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ignature pathways identified from gene expression profiles
n the human uterine cervix before and after spontaneous
erm parturition
onia S. Hassan, MD; Roberto Romero, MD; Adi L. Tarca, PhD; Sorin Draghici, PhD; Beth Pineles; Andrej Bugrim, PhD;
ahla Khalek, MD; Natalia Camacho, MD; Pooja Mittal, MD; Bo Hyun Yoon, MD; Jimmy Espinoza, MD;
hong Jai Kim, MD, PhD; Yoram Sorokin, MD; John Malone Jr, MD
BJECTIVE: This study aimed to discover “signature pathways” that
haracterize biologic processes, based on genes differentially ex-
ressed in the uterine cervix before and after spontaneous labor.

TUDY DESIGN: The cervical transcriptome was characterized previously
rom biopsy specimens taken before and after term labor. Pathway analysis
as used to study the differentially expressed genes, based on 2 gene-to-
athway annotation databases (Kyoto Encyclopedia of Genes and Ge-
omes [Kanehisa Laboratories, Kyoto University, Kyoto, Japan] and Meta-
ore software [GeneGo, Inc, St. Joseph, MI]). Overrepresented and highly
mpacted pathways and connectivity nodes were identified.

ESULTS: Fifty-two pathways in the Metacore database were enriched
ignificantly in differentially expressed genes. Three of the top 5 pathways
oi: 10.1016/j.ajog.2007.07.008

50.e1 American Journal of Obstetrics & Gynecology SEPTEMBER 2007
ere plasmin signaling and plasminogen activator urokinase signaling.
he same analysis with the Kyoto Encyclopedia of Genes and Genomes
atabase identified 4 significant pathways that the impact analysis con-
rmed. Multiple nodes that provide connectivity within the plasmin and
lasminogen activator urokinase signaling pathways were identified.

ONCLUSION: Three strategies for pathway analysis were consistent in
heir identification of novel, unexpected, and expected pathways, which
uggests that this approach is both valid and effective for the elucida-
ion of biologic mechanisms that are involved in cervical dilation and
emodeling.

ey words: cervical dilation, cervical remodeling, cervix, gene
ignature network, labor, microarray, parturition, pathway analysis,
ere known to be involved in cervical remodeling. Two novel pathways plasmin, systems biology

ite this article as: Hassan SS, Romero R, Tarca AL, et al. Signature pathways identified from gene expression profiles in the human uterine cervix before and
fter spontaneous term parturition. Am J Obstet Gynecol 2007;197:250.e1-250.e7.

abor, delivery, and the postpartum
period are accompanied by dra-

atic changes in the uterine cervix.1-8

dverse pregnancy outcome in term (ar-
rest of dilation) and preterm (cervical in-
sufficiency9 and preterm labor) gestation

may occur as a result of cervical disease.
Thus, insights into the processes that are
involved in cervical dilation and remodel-
ing are critical to the understanding of ab-
normal labor. The current knowledge of
the biological functional of the cervix has
been derived from the study of human cer-
vical biopsy specimens with hypothesis-
driven research.2,3,10-14 However, the
mechanisms that underlie these processes
are not completely understood.

Most research on the biology of the
uterine cervix during pregnancy has
been conducted with a reductionist ap-
proach. Reductionism is the study of a
phenomenon by identifying the individ-
ual components of a system.15 The as-
sumption is that a complex system can
be understood by investigating the units
of the whole.15 In the case of a biological
process, these parts may be represented,
for example, by the study of individual
genes, proteins, carbohydrates, and lip-
ids. Although there has been a great deal
of progress made to date with a reduc-

rom the Department of Obstetrics and Gynecology, Wayne State University School of
edicine, Detroit, MI (Drs Hassan, Khalek, Camacho, Mittal, Espinoza, Sorokin, and
alone); the Perinatology Research Branch, NICHD, NIH, DHHS, Detroit, MI (Drs
assan, Romero, Espinoza, and Kim and Ms Pineles); the Department of Computer

cience, Wayne State University, Detroit, MI (Drs Tarca and Draghici); the Department of
bstetrics and Gynecology, Seoul National University College of Medicine, Seoul, South
orea (Dr Yoon); and GeneGo, Inc, St. Joseph, MI (Dr Bugrim).
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rancisco, CA, Feb. 5-10, 2007.

