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Purpose of investigation: The oxytocin (OXT)-oxytocin receptor (OXTR)
system provides a promising candidate gene for studies of genetic
contributions to prematurity. The author studies the quantification
and comparison of oxytocin receptor (OXTR) gene expression and
serum OXT levels in the blood and amnion of women delivering
preterm and evaluation of the correlation between OXTR gene ex-
pression in blood and amnion with serum OXT levels in them. Ma-
terial and methods: Seventy pregnant women in spontaneous labor
delivering vaginally preterm i.e., < 37 weeks and an equal number
of matched controls delivering spontaneously at term (37--42 weeks)
were recruited. Maternal serum OXT levels were quantified by ELISA
collected inthe active stage of labori.e., 4 cm cervical dilatation. Gene
expression studies in the maternal blood and amnion were done by
using real-time quantitative polymerase chain reaction (RT-qPCR).
Results: The mean serum OXT level in preterm labor (PTL) was 48.56
+ 6.97 pg/mL; significantly higher than in controls (43.00 + 3.96
pg/mL), P < 0.001. OXTR gene expression in maternal blood (2.5
times) as well asinamnion (3.5 times) was significantly higherin PTL.
A significant positive correlation was observed between serum OXT
levels and OXTR gene expression in amnion (r = -0.190, P = 0.025).
Conclusions: The serum OXT levels and OXTR gene expression in am-
nion surge significantly in the active phase of PTL. Thus, amnion
probably links OXT-PTGs (prostaglandins) autocrine paracrine circuit
to facilitate PTL. Future studies are needed to devise better OXTR re-
ceptor antagonists preferably acting on amnionic OXTRs to prevent
inflammatory pathways leading to PTL.
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1. Introduction

An estimated 15 million babies are born too early every
year i.e., 1 in 10 babies. Approximately 1 million children
die each year due to complications of preterm birth (PTB)
[1]. Globally, prematurity is the leading cause of death in
children under the age of 5 years [1]. Many survivors face
a lifetime of disability, including learning disabilities, visual
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and hearing problems. PTB rates are increasing despite ad-
vancing knowledge of risk factors for preterm labor (PTL)
and the introduction of public health and medical interven-
tions [2-6].

Key treatments for PTL have focused on the prevention
or inhibition of myometrial contractions, mainly to provide
time to administer steroids to aid fetal lung maturation and
transfer to a special neonatal care unit [7, 8].

Understanding more about the mechanisms of labor is es-
sential to identify targets for novel and more effective ther-
apies to stop or prevent PTL. The neurohypophysial hor-
mone oxytocin (OXT) is named after the “quick birth” which
it causes due to its uterotonic activity [9]. Oxytocin receptor
(OXTR) gene expression is present in humans in the amnion,
chorion, and decidua [10] OXT binding to OXTR signifi-
cantly increases in human fetal membranes specially amnion
with the onset of labor. Terzidou et al. [11] revealed that hu-
man OXTR expression increases spontaneously in post-labor
amnion epithelial cells and that treatment with interleukin
(IL) 1B stimulates OXTR expression in pre-labor amnion
when cultured. Amnion is not a contractile tissue; therefore,
the physiological role of the OXT/OXTR system in amnion
must be in some respect different from its role in the my-
ometrium. The amnion plays an important role in the onset
of human labor. It is a major source of prostaglandins (PTGs)
and inflammatory cytokines synthesis, which increase both
before and during labor. Terzidou et al. [11] found that the
release of PTGE2 by human amnion epithelial cells is signifi-
cantly increased after OXT stimulation. This supports a com-
plementary role for OXT/OXTR in the activation of the am-
nion that occurs at the time of labor. It is established that
the PTGS?2 (prostaglandin synthetase 2) enzyme, which me-
diates the committing and rate-limited step of PTG biosyn-
thesis, generating a PTGH2 intermediate that is converted to
the terminal PTGs, is central to increased PTGs synthesis in
the human amnion at the time of labor [12-14].
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Fig. 1. Flow chart participant recruitment in the study.

OXT stimulates myometrial contractions through multi-
ple signaling pathways. Binding of OXT to its receptor has
been known to lead to G-protein coupling and subsequently,
an increase in intracellular calcium levels to mediate the gen-
eration of force [15]. There is a role for the OXT-OXTR
system in the onset of human labor, additional to the stimu-
lation of myometrial contractions, that involves an increase
in the expression of cyclooxygenase-2 (COX-2) and other in-
flammatory mediators known to be associated with the onset
of labor [16, 17].

Kim et al. [16] in their study demonstrated that NF-
KB activation is required for OXT-induced COX-2 expres-
sion in human myometrium and amnion. They also showed
that Cross-talk exists between the OXT induced activation
of Mitogen-Activated Protein Kinases (MAPKs) and NF-
kB signaling cascades in the human amnion, but not my-
ometrium. OXT-OXTR interaction leads to NF-«<B acti-
vation and subsequent upregulation of PTGs, inflammatory
chemokines, and cytokines that are known to play roles in fe-
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tal membrane remodeling, cervical ripening, and myometrial
activation. Amnion is an important site of PTG production
within the human uterus and its activation is critical for fe-
tal membrane remodeling, cervical ripening, and the stimu-
lation of myometrial contraction [16].

