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Abstract: The study of proteomics could explain many aspects of obstetric disorders. We
undertook this review with the aim of assessing the utility of proteomics in the specialty of
obstetrics. We searched the electronic databases of MEDLINE, EBSCOhost, BVS Bireme, and
SciELO, using various search terms with the assistance of a librarian. We considered cohort
studies, case-control studies, case series, and systematic review articles published until October
2014 in the English or Spanish language, and evaluated their quality and the internal validity of
the evidence provided. Two reviewers extracted the data independently, then both researchers
simultaneously revised the data later, to arrive at a consensus. The search retrieved 1,158 papers,
of which 965 were excluded for being duplicates, not relevant, or unrelated studies. A further
86 papers were excluded for being guidelines, protocols, or case reports, along with another
64 that did not contain relevant information, leaving 43 studies for inclusion. Many of these
studies showed the utility of proteomic techniques for prediction, pathophysiology, diagnosis,
management, monitoring, and prognosis of pre-eclampsia, perinatal infection, premature rupture
of membranes, preterm birth, intrauterine growth restriction, and ectopic pregnancy. Proteomic
techniques have enormous clinical significance and constitute an invaluable weapon in the man-
agement of obstetric disorders that increase maternal and perinatal morbidity and mortality.
Keywords: proteomic techniques, obstetrics, diagnosis, prediction

Introduction

The history of proteomics dates back to the 19th century and the studies of Gregor
Johann Mendel (1822-1884), an Austrian monk and researcher whose observations
and experiments using peas (1866) laid the foundations for our present-day laws of
inheritance and genetics.' As time passed, investigations into genetics and inheritance
continued, and by 1930 researchers were able to grasp the true reach of Mendel’s results,
heralding the start of the genomic era.'? Since that time, much genetic research has
been undertaken in both plants and animals. In 2001, Collins and Venter announced
to the world the culmination of the first erasers of human’s genetic map, which were
finished two years later (2003), completing our genetic map.>*

Genomics has contributed to advances in our understanding of human disease, but
many aspects of pathology are still not understood, leading to the study of proteins as
final products of gene expression, starting the proteomic era.’

Application of proteomics technology has had a great impact in terms of clarifying
the etiology and pathogenesis of many diseases, and has contributed to the medical
sciences via the development of methods for diagnosis, prognosis, and evaluation of
treatment. Obstetrics is one of the branches of medicine that has benefited from these
techniques. The aim of this review is to evaluate the utility of proteomic techniques
in this specialty.

submit your manuscript
Dove

http:

International Journal of Women’s Health 2015:7 385-391 385
© 2015 Hernandez-Nifiez and Valdés-Yong. This work s published by Dove Medical Press Limited, and licensed under Creative Commons Attribution — Non Commercial (unported,v3.0)
BY NC [l

License. The full terms of the License are available at http://c /by-nc/3.0/. Non- ial uses of the work are permitted without any further
permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php



http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/IJWH.S79577
mailto:magvong@infomed.sld.cu

Hernandez-Nunez and Valdés-Yong

Dove

Methods

We searched the electronic databases of MEDLINE (US
National Library of Medicine), EBSCOhost research databases,
BVS Bireme, and SciELO, assisted by a clinical librarian, to
identify the principal obstetric disorders that significantly
increase maternal and perinatal morbidity and mortality in

EERN13

our region, including: “proteomics and pre-eclampsia”, “pro-

ELINT3

teomics and perinatal infections”, “proteomics and premature

LEINT3

rupture of membranes”, “proteomics and preterm birth”, “pro-
teomics and intrauterine growth restriction”, “proteomics and
ectopic pregnancy”, and “proteomics and pregnancy”. Other
obstetric disorders were excluded.

Cohort studies, case-control studies, case series, and
systematic reviews were considered for inclusion in our
review. Included studies needed to have evaluated the util-
ity of proteomics in the prediction, pathogenesis, diagnosis,
treatment, or prognosis of pre-eclampsia, perinatal infection,
premature rupture of membranes, preterm birth, intrauterine
growth restriction, or ectopic pregnancy, and have been pub-
lished up to October 2014 in the English or Spanish language.
Guidelines, protocols, and case reports were excluded, and
the internal validity of the evidence provided was checked.

