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Abstract

Background: The placenta is a vital organ for embryo development, providing nutrition, waste elimination, and communication with
the mother. It also facilitates nutrient transfer and stem cell creation. Intrauterine growth restriction (IUGR) can impact the unborn
child's growth during pregnancy. Objective: To examine the immunohistochemical expression of NANOG and CASP3 in both normal
and IUGR placental tissues. Methods: The study involved 90 healthy mothers and their babies at 38-40 weeks of pregnancy. Doppler
ultrasonography confirmed idiopathic fetal [IUGR. Placentas were categorized into control and IUGR groups, with each tissue block
immunohistochemically stained for NANOG and CASP3 markers. Results: Expression of the NANOG antibody in placental tissue of
both normal and IUGR cases revealed a low intensity of expression in both normal and IUGR placentae and not significantly different.
The expression of the CASP3 marker showed statistically significant results regarding staining intensity, percentage, and total score
calculation between the normal and IUGR cases. It was of low intensity in most normal cases compared to the strong intensity of
marker expression in most [IUGR cases. Conclusions: Embryonic stem cells showed a diminished expression by NANOG in placentae
of both normal and IUGR cases attributed to the trimester of pregnancy that decreased its expression in the third trimester generally as
the stem cells become less evident as we go through the trimesters of pregnancy. On the other hand, apoptosis is one of the important
changes associated with placental pathology like IUGR.
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INTRODUCTION creation of stem cells, which might be vital for an

