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Abstract
Objective—Simultaneous analysis of the protein composition of biological fluids is now
possible. Such an approach can be used to identify biological markers of disease and to understand
the pathophysiology of disorders that have eluded classification, diagnosis, and treatment. The
purpose of this study was to analyze the differences in protein composition in amniotic fluid of
patients in preterm labor.

Study Design—Amniotic fluid was obtained by amniocenteses from three groups of women
with preterm labor and intact membranes: (1) women without intra-amniotic infection/
inflammation (IAI) who delivered at term; (2) women without intra-amniotic IAI who delivered a
preterm neonate; and (3) women with IAI. Intra-amniotic infection was defined as a positive
amniotic fluid culture for microorganisms. Intra-amniotic inflammation was defined as an elevated
amniotic fluid interleukin (IL)-6 (≥2.3 ng/mL). Two-dimensional (2D) chromatography was used
for analysis. The first dimension separated proteins by isoelectric point, while the second, by the
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degree of hydrophobicity. 2D protein maps were generated using different experimental conditions
(reducing agents as well as protein concentration). The maps were used to discern subsets of
isoelectric point/hydrophobicity containing differentially expressed proteins. Protein identification
of differentially expressed fractions was conducted with mass spectrometry. ELISA
immunoassays as well as surface-enhanced laser desorption/ionization time-of-flight mass
spectrometry (SELDI-TOF MS)--based on-chip antibody capture immunoassay were also used for
confirmation of a specific protein that was differentially expressed.

Results—1) Amniotic fluid protein composition can be analyzed using a combination of 2D
liquid chromatography and mass spectrometry for the identification of proteins differentially
expressed in patients in preterm labor; 2) While total insulin-like growth factor-binding protein-1
(IGFBP-1) concentration did not change, IGFBP-1 fragments at about 13.5 kDa were present in
patients with intra-amniotic IAI; 3) proteins which were over-expressed in group 1 included Von
Ebner gland protein precursor, IL-7 precursor, apolipoprotein A1, tropomyosin sk1 (TPMsk1)
fragment, ribosomal protein S6 kinase alpha-3 and alpha-1-microglobulin/bikunin precursor
(AMBP); 4) proteins which were over-expressed in group 3 included fibrinopeptide B, transferrin,
(MHC) class 1 chain-related A antigen fragment, transcription elongation factor A, sex-
determining region Y (SRY) box 5 protein, Down syndrome critical region 2 protein (DSCR2),
and human peptide 8 (HP8); and 5) one protein, retinol binding protein, was over-expressed in
women who delivered preterm, regardless of the presence of IAI.

Conclusions—A combination of techniques involving 2D chromatography, mass spectrometry,
and immunoassays allows identification of proteins that are differentially regulated in amniotic
fluid of patients with preterm labor. Specifically, the amount of the IGFBP-1 fragments at
approximately 13.5 kDa was found to be increased in patients with IAI, while the amount of the
intact form of IGFBP-1 was decreased.
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INTRODUCTION
High-dimensional biology (HDB) refers to the simultaneous study of the genetic variants
(DNA variants), transcription [messenger RNA (mRNA)], peptides and proteins, as well as
metabolites of an organ, tissue, or an organism in health and disease. HDB is expected to
assist with the development of new diagnostic, prognostic and therapeutic tools in
medicine[1-13].

One approach in proteomics is to separate proteins in a biological fluid and/or tissue
followed by protein identification of peptides or proteins which are differentially expressed
in the conditions of clinical interest[14,15]. In the past, separation has been conducted with
two-dimensional gel electrophoresis, followed by mass spectrometry (MS) analysis of
differentially expressed proteins for identification[14,16].

Two-dimensional chromatography (in which proteins and peptides are separated as a
function of hydrophobicity and isoelectric point in a liquid phase and this information
displayed in protein maps corresponding to the conditions of interest) has emerged as an
alternative strategy to two-dimensional gel electrophoresis for identifying novel
proteins[16,17]. In this technology, separation by reversed phase chromatography is a
convenient and well-proven method of separation by hydrophobicity that is “orthogonal” to
the first axis of isoelectric point (which is shared with 2D gel electrophoresis), and thus
provides good mixture simplification. Thus, we applied this approach followed by MS to
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determine if such an approach could be useful in identifying differentially expressed
proteins in different clinical groups of patients with preterm labor.

MATERIAL AND METHODS
Study Design

A cross-sectional study was conducted by searching our clinical database and bank of
biologic samples. This study included women who presented with preterm labor and intact
membranes (PTL) between 20 to 34 weeks of gestation, that were subdivided into the
following categories: Group 1: preterm labor who delivered at term with a negative amniotic
fluid culture for microorganisms and without intra-amniotic inflammation (IAI) (n=86);
Group 2: preterm labor who delivered preterm (<37 weeks) without IAI(n=86); and Group
3: preterm delivery with IAI (n=86). Pools for use in the proteomics studies were generated
for each group by combining 125 μL aliquots of amniotic fluid samples from individual
patients corresponding to each group.