Therefore, OXTR is commonly used as a target for the
development of tocolytics. Atosiban, an OXTR antagonist
acting on both myometrial & decidual OXTRs has been used
to arrest premature uterine contraction but has failed to re-
duce the incidence of PTB or improve the neonatal outcome
compared with placebo [18].

Therole of OXT in PTG pathway activation leading to the
onset of labor suggests that potential clinical use of OXTR
antagonists requires re-evaluation. The study of molecular
genetics involving the OXT-OXTR system in gestational tis-
sues may prove fruitful in deciphering these complex mech-
anisms leading to PTB. The present study gains insight into
the OXT-OXTR system in PTB to build the ground for fu-
ture research for better-targeted interventions.
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2. Materials and methods
2.1 Sample size

To detect a mean change of 0.5 ©U/mL oxytocin levels
between preterm labor and term labor controls in the ac-
tive phase of labor, the sample size of 68 delivering preterm
(cases) and 68 low-risk pregnant females delivering at term
(controls) was sufficient for 80% power of the study and 5%
level of significance with SD of oxytocin level in the ac-
tive phase of term labor taken as 1.00 [19]. We enrolled 70
women having preterm birth and 70 women with term de-
livery in the present study (Fig. 1).

2.2 Subjects

In this case-control study, one hundred forty study sub-
jects (n = 140) in spontaneous labor were recruited at Uni-
versity College of Medical Sciences (UCMS) & Guru Teg Ba-
hadur Hospital, Delhi, India from November 2014 to April
2016 (Fig. 1). This study has been designed according to the
STROBE Statement. All the participants gave informed writ-
ten consent for participation in the study. They also gave
consent for public dissemination and future use of the data
generated from the study for the welfare of mankind and re-
search purposes. Ethical approval was taken from the Insti-
tutional Ethics Committee for Human Research (IEC-HR),
UCMS & GTB hospital, University of Delhi, India. Seventy
women aged 18 to 35 years with BMI 19 to 26 kg/m? in spon-
taneous PTL with intact membranes who delivered vagi-
nally giving birth to appropriate for gestational age neonates
were recruited as cases. Women both in preterm and term
labor did not receive exogenous oxytocin infusion for la-
bor augmentation during the course of labor till delivery.
Women having a history of one or more spontaneous PTB or
late second-trimester spontaneous abortion or cervical cer-
clage were excluded from the study. Women with a mul-
tiple pregnancy, fetal growth restriction, stillbirth, anemia,
diabetes, hypertension, chronic diseases, urinary tract infec-
tions, chorioamnionitis, recent intake of anti-inflammatory
drugs/steroids, history of smoking or any complications dur-
ing pregnancy and/or in labor were excluded from the study
groups. For each case, an age, weight and parity matched,
low-risk women (n = 70) in spontaneous labor delivering
vaginally at term (37-42 weeks) appropriate for gestational
age neonate were recruited as controls.

2.3 Sample collection and storage

Maternal blood (2 mL) was collected in an EDTA vial dur-
ing the active phase of labor (> 4 cm cervical dilatation) and
250 pL of it was fixed in 750 pL of TRIzol LS (Ambion, USA)
reagent and stored at -80 °C. Maternal serum (2 mL) was sep-
arated by centrifugation and stored at -20 °C. Serum OXT
levels were estimated by ELISA using OXT Enzyme Immune
Assay Kit (K048-H1) by Arbor Assays (Ann Arbor, Michi-
gan, US) with declared sensitivity as 17.0 pg/mL with a limit
of detection as 22.9 pg/mL as per manufacturer’s protocol.

Amnion was carefully separated from chorion just after
delivery of the placenta. A 5 x 5 cm? of amnion was col-
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lected, cut into small strips, and washed in sterile phosphate-
buffered saline (PBS). 0.1 gm of homogenized amnion was
fixed in 1 mL of TRIzol reagent & stored at -80 °C. Ribonu-
cleic acid (RNA) was isolated from maternal blood & am-
nionic tissue and used for complimentary deoxynucleic acid
(cDNA) synthesis using Maxima first-strand cDNA synthe-
sis kit (Fermentas, USA). It was used to study OXTR gene
expression in maternal blood and amnionic tissue by Real-
Time quantitative polymerase chain reaction (RT-qPCR) us-
ing CFX Connect (Biorad, USA) RT-qPCR machine, and
corresponding ACq (Quantification cycle) values were de-
termined by using gene-specific primers. The primers se-
quences used for the amplification of human OXTR and -
actin genes were following: forward 5ACT TTA GGT TCG
CCT GCG G 3’ and reverse 55CTC CTC TGA GCC ACT
GCA AA3 (Primer for OXTR, amplicon size-126 bp) and
forward 5TCA CAAGGATTCCTATGT GG3'5CTCATT
GTA GAA GGT GTG G 3’ (Primer for (3-actin, amplicon
size-136 bp).