The two reviewers extracted the data independently, then
both researchers simultaneously revised the data later, to
arrive at a consensus.

Results and discussion
The MEDLINE search retrieved 891 records in English, the
EBSCOhost search revealed a further 233 records in English
and Spanish, the BVS Bireme search retrieved 32 studies in
Spanish, and SciELO yielded two studies, also in Spanish.
In total, 965 papers were excluded for being duplicates,
not relevant, or not related studies. We excluded a further
86 studies for being guidelines (n=11), study protocols
(n=14), or case reports (n=61). We excluded another 64 papers
that did not contain specific information on prediction,
diagnosis, treatment, or prognosis, leaving 43 studies for
inclusion in this review (Figure 1), 17 of which were cohort
studies, 13 were reviews, ten were case-control studies, and
three were case series.

Definitions
In 1996, 7 years before publication of the human genetic map,
research groups were starting to publish studies on proteins

MEDLINE (891)
EBSCO (233)
BVS Bireme (32)
SciELO (2)

Studies identified from initial search (1,158)

Excluded =965
Duplicated (282)

\ 4

y

Not relevant (191)
Not related (492)

Studies reviewed (193)

Excluded (86)
Guidelines (11)

y

Study protocol (14)
Case report (61)

Studies reviewed for detailed information (107)

Studies without specific
information, ie, prediction,

y

pathogenesis, diagnosis,
treatment or prognosis (64)

Studies finally included =43
Cohort studies (17)
Case-control studies (10)
Case series (3)

Review (13)

Figure | Flowchart of studies.
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that were products of expression of the human genome, giving
rise to the proteomic era. Wilkins et al defined proteomics as
aunion of techniques to explore simultaneously the presence
and abundance of thousands of proteins in biological samples,
including serum, blood, secretions, saliva, urine, cervical
mucus, joint fluid, tissue fragments, and amniotic fluid.®

The very Wilkins et al exposed in other study, that pro-
teomic has to do with a systematic analysis and in great scale
of all proteins expressed by the genome of a cell, tissue, or
organism in a specific moment and time conditions and envi-
ronment that allow understanding of the sample composition,
as well as the protein’s interaction in that sample.’

Pena-Castro et al described three techniques that could
be used to study proteomics, ie, separation of proteins (by
two-dimensional electrophoresis or multidimensional chro-
matography), identification of proteins (by mass spectro-
metry), and analysis and interpretation of the data obtained
(by bioinformatics methods), and allow development of
elements and the necessary algorithms to store and analyze
large quantities of data concerning proteomes.?

In an earlier paper, Graves and Haystead observed that
the proteome varies in space and time, unlike the genome,
which is static in all cells within an organism,’ ie, two cells
can have exactly the same sequence of DNA in the same
organism, but the set of proteins expressed can be completely
different depending not only on the cell type, but also on the
biochemical environment surrounding the cell.

Medical applications

Proteins, being products of gene expression, have great
potential as molecular biomarkers of disease, and are impli-
cated in the majority of the physiological and pathological
processes that take place in cells. They allow the discovery
of useful markers for diagnosis, treatment, and monitoring
of various clinical entities, and can even predict the optimal
therapeutic strategy to use.!?

According to Klein et al proteomics has had a great
impact on the development of modern obstetrics, which
contains multiple sources for the study of proteins, including
maternal blood, maternal urine, placental tissue, amniotic
fluid, cervical mucus, vaginal secretions, and saliva.!! The
same researchers also pointed out that proteomics can be
useful for prediction, diagnosis, management, monitoring,
and prognosis of a number of obstetric conditions that are
associated with an increased risk of maternal and/or perinatal
morbidity and mortality (Figure 2), such as pre-eclampsia,
perinatal infection, premature rupture of membranes,
preterm birth, intrauterine growth restriction, and ectopic
pregnancy.'!

Ectopic

Infections
PROM
preterm birth
N\ _caa
Prediction
Di ti
Pre- et Prenatal

i ; Treatment -
‘eclampsm k-" Monitoring | survey
Prognosis

Figure 2 Obstetric applications of proteomics.
Abbreviations: PROM, premature rupture of membranes; IUGR, intrauterine
growth restriction.

