
weeks from women carrying chromossmally norenal feruses were
analbyzed by one of the three fractionation methods, followed by a
comemon reverse-phase LC-MES/MS step. Maseot® and The Global
Proteame Machine engines were used to search the Internazional
Protein Imdex human datsbase for pepride sequence identificacson.
enpines through the PepeideProphet® of Scaffold software. All
identified proteins were combined o generate the smniotic Buid
prowwoms, comprising 1026 unique gene marches or 842 non-
redundant proteins. This list includes mos of the curently used

binmarkers for pregnancy-associared pathalogic condivions, such:
as poeterm delivery, intre-amniotic inflammation and cheom-

snmal anomalies af the feros. Thembcdhd::hﬂ]mnnqu
expression, functions and networks of the anrniotic foid pe

were analyzed by various bicinformane wols. Thezd.nnililﬂu?l-
mhzm:hhu:run&mnﬂaugofmumtﬁﬂ{fmnﬁtﬁﬂ
mﬂ!iﬂlwmr_pufmdhlnnu:hnﬁwpfmlhlﬂtgmﬁnf&ul
ahmormalites. Another recent study h'g'Met.lE in 2004, on
lman m.nlnn:nﬂ.mrunmﬂuﬂltmﬂlllzﬂ'[nduﬂmw
Beation of 92 soluble znd 19 n'l:mbﬂneﬁlu.ni-ﬁ'tn armmion R
ﬁp‘mmmhﬂ.ﬂﬂ:ﬁﬂlfmﬂnm&ﬂi Calpranulin A
and B were i:m.nd.m:l:lplu:m:uwm.lh Liragplarma wre-
alyricum, although nntiu.lnrﬂthepd‘kuunﬁlhnminﬁ:um
indicating that H:zramw'miﬂ:nfﬁmﬂmjrﬁc-
von. The identities of calpmmulin A and B were confirrmed by
MALDI-TOF/TOF M5, The more standard method established
workflow of ZDE, MALDI-TOFE-MS, and western bhlot was abso
{ollowed for identification of markers for Turner .nrudmme .

Shotgun proteomics
Ohver the last 10 years, M5 has evolved as o powerful technigue.
Thriz has led to the development of shosgun protearnics, which is
z useful tool as 2 bank-resdy quantification using special reapenes
and technigues. Lately, different techniques have become avail-
ahle for the labeling, which ensbles the quantification of the
protein-like stable isotope labeling of amino acd in cefl cufrunes
(SILAC) s asy, HOAT ond iTRAL) p).

Isoharic tag for relative and absalute-quantitasion is zn isbaric
chemical labeling approach and currently the only technique
capable of multiplexing up o eight diffecent mmples for welazive

quantification. chemically identical iITRAG
are availoble, named 114, 115, 116, 117, 118, 119 and 121, which
have the mme overall mass. Bach label is composed of a pepride
reactive groug (NHS ester) and an tsobaric tap of 145 Da thae
conzistsof 2 balancer growp {carbomyl) and 2 eporter group (hased
on M-methylpiperazine); between the balancer and the reporter
gluqulemgm:nh&m..ilLTh:pq:ﬁhrmhrglm:qu':bu
specifically 1o free primary amino growps — M-termini and g-aming
groups of hysne residiues j28]. Each mmple to be analyzed & trypeic
digested and labeled with the single ITRALD) label, after which
uct Jon spectra i then wsed for the identificasion of the proteins,
and relasive quantisation is derived from the ineensities of
Thedﬁlfhmhth@ﬂ:mdiﬂtheim—ill miz
mgimif&zfﬂgm&dhsp&lﬁ.ﬂ:hnﬂcp.hﬂdau:lwzp
mprdwnh::ﬂnmnqﬁ.m&ﬂ:—ququ‘m:ﬁpepﬂd:
I a5 ratio relative o x sarnple {9 As the Bebd
ufd:ntg:m ;:I'I|:¢E|:||:|:|1|:lnl:d.'l'd| lﬁmdrm#:rnmhin increasng
mnndmndang.‘mrﬁmd disonders. This is because
mgmﬂnﬁumﬂ! field were hindered by inaceurate
mﬂﬂ:hpnmmhﬂhﬁrmdﬁl@uﬂ_ﬂﬂqhz
mwmdﬂrumgmdmiqlﬂmﬂmtdm
Tﬂul:lih and miltiplexing in a snple experiment. To date,
themmhubmtumim:wdzungenfhdngiu]
ﬂn:]:hm:ﬁacdl:andm.znd'hodr Buids snch as serum
and plasma w9t Song o all demonstrated thar one can explicithy
dﬂ@ﬁjmqnpmmﬁuphmahmdmw.
dl"mnnﬂhzn{-ﬂ proteins in vaginal Auid samples, such o plasrma
proseins, epithelial struceural peoteins and several i
tory proteins, including some that had been linked previcudy
intra-amniotic infecrion (). However, this study udng LC coupled
with tandem M35, was carried out withour prior fractionstion. The
study resuleed in the identibicarion of hose defence proteine invap-
ral fuid, supgesting that this rechnique may be usefisl for the funare
study of inflammation-related preverm hirth.

Warng o al’ has described a two-step peoteormics analyds of ARS with
the C18 madel, follvwed by the weak catino-exchanpe model 731
This study could detect aneuplaid AFS ac 2 3. 3% dissse prevalence
raze with 100 sensitiviey, 72-96% specificaty, 11-50% PPV and
100% nepasive predictive vahe, Proteomics profibes genecated by
MALDI-TOF-MS after fracrioneting mmples with funetionafized
magnetic beads weee used for differentiating 6 normal karyotypic
from 20 ancuploid AFS. A proseamic Bnperprinting approach
using M5 coupled with 2 satinical dasificasion method was used
o improve dizpnosis of anenploidies, including trisomies 13, 18
and 11, in amniotic fuld samples [#3). Among the 208 cxpresed
protein peaks, 40 differed sipnihcantly beeween aneuploid and

non-aneupbosd mmples, with AUC diagnostic vabues ranging from
071 o 091, Hiemrchical clusering, principal component analysis
and support vecwor machine analysis were performed and two class
predicior models were defined from the training st which reuleed
in prediction accuracies of 323 and $6.43%, mepectively, while an
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Agure 2. A snapshot of pseudogel view (matemnal serum protein profile} of the normal and trisomy samples run on
SELDI-TOF-MS machine. Only five representative sampies from aach category were selected for the graphical representation. The
specira present in the figure show oommon as well as unigue peaks to aach trisomy and normal samples. Profen peaks wene shown as
dark bands stariing from 3 to 40 kDa. The majonty of variation & observed in the low-molecul ar-weight region of less than 20 kDa.

nc Control heathy; T13: Trisomy 13; T18: Trisomy 18; T21: Trisomy 21,

[Cioouant M Tas s Ui Daraj.

ewiernzl and independent validation set showed 875 and 9L6T%,
respeceively. Although this B:.pcd.lm.l.n:nrm:ﬂy ieweill have wide-

sale implications in recscing the dime bar cosaile For charn-
mmmﬂamuphﬂumhsmm fix approodmnately 14 days

SELDI-TOF-MS5 & prenatal diagnosis

Clinical prosecanics is an emerping feld thar will have 2 grear
irnpact on moleculardizgnosis; identthoation of disezse bicmark-
ers, drup discovery and dinscal erizls in the porpenomic en. [n
recent years, SELDISFOF-MMS has been at the forefront of pre-
ferred techmiques for nﬂ.rﬁ}r all dizrgse conditions o 25, The
firss repart an the use oESELDI technalopy tn clinical proteomics
was reporeed for ovarian cancer by Peericoin’s proup in 2002 .
Fallowing that landmark paper; chistechnique was used for dizp-
nosing numerous disesse condisions, including choee associnred
with frtal development, such as intranterine infammation Foss),
histologic choriamnionitis [71] and idiopathic presermn bireh 5.
Althouph the technique was criticized for several shortoomings,
it remains a favorite technique for mmany researchers due to its
robusiness and ease to perform as well as the well-esablished
alporishems currently available m predice disezse conditions. The
following section describes the use of this technique on feral
dingnostic research. However, in order o enter clinical prac-
tice the technobogy has a long way to go and the short comings,
such reproducibiliey and relishility, need o be estublished under
sringent performance conditions.

