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ABSTRACT

The human placenta is crucial for prenatal development and
good pregnancy outcome. Maternal diabetic disorder influences
normal intrauterine development of individual and expresses itself in
the placenta. Due to the progress in diagnostic methods and methods
of metabolic compensation the macroscopic signs associated with
maternal diabetes, e.g., placentomegaly, occur nowadays rarely. In
the microscopic picture of placenta there are no structural differences
specific for maternal diabetes. However, the application of
quantitative morphological methods has revealed some differences of
normal and diabetic placenta. Stereological studies have shown
significantly higher total volume of peripheral villi that distorts shapes
and dimensions of pores in the intervillous space, and larger surface
areas of peripheral villi and villous capillaries. Methods of confocal
microscopy and 3D reconstruction gave the evidence that the fetus
reacts on the hypoxia in maternal diabetic environment by enhanced
angiogenesis and branching of villous capillaries. The enhanced tissue
volumes are conditioned by higher mitotic activity. However, it
decreases the proliferative potential of cells taking part in the
enlargement of key structures for maternofetal transport at the end of
pregnancy. Syncytiotrophoblast produces many factors playing
important roles in maternal and fetal regulation and in the placenta
itself. Quantitative methods of catalytic histochemistry and
immunocytochemistry pointed at the role of maternal diabetes in
decreased synthesis of some of those factors (e.g., alkaline
phosphatase, SP1 glycoprotein). The presented data show that the
quantitative  morphological methods contribute to  better
understanding of the influence of maternal diabetes on fetoplacental
unit.
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1. Introduction

The placenta is temporary organ ensuring
normal intrauterine development of the individual.
Concurrently with the fetus, the placenta increases
its volume and weight to be properly equipped for
the meeting all fetal requirements. The bidirectional
transport of gases, ions, nutrients, and metabolites
covers fetal requirements. Obviously, a portion of
substances taken from the maternal blood serves for
placental growth and synthesis of molecules
controlling functional relationships of maternal and
fetal organism and placenta itself, e.g., steroid and
glycoprotein hormones, growth factors, cytokines,
pregnancy associated plasma proteins, releasing
factors and so on.

The relatively short period of placental
existence covers its growth, structural development,
and functional maturation. Our chance to study the
placenta in various stages of normal as well as
pathological pregnancy is limited by many ethical

and technical reasons. Certainly, biochemical
analysis of maternal blood, the ultrasound
examination, etc.,, give valuable information.

Nevertheless, under the circumstance, the
examination of term placenta using different
morphological methods gives an opportunity to
obtain a lot of complex data. This text is a summary
of relevant data comparing placental structure in
normal pregnancies and pregnancies complicated
by maternal diabetes mellitus using methods of
quantitative morphology. The possible functional
consequences of structural differences are
presented.

The human hemochorial placenta consists
of two parts, one of the maternal origin, pars
materna, the other of fetal origin, pars fetalis. The
maternal part is derived from uterine mucosa
changed by decidua reaction, decidua basalis. It
forms a bed for fetal part derived from chorion.
The part of chorion adjacent to decidua basalis, i.e.,
chorion frondosum develops into chorionic plate and
its tree-like projections, chorionic villi. Some villi fix
the fetal part to the maternal one in the form of
anchoring villi, the free villi are suspended in the
maternal blood circulating in the intervillous space.
The chorionic plate and chorionic villi as well as the
surface of maternal part are covered with
trophoblast. In villi, the trophoblast surrounds villous
core of connective tissue containing villous vessels
that belong to the fetal vasculature. The transport
between mother and fetus takes place at the level
of capillaries of the thinnest villous branches,
terminal villi. Both the essential separation of
maternal blood from the fetal one and the
bidirectional transport are performed by
trophoblast and capillary wall.
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Pregnancy complications are the major
problem of prenatal medicine as they threaten both
the mother and fetoplacental unit. Maternal
diabetes represents one of most frequent one, and
it is beyond the scope of this paper to discuss the
influence of higher maternal age or lifestyle in
developed countries on its frequency. In any case,
all forms of glucose metabolism disorders of
maternal organism, i.e., diabetes type |, gestational
diabetes, and diabetes type Il generate the
environment potentially affecting fetal
development and causing structural and functional
disorders of placenta. In pregnancies complicated
by diabetes type | only the introduction of insulin
allowed to achieve a viable newborn. Nevertheless,
the uncontrolled diabetes may affect the
development in embryonal and fetal period of
pregnancy resulting in congenital malformations.
The newborns of diabetic mothers were also
macrosomic and suffered from birth injuries and
respiratory distress. The hypocalcemia,
hypoglycemia, polycythemia, and
hyperbilirubinemia  were common metabolic
complications in the perinatal period. The placenta
in those pregnancies was usually bulky and
edematous.