The qPCR amplification master mix for a sample of a gene
was made, 20 ©L which contained 1 uL of cDNA, 10 pL SSO
Fast Evagreen SuperMix, 1 pL each of forward and reverse
specific primer pairs (conc. 10 pmol/uL), 7 uL of nuclease-
free water. All reactions were set in duplicate along with no
template control. The PCR was carried out for initial denat-
uration (95 °C for 5 min) followed by 40 cycles consisting of
template denaturation (10 sec at 94 °C), primer annealing,
and extension (40 sec at 60 °C) and run under appropriate
cycling conditions.

In the initial cycles of PCR, there is a little change in fluo-
rescence signal (produced from double-stranded DNA). This
defines the baseline for the amplification plot. An increase
in fluorescence above the baseline indicates the detection of
the accumulated target. The parameter Cq is defined as the
fractional cycle number at which the fluorescence passes the
fixed threshold. Cq levels are inversely proportional to the
amount of target nucleic acid in the sample i.e., lower the
value of Cq, the higher the amount of target nucleic acid in
the sample. Expression normalization was done by (-actin
gene to correct for the sample to sample variations in gPCR
efficiency and errors in sample quantification. ACq was eval-
uated which is the difference between average Cq of the target
gene (OXTR gene) and reference gene (3-actin gene).

ACq = Average Cq_9X™ . Average Cq_ A—actingene,
Again, the difference between mean Cq values of control and
cases was determined, which is AACq.

AACq _ Acq_case _ Acq_control.

After this, true Fold change (FC) was represented to com-
pare the expression of genes between cases and controls by
the following formula: FC = 27 2AC4,

2.4 Statistical analysis

Microsoft Excel (version 2007) and statistical software
SSPS for windows (version 17.0) was used for data pre-
sentation and statistical analysis. Unpaired Student’s t-test
and Chi-square/Fisher’s exact test was applied to compare
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Table 1. Serum oxytocin levels, ACq OXTR in maternal blood and amnion in the two study groups (cases and controls) and

two subgroups (early and late preterm).

OXTR ACq (maternal blood) ~ OXTR ACq (Amnion)

Parameter Serum Oxytocin levels (pg/mL)
(mean =+ SD)

Group 1 Cases (preterm); n = 70 48.56 & 6.97

Group 2 Controls (term); n = 70 43.00 £ 3.96

P-value < 0.001

Early preterm (< 34 weeks); n = 37 48.79 £ 6.68

Late preterm (34-3616 weeks); n = 33 48.29 +7.38

P-value 0.764

(mean = SD) (mean =+ SD)
6.40 £ 1.42 10.88 4+ 1.38
7.69 & 1.47 12.66 &+ 2.17

< 0.001 < 0.001
6.26 +1.38 10.702 + 1.46
6.55 4 1.48 11.088 + 1.28

0.404 0.249

*P value < 0.05 is significant.

all socio-demographic characteristics, clinical profile, OXTR
gene expression in cases and controls. Pearson coefficient of
correlation was used for various correlation studies.

3. Results

Various socio-demographic features in the two groups
were comparable. The mean serum OXT level in active la-
bor in PTB cases was 48.56 + 6.2 pg/mL which was signifi-
cantly higher (P < 0.001) than those with term labor (43.00
3.96 pg/mL) (Table 1). In the subgroup analysis of early v/s
late preterm, the serum OXT levels continued to be higher
in preterm than term but there was no statistically significant
difference. The values of OXTR ACq in maternal blood of
cases and controls are compared in Table 1.

The maternal blood OXTR ACq value in preterm cases
was significantly lower (i.e., expression of OXTR gene in ma-
ternal blood was significantly higher) in comparison to con-
trols (P < 0.001). Also, the Fold change (FC) was > 2.44
which means its expression was 2.44 times in PTL than that
in term labor (Fig. 2). OXTR gene expression in amnion was
significantly higher in PTL (FC > 3.44) as compared to term
labor (P < 0.001) (Fig. 2). However, the value of OXTR ACq
in maternal blood as well in amnion was not statistically sig-
nificantly different in early and late preterm subgroups.

M Control

W Case

Fold Change
w

. I

OXTR Blood

-1

OXTR Tissue

Axis Title

OXTR Blood SD
Control 1
Case 244

OXTR Tissue  SD
1.47991 1. 1.176391
1.426086 3.44  1.389001

Fig. 2. OXTR gene expression in maternal blood and Amnion ex-

pressed in terms of Fold Change.
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In correlation studies, a negative correlation was observed
between maternal serum OXT levels and OXTR ACq in
maternal blood (i.e., positive correlation between maternal
serum OXT levels and OXTR gene expression in maternal
blood) in PTL (Table 2). Similarly, a negative correlation was
seen between maternal serum OXT levels and OXTR ACq
in amnion in PTL (i.e., positive correlation between mater-
nal serum OXT levels and OXTR gene expression in amnion)
(Table 2).

