ComparisonStudyoftheHistopathologyandImmunohistochemistry
ofthe Amniotic Membrane and its Stem Cells in Normal, Gestational,

Original and Pregestational Diabetes

Articl
ruete Wafaa Idress Ali and Intissar Numman Waheed

Department of Biology, College of Science, Zakho University, Zakho, Kurdistan Region, Iraq

ABSTRACT

Introduction: The amniotic membrane (AM), a placental component that feeds embryos throughout pregnancy, has the
potential to be used in tissue engineering because it contains stem cells (SCs). Diabetes during pregnancy can interfere with
the development of the extraembryonic membrane, the SC, and the embryo, which can cause tissue degeneration.

Objective: This study was aimed at comparing pregnant women with gestational diabetes mellitus (GDM), pre-gestational
diabetes mellitus (PGDM), and non-diabetic normal pregnant women in terms of histological features and immunohistochemistry
expression of E-cadherin and SC marker molecules.

Materials and Methods: Thirty AM specimens were collected from pregnant women with GDM, PGDM, and non-diabetic
normal pregnant women (n = 10 for each group). AM segments undergo a number of histological procedures, then are stained
with hematoxylin and eosin for histological examination, Periodic Acid-Schiff (PAS) to measure the thickness of the basement
membrane (BM), immunohistochemistry to assess the expression of E-cadherin and SC markers (anti-Nanog and anti-Oct-4).
Results: Both diabetes groups produced a wide range of damage to AM, including vacuole formation, epithelial cell
degeneration, hypertrophy and hyperplasia, and AM degeneration. The lining epithelium, BM, and underlying connective
tissues in the PAS reaction responded moderately in the PGDM group but severely in the GDM group. AM epithelial cells in
the control and GDM groups show a significant expression of E-cadherin. However, in the PGDM group, this expression was
barley. The AM of the control group without diabetes had considerably higher anti-Nanog and anti-Oct-4 SC marker expression
than did the diabetes groups. The GDM and PGDM groups had significantly decreased expression of the SC markers.
Conclusions: The AM and SCs have suffered severe damage from the GDM and PGDM, which may have an impact on
embryonic development and delivery as well as their ability to be employed in regenerative medicine.
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INTRODUCTION human amniotic mesenchymal stromal cells (hAMSC),
which resemble fibroblasts. The size and thickness of
these layers are influenced by the location of hAMSC,
which deliver nutrients and oxygen through diffusion
processest*>¢. The hAECs and hAMSCs are produced from

the amnion's epiblast and hypoblast layers, respectively,

Due to its distinct structure and amniotic fluid
content (AF), the amniotic membrane (AM), a protective
covering of the foetal placenta, is essential in regenerative
medicine!!. In experiments on tissue transplantation, this
membrane has showed promise®. However, significant

improvements have been made to improve AM's qualities,
handling, and durability, making it a relatively fresh topic
in terms of its applications®.

Amniotic membrane epithelial (AME), basement
membrane (BM), and stroma layer are the three primary
layers that make up the amniotic membrane (AM). Human
amniotic epithelial cells (hAECs) that can develop into
germ layers, exhibit stem cell (SC) markers, and maintain
the pluripotency of the undifferentiated epiblast make up
the simple epithelial layer known as the AME layert*.
During gestation, the embryo is supported by the BM. The
thick, fibroblastic, spongy, and collagen-rich stroma layer
is a mesenchymal layer. The fibroblastic layer may contain
rare macrophages with a loose fibroblast network and
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eight days after fertilization. They use embryonic stem cells
(ESCs) and adult pluripotency to produce a heterogeneous
population of pluripotent, multipotent, progenitor, and
adult cells”®. Gestational diabetic mellitus (GDM), a
form of carbohydrate intolerance, leads to maternal and
foetal problems like macrosomia, early delivery, neonatal
morbidity, and perinatal death®!'”l. The placental tissues,
umbilical cord, and AM are altered and damaged by
GDM and pregestational diabetic mellitus (PGDM)H!1213,
Human amniotic epithelial cells phenotypic and biological
characteristics are affected by maternal metabolic
abnormalities in GDM-complicated pregnancies, which
may have an effect on the nutritional and metabolic
condition of the foetus!?.
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This study compared pregnant women with gestational
diabetes mellitus (GDM), pre-gestational diabetes mellitus
(PGDM), and non-diabetic normal pregnant women in
terms of histological features and immunohistochemistry
expression of E-cadherin and SC marker molecules.

