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Abstract

Aim: In this study, immunophenotypic changes of stem cells in umbilical cords of fetuses taken with 12-20 weeks of central
nervous system (CNS) anomaly were investigated at the tissue level. The basis of the study was based on the hypothesis
that central nervous system pathologies may adversely affect the stem cell profile in the umbilical cord during early fetal

development.

Materials and Methods: The umbilical cords of 6 human fetuses with CNS anomalies between 12-20 weeks were used as the
study group (n=6). As the control group, umbilical cords of 6 human fetuses with no CNS anomalies were used (n=6). CD29,
CD44, CD73, STRO1, Vimentin, CD90, CD31 and CD34 stem/progenitor markers were evaluated separately in the amniotic
epithelium (AE), Wharton jelly (W]), umbilical artery (UA) and umbilical vein (UV) by immunohistochemistry. CD29, CD90

CD31 expressions were also evaluated by immunofluorescent staining.

Results: CNS anomalies suppressed bio-markers in mesenchymal stem cells (MSCs) in WJ]. CD29, CD73 and CD90 expressions
were found to be low in the AE of CNS Anomaly groups. When looking at the MSC profile in the U4, it was found that CD44
and CD90 expressions decreased in fetus cords with CNS anomalies. CNS anomalies suppressed CD44, CD73 and CD90
immunoexpressions of MSCs in the UV. STRO1 expressions were severely suppressed in both W] and perivascular areas in the
study group. A similar situation is valid for CD34 and CD31 immune-expression.

Conclusion: In this study, the effects of CNS anomalies on the umbilical cord stem cell niches were revealed. The effects of
CNS anomalies on the stem/progenitor cell profile in the fetal umbilical cord have been demonstrated for the first time in this

study.
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Abbreviations: CNS: Central Nervous System; MSCs:
Mesenchymal Stem Cells; UV: Umbilical Vein; UC: Umbilical
Cord; UA: Umbilical Artery.

Introduction

Developmental anomalies of the umbilical cord and fetal
blood vessels are associated with central nervous system
(CNS) anomalies and are the main causes of compromised
fetal circulation [1,2]. CNS anomalies are the second most
common type of congenital disorders after common cardiac
anomalies in development and often result in stillbirths or
miscarriages [3,4]. The umbilical cord is a very important
source of stem cells for medical and clinical applications
and is very rich in mesenchymal cells from the embryonic
period. Mesenchymal stem cells (MSCs), which are generally
located in Wharton jelly in the umbilical cord, have also been
successfully isolated and replicated from umbilical artery
(UA) and umbilical vein (UV). Fetal stem cells are more
potent cells than adult stem cells, which makes them more
advantageous than adult stem cells [5,6]. The umbilical cord
(UC) consists of two arteries and one vein, blood vessels,
and Wharton Jelly (W]) components, which feature mucous
connective tissue surrounding them. Perivascular areas in
the umbilical cord are especially the parts where MSCs are
located [7]. Mesenchymal stem cells in these areas commonly
express strongly the CD29, CD44, CD73, CD90, and CD105
markers.

They are negative cells in terms of the expression of
hematopoietic stem cell markers such as CD34, CD45, and
HLA-DR [8,9]. CD31 is also expressed in the UA and UV
endothelium [10]. STRO1 is a pluripotent stem cell marker
and is also expressed in umbilical cord tissue [11]. As UC
is fetal as well as extra-embryonic tissue, it is usual to have
a pluripotent cell profile. It has been reported that MSCs
isolated from W] share similar characteristics with other cord
blood MSCs as well as adult bone marrow MSCs with respect
to the expression of markers, differentiation potential, and
production of cytokines [8-10]. Whether these cells isolated
from UV, W] and UA represent different cell populations
remains unclear [12]. Our study fills this deficiency in the
literature as it reveals the stem/progenitor cell profile in
both the umbilical cord of fetuses with CNS anomalies and
the umbilical cord of control samples without CNS anomalies.
In this study, the immunophenotypic changes in the surface
membrane markers of the stem cells in the umbilical cords
of fetuses taken with 12-20 weeks of CNS anomaly were
investigated according to their localization at the tissue
level. In our study, separate profiling of mesenchymal,
hematopoietic, pluripotent and endothelial cells in the
umbilical cord of fetuses with CNS anomalies was provided.
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Materials and Methods

The Selection of Fetal Umblical Cord Materials

This study was approved by the Health Sciences
University Istanbul Training and Research Hospital clinical
research ethics committee on 21.12.2018 with the decision
number “1609”. In the study, umbilical cords of 6 human
fetuses between 12-20 weeks with central nervous system
anomaly and taken for any reason such as abortion or
curettage were used as the study group (n=6). As the control
group, umbilical cords of 6 human fetuses between 12-20
weeks, without central nervous system anomaly and taken
for any reason such as abortion or curettage, were used
(n=6). In this study, a total of 12 human fetal umbilical cords,
n =12 (control group, n=6 and study group, n=6) were used.