eprints: Sonia S. Hassan, MD, and Roberto Romero, MD, Perinatology Research Branch,
ICHD, NIH, DHHS, Wayne State University/Hutzel Women’s Hospital, 3990 John R, Box #4,
etroit, MI 48201; shassan@med.wayne.edu

upported in part by the Intramural Research Program of the National Institute of Child Health
nd Human Development, National Institutes of Health, Department of Health and Human
ervices. SD has been supported in part by the following grants: NSF DB1-0234806, CCF-
438970, 1RH01HG003491-01A1, 1U01CA117478-01, 1R21CA 100740-01, 1R01NS045207-
1, 5R21EB000990-03, 2P30CA022453-24.

ny opinions, findings, and conclusions or recommendations expressed in this material are
hose of the author(s) and do not necessarily reflect the views of the NSF, NIH, DOD, or any
ther of the funding agencies.

002-9378/$32.00
2007 Mosby, Inc. All rights reserved.
w
T
d
fi
p

C
t
s
t
r

K
s

t
ionist approach in physics, biology, and



m
i
l
t
b
u
n
a
a
t
w
v
p
w
d
t
u

p
l
e
f

o
s
e
s
t
s
f
c
s
m
a
i
n
p

a
p
t
t
t
t

i
w
s
c
t
n
a
g
c
i
t

M
S
A
p
e
n
t
T

www.AJOG.org SMFM Papers
edicine, reductionism does not take
nto account component-component
inks and the dynamics that result from
hese interactions. In addition, because a
iological function can rarely be attrib-
ted to 1 or a few molecules, there is a
eed to apply a method that can identify
nd describe the networks of function-
lly active components (such as proteins,
ranscription factors, signaling path-
ays, and metabolic networks) to pro-
ide a comprehensive understanding of a
hysiologic process or disease.16,17 Net-
ork biology, defined as a quantifiable
escription of the networks that charac-
erize various biological systems, can be
sed to obtain such an understanding.16

We have used a systems biology ap-
roach to the study of the uterine cervix in

abor and delivery. As a first step, the gene
xpression patterns in cervical tissue be-

TABLE 1
The top 20 pathways*

Map name

Chemokines and adhesion
...................................................................................................................

ECM remodeling
...................................................................................................................

Plasmin signaling
...................................................................................................................

PLAU signaling
...................................................................................................................

VEGF-family signaling
...................................................................................................................

HGF signaling pathway
...................................................................................................................

NAD metabolism
...................................................................................................................

Role of AP-1 in regulation of cellular metabo
...................................................................................................................

VEGF signaling via VEGFR2-generic cascades
...................................................................................................................

Interleukin-6 signaling pathway
...................................................................................................................

FGF-family signaling
...................................................................................................................

MIF in innate immunity response
...................................................................................................................

Estrone metabolism
...................................................................................................................

HETE and HPETE biosynthesis and metabolis
...................................................................................................................

Role of PBX in fibroblasts signaling pathways
...................................................................................................................

Transcription regulation of amino acid metab
...................................................................................................................

Interferon gamma signaling pathway
...................................................................................................................

PH proteins participation in RTKs adaptor
complexes formation and intermediation w
focal adhesion complex: part 2

...................................................................................................................

Antiapoptotic function of TRADD/TRAF2 comp
...................................................................................................................

Prostaglandin 1 biosynthesis and metabolism
...................................................................................................................

* Number of genes in the array � approximately 19,886.
ore and after term parturition with the use u
f functional genomics were de-
cribed.18,19 Next, we have undertaken an
xamination of the uterine cervix tran-
criptome after term labor using Gene On-
ology analysis. This analysis identified
pecific biologic processes and molecular
unctions as being involved. Examples in-
lude inflammation, response to biotic
timulus, and apoptosis.18 However,

erely enumerating the biologic processes
nd molecular function does not provide
nformation about the interactive and dy-
amic properties of the putative genes and
roteins that are involved.
Recent developments in systems biology

llow for the construction of maps that dis-
lay the interaction among genes, pro-
eins, and transcription factors into pro-
ein-protein, signaling, metabolic, and
ranscription-regulatory networks.20 Thus,
he third step in our investigation, the

Genes in reference
array (n)

Gene
expr

206 20
.........................................................................................................................

