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ABSTRACT

Prostaglandins (PGs) mediate cervical ripening lead-
ing to parturition. PGs are used successfully to induce
cervical ripening. However, the cell type specific ex-
pression of PG receptor subtypes and various stromal
factors important for cervical ripening in human cer-
vix is not known. Our objective was to investigate the
expression and localization of PG receptors EP1-4
and FP and localization of stromal factors CTGF
(connective tissue growth factor), furin, calgranulin
B, ALOX12 (arachidonate 12-lipooxy-genase) and
ALOXI1S5 in human cervical tissue from pregnant and
non-pregnant women. Cervical biopsies were obtained
from non-pregnant (NP), term pregnant (TP) and
post-partum (PP) women. The mRNA expression was
determined with real-time PCR, protein expression
and localization with immunohistochemistry. Our re-
sults show that the EP2 mRNA level was higher in the
PP group as compared to TP, whereas the EP4 mRNA
level was lower in the TP group as compared to NP.
Concomitantly stromal EP2 and epithelial EP3 im-
munoreactivity was higher in the TP as compared to
the NP group, while the EP4 immunostaining in
glands was lower in the TP as compared to the PP
group. Immunostaining of endothelial CTGF, smooth
muscle furin and ALOX12, were all lower in the TP
group as compared to NP, for CTGF also the PP
group was lower than NP. Endothelial calgranulin B
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immunoreactivity was higher in the PP group than
the NP group. PG receptors and stromal factors ex-
hibit differential expression in the cervix from women
in non-pregnant and pregnant states, implying their
involvement in the process of cervical ripening.
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Matrix; Prostaglandin Receptors

1. INTRODUCTION

Prostaglandins (PGs) are key pro-inflammatory agents
that mediate cervical ripening [1]. Cervical ripening is an
inflammation-like process, involving the invasion of
leukocytes, which facilitates the softening, dilation and
effacement of the cervix [2]. Further support for the in-
flammation-like model of cervical ripening is given by
the elevated level of IL-8 and the rise in leukocyte count
at the time of labor [2,3]. Invasion of leukocytes, along
with the inflammation mediated remodeling process of
the extracellular matrix (ECM), is crucial for normal
parturition [2].

PGs are widely used to induce cervical ripening, for
labor induction and for termination of pregnancy causing
both cervical ripening and uterine contractions [4,5].
However, the cell type specific expression of the differ-
ent PG receptors in human cervix is not known. PGs act
via their receptors and perform various functions in their
target tissues depending on the type of receptor activated.
PG receptors are G-protein coupled receptors mediating
smooth muscle cell contractility and relaxation through
different signaling pathways [6]. Contractility in smooth
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muscle cells is mediated by EP1, EP3 and FP, whereas
EP2 and EP4 mediate relaxation in uterus and smooth
muscle cells of vessels [7]. PGE2 is the natural ligand for
the PG receptor subtypes EP1-4 whereas PGF2a is the
ligand for FP [7].

The expression of PG receptors and the mechanisms
by which PGs act on the cervix are relatively well de-
scribed in animal studies [8-10]. However, available hu-
man studies are few and the understanding of PG recep-
tor expression and their regulation in human cervix is
poorly understood.

Apart from the PG receptors, several stromal factors
are also involved in various aspects of cervical ripening.
Connective tissue growth factor (CTGF) is involved in
the regulation of ECM production, tissue remodeling,
cell migration and differentiation [11]. Calgranulin B is a
calcium binding protein expressed mainly in neutrophils
and highly expressed in inflammatory sites [12]. It is also
involved in ECM remodeling and acts as a substrate for
matrix metalloproteinase (MMP)-2 and MMP-9 [13].
Calgranulin B is an important factor during parturition
exhibiting increased mRNA levels in the uterus and cer-
vix of women in labor [14]. Furin is another essential
factor regulating the inflammatory response by catalyz-
ing the activation of a variety of proteins such as MMPs
[15] and hence a possible mediator in cervical ripening.