The Sampling of Umbilical Cord Tissues

During the material collection, the umbilical cord of the
fetuses was cut from the fetuses and taken into a separate
container. Each umbilical cord sample taken was fixed
with 10% buffered neutral formalin. Formalin was injected
through the umbilical vein for fixation and preserved in
fixative at 20 times the tissue volume. Transverse sections
approximately 0.5 cm long were taken from the midline of
each fetal umbilical cord material and sampled into labelled
tissue cassettes. The umbilical cord tissues, whose sections
were prepared macroscopically and fixation was completed,
were embedded in paraffin after tissue follow-up and
sections of 5 um thickness were transferred to poly-lysine
coated glass slides.

Hematoxylin-Eosin Staining

Hematoxylin-eosin staining was performed to show
the general tissue morphology of the umbilical cord in the
control group and fetuses with CNS anomalies.

Immunohistochemistry

Surface  markers, mesenchymal, hematopoietic,
pluripotent stem cell profiles and endothelial cell profiles
in the umblical cord of the fetuses in the control and study
groups were evaluated by immunohistochemistry. Human
integrin b1/CD29 antibody (Proteintech, USA, 1:50 diluted),
human CD44 antibody (Proteintech, USA, diluted 1:100),
human CD73 antibody (Proteintech, USA, 1:50 diluted),
human MMP3/STRO1 antibody (Proteintech, USA, 1:40
diluted), human Vimentin antibody (BioLegend, USA, diluted
1:100), human THY1/CD90 antibody (Proteintech, USA,
diluted 1:100), human CD31 antibody (BioLegend, USA, 1:10
diluted) and human CD34 antibody (BioLegend, USA, diluted
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1:300) were used as primary antibodies. Biotin conjugated
secondary antibody and HRP-conjugated streptavidin-
peroxidase were used before DAB chromogen (Thermo
Scientific, USA).

Immunohistochemical staining was carried out
from paraffin-embedded tissue sections by making some
optimizations according to the previously described
procedure. 21 Paraffin sections were deparaffinized using
xylene and alcohol series after 1 hour incubation at 60°C in
the oven. Antigen retrieval was performed by boiling tissue
preparations in 0.01M citrate buffer (BioLegend, USA) at 95-
100°C for 30 minutes. After boiling the preparations were
allowed to cool to room temperature in citrate. Endogenous
peroxidase activity was blocked by using a 0.3% peroxidase
suppressor (Thermo Scientific, USA). The tissues were then
blocked with UV Blocking Solution (Thermo Scientific, USA)
for 20 minutes at room temperature to prevent non-specific
antibody binding. The preparations were incubated at +4°C
overnight with the primary antibodies indicated according
to the dilution ratios given above. The preparations were
incubated with biotin-containing secondary antibody and
Streptavidin-Peroxidase-HRP for half an hour. Then the
preparations were stained brown with Diaminobenzidine
(DAB) chromogen. After the staining process, washing
processes were performed and the nuclear regions were
counter-stained with Harris modified Hematoxylin (Thermo
Scientific, USA). A light microscope (Leica DM IL Led,
Germany) was used to photograph images of tissue sections
after the preparations were mounted.

Semi-Quantitative Analysis and Scoring of
Immunoperoxidase Activities

To measure the immuno-expression of the markers,
the average intensity of the brown area and the mean area
significance values (Intensity/Area) were evaluated. Immun-
expressions between groups were statistically compared.
Intensity/Area analyses were performed through Image]
(NIH, Bethesda, MD, USA) software. In addition, the immune
expressions of the evaluated markers were scored by 5
different investigators who did not know in which group the
material belonged. The 0-4+ range was used for scoring (0:
No expression, 1+: Mild expression, 2+: Moderate expression,
3+: High expression and 4+: Overexpression). Images were
photographed in a light microscope with camera attachment
(Leica DM IL Led, Germany) at 10, 20 and 40x objective
magnification. Analyses were carried out on 40x images.