In 2002, Page et al reviewed a number of placental pep-
tide markers associated with several obstetric conditions,
including preterm delivery, intrauterine growth restriction,
pre-eclampsia, and gestational diabetes, and underscored the
value of proteomics in the diagnosis when estimating risk.'?
In 2003, Kalionis and Moses reported similar applications for
proteomics in research on pregnancy.'* The most important
biomarkers identified are summarized in Table 1, as well as
their specific utility in obstetrics.

Proteomics and pre-eclampsia

Pre-eclampsia is a disease of pregnant women that sig-
nificantly increases maternal morbidity and mortality; its
pathophysiology is unknown, but analysis of the proteome
has been reported to be useful in this regard. Sawicki et al
demonstrated that high levels of neurokinin B in cytotro-
phoblast cells are associated with the pathogenesis of pre-
eclampsia, and that this protein suppresses the activity of
other proteins like thioredoxin, cyclophilin A, cytokeratin 1,
and peroxiredoxin 5, which play an important role in
regulating cell antioxidant defenses and decrease levels of
cytokeratin 1 and annexin 11, two proteins known to inhibit
intravascular coagulation.'

A statistical analysis performed by Gharesi-Fard et al
showed that chloride intracellular channel 3, apolipoprotein A-I,
transthyretin, and protein disulfide isomerase are upregulated
in the placental tissue of women with pre-eclampsia, with
decreased expression of other proteins, including perox-
iredoxin 2, peroxiredoxin 3, Cu/Zn-superoxide dismutase,
actin gamma 1 propeptide, and chain A of enoyl-coenzyme
A hydratase. These authors considered that all those protein
dysfunctions can lead to disorders in antioxidant activities,
playing a role in the pathogenesis of pre-eclampsia.'®

Using the immunoassay technique, Watanabe et al
showed that serum clusterin levels were significantly higher
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Table | Summary of the most important biomarkers and their specific use in obstetric disorders

References Biomarker described Behavior expressed Sample Utility
Sawicki et al'* Neurokinin B High levels Cytotrophoblast Pre-eclampsia
cells Pathogenesis
Gharesi-Fard et al'® Chloride intracellular channel 3 Upregulated Placental tissue Pre-eclampsia
Apolipoprotein A-l Pathogenesis
Transthyretin
Protein disulfide isomerase
Peroxiredoxin 2 Decreased

Blumenstein et al'”

Carty et al"”

Sun et al?!

Gravett et al*

Buhimschi et al®
Buhimschi et al*®

Peroxiredoxin 3

Cu/Zn-superoxide dismutase

Actin gamma | propeptide

Chain A of enoyl-coenzyme A hydratase
Vitronectin

Kininogen

Fibrinogen alpha chain

Collagen alpha chain

Uromodulin

Disulfide isomerase ER-60
Peroxiredoxin 2

Delta 3,5-delta 2,4-dienoyl-CoA isomerase
Protein disulfide isomerase precursor
Endoplasmic reticulum resident protein
Dihydrolipoyl dehydrogenase
TIM21-like protein

Calgranulin B

Fragment of IGFBP-|

Human neutrophil defensins | and 2
Calgranulins A and C

Liong et al* Thioredoxin

Interleukin | receptor antagonist
Karamessinis et al*® Fetuin-A
Auer et al*” Serpina-3

Antichymotrypsin

Wolter et al* Apolipoprotein C-lI

Dysfunction Serum Pre-eclampsia
Prediction
Upregulated Urine Pre-eclampsia
Prediction
Repressed Trophoblastic Pre-eclampsia
cells Diagnosis
Upregulated
Presence Amniotic fluid Perinatal infection
Amniotic fluid and Diagnosis
serum
Presence Amniotic fluid Perinatal infection
Diagnosis
Reduced Cervical-vaginal Preterm labor
fluid prediction
Defects in Umbilical cord Diagnosis of intrauterine
glycosylation/sialylation plasma growth restriction
Depleted Plasma Diagnosis of intrauterine
growth restriction
Upregulated Umbilical cord Diagnosis of intrauterine
serum growth restriction
Decreased Serum Diagnosis of ectopic

Rausch et al*? Matrix metalloproteinase-12

pregnancy

Abbreviation: IGFBP-1, insulin-like growth factor binding protein I.

in pre-eclamptic women than in controls, but the presence
of this protein alone was not sufficient to predict the disease
in early pregnancy.'® Following on from this, Blumenstein
et al monitored the activity of vitronectin and kininogen,
starting several weeks before the onset of pre-eclampsia (ges-
tational age 20 weeks) until the time that it was expressed,
and observed a change in the normal proteolytic process for
these two proteins in women with pre-eclampsia compared
with controls, concluding that dysfunction in vitronectin and
kininogen is useful for prediction of pre-eclampsia.'”