60 12
.........................................................................................................................

47 10
.........................................................................................................................

46 9
.........................................................................................................................

45 9
.........................................................................................................................

43 8
.........................................................................................................................

54 8
.........................................................................................................................

43 7
.........................................................................................................................

43 7
.........................................................................................................................

32 6
.........................................................................................................................

34 6
.........................................................................................................................

57 7
.........................................................................................................................

14 4
.........................................................................................................................

42 6
.........................................................................................................................

26 5
.........................................................................................................................

m 42 6
.........................................................................................................................

63 7
.........................................................................................................................

63 7

.........................................................................................................................

31 5
.........................................................................................................................

17 4
.........................................................................................................................
se of network and pathway analysis to a

SEPTEMBER 2007 America
dentify significant “signature net-
orks,” allows for a more comprehen-

ive view of the process of cervical
hange in labor and delivery. The objec-
ive of this study was to identify these sig-
ature networks by applying network
nd pathway analysis to the observed
ene expression changes in the uterine
ervix in women not in labor at term and
n women who underwent spontaneous
erm labor.

ATERIALS AND METHODS
tudy design
cross-sectional study was performed in

atients who underwent elective cesar-
an delivery with an unripe cervix (term
ot in labor) and in patients after spon-

aneous vaginal delivery (term labor).
he cervical transcriptome before and

n differentially
ed list (n) Adjusted P value

3.85E-06
..................................................................................................................

3.85E-06
..................................................................................................................

1.42E-05
..................................................................................................................

6.64E-05
..................................................................................................................

6.64E-05
..................................................................................................................

.0003
..................................................................................................................

.0011
..................................................................................................................

.0016
..................................................................................................................

.0016
..................................................................................................................

.0026
..................................................................................................................

.0031
..................................................................................................................

.0061
..................................................................................................................

.0064
..................................................................................................................

.0064
..................................................................................................................

.0064
..................................................................................................................

.0064
..................................................................................................................

.0071
..................................................................................................................

.0071

..................................................................................................................

.0096
..................................................................................................................

.0096
..................................................................................................................
s i
ess

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

lism
......... .........
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fter labor was profiled in cervical biop-
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ies (before labor [n�7] and after labor
n�9]), using Affymetrix GeneChip mi-
roarrays (HG-U133 Plus 2.0; Af-
ymetrix Inc, Santa Clara, CA). The de-
ails of this study have been reported
reviously.18

athway analysis
o identify pathways relevant to cervical
iology during parturition, we consid-
red 2 repositories of pathways and 2 al-
orithms for analysis. The 2 pathway da-
abases used in this study to map genes to
redefined pathways are (1) Kyoto Ency-
lopedia of Genes and Genomes (KEGG;
anehisa Laboratories, Kyoto Univer-

ity, Kyoto, Japan), which provides a da-
abase of metabolic, regulatory, and dis-
ase pathways; and (2) MetaCore
oftware (GeneGo, Inc, St Joseph, MI),
hich is a proprietary, manually curated
atabase containing the probability of
aving the human protein-protein, pro-
ein-DNA and protein compound inter-

FIGURE 1
Display of differentially expressed
term spontaneous labor mapped o

he thermometer represents differentially expres
ownregulated). Connectivity analysis results: S
ound to be significant in providing connectivity
cant nodes are encircled in red.
assan. Signature pathways identified from gene expression profi
arturition. AJOG 2007.
ctions, metabolic and signaling path- p

50.e3 American Journal of Obstetrics & Gynecol
ays, and the effects of bioactive
olecules. KEGG contains approxi-
ately 250 canonical signaling and met-

bolic pathways; Metacore software con-
ains approximately 450 such pathways.