Immunofluorescent Staining

After the paraffin was removed from the tissues with
paraffin sections, the tissues were washed with PBS. After
washing, permeabilization was carried out with 0.3%
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triton-x-100. After permeabilization, it was washed again
and blocked with 1% BSA at room temperature for 1 hour.
After the blocking, 3 washes were carried out. Tissues were
incubated with Human integrin b1/CD29 (Proteintech,
USA, 1:50 diluted), Human THY1/CD90 (Proteintech, USA,
1:50 diluted) and Human CD31 (BioLegend, USA, Diluted
to 1:50) primary antibodies at + 40C overnight. It was then
washed again to remove unbound primary antibodies and
treated with FITC (fluorescent isothiocyanate) -conjugated
goat-anti-rabbit fluorescent secondary antibody (Santa Cruz
Biotechnology, USA) for 1 hour at room temperature. After
the last washing process, the nuclear regions of the tissues
were marked with DAPI (4',6-diamidino-2-phenylindole) and
the slides were closed with an antigen-protective mounting
medium. All steps from the secondary antibody stage were
carried out in the dark environment. Protein expressions
were evaluated under a fluorescent microscope (Axio scope
A1, Zeiss, Germany).

Statistical Analysis

Semi-quantitative intensity/area analyses of
immunoexpressions between groups were performed using
multiple-t-test for amniotic epithelium (AE) and Wharton
jelly (WJ), and unpaired t-test for umbilical artery (UA) and
umbilical vein (UV). Descriptive statistics between control
and study group were given as minimum, median, maximum,
mean, standard deviation, 95% CI (Confidence Interval)
and “p” value. Data with a p-value less than 0.05 were
considered statistically significant. All statistical analyses
were performed with GraphPad Prism version 8 statistical
software.

Results

Immunohistochemical Analysis of Mesenchymal
Stem Cell Specific Markers

The general morphology of the umbilical cord is stained
with hematoxylin-eosin staining and localizations of amniotic
epithelium, fibroblasts in Wharton jelly, umbilical artery
and umbilical vein are shown as in Figures 1-6. It was found
that CNS anomalies significantly suppressed the immuno-
expression of CD29, CD44, CD73, CD90 and vimentin for
mesenchymal stem cells in Wharton gel compared to the
control group (p <0.05). In terms of amniotic epithelium,
CD29, CD44, CD73, CD90 markers show immuno-expression
in both groups. Expression of vimentin in amniotic
epithelium was not observed in both control and study
groups. It was found that the immune-expression differences
between the groups in terms of amniotic epithelium were
not as obvious as the cells in the Wharton gel, but statistically
significant. Immune-expression of MSC-specific markers
was encountered not only in Wharton gel, but also in the
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umbilical artery, umbilical vein and perivascular areas.
Immune-expressions of CD44, CD90 and vimentin were
found to be severely suppressed in the fetal cord umbilical
arteries with CNS anomalies compared to the control group,
but no statistically significant difference was found in CD29
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and CD73 immuno-expressions. It has been determined that
CNS anomalies increase CD29 immuno-expression in the
umbilical vein, and decrease CD44, CD73, vimentin and CD90
immunoexpressions.

Figure 1: The general morphology of amniotic epithelium and Wharton jelly in groups is seen with hematoxylin-eosin staining
(A-B). Immun-expressions and density/area significance analyzes (C-D) of CD29 between groups in amniotic epithelium and
wharton jelly, immuno-expressions of CD44 between groups in amniotic epithelium and wharton jelly, and density/area
significance analysis (E-F), Inmun-expressions and density/area significance analyzes (G-H) of CD73 between groups in
amniotic epithelium and wharton jelly and immuno-expressions of STRO1 in amniotic epithelium and wharton jelly between
groups and density/area significance analyzes are given (I-]J) . Scale bar 50uM and microscope magnification 40x.
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Figure 2: General morphology is seen with hematoxylin-eosin staining in amniotic epithelium and Wharton jelly (A-B).
Immun-expressions and density/area significance analyzes (C-D) of vimentin marker between groups in amniotic epithelium
and wharton jelly, immuno-expressions of CD90 between groups in amniotic epithelium and wharton jelly, and density/
area significance analysis (E-F), CD31 Immun-expressions and density/area significance analyzes (G-H) between groups in
amniotic epithelium and wharton jelly and immuno-expressions and density/area significance analyzes of CD34 between
groups in amniotic epithelium and wharton jelly are given (I-]). Scale bar 50pM and microscope magnification 40x.
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Figure 3: Hematoxylin-eosin staining in the umbilical artery and showing general morphology (A-B). Inmun-expressions
of CD29 in umbilical artery between groups and density/area significance analysis (C-D), immuno-expressions of CD44 in
umbilical artery between groups and density/area significance analysis (E-F), immuno-expressions of CD73 in umbilical
artery between groups and density/area significance analyzes (G-H) and immuno-expressions of STRO1 in the umbilical artery
between groups and density/area significance analyzes (I-]) are given. Scale bar 50uM and microscope magnification 40x.
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Figure 4: Hematoxylin-eosin staining in the umbilical artery of the control group and fetal cords with CNS anomalies and general
morphology (A-B). Immun-expressions of Vimentin between groups in the umbilical artery and density/area significance
analysis (C-D), immuno-expressions of CD90 between groups in the umbilical artery and density/area significance analysis
(E-F), immune-expressions of CD31 between groups in the umbilical artery. And density/area significance analyzes (G-H) and
immuno-expressions of CD34 in the umbilical artery between groups and density/area significance analyzes (I-]) are given.
Scale bar 50uM and microscope magnification 40x.
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Figure 5: Hematoxylin-eosin staining in the umbilical vein of the control group and fetal cords with CNS anomalies and
general morphology (A-B). Immune-expressions of CD29 between groups in the umbilical vein and density/area significance
analysis (C-D), immuno-expressions of CD44 between groups in the umbilical vein and density/area significance analysis
(E-F), immune-expressions of CD73 between groups in the umbilical vein and density/area significance analyzes (G-H) and
immuno-expressions of STRO1 in the umbilical vein between groups and density/area significance analyzes (I-]). Scale bar
50pM and microscope magnification 40x.
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50pM and microscope magnification 40x.

