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Abstract
Objective(s)—To apply a novel proteomic method to discover potential pathogenic factors and
biomarkers of preeclampsia.

Study design—Sera from five patients complicated with preeclampsia and five healthy pregnant
controls were separately pooled. Each pool was treated with peptide ligand library beads (PLLBs)
to remove high abundance proteins by affinity and thus enrich low abundance proteins. The
proteins from the eluate were analyzed by a combination of 1D-Gel-LC-MS/MS. Protein
expression levels were quantified using spectral counts and the extracted ion current.

Results—1172 unique proteins in preeclampsia and 1149 in healthy controls were identified in
the present study. 51 proteins were differentially expressed between preeclampsia and healthy
pregnant women including chorionic somatommammptropin hormone (CSH) and fibulin-1. 31
proteins identified were up-regulated and 20 were down-regulated.

Conclusions—The results demonstrate that peptide ligand library combining with 1D gel-LC-
MS/MS analysis is an efficient method to identify differentially expressed proteins in sera and two
biological processes of complement and coagulation activations and lipid metabolism were
involved in the pathogenesis of preeclampsia.
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1. Introduction
Preeclampsia is a pregnancy-specific syndrome characterized by hypertension and
proteinuria. It occurs in 3–5% pregnancies and leads to high maternal and fetal morbidity
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and mortality [1]. Currently there are no predictive tests available for diagnosis of
preeclampsia. Over the last two decades, researches have revealed that preeclampsia is a
multi-systemic syndrome with complex pathophysiological changes, such as endothelial
dysfunction, inflammatory response, activation of coagulation system and metabolic
changes [2]. It is widely believed that the pathophysiological changes of preeclampsia may
result from the abnormal expression of some proteins. Identification of these proteins could
be of great help in elucidating the molecular basis of the pathogenesis as well as in serving
as biomarkers for early diagnosis of the disease. Application of proteomic technologies has
evolved as a major tool for biomarker discovery [3]. Proteins derived from biological fluids
that can be accessed noninvasively are ideal candidate biomarkers. One challenge to identify
these biomarkers is that 85 percent of the human serum proteins by mass are comprised of
six high abundance proteins including albumin, subtypes G and A of immunoglobulin,
transferrin, haptoglobin, and α-1-antitrypsin. These components may mask the mass spectra
of the interesting low abundance proteins. Methods have been developed to deplete the high
abundance proteins derived from serum/plasma, such as immunodepletion, organic
precipitation, affinity purification and solid phase extraction [4,5].

Potential serum biomarkers of preeclampsia have been identified using proteomic methods.
Our previous study of preeclampsia using surface-enhanced laser desorption lionization-time
of flight-mass spectrometry (SELDI-TOF-MS) detected 10 significantly different protein
peaks between hypertensive disorder complicating pregnancy and healthy controls [6]. A
recent study using a combination of immuno-depletion and 2D DIGE has identified 39
differentially expressed proteins involved in lipid metabolism, coagulation, complement
regulation, extracellular matrix remodeling, protease inhibitor activity and acute-phase
responses, providing a comprehensive view of the synergism between pathways involved in
the pathogenesis of preeclampsia [7]. The 2D gel electrophoresis approach is limited in
sensitivity and can be inefficient when analyzing hydrophobic proteins or those with very
high or low molecular weight. It is also known that other proteins are concomitantly
removed during immuno-depletion process due to non-specific binding to the depleted
proteins. On the other hand, the combination of 1D-Gel electrophoresis and LC-MS/MS has
become a powerful approach owing to facile separation of proteins on 1D SDS PAGE
followed by the powerful shotgun proteomic approach. An alternative approach, based on
peptide-ligand-library affinity chromatography and 1D-Gel-LC-MS/MS has been used in the
present study for identification of pathogenic factors in preeclampsia. Peptide ligand library
affinity chromatography is a novel method for capturing and identifying the low abundance
proteins [8]. In this method, a solid-phase combinatorial library of hexapeptides is coupled,
via a shorter spacer, on poly (hydroxymethecrylate) beads, by a modified Merrifield
approach. The hexapeptide ligands are synthesized from natural amino acid so the library
contains millions of linear hexapeptide that are able to interact with a very large number of
proteins present in a complex proteome. Lau Sennels et al [9] have reported a large scale
proteomic study of human serum using peptide library beads and mass spectrometry.
Analysis of the eluates from this combinatorial library resulted in the identification of 1559
proteins including a large number of low abundance proteins.