Using SELIM-TOF-MS eechniques and MR score, Buhimschi
et al. nsed 2 novvel alporichm w extract both dinieally and bokogi-
cally relevant biomarkess foom proveomic SELD] eracings in amni-
otic fuid samples (5], This study mesulied in the identifizztion in
patients with intra-amniotic infammarion wha deliver preterm, off
a distinctive zmniotic fuld protecenic profile of three or four of the
following proteins: neutrophil defemsing-1 and -2, and calgranulins
Aand C. Based on the presence or absence of thes biomarkers, 2
MR score range was developed: O (all biomarker peaks absent) w
4 (all bicemarker peaks present). A MR score of mone than 7 was
amociated with imminen: pretermn delivery. Thiz sudy was novel m
the zenze thar it was able to predics an imminent preserm delovery
in blinded testing (Stage ). A MB scose of more than 2 provided
100%: specificity and senswiviry (75% Cl: 100-100). In another
simidar study for the same condition, amniotic and cervical Buids
mmﬂxludunnESELD[TDF -M35 ). In eotal, 17 proteins wens
spnifcantly overexpressed in amniotic Huid From intra-amniatic
infection cases and more often in women with precerm bbor than
thiose with mpeure of membranes. Five of thess were identifed as
human newsrophil protein 1-3, clpranolin Aand B.

The etiolopy of most preterm births sill remains elusive,
although recent advancements in proeamics have provided 2 novel
pesspective an several distinct pathopeetic mechanisms kading
e preterm birth, A procesmic rirst was penerated from fresh
amniotic Buid using SELDI-TOR-MS in 286 consecutive samples
retrieved from women who presented with sipns or sympeoms
of preterm labor or preterm PROM 751 The group reporeed the
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use of a multidimendonal proteomic zralysis of amniotic Buid
o ideneify pathways related to preverm birth in the absence of
inflarnrnation or bleeding. The major outpat of this siudy is the
developrmen: of 2 novel profile (()-prohie) based on che presence
of five SELDY peaks in the 10-12.5 kD mass ares. The stady
usifized idensibicarion-censered proceomics cechniques (10-DICE,
robosic rypeic dipestion and M5) coupled with Protein Analbysds
Through Evalutinnary Relarionships (PANTHER) ontolopical
clamifications and identified ammniotic fuids wich 2 Q-profile, the
differentially expressed progeins are imvalved primarily in non-
inflarninatory biclogical processes, such as protein metabalism,
signal transduction and eansport. More sgnificandy, women
displaying the {}-profile were found to be moze lilely o deliver
preterm despite expectant managemen: in the context of ingact
membranes and normal amniotic fuid dinical resulis. Proteomic
prodiling of amuniotic Auid copled with nonhizrarchical bisinfor-
marics algorithms identihed o subgroap of patients at risk for pre-
term birth in the ahsence of intre-amniotic inflammation or bleed-
ing, suggedting a novel pathogenetic pathway keading o preterm
birth. Thealtered proteins may offer opporsunicies for therapeuric
intervention and furure drug development to prevent premature
birth. SEL TN echmigque was alss ueed for dizprosing preeclampsia
using proceins from ameiotic fuid jes). Using this technique it was
fmmdr]u:j:ilpunﬂ:hmﬂ.iningui.d:prmdlmpd: from chmnic

and normotensive controls, B\:.zd.murl'lvmbn-
markers: peak X (1739911 Dha}, which

]:u'uar.'l:.rnpm-
from normaotensive contmols, and peak Y (2802334 Da), which

distinpuished preeclampsa and chronic hypertension from.mor-
motensive controls. Later, wsing HPLC coupled wizh SES-PAGE
M3, the peaks were matched to pro-APO-A-1 I:'pnl.n :.l:uil.
Funceionally obscure pepride, SBBIM2 (peakX).

Further advances have focussd on imaging MS w0 genensie unique

Fmﬂ.ﬂpruﬁﬂthnlamd:mmufmﬂ embryo implan-
iation W Thmpmquﬂduptnﬂuuﬂumﬂ
for noninvasve prenatal diagnosss 2 23] Mxl‘-:hﬁﬁld.mdm
hmpﬂmmﬂdhc@_ﬂmﬁqmpm profles.
Similady; saliva froan pregnant m.n&m.mrpmm to be a rich
mfbm:&m&rﬁiﬁnﬂﬁr_ﬂ dl==ase conditinns, as was
ﬂmnﬁw:ﬂlnr:fpmml.nﬂanﬂﬂtruzm:ku for PROM 24).
Lising the Luminex phtFu-m.nLrv:.rf matrix menzlbopromeinase 9

Biomarker vaiidation

Validarinn of bismarkers i an imporeant ares for successhul ransla-
tion af protenmics discovery to dinical practice. Validetion invalves
mmple collection and 3 mfficient number of patients. While wang
M5-based placforme, unbizsed M5 could be used for prowein iden-
tification while rargesed M5 conld be used to follew-up foc valida-
ing peospective candidare biomarkers. More than one protein was
aften found for several disease conditions and these are preseot
in differene levels in body Auids. Using the above informarion
an multiple hiomarkess for the mme disrase condition, modeling
nerwarks as well as systems biology anabyss of biological daea sees
could be developed for driving mathematical models to predict

the disrase, while published scientific literamre could provide
sddisionz| information in the modeling process. Larpe-scale vali-
dation using multscenter clinical trizls will ensure the sensitiviey
and specificicy required for of any marker w enter che madker of
prenatal diaprosiz.

Expert commentary & five-year view: future directions
for proteomics in fetal diagnostics/screening
Hetemgensity in the long run might prove to be s major kindrance
for dlinicl proteomics. The current review hax deronserased thae
2 karge number of proteins were found o be altered during preg-
nancy-related disorders ranging from aneuploidy o severe dismue-
hnl:em]:rmd:.rnpna:.nﬂpﬂtdmlaﬁur In mo= diseases that
were studied using advanced m&ﬂ.ﬂnﬂﬁnﬁdm:hulq_m zeweral
m:rkﬂ'mu“mﬁundmmﬂlp‘ﬁrdaﬁ'mdmmn&-
tmm:halkngthﬂumﬂhem&mkqu.mﬂdaupm-
teins through Immhim:ittwoﬂ! {rulezple binmadeer pansis
und]ubmuﬂ?rihpsinﬁ,m:ppmnd!:}mﬂw
2 particular disease sccurately dorng the eady Gt trimester of
prepnancy. Thl.l:FPI:.IrJ:."ﬂ result in increased sensieivity and
:Peclﬁn:fnfdz I:.uh'v&:ﬁopad using thiz approach. The can-
didase markers identified through several proteomics placforms
should afso be validated on higher numbers of patiens samples
clinical trials, since the prevalence of these disewer condi-
tions ii."':h_zmn]pnpul:tinni.lrnquuw. Technologies such as
Fmtd.nnﬁ:rmrﬂy!hﬂ.whnh—pm:mmumdﬁhﬂm‘m
analysis systems could belp to better undersand the global fetal
proteame environment. The frtore may bald for the development
of parel or array of mareers i addres specific feial disease condi-
tinng. The aforementioned procecmic platforme could ensare thae
ifsc biomarkers with higher sensitivity and specificity could be
identified for disprosing feez] abnormalities are ar an eady stape.

Financial & competing Interests disclosura
The dusary wckreuddge che Maztonal Healch Group (NG, Singapore,
for providing furds ro cuppors ohe rafF avocised wich shi pregers. The
autbory hure mo arber relevanr ofilisnons or fnancial imolvemenr wth
Ay oTgENiEIrien oF snriny wirh & {rancia inerew m or fmencial conglics
wink the mibjec maner or mareriels disesed i the mamucorip spars fram
thage disdored

N wrining gerinnce was ucilized tn ohe prodiecrion of this msmancrips.

= Clindaf profeomics has made sgnificant advances i the last
5 yEars.

= Mozt of the studies have forused on datection and
characienizing protzin lomarkers for chromosomal aneupioldy:

= Biolomcal materials that have been wsed to identify biomarkers
nclude matemal serum, amniotic fiuid, cenvicad Ruld, vaginal
fluid, urine, salha placental trophoblast, fetal membeanes and
mord hlood.

= Wiost of the idemiified markers belong 1o high abundance
prateins =5 well 3 Immune mwsponse protains.