The influence of maternal diabetes on fetus
is mediated and modified by placenta interposed
between mother and fetus, and the placental
structure  necessarily  reflects fluctuations  of
metabolic control in maternal organism. Only the
progress in the management of metabolic control in
preconceptional period and throughout pregnancy
resulted in reduction of the impact of maternal
diabetes on the placenta, fetus, and newborn 1.2,

2. Quantitative morphology

Methods of morphometry and stereology
using various types of microscopes allowed
quantification of structural differences in normal
and diabetic placentas for the whole organ.
Diabetic placentas taken into those studies were
usually classified according to the White's
classification that includes diabetic mothers
according to the age of first appearance, duration,
and severity of their diabetes into classes A, B, C,
D, F, R. For the better understanding it is necessary
to mention that class A represents a disorder of
glucose metabolism with the onset during pregnancy
that is not insulin-dependent and disappears after
the birth, other classes belong to the insulin-
dependent maternal diabetes of various severity.

Two papers have shown differences in the
development and arrangement of placental villi.
The study performed by scanning electron
microscopy revealed hyper- and hyporamification
of terminal villi in diabetic placentas3. In the
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framework of normal placental cotyledon shorter
villi were found in its center and longer villi in its
periphery. This consistent organization was
disrupted in diabetic placentas and villi were found
more branched 4.

Following  quantitative  morphological
studies compared control placentas with placentas
from well controlled maternal diabetes at term. In
class A, B and C, placentas were heavier, but that
difference was not significant. On the other hand,
the volume of peripheral villi as well as surface
areas of peripheral villi and capillary surface areas
were significantly higher 57. Moreover, the
enlargement of the villous surface demonstrates
itself also at the level of the apical membrane of
syncytiotrophoblast. The  microvillous surface
enlargement factor and the microvillous surface
density were found significantly higher in diabetic
placentas 8.

The comparison of control placentas with
placentas from pregnancies with well controlled
diabetes grouped in ABC and DFR groups
demonstrated higher volume, surface area and
length of villi in ABC group than in controls, and
lower volume, surface area and length of villi in DFR
group compared with ABC group. The same
character of differences was found in the volume of
villi, trophoblast, syncytiotrophoblast and stroma.
Furthermore, the expansion of the villous component
was accompanied with the expansion of the
intervillous space (IVS) during pregnancy. The
comparison of normal and diabetic placentas

Microscopic Manifestations of Maternal Diabetes in Placental Structure

showed higher volume of IVS in ABC vs. control
group, and higher volume of IVS in DFR vs. ABC
group. Only capillary volume and Vvillous
capillarization (= surface area of
capillaries/surface area of villi) were ascertained
higher in all diabetic groups 9-12. The length, volume,
surface area and capillary diameter were reported
greater in diabetic placentas, however, those
parameters were greater in placentas of male
fetuses, thus they are influenced also by the sex of
newborn 3. No differences of total capillary
volume and capillary surface area between control
and diabetic placentas were found by other authors
14,15, On the other hand, the greater placental
capillary volume, length, and surface area in type
1 (insulin-dependent) and type 2 (non-insulin-
dependent) maternal diabetes were reported
elsewhere’®.

Structural alterations (expanded villous
volumes and surface areas) found in diabetic
placentas indicate disordered dimensions and
shapes of pores of the IVS (Figure 1). As
hemodynamic properties of pores in the IVS may
play an important role in the transport and
exchange between mother and fetus, then maternal
diabetes may also alter IVS blood circulation.
However, to study rheological properties of such
porous medium is still more difficult than to study a
system of tubes of vascular bed, and methods of the
mathematical modeling and  simulation  of

hemodynamics are applied 17-19,

Figure 1: The shape of normal villi (1a) and pathological villi in diabetic placenta (1b) determines differences
in dimensions and shapes of intervillous pores. Pictures taken by a confocal laser scanning microscope, objective

magnification 10x.
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3. Villous vascularization

In the last trimester of pregnancy, the
immense development of terminal villi and its
capillary bed meets rapidly growing requirements
of fetal nutrition. Finally, the terminal villi take
about 39% of the total villous volume and about
46% of the total villous surface area 2, and the

Figure 2: Terminal villi in the placenta at term. Anuclear parts of syncytiotrophoblast and capillary wall form
vasculosyncytial membranes (arrows). Bar = 50 um.