In the present work, we have applied the peptide ligand library beads (PLLBs)-based affinity
method to the differential analysis of severe preeclampsia serum samples versus serum
samples of healthy pregnant women. We have found that 51 proteins are differentially
expressed between serum samples from healthy controls and severe preeclampsia patients.
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2. Materials and methods
2.1 Subjects and sample collection

Blood samples were taken from 5 pregnant women with severe preeclampsia and 5 healthy,
gestational age-matched pregnant women. The diagnosis of preeclampsia was based on the
criteria of the National High Blood Pressure Education Program working group on High
Blood pressure in pregnancy. Severe preeclampsia was defined as increased blood pressure
(≥160 mmHg systolic or ≥ 110 mmHg diastolic on ≥ 2 occasions at least 6h apart) that
occurred after 20 weeks of gestation in women with preciously normal blood pressure,
accompanied with proteinuria (≥5 g/24h) or proteinuria of 2+ or more by dipstick
measurement. No subject had a history of hypertension or renal diseases. Gestational age-
matched control subjects were apparently healthy and without hypertension or proteinuria.
None of the control subjects suffered preeclampsia before. All samples were collected from
the Obstetrics and Gynecology Department; Beijing Chaoyang Hospital affiliated Capital
Medical University. The research protocol was approved by the Ethics Committee of Beijing
Chaoyang Hospital. Serum samples were obtained from the peripheral blood by centrifuging
at 4000 rpm for 10 minutes at 4°C within 2 hours of the collection and stored at −80°C until
analyzed.

2.2 Sample preparation
Serum samples from 5 patients with severe preeclampsia and 5 healthy controls were pooled
together, respectively. 300 µL of the pooled serum samples was centrifuged to eliminate
particles in suspension. 8 mg of the PLLB resin (Peptide International, Lexington, KY) was
suspended in 100 µL of 50% methanol for 10 minutes and was washed three times with PBS
solution (pH=7.4). Note: the peptide ligand library beads are currently the product of Bio-
Rad Laboratories, Inc. (Hercules, CA) under the trade name of ProteoMiner. Then the
pooled serum samples were incubated with the PLLB resin at room temperature (22–25°C)
on a soft shaker for 2 hours. After removing the unbound fraction, the PLLB resin was
washed three times with PBS solution again. Proteins were eluted from the beads by
incubating with LDS sample buffer (Invitrogen, Grand Island, NY) at 100°C for 5 minutes.

2.3 Protein separation, in-gel digestion and LC-MS/MS analysis
Proteins were separated on a 4–12% gradient Tris-Glycine SDS-gel (Invitrogen, Grand
Island, NY), and were stained with colloidal Coomassie Blue (Invitrogen, Grand Island,
NY). Each lane was cut into 15 slices and each gel slice was reduced with 10 mM
dithiothreitol (Calbiochem, San. Diego, CA) and alkylated with 100 mM iodoacetamide
(Sigma, St Louis, MO). Then in gel digestion was carried out with the sequence grade
modified trypsin (Promega, Fitchburg, WI) in 50 mM ammonium bicarbonate at 37°C
overnight. The peptides were extracted twice with 1% trifluoroacetic acid in 50%
acetonitrile aqueous solution for 30 minutes.