= Future studes In this fizkd will focus on the development of the
panel of markers for disesse mnditions assoclated with pregrancy
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Noninvasive prenatal diagnosis
of fetal aneuploidies and
Mendelian disorders: new
innovative strategies

Expert Rev. Mol Diagn. 9(8), xxx-mo (2009)

The application of recent technical developments, such as digital PCR or shot-gun sequending,
for the analysis of cell-free fetal BMA, have indicated that the long-sought goal of the nonimvasive
detaction of Down syndrome may finally bé attained. Although these methods are still
cumbersome and not high-throughput, thepptmdea paradigm shift in prenatal diagnosis, as
they could effectively pronounce the end thﬁd‘m procedures such as amniocentesis or
chorianic villous sampling for the-detection of such fetal anomalies. It, however, remains to be
determined how suitable these approaches are for the detection of more subtle fetal genetic
alterations, such as those imvalved inhereditary Mendelian disarders (e.g., thalazsemia and cystic
fibrosis). New technical developments such as microfluidics and reliable automated scanning
microscopes have indicated that itmay be possible to effidently retrieve and examine droulating
fetal cells. As these contain the entire genomic complement of the fetus, future develcpments

may indude the nonimisive determination of the fetal karyotype:

Krraeomon? ool -froe fotal D8AMNA » digitsl PCR » fetal ik « matermal Hood » micofludio

» shoi-gun soguoncing

Abthough preat strides have been made in the
mg:hvndﬂdﬂzmmumnfﬁnl:hﬂgmm
Joci ﬂdl:r!]:mstFmEmurEkE:r

lqnnnly‘lﬁ*‘dm of the fetns and newhorn, and

fetalisex in pregnancies at risk for an X-linked

“disorder viz the analysis of cefl-free feral DINA
"In rnaternal th:.l'm. the determination

of more complex fetal genetic anomalies such as
those involved in Down syndrome still rely on
invasive procedures induding amniccentesis of
chorionic villous smpling .21, Since these pro-
cedures pose a risk of fetal injury or loss, there is
a need for safe efficacions akternatives.

n';m.andnvmgfnn:: fnrlh:dﬂd:pumnf
change that has mken place in developed cown-
the age of 35years, even for their firse borm. Since
many couples elect only o have ane child, they
are mturally not keen to expose their long-desired
baby to the risk of an invasive procedure.

A Further complication is thet despite incre-
menzal increases in che sensitivity and specificity
of screening procedures for pregnancies bearing

fetuses affecied by chromosomal anomalies such
as Down syndrome, there has been very lintle
net change in the nnmber of live births of nach
affected babies in the past decade in certain
conmntries, in contrast 1o oehers where the mte of
much gffected births has been habved (i), Hence,
a methed oreds to be developed that can alter
this corrent stzte of affais.

What is required?

':ﬂ.rmll}'. = l:l'gc Frmrrjﬂn uE Fmgnim
women would awtomatically be judped 1o be
ar an il:h:l:!md. rl‘k EE h"iﬂg a &tﬂj "j.lh a
chromosomal anomaly due 1o advanced mater-
I:I.!l JEE| .}lu‘ :h ncw .‘Tmm 'wld ﬂEEd. i
be amenable to mass screening, akin o what is
firsz and second trimester of pregnancy: As sach
it should be;

* Simple and automatable

= Rnbust:.lﬂiflgh 'ﬂ:rmtgi‘l.P.l.l:
= Cost effective

10 TSEAERM.09.43
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to ke aff-site from where the sample is taken

In shert, chis is quire & challenge!

What options exist?
Hisbndn:uj, Tare tmEd:i.ng fetal cells in maternal bload Pmaenbed
the first target for che obeaining of feral penetic material in a non-
imasdve manner 19 This srategy was hrst m:l:cmpbed.in 1979 bj’
Bianchi and colleagues in the laboratory of Hemenberg, the devel-
oper of Bow cytometry 6. Following o few high-profile case reports
inthe mid-tolate 1980s24), which indicated that this system may
permit the detection of frrl aneuploidies via the analysis of enriched
fetal cells by FISH, the NIH funded a large-scale sudy to test the
feasibility of this approach [30]. To date, this sudy, termed MIFTY,
iz still the largess mmlricenter anabysis afits type. Unformunately, the
goal choeen by MIFTY was too lofry for the technology available
ar the rime, and the degree of sensicivicy and specificity attained
was way below thae required for clinical application (Bianchi of af,
[2002]}) Some questions also remain wnanswered as to whether
the feral erpthroblast is indeed the mos suitable cargee cell, as they
have derse compact nuclews with apopeotic character and may be
impervious to FISH analyss 01,12

Towards the end of the NIFTY study, Dennis Lo and collea goes
ins Cheford, UK, made a starding discoverys by observing the pres-
ence of cell-free fecal DA (cf-DMNA) in the plasma and serum of
pregnant wormen [13,14]. Mot ooly was it easer to retrieve this mate
rlal than to enrich For fetal cells, but it was mach more abundant by

afacear of 100- 0 lUI:IU-H.d.[I!-]. As nach, most attention in the past
decade has been focused on the analysis of this rew found analyre,
and the quest far Fetal cells has faded somewhat inta Gblﬂ.l.l.‘l-l}l'“l.

Is thiere resurgent interest in fetal cells?
In 2008, ewe independent publicarions suggested that all interes:
had not been lost in the endchment and detection of fetal cells
1,177 What is pechaps most surprising about thess repocts is that
ﬂ:ermma.d.: b}rp:'rn.te cnm.pa.n.-lm and not b}l’l:l.lbl.iﬁ]}l’ Funded
research groups, This implies that although many main seam
regzarch groups have largely given up hope on the use of feral
cells For nonimasive prenatal di.ng{:mi.l. companies uing private
equity feel sufficiently motivatsd 0o follow this course as pare of
their business
L thee first of these repores, Seppo and celleagues at Deonisys Inc.,
used an inmevarive automared scanning micresope spstem, for the
rapid and simple detection of putathre target cells, identifiad by
Busesicenr staining for fetal orembryonic hemoglobin malecules
and FISH For the Xand ¥ chromssomes [15]. The leonisys systen
is differ=nt o u-d::rpm'im- approaches, in that here the micro-
scope systemn is enclosed in an indusedal bowlike systen, which
includes aloader for 175 standard micooscope sdlides. This has che
adwanrage that the system can be placed ampwhers in 2 sandard
diagnastic laboratery, withour the nesd for dark reom facilities,
necmally eequired for FISH analysis. This system can be linked
to @ cenrmal computer necwork, thereby permitting aff-site dara
analysis. This also permits several machines to be mun in parallel.
As the system Fearures a simple user flendly intecface and stand-
alone 24/7 opemtion, i is clearchat Tonysis
have facrared the requirements of routine
diagnostic laboratary use into their desgn.

=0 Ansupiold
i 2t T his fome camsmbiifins thaey amalymsdd
whole blood samples for the presence of
ABLA a Hekfozygous SHP putacive feral erythooblast cells idencified by
2 = gensti loeus XY-FI5H, they determined that on avermge

AT

A & A G
1= 24

g5
=

Figure 1. Mass spactrometry-
for the determination of fetal aneuploldy.

Tranacription and
prassnce s ef-ANA

RT-PCR ard quarititalion
of SHP alislic rating
by MEA2e spectomatny

-based assay using placentally derived cell-free RMA

3 XY posithre cells conld be detected in sam-
plestaken in the Brst timester of pregnancy
and about two such cells in second rimes-
ter samples. On average, close to 4 million
indbridual cells were scanned percase, indk
oating that 04-0.8 fetal cells were pressnt
per | million maternal cells. This is in good
agresment with previous assessmencs.
dard density gradient centrifugacion to
the roovery of feeal cells was improved by
bElmﬂ. two- .ﬂ.d. I‘J!.I‘.E-E-CEQLI:] A JFP.DGH-
mately twe feral cells per | million mater-
nal cells, Unfortunately, a slight increases in
the false-positive rate was also noted under
nach conditions,

It is of inrerest that the Tkonisys exami-
nﬂ.tiﬂﬂ. U.Em ﬁaﬂs‘a m#ﬂ’ [u.d.imml
that fetal cells could be relinbly detected in

Expers e, Al Diiape. §16], (2009)



104

Publication

Noninvasive prenatal diognosis of fetal oneuploldies & Mendellan disorders 'Hmrlew

93% nl"-r_u:l,. and that this was evident in both nmpll:s taken
in the Arst and second trimesters of pregnancy. This pleasing
mﬂ.tm.ggun thtwithnl:&o&_npﬁminﬁnn. lhi:r_p:‘lzmmzyb:
suitable for use on all pregrancies. [t also sugpess thue systems
are now available that can reliably scan several million cells in a
robust and automated manner for the presence of few or single
target cells, indeed 2 quantum lesp forward in this technological
arena, as such systems were oot available a fow years apo.

What is not clear from this F:h'bcn.tiun is the amount of
tirme taken for the analyxis of cach case and how the issue for
false-paositives is to be addreseed, Whae is, however, clear by thae
the system can be used for ather diagnostic tasks, sach as the
detection of rere circnlating tumor cells (15, thereby cnce apain
underscaring the similaricy between these two fSelds.

Ini the second study, conducted by Huanp and colleagues ae
Artemis Hezalth Inc., use was made of 3 microfluidic fltarion
device to separate erythrocytes from other oncleated cells in
maternal bload samples [17). Similar systems have been examined
previoasly; for instance the Manos system in Singapore, with the
e of a dietectrophoresis (DVEP] miceofuidic device [19). DEP =
the movement of nentral particles induced by polartration inan

asymmetric electric feld. Manipularion can be performed on
cellx based on the differences in their dielectrophoretic properties.