The villous capillaries belong to the fetal
circulatory system and their density and spatial
arrangement determine the effectiveness of the
transport of nutrients to fetal tissues. Massive
angiogenesis accompanying the development of
terminal villi undergoes molecular regulation 21-23
that reacts on changes in the intrauterine
environment, e.g., the decreased availability of
oxygen. It may be caused among others by the
alteration of glucose metabolism in maternal
diabetes. Despite the consistent metabolic control
applied recently, the intermittent excess of glucose
load may cause transient hypoxia and stimulate
placental angiogenesis resulting in  higher
capillarization of terminal placental villi 9-13. 16, The
studies on topology of villous capillaries performed
by methods of confocal microscopy and 3-
dimensional reconstruction showed villous capillaries
of straight or moderately waved course localized
commonly in tight relationship to
syncytiotrophoblast. The most frequent types of the
capillary bed in control placentas consisted either
of a simple loop or three longitudinally oriented

capillary segments, the capillary segments
interconnecting those longitudinally  oriented
capillaries were also found. However, the

quantitative comparison of villous capillary bed
with diabetic placentas discovered enhanced

Microscopic Manifestations of Maternal Diabetes in Placental Structure

estimation of placental capillary bed is 550 km of
length and 15 m2 of the surface area 20. In terminal
villi, capillaries are in a very tight relationship to
syncytiotrophoblast, frequently to its thin anuclear
parts. Those areas called vasculosyncytial
membranes are taken as sites of preferential
transport (Figure2).

angiogenesis in the form of the enhanced capillary
branching. Moreover, the enhanced capillary
growth, either longitudinal or branching, elicited the
development of new branches of terminal villi 2425,
There is no doubt that it implies enhanced cell
proliferation in both the trophoblast and capillary
wall.

The enlargement of capillary bed requires
the execution of endothelial proliferation,
differentiation, and migration allowed by
disintegration of endothelial basement membrane,
and the recruitment of pericytes to stabilize newly
formed part of capillary wall or capillary branch.

The available data refer to the differences
in the structure of capillary wall in control and
diabetic placentas driving the increase of the total
capillary length and surface area. Placental
continuous capillaries have tight and adherent
junctions between non-fenestrated endothelial cells.
As revealed by immunocytochemical method, the
immunofluorescence of occludin, zonula occludens 1
protein, cadherin, and B-catenin is reduced in
diabetic placenta. It makes endothelial cells freer
and suitable for proliferation 26 27, but this feature
also allows blood cells to enter easily extravascular
location (Figure 3).
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Figure 3: The fetal erythrocyte leaves the capillary via a gap in the wall (arrow). Bar = 5 tim.

The capillary endothelium rests on the basal
lamina that is locally disintegrated during
endothelial division, and finally reconstructed. The
thickening of basal laminas is a typical structural
feature of diabetes, and it is here and there
mentioned also in placenta. However, the
measurements showed thinner basal lamina of
capillaries in diabetic placentas 28 29, Taking into
consideration the time necessary for the formation
of new spots of the basal lamina after the
endothelial cell division, the possible explanation of
such difference may be a consequence of higher
proportion of newly formed younger capillaries.

During the differentiation a transient
cytoskeletal protein nestin occurs in both the
endothelial cells and pericytes. The nestin
immunolocalization labels the hot spots of villous
angiogenesis, i.e., nestin-positive endothelium
beside quiescent pericytes and nestin-negative
endothelium  surrounded  with  nestin-positive
pericyte bodies or projections (Figure 4). The higher
proportion of nestin-labeled parts of capillaries
found in diabetic placentas indicates more active
capillary elongation and branching 30.

Figure 4: The nestin immunocytochemistry (red) demonstrates differentiating parts of capillary wall in placental

villus.
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The extent of pericyte coverage of
capillaries may be indicative for placental hypoxia.
The lower pericyte coverage, and thus a decrease
of thickness of the barrier separating maternal and
fetal blood, was found in placentas of mothers
living in high altitude 3. Similar study performed on
diabetic placentas has not demonstrated
differences from control placentas 32. We judge
that the lower pericyte coverage is an adaptation
to continuously low oxygen pressure in high altitude,
and that the intermittent hypoxia taking place in
diabetes, on the other hand, does not require such
type of compensation.

We believe that the enhanced total volume
and surface area of placental villi and their
capillaries manifested also by their higher

branching in diabetic placenta is a compensation of
character, and that

hypoxia of episodic

compensation is conditioned no doubt by increased
cell proliferation.

4. Proliferative potential of placenta at term

Although the placenta is a temporary organ
in the life of individual, its full function is required
until the birth is completed. Results of the study on
proliferative potential using Kié7 as a marker have
shown Kié7-labelled cytotrophoblast, cells of
capillary wall as well as cells of the villous stroma
in placenta at term 33, (Figure 5). It is evident that
the ability to proliferate continues in placenta at the
end of pregnancy, and points at the potential to
develop new villi. In placentas from pregnancies
complicated by maternal diabetes the higher H3-
thymidine incorporation was found in cells of villous
stroma 34 and in endothelial cells 33.