Arachidonate 12-lipoxygenase (ALOX12) and ara-
chidonate 15-lipoxygenase (ALOX15) are oxidoreduc-
tases involved in arachidonate metabolism [16]. ALOX12
has been described in human cervix [17], and in uterus
from baboons during pregnancy and labor [18]. ALOX15
has also been detected in human myometrium during
pregnancy with a lower expression at term and in labor
[19]. ALOX12 and ALOX15 are mediators of inflamma-
tion and thus possible participants in the parturition
process [20].

In order to understand the role of PG receptors and
stromal factors in human cervix we investigated their
expression and localization. We hypothesized that ex-

pression of cervical PG receptors and stromal factor pro-
teins differ in term pregnant, post-partum and non-preg-
nant women.

2. MATERIALS AND METHODS
2.1. Patients

All women included in this study were Caucasian,
healthy and non-smokers. A summary of their clinical
characteristics is presented in Table 1. All pregnant
women had uncomplicated pregnancies and were not
taking any regular medication prior to parturition. Gesta-
tional length was estimated with second trimester routine
ultrasound dating. Women in the term pregnant (TP)
group (n = 12) had unripe cervices with a Bishop Score
<5 points and none of them were in labor. They had a
mean age (£SD) of 33.2 + 3.8 years, and a median gesta-
tional length of 38 + 3 (38 completed gestational weeks
and three days) (range 37 + 2 to 39 + 6) weeks. All
women in this group were primiparous, except for four
women who had undergone one previous caesarean sec-
tion. The women in the post-partum (PP) group (n = 15)
were all at term and primiparous. They had a mean age
of 30.3 + 4.8 years, and a median gestational age of 39 +
6 (range 39 + 1 to 41 + 6) weeks (Table 1). The non-
pregnant (NP) group consisted of women who were un-
dergoing hysterectomy due to benign uterine disorders
not affecting the cervix and without any cervical pathol-
ogy. They were all healthy and menstruated regularly.
This group (n = 8) had a mean age of 43.4 + 5.5 years,
and a median parity of II (range I-III) (Table 1). The
study was approved by the Local Ethics Committee at
Karolinska Institutet, Stockholm, Sweden. Informed con-
sent was obtained from all women before biopsies were
collected.

2.2. Tissue Collection

Cervical biopsies were obtained and tissues handled as
described in a previous publication by our group [21].

Table 1. Summary table showing clinical characteristics of the women included in the study.

Term pregnant

Post-partum Non pregnant

n 12
Gestational length” median (range)

Maternal age (years) 33.2+3.8(28 to 38)

Birth weight (grams) 3734 +292 (3350 to 4285)
BMI! 23.8+3.6 (18.9t029.8)
Women receiving oxytocin 0

38+3(37+21039+6)

15 8

39+6(39+1to4l+6)° -

30.3+4.8 (220 37) 434455
3616 % 449 (2990 to 4420) -
21.7+2.8 (16.9 to 26.8) Missing

11 -

Note: Means with (+) standard deviations and (range) are presented unless otherwise stated. “Completed gestational weeks and days; "Significantly different
compared to TP; “Significantly different compared to TP and PP groups; “Weight and length recorded at the first antenatal visit presented as Body Mass Index

(BMI) (kg/m?).
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Briefly, cervical biopsies were obtained trans-vaginally
from the anterior cervical lip (12 o’clock position) at 10 -
20 mm depth. Cervical biopsies were taken immediately
after hysterectomies for the NP group; during elective
caesarean section before the onset of labor for the TP
group and immediately after parturition for the PP group.
When possible, a small piece was cut off prior to fixation
and frozen in —70°C for RNA preparation. When the bi-
opsy was too small to be divided, it was fixed and em-
bedded in paraffin. We could not obtain large enough
biopsies for both paraffin embedding and RNA prepara-
tion from all women. In some cases, the quantity of RNA
was not enough to perform all the experiments. There-
fore the n values of each specific analysis differ from the
total n. The exact n values are given in the corresponding
legends to figures. Consequently, some groups did not
have sufficient numbers. We still decided to show the
results, since obtaining cervical biopsies are difficult, but
the conclusions have to be interpreted cautiously.