A negative correlation was observed between maternal
serum OXT levels and amnionic OXTR ACq (i.e., positive
correlation between maternal serum OXT levels and am-
nionic OXTRs) when all the study subjects (preterm & term)
were combined into a single group (Table 3 and Fig. 3). There
was a significant proportionate rise in maternal serum OXT
levels with increased OXTR gene expression in amnion (P
< 0.025) in all laboring subjects irrespective of the period of
gestation [POG].

Similarly, a negative correlation was seen between ma-
ternal serum OXT levels with the period of gestation, birth
weight, and placental weight in the whole study population
(Table 3, Fig. 4 and Fig. 5). So, as maternal serum OXT lev-
els increased; there is a corresponding significant reduction
in POG, birth weight, placental weight.

4. Discussion

The mean serum OXT level in PTB cases was 48.56 £ 6.97
pg/mL; significantly higher than in controls (43.00 4 3.96
pg/mL), P < 0.001 similar to earlier studies. OXTR gene
expression in maternal blood was significantly higher (2.44
folds) in the PTB cases as compared to term controls (P <
0.001). There is also an increase in OXTR mRNA in human
amniotic cells up to 3.44 folds in preterm. OXTR mRNA
concentrations increased significantly after the initiation of
the active phase of labor both in blood and amnion which
was significant. Chibbar et al. [20] compared prelabour and
post-labor tissues which revealed OXT mRNA levels were
three to fourfold higher after the spontaneous labor. The sec-
ond change is that the cervical connective tissue and smooth
muscle must be capable of dilatation to allow the passage
of the fetus from the uterus. These changes are accompa-
nied by a shift from progesterone to estrogen dominance, in-
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Table 2. Correlation between maternal serum oxytocin levels with OXTR gene expression in maternal blood and amnion and
with period of gestation (POG), birth weight (B.W), and placental weight in preterm birth cases (n = 70).

Parameter Maternal Serum OXT levels OXTR blood ACq OXTR Amnion ACq POG B.WT. (Kg) Placenta WT (gms)
Maternal serum OXT levels r 1 -0.074 0.027 -0.008 0.063 0.027

P - 0.544 0.824 0.945 0.605 0.827
OXTR blood ACq r -0.074 -0.116 0.048 -0.130 -0.145

P 0.544 - 0.338 0.695 0.282 0.231
OXTR Amnion ACq r 0.027 -0.116 1 0.074 0.001 -0.022

P 0.824 0.338 - 0.543 0.995 0.857

*P value < 0.05 is significant, r = Pearson correlation coefficient.

Table 3. Correlation between maternal serum oxytocin levels with OXTR gene expression in maternal blood and amnion and
with period of gestation (POG), birth weight (B.W), and placental weight in preterm birth cases & term controls combined (n

=140).
Parameter Maternal Serum OXT levels OXTR blood ACq OXTR Amnion ACq POG B.WT. (Kg) Placenta WT (gms)
Maternal serum OXT levels r 1 -0.078 -0.190 -0.387 -0.304 -0.312
P - 0.361 0.025 < 0.001 < 0.001 < 0.001
OXTR blood ACq r -0.078 1 0.113 0.365 0.316 0.340
P 0.361 - 0.183 < 0.001 < 0.001 < 0.001
OXTR Amnion ACq r -0.190 0.113 1 0.418 0.371 0.374
P 0.025 0.183 - < 0.001 < 0.001 < 0.001
*P value < 0.05 is significant, r = Pearson correlation coefficient.
p<0.025 v =-0.589x+52.72 RZ=0.026
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Fig. 3. Scatter dot plot graph showing a negative correlation between OXTR ACq amnion and maternal serum OXT levels in the whole study

population.

creased responsiveness to oxytocin through up-regulation of
the myometrial oxytocin receptor, increased PTG synthesis
in the uterus, increased myometrial gap junction formation,
decreased nitric oxide (NO) activity, and an increased influx
of calcium into myocytes [21, 22] with ATP dependent bind-
ing of myosin to actin [23], increased endothelin leading to
augmented uterine blood flow and myometrial activity [24].