The 2 approaches used to analyze the
athways were: (1) statistical analysis for
verrepresentation21 and (2) a novel im-
act analysis.22 The first method assesses
he probability of having the observed
umber of differentially expressed genes
n a given pathway just by chance. A
isher exact test was performed to eval-
ate these probabilities, using R (www.
-project.org). The impact analysis, per-
ormed with Pathway Express,22 takes
nto consideration the number of differ-
ntially expressed genes on each path-
ay, the position of the genes within the
athway, and the signaling interactions
etween various genes as described by
he pathway. Signaling interaction refers
o the situation in which the change in
he activity of a given gene affects the ex-

nes in the uterine cervix after
he PLAU signaling pathway

gene (red indicates upregulated; blue indicates
ral nodes in the PLAU signaling pathway were
ong the differentially expressed genes. Signif-

the human uterine cervix before and after spontaneous term
ression of another gene in a consistent t

ogy SEPTEMBER 2007
ay. Signaling pathways from KEGG de-
ne a number of signaling interactions

hat include, for example, activation, re-
ression, inhibition, and phosphoryla-
ion. The exact definitions for all these
ypes of signaling interactions can be
ound at http://www.genome.jp/kegg/.
n impact value and probability value
re assigned to each pathway. The prob-
bility values that were obtained from
oth analyses were adjusted with the use
f the false discovery rate method23; a
robability value of �.05 was considered
tatistically significant.

etwork connectivity analysis
n additional analysis was carried out to
valuate the potential importance of in-
ividual nodes in protein interaction
etworks for providing connectivity
mong differentially expressed genes.

To identify such “topologically sig-
ificant” proteins, the set of differen-

ially expressed genes was used to con-
truct the shortest path network that
onnected corresponding nodes in the
lobal database of protein interactions
MetaCore software). Next, the num-
er of all paths that traversed each
ode in this shortest path network that
as specific for genes differentially ex-
ressed in labor was computed. For
ach node, this number was compared
ith the total number of all paths going

hrough the same node in the global
etwork. With these numbers and the
elative size of the differential gene set,
robability values were calculated for
ach node in the shortest path net-
ork. A conservative Bonferroni cor-

ection was used to correct for multiple
esting, and a probability value of �.01
as deemed significant. The probabil-

ty value for a node indicates the like-
ihood that the node provides con-
ectivity among the original set of
ifferentially expressed genes. The
odes that are deemed significant by

his method are displayed on pathways
aps, where their functional roles can

e evaluated further. A detailed de-
cription of the connectivity analysis is
vailable as supplementary material on
ge
n t

sed
eve
am

les in
he web site of the Journal.

http://www.r-project.org
http://www.r-project.org
http://www.genome.jp/kegg/
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eal time quantitative real-time
everse transcriptase polymerase
hain reaction assays
uantitative real-time reverse transcrip-

ase polymerase chain reaction (qRT-
CR) assays of selected genes were per-

ormed on a set of cervical biopsy samples
ifferent from those used in the microar-
ay analysis. Patients who were included
ere those who underwent elective cesar-

an section with an unripe cervix (not in
abor at term) and patients after spontane-
us vaginal delivery (term labor). A de-
ailed description of the methods and anal-
sis is available as supplementary material
n the web site of the Journal.

ESULTS

athway analysis
ver-representation method on signal-

ng and metabolic pathways. Fifty-two
f the 450 pathways in the MetaCore da-
abase were significant based on the
verrepresentation analysis (P � .05).
he top 20 of these are listed in Table 1;

he entire list can be found as supple-
entary material on the web site of the

ournal. The 5 most significant pathways
ere (1) chemokines and adhesion, (2)

xtracellular matrix remodeling, (3)
lasmin signaling, (4) plasminogen acti-
ator, urokinase (PLAU) signaling (Fig-
re 1), and (5) vascular endothelial
rowth factor (VEGF)–family signaling.
he figures of the remaining pathways
an be found as supplementary material
n the web site of the Journal.
The overrepresentation analysis per-

ormed on the KEGG pathways identi-
ed, 4 significant pathways were: cyto-
ine-cytokine receptor interaction,
omplement and coagulation cascades,
alcium signaling pathway, and arginine
nd proline metabolism (Table 2).