2.3. RNA Isolation and qPCR Analysis

Total RNA from frozen cervical tissue samples was puri-
fied with the RNeasy® Mini kit (Qiagen GmbH, Hilden,
Germany) according to a procedure for RNA isolation
from fibrous tissues, including a DNase step, as recom-
mended by the manufacturer and described before [22],
with the difference that the final volume was 30 pL in the
present study. The oligonucleotide primers for EP1, EP2,
EP3, EP4, FP and cyclophilin A are presented in Table 2,
as well as their predicted sizes. Real time PCR (poly-
merase chain reaction) was performed in an iCycler™ iQ
Real Time PCR System (Bio-Rad Laboratories, Inc). For
PCR, the cDNAs corresponding to 66 or 100 ng RNA
(Table 2) were added to 12.5 pL of iQ™ SYBR® Green
Supermix (Bio-Rad) and 0.3 pM of each oligonucleotide
primer in a final volume of 25 pL. After initial incuba-

Table 2. Oligonucleotide primers used for real-time PCR.

>
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tion for 3 minutes at 95°C, the samples were subjected to
40 cycles of 10 seconds at 95°C followed by 45 seconds
at 56°C or 59°C (Table 2). All PCR assays were per-
formed in replicates twice and their purity was confirmed
by a melting curve analysis. Further, the PCR products
were checked on agarose gels and all exhibited single
bands of the expected sizes. Each PCR assay included a
negative control containing an RNA sample without re-
verse transcription. The primer pairs (Table 2) were de-
signed with the NCBI/Primer-BLAST program using
human gene sequences. Cyclophilin A was used as the
housekeeping gene. Several genes were tested and
cyclophilin A was chosen since it showed no variation
between groups. The PCR amplification rate and the cy-
cle threshold (Ct) values were analyzed using iCycler™
iQ 3.1 software (Bio-Rad). The values of relative expres-
sion of genes of interest were normalized against the
cyclophilin A product. Due to the limited amount of
samples, mRNA determinations were only performed for
EP1-4 and FP.

2.4. Immunohistochemistry

Immunostaining was performed using the avidin-biotin
peroxidase complex (ABC) method, as described previ-
ously for the EPs and FP [22]. The blocking, incubation
conditions and antibody concentrations of PG receptors
and stromal factors are as shown in Table 3. Manual
scorings were performed independently by two observers
blinded to the identity of the slides. The staining was
evaluated semi-quantitatively using a grading system.
The staining intensity and amount of positive cells were
graded on a scale of: (0) no staining, (1) faint stain-
ing/few positive cells, (2) moderate staining/many posi-
tive cells and (3) strong staining/majority of cells posi-
tive. This scoring method has been used before by our
group [22] and by others [23].

Accession No. Primers F = forward; R = reverse Position Product (bp) cDNA Annealing step
EPI(PTGERD) ~ NM_0009ss2 - (IGTCOBTATCAIGATGOIG EB A 160 100ng  59°C/4Ss
et wovs EOACIONCETOTS 0080 s s
oy o LAKTAOGONCHOIOC WMt g sy
EP4 (PTGER4)  NM 00958.2 1;{:: %%g%%i%%%%i%ﬁ?ﬁig’? Eg ‘6‘82:‘5‘2(7’ 200 100 ng 59°C/45 s
CyclophilinA  NM_021130.3 fz:; %g%}%&%@i’é’;ﬁ%%é Eg gg?:gg ; 116 66 ng 56°C/45 s

Copyright © 2013 SciRes.
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Table 3. Antibodies used in the study, their concentrations, buffers and incubation times.