Volume 48, Number 2, 2021

The local increase in the estrogen/progesterone ratio in late
pregnancy may activate OXT gene transcription and increase
the number of OXTRs in the myometrium and other gesta-
tional tissues. The latter may sensitize the myometrium to
any local OXT, thereby leading to increased contractile ac-
tivity and production of stimulatory PTGs. The increased
PTGs would directly stimulate the myometrium and poten-
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Fig. 4. Scatter dot plot graph showing a positive correlation between OXTR delta Ct in Amnion and period of gestation in preterm & term

subjects combined.

tially lead to a further increase in the production of OXT and
its receptor. OXT binding to OXTR significantly increases
in human fetal membranes specially amnion with the onset
of labor [25]. Studies in several species have shown OXT
to stimulate uterine prostaglandin (PTG) synthesis when ad-
ministered near term. Amnion is a major site of PTG pro-
duction in human pregnancy and its activation is critical for
cervical ripening and the stimulation of myometrial contrac-
tions. Just prior to the onset of labor, there is an increase in
inflammatory cytokine release from the amnion [26, 27] as
well as increased PTG synthesis, particularly PTGE2 [28, 29].
Collectively these changes promote cervical ripening, lower
uterine segment remodeling, and initiation of myometrial
contractions [29-33].

This suggests a role for OXT/OXTR in the activation of
the amnion that occurs at the time of labor. Present study re-
sults have confirmed the findings of previous studies where
OXTR mRNA or OXT binding sites were identified in Am-
nion [11]. Our data have extended these findings by system-
atic determination of gestation and labor-associated effects
on OXTR mRNA expression both in maternal blood and am-
nionic tissue samples. There was a significant effect of the la-
bor process, with both blood and amnion OXTR mRNA con-
centrations increasing after the initiation of the active phase
of labor. It indicates upregulation of OXTR concentrations
seen at parturition is primarily regulated at the transcrip-
tional level. This supports previous data from binding stud-
ies [25] and Northern blot analyses [34]. This coordinated
interaction involving OXT, OXTRs, and PTGs in human fe-

288

tal membranes could ultimately result in the onset of parturi-
tion. OXTRs are present in blood & amnion and show major
regulatory changes at the onset of labor whether at term or
preterm with increased expression in PTB cases.

Terzidou et al. [11] showed the increased synthesis
of PTGs in human amnion between 2 and 6 hours fol-
lowing OXT treatment and was associated with increased
prostaglandin synthetase 2 (PTGS2) expression. The in-
creased ability of human amnion to produce PTGE2 in re-
sponse to OXT treatment suggests a complementary role
of the OXT/OXTR system in the activation of human am-
nion and the onset of labor. This suggests OXT-PTGs au-
tocrine paracrine circuit system in decidua, amnion, and my-
ometrium induce and facilitate labor in situ. It makes sense
that plasma OXT levels do not alter before the onset of la-
bor if this system is mainly regulated within decidua and fetal
membranes in situ [20].

Terzidou V et al. [11], in their study, revealed that hu-
man OXTR expression increases in post-labor amnion ep-
ithelial cells and that treatment with interleukin IL1B stim-
ulates OXTR expression before the onset of labor. The in-
creased ability of human amnion to produce PTGE in re-
sponse to OXT treatment suggests a complementary role of
the OXT/OXTR system in the activation of the PTG pathway
in the human amnion resulting in the onset of labor. In addi-
tion to mediating contractions, the role of OXT in biochemi-
cal processesi.e., PTG pathway that leads to the onset of labor
suggests that the potential clinical use of OXTR antagonists
requires re-evaluation. Szukiewicz et al. [35] concluded that

Volume 48, Number 2, 2021
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upregulation of OXTR within placental trophoblast cells lo-
calized close or adherent to the uterine wall may play a crucial
role in labor with efficient contractile activity leading to vagi-
nal delivery. The present study further supports the concept
that OXTR expression is regulated in a paracrine as well as
endocrine fashion and OXTR expression is a limiting factor
of parturition, which was proposed in the previous reports
[25, 36]. They also explain how OXT may play a pivotal role
in the onset of labor in the absence of significant changes in
maternal plasma concentration.

Kim et al. [37] showed that OXT increases the expression
of COX-2 and other inflammatory mediators known to be
associated with the onset of labor in both the myometrium
and amnion via activation of NF-xB and MAPKs. OXT-
OXTR interaction leads to Nuclear factor (NF-xB) activa-
tion and subsequent upregulation of PTGs, inflammatory
chemokines, and cytokines that are known to play a key role
in fetal membrane remodeling, cervical ripening, and my-
ometrial activation. It is well established that IL1B concen-
trations within the uterus increase at the time of both term
and PTL, as does the expression of several “labor-associated
proteins”, such as PTGS2 and IL8, each of which is up-
regulated by IL1B [12, 38-41]. OXTR expression is also up-
regulated at term, at a time when IL1B concentrations are
high, and PTGS2 and IL8 expression increases. Increased
mRNA levels encoding OXTR and other uterine activation
proteins such as COX-2 or PTGF2« receptor in decidua after
the onset of labor were observed in the uterine tissues during
term and PTL [42], suggesting that the basic regulation for
uterine activation was similar between term and PTL.