Impact analysis on KEGG signaling
athways. Impact analysis restricted to
EGG signaling pathways that were
erformed with Pathway Express iden-
ified 7 significant pathways, among
hich there were 2 pathways that were
ot significant according to the over-
epresentation method: leukocyte
ransendothelial migration and epithe-

ial cell signaling (Table 3). p
Plasmin/PLAU signaling pathways.
he plasmin and PLAU signaling path-
ays were among the most highly signif-

cant. Further investigation with the
etaCore database identified multiple

ranscription factors that activate the ex-
ression of plasminogen activator, tis-
ue-type (PLAT): JunB, JunD, FOSL2,
osB, CREM, and c-FOS (Figure 2).
The PLAU signaling pathway (Figure

) displays plasminogen activator uroki-
ase binding to its receptor on the cell
urface, subsequent binding to JAK1,
nd phosphorylation of STAT1 that
eads to activation. The pathway is trun-
ated at this point in the MetaCore path-
ay database. Thus, the relationship be-

ween activation of STAT1 and the
ifferentially regulated genes in the uter-

ne cervix before and after labor was ex-
lored by network analysis. Network
nalysis indicated that activation of
TAT1 is linked to regulation in expres-
ion of several genes that are listed on the
ight side of Figure 3. JAK1 provides an
ssential network conduit between plas-
inogen activator urokinase receptor

nd several differentially expressed tar-
ets of STAT1.

Connectivity Analysis of MetaCore
athways. Multiple nodes within the

TABLE 2
Significant pathways*

Map name

Gene
refe
arra

Metacore
...................................................................................................................

Chemokines and adhesion 206
...................................................................................................................

Extracellular matrix remodeling 60
...................................................................................................................

Plasmin signaling 47
...................................................................................................................

PLAU signaling 46
...................................................................................................................

VEGF-family signaling 45
...................................................................................................................

KEGG
...................................................................................................................

Cytokine-cytokine interaction 519
...................................................................................................................

Complement and coagulation 139
...................................................................................................................

Calcium signaling pathway 600
...................................................................................................................

Arginine and proline 110
...................................................................................................................

* Number of genes in the array � approximately 19,886.
lasmin and PLAU signaling pathways M

SEPTEMBER 2007 America
ere found to be topologically signifi-
ant on the basis of their function of pro-
iding connectivity (Figure 1).

RT-PCR
RT-PCR assays were performed to
easure messenger RNA levels of se-

ected genes that are involved in the plas-
in and PLAU signaling pathways.

LAU receptor (PLAUR), plasminogen
ctivator inhibitor type 1 (SERPINE2),
erine protease inhibitor (LEKT1), and
broblast growth factor 2 (FGF2) were
elected for further study. When we ex-
mined the top 5 pathways, FGF2
nd LEKT1 were found to be specific to
he plasmin and/or PLAU signaling
athways.
Consistent with the microarray analy-

is, qRT-PCR revealed FGF2, PLAUR,
nd SERPINE2 to be significantly up-
egulated in term labor patients, when
ompared with term no labor. LEKT1
as significantly downregulated after

erm labor (Figure 4).

OMMENT
rinciple findings of this study are: 1)
ervical dilation and remodeling after
erm labor is associated with specific
ene signature networks; 2) fifty-two

n
e
)

Genes in
differentially
expressed
list (n)

Adjusted
P value

..................................................................................................................

20 3.85E-06
..................................................................................................................

12 3.85E-06
..................................................................................................................

10 1.42E-05
..................................................................................................................

9 6.64E-05
..................................................................................................................

9 6.64E-05
..................................................................................................................

..................................................................................................................

44 2.33E-08
..................................................................................................................

17 2.76E-05
..................................................................................................................

6 .0392
..................................................................................................................

9 .0493
..................................................................................................................
s i
renc
y (n

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........
etacore database metabolic and signal-

n Journal of Obstetrics & Gynecology 250.e4
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ng pathways involve the activity of the
enes of the cervical transcriptome of
pontaneous term labor; 3) the 5 most
ignificant of these pathways were che-

okines and adhesion, extracellular ma-
rix remodeling, plasmin signaling,
LAU signaling, and VEGF-family sig-
aling; 4) a network analysis identified
ultiple transcription factors that acti-

ate the expression of PLAT; 5) the same
etwork analysis also indicated that
AK1 provides an essential network con-
uit between PLAUR and several differ-
ntially expressed targets of STAT1; and
) qRT-PCR confirmed the involvement
f the plasminogen/plasmin system in
he process of cervical dilation and re-

odeling after labor.
The use of pathway analysis to derive

ene “signature networks” allows for the
ollowing: 1) the ability to transition from

FIGURE 2
Network of transcription
factors that activate the
expression of PLAT

assan. Signature pathways identified from gene expression
rofiles in the human uterine cervix before and after
pontaneous term parturition. AJOG 2007.