Antigen Primary antibody Primar Primary Secondary  Buffer for
Protein e Blocking name and catalogue . y antibody Secondary antibody antibody antibody
retrieval antibody type o o
number conc. dilution dilution
Cayman Chemicals, Polyclonal Biotinylated Donkey anti 3% NDS in
0, .
EP1 Yes  3%NDS 101740 RabbitlgG 0 U&/m! rabbit IeG (1) 1:1000 PBS
Cayman Chemicals, Polyclonal Biotinylated Donkey anti 3% NDS in
0, .
EP2 Yes  3%NDS 101750 RabbitlgG 2 Ug/m! rabbit 1gG (1) 1:1000 PBS
Cayman Chemicals Polyclonal Biotinylated Donkey anti 3% NDS in
0 > .
EP3 Yes  3%NDS 101760 Rabbit[gG |+ ug/m! rabbit IeG (1) 1:1000 PBS
Cayman Chemicals, Polyclonal Biotinylated Donkey anti 3% NDS in
0, .
EP4 Yes  3%NDS 101775 RabbitlgG > U&/m! rabbit G (1) 1:1000 PBS
Cayman Chemicals, Polyclonal Biotinylated Donkey anti 3% NDS in
0, .
FP Yes  3%NDS 101802 RabbitlgG 10 vg/ml rabbit G (1) 1:1000 PBS
10% NSS . oo . . . .
. Acris Antibodies Monoclonal Biotinylated Rabbit anti TBS with
o s .
CTGF  Yes W“];ISOAI & BM4099 Mouse [gM 133 ug/ml Mouse IgG (2) 1:400 0.1% BSA
BMA Biomedicals, T  Monoclonal Biotinylated Horse anti 1.5% NHS in
0, > .
CalB No 1.5% NHS 1028 Mouse 1gG 0.2 ug/ml Mouse IgG (3) 1:200 PBS
Abnova Monoclonal Biotinylated Horse anti 1.5% NHS in
0 , .
ALOXIS — Yes L% NHS  1100000246-M04  Mouse IgG 2> &/ Mouse IgG (3) 1:200 PBS
. R&D Systems. Monoclonal Biotinylated Horse anti 1.5% NHS in
0, £ .
Furin - Yes  1.5% NHS MABI15031 Mouse IgG 10 ug/ml Mouse IeG (3) 1:200 PBS

1: Santa Cruz Biotechnology Inc. Cat no. SC-2089; 2: Dako Cytomation. Cat no. E0464; 3: Vector laboratories. Cat no BA-2000.

2.5. Statistical Analysis

Statistical analysis was performed by ANOVA on ranks
(Kruskal-Wallis test) or one way ANOVA (for maternal
age), if not otherwise stated, and significances were
evaluated by Dunn’s test. Values were considered sig-
nificantly different when P < 0.05.

3. RESULTS
3.1. Clinical Characteristics of Patients

Maternal age, BMI or birth weight did not show any dif-
ferences between the TP and PP groups, but gestational
age was lower in the TP than in the PP group (Table 1).
This difference was expected since the TP group consists
of women having planned caesarean sections at term,
normally seven to ten days before the estimated date of
delivery according to clinical guidelines and routine ul-
trasound dating in the second trimester. Since hysterec-
tomies are rarely performed in younger patients, women
in the NP group were older than the women in the TP and
PP groups.

3.2. Immunohistochemical Localization and
mRNA Expression of EPs and FP

Immunohistochemical analyses show the presence of EP
and FP receptors and all the examined stromal factors in
the cervix. Their expression pattern and staining intensity
vary in different cell types and between study groups.

Copyright © 2013 SciRes.