Preterm labor was defined by the presence of regular uterine contractions occurring at a
frequency of at least 2 every 10 minutes and some degree of cervical change before 37
completed weeks of gestation. All patients were diagnosed to have preterm labor by their
physicians and were admitted to the hospital. All patients provided written informed consent
to donate amniotic fluid for research purposes according to protocols at the institutions at
which the studies were conducted. Amniocenteses were performed for clinical indications at
the discretion of the attending physician to assess the microbiologic state of the amniotic
cavity and/or fetal lung maturity. Amniotic fluid not required for clinical purposes was
centrifuged at 4oC for 10 minutes and stored at -70°C. A sample of amniotic fluid was
transported to the laboratory for aerobic, anaerobic, and genital Mycoplasmas fluid cultures.
Amniotic fluid white blood cell (WBC) count, red blood cell (RBC) count and glucose
concentrations were performed. The results of these tests were used for subsequent clinical
management. Patients with amniotic fluid RBC count of more than 100 cells were excluded.

Intra-amniotic inflammation was defined as amniotic fluid concentration of interleukin-6
(IL-6) higher than 2.3 ng/ml. This cut-off of IL-6 concentration was derived from applying a
receiver-operating characteristic curve to amniotic fluid concentrations of IL-6 of patients
with spontaneous preterm labor included in this study for the identification of patients who
delivered within 7 days of amniocentesis. Many of these samples have been used previously
in several studies focusing on term and preterm parturition, cytokines, chemokines,
arachidonic acid metabolites, and other biological markers of disease.

Amniotic fluid preparations for proteomics studies
Three different methods for preparing amniotic fluid samples for proteomic investigation via
2D separation chromatography were investigated. We found that these methods had a
profound impact on the ability to detect, characterize and quantify differential protein
expression in amniotic fluid, and describe here each method and its strengths and
limitations.

For details of amniotic fluid preparations and analytical methods, the reader is referred to the
Appendix section. A brief description of the methods is provided as follows:

Reduced amniotic fluid—In a first set of experiments, amniotic fluid samples were
treated with reducing agents to improve solubilization. This method was successful only in
identifying high-abundance proteins.
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Untreated amniotic fluid—In a second set of experiments, untreated amniotic fluid was
buffer-exchanged and directly injected into the chromatofocussing column.

Concentrated amniotic fluid—In a third set of experiments, protein from large volumes
of amniotic fluid from groups 1 and 3 was concentrated by centrifugation with a molecular
weight cutoff filter (30 kDa). The retentate was treated with a reducing agent and refiltered.
The filtrate was buffer-exchanged as in the case of untreated amniotic fluid and subjected to
2D liquid chromatography separation.

Analytical methods
Two-dimensional chromatographic fractionation (2D-CF) and analysis—2D
fractionation employed chromatofocusing (CF) to fractionate proteins based upon a narrow
range of isoelectric points (pI) in a first dimensional separation, followed by nonporous
Reversed-Phase High Performance Liquid Chromatography (RP-HPLC) separation of each
of the individual pI fractions according to hydrophobicity in the second dimensional
separation as first described by Lubman et al.[18] Using ultraviolet (UV) detection, an
image is generated in software of either the intact expressed proteins using ProteoVue or
their differential expression using DeltaVue (ProteoVue and DeltaVue software programs
are commercially available from Beckman Coulter, Inc., Fullerton, CA, USA). Thus, the
2D-CF method may be regarded as a combination of a preparative (for mixture
simplification) and an analytic (by visualizing the two dimensional protein distribution)
separation technique.

Gel electrophoresis and mass spectrometry analysis—Chromatographic fractions
of amniotic fluid samples that discriminated among groups were selected for protein
identification using (MS). Corresponding fractions were combined and analyzed by sulfate--
polyacrylamide gel electrophoresis (SDS-PAGE) following the method of Laemmli.[19]
Selected gel plugs from the SDS-PAGE gel were trypsin digested as described in the
Appendix for mass spectrometric analyses. This method is used to produce cleaner digests
for mass spectrometric analysis.

Matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF)
analysis—Amniotic fluid samples were spotted onto a Matrix Assisted Laser Desorption
Ionization (MALDI) target, using a ProMS-robot (Genomic Solutions Ltd, Huntingdon, UK)
with ZipTips (Millipore, Billerica, MA USA). MALDI/MS data were acquired on a Voyager
DE-STR mass spectrometer (Applied Biosystems, Foster City, CA, USA) and the observed
m/z values were used for peptide mass fingerprint protein identification using ProFound
software (The Rockefeller University, New York, NY, USA).