Loudon et al. [39] have previously shown that PTGE2
production is lower in prelabour than in post-labor cells and
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that PTGE2 production in prelabour cells can be stimulated
by IL1B to levels similar to that found in post-labor cells. This
shows that the pathways for PTG synthesis are activated in
post-labor cells, and our present study reinforces that upreg-
ulation of OXTR is a feature of amnion activation and is sen-
sitive to inflammatory cytokines.

Szukiewicz D et al. [35] in their recent study concluded
that upregulation of OXTR within placental trophoblast cells
localized close or adherent to the uterine wall may play a cru-
cial role in labor with efficient contractile activity leading to
vaginal delivery.

There is some evidence for a premature activation of OXT
secretion in PTB, suggesting a pathogenic role for it in PTL.
Our study reinforces this fact as there is a significant rise in
OXT levels in PTB cases with P value of 0.001.

OXTR antagonists are one class of treatments that have
been developed as tocolytic agents for women in PTL. Kim
SH et al. [37], in their study, found that Atosiban, a mixed
OTR/V1a antagonist widely used as a tocolytic drug, acts as a
biased ligand in amnion cells. It fails to inhibit the activation
of pro-inflammatory mediators stimulated by oxytocin, and,
in the absence of OXT, it activates the same pro-labor inflam-
matory pathways in amnion in a way similar to OXT and in-
creases cytokine/chemokine and PTG secretion, which may
have detrimental effects upon the fetus also in PTL at early
gestational ages.

Amnion is a major site of prostaglandin and proinflam-
matory cytokine and chemokine release leading to cervical
ripening and fetal membrane remodeling [16]. Persistent ac-
tivation of pro-inflammatory pathways in human amnion in-
cluding activation of NF-xB, appears to precede the onset of
labor. Atosiban has a low affinity for the OXTR and its an-
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tagonistic activities at the V1,R [37], has ignited interest in
the development of other peptide and nonpeptide antagonists
with greater specificity for the OXTR. It appears from the
present study that a molecule with targeted intervention at
amnionic OXTR gene may be a promising drug prospect to
prevent inflammatory pathway cascade leading to PTL. The
significant reduction in gestational length (PTL) with over-
expression of the OXTR gene in amnion & blood could be
used as a landmark for future studies on formulating preven-
tive strategies for preterm birth.

5. Conclusions

Significantly higher maternal serum OXT levels seen in
PTB cases suggest that the basic regulation for uterine acti-
vation was similar between term and PTL. The OXTR ex-
pression in blood & amnion is 2.44 folds & 3.44 folds higher
respectively in women having PTB. Upregulation of OXTR
expression in amnion seems to be crucial in the mechanisms
involved in PTL leading to contractile activity and PTB. Am-
nion thus may be acting as a major site of prostaglandins pro-
duction on stimulation of OXTRs and linking OXT-PTGs
autocrine paracrine circuit system to facilitate PTL. This
gives a new insight into the OXT/OXTR system in human
parturition involving amnion and suggests that its therapeu-
tic modulation could be a strategy for regulating both con-
tractile and inflammatory pathways in the clinical context of
PTB.

Future studies may be planned to unveil these local
OXT/OXTR signaling to devise better OXTR antagonists
preferably targeting amnionic OXTR receptors to prevent
PTB.

Author contributions

All authors were involved in designing the research study.
All authors contributed to the performance of the experi-
mental work and analysis of data generated. All authors con-
tributed to editorial changes in the manuscript. All authors
read and approved the final manuscript.

Ethics approval and consent to participate

All the participants gave informed written consent for
participation in the study and also for public dissemination
and future use of the data generated from the study for the
welfare of mankind and research purposes. Ethical approval
was taken from the Institutional Ethics Committee for Hu-
man Research (IEC-HR-3472), UCMS & GTB hospital, Uni-
versity of Delhi, India.

Acknowledgment

‘We thank two anonymous reviewers for the excellent crit-
icism of the article.

Funding

The work has been carried out under the MD thesis pro-
gram with the support of an extramural grant entitled “A

290

study on gene environment interaction and high-risk pheno-
types in the etiology of preterm birth in North Indian popula-
tion (ref ID: 5/7/575/11-RHN)” sanctioned by Indian Coun-
cil of Medical Research (ICMR), India for the duration from
2012-2016 to one of the authors Basu Dev Banerjee as Princi-
pal Investigator as project grant to Biochemistry department
of UCMS institution for research purposes.

Conflict of interest

The authors declare no conflict of interest.

References

[1] Liu L, Oza S, Hogan D, Chu Y, Perin J, Zhu J, et al. Global, re-
gional, and national causes of under-5 mortality in 2000-15: an
updated systematic analysis with implications for the Sustainable
Development Goals. The Lancet. 2016; 388: 3027-3035.

[2] Centers for Disease Control and Prevention (CDC). Preterm sin-
gleton births-United States, 1989-1996. Morbidity and Mortality
‘Weekly Report. 1999; 48: 185-189.

