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ABSTRACT Although preterm birth is among the preventable causes of maternal and infant death, its
mechanism has not yet been clarified. When evaluated in terms of the results, the psycho-social burden
of mother-infant losses and the costs of rehabilitation, care, and treatment for postpartum sequelae are
high. When evaluated in terms of its causes, infection/inflammation has an important place. Therefore,
it is essential to understand the role of pro- and anti-inflammatory proteins in the process. In our study,
apelin and apelin receptor (APJ) expression in the cervix-uterus and placental axis were evaluated at
tissue and protein levels in pregnant and non-pregnant control, sham, PBS, and LPS groups in the infec-
tion model in which LPS induction was performed by midline laparotomy, in CD-1 mice. The evaluation of
this axis regarding apelin and apelin receptor in the preterm birth model is new in the literature. Apelin is
expressed more intensely in uterine epithelial cells than in the cervix. In the placenta, expression is more
intense in the junctional zone compared to other zones. Apelin protein levels decrease significantly in
the cervix and placenta whereas it increases in the uterus. While no change was observed in the expres-
sion of the apelin receptor at the tissue and protein level in the cervix and uterus, it increased in both
aspects in the placenta in the invasive procedure groups. We propose that the decrease in apelin protein
due to LPS in the preterm delivery model may be related to the effort to compensate for the balance
deteriorated in the pro-inflammatory direction with post-transitional modification at the tissue level.
The tendency of apelin to increase with pregnancy has led to the conclusion that it is necessary for a
healthy pregnancy. Although the apelin receptor does not change with inflammation, it is necessary to
investigate the mechanisms associated with its stress and trauma-induced increase, since it increases
in the invasive procedure group.
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Introduction

Considering the delivery process, the most critical complica-
tion contributing to pregnancy and newborn outcomes is preterm
birth, which accounts for 75% of perinatal mortality and more than
50% of long-term morbidity (Callaghan et al., 2006). The World
Health Organization estimates the incidence of preterm birth to
be between 4% and 16% (WHO, 2023). Premature birth is one of
the leading causes of death in childhood, accounting for 18% of all
deaths among children under 5 and 35% of all deaths in newborns
(less than 28 days old) (Walani, 2020). Considering the care costs
of babies affected by preterm birth complications, intensive care

units and health systems pose a severe financial and psychological
burden on families and society (Moster et al., 2008).

Preterm laboristheonsetof labor before 37 weeks. When divided
into sub-categories, defined as <28 weeks severely preterm, 28 to
32 weeks very early, and 32 to 37 weeks moderate to late preterm
(Nour,2012). Many antecedents are associated with spontaneous
preterm birth. Infection/inflammation, multiple pregnancies, intra-
uterine bleeding, hormonal stress, etc., although there are some of
these, it can be said that infection in the pregnancy compartment
causes 50% or more of preterm births (Klein and Gibbs, 2004).
The most common possible mechanism underlying preterm labor
due to infection is increased colonization of vaginal pathogens in
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the gestational cavity (Goldenberg et al., 2008). It has also been
shown that vaginal pathogens can reach the amniotic membrane
(Romero et al., 2014).

Pregnancy is a dynamic period that includes a series of pro-
cesses necessary for the proper development of the fetus. This
process, which starts from fertilization, continues with the embryo's
implantation into the uterine wall, followed by the development
of unique structures such as the placenta (Erlebacher and Fisher,
2017). The placenta is essential for the continuation of a healthy
pregnancy, and functional dysfunction of the placenta is associ-
ated with many pregnancy pathologies today (Tsai et al., 2021).
Fetal placental membranes provide a physical barrier against LPS
administration and microbial agents (Kim et al., 2002).

The mature mouse placenta consists of four separate layers: the
decidua, the junctional zone, the labyrinth zone, and the chorionic
plate. Parietal trophoblast giant cells separate the decidua and the
junctional zone (Isaac et al., 2014). In mid-pregnancy, the mouse
placenta produces blood cells, and the labyrinth zone promotes
the differentiation of fetal erythrocytes. On the other hand, the
junctional zone regulates erythropoietic differentiation (Azevedo
Portilho and Pelajo-Machado, 2018, Azevedo Portilho et al., 2016).
Inthe placenta, trophoblast giant cells regulate uterine decidualiza-
tionin early pregnancy and support temporary placental formation
by anastomosis with maternal blood vessels. Spongiotrophoblast
and trophoblast glycogen cells comprise most of the endocrine
structure associated with hormone regulation (Hemberger et al.,
2020, Hu and Cross, 2010).