Liquid chromatography-tandem mass spectrometry (LC-MS/MS) analysis—
Samples that proved inconclusive following MALDI-TOF were reanalyzed by nano-LC-
MS/MS on a Micromass Quadrupole Time of Flight (Q-TOF) mass spectrometer (Waters
Corp., Milford, MA USA). MS/MS spectra were searched against SwissProt using Mascot
software (www.matrixscience.com) to determine peptide sequences.

Liquid-phase (direct) mass spectrometry analysis—Chromatographic fractions of
amniotic fluid samples that discriminated among groups were also analyzed directly from
the liquid phase by trypsin digestion followed by MALDI-TOF/MS and electrospray
ionization-ion trap mass spectrometry (ESI-IT-MS).

SELDI-TOF MS ProteinChip Immunoassays—Insulin-like Growth Factor Binding
Protein -1 (IGFBP-1) and IGFBP-1 fragments were analyzed in the amniotic fluid pools of

Bujold et al. Page 4

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2011 August 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.matrixscience.com


groups 1 and 3 using a ProteinChip Array-based immunoassay and Surface-Enhanced Laser
Desorption/Ionization Time-of-Flight (SELDI-TOF) mass spectrometry.[20] Affinity-
purified goat anti-human IGFBP-1 capture antibody (R&D Systems, Minneapolis, MN) and
goat IgG (Sigma-Aldrich, St. Louis, MO) for a negative control were used to assess relative
concentrations of IGFBP-1 and its fragments in these groups.

Immunoassays for IGFBP-1—An ELISA assay for IGFBP-1 was used to determine
absolute concentration of immunoreactive protein. ELISA kits were obtained from
Diagnostics Systems Laboratories, Inc. (Webster, TX, USA). The IGFBP-1 ELISA was
validated for human amniotic fluid in our laboratory. The calculated inter- and intra-assay
coefficients of variation (CV) for IGFBP-1 immunoassays in our laboratory were 7.4% and
3.7%, respectively. The sensitivity for IGFBP-1 was 1.38 ng/ml.

RESULTS
Clinical and demographic characteristics

Table 1 describes the clinical and demographic characteristics of patients in the three study
groups used in this work. There were no significant differences in the median maternal age
and ethnic groups and other variables among the patients who contributed amniotic fluid to
the pools used for proteomic analysis. Patients with PTL with IAI had a significantly lower
gestational age at amniocentesis, shorter amniocentesis-to-delivery interval, lower
gestational age at delivery, lower neonatal birthweight and higher amniotic fluid IL-6
concentration than the other two groups. This is consistent with previous observation which
document the lower the gestational age, the higher the risk of IAI[21]. Among patients with
IAI, nineteen (22%) had a positive amniotic fluid culture for one or more microorganisms.
Table 2 presents the microorganisms isolated from amniotic fluid.

2D chromatography and MS analysis
Figure 1 shows the three 2D chromatographic ProteoVue protein maps obtained from
amniotic fluid, which had been treated using reducing agents with the purpose of improving
protein solubility which facilitates liquid-phase separation of these molecules in 2D
chromatography. The maps, generated by measuring total protein concentration with a UV
detector as each pI fraction elutes from the reversed phase column in the 2D-LC apparatus,
display the intact protein distributions in the amniotic fluid of women with preterm labor
who delivered at term (Figure 1a), preterm labor who delivered preterm without IAI (Figure
1b) and preterm labor with IAI (Figure 1c). ProteoVue maps are useful for locating regions
in the pI/hydrophobicity plane that contain significant amounts of protein, and by visually
comparing such maps from two or more samples, determining regions of potential
differential expression.

Using the ProteoVue maps we selected 25 fractions of amniotic fluid which have been
separated by 2D chromatography as potentially containing proteins that are stereotypic to
the groups. These fractions were subjected to SDS-PAGE to separate the proteins present in
each liquid fraction by molecular weight.

SDS-PAGE gels yield 42 spots which were excised and subjected to liquid chromatography
and tandem mass spectrometry (LC-MS/MS) for protein identification. The proteins
identified in the three clinical groups are displayed in Table 3. Human retinol binding
protein appeared to be expressed in group 2 and 3 but not in group 1 suggesting that this
protein is a feature which characterizes the amniotic fluid of women destined to deliver
preterm regardless of the presence of infection/inflammation. Other proteins such as
fibrinopeptide B, β-2-microglobulin, and transferrin were only identified in the amniotic
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fluid of women with intra-amniotic infection/inflammation. Many of the fractions submitted
to SDS-PAGE and LC-MS/MS did not yield protein identifications suggesting that this
sample preparation technique yielded identities only for high-abundance proteins that
appeared to be differentially expressed.