Figure 6: Hematoxylin-eosin staining in the umbilical vein of the control group and fetal cords with CNS anomalies and general
morphology (A-B). Immun-expressions of Vimentin between groups in the umbilical vein and density/area significance
analysis (C-D), immuno-expressions of CD90 between groups in the umbilical vein and density/area significance analysis
(E-F), immune-expressions of CD31 between groups in the umbilical vein. And density/area significance analyzes (G-H) and
immuno-expressions of CD34 in the umbilical vein between groups and density/area significance analyzes (I-]). Scale bar

Immunohistochemical Analysis of STRO1, One
of the Immature Pluripotent Mesenchymal
Progenitor Cell Markers

CNS anomalies suppressed STRO-1 immuno-expressions
in both amniotic epithelial regions and Wharton jelly.
Similarly, STRO1 immuno-expressions in the umbilical
artery and umbilical vein were much lower in the group
with CNS anomalies compared to the control group. STRO1
immuno-expression was strongly expressed in the amniotic
epithelium, Wharton gel and umbilical artery in the control

Salkin H, et al. Effects of Randomized Central Nerve System Anomalies on the Expression of Stem/

group. STRO1 expression is moderate in the umbilical vein of
the control group. In the group with CNS anomalies, STRO1
immuno-expression was found to be low in almost all of the
amniotic epithelium, Wharton jelly, umbilical artery and
umbilical vein.

Immunohistochemical Analysis of CD31, One of
the Endothelial Progenitor Cell Markers

No statistically significant difference was found between
CD31 immuno-expressions in amniotic epithelium and
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Wharton jelly in both control and CNS anomaly groups. It
was found that CNS anomalies severely suppressed CD31
immuno-expression in the umbilical artery and umbilical
vein.

Immunohistochemical Analysis of CD34, One of
the Hematopoietic Cell Markers

Hematopoietic CD34 immune expressions were found to
be under-expressed in both groups of amniotic epithelium
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and Wharton jelly. While severe immuno-expression was
observed for the control group in the umbilical artery and
umbilical veins, CD31 immuno-expression was suppressed
in fetal umbilical cords with CNS anomalies.

Immunofluorescence Staining Analysis

CD29, CD90 and CD31 markers were compared with
immunofluorescent stains in the control and study groups as
in Figure 7.

Figure 7: Among the groups, CD29, CD90 and CD31 immunofluorescence expressions are seen in the amniotic epithelium
(AE), Wharton jelly (W]), umbilical artery (UA) and umbilical vein (UV) regions. The solid white triangle symbol indicates
the amniotic epithelium, the star symbol Wharton jelly, the dashed white arrow symbol the endothelial layer, the letter
“L” UA and UV lumen, and the “x” symbol UA and the UV vessel wall. Microscope magnification 40x. Scale bar 50 uM (A).
Immunoperoxidase activity scores between groups of biological markers in the AE, W], UA and UV regions are shown in the
graph (B). 0: No expression, 1+: Mild expression, 2+: Moderate expression, 3+: High expression and 4+: Over expression. 95%
CI was compared in fetal cords with control and CNS anomalies in the AE, W], UA and UV regions (C).
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In the control group, higher CD29 fluorescence intensity
was obtained in amniotic epithelium, Wharton jelly, umbilical
artery and umbilical vein compared to the study group.
CD90 expression intensity in the amniotic epithelium of the
control group was observed to be very high compared to the
study group. A similar situation has been found for Wharton
jelly. CD90 immunofluorescence expression in umbilical
artery and umbilical vein was observed to be suppressed in
fetal cords with CNS anomaly compared to control. It was
observed that CD31 endothelial progenitor cell expressions
were suppressed in amniotic epithelium, Wharton jelly and

umbilical artery in fetal cords with CNS anomaly, whereas
there was no significant difference in umbilical vein.