[3] Mathews TJ, MacDorman MF. Infant mortality statistics from
the 2006 period linked birth/infant death data set. National Vital
Statistics Reports. 2010; 58: 1-31.

[4] Behrman RE, Butler AS, Institute of Medicine (US) Committee on
Understanding Premature Birth and Assuring Healthy Outcomes.
Preterm birth: causes, consequences, and prevention. Washing-
ton (DC): National Academies Press (US). 2007.

[5] Berkowitz GS, Blackmore-Prince C, Lapinski RH, Savitz DA. Risk
factors for preterm birth subtypes. Epidemiology. 1998; 9: 279-
285.

[6] Raju TNK, Higgins RD, Stark AR, Leveno KJ. Optimizing care
and outcome for late-preterm (near-term) infants: a summary of
the workshop sponsored by the National Institute of Child Health
and Human Development. Pediatrics. 2006; 118: 1207-1214.

[7] Haram K, Mortensen JHS, Morrison JC. Tocolysis for acute
preterm labor: does anything work. The Journal of Maternal-Fetal
& Neonatal Medicine. 2015; 28: 371-378.

[8] Vogel JP, Nardin JM, Dowswell T, West HM, Oladapo OT.
Combination of tocolytic agents for inhibiting preterm labour.
Cochrane Database of Systematic Reviews. 2014; CD006169.

[9] Dale HH. On some physiological actions of ergot. The Journal of
Physiology. 1906; 34: 163-206.

[10] Wathes DC, Borwick SC, Timmons PM, Leung ST, Thornton S.
Oxytocin receptor expression in human term and preterm gesta-
tional tissues prior to and following the onset of labour. The Jour-
nal of Endocrinology. 1999; 161: 143-151.

[11] Terzidou V, Blanks AM, Kim SH, Thornton S, Bennett PR. Labor
and inflammation increase the expression of oxytocin receptor in
human amnion. Biology of Reproduction. 2011; 84: 546-552.

[12] Slater D, Dennes W, Sawdy R, Allport V, Bennett P. Expres-
sion of cyclo-oxygenase types-1 and -2 in human fetal mem-
branes throughout pregnancy. Journal of Molecular Endocrinol-
ogy. 1999; 22: 125-130.

[13] Slater DM, Berger LC, Newton R, Moore GE, Bennett PR. Expres-
sion of cyclooxygenase types 1 and 2 in human fetal membranes at
term. American Journal of Obstetrics and Gynecology. 1995; 172:
77-82.

[14] Slater D, Berger L, Newton R, Moore G, Bennett P. The relative
abundance of type 1 to type 2 cyclo-oxygenase mRNA in human
amnion at term. Biochemical and Biophysical Research Commu-
nications. 1994; 198: 304-308.

[15] Kim SH, Bennett PR, Terzidou V. Advances in the role of oxy-
tocin receptors in human parturition. Molecular and Cellular En-
docrinology. 2017; 449: 56-63.

Volume 48, Number 2, 2021



[16]

(24]

(25]

[26]

[29]

Kim SH, MacIntyre DA, Firmino Da Silva M, Blanks AM, Lee YS,
Thornton S, et al. Oxytocin activates NF-xB-mediated inflamma-
tory pathways in human gestational tissues. Molecular and Cellu-
lar Endocrinology. 2015; 403: 64-77.

Pont JNA, McArdle CA, Lépez Bernal A. Oxytocin-stimulated
NFAT transcriptional activation in human myometrial cells.
Molecular Endocrinology. 2012; 26: 1743-1756.

Papatsonis D, Flenady V, Cole S, Liley H. Oxytocin receptor an-
tagonists for inhibiting preterm labour. The Cochrane Database
of Systematic Reviews. 2005; CD004452.

Leake RD, Weitzman RE, Glatz TH, Fisher DA. Plasma oxy-
tocin concentrations in men, nonpregnant women, and pregnant
women before and during spontaneous labor. The Journal of Clin-
ical Endocrinology and Metabolism. 1981; 53: 730-733.

Chibbar R, Miller FD, Mitchell BF. Synthesis of oxytocin in am-
nion, chorion, and decidua may influence the timing of human
parturition. Journal of Clinical Investigation. 1993; 91: 185-192.
Garfield RE, Saade G, Buhimschi C, Buhimschi I, Shi L, Shi SQ, et
al. Control and assessment of the uterus and cervix during preg-
nancy and labour. Human Reproduction Update. 1998; 4: 673-
695.

Sanborn B. Relationship of ion channel activity to control of my-
ometrial calcium. Journal of the Society for Gynecologic Investi-
gation. 2000; 7: 4-11.

Pauerstein CJ, Zauder HL. Autonomic innervation, sex steroids
and uterine contractility. Obstetrical and Gynecological Survey.
1970; 25: 617-630.