Figure 5: The Ki67-labelled cells (arrows) demonstrate proliferative potential o;‘ cells in normal placenta (5a)
whereas Ki67 -labelled cells nearly lack in diabetic placenta (5b). Bar = 50um.
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Our analysis performed on placentas from
pregnancies complicated by insulin-dependent and
gestational diabetes shows decreased numbers of
Ki67-labelled cytotrophoblastic cells and cells of
the vascular wall 3637, Those results indicate that the
ability to enlarge the areas of key transport
structures, i.e., syncytiotrophoblast and capillary
wall is probably at least in part exhausted by
enhanced cell proliferation during pregnancy
(Table 1).

During their life, normal cells undergo limited
number of mitotic divisions conditioned by
chromosomal replication. It is regulated among
others by the length of chromosomal telomeres and
every cell division shortens the telomere length. The

Microscopic Manifestations of Maternal Diabetes in Placental Structure

consequences of telomere shortening may be cell
senescence, genome instability, and apopftosis.
Studies dealing with placenta have shown the
decrease of telomere length during pregnancy, but
there is no unambiguous information on the influence
of maternal diabetes. It seems that the methods
applied there and showing the mean length of
telomeres were not adequately sensitive, and that
the methods quantifying very short telomeres may
contribute to the elucidation of placental senescence
in normal aond diabetic pregnancy 38 - 40,
Nevertheless, the possible more rapid telomere
shortening could have depleting influence on the
placental proliferative ability in maternal diabetes.

Table 1: Proliferative potential in normal term placentas and placentas from pregnancies complicated by
gestational (GDM) and insulin-dependent diabetes (IDDM) was expressed as mean number of Ki67 -labelled
nuclei per square millimeter of villous cross section. In stem villi, the differences relate mainly to capillaries

functioning as vasa vasorum of large villous vessels.
*p < 0.05; **p < 0.01

GROUP (number of placentas) IDDM (16) ‘ GDM (13) Control (9)
STEM VILLI

Cytotrophoblast 6.21 £ 5.36 6.77 £ 5.27 7.60 £ 5.79
Stroma 5.11 + 6.51 1.68 +1.35 2.91 + 2.47
Vascular wall 1.76 + 1.94% 1.51 + 1.53** 3.71 £ 2.07
INTERMEDIATE VILLI

Cytotrophoblast 9.46 + 6.12% 10.93 + 6.42* 18.262 £ 7.741
Stroma 5.43 + 6.16 1.65 +1.13 3.10 + 4.30
Vascular wall 1.42 £ 1.54 2.07 £ 2.03 4.30 + 5.51
TERMINAL VILLI

Cytotrophoblast 18.18 £ 11.90* 17.67 £ 9.01%* 29.47 + 15.87
Stroma 8.94 + 9.78 1.57 £ 1.02 5.42+t7.17
Vascular wall 4.48 + 3.28* 7.39 £ 4.26 9.82 + 4.46

5. Synthesis in the syncytiotrophoblast

The change of the maternal environment
may elicit a response also in the trophoblast. There
are findings of increased number  of
cytotrophoblastic cells and focal necrosis of
syncytiotrophoblast mentioned e.g., in 1, but no
reliable quantitative data are available.
Nevertheless, syncytiotrophoblast is a site of
synthesis of many factors important for normal
course of pregnancy, and maternal diabetes may
influence that function. Unfortunately,
morphological studies are sparse. The influence of
diabetes on distribution of some placental proteins
is demonstrated in the study realized on placentas
of different White’s classes. The evaluation of
immunocytochemical detection was performed by
independent observers for B-subunit of human
chorionic gonadotropin (BHCG), placental alkaline
phosphatase (PLAP), pregnancy specific B-1-
glycoprotein (SP1) and human placental lactogen

(HPL). The correlation between villous immaturity
and weaker staining pattern of PLAP, SP1, and HPL
in diabetic placentas found there shows that
maternal diabetes affects also synthetic function of
syncytiotrophoblast 41.Studies on the quantitative
comparison of the catalytic activity of placental
alkaline phosphatase and Na* ,K*-ATPase in
syncytiotrophoblast have shown significantly lower
mean optical densities of reaction product in
placentas from pregnancies complicated by insulin-
dependent diabetes than in control placentas 42 43,
As for the alkaline phosphatase, its location on
apical microvillous membrane (and basal cell
membrane and coated vesicles -see Figure 6) is like
to other absorptive cells (e.g., epithelium of
proximal kidney tubules, enterocytes). Although its
function is not fully understood, there are data
suggesting its role in the placental lipid transport 44.
It is self-evident that the synthesis of all factors in
syncytiotrophoblast as well as other placental
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functions require a lot of energy, and mitochondria
should keep up with those requirements by
production of appropriate amount of ATP. The
decreased activities of placental mitochondrial