The device develaped hrﬁnmuappﬁnm be very effec-
tive in depleting erythrocytes from the matemnal blood mmple
(=99.9% efhcacy) (1. What is also remarkable is thag they
claim o be able to retrieve 2 large nomber nfpummnqrget
cells, namel :rrﬂmoﬂuu, which with an :m:.g_c-mnwﬂr-pf
38 cells/ml m.nunul bleod is almost 20 times bettes than what
could previously be achieved using the most h"ﬁ nrﬁ'mmd
mapnetic cel! separazion (MACS) spproachia- It iradon almost
double the mumber we have meu.ﬂrl:ﬂ:n :H: to recover
using a soy bean lectin system mif. o 1

The high recovery may stem, lnprﬂiﬁnm'lﬁ: effective clesr-
ance of Eryl]:l.mc}'ul without fh’@nm-iunt loss of tarpet
cells, as is the case when u:i;nrhu-wp-mu.d:u such a density
gradient centrifugation. .l\.lﬂ:n&l_:. there are still 2 rumber of
questions which remzin tbe addressed, including whether the
recovered cells :.rr.h.lq;ml. the time taken for smple
]:u:nc:nl.-ug and th:.n.h’:-crnl::mplu which can be P.l:nnmeﬂ.
in parallel, this development is to be landed and its progress to

Although it is estimated that we may be able to recover only
OIsE Or hlrnﬁzt:liﬂ.lspu million marernal cells, accurate iden-
tification of the fetal origin of the cells wsng &-globin would
allow 2 pure population of fetal cells, and hence pure fetal
genomic DINA; m be recovered 2133;. This could form the
basis for automated scanning and recognition systems i),

Laser microdissection and pressure catapulting (LMPC) isa
rapidly emerging technology for the isolation of single cells for
genomic analysis j26-28). One such device is the Zcie PALM
MicroBeam® system whereby integration of image analysis plai-
forms fully sutomares screening, identification and cell capture
for downstream :.PF'Li.at;nn.l. such as whaole Eemnmme ampli.El::.—
tion, single-cell mRMNA extraction, PCR-based technologies,

and |:|1i|:I|:s:|:|:z:'I an:lfsn [+I'{ 1§ This s'_!f!tun has been used effec-
tively for the olation of single fetal erythroblasts for subse-
quent anzlysis by single cell PCR 121, It is mot incooceivable that
the very small numbers of feal cells enniched from masemal
Hundm:fmﬂrbenﬁ.ci:nt for Ilu-rnltmmnnalfsil n.:l-.n.g
the more modern single-cell analyss methods.

Cnnleq_nﬂ:ﬂy. these i.n.d.cp:nd:nl. d.trl.-!-upments do rtlm:gl}r
sugpest thar "feral cols 't dead yet” and that we are likely
o see more commercizlly viable approaches appearing in the

near future,

Problems besetting cell-free-DNA

Even though off-DNA is mnch more abundant than trafficking
fetal cells, it onky mhrip:.mﬂ fraction of the toml cf~
DONA in maternal pl:.lm.n. ﬁ-—-m-%} 15. This fraction becomes
even smaller in mﬂ'h the amoont of maternal cf-DMA
increases by two- tnlﬁrﬂ Elﬂ.vrh:! to dying cells releasing their
muclear DNA tﬁu}ug'lh ﬁitl:lng procedure.

While l.h:ﬂm-rppnm:e does not affect the analysis of Bcile
fetal Em.ﬂu:*y;l.cmﬁplztdy absent form the maternal genome,
rud!.ull: RHB#:: in Rhesus d-negative pregnant women or
ﬁq!-_f :Hﬂpnmm: {or fetal sex determinztion, it does become
puﬁhn:.m:‘-‘lmu trying io discern fetal loci not so disparate

 fromn maternal ones j1,14). The latter inciodes subele alterarions

lt_‘l!. as point mutations invelved in Mendelian disorders such
as the hemoglobinopathies or cystic fbrogis, or sherations in
pene dosape, such as the presence of 20 edditional chromosome
or part thereof in feral anenploidies such as Down syndrome.

In thess cases the large prepondernnce of maternal of-DNA
ing these analyses. In order to overcome this problem several
strategies have been explosed.

Size-fractionation

In our examination of whether any physical differences exised
between maternzl and fetal FDMNA frapments, we observed
that fetal fragments were generally smalles in size than those of
maternal erigin (<300 bp vs =500 bp, respectively) . This diF
ference is probably strrbutsble w differences in the apoptotic
mechanisms involved in the release of cell-free feral DNA by
the syncytiotrophoblast, and thas of maternal cFDINA, which
is larpely of hemopoeitic arigin, probably erythropoiesis. In
this context, it is intereszing to note thar althoogh the ouclear
DNA in erythroblases is deaved prior to emucleation, this is
not in the form of normal oligosomal apoptotic fragments, but
by pulse-gel dectrophoresis (%) This featune was also obaerved
in our anabysis of total -DNA fapments (1.

By exploiting this difference between macternal and feral
cf-DMA Fragments, we were zhle to selectively enrich for fetal
fragments using convensional agarcse gel electrophoresis [25).
These primary experiments showed that the feeal cf-DNA Fac-
tion could be increased to over 30%, compared with less than
5% in the untreated sample, This increment permitted the
detection of otherwise masked frial lod, such 25 short-tandem

3
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repears (STRs} or point murations, such as these for achon-
droplasla or fthalassemia it 2. Our analjees showed this
feature held true for approaches using either real-time PCR or
MALDI-TOF mass spectrometry [Bid).

The current problem with this approach is that no eficien:
methed exists to perform the size-fractionation p5. Although
useful for procf-of-principle experiments, the agarose gel
{extracted From 10-20 ml plasma) and is asseciated with a
large degree of loss (~50%). As such, it will only become viable
once more efficient mechods for chis process emerge, perthaps
via the use of microftuldic devices,

Epigenetic differences
An aleernarive method o discriminare between feral and mater-
these two DIMA species 16,7, An emample of @ gene sequence

which is hypomethylared in the placents and hypermethylated
in maternal blood cells is the maspin gene promedter 138, By
the use of birulfite comverion, the unmerhylaced feral cytosine
mucleotide is converted to Uralic (thymine), while the maternal
methylated cytorine is left unchanged. The alter=d feral allele
can 'I‘JID.]}E I:‘.I:‘beﬁ!ﬂ:‘: hrm ’P“mtl? oL [ﬂ"tj‘m m
Since the maspin gene is located on chromosome 18, it was
examined whether this approach could be used to detect fetal
ancuploidies spectfic for this chromosome [38]. By rargeting a
SHP iovobring o methylared cytosine residue, it would be pos-
sible to use the epigenetic allele mrio to determine Fetal plaidy.
approach to discern trisomy 18 samples from euploid samples
when using pencmic placental DMA g}, This distinction was,
however, not absalute, and using the cut-off values proposed by
the authors, three euploid samples would have been classified
as being abnormal, Given this less than sacisfactory sate affaics

4

Expars e, Alal Driape. B16], (2009)
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when enminjng toizl gannmil: DN.A.. it iz q_n:d:inmhl: Buw
effective this approach would be for the analysis of cFEDNA in
maternal ;:ﬂ:.-nn:..

A major problem besetting the wse of epipenetically modi-
hed DMNA sequences is the wse of 3 bisulfite conversion step, a
procedure that is very agpressive and destroys a wast amoun: of
tu:uplnl: DNA.; a nuinrr Pmuh]m when ﬂm].i.ng with ﬂm.i.l:ing
input DNA quantities. As such alternative strategies need w be
:n:n.l.gl:.l:. Pe‘r]'l.l.psm:hu the meuupre:ipl-:ht;nn nfn:zﬂ:yhh:d
DNA sequences using antibodies specific for methryplated cyrosine
residues ).

Cell-free fotal mRNA
The discovery of CF mRMNA species of placental origin in mater-
nal plasrna cpened up the way for an aleernative stratepy to the
analysis of FFDMNA o). The major advantage of RN A over
cfF-DNA is that it is posssble to slect for placenta speciic mRMA
ipts not expressed by any maternal disses j42). Hence, the
analysis of cH-RNA is in esence very similar to the anakysis of
fetal penetic loci completely absent from the matermal genome
[Rhesuz D- or ¥ chromosome-specific sequences) 2s @ i not
hindered maternal background ‘noise’.