Immunohistochemical scoring was performed for squa-
mous epithelium (SQ), glandular epithelium (GE),
smooth muscle cells of arterial walls (smc), endothelium,
leukocytes and stroma. Stroma consists of fibroblasts,
smooth muscle cells, elastic and connective tissue. Rep-
resentative images of the immunohistochemistry results
are shown in Figure 1 for the PG receptors and in Fig-
ure 2 for the stromal factors. The representative immu-
nohistochemical images shown in Figures 1 and 2 fo-
cuses on the regions displaying changes in expression as
determined by the manual scoring as shown in Figures 3
and 4 respectively.

EP1 mRNA levels were very low, close to detection
limit, and hence could not be reliably quantified. The
immunoreactivity for EP1 was moderate to high in SQ,
low to strong in endothelium, and low to moderate in
smc of arterial walls, GE and stroma (Figures 1(a)-(d)).
EP1 scores did not show any differences between the
study groups (Figure 3, top panel).

The EP2 mRNA level was increased in the PP group
as compared to the TP group (Figure 5, top panel). EP2
immunostaining was low to moderate in stroma and GE
and low or absent in smc, SQ and endothelium (Figures
1(e)-(h)). Immunoreactivity for EP2 in stroma was sig-
nificantly higher in the TP group than in the NP group
(Figures 1 and 3, second panel from top).

There was no difference in EP3 mRNA expression
between the groups (Figure 5, second panel from the
top). EP3 immunoreactivity was moderate to high in

OPEN ACCESS
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Non Pregnant
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Term Pregnant

Post Partum NC

Figure 1. Figure showing the immunohistochemical images of cervical tissue from non-pregnant
(Column 1), term-pregnant (Column 2) and post-partum (Column 3) women. Cervical sections
were stained for EP1 (a)-(c), EP2 (e)-(g), EP3 (i)-(k), EP4 (m)-(0) and FP (q)-(s) along with their
respective negative controls (Column 4) in the same row. Str: Stroma, GE: Glandular epithelium,
V: Veins (arrow head indicating the endothelium), SQ: squamous epithelium, and smc: Smooth
muscles in arterial walls. Magnification x200, Scale Bar-100 pm.

stroma, moderate in endothelium, low in GE and low to
moderate in SQ and low to strong in smc (Figures
1(i)-(1)). The immunostaining was higher in the SQ of
the TP group as compared to the NP group (Figure 3,
third panel from top).

The EP4 mRNA level exhibited a large variation in the
NP group and was lower in the TP group as compared to
NP group (Figure 5, second panel from the bottom). EP4
protein was absent or faintly expressed in stroma, smc
and endothelium, low to moderate in GE and low to
strong in SQ (Figures 1(m)-(p)). Immunostaining was
mostly below detection limit in the TP group, although
faintly present in SQ and endothelium (Figure 1(n)).
There was higher immunostaining in GE of the PP group

Copyright © 2013 SciRes.

as compared to the TP group (Figures 1(m)-(0); Figure
3, second panel from bottom).

FP mRNA expression did not show any differences
between the groups (Figure 5, bottom panel). Immu-
nostaining of FP was low to moderate in stroma, endo-
thelium and GE, while it was low to strong in smc and
SQ, no differences were found between groups (Figures
1(q)-(t); Figure 3, bottom panel).

3.3. Immunohistochemical Localization of
Stromal Factors

CTGF immunostaining was moderate to strong in stroma,
moderate in SQ, low to strong in smc, below detection
limit in GE and low to moderate in endothelium (Figures

OPEN ACCESS
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Figure 2. Figure showing the immunohistochemical images of cervical tissue from non-pregnant
(Column 1), term-pregnant (Column 2) and post-partum (Column 3) women. Cervical sections
were stained for CTGF (a)-(c), CalB (e)-(g), Furin (i)-(k), ALOX12 (m)-(0) and ALOX15 (q)-(s)
along with their respective negative controls (Column 4) in the same row. Str: Stroma, GE:
Glandular epithelium, V: Veins (arrow head indicating the endothelium), and smc: Smooth muscles
in arterial walls. Magnification x200, Scale Bar-100 um.

