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Article Info Abstract

Background: Gestational Diabetes Mellitus (GDM) known as an intolerance
Volume 6, Issue 8, April 2024 for glucose that identified during pregnancy, it leads to many macroscopic
Received: 17 Feb 2024 and microscopic placental changes, thus are responsible for increases fetal
Accepted: 08 March 2024 perinatal illness and mortality. Thrombomodulin (TM) is a known indicator
Published: 07 April 2024 for the endothelial damage, when it is expresses as an essential substance of

protein C anticoagulant system, that act like a receptor for thrombin to cease
change of the fibrinogen to fibrin and activates the aggregation of platelet and
thrombous formation. This study evaluates the effect of gestational diabetes
on the immunohistochemical expression of thrombomodulin in term human
placenta assessed by Aperio Scope image analysis. Results showed
macroscopic thrombi formation increased in GDM in comparison to control,
and significant reduction in the immunohistochemical expression of
thrombomodulin in GDM compared to control, this indicate that GDM is a
hypercoagubility state that lead to significant thrombi formation, and
consumption of thrombomodulin as one of the mechanisms that prevent
thrombus formation and consequently preserve endothelial integrity.
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Introduction

Human placenta is a highly vascularized organ with essential exchange function at maternofetal
interface (1). It impacts the effects of mother situation on the foetus that make it a target organ
for different pregnancy related pathologies (2). Thus, placental study helps to understand foetal
development process in response to several mother conditions like GDM (3). Gestational diabetes
mellitus known as an intolerance of glucose that occurs with the beginning of pregnancy (4), itis
gives rise to many placental modifications, that related with a different structural and histological
changes in placenta, that leads to a serious functional changes that restrictive the development
and wellbeing of the fetus (5).

The endothelial cells takes an essential role in the vascular homeostasis maintaining, by releasing
certain substances that regulating the thrombosis, vasodilatation, and fibrinolysis (6). The
interaction between the tight junction and interendothelial adherens are important in the
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homeostatic function (7), the lumenal surface in the normal endothelium expresses a molecules
that work on reduction of thrombosis mechanisms and platelets regulation, that prevent
thrombus formation and forming an anticoagultry surface in the blood flow paths, and one of
these essential anticoagulants is the thrombomodulin (8).

Thrombomodulin is an endothelial cell membrane bound anticoagulant protein with an original
and direct cellular effects (9), it is mostly found in the endothelial cells lumenal surface as well as
coating the endothelium in all vascular beds (8). Furthermore it is known as an indicator for the
endothelial damage, when it is expresses as an essential substance of protein C anticoagulant
system (10). Some stimuli, such as tissue factor, arranged the cascade of coagulation and thrombin
production as the coagulant executor. As a response to the production of thrombin, the
endothelium thrombomodulin act like a receptor for thrombin to ease its ability of change the
fibrinogen to fibrin and activates the aggregation of platelet (11).

Materials and Methods

The study involved 30 sample of term human placenta, that all delivered by elective caesarian
sections, The age of the mother ranged from 20 to 40 years old. Samples were divided into two
groups: Control and GDM group a 15 sample for each. Fresh placentae of each group were
prepared for: macroscopic, general histological examination with H&E routine stain, Samples
were fixed in 10% formalin overnight, then proceeded to dehydrated in ethanol: 70%,80%, 90%,
100%, cleared in xylene, infiltrated with paraffin and blocking according to (12), Sections were
placed on glass slides that stained for ordinary H&E, and on positively charged slides for
immunohistochemistry with Anti-Thrombomodulin , the slides were assessed by Aperio scope
image analysis (version 12.4), data were assessed by Excel Microsoft 2010, as mean and standard
deviation, values evaluated by unpaired t-test, and significant value selected at p< 0.05.