I oeder touse such an spprosch for the determinason of fewl
Iﬂnﬁﬁnimehlmﬂm.gmupmnnﬂudummé
of interest, for example chromossme 21, and then enswre that the
gp.nzlsnn}r:q:rﬂlﬂdlnﬂuplmhuﬂnnthrmmﬂm
HAL .ﬂ.nunmpiztfﬂ:h:guuuf’ufﬂf.ﬁrlhdzmn:-
tmufﬁmﬂpﬂdﬁmwﬁnmﬂummﬂ
hmnguzmnuumy]ﬂunhnkmmqﬂyr}nhunf
manq:ﬂctmﬂqwdﬂ.ﬂmlmzﬂdxnnﬂsurampmm
the PLACH gene (&3

Althongh the sudy conducted by Lo and colleagees was based
mamlﬂmmhcrnf:ﬂ'::mdm{ﬂ-mlmrhﬂfdmr
dﬂumbﬂmm:ndm#ﬁ#u[ﬁhjﬁ}mnbn-ui
yielding a sensitivity of 90% and specibeigy-af 96%. The corren:
drawhack of this approach ithat the fetus needs 10 be hetern-
I}'guu.l:ﬁn:l]leﬁ]"l!nﬂ:l: bﬂq.l.nh'mg:ted_ Az such, almost
lﬂﬂamhadmh'zﬂdndﬁmth:lfmtm:dm
g:.ul:u:l A further puﬂinmﬁﬂ!l:hﬂz n.n.tlmumeN.ﬂ.. which
ceming. Furthermore stompe and shipping needs m be carried oue

—?ﬂ"l:ordrr-rm Mumadd.uun:lhmdm.ﬂ:gudhud’

which is exploring the commercial viabiliy.

Digital PCR & its affiliates

Dgital PCR differs from other quantitative PCR approaches
such as real-time PCR in that the PCR reaction is allowed o
procesd to ity placeau and & smple "yes or oo’ answer is osed
to monitor the presence or abzence uFinPut 'mmplm 441 In
order to use this system in :qu.a.ntll:.l.l'r: manner it is necessry
to moaiter esch PCR reaction individuzlly. Although initial
explomtion of such an approach were made in 1997 by Kalinina
5] and collezpues and later optimized Vopelstein and Kinzler
in 1999 [44), it was only with the introdocion of microfluidic

HNoninvasive prenatal dlognosts of fehal oneupicidies & Mendellan disorders

devices with several thousnd individoal reaction chambers,
such as those developed by Floidizm Inc., that "digical PCR’
came of age [i64m.

The we of this technolopy for the detection of fetal aneuploidies
waE Fnb'.l.ﬂuﬂ almost :d.nnlll.:nnuuﬂrb}'r—an and Qn:h [4E] and
the Hong Konp proup of Dennis Lo ji9). In cheir examination
Rau:ndQulhmdndmlhrPﬂR:myh:ﬂl:nﬂzn]ﬂdpm—
viously established for the detection of trsomy 21 by Tagman
real-time PCR on pure fetal genetic material obtained by invasive
practises, in which we compared the dosage of the amyloid gene
on chromosome 21 to that of the plyceraldehyde 3-phosphate
dehrydrogenase (GAPDH) on chromosome 12 (5. In their ans-
bysiz of pure fetal penetic fmaterial, they were similardy able o
reliably discriminate between pormal and ancuploid smples. 1o
the Hong Kong, nmlu:uuuum made bath of 2 SMP locus
mﬂ.:gm:duﬂggalzpﬁinbmgmllumrm:kgmu
ﬂ:m:mdnhTFunnﬂQluh

What iz of snteress in these studies is that, they
ubumdum-@miy.mdum the presence of o feral aneuplaidy
was still evenif the fetal marerizl only represented 10%
nfthenhl:memmni. provided thar 4000 individual
mﬁmd i) Hence, it may be passible o use chis
m&hdugrndﬂmﬁt:lm@mdk:&mdy&umdmmm
maternal plasma Since studies usng digital PCR have
indicated that the amount of FFDMA has been under estimated
nsifg real-time PCR, and may be as high as 10%, this fcet conld
soom become 3 ceality 513,

It is aleo likely that the digital PCR approach will be useful not
only for the detection of fetal aneopboidies, but may also permit
the hemoglobi nopathies (47521, Onoce spain, it i evident chat chis
technology may also be applicable to other dinical disciplines,

such 25 oncolopy 154
Mlthough the current ssudies have focused on the wse of micro-

fluidic devices, such g those developed by Flnidigm Inc., it mxy
hw!mmamﬂ‘nﬂh‘ m‘bﬂm—
ing” for "beads, emulsion, amplification and magnerics”. [n chis
procedure developed by Diehl and colleagues, the input template
DNA is firat preamplified and chen coupled to o streptavidin-
coated bead via a primer containing a biotin tag 154 The second
round of PCR. i then carzied oot in an emulsion phase, following
which ration of the two DNA sequences of interes: is monitored
by Bow cytoemerry wsing Buorescently labeled primers. By the use
of such means, Diehl and colleagues have been able to monitor
and quannify cancer-derived of-DNA 5551, Although this method
is technically more complex than :u::ght—fmd digizzl PCR,
||: dioes et r:tp.r.ne any expensve equipment or costly special-
an alternative for those with cash-srapped research hud.ggu_

Shot-gun sequendng

Even though the digital PCR approach is quite promising, it is
clear that the degree of accuracy required for the detection of 3
fetal aneuploidy is at the limit of curren: microfluidic devices;
as they anby have space for 12,000 individual reactinns per chip
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[47]. For this reason an alternziive was suu.gl:d. that affered a
higher degree of Bdelicy by examining more targer mobecules.
Such a system was found in the Solexa/Illumina phi.ﬁu:n:l for
shot-gun sequencing. In thiz system very short tags fomn the
entire penome are amplified and sequenced. In their piooeering
study, Fan and collesgues obtained an averape of 10 million
Iﬂ—bp SCQUENTE l:g.: per nmplq, which coniained an avemge
of 65,000 wgs specific for chromosome 21 (sl By using thess
SEIENCE 1.:5: for dj.g-d:l] PCR-ike MEISLLIE, |.1:e:,r were able o
discern pine cases of trisomy 21 from nine enploid cases with
100% accoracy, in an analysic of cfi-DMNA. They were further-
mare able to detect two cases of trisomy 13 and one case of
trizamy 13. In a parallel repore; Chin and colleagues were sble
oy correctly discern 14 cases of erisonoy 21 from 28 normal cases
|57 These two pivotal stodies, therefore, stronply suppes: thae
shie-gun sequencing may be the maoat suitable spproach for the
noninvasive detecrion of fetal aneuploidies.

Other alternatives: wrinary DNAT

Alrhouph the presence of DA in urine [58-5, other than
that of kidney odpin [, has been a contentiows iswue, recens
publicatinn does suggest that “transenal DNA' may be another
option for noninvasive prenatal diagnoss (4], [n this report by
Shekrman and collespnes, who are able to detect FEDNA in
muaternal wrine by using very short FCR amplicons (25-88 bpl,

observed that urinary fFDNA fragments were very small, some '
specialized extraction and analytic procedures u:ed.u:l.tn'btnﬂl’:-_
im arder o detect them reliably (521, In their repost r]u],-wm:-lﬂ.g

to detect male cff-DMNA in 78 out nfﬂ‘lsmpiu{omrm
F:Eguamwﬂhaml:fmﬂnth:nﬂ!rh:nﬂ.fd:.mﬂhﬂmﬂp—
specific signals were detected in 11 m:nl'?l,:l.u!ﬁwlmﬂm
F:Egnml:rm'lﬂﬂ::hnal:ﬁm H.uu:\e mrhd:-b_ht:]sm
to ensure that thgmmmlunmnmp&kmlmmdb?
male cells/ DMA, probably as the reslt o

hmemdyn:bfmgﬁmghngw&ﬁhnhhﬂu
pursied their investigations into cicer derived cFDMNA in urine
je3} by ezamining bone marmw cransplant recipients (4] In this
new studywsss they determined. char both transplane-derived
DMA and epithelial-like c:ﬂgﬁ&zqunmtm recipient urine j&4).
They furthermore conduded that the tansplant-derved adnary
DMA was derived from donoe-derived stem cells, as thess have
sertled in renal tubule niches.

hdupmmufu:nqﬂxmn]tmﬁ:hngd’ﬁtﬂcdkvnh
167 and as these cell have been found o contnbate to mater-
nnlﬂmbﬂ.r_ipzﬂnll}'in I}:ap.:&rufﬂmnpuir}ﬂ.&l.}l’js
unclear whether such cells conld contribote to the phenomenon
af ransrenal cA-DMA

Expert commentary & five-year view

OF all che systems tested to date shoe-pun sequencing, used in
2 peeudodigital MCR mode, appears o offer the mos: relizble
wirh this approach is time and money, n thar the processing

and data analyss of each mmple is a lengthy and costly affair
[~F7H) o §1200 per case and only 16 mmplestweekTlhimina
instrument), This revohrtinnary method, however, may offer the
passbility of obtaining detailed karyotypic information by non-
munmmﬂmltmmmtdnrlfuwlﬂh weeful for the
analysis of Mendelian disorders, zs the method relies on the ana-
!Fﬁnfaudmntqu:n:ﬁclnchnd:mmurgpmdﬁn
the order of 60,000 for chromosome 21}, unlike the dngle/dual
murtation imvalved in disorders such as the hemoglobinopathies.
mene of microflidic devices thae permit in excess of 50,000 singke
PCR reactions on s sngle chip may offer a chesper altemative w
the complex shoe-gon sequencing approach. A dawhack of thes
:n:lrmuﬂutr]ummntuftﬁmﬁmﬂswbcutmd
menmﬂymmdnmmufhthmﬁmmm
is in the namow mnge Hﬁ:ﬂsﬁdlﬁlhlm:.ml}'n:
(<1 copy/reactiontwell). |

Even though the fmlmmw:un.:hh:b-m propagated
to a large extent by Sequenorm, it is not dear how suitable this
fp‘t:mumwnﬁ:—sﬂl:aFEk:nnn due o processing and shipping
izaes, 2 mmmm-ﬂm.&:lmgwﬂhnhhk anzlyte mch as
mm.!hd:&-mnumd:mgd:umm
statements from Sequenom indicte 2 posible move wwards a

DW approach, perhaps invelving epipenetic markers.
Thesesurpent intevest in fetal cells suppeves that thess have noe

inninninm%ﬂelthnnlldylh:t&tﬂcdhuﬂlbeufﬁmdfm

screeming, as coubd be done wsing AFDNAJRMA,
'E::hﬂlqmmmnetbgmﬂmﬁnlgmnm: offers up 2 realm
of pasdhilities which will not be possible via the F-IINA route.
Az mach, it is foreseezble that this route will be more restricted
and cosly.