. . ) embryo both during and after intrauterine life, in
The placenta is a cm(.zlal organ for t.he. developing addition to all other material transfer. The growth of the
embryo because it provides nutrition, eliminates waste unborn baby in the womb will be impacted by any insult
products, and communicates with the mother to to the placenta throughout the three trimesters of
facilitate the transfer of various elements, including pregnancy; one such insult is the intrauterine growth
nutrients [1]. The placenta is a vital location for the restriction (IUGR) [2]. Intrauterine growth restriction
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(IUGR) has been defined as the rate of fetal growth that
is below normal considering the growth potential of a
specific infant as per the race and gender of the fetus [1].
Since IUGR will decrease the resources provided to the
embryo, the placenta and umbilical cord are abundant
sources of embryonic stem cells, primarily found in the
placenta's fetal section rather than its mother site. Since
the option to save embryonic stem cells taken from a
newborn baby's blood at birth to be used later in the
baby's life has become more and more interesting, the
study of the locations where stem cells are present is
crucial to our ability to take these actions. Stem cells are
totipotent cells that can give rise to all other body cells
and tissues [3]. The placenta must compensate for this
reduction in resources, which makes IUGR a serious
insult to the newborn. The placenta must adapt and
overcome the status resulting from the reduction in
resources, and we must obtain a histological change in
the placenta of these IUGR babies [4]. This complex
placental vascular disease (IUGR) causes premature
delivery, low birth weight, and higher-than-expected
perinatal morbidity and mortality. There are various
fetal, maternal, and placental factors that can cause
IUGR. Failure of the terminal villi's capillary circulation
to elongate, branch, or dilate causes fetal growth
restriction [5]. Apoptosis is a type of cell death that
differs from necrosis and is regarded as a physiological
cell death [6]. Events that are associated with apoptosis
include endocrine-dependent  tissue atrophy,
embryogenesis, cytotoxic immunological responses,
turnover, and tissue homeostasis [7]. Furthermore,
apoptosis occurs in cells exposed to specific stressors
such as ionizing radiation, hypoxia, or heat. On the other
hand, necrosis occurs when cells experience markedly
different conditions from those of normalcy, which may
result in damage to the plasma membrane [8]. The
biological feature of apoptosis is the irreversible
breakdown of genomic DNA, which certifies the death
of the cell. It has been demonstrated that this DNA
fragmentation occurs in a range of cell types due to the
activation of an endogenous nuclear endonuclease that
is dependent on Ca+ and Mg2+. This enzyme
specifically cleaves DNA at linker DNA sites, which are
located between nucleosomal units, to yield mono- and
oligonucleosomal DNA fragments [9]. Chromatin
aggregation, nuclear and cytoplasmic condensation, and
the division of the cytoplasm and nucleus into
membrane-bound vesicles (apoptotic bodies) that
include ribosomes, mitochondria, and nuclear material
are morphological characteristics of cells going through
apoptosis. These apoptotic particles are quickly
consumed in vivo by macrophages or nearby epithelial
cells without causing an inflammatory reaction or
releasing harmful substances [10]. On the other hand,
because of the disruption of the plasma membrane and
the discharge of the cytoplasmic contents into the
extracellular fluid, necrotic cell death is frequently
linked to significant tissue damage. According to recent
research, apoptosis takes place in the trophoblast and
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decidual tissue of mouse embryos after implantation
[L1]. It has been shown that the syncytiotrophoblast of
unsuccessful first-trimester pregnancies has a higher
incidence of apoptosis [12]. Smith and colleagues found
that placental tissue from term gestations had a low
incidence of apoptosis, whereas placental tissue from
IUGR gestations had greater occurrences [13]. A
member of the cysteine-aspartic acid protease (caspase)
family, caspase 3 is found in nearly all cells as a
zymogen (procaspase) and plays a role in the process
leading up to apoptotic cell death [14]. Homeobox
NANOG protein, which controls and preserves stem
cells' ability to self-renew and remain pluripotent, is a
crucial transcription factor that comes from the Irish
mythology Tir na nOg, Land of Eternal Youth [15]. The
305 amino acid NANOG protein has a homeodomain
that binds to a specific region of DNA. On chromosome
12, the Nanog 1 gene (gi 13376297) encodes it. It
consists of 4 exons and 3 introns 16. It is also believed
that CDX2, a frequently used marker of trophoblast
stem/progenitor cells, specifically points toward a
trophoblast fate. It has been reported that these cells and
villous mesenchymal stem/stroma cells display
pluripotent markers, like NANOG [17]. ANOG has been
demonstrated to be a crucial regulator for embryonic
stem cells in the early stages of embryogenesis. Since
inner mass cells without NANOG are unable to produce
epiblast cells and can only produce partially endoderm-
like cells, NANOG is essential for preserving self-
renewal and pluripotency [18]. Apart from preserving
pluripotency and self-renewal, NANOG has also been
reported to control the stem cell cycle [19]. More
descriptive research on NANOG expression in
mesenchymal and trophoblast cells is mostly limited to
the preimplantation stage and/or the mouse model.
Moreover, none of the NANOG expression profiles
have, as far as we are aware, been studied in placenta-
associated prenatal disorders like IUGR. Considering
that the trophoblast progenitor cells, which may have
originated from the chorionic villi's mesenchymal
compartment, would have to make up for the
extravillous compartment or strained syncytium in some
manner. This study aims to compare the expression
profiles of NANOG progenitor cell markers during
healthy pregnancy versus those observed during
placenta-associated pregnancy IUGR. This
immunohistochemistry analysis was performed to
examine the frequency of apoptosis in placental tissue
from IUGR gestations and to compare that frequency
with that of simple gestations using the CASP3 marker.

METHODS
Study design

This investigation was done with support from the
obstetrics and gynecology department of Al-Yarmouk
Teaching Hospital in Baghdad, Iraq, by the Department
of Human Anatomy, Medical Faculty, University of
Mustansiriyah, approved by each of these medical
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institutes' scientific committees. In this research, 90
moms and their babies and placentas were included.

Inclusion criteria

The women were selected at 38—40 weeks of pregnancy,
and based on their medical history, laboratory results,
ultrasound scan, and clinical assessments, they appeared
to be healthy and normal. They were also non-smokers,
non-diabetic, and normotensive.