2(a)-(d)). The immunostaining in the endothelium was
lower in the TP and PP groups as compared to the NP
group (Figure 4, top panel).

Calgranulin B immunostaining was moderate in stro-
ma, below detection limit in GE, faint or below detection
limit in smc, strong in SQ and low in endothelium
(Figures 2(e)-(h)). In the endothelium calgranulin B
immunostaining was higher in the PP as compared to NP
group (Figure 4, second panel from the top).

Immunostaining of furin was moderate to strong in
stroma and smc, low to moderate in SQ, moderate in en-
dothelium and low in GE (Figures 2(i)-(1)). The immu-
noreactivity of furin in smc was lower in the TP group,
with a similar trend in PP, as compared to the NP group

Copyright © 2013 SciRes.

(Figures 2(i)-(k); Figure 4, third panel from the top).

ALOX12 immunostaining was low to moderate in
stroma, smc, endothelium and GE, and low to high in SQ
(Figures 2(m)-(p)). The immunostaining in the smc was
lower in the TP group as compared to the NP group (Fig-
ures 2(m)-(0); Figure 4, second panel from bottom). A
strong immunostaining of ALOX15 was found in stroma,
smc and endothelium, whereas it was absent in GE and
low in SQ, no differences between groups were found
(Figures 2(q)-(t); Figure 4, bottom panel).

Manual scoring of immunostaining in leukocytes, as
recognized by morphology within the cervical tissue,
showed a relation to the amount of leukocytes (data not
shown). Consequently, the immunostaining results mimic
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Figure 3. Results as assessed by manual scoring from immu-
nohistochemistry images. From top to bottom: EPI stroma;
EP2 stroma; EP3 squamous epithelium; EP4 glandular epithe-
lium and FP stroma. The n values are NP = 8; TP =9 and PP =
13 in all assays but EP2 where the PP group included 12 pa-
tients.

the amount of leukocyte influx. The immunostaining of
EP1, EP2 and EP3 was increased in the PP group as
compared to the NP group. For EP1 and EP2 in the PP
group there was also a significant difference compared to
the TP group (data not shown). EP4 immunostaining was
sparsely observed in leukocytes. There was no signifi-
cant difference found in FP immunoreactivity (data not
shown). Also some of the stromal factors co-varied with
leukocyte number (data not shown). Calgranulin B ex-
hibited higher immunoreactivity in the PP group as
compared to NP and TP groups. Furin showed increased
immunoreactivity in the PP group as compared to the NP
group. CTGF, ALOX12 and ALOX15 displayed no dif-
ferences in leukocyte immunoreactivity between the
groups (data not shown).

4. DISCUSSION

Our study shows the presence of PG receptors EP1-4 and
FP in the human cervix. Their levels varied between the
non-pregnant, pregnant and post-partum state and in dif-
ferent cervical cell types. Recent publications report that
different PG receptor subtypes are present in different
cell types of the rodent and human uterus [22,24].

Our data shows that EP2 and EP4 mRNA levels are at
their lowest in the TP group. Thus, expressions of both

Copyright © 2013 SciRes.
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Figure 4. Results as assessed by manual scoring from immu-
nohistochemistry images. From top to bottom: CTGF endothe-
lium; Calgranulin B endothelium; Furin smooth muscle cells
(smc); ALOX12 smc and ALOX15 smc. The n values are NP =
8; TP =9 and PP = 13 in all assays.

smooth muscle relaxing EPs are at their lowest levels in
pregnancy before the final ripening has started. In endo-
metrium, the level of EP2 mRNA is higher in the mid-
secretory stage, when the estrogen and progesterone lev-
els are both high, as compared to the other phases during
the menstrual cycle [24]. This is in agreement with our
finding, since the estrogen and progesterone levels in the
PP group is higher than in TP and NP groups [25,26].
The EP4 mRNA level was lower in the TP group as
compared to the NP group, and EP4 protein showed less
immunostaining in GE of the TP group as compared to
the PP, with a similar trend also towards the NP group.
Thus, expression of the EP4 was lowest in the term
pregnant group. The low level in the TP group indicates
that before final ripening/active labor, the expression of
EP4, as well as EP2, is down regulated. In human endo-
metrium the EP4 expression is lower in the first half of
the menstrual cycle, when the estrogen level is high and
progesterone low, as compared to the mid secretory stage
when progesterone is at its highest level [24].