TABLE 3
Pathway Express, ranked by impa
Pathway name

Cell adhesion molecules
...................................................................................................................

Cytokine-cytokine receptor interaction
...................................................................................................................

Signaling system
...................................................................................................................

Complement and coagulation cascades
...................................................................................................................

Leukocyte transendothelial migration
...................................................................................................................

Focal adhesion
...................................................................................................................

Epithelial cell signaling related to specific inf
i

50.e5 American Journal of Obstetrics & Gynecol
iology at the molecular level to a more
lobal systems approach to disease/biolog-
cal processes; 2) the identification of key
egulators or transcription factors that
ay not have been identified by microar-

ay analysis; and 3) further interpretation
f gene expression data by providing infor-
ation on the protein-protein interaction,
etabolic, signaling, and transcription-

egulatory networks.17,24-26

It has been proposed that cervical
hanges during pregnancy occur in 4
hases: softening, ripening, dilation, and
hanges that occur after parturition.27

e present a unique report of the signal-
ng and metabolic pathways that are in-
olved in phase 4 of this process: cervical
ilation and remodeling after term la-
or. In the current study, 52 pathways
hat are documented by the Metacore
atabase were noted to be significant.
ome of them represent canonic path-
ays that can be found also in KEGG,

lthough others are proprietary. The use
f novel pathway analysis methods (Im-
act Factor [Pathway Express])22 and
onnectivity [Metacore]) confirmed the

nvolvement of several of these signaling
athways and genes that lead to a consis-
ent result of what represents the pro-
esses that are involved in cervical
ilation and remodeling after term
pontaneous labor.

Several pathways that were found to be
ignificant (chemokine and adhesion,
xtracellular matrix remodeling, cyto-
ine-cytokine interaction, VEGF-family
ignaling) contain genes that have been
reviously suspected as involved in
ervical dilation and remodel-

factor
Corrected P value

2.74E-14
..................................................................................................................

8.15E-09
..................................................................................................................

1.87E-06
..................................................................................................................

.0145
..................................................................................................................

.0176
..................................................................................................................

.0235
..................................................................................................................

ons .0449
ng.1-8,10-14,27-30 Different database and

ogy SEPTEMBER 2007
athway analysis methods confirmed
hese findings.

Of interest was the finding that the
omplement and coagulation cascades
determined by Pathway Express),
hich include portions of the PLAU sig-
aling and plasmin signaling pathways
determined by Metacore), are involved
n cervical dilation and remodeling after
abor. The plasminogen activation cas-
ade is a proteolytic enzyme system that
onverts plasminogen to the active
erine protease plasmin. Plasmin de-
rades most extracellular matrix pro-
eins.31 Plasminogen activation plays a
ole in the remodeling of the extracellu-

FIGURE 3
JAK1 provides essential
network conduit between
PLAUR and many differentially
expressed targets of STAT1

assan. Signature pathways identified from gene expression
rofiles in the human uterine cervix before and after
pontaneous term parturition. AJOG 2007.

FIGURE 4
qRT-PCR results for FGF2,
PLAUR, SERPINE2, and LEKT1

he boxes encompass 50% of the data from the
st quartile to the 3rd quartile. The middle line
epresents the median value (50% quantile). The
hiskers extend to the most extreme data point,
ut do not exceed which is no �1.5 times the
nterquartile range from the box.
assan. Signature pathways identified from gene expression
rofiles in the human uterine cervix before and after
pontaneous term parturition. AJOG 2007.
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ar matrix in human amnion, choriode-
idua, and placenta during and after
abor.32 In addition, plasminogen activa-
or inhibitor activity is increased in the
erum of pregnant women near term,
hen compared with nonpregnant
omen and decreased after delivery.33

egradation of the cervical extracellular
atrix may occur as a result of the acti-

ation of the plasminogen system. The
nding of upregulation of multiple tran-
cription factors that are involved in the
ctivation of PLAT provides further sup-
ort for the involvement of this pathway

n cervical dilation and remodeling after
erm labor.