Asx indicated earies, it is likely that two strategies will emerge.
In one instance, a quick and Smple tesz will be offered which
permits rapid screening for the mosz common fetal ansupboidies
(eg. chromosoemes 13, 18:and 21). This islikey o occurusing an
approach developed by Sequenom thar, by relying on its proprie-
tary mass spectrometry technology, is grared for high-throupghpe
analysis of several thowsand samples per day. This coubd make
the test cost effective, o the extent where it can compete with
conventional screening spproaches.
be useful for the analysis of single-pene disoeders, they correndy
flusdic chambers used or each analysis still costing several bun-
dred USE 2 piece. Furthermore, the cf-DMA smple needs o be
dilused in such manner that approximately (L6 copies are presen:
Frmﬂammmmngm

Shoe-gun sequencing approaches are even more costly and
time-consuming, facets which will restrict their we until 2 new
generation of high-throughpat devices becomes available. As
disnssed, the use of fetal cells is larpely dependent an the speed
of current progress in micmflnidic endchment toals, automated
cell deection and retrieval, as well as analywic spstems perminting
whaole-grnome anabysis from single or few cells.

Expars Beve Mal Disape. 9160, (2009



108

Publication

Honinvasive prenatal dlognosls of fetal aneuploidies & Mendellan disorders Hminw

Asx :u.rJ:.. these latter vng:tinu.i will be more cnl-'t|y and vnn|:r
offered to a select group, whilst the former employing high-
t!'u:un.ghpm fFDONASDNA mass q:\:rtmm.::ry—hmd sirate-
gies may end up replacing or complementing current screen-
ing procedures, such as ulirasound and concomitant serum
anabyte anakysis.

J’L'Flim:f!. it pays io ke aware of ﬂ:‘rd.npml‘: ouiside the
immediate scope of this review, of which the most imporiant is
probably that of proteomics. Such approaches which may bead io
the development of 2 new generation of highly specific screen-
ing markess, which could be so effective that other approaches

become commercially unviable. Consequently, researchers and
clinicians active in prenaral diagnosis need to be prepared for
rapiﬂ chnngu and dzrdupmem in the next decade.
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Kay Isswes

= Remarkable developments hava oocurred In the past 2-3 years, Grgely doe to the use of ‘digital PCR and shot-gun sequencing”.
= Technical developments now have to focus on economic, robust, high-throughput procssses,

» ‘Fetal cells sn't dead yet', and may become = vabie #temative via the use of micofluidics @nd automated scanning devices

= Uinlike cf-Dia, feta cells offer the possibility of examining the entre fetal genome

= Mew sTeaning markers developed by proteomics may challenge some of the “guide and dirty” approaches

= Dabection of Mendeltan dsorders may remain complex, espedaly in cses whare both parents share the same mutation

= Urinzry cf-OMA may become a new tood of mierest.

= The use of cell-free fetal DN A and fetal call may also serve as potential markers for the peediction of preeclamps or preterm |zbor.
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amv: A digital PCR approach has recently been sug-
gested to detect greater amounts of cell-free fetal DMNA
in maternal plasma than conventional real-time quam-
titative PCR (gPCE). Becamse the digital gPCR ap-
proach nses shorter PCR amplicons than the real-ime
QPCR assay, we imvestigated whether a real-time gPCR
assay appropriately modified for such short amplicons
woukd improvee the detection of coll-free fetal DNA.

wrrmom: We developed a mowel oniversal-template
(UT} real-time gCH assay that was specific for the
DYSI4 sequence on Y chromosome and had a shorl
amplicon size of 50 bp. We examined this “shor™ zssay
with 50 maternal plasma samples and compared the re-
suits with those for 3 conventional real-time qPCR assay
oif the same keoas but with a longer amplicon (84 bp).

mesuLEs: (Jualitatively, both assays detected male cell-
free fetal DWNA with the mme specificity and detection
capability. Quantitatively, however, the new UT real-
time gPCR assay for shorter amplicons detected, on
averapge, almost 1.6-fold more cell-free fetal DNA than
the conventional real-time gfCR assay with longer
amplicons.

oomcivsmions: The use of short PCR amplicons im-
proves the detection of cell-free fetal DN AL This fexture
may prove useful in sttempts to detect cell-free fetal
DMNA under conditions in which the amount of tem-
plate is low, such a5 in samples obtained early in
Pregnancy.

The anatysis of cell-free fetal DNA in maternal seram
and plasma is curmenily the method of choice for the

i'doi’10.137Aclinchem 2008132051

Brief Communications

noninvasive determination of fetal genetic traits (1L
Real-time quantitative PCR (gPCR)* is wsed for the
majority of these analyses, because this method is ame-
nable to automation, provides data in 2 real-time man-
ner, and, by being a closed system, is less prone to con-
taminstion than conventional PCR methods with
lomger amplicons (1, 2 ). Alternatives that are being ex-
plored and gaining in importance are mass spectrom-
etry of primer-extended PCR products, digital PCR,
and shotgun seqoencing {3, 4 ).

To date, dinical applications have centered largely
on the rather facile detection of fetal genetic loci com-
pletely absent from the maternal genome, sach as the
determination of fetal sex in pregnancies at risk for
X-Hnked disorders or the fetal Rhesus D genotype in
pregnancies al risk for hemolytic disease of the fetus
and newbomn, because the detection of olther, more
subtle genetic differences between mother and fetus is
rendered more complex becanse of the preponderance
of maternal cell-free DN A sequences {1, 21

Hecanse real-time qPCR also provides a quantita-
ttive answer, this approach has been used ina mumber of
stmdies to determine the concentration of cell- free fetal
DMA in maternal plasma samgples. In general, these
studies have indicated mmch higher concentrations of
cefl-free fetal DNA than those of rare circaiating fetal
cefls, bt they are still gquite low, approximately 1%—3%
early in pregnancy and progressing fo approximately
5% o terme. Through the use of this technolopy, measure-
ments of increases in cell-free felal DNA concentrations
have alse revealed a mumber of pregnancy-related condi-
tions or disorders, induding precclampsia, pregnancies at
risk fior preeclampsia, preterm labor, and fetuses with cer-
tain anewpboidies, particulary trisoomy 21,

Muost of these sodies have relied on the use of 2
real-time gPCR assay for the single-copy SRY (sex de-
termining region Y) gene on the Y chromosome. Sub-
sequent investigations have indicated that the accuracy
of these quantitative {amd qualitative) assessments is
markedly improved through the nse of a real-time
qPCR assay for the multicopy DYS 14 sequence on the Y
chromosome (5 ), Consequently, such assays are now
frequently nsed for the determination of fetal sex, es-
pecially for samples obtained early in pregnancy (61

A recent study with digital PCR, a procedure that
individually monitors numerous PCR reactions, indi-
cated that the concentration of cell-free fetal DN A may
be greater, perhaps more than twice that previounsly
surmised with theuse of real-time gPCR (7 ). Although
absolute qoantification by digital PCR is considerably
mofe precise than analog real-ime gPCR measare-

" Wonstandand shbraviatons: gFCH, quastitatve POR; AT, univarsad tomplass.
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mients, there is a discrepancy between the 2 qPCR as-
says becanse the investigators nsed amplicons of differ-
ing lengths and targets. The amplicon size was 87 bp for
Lhe digital PCR assay, whereas it was 137 bp for the
real-time qBNCR assay. This feature might not have been
relevanl were it nol for the observation that cell-free
DA is fragmented, probably into apoptotic macleoso-
mal fragrents, and that fetal cell-free DNA fragments
?re g;nzﬂ]lr smaller than those of maternal origin
8 2

‘We therefore investigated this aspect in further de-
tail. Conventional real-time qPCR assays have ampli-
con sizes that are longer, approximately 80— 140 bp. We
made use of another approach, 3 oniversal template
{UT} for probe hybridization that is linked to the 5'
end of one of the PCR primers (1), This approach
permitted us to devise 1 new real-time gPCR assay with
an amplicon size of only 50 bp for the DYS14 leoas.