Semi-Quantitative Analysis of
Immunoperoxidase Activities of Stem/
Progenitor Cell Markers

The stem/progenitor cell semi-quantitative analysis
results for amniotic epithelium and Wharton jelly are given
in Table 1.

Marker Localization e it el el Difference . 2@ t ratio df P Value
Cntrl Anomaly difference
D29 AE 243 152 90.6 3.4 26.7 4 <0.001
W] 5.13 1.92 3.21 0.361 8.88 5 <0.001
D44 AE 107 203 -96.2 5.91 16.3 4 <0.001
\Y| 5.57 2.45 3.12 0.661 4.72 8 0.001
D73 AE 71.2 58.2 13.1 3.44 3.8 4 0.02
WJ 908 187 721 12.3 58.6 4 <0.001
AE 283 128 155 6.36 24.4 4 <0.001
STRO1
\Y| 5.34 1.78 3.57 0.58 6.15 8 <0.001
AE 16.9 1.27 15.6 1.89 8.26 4 0.002
Vimentin
Wj 3.91 1.11 2.79 0.416 6.72 4 0.003
D90 AE 217 173 44,4 3,51 12,7 8,00 <0,001
W] 6,66 2,28 4,38 0,780 5,61 8,00 <0,001
D31 AE 32.3 34.3 -2.01 0.766 2.62 4 0.11
Wj 0.747 1.04 -0.292 0.237 1.23 8 0.25
D34 AE 43.6 15.9 27.6 1.94 14.3 6 <0.001
wj 0.681 1.37 -0.689 0.154 447 7 0.003

Table 1: Comparison of stem / progenitor cell markers in amniotic epithelial (AE) and Wharton jelly (W]) localizations between

groups and descriptive statistical analyzes.

After semi-quantitative analysis of density and area
significance values, CD29, CD73, STRO1, vimentin, CD90 and
CD34 immunoperoxidase activity in the amniotic epithelium
of the control group was higher than the groups with CNS
anomalies (p<0.05). CD44 and CD31 immunoperoxidase
activity was found to be higher in amniotic epithelium
of fetal umbilical cords with CNS anomalies compared to
control. In the control group W], CD29, CD44, CD73, STRO1,
vimentin and CD90 immunoperoxidase activity was higher
than the groups with CNS anomalies (p<0.05). CD31 and
CD34 immunoperoxidase activity was higher in Wharton
jelly of fetal umbilical cords with CNS anomalies compared
to control.

Salkin H, et al. Effects of Randomized Central Nerve System Anomalies on the Expression of Stem/