Masaki T. Endothelins: homeostatic and compensating action in
the circulating and endocrine system. Endocrine Reviews. 1993;
14: 256-268.

Fuchs A, Fuchs F, Husslein P, Soloff MS. Oxytocin receptors in the
human uterus during pregnancy and parturition. American Jour-
nal of Obstetrics and Gynecology. 1984; 150: 734-741.

Keelan JA, Blumenstein M, Helliwell RJA, Sato TA, Marvin KW,
Mitchell MD. Cytokines, prostaglandins and parturition-a review.
Placenta. 2004; 24: S33-S46.

Satoh K, Yasumizu T, Fukuoka H, Kinoshita K, Kaneko Y,
Tsuchiya M, et al. Prostaglandin F2 alpha metabolite levels in
plasma, amniotic fluid, and urine during pregnancy and labor.
American Journal of Obstetrics and Gynecology. 1979; 133: 886-
890.

Bennett PR, Henderson DJ, Moore GE. Changes in expression of
the cyclooxygenase gene in human fetal membranes and placenta
with labor. American Journal of Obstetrics and Gynecology. 1992;
167: 212-216.

Olson DM. The role of prostaglandins in the initiation of parturi-
tion. Best Practice & Research Clinical Obstetrics & Gynaecology.
2003; 17: 717-730.

Volume 48, Number 2, 2021

(30]

(31]

[39]

Fletcher HM, Mitchell S, Simeon D, Frederick J, Brown D. Intrav-
aginal misoprostol as a cervical ripening agent. British Journal of
Obstetrics and Gynaecology. 1993; 100: 641-644.

Keirse MJ. Prostaglandins in preinduction cervical ripening.
Meta-analysis of worldwide clinical experience. The Journal of
Reproductive Medicine. 1993; 38: 89-100.

Keirse MJ, Thiery M, Parewijck W, Mitchell MD. Chronic stimu-
lation of uterine prostaglandin synthesis during cervical ripening
before the onset of labor. Prostaglandins. 1983; 25: 671-682.
McLaren J, Taylor DJ, Bell SC. Prostaglandin E(2)-dependent pro-
duction of latent matrix metalloproteinase-9 in cultures of human
fetal membranes. Molecular Human Reproduction. 2000; 6: 1033-
1040.

Kimura T, Takemura M, Nomura S, Nobunaga T, Kubota Y, In-
oue T, et al. Expression of oxytocin receptor in human pregnant
myometrium. Endocrinology. 1996; 137: 780-785.

Szukiewicz D, Bilska A, Mittal TK, Stangret A, Wejman ]J,
Szewczyk G, et al. Myometrial contractility influences oxytocin re-
ceptor (OXTR) expression in term trophoblast cells obtained from
the maternal surface of the human placenta. BMC Pregnancy and
Childbirth. 2015; 15: 220.

Soloff MS, Alexandrova M, Fernstrom M]J. Oxytocin receptors:
triggers for parturition and lactation? Science. 1979; 204: 1313-
1315.

Kim SH, MacIntyre DA, Hanyaloglu AC, Blanks AM, Thornton
S, Bennett PR, et al. The oxytocin receptor antagonist, Atosiban,
activates pro-inflammatory pathways in human amnion via Gad
signalling. Molecular and Cellular Endocrinology. 2016; 420: 11—
23.

Slater DM, Dennes W]J, Campa JS, Poston L, Bennett PR. Expres-
sion of cyclo-oxygenase types-1 and -2 in human myometrium
throughout pregnancy. Molecular Human Reproduction. 1999; 5:
880-884.

Loudon JAZ, Elliott CL, Hills F, Bennett PR. Progesterone re-
presses interleukin-8 and cyclo-oxygenase-2 in human lower seg-
ment fibroblast cells and amnion epithelial cells. Biology of Repro-
duction. 2003; 69: 331-337.

Gilroy DW, Saunders MA, Wu KK. COX-2 expression and cell
cycle progression in human fibroblasts. American Journal of Phys-
iology Cell Physiology. 2001; 281: C188-C194.

Slater D, Allport V, Bennett P. Changes in the expression of the
type-2 but not the type-1 cyclo-oxygenase enzyme in chorion-
decidua with the onset of labor. British Journal of Obstetrics and
Gynaecology. 1998; 105: 745-748.

Makino S, Zaragoza DB, Mitchell BF, Yonemoto H, Olson DM.
Decidual activation: abundance and localization of prostaglandin
F2a receptor (FP) mRNA and protein and uterine activation pro-
teins in human decidua at preterm birth and term birth. Placenta.
2007; 28: 557-565.

291



	 1. Introduction
	 2. Materials and methods
	 2.1 Sample size
	 2.2 Subjects
	 2.3 Sample collection and storage
	 2.4 Statistical analysis

	 3. Results
	 4. Discussion
	 5. Conclusions
	Author contributions
	Ethics approval and consent to participate
	Acknowledgment
	Funding
	Conflict of interest
	References