This retrospective study nsed banked matermal
plasma samples stored at —80 "C. Al samples were an-
alyzed in a blinded manner. For the determination of
fietal sex, we obtained maternal blood samples from 51
pregnant women, 31 with 2 male fetus and 20 with a
female fetus. [Pata are presented only for the women
with 2 male fetns, of which 24 samgples were from the
first trimester { median gestational age, 12 + 4 weeks), 6
sxmples were from second-trimester pregnancies ( me-
dian gestational age, 25 + 4 weeks), and 21 samples
were from third-trimester pregnancies { median gesta-
tiomal age, 35 + 6 weeks). See Table | in the Dt Sup-
plement that accompanies the online version of this
Brief Communication at hitpe!hwww.diinchem.org/
comtentivol56/issuel. The Institetional Review Board
of University Hospital, Basel, approved the stody.

Plasma from maternal blood samples was pro-
cessed and stored as described previously (5, 8 ). Cell-
free DNA was extracted from 500 gl plasma and duated
imto 50 p L efution baffer with 2 commercially available
manud] column technology (High Pure PCR Template
Preparation Kit; Roche) according to the manufactur-
£r's instructions.

To detect and quantify cell-free fetal DNA, we
nsed an Applied Biosysterns A Bl Prism 70 Sequence
Detection System with previously established real-time
QMCR assays for the DY5 14 locus. The assays were ei-
ther a real-time gPCR assay with conventional hydro-
Iysis probes and a longer amplicon (5 ), or the new UT-
QMCR assay with a shorter amplicon (see the online
Diata Sapplement for full detsils). All primers were syn-
thesized by Microsynth, and PCR reagents were sup-
plied by Eurogentec. The saquences of the primers and
probes nsed for the short UT-gPPCR assays are as fiol-
lowes: DYS-UT forward, aag cic agt cat Ho cag glg tgcgaa
aGG GUCAAT GTT GTA TCC TTC TC (100 nmolfL
final concentration); DYS-UT reverse, ACT AGA AAG

1 Climical Chemistry 56:1 (2050}

GOC GAA GAA ACA CT (300 nmaol/L); UT FAM-
TAMEA probe, tcp cac acc Ipg aaa tga oty apc it (200
nmoliL}. The short UT sequence and the DYSI4-
specific sequence are indicated in lowercase and upper-
case betters, respectively. The PCR ording conditions
were 25 follows: Uracil-N-glycosylase treatment at
S0*C for 2 min, polymerase activation at 95"C for 10
min, and 45 opdes of 60 *C for 1| min, 72 °C for 45 5
and 95 °C for 15 & Cell-free fetal DNA concentrations
weTe expressed as genome equivalents per milliliter of
matermal plasma. Al samples were mun in duplicate.
Farther details are provided in the supplemental fig-
ures and the Diata File in the online Data Supplement.

For statistical analysis, we used the Wilcoxon
sipned rank test in SP55 for Windows (5P55). Statisti-
cal significance was set at P valoes <0.05. Data were
presented as a scatterplot of cell-free fetal DNA con-
cenirations measured with the 2 assays in relation to
pestational age.

‘We discerned no qualitative différence between
the use of the longer-amplicon conventional sssay and
the new shor-amplicon UT assay for determining fetal
sex with ¥ chromosome-specific sequences (DYS14).
All 31 male fetuses were detected cormectly. There were
no false-positive results among the 20 samples with fe-
male fetuses (data not shown). Despite these early re-
sults for diagnostic acoaracy, we recommend delaying
the use of the described short UT gPCR assay for the
noninvasive determinstion of fetal sex umntil the assay
has been validated and appropriate cotoff values have
been ascertainad {5 ).

Quantitativety, the short-amplicon UT assar de-
tected, on average, almost 1.6-fold more cell-free fetal
DA than the real-time qPCR assay with conventional
hydrolysis probes and a longer amplicon (Fig. 1: Table
I in the online Diata Sapplement), a difference that was
statistically significant (P <2 0.001). This observation
held troe for almost all of the 31 samples containing
male cefl-free fetal DNA. Onr resalts indicate that the
use of shorter amplicons in the real-time qPCR assay
increases the number of cell-free fetal DNA molecules
detected in maternal plasma. This nearly 1.6-fold in-
crease in the detection of cell-free fetal DNA with the
short-amplicon UT assay compared with the real-time
qPFCR assay with comventional hydrolysis probes and a
longer amplicen (Fig. 1; Table 1 in the online Data
Supplement} is very close to the improvement recently
nited for a digital PCR approach over 2 conventicnal
real-time gPCR asexy with 3 longer amplicon {7 ). This
report (7 ] discussed the idea that this increase could be
due to the mose precise assessment of cell-free fetal
DA concentrations with digital PCR than with the
amalog real-time qPCR method An aspect not ad-
dressed in detail was the issoe of the different-sized
PCR amplicons used in the experiment (87 bp for the
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Fig. 1. Cefi-free fetal DNA copcentrations measured with a reai-time gPCR assay with conwentional hydrolysis
probes and 2 longer amplicon or with a short-amplicon UT real-time qPCR assay.

The Emit of detection for both assays was estimated 2 4 genome equivalents {GE) per milliliter of matemal plasma indicated
are results obtained with the novel short-amphicon UT gPCR assay {w ) and the cmventonal qPCR assay with a longer amplicon

digital PCR assay and 137 bp for the real-time qPCR
assav).

Amplicon length may be a salient issue, because
cell-free DNA has previously been shown to be frag-
mented, with a ladder pattern of ragments reminiscent
of patterns seen afier oligosomal deavage in apoptosis,
and becanse cell-free fetal N A molecnles are generally
smaller than comparable maternal molecoles (8, 9.
These previous sindies suggested that the majority of
cell-free fetal DNA molecules are <2300 500 bps how-

ewer, given that these studies were not very detadled in
nazture, it is possible that the majority of cel-free fetal
DMA molecles may be even smaller, perhaps <200
bp. Becanse both the digital PCR study and our new
study detected increased amounts of cell-free fetal
DM A with shorter DMA amplicons, the combined data
do supgest 2 that a substantial propaortion of these maol-
ecules are smaller in size than what can be detected
reliably in real-time gPCR assays with larger ampli-
coms. This issne will need to be addressed forther in a

Climical Chemistry 56:1 (2010) 3
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more dietailed anatysis. The fact that greater quantities
of cell-free fetal DNA are detected in PCH assays with
short amplicons suggests that this approach may be
useful to increase the sensitivity of detection in samples
in which the amount of cell-free fetal DMA i limiting,
such as in samples taken early in pregrancy (6.
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6 Discussion and Outlook

In this thesis, | investigated the use of a nunmddgoroteomic techniques for the purpose of
biomarker development to screen pregnancies atfoisKS or PE. Our hypothesis for this
approach was that both DS and PE involve structlrahges in the placenta, which should be
evident in the maternal plasma proteome, sinceptheenta is in direct contact with the
maternal circulation.

A major complication we faced when dealing with pgi@sma proteome, is the overwhelming
presence of a discrete number of proteins, suéhbasnin, immunoglobulin, which mask less
abundant protein species, especially those releasddss prodigious quantities by the
placenta. Strategies we took to overcome this isscleded the use of a FFE device and
commercial depletion columns. Although initiallyopnising, the FFE approach had to be
abandoned, due to the high concentrations of wsed in this procedure. The most successful
approach proved to be the immuno depletion usirmeBMiner™Protein Enrichment Kit
(Bio-Rad Laboratories, Inc.).

As DS and PE are unlikely to lead to the productibnovel proteins, but rather be reflective
of changes in levels of protein expression, we eadedmethod to reliably quantify changes in
level of potential biomarkers. In our study we eksad a number of approaches, including,
shotgun MS, SELDI and iTRAQ labelling. iTRAQ labeli has recently been suggested to be
the method of choice when considering biomarkeetigpment.

In our hands, this method was indeed shown to périghly reproducible quantitation, and
we could readily discern differences between tlesmphl proteome in cases with DS fetuses
vs. controls, and well as in pregnancies at riski6 and those with normal deliveries.

In our analysis of DS cases we were gratified tgseole that we could detect known

biomarker molecules such as bHCG, a protein whgclati the core of current screening
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approaches, we also detected a number of othezipsptwvhich are reflective of the changes
occurring in DS patients, such as loose skin aasstiwith the enlarged nuchal fold.