For LC-MS/MS analysis, each digestion product was separated by a 60 min gradient elution
at a flow rate 0.250 µL/min with the Dionex 3000 nano-HPLC system, which is directly
interfaced with the Thermo LTQ-Orbitrap mass spectrometer. The analytical column was a
home-made fused silica capillary column (75 µm ID, 150 mm length; Upchurch, Oak
Harbor, WA) packed with C-18 resin (300 A, 5 µm, Varian, Lexington, MA). Mobile phase
A consisted of 0.1% formic acid, and mobile phase B consisted of 100% acetonitrile and
0.1% formic acid. The LTQ-Orbitrap mass spectrometer was operated in the data-dependent
acquisition mode using the Xcalibur 2.0.7 software and there is a single full-scan mass
spectrum in the Orbitrap (400–1800 m/z, 30,000 resolution) followed by 6 data-dependent
MS/MS scans in the ion trap at 35% normalized collision energy.
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2.4 Data processing and quantitative analysis
The MS/MS spectra from each LC-MS/MS run were converted from RAW file format to
DTA files using BioWorks 3.3.1 (Thermo-Fisher, San Jose, CA). The DTA files were
searched against the human IPI database using an in-house Mascot searching algorithm. The
following search parameters were used in all of the Mascot searches: maximum of 1 missed
trypsin cleavages, cysteine carbamidomethyltion as fixed modification, methionine
oxidation as the variable modification. The maximum error tolerance was 10 ppm for MS
and 1.2 Da for MS/MS. Proteins were designated as “hits” only when the Mascot score was
more than 30 and there were at least 2 unique peptides matches. When several proteins
matched the same sets of peptides, only the proteins with the greater percentage of coverage
was selected.

Quantitation of protein expressions by spectral counts for each identified proteins was
carried out using an in-house developed Perl script. Significance was regarded only when
the ratio of spectral counts between two groups were more than 2 or less than 0.5. Extracted
ion currents for selected peptides were also used to quantify the protein concentrations from
different samples. Confirmation of some of the differentially expressed proteins in the
present study was also carried out with isotope-encoded peptides corresponding to the
tryptic peptides of the selected proteins. The same amount of pooled serum samples from
severe preeclampsia and healthy controls were treated with PLLB resin, respectively, using
the same protocol described above. The eluted proteins were separated on 1D SDS PAGE
followed by in gel digestion. Then the tryptic peptides from each gel band were pooled and
spiked with the isotope-encoded synthetic peptides as the internal standards followed by LC-
MS/MS analysis with LTQ-Orbitrap mass spectrometer.

2.5 Western blot analysis
60 µg serum proteins from 4 patients with severe preeclampsia and 4 healthy controls in the
third trimester were separated respectively in NuPAGE Novex 4–12% Bis Tris gradient gels
(Invitrogen, Grand Island, NY) and transferred to a nitrocellulose membranes (Millipore,
Billerica, MA) for 30 minutes using 1× NuPAGE transfer buffer. The membranes were
blocked overnight at 4 °C in blocking buffer (5% skim milk, 0.1% Tween 20, 0.01M TBS)
and incubated with primary antibodies in the blocking buffer for 120 min at room
temperature. Antibodies specific to Transthyretin (TTR), Retinol-binding protein 4 (RBP4),
CSH and Alpha-2-HS-glycoprotein (AHSG) (Abcam, Cambridge, MA) were used,
respectively. After washes with TBST buffer (0.1% Tween 20, 0.01M TBS), the membrane
was incubated with secondary antibodies (goat antimouse/HRP conjugate) (Santa Cruz, Paso
Robles, CA) for TTR, RBP, CSH and AHSG and detected with the Pierce chemiluminescent
(ECL) kit (Thermo, Waltham, MA). Levels of proteins were then quantified by Image Quant
TL Activation Wizard software.

3. Results
3.1 Subject characteristics

5 pregnant women complicated with preeclampsia and 5 healthy pregnant women were
recruited in this study. They all underwent cesarean section in their third trimester to end the
pregnancy. The characteristics of these pregnant women were listed in Table 1.

3.2 PLLB-based Serum Sample Preparation
As shown in Figure 1, a similar pattern of bands are detected for 2 µL of pooled serum in
lane 5 and 6 and 2 µL of unbound material after incubation in lane 3 and 4, indicating that
the relative concentration of the most abundant proteins does not change appreciably after
saturation of their available ligands. The presence of a continuum of bands covering the
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entire molecular weight interval from 10–200 kDa in the two eluates from PLLBs are shown
in lane 1 and 2, indicating the enrichment of low abundance proteins and the drastically
reduced levels of the most abundant proteins present in the serum such as albumin at about
67 kDa.