MATERIALS AND METHODS

With the patients' permission and in accordance with the
recommendations of the Medical Ethics Committee, which
was approved by the Duhok Directorate of General Health,
the Directorate of Planning, and the Scientific Research
Division, Kurdistan Region, Iraq, with reference number
08032023-2-10, placenta samples were collected from the
Maternity Hospital in Zakho and the Duhok Obstetrics
and Gynecology Hospital. The Department of Biology,
Zoology Laboratory, Faculty of Science, University of
Zakho, conducted this study.

Amniotic membrane samples

In the current study, which took place between October
4,2021, and June 20, 2022, thirty pregnant women between
the ages of 18-40 and full-term (37—40 weeks) gestation
were involved and divided into three groups, each with n
= 10 pregnant women: Group (1) consists of healthy, non-
diabetic women as a control group; Group (2) includes
pregnant women with GDM; and Group (3) includes
pregnant women with PGDM. All the placental samples
included in the present study were taken from pregnant
women’s with normal deliveries.

In accordance with!'*1], the placenta of these groups
was quickly transported to the lab, cleaned in phosphate
buffered saline (PBS) with penicillin and streptomycin
(200 U/ml penicillin, 200 g/ml streptomycin), and then
used. The AM is taken out of the chorion and were washed
in PBS.

The step of tissue preparation

1. Fixation with formaldehyde buffered 10%.
2. Dehydrated in rising ethanol series.

3. Then cleaned in xylene.

4. Embedding in paraffin.

5. Cutinto 4 um slices and put on slides.

Some of these slides that included AM slices were
prepared for a light microscopic investigation!'! and
stained with H&E dye. While additional prepared slides
were employed for PAS staining to distinguish the BM!'"),
Due to the reactivity of free aldehyde groups found within
carbohydrates, the Schiff reagent produces an end product
that is an intense scarlet magenta.

Immunohistochemical study

The molecule E-cadherin is essential for maintaining
epithelial integrity. The E-Cadherin (Concentrate) kit
(M361229-2; Agilent Dako, Santa Clara, California) was
prepared in accordance with the manufacturer's instructions

E- Cadherin is a calcium-dependent cell—cell adhesion
molecule (proteins) in the plasma membrane in epithelial
cells. The positive cells showed brown colour. A positive
control will be shown by a brown precipitate at the antigen
position that has been assessed for immunoreactivity after
being counter-stained with hematoxylin['¥,

In order to detect AM SCs markers, both the polyclonal
antibodies (Abs) for OCT4 (Orb 11184) and NANOG
(Orb D69128) were obtained from Biorbyt (Cambridge,
United Kingdom). Out of the total number of positive
and negative cells, all results are expressed as a relative
percentage of positive cells stained dark brown (OCT4
and NANOG were expressed in both the nucleus and the
cytoplasm). A brown precipitate at the antigen location that
has been counter-stained with hematoxylin and evaluated
for immunoreactivity will indicate a positive reactiont'*.
This analysis was conducted using a methodology that was
consistent with how the kits were created. Then photos
were taken using the Dino-Eye: Microscopic Eye-Piece
Camera, a digital camera.

Statistical Analysis

The acquired data was statistically analyzed using the
SPSS computer program!'®. However, Duncan's multiple-
range test!' was used to partition the means in the ANOVA
(both one-two-way ways).