Exclusion criteria

Mothers with difficult or delayed labor were excluded.
Mothers who have difficult or delayed labor are not
eligible to participate in this work.

Setting

Doppler ultrasonography was also used to confirm the
fetal condition as [UGR in the absence of any obvious
fetal abnormalities. Each mother verbally gave her
agreement to be included in this work. As there was no
obvious fetal or maternal basis, all fetal ITUGR was
idiopathic. There were two sets of placentas. First, 45
placentas of newborns with a normal average body
weight (control) were embraced, while 45 placentas of
newborns with idiopathic IUGR were held in the second
group. This group was selected based on factors such as
fetal weight less than the gestational tenth percentile,
decreased amnion, and evidence of diminished end
diastolic flow velocity of the umbilical artery as
confirmed by Doppler study and subsequent obstetric
ultrasound examination [20].

Outcome measurements

Each placental tissue block was approximately 1
centimeter by 1 centimeter when it was fixed and
immunohistochemically stained for NANOG and active
CASP3 markers. Subsequently, five consecutive
sections with a thickness of approximately 4 um were
taken from each tissue block and arranged on positively
charged slides. The portions gradually rehydrated after
dewaxing. Affinity-based biotin-peroxidase labeling is
accomplished through immunohistochemical staining.
To lower endogenous peroxidase, a blocking reagent
containing 3% hydrogen peroxide was employed,
maintained in a pH 6.0 sodium citrate buffer solution for
15 minutes to let the antigen be withdrawn. The sections
were handled with rabbit polyclonal antibodies that were
reactive with both active CASP3 (Elabscience®) and
NANOG (Abnova®) and then left to stay at room
temperature for an hour. After cleaning the sections with
Tween-phosphate-buffered saline, they were allowed to
sit at room temperature for 20 minutes while a secondary
antibody was inserted and then for 30 minutes with a
biotin-streptavidin  complex. 3,3-diaminobenzidine
tetrahydrochloride (DAB) was used to monitor the
process. After that, the sections were fixed and given a
hematoxylin counterstain [21]. The staining reaction's
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strengths were ranked by two pathologists who were
blind to the study's goals [22]. The NANOG and active
CASP3 antibody immunohistochemical reaction was
estimated semi-quantitatively for stain intensity:
O/negative signifies no staining, 1+ indicates weak
positive, 2+ designates moderately positive, and 3+
signifies significantly positive. The total staining score
for immunohistochemistry is calculated by multiplying
the staining percentage for each region in the high-
power field by the staining intensity [23].

Ethical considerations

The study protocol was approved by the local research
ethics committee of the College of Medicine,
Mustansiriyah University (Certificate # 782, date:
17.12.2020). Written informed consent was obtained
from the families of the patients who participated in the
study.

Statistical analysis

Statistical analysis was performed with SPSS version
[24]. The categorical data were displayed as
percentages, and the continuous variables were
represented as mean = SD. To compare groups for
immunohistochemistry results, the chi-square test was
employed. A P-value of less than 0.05 was deemed
statistically significant.

RESULTS

Expression of NANOG antibody in placental tissue of
both normal and IUGR cases is obtained by double-
blind examination regarding staining intensity,
percentage, and calculation of total score of the marker
expression, which revealed a low intensity of expression
in both normal and IUGR placentae, and therefore it was
a not significant result statistically (Tables 1, 2, and 3;
Figures 1, 2, and 3).