3.3 Identification of proteins by 1D Gel-LC-MS/MS
After in-gel digestion, the tryptic peptides from each gel band were analyzed by LC-MS/
MS. 1172 proteins were identified from samples of preeclampsia patients and 1149 in
normal pregnant women. The false positive rate for proteins identified with Mascot, as
calculated by the decoy database search, was estimated to be 2%. Although the numbers of
proteins identified are not as high as what have been reported, these results are more reliable
since the MS measurement was carried out with LTQ-Orbitrap mass spectrometer with the
mass measurement error less than 10 ppm. The studies carried out with LTQ usually use a 3
Da as mass measurement error, which greatly increases the false positive rate.

Using PLLB treatment, we have been able to identify some low abundance proteins and
proteins that were seldom implicated to preeclampsia, such as chorionic
somatomammotropin hormone, a low abundance protein whose concentration in plasma was
reported to be about 5–45 ng/mL [10]. An extracellular matrix protein, fibulin-1, was also
identified. The MS/MS spectrum of a selected tryptic peptide of CSH and fibulin-1 is
displayed in Figure 2A and Figure 2B, respectively, in which all major fragment ions match
the b and y ions of the peptides from these two proteins.

3.4 Identification of serum proteins differentially expressed in severe preeclampsia and
healthy Controls

When comparing Lane 1 from severe preeclampsia patients to Lane 2 from healthy pregnant
women, staining intensities show significant differences in several gel bands, as shown in
Figure-1. Spectral counts were used to quantify the expression levels of proteins in the
selected gel bands as well as the whole lane, which use the number of spectra that have been
assigned to a specific protein, to quantify the relative abundance of a protein from two
samples and have been widely applied to biological systems. Using 2 fold or more changes
as a determinant, we have identified 31 proteins up-regulated and 20 down-regulated in
patients with preeclampsia comparing with healthy pregnant women, as displayed in Table
2. Manually confirmation of all the differentially expressed proteins was carried out with the
extracted ion current of selected peptides. The intensity profiles of a peptide from CSH are
displayed in Figure 3, suggesting that the concentration of CSH from preeclampsia patients
is 7 times higher than that from healthy controls. Apolipoprotein E (ApoE) eluted from
PLLBs was found to be up-regulated in preeclampsia using spectral counts and the extracted
ion current. To further determine the concentration of ApoE, an isotope-encoded peptide
corresponding to a tryptic peptide of ApoE was synthesized and used as an internal standard
to quantify the concentration of ApoE in the PLLB-treated serum samples. The mass
spectrum of the selected tryptic peptides versus the synthetic peptide is shown in Figure 4.
The concentration of serum ApoE in patients with preeclampsia was determined as 198.42
mg/L and 93.77 mg/L in healthy controls, respectively, which was consistent with results
obtained by spectral count and extracted ion current.

3.5 Validation of proteomic results by western blot analysis
Four of the differentially expressed serum proteins (TTR, RBP4, CSH and AHSG) were
analyzed by western blot, as shown in Figure 6. The immunoblot analysis showed decreased
TTR in the serum of severe preeclampsia patients with a mean band intensity of
2625.30±562.19 SD (mean optical density units) versus controls (17177.83±5608.32),
p<0.01 (student’s t-test, two tailed). This indicates that the concentration of TTR in control
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is 6 times higher than that in the serum of patients, in agreement with the result from spectra
counts. Similarly, the concentration of RBP4 is two times lower in severe preeclampsia
(30978.65±15416.88 SD) than that in controls (71988.55±18462.04 SD), p<0.01. In
contrast, the analysis showed increased levels of CSH and AHSG (CSH: 18430.67±3986.95
SD in PE and 4841.45±3090.66 SD in control, p<0.01; AHSG: 27888.58+7585.27 SD in PE
and 8626.815+3477.34 SD in control, p<0.01). The relative abundance profiles, as
determined by western blot analysis, were therefore consistent with the quantitative spectral
counts data obtained for these four proteins.

3.6 Biological processes and molecular functions of proteins differentially expressed in
preeclampsia and healthy controls

All differentially expressed proteins were annotated and analyzed using DAVID
Bioinformatics Resources to connect the proteins to biological processes and pathways
(Figure 5). The analysis demonstrated that 17 of the proteins differentially expressed were
linked to complement and coagulation response and 15 were acute-phase-response proteins.
Six proteins were extracellular matrix proteins. The analysis also revealed 3 major clusters
of molecular function: 7 proteins were endopeptidase inhibitors, 5 were calcium-ion-binding
proteins (APCS, F10, FGG, FBLN1, and PLG) and 8 were heparin-binding proteins (ApoB,
ApoH, FN1, KING1, PF4, SERPINC1, VTN and Hyaluronan-binding protein 2).
Collectively, these observations implicate that acute phase, complement and coagulation
response play a major role in preeclampsia.