RESULTS

Histological study

Hematoxylin and eosin-stained slides revealed that the
non-diabetic control group's AM was composed of three
layers: epithelium, thick BM, and vascular connective
tissue. One layer of cuboid cells with rounded apexes,
vacuolated acidophilic cytoplasm, and round or oval nuclei
makes up the epithelium (Figures 1A,B). A compact layer
and a fibroblast layer make up the stroma's two layers.
Single collagen fibrils aligned and felt-like in parallel
layers make up the compact layer of amnion connective
tissue (stroma). Fibroblast and mesenchymal cells were
developed between the fibrils of the fibroblast layers, which
were mostly arranged in bundles and created a network.

(Figures 1 C,D,E,F) show the histopathological study of
AM sections from GDM and PGDM groups, respectively,
revealed a variety of changes, including epithelial cell
hypertrophy and hyperplasia; formation of vacuoles
between them; and the degeneration of epithelial cells that
had detached from the lining epithelium. Aside from the BM
looking thicker in comparison to the control group. Diabetic
also resulted in noteworthy modifications to the nucleus and
morphology of epithelia cells, in addition to the BM which a
appeared thicker in comparison to the control group.

Histochemical Results
Results of the Periodic Acid Schiff (PAS) Reagent

In the control group's PAS-stained AM sections, showed
that the lining epithelium, BM, and underlying connective
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tissues exhibit normal thickness in AM, which showed a
typical reaction to the PAS (Figure 2A). While the AM
in the group of PGDM displayed a minimal response to
PAS, the BM thickness was increased in comparison to the
control (Figures 2 B,C). In contrast, GDM showed a thicker
response to PSA, as shown by an increasing thickness of
the BM (Figures 2 D,E).

E-Cadherin Expression in Amniotic Epithelial Cells

E-cadherin was substantially expressed positively in
the AM epithelial cells of the control group (Figures 3
A,B) and the GDM group (Figures 3 C,D), according to
the immunohistochemistry analysis. However, the PGDM
group's cells only showed weak E-cadherin expression
(Figures 3E,F).

Detection of Amniotic Membrane Stem Cells
markers [Anti-Nanog (H-155) and Anti-Oct-3/4,
Antibodies]

The result of the present study indicated that, in
comparison to PGDM and GDM, the AM in the control
group (non-diabetic) displayed a highly substantial
increase (P<0.001) in the expression of the anti-Nanog (H-
155) SC marker. At the same time, there was no significant

difference (P > 0.05). between the PGDM and GDM
groups (Table 1, Figure 4).

When compared to PGDM and GDM, the anti-Oct-3/4
stem cell marker expression in the AM of the control group
(non-diabetics) was significantly higher (P< 0.001) than
that in the diabetic groups. When compared to GDM, PGD's
expression of this SC marker did not differ significantly (P
>0.05) (Table 2, Figure 5). This increase in the expression
of these SC markers in the control (normal) group shows
that the mesenchymal and epithelial stromal cells of AM
contain a significant number of SCs that are functionally
active. DM in both groups caused damage to the AM tissue
and its cells, which significantly reduced the expression of
these markers.

In the AM epithelial and underlying layer, the
immunohistochemical analysis of the histological AM
sections revealed that the control group had significantly
higher expression of the SC marker molecules anti-Nanog
(H-155) (Figure 6) and anti-Oct-3/4 (Figure 7) than the
GDM and PGDM groups, which showed significantly
lower expression of these markers. The information
shown in the tables and figures above is supported by the
histological study result.

l Epithelial ¢
1 Basement )

Fig. 1: Amniotic membrane histological sections: (A&B) from the control group (women without diabetes) demonstrates the amniotic membrane's normal
structure and their layers. (C&D): in the GDM group showed degenerated cells pinched off from the lining epithelium and hyperplasia and hypertrophy of the
epithelial cells (black arrow) and (E&F) in the PGDM group, (E) showing hyperplasia and hypertrophy of epithelial cells (black arrow). (C&F): showing the
formation of a vacuole between epithelial cells (red arrows). (A, C, E, and F: 100X; B and D: 400X.)
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Fig. 2: The lining epithelium, basement membrane (BM), and underlying connective tissues in the control group (A) exhibit normal thickness in an amnion
membrane (AM) segment stained with PAS. (B&C) PGDM displayed a minimal response to PAS. Be aware of the rise in BM thickness when compared to
the control. Vacuoles between epithelial cells and their degeneration are indicated by the red arrow. (D&E) GDM demonstrated a thicker response to PSA,
as shown by an increase in BM thickness. The red arrow denotes the pinching off of epithelial cells from the lining epithelium as well as their hyperplasia,
hypertrophy, and degeneration (PAS, A, B, C, and E: 100x; D: 400x).