The stem/progenitor cell semi-quantitative analysis
results for the umbilical artery are given in Table 2. CD29
immunoperoxidase activity in the umbilical artery did
not differ significantly between the groups (p=0.76).
CD44 immunoperoxidase activity was lower in the group
with CNS anomaly compared to the control (p<0.001).
There was no statistical difference between the groups
in terms of CD73 immunoperoxidase activity (p=0.31).
STRO1 immunoperoxidase activity was much higher in the
control group (p<0.001). Vimentin, CD90, CD31 and CD34
immunoperoxidase activities were found to be higher in the
control group than the group with CNS anomaly (p<0.001).
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Locali Std SRk Lower | Upper P
Group-Marker Zation Minimum | Median Maximum| Mean Deviation Ell;;'::l' I:)f 95% ClI | 95% Cl | value
Cntrl-CD29 UA 5,19x10° |6,40x10°|7,71x10°|6,36 x10°|8,63 x10%|3,52 x108|5,45 x10°7,26 x10° 0.76
CNS Anomaly-CD29 UA 5,72x10° 6,82 x10°| 6,94 x10° |6,49 x10°| 5,97 x10°|2,44 x108|5,86 x10°|7,12 x10°|
Cntrl-CD44 UA 1,02 x10° |1,07x10%°|1,14 x101°1,08 x109 5,19 x10%|2,59 x10%9,93 x10°(1,16 x109 0.001
<0.
CNS Anomaly-CD44 UA 6,25 x10° |6,65x10°| 6,83 x10°|6,59 x10°|2,78 x108|1,39 x108|6,15 x10°7,04 x10°
Cntrl-CD73 UA 6,73 x10° [7,01x10°| 7,09 x10°|6,94 x10°| 1,86 x108|1,08 x108|6,48 x10°7,40 x10° 0.31
CNS Anomaly-CD73 UA 6,92 x10° |7,13 x10°|7,83 x10°|7,25x10°|4,14 x108|2,07 x108|6,59 x10°7,91 x10°
Cntrl-STRO1 UA 4,27 x10° |4,89x10°| 5,20 x10° (4,78 x10°| 3,55 x108|1,59 x108(4,34 x10°|5,22 x10° 0.001
<0.
CNS Anomaly-STRO1 UA 5,19x10° |6,40x10°|7,71x10°|6,36 x10°| 8,63 x10°8|3,52 x108|5,45 x10°|7,26 x10°
Cntrl-Vimentin UA 1028 1079 1109 1072 41.4 23.9 969 1175
_ <0.001
CNS Anomaly UA 414 416 420 417 325 | 187 | 409 425
Vimentin
Cntrl-CD90 UA 730 740 759 744 13.5 6.03 727 760 0.001
<0.
CNS Anomaly-CD90 UA 477 503 511 497 17.5 10.1 454 541
Cntrl-CD31 UA 40.6 42.7 44.3 42.5 1.84 1.06 38 47.1 0.001
<0.
CNS Anomaly-CD31 UA 26.3 27.3 28 27.2 0.866 0.5 25 29.3
Cntrl-CD34 UA 406 419 426 417 10.2 5.89 391 442 0.001
<0.
CNS Anomaly-CD34 UA 208 234 235 226 15.2 8.8 188 264

Table 2: Comparison of stem/progenitor cell markers between groups in the umbilical artery (UA) region and descriptive
statistical analyses.

The stem/progenitor cell semi-quantitative analysis
results for the umbilical vein are given in Table 3. CD29
immunoperoxidase activity was found higher in the umbilical
vein of fetal cords with CNS anomaly compared to the control
group (p <0.001). CD44, CD73,STRO1, Vimentin, CD90, CD31
and CD34 immunoperoxidase activities were higher in the

control group than the group with CNS anomalies (p<0.001).
Immunoperoxidase activity scores of stem/progenitor cell
markers between the groups are given in Table 4, and the
statistical comparisons of the scores of the markers and the
95% confidence interval (95% CI) between the groups are
shown in Figure 7B and Figure 7C.

Group-Marker ::t?(i)ll: Minimum | Median Maximum| Mean De\fit:t.ion S(t)(fi.l\f:;:)lr ;‘ ;:/\; e(?] ;J SP"Zegl val;ue
Cntrl-CD29 UV | 237x10° |3,20x10°| 349 x10° 3,10 x1074,32 x10°| 1,93 x10" [2,56,109/3,63 x10°|
CNS Anomaly-CD29 | UV | 6,07x10° [6,26 x10°| 6,64 x10° 6,33 x107 2,15 x10° | 9,59 x107 |6,06,109| 6,59 x10°
Cntrl-CD44 UV_ | 509x10° |556x10°| 596 x10° 5,55 x1073,22 x10°| 1,31 x10" |5,21,109/5,88x10°|
CNS Anomaly-CD44 | UV | 4,51x10° [4,64x10°|4,99 x10° |4,68 x107 1,88 x10° | 7,68 x107 [4,49,109) 4,88 x10°
Cntrl-CD73 UV_ | 606x10° |7,21x10°|839 x10°|7,25x1077,97 x10°| 3,25 x10° 6,41,109/ 809 x10°| '
CNS Anomaly-CD73 | UV | 4,62x10° [540x10°| 5,87 x10° 5,29 x107 4,61 x10° | 1,63 x10° [4,91,109| 5,68 x10°
Cntrl-STRO1 UV_ | 670x10° |752x10°|7,65x10°|73x10°|4,02x10°| 18x10° | 68109 |7,79x10°|
CNS Anomaly-STRO1 | UV | 2,37x10° |3,20 x10°| 3,49 x10° [3,10 x10° 4,32 x10° | 1,93 x10° [2,56,109| 3,63 x10°
Cntrl-Vimentin uv 682 690 700 691 8.66 5 669 712
CN‘fifnr;‘r’l‘t’;ﬁly' uv 461 463 476 467 8.03 4.64 447 ag7 |00
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Cntrl-CD90 uv 712 716 723 716 4.04 1.81 711 721 <0.001
CNS Anomaly-CD90 uv 522 525 530 525 3.16 1.41 521 529

Cntrl-CD31 uv 42.7 44.4 47.3 44.8 2.29 1.32 39.1 50.5 <0.001
CNS Anomaly-CD31 uv 21 21.7 24 22.2 1.56 0.903 18.3 26.1

Cntrl-CD34 uv 680 690 694 688 7.21 4.16 670 706 <0.001
CNS Anomaly-CD34 uv 157 157 180 165 13.3 7.67 132 198

Table 3: Comparison of stem / progenitor cell markers between groups in the umbilical vein (UV) region and descriptive
statistical analyses.