Apelin (APLN) is a 36 amino acid peptide isolated from the
bovine stomach and identified as the Apelin receptor (APJ; angio-

CERVIX/UTERUS APELIN

tensin Il protein J receptor (Li et al., 2022) ligand, a member of the
G protein-coupled receptor family (Antushevich and Wojcik, 2018,
Tatemoto et al., 1998). There are many final forms of apelin, each
descending from a common precursor, a pre-propeptide of 77
amino acids. After post-translational modification, pre-proapelin
is converted to endogenous isoforms such as apelin-36, apelin-17,
apelin-13, apelin-16, or exogenous apelin-12. Interestingly, the
apelin variations mentioned above differ in the polypeptide chain
length. The researchers proved that longer chains of this protein
are characterized by lower biological activity and converted to
more active short-chain forms (Chen et al., 2003). Endogenous
apelin and its long- or short-acting forms interact differently with
APJ. APLN-13 exhibits the most robust binding to APJ in between
all isoforms (Kawamata et al., 2001, Xiong et al., 2017).

Apelin is an adipokine with pleiotropic effects thought to be
involved in regulating many metabolic functions. It is well known
that adipokines are endocrine-acting factors secreted mainly by
white adipose tissue. In addition, studies have shown that they
have a central role in energy metabolism (Mercati et al., 2019,
Zhou et al., 2018).

It is widely believed that apelin may have antioxidant and anti-
inflammatory effects (Ishimaru et al.,2017). Basic and preliminary
research has shown that the APLN/APJ system plays a role in
many diseases, such as cardiovascular system diseases, liver
and kidney diseases, neurological diseases, inflammatory bowel
diseases, pancreatitis, lung damage, aging, and obesity. Moreover,
deficiency or excess of apelin may exacerbate disease states as
inflammation is an essential physiological defense mechanism
and a potential mediator of organ damage. Therefore, recent

Fig. 1. Apelin (APLN) immunohistochemical staining in the cervical irifice and cervix/uterine transition Regions. Apelin expression is increased at the
tissue level in the cervix orifice and uterus in LPS-induced preterm labor. The change is especially intense in epithelial tissue (A) Non-Pregnant Control
(NPC); (B) Pregnant Control (PC); (C) Sham Surgical control; (D) Phosphate Buffer Solution (PBS) solvent control; (E) Lipopolysaccharide (LPS), 25 ug/100
ul. Black arrowheads, positive staining stromal cells; green arrows, positive staining uterine epithelium; pink arrows, negative staining epithelium, Red
Arrows: Transition zone from stratified squamous epithelium to columnar epithelium. Each large image is an enlargement of the black frame within the
thumbnail. N in (A), negative control (blue frame); magnification, 5X, 20X; Scale bars, 50 um.
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PLACENTA APELIN

De:Decidua
Jz:Junctional Zone
Lb:Labyrinth Zone
P-TGC:Parietal Trophoblastic Giant Cell
SpT:Spongiotrophoblast Cell
GCs:Glycogen Cells
V:Villous

Cp:Chorionic Plate
AV:Anchoring Villi
CV:Chorionic Villi
Ys:Yolk Sac
UC:Umbilical Cord
RM:Reichert’s Membrane

Fig. 2. Apelin immunohistochemistry in placental zones and placental cell structures. (A) Pregnant Control (PC); (B) Sham, surgical control; (C) Phos-
phate Buffer Solution (PBS), solvent control; (D) Lipopolysaccharide (LPS), 25 pg/100 pl. Above the green line is the Decidual Zone (DZ); above the blue
line is the Junctional Zone (JZ); blue dashed bottom, Labyrinth Zone (LZ); below the pink line: Chorionic Zone (CZ); and Red Dashed Line, glycogen islets.
Green arrows, spongiotrophoblasts; black arrows, positive staining granular structures. Each large image is an enlargement of the black frame within the
thumbnail. N in (A), negative control (blue frame); magnification: 5X, 20X; scale bar, 50 ym.

developments in APLN/APJ system research indicate that apelin
and APJ may be potential targets for treating diseases mediated
or exacerbated by inflammation. (Wang et al., 2022).