--

Fig. 3: E-Cadherin immunostaining of amnion membrane (AM) showed that both the control group (A&B) and the GDM (C&D) groups had highly positive
E-Cadherin expression in amniotic epithelial cells. E-Cadherin expression was minimal in the amniotic epithelial cells of the PGDM group (E&F). (A, C, and
E: 100x; B, D, and F: 40x).
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Fig. 4: Shows the anti-Nanog (H-155) stem cells marker expressed in the

AM of the groups under study (Mean + SE).
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Fig. 5: Shows the Anti-Oct-3/4, stem cells marker expressed in the AM of
the groups under study (Mean + SE).

Fig. 6: Immunohistochemical staining of the amniotic membrane (AM) and underlying layers with an anti-Nanog stem cell marker revealed the positive cells
stained with a dark brown color (Black arrows). Control group (A&B): the cells of AM showed highly significant increase in the expression of this marker
compared with PGDM (C), and GDM (D) groups. While this membrane and their cells in groups of the (PGDM and GDM), showed significant decrease in the

expression of this marker. (400X).
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Fig. 7: Anti-Oct-3/4 stem cell marker immunohistochemical staining of the amniotic membrane and underlying layers revealed the positive cells stained with
a dark brown color (Black arrows). Control group (A&B), PGDM group (C), and GDM group (D). (400X).

Table 1: Shows the anti-Nanog (H-155) stem cells marker
expressed in the AM of the investigated groups (Mean + SE).

Stem cell marker Groups
% of Anti-Nanog Control PGD GDM Sig.
(Mean + SE) 16.39+£3.7*  3.35+0.85" 1.67+0.23%  *

Within each parameter, means with alternative letter combinations dif-
fered significantly. NS stands for non-Significant, while * means sig-
nificant at level (P <0.05). GDM stands for gestational diabetes; PGDM
stands for pregestational diabetes.

Table 2: Shows the anti-Oct-3/4 stem cells marker expressed in
the AM of the investigated groups (Mean + SE).

Stem cell marker Groups
% of Anti-Oct-3/4, Control PGD GDM Sig.
(Mean = SE) 10.23+3.4* 211203  1.83£0.08°  *

Within each parameter, means with alternative letter combinations dif-
fered significantly. NS stands for non-Significant, while * means sig-
nificant at level (P <0.05). GDM stands for gestational diabetes; PGDM

stands for pregestational diabetes.

DISCUSSION

The embryo is completely encased by the AM, the
innermost layer of the fetus's membranes, which also lines
the amniotic cavity and protects it from outside threats
while a woman is pregnant. This membrane is thought
to be a useful treatment tool for numerous diseases. It is
utilized because it is a rich source of stem cells with a high
proliferation and plasticity ratio that can proliferate and
differentiate in vitro, and it can be extracted from leftover
fetal material®**!. But some diseases result in alterations

and damage to the AM; one of these diseases is diabetic
mellitus, which is the most prevalent metabolic condition
that develops during pregnancy and can have negative
effects on the mother and the developing fetus!'*'l. These
findings are consistent with the current study, which
discovered that epithelial cell hypertrophy and hyperplasia,
vacuole formation between epithelial amniotic cells,
associated with a change in these cells' morphological
structure, and obvious degeneration of these cells that
pinched from the lining epithelium, were all caused by
both GDM and PGDM. As indicated by, these changes
happened as a result of the amniotic epithelial cell-cell
connection being weaker due to diabetes mellitus.