Our analysis of % trimester samples of pregnancies at risk for Rizgnt more complex. Here
we were able to detect a set of potential biomatkeut not detect changes in new markers
such as PP-13.This could be reflective of the smathber of samples studied, or the very
low levels of this molecule.

The research carried out in this thesis does howemonstrate that it is possible to mine the
maternal plasma proteome for new biomarkers. Theiification will however need to be
carried out in much larger studies, and using noam@venient techniques such as selected
reaction monitoring (SRM) lead into outlook.

During my thesis work, | used the fascinating mdtraf isobaric labelling for protein
quantitation. | will further address several prégewhich can be studied using quantitative
proteomic approach. Our main emphasis will be drelmthromosomal anomalies (trisomy
13, 18, etc) and pregnancy related disorders.

In the next leg of study, | will try to improviséd protocol for the better use of free flow
electrophoresis (FFE) for the fractionation of tiggpeptides. We will also search for a more
specific and highly sensitive method for the albuirfractionation. The concept of isobaric
tagging is most promising for the fishing out therbarkers from the complex sample like
plasma. | would like to repeat it with bigger sampize of patients and control.

A major focus will be to design a validation of tinst of putative markers we identified in our
studies of DS and PE. This we will do by targetedtgomics approach. One of the best
options available is the selected reaction momtpriSRM) [81] which is a mass
spectroscopy based quantitation. SRM is very rgpa#veloping tool for the MS based
quantitation. It exploits the unique future of thweple quadrupole. The first and third
guadrupole act as a filter to select the ion ofirse&f m/z and the second quadrupole is a

collision cell.
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/ JI \
LC-ESI Quadrupole 1 Quadrupole 2 Quadrupole 3 Detector
precursor ion selection  fragmentation fragment ion selection

Figure 1. SRM analysis on triple quadrupole. Istfgjuadrupole the ion of particular m/z are sebbatesecond
quadrupole the ions are fragmented and in thirdlqumole specific ion are selected for the detect{gwapted

from V Langeet alMSB, 2008)

Picotti and colleagues [82],in there study orce3evisiahas shown the potential of SRM
assay. They were able to detect and quantify pretexpressed to a concentration below 50
copies/cells. In there other study [83] they haeaayated and apply the SRM assay for all S

cerevisiakinases and phosphatases.
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[ Proteins of interest J
Shotgun results -
Prediction
PeptideAtlas
[ Proteotypic peptides J

Validate peptides by SRM-

Get heavy labelled peptides
triggered MS2 experiments y pepil

Choose and optimize transitions

[ Quantitative analysis by SRM ]

Figure 2. work flow for SRM assay (Adapted from ¥rgeet alMSB, 2008)

Major advantage of SRM is it can be used for thangjtation of the less abundant peptide
and sample fractionation is not a prerequisitetliese assays. The targeted SRM approach is
the best suited method for validation of biomarksol are identified in shotgun proteomics
experiment. As it need to performed on more samples validated by antibodies-based
assays, which needs lot of time and not cost-efect

We have already started designing the SRM assahéoputative list of biomarks for Down
syndrome. It will be of our interest that how thessays can be translated in clinic setting for

the fast and reliable screening of DS and PE.
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Urine is one of the most attractive biofluid innetial proteomics. It is easy to collect and non-
invasive. It contains significant amount of protaimd peptid which are of clinical value. We

are also indent to check the SRM assay in uringpafrom DS and PE.
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Project: “ldentification of screening biomarker's for pregnarcy related disorders using
proteomics approachi

Down syndrome (DS) is the most common fetal chram@d disorder in live births and a key cause
of mental retardation. Current screening approaeineshampered by lack of specificity and a high
false positive rate (>5%). Since the placenta idiiact contact with maternal circulation, we sough
whether protein differences can be detected betaffeated and normal pregnancies.

Preeclampsia, is a severe pregnancy related disasdeading cause of fetal and maternal mortality
No marker exists for reliable identification ofregk pregnancies. As the DS placentae show straictur
alteration and PE involves placental dysfunctiore wxamined whether quantitative iTRAQ
proteomics of plasma sample could be used diffegnexpressed proteins.

LABORATORY SKILLS AND TECHNICAL EXPERTISE
Mass spectrometry and Proteomics

- Quantitative Phosphoproteomics using SILAC approach

- Protein identification and characterization usiagaolLC-MS/MS sequencing by Maldi-
TOF/TOF (4800 from Applied Biosystems) and ESI-LOgbitrap (Thermo Fischer).

- Differential protein quantification by isobaric kling approaches (iTRAQ)

- 2D-gel electrophoresis and image analysis

- Protein fractionation using Free Flow ElectrophméBD™ FFE system) in complex fluids
such as plasma

Bioinformatics

- Mass spectrometry platform dedicated software: ysiglApplied Biosystems), Xcalibur
(Thermo Electron

- Protein identification software: Mascot (Matrix 8ace), Sequest (Bioworks from
ThermoElectron) , on-line proteomics and sequenedyais tools.

- Bioinformatic tools for proteomic quantificationrd®ein Pilot

- Functional annotation tools : Ingenuity Pathway lsis, Protein center, GoMiner, FatiGo,
PANTHER

- Image analysis : Image Master 2D Platinum 5.0 K&Blthcare), Quantity one (Biorad)
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Protein and Peptide Biochemistry

- Protein and peptide separation using mono- anddiwensional gel electrophoresis and liquid
chromatography-based systems (RP, ion exchangaifygtf
- Protein proteolysis using endoproteolytic enzynmreshemical reagents in-gel or in- solution.

Biology

- Cell culture, ELISA, Western blot analysis, Immuyprecipitation (IP).

COMMUNICATIONS

Talk ” Biomarkers for Non-Invasive Prenatal Diagnosis &ndgnancy Related Disorders
Using Quantitative Proteomics”. Swiss proteomics society annual meeting,
ETH, Zurich, Switzerland, 2-4 December 2009

“Boimarker discovery Strategy for Trisomy 21 usirgroteomics Tool” at
Universitatklinikum , Gottingen, Germany, 24 OctoB607

Conferences 2™ annual European Biomarkers Summit, Amsterdam, @fkthds, 4-5 September
2007 (poster presentation)

Workshop SAFE Practical Workshop on Non-Invasive Prenatalgdbsis, Ronzano, Bologna,
ltaly, 24"-25" February, 2008

2"  EU-Summer school in Proteomic Basics ‘Protein fifieation-
MassSpectrometry’. Kloster Neustift, (Brixen, Soliyrol, Italy), 13-19" July 2008

SAFE Proteomics Workshop at University of the WasEngland, Bristol, England,
26" 28" January 2007

Posters Varaprasad Kolla Wolfgang Holzgreve, Sinuhe Hahn
Biomarker discovery strategy for trisomy 21 usinfRAQ and 4800 plus
MALDI TOF/TOF, European Biomarkers Summit, Amstergal-5 September 2007.

Course Faculty for ‘Course in Prenatal Gen&iagnosis’ organised by
European Cytogeneticistsdciation (ECA), Goldrain Cast#suth
Tyrol, ltaly. 924" September 2009

AWARDS AND ACHIEVEMENT

Registration and travel grant to attendant 2nd EWwler school in Proteomic Basics ‘Protein
Identification-MassSpectrometry’. Kloster Neust{rixen, South Tyrol, Italy), 1319" July 2008.

PROFFESIONAL MEMBERSHIP
Swiss Proteomics Society (SPS)
BioValley, Basel
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PUBLICATIONS

Kolla V, Jend P, Moes S, Tercanli S, Lapaire O, Choolariihn S.

Quantitative proteomics analysis of maternal plagniaown Syndrome pregnancies using isobaric
tagging reagent (iTRAQ).

J Biomed Biotechnol. Volume 2010(2010) Article IB2D47.

Sikora A, Zimmermann BG, Rusterholz C, Birri Kglla V, Lapaire O.¢t al
Detection of Increased Amount of Cell-Free FetallDhith Short PCR Amplicons.
Clin Chem. 2010 Jan;56(1):136-8

Hahn S, Jackson L&olla V, Mahyuddin AP, Choolani M.

Noninvasive prenatal diagnosis of fetal aneuplaidied Mendelian disorders: new innovative
strategies.

Expert Rev Mol Diagn. 2009 Sep;9(6): 613-21. Review

Choolani M, Narasimhan Ksolla V, Hahn S.
Proteomic Technologies for Prenatal Diagnosticsizaite and Challenges ahead
Expert Rev Proteomics. 2009 Fab;6(1):87-101. Review

Kolla V Prasad, Aftab Taiyab. D Jyothi, Usha K Srinivas, Amer&&edhar
Heat shock transcription factors regulate heatéadwcell death in a rat histiocytoma.
J Biosci.2007 Apr;32(3):585-93

The Indian Genome Variation database (IGVdb): gegtooverview Human Genetics. Hum Genet.

2005 Oct;118(1):1-11.
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