Our study aimed to determine apelin and APJ protein changes
inthe cervix-uterus and placental axis during LPS-induced preterm
labor. Our hypothesis is that apelin, which has anti-inflammatory
activity, will decrease the inflammatory process. In addition, the
occurrence of the APJ-related apelin response will also be evalu-
ated. In the literature, no study was found to evaluate the expres-
sion status of apelin and APJ together in the cervix, uterus, and
placenta in the LPS-induced preterm labor model.

Results

Inthe LPS-only group, 85-100% complete uterine emptying was
observed within 24 hours. No preterm birth was observed in the
other experimental groups. Here, we present the results obtained
for Apelin and Apelin receptor (APJ) in immunohistochemical
staining and western blot analysis.

Immunohistochemical apelin stainingin cervical orifice and cervix/
uterine transition regions

When the cervix tissues were examined in the non-pregnant
group, it was observed that some specific cells performed apelin
expression at the cervix (Fig. 1A, black arrows). Expression in the
epithelium was relatively weak. Expression in epithelial tissue

increased with pregnancy in the uterus (Fig. 1. B-D, green arrows).
Expressionincreased significantly froma certain pointinthe transi-
tion area from the cervix to the uterus (Fig. 1C, red arrows). In the
group given LPS, expression in the epithelium was more intense
compared to the other groups (Fig. 1E, green arrows). Staining
in the vaginal fornix and external os epithelium, especially in the
basal area, wasincreasedinthe LPS group compared to the control
groups (Fig. 1. A-E, pink arrows) (Table 1).

Immunohistochemical apelin staining in placental zones and
placental cell structures

Placental apelinexpressionis decreasedin LPS-induced preterm
labor. The decrease is evident in glycogen islets and spongiotro-
phoblasts in the junctional region. Expression of placental apelin
is concentrated in glycogen islets and spongiotrophoblasts in the
junctional zone (Fig. 2 A-C,red dashed line and green arrows). Inthe
group given LPS, the decrease in this zone was especially evident
inspongiotrophoblasts (Fig. 2D, red dashed line and greenarrows).
Expressionwas also positive in granular structures (probable mast
cell granules) in the decidua (Fig. 2A, black arrows) (Table 1).

Apelin receptor (APJ) immunohistochemistry in cervical orifice
and cervix/uterine transition regions

APJ labeling was very weak in the epithelium (Fig. 3A, green ar-
rows) in the cervix in the non-pregnant group and positive in a few
cells in the stroma in the internal os area (Fig. 3A, black arrows).
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TABLE 1

COMPARISON OF APELIN EXPRESSION IN THE UTERUS,
CERVIX AND PLACENTA IN LPS-INDUCED PRETERM LABOR

TABLE 2

COMPARISON OF APELIN RECEPTOR EXPRESSION IN THE UTERUS,
CERVIX AND PLACENTA IN LPS-INDUCED PRETERM LABOR

Apelin / H-Score NPC PC Sham PBS LPS Apelin Receptor / H-Score NPC PC Sham PBS LPS
Uterus Epithelium (-)/(+) (+) (+) (+) (++) Uterus Epithelium (-)/(+) (+) (+) (+) (+)
Muscle ) ) ) ) -) Muscle ¢ ) ) ) )
Gland (V) (+) ) ) (+) Gland ) ) ) ) )
Stroma (+) (+) (+) (+) (+) Stroma (+) (+) +) () (+)
Cervix Epithelium (-)/(+) (-)/(+) (-)/(+) (-)/(+) (++) Cervix Epithelium )(+) (-)/(+) (-)/(+) -)/(+) (-)/(+)
Stroma (+) (+) (+) (+) (+) Stroma (+) (+) (+) ) (+)
Placental Decidua (+) (+) (+) (+) Placental  Decidua (+) (+) (+) (+)
Zones Junctional (++) (++) (++) (+) Zones Junctional +) (++) (++) )
Labyrinth (+) ) (+) (+) Labyrinth (+) (+) +) (+)
Chorion (++) (++) (++) (+) Chorion (+) (+) (+) (+)

H-Score Analysis. NPC, non-pregnant control; PC, pregnant control; Sham, surgical control; PBS,
phosphate buffer solution, solvent control; LPS, lipopolysaccharide, 25 pg/100 pl. Abbreviations:
++, strongly positive; +, moderately positive; -/+, positive; -, negative or weakly positive.