Histochemical and immunohistochemical Study

The results of this investigation demonstrated that the
lining epithelium, BM, and underlying connective tissues
all became thicker as a result of the DM in the PAS-stained
AM sections. While in the normal (control) group, these
layers and their thicknesses were typical. Numerous
publications, including'’?>?24 have discussed this
discovery, pointing out that when the diabetic group's AM
was stained with PAS, there was a noticeable rise in BM
thickness and a strong positive response, which was thicker
than in the healthy group. DM caused an accumulation of
mucopolysaccharides as a result of restricted intrauterine
growth and insufficient uteroplacental circulation, which
resulted in this increase in thickness?*1.

The AM epithelial cells had a substantial positive
expression of E-cadherin in both the control group and
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the GDM group. While E-cadherin was only moderately
expressed by the AM epithelial cells in the PGDM group.
According to Togrul et all'*, diabetes-related damage to AM
cells causes poor E-cadherin identification. E-cadherin is a
key molecule in the maintenance of epithelial integrity!*!.

The intercellular attachments that make up intracellular
junctions, which are mediated by E-cadherin, are
crucial in the development of the epithelial barrier. Loss
of E-cadherin expression in the cell membrane and
intercellular communication may be caused by epithelial
damage?*?71. Tt is well accepted that tight junction proteins
like E-cadherin are necessary for the AM barrier to
operate. Therefore, if E-cadherin expression is reduced,
the epithelial cells may disappear?®. According to?",
E-cadherin promotes intercellular adhesion and draws
actin filaments and catenin proteins to cell borders to
improve barrier function, it makes its use as a sign of a
healthy epithelial barrier crucial.

Detection of Amniotic Membrane Stem Cells
markers

Anti-Nanog and anti-Oct-3/4 SC markers in the control
group dramatically increased in the AM compared to
the PGDM and GDM groups, showing that stem cells
are prevalent and in good health in AM epithelial and
mesenchymal stromal cells. In both groups, diabetes
mellitus caused damage to the AM tissue and its cells,
which significantly decreased the expression of these
markers. The phenotype and biological characteristics of
AMSC:s are disrupted by maternal metabolic disturbances
in pregnancies complicated by GDM and PGD, and these
disturbances are, as indicated by, ultimately linked to the
nutritional and metabolic status of the mother and fetus.
This result was in line with"*?%3% who demonstrated that
a number of SC marker indicators, such as anti-smooth
muscle actin, anti-vimentin, anti-OCT 34, and anti-Nanog,
are produced by both mesenchymal stromal cells and
amniotic epithelial cells.

Epithelial and mesenchymal stromal cells exhibit a wide
range of cellular and molecular markers, demonstrating
the presence of SCs. Due to their immunomodulatory,
proliferative, and differentiation capabilities, as well as
their distinct advantages over other SC types, Human
amniotic epithelial Cells (hAECs), which are derived from
placental tissues, offer substantial therapeutic promise in
regenerative medicinel*'l.

Three layers make up the avascular AM, and inside each
layer are SCs, extracellular matrix, and collagen, which act
as the structural matrix and source of strength. AM, which
is abundant in SCs, is very useful for tissue remodeling and
benefits from the presence of numerous growth factors,
cytokines, and other regulatory chemicals®233,

Overall, the current study's findings and those of earlier
studies by!™! showed that GDM findings pointed to a
weakening of the amniotic epithelial cell-cell interaction
and that diabetes-induced structural abnormalities in the

epithelial cells of AM. Patients with diabetes have an
enlarged extracellular matrix, which causes structural
changes in membrane thickness that ultimately throw off
the matrix's delicate equilibrium. A boost in CD44 has also
resulted in angiogenesis, which is considered to influence
the movement of materials between the mother and the
foetus. Due to the various compounds the AM epithelium
generates that aid in the initiation and maintenance of
uterine contractility, the AM is essential for labor and
delivery and performs a variety of metabolic functions.

CONCLUSION

In conclusion, the AM and SCs have suffered severe
damage from the GDM and PGDM, which may have an
impact on embryonic development and delivery as well as
their ability to be employed in regenerative medicine.
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