4. Discussion
In the present study, a novel method of peptide ligand library affinity chromatography
combining with 1D gel-LC-MS/MS analysis was employed to identify proteins differentially
expressed in sera of preeclampsia patients comparing to those of healthy pregnant women. It
has been documented that the PLLB is an efficient means to reduce high abundance proteins
for the identification of low-abundance proteins and is highly reproducible. Analysis of
serum samples treated with PLLB in triplicate resulted in the identical 1D SDS images in
our experiments and in the literature [11–13]. Like other affinity-based depletion methods,
PLLB is only to enrich a subproteome, which is based on the selective binding of proteins
by hexapeptides. Proteins that don’t bind to hexapeptides are not retained on the beads.
Furthermore, the comparison can only be performed for the proteins that have not saturated
their respective binding sites on the PLLBs. Since there are 6 proteins accounting for 85% of
the bulk mass of the proteins in human serum, it’s reasonable to assume that the other
proteins do not fully occupy their binding sites and can be analyzed with the amount of
beads according to the manufacturer's instruction. Using PLLB-treated serum sample 51
proteins were identified to be differentially expressed between severe preeclampsia women
and healthy pregnant women in the third trimester based on the spectral counts.

Of the 51 proteins differently expressed in our series, ApoE, ApoA2, ApoL1, ApoH, CLU
(ApoJ), SAA4 [14] were all apolipoproteins involved in lipid metabolism. ApoA2, ApoH
and SAA4 were also linked to acute-phase response [15,16]. Other HDL associated proteins,
SERPINF1, AHSG, TTR and RBP4, were also identified and differentially expressed
between preeclampsia and normal pregnant women. With targeted LC-MS analysis, we
determined the concentrations of ApoE in the pooled sera of preeclampsia and normal
control pregnancies, as 198.42 mg/L and 93.77 mg/L, respectively. ApoE expression in
serum of patients was about 2-fold higher than that of healthy pregnancies. The results
demonstrate that lipid metabolism is closely involved in pathogenesis of preeclampsia and is
consistent with the previously published results [17]. Changes of Pregnancy zone protein
(PZP), APCS, fibrinogen, hyaluronan-binding protein, and inter-alpha (globulin) were
identified and were consistent with the earlier report by Blumenstein et al [7]. In addition,
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we were able to identify some low abundance proteins such as CSH, a plasma protein
secreted by the syncytiotrophoblast of human placenta. And the maternal serum level of
CSH elevates in relation to the growth of the fetus and placenta [18]. CSH reportedly has
lipolytic activity and the adverse effect of free fatty acid in the preeclampic maternal
circulation may be originated from the up-regulation of CSH [19]. In the present study, the
expression of CSH was up-regulated in patients with preeclampsia and is in agreement with
the earlier reports showing that hyperplasia of the cytotrophoblast accompanied by its
differentiation into new syncytiotrophoblast tissue in preeclampsia [20]. More experimental
measurements are being conducted to establish that CSH is a potential biomarker associated
with the pathophysiology of preeclampsia.

Expression of fibulin-1 was found to be up-regulated in preeclampsia. Fibulin is a member
of extracellular-matrix (ECM) protein family discovered a little more than a decade ago [21]
and is less characterized, especially in the pathogenesis of preeclampsia. Fibulin-1 can
colocalize with elastin in the core of mature elastin-containing fibres in blood vessels [22],
elevated expression of which is induced in response to injury [23] and this fiber is associated
with atherosclerosis to perform acute myocardial infarction [24,25]. In the present study, up-
regulation of fibronectin was found in the sera of pregnant women complicated with
preeclampsia, which is recognized as a valuable biomarker for the assessment of endothelial
damage in preeclampsia [26]. Up-regulation of fibulin-1 and fibronectin indicates
atherogenesis of the arteriole, and ischemia and hypoxia occur in preeclampsia.

