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Mesenchymal stromal cells from umbilical cord Wharton’s jelly trigger
oligodendroglial differentiation in neural progenitor cells through cell-
to-cell contact
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Abstract

Background aims. Wharton’s jelly mesenchymal stromal cells (W]-MSCs) might be ideal candidates to treat perinatal brain
damage. Their secretome has been shown to have beneficial effects on neuroregeneration, in part through interaction with
neural progenitor cells (NPCs). However, it remains unclear whether cell-to-cell contact decisively contributes to this pos-
itive effect. The objective of this study was to elucidate the mechanism through which differentiation in NPCs is triggered
after exposure to WJ-MSCs. Furthermore, given that WJ-MSCs can be derived from term (tWJ]-MSCs) or preterm (ptW]-
MSCs) deliveries and that W]-MSCs might be used for transplantations independent of gestational age, the influence of
tWJ-MSCs versus ptW]-MSCs on the differentiation capacities of NPCs was studied. Methods. The effect of tW]-MSCs
and ptWJ-MSCs on the expression of neuroglial markers in NPCs was assessed in co-culture (CC), conditioned medium
(CM) or transwell CC experiments by immunocytochemistry, real-time polymerase chain reaction and Western blot. Ad-
ditionally, mass spectrometry was used to study their secretomes. Results. NPCs showed an increased expression of glial
markers after CC with WJ-MSCs or exposure to W]-MSC-CMs. CC had a more prominent effect on the expression of
glial markers compared with CM or transwell CCs. tW]-MSCs more strongly induced the expression of mature oligoden-
droglial markers compared with ptW]-MSCs. A possible role in enhancing this maturation could be attributed to the laminin
o2-subunit. Conclusions. Cell-to-cell contact between WJ]-MSCs and NPCs induces oligodendrogenesis on NPCs, whereas
trophic factor secretion is sufficient to promote astrogenesis. Thus, transplanting WJ]-MSCs may promote endogenous
neuroregeneration in perinatal brain damage.
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Introduction matter brain injury (WMI), which is characterized by

a loss of oligodendrocytes as well as oligodendrocyte

Worldwide, 11% of all neonates are born preterm (<37
weeks’ gestational age). Complications from preterm
birth are the second most common cause of death in
children under 5 years of age and the most impor-
tant cause of long-term disability. Many survivors of
early preterm birth suffer from necrotizing enteroco-
litis, bronchopulmonary dysplasia, hearing loss, partial
loss of vision or brain damage. Brain damage in-
cludes major motor deficits such as cerebral palsy but
also cognitive and behavioral abnormalities [1,2]. The
underlying cause of perinatal brain damage is white

progenitor cells leading to an overall hypomyelination
of the brain [3].

To date, there is no cure for WMI. Stem cell therapy
might be a promising therapeutic approach that could
be effective by either directly replacing lost cells of the
oligodendrocyte lineage or by stimulating endog-
enous neural progenitor cells (NPCs) to adopt a
neuroprotective or neuroregenerative function [4,5].
NPCs are multipotent cells of the brain that are able
to differentiate both iz vitro and in vivo into all cell
lineages of the brain. Moreover, in the case of brain
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injury, NPCs migrate toward the site of injury and
support the brain’s regenerative capacities by secret-
ing trophic factors or replenishing the lost cells [6,7].

Mesenchymal stromal cells (MSCs) derived from
the Wharton’s jelly (W]) of the umbilical cord repre-
sent an appropriate stem cell graft for the future
treatment of WMI. WJ-MSCs are easily collectable,
immunomodulatory, non-tumorigenic and known to
secrete proangiogenic as well as neuroprotective factors
[8-10]. Importantly, it has been shown that MSCs are
neuroprotective by stimulating the proliferation and
differentiation of NPCs [11,12]. However, little is
known about the mechanisms through which MSCs
and NPCs interact and how MSCs can induce dif-
ferentiation in NPCs. It has been suggested, however,
that many of the beneficial effects of MSCs are me-
diated by factors they secrete [12].