With pregnancy, especially in the transformation zone, which is
the cervix-uterine transition area, expression was intense in the
epithelium from a certain border (Fig. 3C, red arrows; Fig. 3 B-D,
green arrows). In the LPS group, expression increased, especially
in the apical region compared to the basal epithelium (Fig. 3E,
green arrows) (Table 2).

Apelin receptor (APJ) immunohistochemistry of placental zones
and placental cell structures

When the placenta was examined, APJ expression was intense
in the junctional zone and positive in the labyrinth zone. In the
junctional zone, especially spongiotrophoblasts were intensely
positive (Fig. 4 A-C, green arrows), while glycogen islets were
negative (Fig. 4 A-C, red dashed line). Expression was weak in the
junctional zone inthe group given LPS (Fig. 4D, above the blueline).
Expression in glycogen islets was similar to other groups (Fig. 4D,
red dashed line) (Table 2).

CERVIX/UTERUS AP)J

H-Score Analysis. NPC, non-pregnant control; PC, pregnant control; Sham, surgical control; PBS,
phosphate buffer solution, solvent control; LPS, lipopolysaccharide, 25 pg/100 pl. Abbreviations:
++, strongly positive; +, moderately positive; -/+, positive; -, negative or weakly positive.

Apelin protein levels in cervix, uterus and placental tissues

While the protein level decreased significantly in the LPS group
in the cervix compared to the other groups (Fig. 5A), it increased
in the uterus (Fig. 5B) (p<0.05). In general, apelin protein level
increased significantly with pregnancy when compared to the
control (p<0.05). Thus, apelin expression is increased at the tis-
sue level in the cervix orifice and uterus in LPS-induced preterm
labor. The change is especially intense in epithelial tissue. Apelin
protein, which was detected at the basal level in the placenta in
pregnant and non-pregnant groups, decreased significantly in the
LPS group (Fig. 5C) (p<0.05).

APJ protein levels in cervix, uterus and placental tissues

APJ protein levels increased in the cervix and uterus tissues
with pregnancy (Fig. 5 D,E) (p<0.05). There was no significant dif-
ference in protein levels between the LPS-applied group and the
other pregnant groups (Fig. 5, D,E). Although the amount of APJ

Fig. 3. Basal APJ expres-
sionobservedinthe uterine
epithelium with LPS ap-
plication is concentrated
in the apical area. (A) Non-
Pregnant Control (NPC); (B)
Pregnant Control (PC); (C)
Sham, surgical control; (D)
Phosphate Buffer Solution
(PBS), solvent control; (E) Li-
popolysaccharide (LPS), 25
pg/100pl. Blackarrowheads,
positive staining stromal
cells; green arrowheads,
positive staining uterine
epithelium; red arrowheads,
transition zone from strati-
fied squamous epitheliumto
columnar epithelium. Each
large image is an enlarge-
ment of the black frame
within the thumbnail. N in
(A), negative control (blue
frame); magnification, 5X,
20X; scale bar, 50 ym.
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PLACENTA APJ

De:Decidua
Jz:Junctional Zone
Lb:Labyrinth Zone
P-TGC:Parietal Trophoblastic Giant Cell
SpT:Spongiotrophoblast Cell
GCs:Glycogen Cells
V:Villous

Cp:Chorionic Plate
AV:Anchoring Villi
CV:Chorionic Villi
Ys:Yolk Sac
UC:Umbilical Cord
RM:Reichert’s Membrane
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Fig. 4. The expression of placental APJ is decreased by LPS administration, especially in spongiotrophoblast. (A) Pregnant Control (PC); (B) sham,
surgical control; (C) Phosphate Buffer Solution (PBS), solvent control; (D) Lipopolysaccharide (LPS), 25 pug/100 ul. Above the green line, Decidual Zone (DZ);
above the blue line: Junctional Zone (JZ); blue dashed bottom, labyrinth zone (LZ); red dashed line, glycogen islets; green arrows, spongiotrophoblasts.
Eachlargeimage is an enlargement of the black frame within the thumbnail. N in (A), negative control (blue frame); magnification, 5X, 20X; scale bar, 50 pm.

proteinis determined at a certain level with pregnancy, itincreases
in groups with any surgical procedure or incision (p<0.05). In con-
trast, it is similar to the control in the LPS group (Fig. 5F).