A pilot study by Myers et al identified five proteins that
were significantly upregulated in plasma samples taken
at 26 weeks from pregnant women who later developed

pre-eclampsia.'® Further, Carty et al identified 50 urinary
biomarkers obtained at week 28 that were associated with
future pre-eclampsia, reporting that fibrinogen alpha chain,
collagen alpha chain, and uromodulin fragments were the
most important early predictors of pre-eclampsia.'
Specific fragments of Serpina-1 and albumin in urine
samples have also been reported to be unique proteomic
markers for prediction of pre-eclampsia, and can be used
to make the differential diagnosis out of the hypertensive
disorders occurring in pregnant women. Of these, the
21 amino acid C-terminal fragment of Serpina-1 is sig-
nificantly associated with severe forms of pre-eclampsia.?
Likewise, Sun et al identified trophoblastic proteins
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associated with pre-eclampsia, reporting that disulfide
isomerase ER-60, peroxiredoxin 2, and delta 3,5-delta
2,4-dienoyl-CoA isomerase were significantly repressed
in patients with pre-eclampsia, while protein disulfide
isomerase precursor, endoplasmic reticulum resident pro-
tein, dihydrolipoyl dehydrogenase, and TIM21-like protein
were upregulated.”!

In a recent study reported by Ma et al significant dif-
ferences were found in 70 proteins within the trophoblastic
cells of women with pre-eclampsia when compared with
healthy control women. Thirty-one of these proteins were
downregulated and 39 were upregulated, and these findings
could help in the early diagnosis of pre-eclampsia.?

Proteomics, perinatal infections,

and preterm birth

Paiva et al have identified several serum biomarkers found in
the different stages of sepsis and involved with the immune
system, in particular protease inhibitor peptides. Their find-
ings also suggest that the complement and coagulation path-
ways related to lipid metabolism participate in sepsis.?

Preterm birth is commonly caused by intra-amniotic
infection. Gravett et al performed a study in rhesus monkeys
to identify protein markers before and after experimental
intra-amniotic infection. They then investigated peptide
profiles in women who delivered prematurely with or with-
out intra-amniotic infection and in women who delivered
at term. This study identified calgranulin B and a fragment
of insulin-like growth factor binding protein 1 (IGFBP-1)
as useful biomarkers for early detection of intra-amniotic
infection.” Another study by the same group of investi-
gators analyzed the proteome of cervical-vaginal fluid
in primates with experimentally induced intra-amniotic
Ureaplasma parvum infection, and identified potential
biomarkers such as calgranulins A and B, IGFBP-1,
azurocidin, lipocalin, annexin II, and an unregulated pro-
tein (haptoglobin) to be associated with inflammatory and
defense responses.?

Riietschi et al identified human neutrophil proteins 1, 2
and 3, and calgranulins A and B in amniotic and cervical
fluid samples from women with preterm labor.?® Pereira et al
also observed the presence of calgranulins, annexins, and
epidermal fatty acid binding protein in cervical-vaginal fluid
from patients with preterm labor and spontaneous preterm
birth, but also found other proteins, like alpha-1-antitrypsin,
haptoglobin, and serotransferrin, in serum samples from such
patients.?” In another study, the same research team found
that proteins involved in preterm labor can be classified

into four functional groups, ie, complement or coagulation
cascade, immune response, fetal and placental development,
and extracellular matrix proteins.?