Results and Discussion

Macroscopic changes in GDM include a significant increase in placental central thickness with
mean value (2.14+0.299 cm) compared to control group that measured about (1.4+0.327 cm) at
p<0.05 (Tablel), as well as the presence of large thrombi on the maternal surface (Figurel)
considered as one of the most recorded observations of most GDM samples. This study showed a
variety of the histological changes in GDM placenta including; shrinkage in the villi size with
relatively wide intervillous spaces, the presence of extravillous and intervillous fibrin deposition
that obliterating villous vascular patterns, with difficultly to distinguish the trophoblastic tissue
layers, narrowing in fetal capillaries of terminal villi, thickening wall and basement membrane of
most terminal vessels, and a significant increasing in syncytial knots count compered to control
group at different microscopic magnifications. The immunohistochemical expression of
thrombomodulin in control group showed a widely distributed expression along the trophoblastic
tissue, surrounding the villi and along the endothelial lining of the vascular structure that found
within villous core. Also a batches of the strong positivity were expressed within the villous
parenchymal connective tissue core (Figure2), where the mean positivity of the control group was
296981.2 * 113810.7 (Figure2), that was significantly reduced with a mean value
22233.3+10941.6 in GDM (Table2), which showed a highly significant reduction in comparison to
control group at p-value<0.05 (Table3).

Table (1): Measurements of central thickness and widest diameter in control and GDM
human placenta groups.

parameters Control group GDM group P-value

Central %
thickaess(cm) 1.4 +0.327 2.14 % 0.299 2.68%107
Widest 22.28 +0.924 22.933 + 1.764 0.107
diameter(cm)
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Table (2) Syncytial knots counting in control and GDM groups, at two different
magnifications (10X and 40X) under light microscope.

10X 40X

15.7+5.289 2.64+1.159

47.1+12.537 13.23+3.747
4.64*1014 1.18*1021

Table (3): Mean number of strong positive pixel of anti-thrombomodulin antibody in
control and GDM human placenta groups, and its statistically significance.

Group Control GDM
Mean * SD 296981.24113810.7 22233.3+10941.6
P-value 3.71149%1021

Figure (1): Macroscopic image showed the presence of large thrombi in GDM human
placentas.
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Figure(2): A tissue sections of human term placenta under light microscope (10X); (A)
Control group, showing the immunohistochemical expression of (TM) with use of Aperio image
scope, that showed a widely positive (TM) staining along villi trophoblastic tissue (red arrows),
along the endothelial lining (yellow arrows) of the vascular structure that found within villous
core, and a batches of the strong positivity were expressed within the villous parenchymal
connective tissue core (black arrows). (B) GDM group, showing the immunohistochemical
expression of (TM) with use of Aperio image scope, that showed a highly significant reduction in
(TM) immune-staining comparison to control group.

Discussion:

Gestational diabetes is a common complication during pregnancy in which increase the amount
of blood glucose to the baby and placenta, thus placental changes occur in growth, structure and
function. These changes are in accordance to glycemic control spectically in the time of placental
development, in this study patients in gestational diabetes were on diet control only. One of the
most important placental changes that was noticed in GDM placenta is the increase in placental
size and central thickness compared to the control placenta, this due to impairment in placental
function as GDM is a metabolic disorder affect placental sufficiency leading to increase in size and
its depth.

(3) mentioned the increasing in placental diameter signifies an increase in the exchange area of
placenta, while the central thickness increasing signifies an increase of the blood vessels
sprouting in order leads to increased placenta efficiency. Another study by (13) explain that the
increasing in placental size is part of a compensatory mechanism for ineffectiveness of maternal
oxygen-hemoglobin exchange in diabetic women. As well as the presence of large thrombi on the
maternal surface of GDM placentas. This could be due to changes in coagulations due to
endothelial damage, this agreed with (14)(15)(16) who mentioned that GDM is a state ,and this
is an adaptive situation to prevent the hemorrhage as mentioned by (17). The increased
susceptibility to thrombus formation is due to platelets activation and blood coagulation function
and fibrinolytic system (18)(19)(20). GDM placenta showed reduction in terminal villi proportion
in relation to control group with relative widening in intervillous space, increase in fibrin
deposition this could related to metabolic changes exerted by blood glucose level this agreed with
(21) who found that in GDM hyperglycemia is a procoagulatory, procontractile, proangiogenetic
and proinflammatory factor act on vascular system dysfunction.(13) mentioned presence of
villous immaturity, mural thrombosis, ischemia, infarction, presence of massive perivillous fibrin
and villous fibrinoid depositions.