Discussion

When the results were evaluated in general, it was seen that
APLN/APJ expression started after a certain point in the transition
area from the cervix to the uterus. The placenta, especially the JZ,
was critical in protein expression. To draw attention to the regional
response and better evaluate it, the cervix/uterus and placenta
were treated as separate sections.

Developing ahealthy ovary and uterusis essential for successful
female fertility. For this reason, it is vital to investigate the factors
responsible for regulating ovarian and uterine functions that occur
in the pre-pubertal period. Apelin, an adipokine, and its receptor
APJ are found in female reproductive organs. The developmental
localization of apelin and APJ in different compartments of the
ovary and uterus is thought to be related to their physiological
role (Anima et al., 2023).

It has been shown that apelin and APJ are also expressed in
ovarian follicles and granulosa cells. Apelin and APJ are increased
in polycystic ovary syndrome (PCOS), associated with abnormal
ovarian hormone level and function. This situation draws attention
to the place of apelin and APJ in menstrual cycle disorders and the
anovulatory cycle (Liuetal.,2020). Some studies have reported that
with the activation of the APJ receptor, Apelin causes a statistically

significant increase in progesterone (P4) and Estradiol (E2) secre-
tion. In vitro studies show that apelin can regulate steroidogenesis
in ovarian cells (Kurowska et al., 2018, Roche et al., 2017). E2 can
reach supraphysiological levels during controlled ovarian hyper-
stimulation. Although E2 is necessary for successfulimplantation,
prolonged exposure to high E2 may cause cellular and textural
changes in the oocyte and endometrium, and the endometrial
response may be impaired depending on the difference in the E2/
P4 ratio. This may result in an unsuccessful implantation (Joo et
al., 2010). In a study examining apelin and APJ receptor change in
the uterus in an experimental model mimicking the IVF process,
the apelin and APJ levels were lower in the pregnant control group
than in the PMSG+hCG group. In the study, it was emphasized that
the increase in APLN/APJ protein expression due to superovula-
tion, especially in uterine glands containing E2 and P4 receptors,
uterine epithelium, and stromal cells may be related to the effort
to balance the increased E2 and/or P4 levels in the blood after
ovulation induction (Avci S and Celik Ozenci C, 2023).

APLN/APJ functions are not yet evident in the literature. There
is evidence to suggest that apelin also affects the process of cell
proliferation, inflammatory processes, and angiogenesis. Apelin
reduces the production of pro-inflammatory cytokines by blocking
the nuclear factor kappa light chain enhancer of the activated B
cell (NF-kB)/natural killer (NK) signaling pathway responsible for
inflammation (Chen et al., 2015, Yang et al., 2015). Accumulating
evidence indicates that the functions of the APLN-APJ may vary
depending on its target organs and physiological or pathophysi-
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ological conditions. While it was seen that APJ alone may have an
inhibitory functionindependent of apelin, it was shownin adifferent
study that apelin could inhibit uterine contraction. These findings
suggest that APLN/APJ may display dual properties (Hehir and
Morrison, 2012, Sun et al., 2011).

Our study data shows a basal expression of apelin and APJ in
the cervix and uterine area at 14.5 days of gestation. Considering
that it has a place in the E2/P4 balance, as mentioned above, it is
predicted that this axis should be protected to maintain a healthy
pregnancy. While apelin is lower in pre-pregnancy control tissues,
APJ is close to negative this confirms that there may be expres-
sion differences in different tissues and even in other cells within
the same tissue, as reported in the literature. The increase in ex-
pression in the cervical epithelium in the LPS group is thought to
be an effort to compensate for the decrease in protein level with
post-transitional modification. In addition, although no study was
found on the expression pattern in the cervix, it was predicted
that the decrease might have triggered cervical maturation for the
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evacuation of the pups. Apelin also showed increased tissue and
protein levels in the uterus. It is reported that apelin is required to
reduce proinflammatory cytokine production. Therefore, it was
hypothesized that the uterus supports an upregulated cellular
response to maintain balance due to LPS-induced depression of
apelin. Moreover, Although APJ expression increased with preg-
nancy in the cervix and uterus tissues, LPS application did not
make a significant difference. This response suggests that apelin
may act independently of APJ or bind to a different receptor in the
inflammatory process.