Immunoperoxidase Activity Scores
Control Groups | CNS Anomaly Groups
Localizations
AE w]j UA uv AE wj UA uv
(Mean+SD) | (Mean+SD) | (Mean+SD) | (Mean+SD) | (Mean+SD) | (Mean+SD) | (Mean+SD) | (Mean+SD)
Markers
CD29 4+0 3.8+0.4 440 240 440 1+0.7 4+0 3.4+0.5
CD44 4+0 3.8+0.4 3.6+0.5 3.6+0.5 3+0 1.2+0.4 2.2+0.4 2.6+0.5
CD73 1.8+0.4 2+0 2+0 240 1.4+0.5 2+0 0.8+0.4
STRO1 4+0 3.4+0.5 4+0 3.8+0.4 2.6+ 0+0 1.2+0.4 1.2+0.4
Vimentin 0+0 4+0 440 3.8+0.4 1+0 2.2+0.8 2.6+0.5
CD90 3+0.7 3+0.7 30 2+0 1.8+0.4 4+0 1.2+0.4
CD31 0+0 0+0 2.8+0.8 3+0.7 + 0.2+0.4 0+0 0.8+0.4
CD34 0.2+0.4 0.8+0.4 1.8+1 1,6+0.5 0.8+0.4 0.8+0.4 0.6+0.5

Table 4: Immunoperoxidase activity scores of biological markers between groups are given.

Discussion

Fetal anomalies are one of the main causes of perinatal
deaths and bring along major permanent disorders and
health problems [13]. CNS anomalies such as hydrocephalus,
spina bifida, encephalopathy during fetal period result
in miscarriages or obligatory removal of the fetus. These
anomalies have negative effects on the placenta and umbilical
cord. In the study conducted by Nasiel ], et al. [14], it appears
in the literature that disorders in the placenta and umbilical
cord are associated with hypoxic ischemic encephalopathies
in newborns [14]. Well-functioning placenta and umbilical
cord are very important for the healthy development and
normal birth of the fetus. Placenta plays a very important
key role in fetal and neonatal mortality and morbidity [1,15].
The relationship of placental pathologies with brain damage
in infants has been investigated by Harteman J]C, et al. [16].
Especially encephalopathy due to hypoxic ischemia has been
reported to be associated with umbilical cord and placenta.
CNS anomalies such as hydrocephalus, meningomyelocele,
Dandy-Walker malformations and holoprosencephaly
cause abortion of the fetus and create serious defects in

Salkin H, et al. Effects of Randomized Central Nerve System Anomalies on the Expression of Stem/

the umbilical cord. With the study reported by Nyberg DA,
et al. [17], there are more CNS malformations and more
chromosomal disorders in fetuses with a single umbilical
artery as a result of CNS anomaly compared to those with
double umbilical artery. Myelomeningocele, one of the CNS
anomalies, causes fetuses to be born with severe congenital
defects or fetal deaths.

These relations between umbilical cord and CNS
anomalies have led us to think that they may have some
negative effects on mesenchymal, hematopoietic and
endothelial stem/progenitor cells in the umbilical cord of
fetuses with CNS anomalies in terms of specific stem cell
markers. Therefore, in this study, how the stem/progenitor
cell immunophenotypes in the umbilical artery, umbilical
vein, Wharton jelly and amniotic epithelium change in CNS
anomalies were examined. Today, in regenerative medicine,
we see that mesenchymal stem cells are obtained from
fetal sources such as cord blood, Wharton’s jelly and extra-
embryonic tissues, and are investigated in animal models,
especially in applications such as regenerative medicine and
tissue engineering [5,18-20]. In our study, when the CD29,
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CD44, CD73 and CD90 markers, which are MSC markers,
were compared, it was observed that CNS anomalies had a
significant suppressive effect on MSCs, especially in Wharton
jelly. While CD29, CD73 and CD90 protein expressions were
found to be low in amniotic epithelium in fetal cords with
CNS anomaly, CD44 expression was higher than control.
When the MSC profile in the umbilical artery area was
examined, it was found that CD44 and CD90 expressions
decreased significantly in fetus cords with CNS anomalies. It
has been observed that CNS anomalies suppress CD44, CD73
and CD90 immunoexpressions of MSCs in the umbilical vein
region of the umbilical cord.