To address this issue, a second set of 2D liquid fractionation experiments were performed
with untreated amniotic fluid (not treated with reducing agents). Figure 2 displays the
resulting two ProteoVue maps in amniotic fluid of women with preterm labor who delivered
at term (Figure 2a) and preterm labor with IAI (Figure 2b). It is clear that the amount of
expressed protein observed in the ProteoVue maps is much greater than in Figure 1 (note
that the same concentration dynamic range is represented in both figures). These results
suggest that treatment of amniotic fluid with reducing agents interfered with the ability to
detect and identify proteins. It is possible that the re-formation in the chromatofocussing
column of albumin disulfide bonds broken by the use of reducing agents causes irreversible
adsorption on the column, trapping many other proteins and thereby preventing their
detection. Thus, sample processing plays an important role in global protein fractionation
and analysis.

ProteoVue and DeltaVue software analysis was used to select 18 fractions of differentially
expressed areas in the map for protein identification. DeltaVue is especially useful for
subtractively comparing the 2D-LC distributions obtained from two samples under similar
conditions. Selected fractions were subjected to SDS-PAGE and analyzed by MALDI-TOF/
MS and LC-MS/MS.

Table 3 summarizes the results of the two experiments in which 2D chromatography was
used to identify biomarkers in amniotic fluid from patients with premature labor. IGFBP-1
was found to be differentially expressed in a set of fractions having pI's in the range of 4.9 -
5.2. Figure 3 shows the DeltaVue map highlighting the group 1 and 3 sample comparison for
these fractions showing a protein band that is highly expressed in group 1 compared to
group 3 (no differential expression was observed that was specific to group 2). Figure 4
shows the SDS-PAGE image for the amniotic fluid from the corresponding fractions of
patients in groups 1 and 3. Proteins with approximate molecular weights of 30 kDa and 60
kDa were observed in group 1 but not in group 3. These gel bands were excised, digested
and analyzed by LC-MS/MS. Both bands were identified as IGFBP-1 in monomeric (30
kDa) and dimeric (60 kDa) forms. Such forms have been previously reported[22]. Although
transthyretin, beta-2 microglobulin, albumin and albumin precursors (high abundance
proteins) were also identified, we interpret their presence as reflecting background proteins.

We undertook the generation of a third set of 2D chromatography maps from amniotic fluid
in order to increase the likelihood of identifying lower abundance biomarkers. The approach
was designed to address the issue of the albumin interference on the chromatofocussing
column (second dimension). Several modifications were introduced to increase the
likelihood of differential protein detection and identification. First, we increased the total
volume of amniotic fluid so that the total amount of protein would be larger. Second, the
protein in untreated amniotic fluid was concentrated by using centrifugation and a molecular
weight filter which excluded molecules below 30 kDa (concentration step). Third, the
retentate was treated with reducing agents to release low molecular weight proteins from
albumin and re-filtered. The resulting filtrate was subjected to 2D liquid phase
chromatography. Fourth, we eliminated the SDS-PAGE step because previous experiments
showed that SDS-PAGE after 2D liquid chromatography resulted in a loss of sensitivity in
the detection and identification of proteins. Further, this experiment was limited to groups 1
and 3 due to the requirement for large volumes (80 cc) of amniotic fluid for each group. We
elected not to generate a pool of the second group because this group of patients is very
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difficult to obtain and would exhaust our bank of amniotic fluid for this particular clinical
subgroup (group 2). This approach was successful in identifying some low-abundance
differentially expressed proteins.

Figure 5 displays the 2D chromatographic ProteoVue maps representing differentially
expressed protein in amniotic fluid of women with preterm labor who delivered at term
(Figure 5a) and preterm labor with IAI (Figure 5b). From these ProteoVue maps, 22
fractions were selected for analysis by MALDI-TOF and ESI-IT MS. Figure 6 shows an
example of a DeltaVue map for one particular fraction corresponding to the proteins with an
isoelectric point between 5.5 and 5.8 and reversed phase HPLC retention time ranging
between 11 and 15 minutes. The location of two proteins differentially expressed and
subsequently identified as Down syndrome critical region protein 2 and Human peptide 8
(HP8) are indicated in the figure.

Table 4 lists the proteins differentially expressed using ProteoVue and DeltaVue and
subsequently identified with MS. It should be noted that an over expression of IGFBP-1 was
identified in group 1 but not in group 3. To confirm this over-expression of IGFBP-1 in
amniotic fluid of group 1, the concentrations were measured in all three groups using
ELISA. However, there was no difference in the mean amniotic fluid concentration of
IGFBP-1 between group 1 (31,079 ng/ml± 22,077) and group 2 (37,736 ng/ml± 28,701) or
group 3 (34,042 ng/ml± 26,953) (Figure 7). A ProteinChip Array-based immunoassay using
SELDI-TOF demonstrated that IGFBP-1 was largely in a full-length form in the amniotic
fluid pool of group 1 but significantly degraded in the amniotic fluid pool of group 3 (Figure
8). From these results it is clear that available antibodies used for ELISA measurements of
the levels of IGFBP-1 do not discriminate between intact IGFBP-1 and IGFBP-1 fragments.
This has important implications in how IGFBP-1 ELISA based assays are used in
interpreting the biology of IGFBP-1 in group 1 and group 3 patients.