Apelinand APJ are knownto be expressedinthe human placenta
(Mlyczynska et al., 2021). The presence of apelin in the human
placenta indicates the importance of this peptide for pregnancy
(Cobellis et al., 2007, Telejko et al., 2010). Studies have shown the
positive effects of apelin on pre-eclampsia (PE). Chronic adminis-
tration of apelin has been shown to reduce maternal hypertension
and proteinuria and improve fetal growth in a rat model of PE
(Wang et al., 2017).
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Fig. 5. Protein levels of apelin. [cervix (A), uterus (B), placenta (C)] and apelin receptor [cervix (D), uterus (E), placenta (F)]. Abbreviations: LPS, lipopolysac-
charide, 25 pg/100 pl; NPC, Non-Pregnant Control; PBS, phosphate buffer solution, solvent control; PC, Pregnant Control; Sham, surgical control.
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When we examine the studies in terms of preterm birth, Lim et
al., examined the placenta and fetal membranes obtained from
women with preterm delivery. They detected significantly lower
apelin expression in preterm birth fetal membranes. However, they
emphasized that the role of the apelin/APJ system in placental
endothelial and vascular function should be confirmed in future
studies (Lim et al., 2013). Moreover, the necessity of examining
the APLN/APJ axis, especially in the first, second, and third trimes-
ters, with a focus on temporal change, is also emphasized in the
literature (Alizadeh Pahlavani, 2022). Studies in mice have shown
that apelin can increase glucose utilization (Dray et al., 2008).
During pregnancy, an impaired/altered insulin sensitivity may be
encountered, which is a necessary adaptation to meet the glucose
requirement of the fetus (Paradisi et al., 2002, Ramos et al., 2003).

Themajority of the endocrine components of the mouse placenta
are composed of spongiotrophoblasts and trophoblast glycogen
cells located in the junctional zone (Hemberger et al., 2020). It has
been reported that apelin expression decreases during pregnancy
in cytotrophoblast and syncytiotrophoblast, whereas APJ expres-
sion increases in cytotrophoblast and endothelial cells (Cobellis
et al., 2007). Apelin also has a positive effect on the survival of
trophoblasts by inhibiting apoptosis (Dawid et al., 2021).

Studies report that apelin expression can be approximately 20
times higher in the placenta than in adipose tissue (Vaughan et
al.,2019). In pregnant women, the APLN/APJ system can promote
changes such as fatty acid oxidation, glucose uptake, angiogen-
esis, vasodilation, hypotension, myocardial contraction, diuresis,
and stress response. Apelin affects the placental vascular tonus
and is associated with exchanging oxygen and nutrients between
mother and fetus. Moreover, she reported that apelin is crucial for
the fetal cardiovascular system and early placental development,
increased fetal angiogenesis, and energy homeostasis in mice
(Eberlé et al., 2019).

Plasmaapelinandinsulinlevels are significantly higherin obese
patients, and their expressionis strongly inhibited by fasting in adi-
pose cells and is recovered after feeding. Also, the lack of insulin
increases its concentration, and apelin can act like insiilin (Alipour
etal., 2017, Boucher et al., 2005). Van Mieghem et al., showed that
the serum level of apelin was 30% lower in women with intrauterine
growthretardation compared withuncomplicated pregnancies (Van
Mieghem et al., 2016). The findings identify the apelin/APJ axis as
a promising therapeutic target to increase reproductive capacity
in diabetic patients (Li et al., 2022, Song et al., 2022).

In our study, when apelin and APJ localization and protein levels
in the placenta were evaluated, especially in terms of fetal energy
requirement, it was observed that glycogen islets and spongiotro-
phoblasts in the junctional zone, which have endocrine function,
made intense apelin expression compared to other compartments.
In contrast, protein amount and cellular expression decreased
significantly when LPS was given. When cellular expression and
severity are evaluated, our results show that expression is positive
in glycogen islets in addition to spongiotrophoblasts, and apelinis
suppressed during an inflammatory process similar to preeclamp-
sia. APJ was negative in glycogen islets and positive in spongiotro-
phoblasts and increased with any invasive application. Expression
in the LPS-treated group was similar to the control. Combined with
the literature, these data confirm that apelin may have a role in
insulinand glucose balance. It suggests thatthe placental increase
of APJ due to invasion may be triggered above a certain threshold,

and the increase may be caused by stress or trauma.