6
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respiratory chain enzymes in women with pre-
existing obesity and diabetes may negatively
influence all placental function and thus fetal growth
and development 45,

Figure 6: The electron micrograph shows the alkaline phosphatase dcﬁvify on microvillous (arrow) and basal cell
membrane (arrowhead) of villous syncytiotrophoblast (S). C = cytotrophoblast. Bar = 2 um.

6. Conclusion

The optimal fetal growth and development is
conditioned by adequate placental structure and
function. The development of individual in the milieu
of diabetic mother is characterized by higher
glucose supply that is not accompanied with
corresponding oxygen supply. Those metabolic
conditions elicit compensatory reactions of fetus
demonstrated in the placental structure, mainly in
peripheral parts of villous trees. The enhanced
villous angiogenesis and enlargement of the area
of syncytiotrophoblast should provide more
oxygen, but it is contradictory because the amount
of transported glucose is enhanced as well. The
rapid development of villi also produces larger villi
of unusual shape that distort dimensions and shape
of intervillous pores, and thus the blood circulation
in the intervillous space. The impaired function of
placental mitochondria turns the attention to the
placental metabolism. The consequence of lower
energy supply may be the lower synthetic activity
of syncytiotrophoblast, however it seems that the
amount of synthetized substances may be
compensated by increased development of villi. As
shown in the study on proliferative potential, the
rapid growth of both structures executing placental
transport leads to certain exhaustion of placental

reserve to enlarge their areas at the final period of
pregnancy. It may be related to placental
insufficiency and perinatal morbidity and mortality.
The structure of placenta in maternal
diabetes displays pathological changes that mirror
the effect of therapy during pregnancy. The
presented data turn the attention to the fact that the
imbalance of oxygen and glucose supplied to the
fetus manifests itself in different features showing
the fetal reaction, e.g., enhanced villous growth and
angiogenesis leading to decreased proliferative
potential, as well as the reaction of placenta itself,
e.g., decreased synthetic activity and disturbed
mitochondrial function. The strong metabolic control
may adijust that imbalance and thus to improve
placental morphology. Further study is needed for
complete understanding of structural changes,
distorted regulation processes in fetoplacental unit
and possible epigenetic effects on the offspring.

7. Acknowledgements
This work was supported by a Project Cooperatio
of the Charles University.

8. Conflict of interest
The author declares no conflict of interest.

Medical Research Archives | https://esmed.org/MRA /index.php /mra/article /view /4141 8



https://esmed.org/MRA/index.php/mra/article/view/4141
https://esmed.org/MRA/mra

Medical
Research
Archives

9. References

10.

11.

12.

Medical Research Archives |https:

Fox H, Sebire NJ. Pathology of the Placenta. 3rd
ed. Saunders Elsevier Limited 2007.

Benirschke K, Burton GJ, Baergen RN.
Pathology of the Human Placenta. 6th ed. Berlin
Heidelberg: Springer-Verlag; 2012. doi:
10.1007/978-3-642-23941-0.

Honda M, Toyoda C, Nakabayashi M, Omori Y.
Quantitative  investigations  of  placental
terminal villi in maternal diabetes mellitus by
scanning and fransmission electron microscopy.
Tohoku J Exp Med. 1992;167(4): 247-257. doi:
10.1620/tiem.167.247.

Bjork O, Persson B. Villous structure in different
parts of the cotyledon in placentas of insulin-
dependent diabetic women. A morphometric
study. Acta Obstet Gynecol Scand. 1984;
63(1):37-43. doi:
10.3109/00016348409156271.

Teasdale F. Histomorphometry of the placenta
of the diabetic women: class A diabetes
mellitus. Placenta. 1981; 2(3): 241-252. doi:
10.1016/50143-4004(81)80007-0.

Teasdale F. Histomorphometry of the human
placenta in class B diabetes mellitus. Placenta.
1983; 4(1):1-12.__doi: 10.1016/s0143-
4004(83)80012-5.

Teasdale F. Histomorphometry of the human
placenta in class C diabetes mellitus.
Placenta.1985; 6(1): 69-82. doi:
10.1016/50143-4004(85)80034-5.