Table 1: Samples and marker type in relation to staining intensity (chi
square), Intrauterine growth restriction (IUGR), Homeobox protein
NANOG, CASP3 (caspase protein)

Staining Control (%) TUGR (%) P
Intensit ~ CASP NANO CASP NANO -
y 3 G 3 G
0 13% 7% 0% 13% <0.000
1+ 80% 80% 0% 74% 1
2+ 7% 13% 26% 13%
3+ 0% 0% 74% 0%

Table 2: Sample and marker type in relation to staining percentage (t-
test). Intrauterine growth restriction (IUGR), Homeobox protein
NANOG, CASP3 (caspase protein)

Sample Staining
Type IHC Marker %) p-value
CASP3 42.7+£20.8
Control NANOG 5031188 0.2600
CASP3 82+6.5
IUGR NANOG 48426.1 <0.0001

Values are expressed as mean+SD.
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Table 3: Sample and marker type in relation to total score (t-test).
Intrauterine growth restriction (IUGR), Homeobox protein NANOG,
CASP3 (caspase protein)

sl IHC Marker Weie] p-value
Type score
CASP3 0.5+0.2
Control NANOG 0.7+0.3 0.5687
CASP3 2.2+0.4
IUGR NANOG 0.6£0.5 <0.0001

Values are expressed as mean+SD.

The expression of the CASP3 marker showed
statistically significant results regarding marker staining
intensity, percentage, and total score calculation
between the normal and IUGR cases. It was of low
intensity in most normal cases compared to the strong
intensity of marker expression in most of the IUGR
cases, as shown in Tables 1, 2, and 3 and Figures 1, 2,
and 3.
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Histologically, the placenta of IUGR pregnancies,
characterized by many histological findings, includes
chronic wvillitis, avascular villi, villous infarction,
cytotrophoblast hyperplasia, and syncytial knots as seen
in Figure 4 compared to normal placentae.

re 4: Norml placenta (A); IUGR placenta (B). H & E (400X).

Immunohistochemically, the expression of NANOG and
CASP3 in the placental tissue of normal and [IUGR cases
was shown in Figures 5 and 6, where different staining
intensities were shown.

Figure 5: NANOG expression in normal and IUGR placenta. (A)
NANOG expression in normal placenta (1+ nuclear reaction); (B)
NANOG expression in [IUGR placenta (-ve); (C) NANOG expression
in IUGR placenta (1+ nuclear reaction). (400X).
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Figure 6: CASP3 expression in normal and IUGR placenta. (A)
CASP3 expression in normal placenta (-ve reaction); (B) CASP3
expression in normal placenta (1+ membrane and cytoplasmic
reaction); (C) CASP3 expression in [UGR placenta (2+ membrane and
cytoplasmic reaction); (D) CASP3 expression in IUGR placenta (3+
membrane and cytoplasmic reaction) (400X).