In conclusion, although preterm birth is among the preventable
causes of maternal and infant mortality, the process has not yet
been clarified since it is associated with many mechanisms in
terms of research dynamics. Our study results show that after LPS
application, there is a decrease in apelin expression, especially
at protein levels in the cervix and placenta. In this environment,
anti-inflammatory activity is decreased in the cervix and placenta
while the pro-inflammatory effect is increased. Meanwhile, APJ
decreased in the placenta but remained unchanged in the cervix.
On the other hand, apelin increased in the uterus while APJ re-
mained unchanged, so the uterus may play a role in balancing the
decreased expression.

Again, LPS/inflammation seems to disrupt the energy balance
of the fetus by affecting apelin secretion in glycogen islets in the
placenta. In this process, it was thought that the uterus primarily
tried to compensate for the regression through epithelial cells. De-
creased APJin spongiotrophoblasts may indicate adysregulationin
placentalhormoneregulation. Since apelintendstoincreaseduring
pregnancy, it can also be considered essential for maintaining a
healthy pregnancy. The threshold value and possible mechanisms
of stressand trauma-induced increasein APJ mustbeinvestigated.
Althoughitis evidentthatacomplex process needsto be supported
by further studies toilluminateit,the new data that our study results
will add to the literature will contribute to progress in this regard
and encourage the planning of recent studies.

Materials and Methods

Experimental design

Five-week-old CD-1 female mice in estrus (assessed by smear
and appearance of vaginal mucosa) were housed in separate
cages with males for mating, and mating plugs were checked
the next day. The plaque-positive female mice were considered
pregnant = 0.5 days. Experimental groups were arranged as Non-
pregnant control (NPC), Pregnant Control (PC), Sham, PBS, and
Lipopolysaccharide (LPS). There are n:6 subjects in each group.
Before the experiment, the following treatments were performed
on pregnant female mice according to their groups;

LPS (L2630; Sigma) was administered as a single dose (25
pg/100 pl in PBS) at 10:00 a.m. The application volumes in all
groups are 100 pl. All surgical procedures were performed at 14.5
dpc (daysafter coitus). Amidline laparotomy was performed during
the surgery, and applications were made between the two uterine
sacs closest to the cervix. The sacrificed subjects’ cervix, uterus,
and placenta tissues were removed at 15.5 dpc. Localization of
apelinand APJintissue was determined byimmunohistochemistry,
and protein amounts were evaluated by western blot.

Surgical procedures

Mid-line laparotomy was performed by anesthetizing mice with
0.017 ml/kg Avertin (2.5% tribromoethanol T48402; Sigma, and
2.5% tert-amyl alcohol 240486; Sigma) at 14.5 days of gestation.
In the right uterine horn, a 27-gauge needle was inserted between
the 1st and 2nd sacs, and LPS or PBS was injected according to
the group in which the subject was included. The peritoneum was
closed with 5-0 Vicryl sutures. Fluid and food intakes were ad libi-
tum. The postoperative observation was performed at least twice
on the day of surgery. Subjects carrying <3 fetuses in the uterine
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horn (1 subject) or experiencing severe stress afteradministration
were euthanized and excluded from the experiment. The cervical
dislocation was used for euthanasia in the experimental groups.

Division of tissue into regions

When we evaluate the cervix/uterus and placenta findings
separately in terms of the literature; our previous study revealed
that the expression power of proteins can change in the cervix/
uterus area, and different responses can be produced during
the transition from the cervix to the uterus (Avci et al., 2022b).
Therefore, in this study, care was taken to include the transition
areas of the uterus and cervix and mark these areas. However,
it is not easy to distinguish the cervix-uteri region as a clear line
in protein-level examinations. It is known that the placenta con-
sists of different areas and cell components that can produce
different responses (Avci et al., 2022a, Simmons et al., 2007).
For this reason, it was tried to determine the states of cells and
placental zones separately, as in the cervix and uterus, regarding
the markers examined in evaluating proteins’ localizations and
cellular expression status.