DISCUSSION
Principal findings of this study

1) Amniotic fluid protein composition can be analyzed using a combination of 2D liquid
chromatography and MS for the identification of proteins differentially expressed in patients
in preterm labor; 2) experimental data suggest that IGFBP-1 is degraded in patients with IAI
resulting in an increased concentration of a fragment of IGFBP-1; 3) proteins which were
over-expressed in amniotic fluid of women without IAI who delivered at term included Von
Ebner gland protein precursor, IL-7 precursor, apolipoprotein A1, TPMsk1 fragment,
ribosomal protein S6 kinase alpha-3 and alpha-1-microglobulin/bikunin precursor (AMBP);
4) proteins which were over-expressed in amniotic fluid of women with IAI who delivered
preterm included fibrinopeptide B, transferrin, MHC class 1 chain-related A antigen
fragment, transcription elongation factor A, sex-determining region Y (SRY) box 5 protein,
Down syndrome critical region 2 protein, and HP8; and 5) one protein, retinol binding
protein, was over-expressed in women who delivered preterm, regardless of the presence of
IAI.

The use of two-dimensional chromatography in the analysis of amniotic fluid
Amniotic fluid proteomic profile has been the subject of extensive
research[3,6,7,9,10,23-31]. We undertook the use of 2D chromatographic technique as a
means of comprehensive profiling of amniotic fluid samples with the goal of “mining” for
biomarkers to identify patients with spontaneous preterm labor who have no evidence of
inflammation and deliver at term, as well as those with IAI. The most important advantage
of this 2D approach is that the amniotic fluid sample complexity is reduced through
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orthogonal fractionation and “mapping” of the expressed proteins (like a 2D gel based
approach) with the fractionated proteins intact and in the liquid phase for easy isolation and
analysis with other analytical techniques such as mass spectrometry, and Western blot
analysis[32-40]. Indeed, 2D chromatography analysis has been recently used in amniotic
fluid by Michaels et al[41], resulting in the identification of 118 non-redundant proteins with
high confidence.

Intact protein isolation and analysis has potential advantages over the traditional strategy
requiring digestion of the protein before mass spectrometry (“bottom up” proteomics).
Direct access to the intact expressed proteins has potential advantages because the proteins
are preserved in their original state rather than digested[42-44]. The intact protein can be
analyzed through a number of techniques such as Western Blot analyses and other
immunoassays which can not be applied to the digestion products.

A cluster of fragments of IGFBP-1 is present in the amniotic fluid of patients with preterm
delivery in the presence of IAI

We identified IGFBP-1 via both MALDI-TOF and ESI-MS/MS and determined it to be
differentially expressed in both the untreated amniotic fluid sample and in the molecular
weight exclusion experiments. No significant difference in the amniotic fluid concentrations
of IGFBP-1 in groups 1, 2 and 3 were detected by ELISA. On the other hand, SELDI-TOF
MS immunoassays revealed that IGFPB-1 is significantly degraded in group 3 as compared
to group 1. All data together suggest that the total amount of IGFBP-1 does not change, but
that inflammation/infection leads to increased proteolytic degradation of IGFBP-1.

IGFBP-1 and IGFBP-1 fragments have been previously observed as potential biomarkers of
infection/inflammation in the amniotic fluid[30]. Gravett et al.[30] detected by MS, and
confirmed using Western Blot analysis, that the concentration of intact IGFBP-1 (reported
by these investigators as having a mass of 30 kDa) in the control group was comparable to
its concentration in patients with IAI[30]. Their Western Blot analysis also indicated the
presence of a previously unreported proteolytic IGFBP-1 fragment (at approximately 11
kDa) in the infection group that was undetected in the control group[30]. Lee et al.[45] made
a similar observation of preferential production of IGFBP-1 fragments in the amniotic fluid
of patients with IAI. Furthermore, they proved that these fragments were the result of
proteolytic degradation of IGFBP-1 by matrix metalloproteinases (MMPs), and different
MMPs generated fragments of IGFBP-1 of different masses[45].

Using antibody capture SELDI-TOF MS immunoassay, we found evidence of proteolytic
degradation of IGFBP-1 in patients with infection/inflammation. Such evidence was that (a)
in patients with no IAI the peak corresponding to the intact IGFBP-1 protein was greater in
amplitude than the cluster of peaks corresponding to the immunoreactive proteolytic
fragments of IGFBP-1, and in contrast, (b) in patients with IAI the amplitude of these peaks
was reversed (Figure 8). Thus, our observations are consistent in substance with those of
Gravett et al.[30] and Lee et al[45]. However, the SELDI-TOF antibody capture
immunoassay provides a more accurate measurement of the masses of both the intact protein
as well as the degradation products.