Teasdale F, Jean-Jacques G. Morphometry of
the microvillous membrane of the human
placenta in  maternal diabetes mellitus.
Placenta. 1986;7 :81-88._doi:
10.1016/50143-4004(86)80020-0

Mayhew TM, Sgrensen FB, Klebe JG, Jackson
MR. Growth and maturation of villi in placentae
from well-controlled diabetic women. Placenta.
1994; 15:57-65._ _doi: 10.1016/s0143-
4004(05)80236-x.

Mayhew TM. Paterns of villous and intervillous
space growth in human placentas from normal
and abnormal pregnancies. Eur J Obstet
Gynecol Reprod Biol. 1996;68(1-2):75-82. doi:
10.1016/0301-2115(96)02486-4.

Mayhew TM, Sisley I. Quantitative studies on
the villi, trophoblast and intervillous pores of
placentae from women with well-controlled
diabetes mellitus. Placenta. 1998; 19: 371-
377. doi: 10.1016/50143-4004(98)90076-5.
Mayhew TM, Jairam IC. Stereological
compatrison of 3D spatial relationships involving
villi and intervillous pores in human placentas
from control and diabetic pregnancies. J Anat.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

Microscopic Manifestations of Maternal Diabetes in Placental Structure

2000; 197:263-274._doi: 10.1046/j.1469-
7580.2000.19720263.x.

Mayhew TM, Sgrensen FB, Klebe JG, Jackson
MR. The effects of mode of delivery and sex of
newborn on placental morphology in control
and diabetic pregnancies. J Anat. 1993;183:
545-552. PMID: 8300431

Jauniaux E, Burton GJ. Villous histomorphometry
and placental bed biopsy in diabetic
pregnancies. Placenta. 2006; 27 (4-5): 468-
474, doi: 10.1016/j.placenta.2005.04.010.
Nelson SM, Coan PM, Burton, GJ, Lindsay RS.
Placental structure in type 1 diabetes: relation
to fetal insulin, leptin and IGF-I. Diabetes. 2009;
58 (11): 2634-2641._doi: 10.2337/db09-
0739.

Higgins M, Felle P, Mooney EE, Bannigan J,
McAuliffe FM. Stereology of the placenta in
type 1 and 2 diabetes. Placenta. 2011; 32(8):
564-569. doi:
10.1016/j.placenta.2011.04.015.
Chernyavsky IL, Jensen OE, Lleach L A
mathematical model of intervillous blood flow
in the human  placentone.  Placenta.
2010;31(1):44-52. doi:
10.1016/j.placenta.2009.11.003.
Chernyavsky IL, Leach L, Dryden IL, Jensen
OE.Transport in the placenta: homogenizing
haemodynamics in a disordered medium. Philos
Trans A Math Phys Eng Sci.
2011;369(1954):4162-82.

doi:10.1098 /rsta.2011.0170.

Zhou Q, Schirrmann K, Doman E, Chen Q, Singh
N, Selvaganapathy PR, Bernabeu MO, Jensen
OE, Juel A, Chernyavsky IL, Kriger T. Red blood
cell dynamics in extravascular biological tissues
modelled as canonical disordered porous
media.lInterface Focus. 2022; 12(6):20220037.
doi: 10.1098 /rsfs.2022.0037.

Burton, G.J. & Jauniaux, E. Sonographic,
stereological and Doppler flow velocimetric
assessments of placental maturity. Br J Obstet
Gynaecol. 1995;102(10):818-825. doi:
10.1111/j.1471-0528.1995.tb10849.x.

. Chen DB, Zheng J. Regulation of placental

angiogenesis. Microcirculation.2014; 21:15-
25. doi: 10.1111 /micc.12093.

Loegl J, Nussbaumer E, Hiden U, Majali-
Martinez A, Ghaffari-Tabrizi-Wizy N, Cvitic S,
Lang |, Desoye G, Huppertz B. Pigment
epithelium-derived factor (PEDF): a novel
trophoblast-derived  factor  limiting feto-
placental angiogenesis in late pregnancy.
Angiogenesis.  2016; 19:373-388. doi:
10.1007/s10456-016-9513-x.

esmed.org/MRA /index.php/mra/article /view /4141 [o)



https://esmed.org/MRA/index.php/mra/article/view/4141
https://esmed.org/MRA/mra
https://doi.org/10.1016/s0143-4004(98)90076-5

Medical
Research
Archives

23.

24.

25.

26.

27.

28.

29.

30.

31.

Loegl J, Nussbaumer E, Cvitic S, Huppertz B,
Desoye G, Hidden U. GDM alters paracrine
regulation of feto-placental angiogenesis via
trophoblast. Lab Invest. 2017; 97: 409-418.
doi: 10.1038/labinvest.2016.149.