DAVID Bioinformatics Resources were used to connect the differentially expressed proteins
to biological processes and pathways. We found that 28 of the proteins differentially
expressed in preeclampsia were involved in acute phase, complement and coagulation
responses. It has been suggested that preeclampsia is a disorder characterized by
intravascular and endothelial cell dysfunction [27,28], related to pregnancy-induced
autoimmune condition [29,30]. Abnormal activation of the immune system has been
reported in preeclampsia [31–35]. A recent review has linked the inflammation relating to
activation of the complement system with preeclampsia [36]. Although there are still
controversies concerning the role of immunological mechanisms engaged in preeclampsia,
our results showed the immune system involved in pathophysiology of preeclampsia.

However, some known factors associated with preeclampsia were not identified in the
present study including soluble fms-like tyrosine kinase 1 (sFlt-1) and placental growth
factor (PIGF) [37]. This is partly because different detection methods were used. Peptide
library affinity purification is applicable to the serum proteins that have their respective
binding ligands on the beads. The limitation is that proteins may not bind to hexapeptide
beads with high affinity and they will not be captured and detected [38]. The other reason is
that the detection limits of antibody-based methods are lower than that of mass
spectrometry. Powers et al [39] detected the maternal serum concentrations of soluble Fms-
like tyrosine kinase 1 across pregnancy in women who developed preeclampsia by
immunosorbent assay. The concentration detected in the preeclampsia pregnancy was about
4.5 ng/ml. That is below the detection limit of the mass spectrometry.

In the present study, we used spectral counts to identify differentially expressed proteins in
serum from patients with preeclampsia and healthy controls. Spectral count is simple and
sensible to protein abundance changes, which correlates well with protein abundance [40].
However, it may not give the true representation of differences of low abundance proteins or
small proteins between two samples. Extracted ion current is an alternative approach to
determine the differentially expressed proteins by using the sum of the ion signal for a
particular mass to charge (m/z) value. In the present work, extracted ion current was used to
confirm all the differentially expressed proteins listed in Table 2 including CSH that is a low
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abundance protein in sera. The addition of isotope-encoded peptide as the internal standards
is an alternative approach to determine the absolute concentrations of targeted proteins. A
synthetical isotope-encoded ApoE peptide was used in the present work to determine the
concentrations of ApoE in preeclampsia and the health controls. It is worth noting that ApoE
measured in the present work (94 mg/ml) should be a fraction of total ApoE that was bound
to PLLBs. The concentrations of ApoE in serum were reported at 16–169 mg/L as
determined by immunoturbidimetry [41]. The current measurement indicates that most
ApoE proteins are retained by PLLBs.

In conclusion, the results demonstrate that peptide ligand library affinity chromatography
combining with 1D gel-LC-MS/MS analysis is a useful method to identify proteins
differently expressed in sera of pregnancies complicated with preeclampsia. The changes of
protein expressions are mainly associated with acute phase, complement and coagulation
response, concomitant with lipid metabolism and ECM remodeling. Chorionic
somatomammotropin hormone is suggested to be a potential biomarker for diagnosis of
preeclampsia.
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Figure 1.
1D-SDS-PAGE gel images of serum proteins before and after PLLB treatment. Lane 1:
molecular weight marker. Lanes 2 and 3: serum proteins of healthy pregnant and
preeclampsia eluted from the PLLB. Lane 4 and 5: proteins from 2 µL of the unbound
fraction; and Lanes 6 and 7: proteins from 2 microliter serum of healthy pregnant and
preeclampsia patients, respectively.
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Figure 2.
(a). The MS/MS spectrum of a peptide ion (monoisotopic mass 2296.1343), the fragments
of which matched to the peptide sequence AHQLAIDTYQEFEETYIPK from CSH 1.
(b). The MS/MS spectrum of a peptide ion (monoisotopic mass 2337.2619), the fragments
of which matched to the sequence ITYYHLSFPTNIQAPAVVFR from Fibulin-1.
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Figure 3.
The overlapped mass spectra of the peptide AHQLAIDTYQEFEETYIPK of CSH 1 from
preeclampsia and healthy controls. The solid line represents the peptide ion from healthy
controls and the dotted one represents the peptide ion from preeclampsia patients. The
concentration of CSH 1 in serum of preeclampsia is 7 times higher than that of healthy
pregnancy.
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Figure 4.
The mass spectra of the tryptic peptide SWFEPLVEDMQR from ApoE and the
corresponding isotope encoded counterpart. The intensity ratio of the two monoisotopic
peaks was used to determine the concentrations of ApoE.
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Figure 5.
Biological processes and molecular functions of proteins implicated to preeclampsia.
All the differentially expressed proteins were analyzed using DAVID Bioinformatics
Resources showing significant enrichment of proteins involved in complement and
coagulation response, acute phase response, protease inhibitor activity, lipid metabolism and
extracellular matrix remodeling.
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Figure 6.
Western blot analysis of TTR, RBP4, CSH and AHSG, showing that expressions of TTR
and RBP4 were down-regulated, while expressions of CSH and AHSG were up-regulated in
patients with preeclampsia compared with those in healthy controls (P<0.01).