It is revealed by Alrefaei GI, et al. [21] that maternal
age affects CD29 and CD105 immune expressions of
mesenchymal stem cells in umbilical cord tissue. The
researchers reported that as maternal age progressed, MSC
markers CD29 and CD105 protein expressions decreased
in the umbilical cord. As the maternal age progresses, the
risk of fetal anomalies to increase is obvious. Especially, CNS
anomalies are common, and expression of MSC markers
may be decreasing, as in our study, perhaps for this reason.
The findings we obtained in this study conducted with the
cords of fetuses aged between 12-20 weeks showed us that
CNS anomalies disrupted MSS immunophenotypes in the
umbilical cord. In addition, the suppressive effects of CNS
anomalies on the immune expression of vimentin, one of
the MSC markers in the umbilical cord tissue, showed that
our results were consistent. These findings obtained by
immunohistochemical analyzes were also supported by
immunofluorescent staining. In addition, STRO1 protein
expressions, a marker in pluripotent stem cells, were found
to be severely suppressed in both Wharton gel and umbilical
vessel perivascular areas in fetal umbilical cords with CNS
anomalies. A similar situation is valid for the immune
expression of CD34, which is one of the hematopoietic stem
cell markers, and CD31, which is one of the endothelial cell
markers.

According to these results, it is understood that CNS
anomalies significantly impair mesenchymal, endothelial,
hematopoietic and pluripotent cell markers in umbilical
cord tissue in fetuses of 12-20 weeks of age. Regenerative
recovery of MSC immunophenotypes impaired in central
nervous system anomalies is important in this respect.
Therefore, the regulation of the microenvironment in the
umbilical cord tissue with healthy MSCs or their secretion
factors may play a vital role in preventing fetal abortions and
feeding the fetus without any hypoxic-ischemic condition
through the umbilical artery and umbilical vein. Wang A, et al.
[8] reported that placental mesenchymal stem cells showed
a significantly greater healing potential when compared to
adult bone marrow mesenchymal stem cells in their study to
repair in-utero defects using placental mesenchymal stromal
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cells in sheep myelomeningoceles [22].

Extra-embryonic tissues such as placenta, umbilical cord,
amniotic fluid or amniotic membrane are rich sources of
fetal stem cells [23,24]. It has been reported that the cellular
content and early neuroepithelial markers in the amniotic
fluid are important in the pathological development of
myelomeningoceles in rats [25]. Frozen umbilical cord veils
are shown as a regenerative resource in the repair of in-utero
spina bifida [26]. It can be thought that this regeneration is
achieved thanks to the rich stem cells in the matrix of the
umbilical cord. The umbilical cord is a rich source of stem
cells. Stem cells in the umbilical cord have specific stem cell
markers and are important cell sources used therapeutically
today and even in banking. It is known that its regeneration
capacity is higher than adult stem cells. It has been discussed
in this literature information that CNS anomalies are
associated with fetal death or separation of the placenta and
umbilical cord from the uterus [27].

In the literature, it has been stated that CNS anomalies cause
the fetus to leave the uterus, but it has not been investigated
whether thereis adefect or deterioration in the umbilical cord
stem cells when or before leaving the uterus [28-30]. These
reported information led us to think that CNS anomalies may
negatively affect specific markers in umbilical cord stem
cells. Therefore, in this study, immunophenotypic changes
in surface membrane markers of stem cells in umbilical
cords of fetuses taken with 12-20 weeks of CNS anomaly
were analysed immunohistochemically to show stem cell
specific markers according to tissue level localization. In our
study, separate profiling of mesenchymal, hematopoietic,
pluripotent and endothelial cells in the umbilical cord
of fetuses with CNS anomalies was provided. The use of
healthy umbilical cord-derived mesenchymal stem cells for
regenerative medicine in CNS injuries or defects, which are
very important clinically, may have an effect on the health of
the baby in the newborn and prenatal period. In this study,
the effects of CNS anomalies on the umbilical cord stem cell
niches were revealed. Our results reveal a new perspective
in this area. The effects of CNS anomalies on the stem/
progenitor cell profile in the fetal umbilical cord have been
demonstrated for the first time in this study.

Conclusion

Our data from this study showed that CNS pathologies
significantly affect some specific stem cell markers in the
umbilical cord. In this context, it may be planned to carry out
further studies on the interaction of central dysplasia and
stem cell profile at the cell culture and molecular level in the
future. Interaction mechanisms can be evaluated by specific
signalling pathways.
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