Interestingly, the cervical-vaginal fluid proteome profile was recently studied[46-48].
Indeed, Pereira et al[46] reported the analysis of cervico-vaginal fluid of: 1) women with
preterm labor who delivered before term; 2) women with preterm labor who delivered at
term; and 3) asymptomatic pregnant women, showed two IGFBP-1 fragments (~11 kDa and
~16 kDa) in cervical-vaginal fluid of women with preterm birth but not in the two other
groups[46]. It is possible that these two fragments correspond to the proteolytic fragments of
IGFBP-1 observed in amniotic fluid by Gravett et al.[30], Lee et al.[45] and us.
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IGFBP-1 is a physiologic constituent of amniotic fluid and has been implicated in several
pathophysiological states including sepsis[49], AIDS[50], excessive alcohol
consumption[51], and diabetes[52]. IGFBP-1 seems to play a role in the development of the
decidua.[53] Its primary mode of action is in the regulation of insulin-like growth factors
(IGFs). Posttranslational modifications of IGFBP-1 alter the affinity of IGFBP-1 to IGFs,
including phosphorylation and dephosphorylation[54,55], proteolysis[56,57], and
polymerization[58,59].

Wang et al.[60] recently purified IGFBP-1-specific protease activity from the urine of an
individual with multiple myeloma. The proteolytic fraction contained azurocidin, a cationic
antimicrobial protein which was also observed to be differentially present in IAI by Gravett
et al.[30] and by us (unpublished data from ITRAQ-based LC-MS/MS studies), but has not
heretofore been causally-linked with IAI-dependent proteolysis of IGFBP-1. Wang et al.[60]
determined that this protease cleaves IGFBP-1 at Ile130-Ser131 in both phosphorylated and
unphosphorylated forms. The resulting fragment theoretical masses are consistent with both
the 11 kDa fragment reported by Gravett et al.[30] (N-terminal fragment) and the 13.5 kDa
fragment observed in the current study (C-terminal fragment).

Both the present results and those of Gravett et al.[30] and Lee et al.[45] suggest a role for
proteolytic regulation of IGFBP-1 biological activity in IAI. Collectively, these results seem
to point toward the possibility that proteolysis of IGFBP-1 in amniotic fluid is an important
regulatory mechanism in the context of IAI. Indeed, the present results suggest that the
dominant modulatory mechanism of IGFBP-1 due to IAI is not apparently due to
transcriptional regulation of IGFBP-1 expression, but rather by proteolytic modification of a
relatively tightly regulated pool of protein.

Other proteins over-expressed in amniotic fluid of patients with IAI
Of interest, we identified two proteins that have not been reported in amniotic fluid. Down
syndrome critical region protein 2 (DSCR2) is a protein that has no homology to any known
protein and that is encoded by a 5-10 Mb region of the long arm of the human chromosome
21, called the Down syndrome critical region. While its function in human biology remains
unknown, expression of the DSCR2 gene is predominant in the cells and tissues that have a
high rate of proliferation such as the adult testis and Jurkat cells[61]. Jurkat cells are a line
of human leukaemic T lymphocyte cells capable of producing IL-2[62]. DSCR2 gene
expression has been demonstrated through all stages of embryonic development in
mouse[63]. The high homology between human and mouse proteins suggests a conservation
in evolution and consequently an important role of DSCR2 for development or survival of
mammalian cells[64,65]. The role of this protein in pregnancy, and specifically in amniotic
fluid, remains to be elucidated.

Transcription elongation factor SII was discovered in amniotic fluid of women with
infection/inflammation. Transcription elongation factors are implicated in the regulation of
RNA chain elongation by RNA polymerase II[66-69] and may play a role in the host
response to infection[70] or in deploying an inflammatory response.

Human peptide 8 was also identified in the amniotic fluid of women with infection/
inflammation. This nucleoprotein, originally cloned because of its strong expression during
the acute phase response observed in patients with pancreatitis, is a High Mobility Group
(HMG) I/Y-like protein that has been implicated in the regulation of transcription[71,72].
Interestingly, expression of peptide 8 mRNA in several organs has been showed to increase
after lipopolysaccharide administration[73].
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The precise role in pregnancy, parturition and inflammation for the new proteins identified
in this study requires further investigation. Specifically, differential expression among
groups needs to be demonstrated with other methods and their biological functions defined.