Cord tissue and placenta are in a close relation-
ship with maternal metabolic conditions. Diseases
during pregnancy might therefore affect the proper-
ties of these tissues and subsequently the ones of the
cells they harbor [13,14]. It is barely known how preg-
nancy complications affect the properties of WJ-
MSC:s [15]. However, from MSCs derived from other
tissues, it is known that the age of the donor highly
affects their self-renewal capacities [16]. Moreover,
MSCs from different tissues secrete different factors
and respond differently when transplanted into the sites
of injury [8]. Thus, W]-MSCs derived from preterm
deliveries might be substantially different from those
derived from healthy term deliveries. Given that WJ-
MSCs would be used for transplantation independent
of gestational age, it is crucial to understand the prop-
erties of WJ-MSCs from term and preterm birth.

In this work, we investigated the effects of WJ-
MSCs derived from term and preterm deliveries on
the differentiation of NPCs i vitro. In addition, the
importance of trophic factors versus direct cell-to-
cell contact for the induction of changes in NPCs was
studied.

Methods
Isolation and primary culture of human W¥-MSCs

After informed consent, umbilical cords from healthy
term (>37 weeks’ gestational age) and preterm deliv-
eries (27-36 weeks) were collected. Preterm birth was
either idiopathic or due to twin pregnancy. The study
was approved by the institutional review board of the
Bern University Hospital and the Canton of Bern.
The WJ-MSCs were isolated from the umbilical
cords as described previously [17]. Briefly, the um-
bilical cords were disinfected in 70% ethanol, vessels
and amnion were removed and the cord chopped into
small fragments and digested for 3 h in 270 U/mL col-
lagenase II (Worthington Biochemical Corporation)

at 37°C/5% CO,. The cells were expanded in
Dulbecco’s Modified Eagle Medium (DMEM)/F12
supplemented with 10% fetal calf serum (FCS),
2 mmol/LL GlutaMAX, 100 units/mL penicillin and
100 mg/mL streptomycin (Thermo Fisher Scientif-
ic). WJ-MSCs were positive for CD105, CD73 and
CD90 and negative for myeloid and hematopoietic cell
lineage-specific antigens (CD19, CD45, CD34, and
HILA-DR) and were able to differentiate into osteo-
cytes, chondrocytes and adipocytes as described
previously [17].

Direct co-culture of human W¥-MSCs and rat NPCs

WJ-MSCs derived from either term (tWJ-MSCs; n = 6;
passage 5 p5.) or preterm (ptWJ-MSCs; n = 6; p5) de-
liveries were seeded at a density of 1000 cells/cm? in
DMEM/F12 containing 10% FCS on poly-L-
ornithine-coated (10 ug/mL, Sigma-Aldrich) and
laminin-coated (6 pg/mL., Millipore) dishes. After 24 h,
cells were washed with phosphate-buffered saline (PBS)
before rat NPCs (p3, Millipore) were added at a density
of 5000 cells/cm? and left for 96 h in rat neural stem
cell basal medium (NB, Millipore) supplemented with
basic fibroblast growth factor (FGF-b, 10 ng/mL,
Millipore). After 2 days, fresh FGF-b was added to
all cultures. As a control, NPCs alone were plated in
identical conditions. For subsequent immunocyto-
chemistry experiments, WJ-MSCs were stained with
2 ug/mL chloromethyl-Dil (CM-Dil), a red fluores-
cent dye that stains cell membranes and lipids (Thermo
Fisher Scientific) before co-culture (CC) with NPCs.
For Western blot analysis, NPCs were isolated after
4 days of CC by negative selection magnetic cell sep-
aration using human anti-CD90 MicroBeads (Miltenyi
Biotec) against WJ-MSCs according to the manufac-
turer’s instructions.

Generation of human W¥-MSC conditioned medium

tWJ-MSCs and ptW]-MSCs were left to grow over-
night in DMEM/F12 containing 10% FCS at a density
of 10.6 x 10° cells/cm? The next day, cells were washed
with PBS, and the medium was replaced by DMEM
supplemented with 4.5 g/I. D-Glucose (Thermo Fisher
Scientific), 2 mmol/LL GlutaMAX, and 110 mg/L py-
ruvate (Thermo Fisher Scientific). Conditioned
medium (CM) was collected after 24 h and frozen at
—80°C until use.

Culture of rat NPCs with human WJ-MSC CM

To assess the effect of the CM on NPCs, the latter
were seeded at a density of 5000 cells/cm? on poly-
L-ornithine and laminin coated dishes in NB medium
supplemented with 10 ng/mL. FGF-b. After 24 h,
NPCs were washed with 1 x PBS, and cultured in 30%
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