Jirkovskd M, Kubinova L, Jandaéek
J, Moravcovd M, Krejéi V, Karen P. Topological
properties and spatial organization of villous
capillaries in normal and diabetic placentas. J
Vasc Res. 2002; 39:268-278. doi:
10.1159/000063692.

Jirkovskd M, Kuéera T, Kaldb  J, Jadrnicek
M, Niedobovda \v/, Jandééek J, Kubinové
L, Moravcova M, Zizka Z, Krejéi V. The

branching pattern of villous capillaries and
structural changes of placental terminal villi in

type 1 diabetes mellitus. Placenta. 2012;
33:343-35. doi:
10.1016/j.placenta.2012.01.014.

Babawale MO, Lovat S, Mayhew TM,

Lammiman MJ, James DK, Leach L. Effects of
gestational diabetes on junctional adhesion
molecules in human term placental vasculature.
Diabetologia. 2000;43(9):1185-1196. doi:
10.1007/s001250051511.

Leach L, Gray C, Staton S, Babawale MO,
Gruchy A, Foster C, Mayhew TM, James DK.
Vascular endothelial cadherin and B-catenin in
human fetoplacental vessels of pregnancies
complicated by Type 1 diabetes: associations
with angiogenesis and perturbed barrier
function. Diabetologia. 2004;47(4):695-709.
doi: 10.1007/s00125-004-1341-7.

Emmrich, P., Fuchs, U., Heinke, P., Jutzi, E. &
Gddel, E. Epithelial and capillary basal
laminae of the placenta in maternal diabetes
mellitus. Lab Invest.1976; 35(1): 87-92. PMID:
940324.

Jirkovskd, M. Comparison of the thickness of the
capillary basement membrane of the human
placenta under normal conditions and in type |
diabetes. Funct Dev Morphol.1991;1(3): 9-16.
PMID: 1802047.

Jirkovsk& M, Kuéera T, Dvordkovd V, Jadrniéek
M, Moravcovd, M, Zizka Z, Krej&i V. Impact of
maternal diabetes type 1 on proliferative
potential, differentiation, and apoptotic
activity in villous capillaries of term placenta.
Placenta.2016; 40:1-7. doi. Org/10.1016/j.
placenta.2016.02.003.

Zhang, E.G., Burton G.J., Smith S.K. & Charnock-
Jones, D.SPlacental vessel adaptation during
gestation and to high altitude: changes in

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Microscopic Manifestations of Maternal Diabetes in Placental Structure

Kucera T, Vyletél |, Moravcovd M, Krejéi V,
Zizka Z, lirkovskd M. Pericyte coverage of
fetoplacental vessels in pregnancies
complicated by type 1 diabetes mellitus.
Placenta. 2010; 31: 1120-1122. doi:
10.1016/j.placenta.2010.09.014.

G. Unek, A. Ozmen, |. Mendilcioglu, M. Simek,
E.T. Korgun. Immunohistochemical distribution of
cell cycle proteins p27, p57, cyclin D3, PCNA
and Kié7in normal and diabetic human
placentas. J Mol Hist. 2014; 45:21-34._doi:
10.1007/s10735-013-9534-3.

Kaltenbach F.J.,, O. Fettig, M.L Krieger.
Autoradiographische Untersuchungen iber das
Proliferationsverhalten der menschlichen
Plazenta unter normalen und pathologischen
Bedingungen. Arch Gyndk. 1974; 216:369-
386. In German._doi: 10.1007 /BFO1347141.
J. Hustin, J.M. Foidart, R. Lambotte. Cellular
proliferation in villi of normal and pathological
pregnancies, Gynecol Obstet Invest. 1984;17:
1-9. doi: 10.1159/000299115.

Jirkovskd M, Kucera T, Dvordkova V, Jadrniéek
M, Moravcovd, M, Zizka Z, Kreij&i V. Impact of
maternal diabetes type 1 on proliferative
potential, differentiation, and apoptotic
activity in villous capillaries of term placenta.
Placenta.2016; 40:1-7. doi. org/10.1016/j.
placenta.2016.02.003.

Jirkovskd M. Structural characteristic of growth,
maturation, and spatial arrangement of
capillary bed in normal and pathologic
placenta. doi:http://

dx.doi.org/10.5772 /intechopen.1001353.
Jirkovskd M, Korabeénd M, Lassdkova S.
Telomeres, and telomerase activity in the human
placenta. In: Morrish TA (ed.), Telomerase and
non-Telomerase  Mechanisms  of  Telomere
Maintenance.  IntechOpen London 2020.
doi:org/10.5772 /intechopen.

Edelson PK, Sawyer MR, Gray KJ, Cantonwine
DE, McElrath TF, Phillippe M. Increase in short
telomeres during the third trimester in human
placenta. PLoS One. 2022; 17: e0271415. doi:
10.1371 /journal.pone.0271415.