According to Buhimschi et al there are four biomarkers in
amniotic fluid that can predict perinatal infection, ie, human
neutrophil defensins 1 and 2 and calgranulins A and C.?*%
Buhimschi et al have also reported that proteomic biomarkers
of intra-amniotic inflammation emerge sequentially in the pro-
cess of inflammation and infection, starting with human neu-
trophil defensin 2, followed by human neutrophil defensin 1
and calgranulin C, and ending with calgranulin A. These
authors observed that the presence of these four components
confirms fetal and/or neonatal infection, and that these bio-
markers are more reliable than other methods for diagnosis
of infection and preterm birth.>! Buhimschi et al also showed
that proteomic study of amniotic fluid samples can identify
patients at high risk for preterm delivery, even without intra-
amniotic infection or bleeding, and determined that distinc-
tive proteins involved in signal transport, transduction, and
metabolism are expressed in high risk patients.*

Liong et al recently identified proteins in cervical-vaginal
fluid that could be useful for predicting preterm labor in
asymptomatic women. They found that thioredoxin and
interleukin-1 receptor antagonist were significantly reduced
for up to 90 days before onset of preterm labor when com-
pared with women who delivered at term. Both markers
showed a high positive and negative predictive value.*
Further, in a recent systematic review, Napoles Méndez
reminded us of other classic proteomic markers described
in the literature than help to predict preterm birth, such as
alpha-fetoprotein, C-reactive protein, interleukin-1, inter-
leukin-6, and interleukin-8, tumor necrosis factor, matrix
metalloproteinase-8, and fetal fibronectin.*

Proteomics and intrauterine growth

restriction
A study performed by Karamessinis et al reported changes
at the post-translational modification level in alpha-2-HS
glycoprotein (fetuin-A) protein sampled from umbilical
cord plasma in intrauterine growth restriction cases. This
glycoprotein is closely linked to fetal growth, cell replica-
tion, and osteogenesis.>

Another protein involved in fetal growth and development
is IGFBP-1, and recent data show that some phosphoryla-
tion sites can be assessed in human amniotic fluid samples
in order to clarify the potential mechanism of fetal growth.*
Analysis of plasma samples from pregnant women also
allows detection of several proteins, including Serpina-3 and
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antichymotrypsin, which are depleted in cases of intrauterine
growth restriction complicated by pre-eclampsia.’’

A study by Cecconi et al identified 25 proteins expressed
in patients with intrauterine growth restriction (14 in umbili-
cal cord serum samples and 11 in amniotic fluid samples).
Another finding in this study was that some of these proteins
were involved in the immune and inflammatory response and
others were involved in coagulation, transport, and blood
pressure regulation, all of which play a role in the pathogen-
esis of intrauterine growth restriction.*®

A proteome study by Wolter et al found that apolipo-
protein C-III is more abundant in cord blood serum samples
from patients with intrauterine growth restriction independent
of gestational age.’* Further, according to Ferrara and Viel,
there are other useful proteomic biomarkers for diagnosis of
intrauterine growth restriction, including leptin, transforming
growth factor, fibroblast growth factor, ectodermal growth
factor, and platelet-derived growth factor.*

Proteomics and ectopic pregnancy
Gerton et al identified several serum proteins in the
7,500-18,000 Da mass range that can distinguish an
ectopic pregnancy from a normal intrauterine pregnancy.
Based on sensitivity and specificity values, these authors
developed two algorithms that classify patients into three
main groups, ie, patients who need immediate intervention
for a probable ectopic pregnancy, patients with a normal
pregnancy, and patients who need monitoring to make the
diagnosis.*!

A case-control study performed by Rausch et al found
a significant decrease in serum matrix metalloproteinase-12
levels in women with ectopic pregnancy, with a sensitivity
of 97%. Nevertheless, the authors considered that further
studies are needed to confirm the diagnostic value of this
biomarker.*

Evidence to be considered

In view of the evidence presented here, we are concerned
that according to the report by Anderson,* only 205 proteins
from approximately 211 genes are available for clinical tests,
providing quantitative measurements for approximately 1%
of the human protein gene products. New protein analytes
has remained essentially flat over the past 15 years, averaging
1.5 new proteins per year.*

Conclusion
Proteomic techniques are invaluable with regard to predic-
tion, pathophysiology, early diagnosis, timely treatment,

and prognosis of many of the obstetric disorders than
increase maternal and perinatal morbidity and mortality.
We therefore ask ourselves if the proteomic and/or other
“-omic” techniques can answer our questions? Are the
molecular biochemistry, the genetics, and the immunology,
the principal weapons to understand the diseases behavior
in the future? We believe so.
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