Liu et al. Page 16

Placenta. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Liu et al. Page 17

Table 1

Characteristics of all the study subjects

Normal pregnant women
(n=5)

Preeclampic patients
(n=5)

Maternal age (y) 28.2±1.8 30.3±2.4

Gestational weeks (w) 38.6±0.4 36.4±1.2

SBP(mmHg) 108.3±2.7 166.2±5.7*

DBP(mmHg) 70.2±2.9 107.3±7.5*

The statistical analysis of characteristics of these pregnant women was performed with SPSS for windows 13.0 using one-way analysis of variance.
Data are described as mean ± standard. Significance is set as P<0.05.

*
P<0.05.
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Table 2

Serum proteins differentially expressed between patients with preeclampsia and healthy controls in the third
trimester.

Protein ID Protein Name

Up-regulated

IPI00553177 Serpin peptidase inhibitor, clade A, member 1

IPI00022431 Alpha-2-HS-glycoprotein

IPI00022426 AMBP protein

IPI00021842 Apolipoprotein E

IPI00298828 Apolipoprotein H

IPI00017601 Ceruloplasmin

IPI00000891 Chorionic somatomammotropin hormone

IPI00291262 Clusterin

IPI00019576 Coagulation factor X

IPI00022392 Complement C1q subcomponent subunit A

IPI00022394 Complement C1q subcomponent subunit C

IPI00294395 Complement component C8 beta chain

IPI00022395 Complement component C9

IPI00029739 Complement factor H

IPI00167093 Complement factor H-related 1

IPI00021364 Complement factor properdin

IPI00021885 Fibrinogen alpha chain

IPI00298497 Fibrinogen beta chain

IPI00021891 Fibrinogen gamma chain

IPI00022418 Fibronectin

IPI00296537 Fibulin-1

IPI00023673 Galectin-3-binding protein

IPI00746623 Hyaluronan-binding protein 2

IPI00215894 Kininogen-1

IPI00019038 Lysozyme C

IPI00006114 Serpin peptidase inhibitor, clade F, member 1

IPI00019580 Plasminogen

IPI00002903 Pregnancy-specific beta-1-glycoprotein 3

IPI00477046 Pregnancy-specific beta-1-glycoprotein 4

IPI00555812 Vitamin D-binding protein

IPI00298971 Vitronectin

Down-regulated

IPI00478003 Alpha-2-macroglobulin

IPI00008554 Angiogenin

IPI00032179 Serpin peptidase inhibitor, clade C, member 1

IPI00021854 Apolipoprotein A-II

IPI00022229 Apolipoprotein B-100
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Protein ID Protein Name

IPI00186903 Apolipoprotein-L1

IPI00021727 C4b-binding protein alpha chain

IPI00011264 Complement factor H-related protein 1

IPI00026199 Glutathione peroxidase 3

IPI00410714 Hemoglobin subunit alpha

IPI00217473 Hemoglobin subunit zeta

IPI00180190 Leucine-rich repeat-containing protein 6

IPI00294713 Mannan-binding lectin serine protease 2

IPI00022420 Plasma retinol-binding protein 4

IPI00022446 Platelet factor 4

IPI00025426 Pregnancy zone protein

IPI00006146 Serum amyloid A2 protein

IPI00019399 Serum amyloid A-4 protein

IPI00022391 Serum amyloid P-component

IPI00022432 Transthyretin
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