Lai T-P, Simpson M, Patel K, Verhulst S, Noh J,
Roche N, Heller D, Guirguis G, Shay JW,
Herbig U, Aviv A. Telomeres, and replicative
cellular aging of the human placenta and
chorioamniotic membranes. Sci Rep. 2021;
11:5115. doi: 10.1038/541598-021-84728-
2.

Alba Greco M, Kamat BR, Demopoulos RI.

diameter and perivascular cell coverage. Placental protein distribution in maternal
Placenta. 2002;23(10):751-762. doi: diabetes mellitus. Pediatr Pathol. 1989; 9:679-
10.1016/50143-4004(02)90856-8. 690.

Medical Research Archives | https://esmed.org/MRA /index.php /mra/article /view /4141 10



https://esmed.org/MRA/index.php/mra/article/view/4141
https://esmed.org/MRA/mra
https://pubmed.ncbi.nlm.nih.gov/?term=Jirkovsk%C3%A1+M&cauthor_id=12097825
https://pubmed.ncbi.nlm.nih.gov/?term=Kub%C3%ADnov%C3%A1+L&cauthor_id=12097825
https://pubmed.ncbi.nlm.nih.gov/?term=Jan%C3%A1cek+J&cauthor_id=12097825
https://pubmed.ncbi.nlm.nih.gov/?term=Moravcov%C3%A1+M&cauthor_id=12097825
https://pubmed.ncbi.nlm.nih.gov/?term=Krejc%C3%AD+V&cauthor_id=12097825
https://pubmed.ncbi.nlm.nih.gov/?term=Karen+P&cauthor_id=12097825
https://pubmed.ncbi.nlm.nih.gov/?term=Jirkovsk%C3%A1+M&cauthor_id=22317894
https://pubmed.ncbi.nlm.nih.gov/?term=Ku%C4%8Dera+T&cauthor_id=22317894
https://pubmed.ncbi.nlm.nih.gov/?term=Kal%C3%A1b+J&cauthor_id=22317894
https://pubmed.ncbi.nlm.nih.gov/?term=Jadrn%C3%AD%C4%8Dek+M&cauthor_id=22317894
https://pubmed.ncbi.nlm.nih.gov/?term=Niedobov%C3%A1+V&cauthor_id=22317894
https://pubmed.ncbi.nlm.nih.gov/?term=Jan%C3%A1%C4%8Dek+J&cauthor_id=22317894
https://pubmed.ncbi.nlm.nih.gov/?term=Kub%C3%ADnov%C3%A1+L&cauthor_id=22317894
https://pubmed.ncbi.nlm.nih.gov/?term=Moravcov%C3%A1+M&cauthor_id=22317894
https://pubmed.ncbi.nlm.nih.gov/?term=Zi%C5%BEka+Z&cauthor_id=22317894
https://pubmed.ncbi.nlm.nih.gov/?term=Krej%C4%8D%C3%AD+V&cauthor_id=22317894
https://doi.org/10.1007/s001250051511
https://doi.org/10.1016/s0143-4004(02)90856-8

Medical
Research
Archives

42.

43.

44,

Medical Research Archives | https:

Jirkovské M, Smidova J, Bendl JKrofta L.
Quantitative histochemische Studie Uber die
Aktivitat der Na, K-ATPase in der diabetischen
Plazenta. Abstract. Diabetes und Stoffwechsel.
1995.4:13.

Jirkovskd M, Smidova J, Palou§ D. Quantitative
histochemical study on alkaline phosphatase
activity in normal and diabetic placenta.
Abstract. Histochem J.1997; 29:717.
Hirschmugl B, Crozier S, Matthews N, Kitzinger
E, Klymiuk I, Inskip HM, Harvey NC, Cooper C,

45.

Microscopic Manifestations of Maternal Diabetes in Placental Structure

Sibley CP, Glazier J, Wadsack C, Godfrey KM,
Desoye G, Lewis RM. Relation of placental
alkaline phosphatase expression in human term
placenta with maternal and offspring fat mass.
Int J Obes (Lond). 2018;42(6):1202-1210. doi:
10.1038/541366-018-0136-8.

Hastie R, Lappas M. The effect of pre-existing
maternal obesity and diabetes on placental
mitochondrial content and electron transport
chain activity. Placenta.2014; 35: 673-683.
doi.org/10.1016/j.placenta.2014.06.368.

esmed.org/MRA /index.php /mra/article /view /4141 11



https://esmed.org/MRA/index.php/mra/article/view/4141
https://esmed.org/MRA/mra
https://doi.org/10.1016/j.placenta.2014.06.368