DISCUSSION

IUGR is one of the pregnancy-associated disorders that
have many fetal outcomes that affect the intrauterine
growth of the baby. NANOG is a marker for the
pluripotency expression of embryonic stem cells.
During the first trimester of pregnancy, embryonic stem
cells are particularly noticeable; as the pregnancy goes
on, these cells begin to diminish until the third trimester,
when they are still visible in the embryonic tissues.
Although the fetal site of the placenta produces more
embryonic cells than the mother region, the mother
portion of the placenta also expresses stem cells. In a
typical soft pregnancy, these facts are present. Although
we assume that even stem cells become less expressed
in placental pathology in IUGR pregnancies where the
placenta's function is restricted, most of the cases in our
study showed little to no difference in NANOG
expression between IUGR and control cases, which is
not statistically significant. The fact that we looked at
NANOG expressions on the mother side rather than the
fetal site may have contributed to these results. As we
mentioned at the beginning of this session, the number
of stem cells is already declining by the third trimester
of pregnancy. Therefore, the expression of stem cells in
IUGR-affected placentas was unaffected. Other
researchers have also discussed these results [25]. The
primary factor contributing to improper pregnancy in
IUGR is altered uteroplacental blood flow [26]. The
term "apoptosis" describes the distinct morphology of
cell death, which can occur naturally or because of
pathological situations [27]. In both TUGR placentas
[28-30] and normal human placentas [31,32],
trophoblast apoptosis has been seen. There is debate on
the significance of placental apoptosis in IUGR
pregnancy since diverse procedures and measurement
methods have led to differing assessments of placental
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apoptosis in the literature [33,34]. While it is widely
acknowledged that aberrant pregnancies result in
increased placental apoptosis [31,32,35,36], other
research indicates that [TUGR patients experience less
placental apoptosis [37]. In the current investigation,
patients with [UGR had considerably higher levels of
the apoptotic marker caspase-3 in their villous
trophoblasts as compared to the control group. Similar
findings to these studies point to elevated placental
apoptosis in pregnancies complicated by IUGR. Aban et
al. found that in pregnancies complicated by IUGR and
preeclampsia, there was increased placental apoptosis as
indicated by M30 and caspase-3 staining, along with
increased NF-kB and decreased bcl-2 expression [35].
Increased apoptosis throughout FAS antigen and bcl-2
has been shown by Ishihara et al. in human term
placentas afflicted by either [IUGR or preeclampsia [36].
Nonetheless, certain research has also documented a
reduction in placental apoptosis in pregnancies
complicated by IUGR and preeclampsia. Apoptotic
mediators BNip3 and Nix are reduced in the villous
trophoblast cells of individuals with ITUGR, HELLP
syndrome, and preeclampsia, according to a study by
Stepan et al. [27]. They proposed that the reduced
apoptosis was due to the placenta's resilience to long-
term hypoxia, which may have prevented the expected
reduction in trophoblast apoptosis. These placental
apoptotic characteristics are contentious due to
methodological constraints brought about by the
limitations of research on human tissue and animal
studies. Placental bed biopsies cannot be taken during
the early stages of human pregnancy due to the
pathophysiology of IUGR and preeclampsia [37].
Because experimental animals differ in their
trophoblastic invasion, it is also challenging to establish
a model of pregnancy in humans using animal
experimentation [24,25]. Most research on placentas has
been on nuclear alterations that take place during the
apoptotic process, which are comparatively arbitrary
parameters. But in human trophoblasts, apoptosis is a
highly intricate process that involves numerous signal
transduction routes, caspases, bcl-2 regulators, and
substrates 20. Further, more quantitative techniques like
image analysis ought to be favored to reduce bias in the
quantification of immunohistochemical staining in the
placenta [38,39]. These disagreements concerning the
apoptosis of the human placenta in abnormal
pregnancies are therefore based on a complex cascade of
apoptosis in the placenta, challenges in obtaining
placental bed biopsies, a scarcity of study materials, and
variations in trophoblastic invasion in experimental
animals. From our point of view and regarding our result
we suggest that the increase in the expression of CASP3
in the IUGR than the control group which indicate the
increase in the apoptotic index of the trophoblastic cells
of placental villi is considered as a part of a
pathophysiology of the IUGR condition may be
attributed to the chronic hypoxia that the cells subjected
to it and as you know any tissue in the body must
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confirm the balance between cell proliferation, cell
maturation and cell death even when it is under normal
conditions and you can imagine the effect of chronic
hypoxia on this balance, which we consider an
acceleration of the cell turn over to confirm the balance
as an end result, or it may attributed to oxidative damage
due to release of reactive oxygen species (ROS) which
may exaggerate apoptosis in trophoblast in cases of
IUGR [40], and so we obtain an increased apoptosis
which is a physiological death rather than a necrosis
(pathological cell death).

Study limitations

One of the important limitations of this study is that the
placentas from mothers in the first and second trimesters
are not included due to difficulties in obtaining these
placentas.

Conclusion

Embryonic stem cells showed a diminished expression
by NANOG in placentac of both normal and IUGR
cases, attributed to the trimester of pregnancy that
decreased its expression in the third trimester generally
as the stem cells become less evident as we go through
the trimesters of pregnancy. On the other hand, apoptosis
is one of the important changes associated with placental
pathology like IUGR.
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