Other proteins over-expressed in amniotic fluid of patients without IAI
We identified Von Ebner's gland protein precursor (tear lipocalin) in patients with preterm
labor without evidence of inflammation. Antibodies for immunoassays are not available to
the authors to pursue this line of investigation at this time. Similarly, retinol binding protein,
another member of the lipocalin family has been reported in amniotic fluid[74,75].
Lipocalins are proteins that regulate transfer[76,77], immunological[78-80] and
developmental processes[81], and are also involved in the response of organisms to stress
factors[82-86] and in signal transduction[87-91]. While Von Ebner's gland protein precursor
was found from amniotic fluid of women who delivered at term, retinol binding proteins
were more abundant in infected amniotic fluid. These findings are in agreement with those
of Gravett et al.[30] who reported a novel protein similar to mouse von Ebner gland protein
from women with no infection and neutrophil gelatinase-associated lipocalin in infected
amniotic fluid.

Conclusion
The study reported herein utilized a combination of techniques involving two-dimensional
chromatography, mass spectrometry, and immunoassays to characterize pooled amniotic
fluid samples from patients with spontaneous preterm labor. This approach was successful in
identifying proteins that are differentially regulated in amniotic fluid of patients with
preterm labor. Specifically, the amount of the IGFBP-1 fragments at approximately 13.5
kDa was found to be increased in patients with intra-amniotic infection/inflammation, while
the amount of the intact form of IGFBP-1 was decreased.
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Figure 1.
ProteoVue Maps of the three pools of amniotic fluid after treatment with reducing agents.
1a) patients with preterm labor without infection/inflammation who delivered at term (group
1); 1b) patients who delivered preterm without intra-amniotic infection/inflammation (group
2); 1c) patients who delivered preterm with intra-amniotic infection/inflammation (group 3).
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Figure 2.
ProteoVue Maps of the two pools of untreated amniotic fluid in the second set of
experiments. (a) Group 1: patients with preterm labor without infection/inflammation who
delivered at term (b)Group 3: patients who delivered preterm with intra-amniotic infection/
inflammation. The region indicated by the box in (a) contains the fractions from which
IGFBP-1 was subsequently identified.
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Figure 3.
DeltaVue map for untreated amniotic fluid, overlaying the protein concentration of patients
with preterm labor without infection/inflammation who delivered at term (group1 - in red)
and patients who delivered preterm with intra-amniotic infection/inflammation (group 3 - in
green). The center image is the difference map for proteins, with the colored bands
indicating protein over-expression from the respective sample. The green and red
chromatograms (to the left and right of the center image, respectively) are the protein
profiles for the pI 4.9 – 5.2 CF fraction of each group. The arrow and the square indicate one
fraction that was collected for identification of a protein that was over expressed in group 1
compared to group 3.
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Figure 4.
One dimensional SDS-Page for untreated amniotic fluid, comparing several fractions of
patients with preterm labor without infection/inflammation who delivered at term (group1)
and patients who delivered preterm with intra-amniotic infection/inflammation (group 3). In
the third fraction analyzed (identified as 1.4.1 and 2.4.1 and corresponding to the RT
fractions with an over expression of proteins of group 1 into the PI 4.9-5.2 CF fractions).
Two spots at an approximate molecular weight of 30 Kda and 60 Kda were identified in
group 1 but not in group 3. Those two spots were excised and IGFBP-1 was subsequently
identified by LC-MS/MS in both. No protein was identified in the two corresponding spots
of group 3.
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Figure 5.
ProteoVue Maps of the two pools of reducing solubilization buffer-treated retentates from
concentrated amniotic fluid (experiment 3). (a) Patients with preterm labor without
infection/inflammation who delivered at term (group 1).(b) Patients who delivered preterm
with intra-amniotic infection/inflammation (group 3).
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Figure 6.
DeltaVue map overlaying the proteins from the pI 5.5-5.8 CF fractions of patients with
preterm labor without intra-amniotic infection/inflammation who delivered at term (group 1
- in red) and patients who delivered preterm with intra-amniotic infection/inflammation
(group 3 - in green) according to the hydrophobicity. The center image is the difference map
of proteins concentrations between the two groups. The arrows indicate two fractions in
which proteins were over expressed in group 3, identified as Down Syndrome Critical
Region Protein 2 and human peptide 8 (HP8).
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Figure 7.
Amniotic Fluid IGFBP-1 concentration determined by ELISA in the three groups of patients
with preterm labor. No significant differences in the mean concentrations of IGFBP-1
among the three groups of patients were detected.
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Figure 8.
SELDI-TOF MS ProteinChip immunoassays of amniotic fluid. (a) The IgG negative control
for group 1 (preterm labor without infection/inflammation who deliver at term) (b) The
IGFBP-1 capture antibody assay for the same amniotic fluid. (c) The IgG negative control
for group 3 (preterm labor with intra-amniotic infection/inflammation). (d) The IGFBP-1
capture antibody assay for the same amniotic fluid (group 3). Peaks near 13 kDa correspond
to proteolytic fragments of IGFBP-1, while the peak near 25 kDa correspond to the intact
IGFBP-1 protein. Comparison of Figures (b) and (d) reveals evidence for proteolytic
cleavage occurring in amniotic fluid from women with intra-amniotic infection/
inflammation (group 3), but not in those without it (group 1).
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Table 1