Earlier studies in goat and sheep suggested a possible
relaxatory role of EP2 and EP4 in cervix based on their
expression [8,27]. In the present study, EP2 mRNA was
higher at the time of parturition as compared to the TP
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Figure 5. The mRNA levels of prostaglandin receptors EP2-4
and FP, as assessed by real-time PCR. The n values are NP = 5;
TP =11 and PP = 5 in all assays but EP4 where NP = 3; PP =4,
and in FP where NP = 1; PP = 4 due to the limited amount of
RNA available. The FP mRNA level of the single patient is
included as a reference value. The TP and PP groups were
evaluated using Mann-Whitney’s test, no statistical difference
was found between the two groups.

group. EP2 mediates relaxation, so a higher level in the
PP group seems appropriate. Since the amount of smooth
muscles in cervix is relatively small, cervical ripening
cannot be solely explained by the relaxation of smooth
muscles due to the action of PGE,. It is known that PGE,
increases the concentration of glycosaminoglycan and
the activity of elastin in cervix contributing to cervical
ripening [28]. Further, it has been suggested that PGE,
regulates the synthesis of hyaluronan-like glycosami-
noglycan [27] which has been shown to induce cervical
ripening by remodeling the extracellular matrix via the
dispersion and separation of collagen bundles [29]. Our
earlier studies have shown that MMPs are vital for cer-
vical ripening [21,30]. In endometrial stromal cells, inhi-
bition of EP2 and EP4 suppress the expression and ac-
tivities of several MMPs [31]. However, the stromal EP2
expression is high in the TP group when compared to the
NP group suggesting that higher expression of EP2 may
increase the effect of MMPs in stroma, which are impor-
tant for cervical ripening and remodeling. Thus, the re-
laxatory action by smooth muscles (in stroma and arterial
walls) along with the action of collagenases and other
proteases could contribute to cervical ripening.

Copyright © 2013 SciRes.

Most of the women in the PP group received oxytocin
for labor augmentation during the active phase, but none
in the TP or NP groups. It is possible that the expression
of EP2 mRNA could be influenced by oxytocin admini-
stration; however no supporting literature is available.
Further, we found no difference in post-term women,
where oxytocin was given to women in all groups com-
pared (unpublished observations, Roos et al., in prepara-
tion).

The expression of the contraction inducing PG recep-
tors, i.e. EP1, EP3 and FP, was either low or unchanged
between the study groups. EP1 mRNA expression was
present in very low amounts. However, the protein was
detected by immunohistochemistry, but no differences
between any of the groups were found. The low expres-
sion of EP1 mRNA in the cervix is in agreement with
results from a study on mice [32]. In our previous study
on rat uterus, EP1 mRNA was found to be down regu-
lated by estradiol [22]. Nevertheless, in recent studies on
human endometrium and myometrium both EP1 mRNA
and protein were found [24,33,34]. These observations
show that there are great variations in the expression
patterns between tissues (i.e. endometrium/myometrium
vs. cervix) and under different hormonal influences
(menstrual cycle vs. pregnancy). Further, the discrepancy
between the mRNA and protein levels could also be is-
sues related to EP1 mRNA stability. The EP3 protein
level was higher in the SQ of the TP group as compared
to NP. EP3 localization in SQ has been reported in rats
[35] but the exact role of EP3 in epithelial cells is not
known. The absence of regulation of the contractile PG
receptors mRNA and protein levels in most of the cell
types suggest that they may not play any active role in
the cervical ripening process. Similar observations and
conclusions have been derived in rats [35].