A relative thickening in the basement membrane of placental barrier was observed in placental
section of GDM compared to that of control group, this may be due to metabolic effect of
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hyperglycemia on endothelial cells and basement membrane, similar observations have been
correlated about the thickening in the wall and the basement membrane of the villi vessels and
by (22) who reported that all the vessels in diabetic placentae had a thicker walls, while in normal
placentae the wall showed more thinning (thin placental barrier), and this differentiation in the
placental barrier thickness effect on the efficiency of exchange process between mother and fetus,
when nutrient and oxygen transfer decreased with the wall thickness increasing of the placenta
barrier and vice versa. Also (3) study reported that the basement membrane thickening was a
highly significant microscopic findings, and the recent data highlighted that Varity due to the
associated between the Mucopolysaccharide and glycogen deposits with the trophoblastic activity
reduction and this have a direct relations with the glycemic control.

As well (23) reported that the wall thickness in villi vessels were one of the most present changes
in the diabetic placenta in comparison with normal women, as a result of endothelial proliferation
and basement membrane thickening. Thickened basement membranes, was reported by (24) and
the immature villi in GDM are associated with decrease in microvilli on the syncytiotrophoblast
surface (25). Villous edema is a prominent feature in intermediate and terminal villi of GDM group
compered to control group this may related to impairment in villous maturity and vascular
dysfunction leading to disturbance in vascular exchange. This agreed with (26) who observed
structural abnormalities as villous immaturity with decreasing in its number with increasing of
intervillous fibrin deposition , in addition to vascular inflammation, and thickening of villi
basement membranes; all cause impairment in fluid return to the vascular spaces giving rise to
villous edema.

Fibrin deposition was found in wide areas within the villi and in the intervillous space in GDM
placenta compared to limited intervillous fibrin deposition in control group, this may related to
vascular impairment due to villous immaturity and this agreed with who mentioned the
metabolic disorder in GDM associated with increase in fibrin deposition (27)(28). Syncytial knots
increment in GDM indicate syncytial apoptosis as mentioned by (29) to provide a way to decrease
barrier thickness to overcome the placental dysfunction in GDM.

Thrombomodulin immunohistochemical expression in this study showed an obvious significant
variation between control and GDM placental group, when the control group showed a widely
(TM) distribution along the villi trophoblastic tissue, as well as surrounding the endothelial lining
the vascular structure that found within villous core. In addition a some batches of the strong
positivity were expressed within the villous parenchymal connective tissue core, this distribution
was reported by previous study (30) that TM is expressed in the cells that are in direct contact
with the vascular system , cells of the stem villi stroma as myofibroblasts and pericytes ,and the
adventitia surrounding the arteries of the stem villi.

The coagulation activity increases during normal gestation, this leads to increment in
anticoagulation as thrombomodulin to preserve placental vasculature, however thrombotic
changes were relatively higher during pregnancy with gestational diabetes, this lead to
consumption of antithrombotic factors which were reduced in women with GDM. This agreed
with (14) who reported that coagulation activity increased during normal pregnancy as a result
of the height level in coagulation factor, also (30) added that the increase of TM expression in the
stem villi is due to adaptive response to control and regulate the fetal blood flow in the villous
tree in normal gestation.

Our results showed that the immunohistochemical expression of thrombomodulin in the GDM
was significantly reduced compered to control group. This could be due to the fact that
thrombomodulin is one of the most important surface components of the vascular endothelium
integrity, that affected by any defect occurring in the endothelium such as in gestational diabetes,
and this leads to decrease in its levels in the tissues within the endothelial damaged in placenta
vasculature, as well as coagulation and clots formation that consume the anticoagulation.

(31) reported that excessive level of glucose in GDM lead to endothelial damage, leading to
angiogenesis and mitochondrial deficiency. In addition to (32) who reported that the cellular
transport mechanism which ease to glucose processing that line with the vessels leads to
uncontrolled glucose level in diabetes, as well as might resulting in blood clotting formation lead
to capillaries damages.