Demographic and clinical characteristics of women with spontaneous preterm labor and intact membranes

Group 1: Preterm labor
without infection/

inflammation and term
delivery N = 86

Group 2: Preterm labor
without infection/
inflammation and

preterm delivery N = 86

Group 3: Preterm labor
with infection/

inflammation and preterm
delivery N = 86

P-value

Maternal age (years: mean ± SD) 23.7 ± 6.6 22.9 ± 5.3 24.6 ± 6.2 NS

Gestational age at amniocentesis
(weeks: mean ± SD)

30.3 ± 3.2 29.0 ± 4.0 26.9 ± 4.0 <0.05

Gestational age at delivery (weeks:
mean ± SD)

38.4 ± 1.3 33.6 ± 2.8 30.3 ± 3.2 <0.05

Birth weight (grams: mean ± SD) 3041 ± 418 2154 ± 609 1283 ± 695 <0.05

Amniotic fluid IL-6 concentration (pg/
ml: mean ± SD)

749 ± 596 892 ± 539 71,837 ± 106,763 <0.05

SD- standard deviation
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Table 2

Organisms isolated from amniotic fluid culture from patients with intra-amniotic infection who delivered
preterm (Group 3).

Organisms Number of cases

Fusobacterium 7

Ureaplasma urealyticum 4

Gardnerella vaginalis 3

Peptostreptococcus 2

Capnocytophaga 1

Acinetobacterium 1

Prevotella bivia 1

Staphylococcus 1

Streptococcus agalactia 1

Lactobacillus 1

Porphyromonas 1

Bacteroides 1

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2011 August 29.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Bujold et al. Page 26

Table 3

Protein identification from the first and second sets of experiments.

Iso-electric point Retention time Protein identification Protein name Identification Method

Over-expressed in group 1 (Preterm Labor – Term delivery)

4.9 – 5.2 11.8 – 12.4 P08833 Insulin-like growth factor binding protein 1 MALDI-TOF/MS

Over-expressed in group 2 (Preterm Labor – Preterm delivery – No intra-amniotic infection/inflammation)

5.5 – 5.8 13 – 14.3 P02753 Retinol Binding Protein MALDI-TOF/MS

Over-expressed in group 3 (Preterm Labor – Preterm delivery – Intra-amniotic infection/inflammation)

5.2 – 5.5 16 – 16.75 P02753 Retinol Binding Protein MALDI-TOF/MS

5.2 – 5.5 16 – 16.75 P02675 Fibrinopeptide B LC-MS/MS

5.5 – 5.8 13 – 14.3 P02787 Transferrin LC-MS/MS

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2011 August 29.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Bujold et al. Page 27

Table 4

Protein identification from the third set of experiments: concentrated AF

Iso-electric point Retention time Protein identification Protein name Identification Method

Protein ID from fractions with over expression in group 1 (Preterm Labor – Term delivery)

4.3 – 4.6 12.0 – 13.0 P08833 Insulin-like growth factor binding protein 1
precursor (Placental protein 12)

MALDI-TOF/MS

4.3 – 4.6 13.0 – 14.1 Q8TCG4 TPMsk1 (Tropomyosin sk1 fragment) MALDI-TOF/MS

4.6 – 4.9 13.7 – 14.3 P31025 Von Ebner's gland protein precursor (Tear
lipocalin)

MALDI-TOF/MS, Nanospray-ESI-IT

4.3 – 4.6 12.0 – 13.0 P13232 Interleukin-7 precursor Nanospray-ESI-IT

4.9 – 5.2 13.7 – 14.3 P02760 AMBP (Alpha-1-microglobulin/bikunin precursor) MALDI-TOF/MS

5.2 – 5.5 13.9 – 14.3 P51812 Ribosomal protein S6 kinase alpha 3 MALDI-TOF/MS

5.5 – 5.8 15.8 – 16.4 P02647 Apolipoprotein A1 MALDI-TOF/MS, Nanospray-ESI-IT

Protein ID from fractions with over expression in group 3 (Preterm Labor – Preterm delivery – Intra-amniotic infection/inflammation)

5.5 – 5.8 8.8 – 9.9 098237 MHC class I chain-related protein A (Fragment) MALDI-TOF/MS

5.5 – 5.8 8.8 – 9.9 Q8TD37 Transcription elongation factor A Protein 2 MALDI-TOF/MS

5.5 – 5.8 8.8 – 9.9 Q8N1D9 SRY (Sex determining region Y)-box 5 MALDI-TOF/MS

5.5 – 5.8 12.2 – 12.8 Q92657 HP8 (Human peptide 8) MALDI-TOF/MS

5.5 – 5.8 12.8 – 13.7 095456 Down Syndrome Critical Region Protein 2 Nanospray-ESI-IT
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