CTGF staining was evaluated since this growth factor
has been found to be regulated by ovarian steroid hor-
mones and implicated in ECM remodeling in animal
models [36]. A significant decrease of CTGF in the en-
dothelial cells in cervices from pregnant women was
found, when compared to non-pregnant women. Thus,
CTGF expression in endothelial cells could also be regu-
lated by ovarian steroids in human cervix. Further, the
expression of CTGF in endothelial cells is regulated by
shear stress induced by blood flow [37]. It is likely that
the blood flow pattern could be different because of the
tissue remodeling in cervices from pregnant and post-
partum women when compared to the NP group. In cer-
vical tissue and mucosa, increased calgranulin B ex-
pression has been found during preterm labor and at term
[14]. The spatial localization and cellular properties of
calgranulin B combined with its dramatic increase in
cervix and myometrium of women in labor, suggest that
this protein may be important in the initiation or propa-
gation of human labor [14]. The specific role of cal-
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granulin B in endothelium has been attributed to in-
flammation [38]. We found that calgranulin B immu-
nostaining was increased in the endothelium of women
in the PP group as compared to those in the NP group,
suggesting its inflammatory role also in cervix.

Furin is known to activate several of the MMPs [39]
which are important factors in the ECM remodeling of
the cervix prior to parturition [21]. In smooth muscle
cells around the vessels furin immunostaining was found
lower in the TP group as compared to NP, suggesting
involvement in vascular remodeling [40]. Indeed, furin
has been shown to enhance the survival of vascular
smooth muscle cells [41].

Lipoxygenases participate in the metabolism of the
polyunsaturated fatty acids and catalyzing their oxidation
to a variety of eicosanoids, which as the secondary signal
transducers have a major impact on human homeostasis
[42]. ALOX12 has been described in human cervix with
no difference in expression between proliferative and
secretory phase of the menstrual cycle [17]. Still, the
lower levels of ALOX12 found in samples from post-
menopausal women suggest that gonadal steroid hor-
mones could influence its expression [17]. In baboon
uterus during pregnancy and labor, ALOX12 tended to
be less expressed in the cervical part from animals in
labor [18]. The TP group shows a down-regulation which
also implies a possible steroid hormone regulation of
ALOX12 in human cervix. Recent studies show that
ALOX12 is involved in vascular aging and vascular
smooth muscle survival [43,44]. The downregulation of
ALOX12 in vascular smooth muscle cells in TP cervix
could suggest its role in vascular smooth muscle remod-
eling prior to cervical ripening. ALOXI1S5 is present and
functional in myometrium from pregnant women, and
the expression was lower in term and during labor [19].
In the study on baboon uterus, no difference was found
in the cervix of animals in different stages of labor [18],
which is in agreement with our results.

Obtaining human cervical tissues is difficult and the
limited size of the collected cervical tissue did not allow
us to perform real-time PCR for the stromal factors. It
would have been desirable to perform Western blots as
well, to enable us to compare protein and mRNA levels,
since the PCR results are obtained from a homogenate of
the cervical tissue. We chose to perform immunohisto-
chemical analyses as that offers the possibility to detect
the cell type specific protein expression, even if it cannot
give the quantifiable data similar to Western blots.

In conclusion, our study shows distinct changes in the
expression of EPs and stromal factors in cervices from
women in the NP, PP and TP groups. The low mRNA
levels of EP2 and EP4 in smooth muscles of the TP
group, along with the changes in the relative protein lev-
els of tissue remodeling stromal factors like CTGF, cal-
granulin B, furin and ALOX12 could contribute to cer-

Copyright © 2013 SciRes.

vical ripening. The relaxatory action by smooth muscles
together with the timed action of tissue remodeling en-
zymes could lead to the cervical ripening. Further studies
on the mechanistic aspects of regulation are warranted to
identify the exact molecular mechanism of cervical rip-
ening and PG signaling.
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