Immunohistochemistry

After the tissues were removed, 10% formalin fixative (818708;
Merck) was prepared, and the cervix, uterus, and placenta tissues
were kept in the solution for 24 hours. Following incubation, tis-
sues were washed with tap water for three hours and then kept in
a series of 70%, 80%, and 90% ethanol (459844; Sigma-Aldrich),
respectively,for24 hours. Tissues wereincubatedin 100% ethanol
forthree hours and then cleared in xylene (534056; Sigma-Aldrich)
for approximately 5 minutes. After passing through paraffin again
and removing xylene, it was embedded in clean paraffin and cut
to a thickness of flve micrometers. Sections were incubated over-
night at 60°C, passed through xylene and a decreasing alcohol
series, and then 1X PBS (P4417-100TAB; Sigma-Aldrich) solution
was used to wash the sections. Before staining, sections were
treated with Citric Acid (100244; Merck) buffer. 3% H202 Solution
(106009; Merck, 18312; Sigma) was used to eliminate endogenous
peroxidase activity, followed by Ultra V Block (TA-125-UB Thermo
Scientific).

Anti-Apelin (PA5-114860; Thermo, 1/100, 9 kDa), Anti-Apelin
Receptor (ABD43; Sigma, 1/200, 62 kDa), and Goat Anti-Rabbit
IgG Antibody (H+L), Biotinylated secondary antibody (Vector;
BA-1000, 1/500) were used. The sections were incubated with
HRP-Conjugated Streptavidin Peroxidase (TS-125 HR, Thermo)
at room temperature for 20 minutes and then washed with PBS.
Diaminobenzidinetablet (D4168; Sigma) was used as chromogen,
and Mayer’s hemalum solution (109249, Merck) was used for
contrast staining. Protein expression levels were evaluated with
Image J (1.52 R, National Institutes of Health, USA) software, and
statistical analysis was performed. In the statistical evaluations,
images of 3 different areas from 3 randomly selected sections
of 6 experimental animals were analyzed for each marker in all
experimental groups.

Histological H-Score evaluation
Immunohistochemical staining intensity was evaluated with H-
Scoreforeach experimental group, considering the tissue-specific
compartments. For the cervix; the transitional region, endo, and
ecto cervical sections, and in the placenta; chorion, labyrinth,

junctional zone, and decidual areas were examined. Uterus, cervix,
and placenta tissues were scored regarding epithelium, stroma,
and muscle and vascular structures in these regions. The H-Score
analysis examined the areas according to the staining intensity
by giving numerical values between (0-3).

Protein extraction and Western Blot analysis

To prepare cervix, uterus, and placenta tissue lysates, using
lysis buffer solution (Tris, 108387; Merck) and protease inhibitor
cocktail (P8340; Sigma), the amount of protein present in the
lysates was measured with the BCA protein assay kit (23225;
Pierce). SDS-Polyacrylamide gel electrophoresis was performed
by loading 50 ug of protein for each well. For this process, 120
V 90 minutes of electrophoresis was applied using a 4-12% Bolt
Bis-Tris Plus Gel system (NW04120BOX; Invitrogen). Then, after
7 min of blotting with the iBlot Dry gel transfer system (1B1001;
Invitrogen), the membranes were blocked at room temperature
using 5% nonfat dry milk powder (Blotting Grade Blocker, 1706404;
Bio-Rad). Theimaging step was started after the primary antibodies
and membranes were incubated overnight on a shaker at +4°C.
Primary antibodies are as follows:

Primary antibodies: Anti-Apelin (PA5-114860; Thermo, 1/100,
9 kDa), Anti-Apelin Receptor (US43, Sigma 1/200, 62 kDa). Goat
Anti-Rabbit (ab205718) was used as the secondary antibody. In-
ternal control is beta-actin (Cell Signaling, 13E5, 1/2000, 45 kDa).

After incubation with the primers, they were washed with Tris-
buffered saline-TBS-T (1% Tween-20, 822184; Merck), followed
by incubation of the membranes with secondary antibodies for
45 minutes atroom temperature. Membranes washed with TBS-T
were incubated with Super Signal Chemiluminescence (CL)-HRP
(A45918; Thermo Scientific) and imaged with Azure Imaging
Biosystem (Color C 600).

Statistical analysis

After protein and beta-actin band measurements were made
using the Image J program for western blot analysis, protein/
beta-actin values were evaluated statistically using the GraphPad
Prism v9 program. The homogeneity of the obtained data was
assessed with the Brown-Forsythe test.

Holm-Sidak’s multiple comparisons test was used to evaluate
the difference between groups using one-way analysis of variance
(ANOVA) for parametric data. The statistical significance limit
was accepted as p<0.05. The difference between the groups is
marked with asterisks in the columns. BioRender Scientific Image
and lllustration Software was used for the illustrations.
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