While (33) study pointed out that endothelial cells have antithrombotic activity by providing a
surface that discourages the attachment of cells and clotting proteins surface receptors, such as
thrombomodulin. [t was stated in a study conducted by (34) the placental endothelial dysfunction
that occur in preeclampsia was correlated with decrease in the thrombomodulin
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immunohistochemical expression that seen in placental villous capillaries, syncytiotrophoblast
and villous core this due to increase in the coagulation and increase in the fibrin deposition in
endothelial cells and syncytiotrophoblast.

In other hand (30) study suggested that the endothelial damage of the stem villi arteries is
characterized by a decrease in TM expression in preeclampsia, and TM expression was negative
in the endothelial cells but positive in myofibroblasts and pericytes of placenta stroma, while he
added that placentas with increased TM showed decreased in the syncytial knots. And that
disagreed with our findings as in gestational diabetes there were a decrease in TM expression and
increase in the syncytial knots in the tissue sections of GDM placentas, this occur in response to
disturbance in blood glucose levels which induce endothelial damage that activate thrombotic
cascade and collectively lead to reduction in tissue thrombomodulin, and reduced vascular
dimensions this agreed with (21) who considered hyperglycemia in GDM is a proconstricting and
procoagulatory factors.

(35) reported that plasma levels of soluble thrombomodulin were increased and it is a
significantly higher in 79 patients’ serum with diabetes mellitus. As well as a study of (36) also
reported that the soluble TM releasing into the bloodstream lead to a reduction in TM expression
on cell surfaces and that can be attributed to endothelial dysfunction, when he was evidenced that
the release of soluble TM is a result of the endothelial damage in the preeclampsia patients. (37)
study showed that TM terminates the pro-thrombotic actions of thrombin, providing an enzyme
cofactor activates protein C which is an important antithrombotic enzyme. In addition to a study
that conducted by (38) showed that the disturbances of the TM-protein C antithrombotic action
is noticed in many diseases associated with vascular disturbance, such as venous thrombosis,
myocardial ischemia, disseminated intravascular coagulation, and stroke (39) and (40) studies.

In addition to (41) study who reported that TM expression can determine the extent of
microvascular thrombus formation, and its role in protection against thrombosis and ischemia.
As well as the previous clinical data that in (42) study, that suggested the increase that happen in
the TM level in plasma of diabetic patient indicate vascular endothelial injury which inversely
related to protein C activity, and this strongly related to microangiopathy and diabetic neuropathy:.
The reduction in terminal villi capillary dimensions seen in casting results can attributed to
vascular changes in GDM that lead to reduction in TM, as in diabetic microangiopathy endothelial
hyperplasia, capillary thinning and closure, thrombosis, all were reported as features of diabetic
microangiopathy (43).

The underlining mechanism for the local causes in reduction in TM immunohistochemical
expression could attributed to metabolic and inflammatory mechanisms that change endothelial
anticoagulant activity and TM expression, one of the theories is accumulation of activated glucose
end product on endothelial surface render it more vulnerable for coagulation and reduced TM
expression (44). Other reason for reduction in TM expression is presence of tissue hypoxia, as in
GDM could occur due to glycemic control and hypercoagulable state that impede blood supply,
this was reported by (45) as tissue hypoxia reduced TM tissue expression. Other cause in
reduction in TM expression is attributed to hyperglycemia as mentioned in microvasculature
related to peripheral nerves in diabetic patients as mentioned by (43) which lead to changes in
endothelial surface features and reduced in TM expression and activation of coagulation process.

Conclusion

Gestational diabetes acts as a strong stimulus for vascular thrombosis due to the effect of glucose
imbalance of endothelial cells, this considered as a proconstricting effect of gestational diabetes
on placental terminal villi capillaries, also as a pro coagulating factors that leads to thrombosis
and down regulation of placental thrombomodulin expression, which can be consider as a bio
marker for endothelial injury in GDM.
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