It is noteworthy that the macrophage
igration inhibiting factor (MIF) in in-

ate immune response pathway was sig-
ificant. MIF encodes a lymphokine that

s involved in cell-mediated immunity,
mmunoregulation, and inflammation.
t plays a role in the regulation of the

acrophage function in host defense
hrough the suppression of antiinflam-

atory effects of glucocorticoids.34 Ele-
ated amniotic fluid concentrations of
IF are associated with intraamniotic

nflammation, histologic chorioamnio-
itis, and shorter amniocentesis-to-de-

ivery interval in patients in preterm
abor.35

Interestingly, this study has identified
hc and GRB2 as significant nodes. Both
re important mediators in MAPK-re-
ated signal transduction. Both mediate
esponse to various growth factors and
nflammatory response. The involve-

ent of MAPK cascade during parturi-
ion has been demonstrated recently.36

he role of these pathways in the mech-
nisms that are involved in cervical dila-
ion and remodeling in term labor re-
uire further investigation.
The understanding of the gene signa-

ure pathways before and after labor in
he uterine cervix is central to the molec-
lar elucidation of the mechanisms re-
ponsible for cervical insufficiency, pre-
erm labor, and arrest of dilation. Thus
ar, these common complications of
regnancy have eluded pathophysio-

ogic definition.
A major strength of this study is that

his report represents the first pathway

nalysis of the uterine cervix before and m
fter human term labor and delivery. In
ddition, several significant pathways
ere noted to be consistently important
hen evaluated by several methods. The

esults of these analyses are consistent
ith previous results. However, we also
ighlight pathways that had not been

mplicated previously. The report of the
lasminogen activation cascade and the
athways of innate immunity playing
ubstantial roles in cervical dilation and
emodeling is novel. Changes in the ex-
ression of several genes involved in
ome of the reported pathways were con-
rmed by qRT-PCR.
A limitation of this investigation is

hat we were unable to follow tempo-
ally the changes that are seen in an in-
ividual’s cervix as labor progresses
ecause of the obvious constraints of
uman research. Of note, the 2 patient
roups differ in their obstetric history.
lthough it is not certain that this
ould account for any changes that are
een in gene expression, we wish to
oint out this difference.
Other types of pathway analyses have

een previously used to examine the
hanges in myometrium in animal
odels. Salomonis et al37 examined

he mouse myometrium in the non-
regnant, mid gestation, late gestation,
nd postpartum states and defined
ene expression changes under these
onditions. Hierarchical-ordered par-
itioning and collapsing hybrid and
enMAPP 2.0 pathway (Gladstone In-

titutes, University of California at San
rancisco, CA) analysis identified term
uiescence, term activation, and post-
artum involution expression pat-
erns. There are no previous reports of
he mechanisms that are involved in
ervical dilation and remodeling after
pontaneous labor and delivery with
he use of pathway analysis.

The processes of cervical dilation and
emodeling are the result of the activa-
ion of several pathways that have been
mplicated in the common terminal
athway of parturition. The pathways
hat are involved in this complex process
nclude networks that are involved in
hemokine and adhesion activation, cy-
okine-cytokine activity, extracellular
atrix remodeling, the plasminogen J

SEPTEMBER 2007 America
ystem, recognition by the innate im-
une system, and the complement and

oagulation cascade.
This investigation provides a unique

lobal view of the changes that are seen
n the uterine cervix after term labor and
elivery. Remaining unanswered ques-
ions include the timing of the activation
f each cascade, the role of each pathway

n patients with cervical disease that re-
ult in abnormal term (arrest of dilation)
nd preterm birth (preterm labor, cervi-
al insufficiency), and effective treat-
ent strategies for cervical disease in

regnancy. The understanding of the
athways that lead to the changes in the
ervix during labor and delivery may be
ritical to unraveling the solutions for
he treatment of cervical disease in preg-
ancy. Future investigation of effective

reatments for cervical disease in preg-
ancy should be targeted to the processes

hat have been identified as playing a
ritical role in the metabolic and signal-
ng pathways that have been identified.
n addition, future studies should focus
n the remaining 3 components of sys-
em-level understanding: system dy-
amics, control, and design. f
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