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Abstract

Adult green mice marrow stromal cells were co-cultured with hippocampal slices.
Differentiation to neuron-like or non neuron-like cells occurred exclusively inside
slice boundaries starting at day 3, and then decreased gradually over 35 days.
Neuron-like cells tended to form network-like connections around day 14. Tl;e use of
retinoic acid greatly increased the number of differentiated cells, and the most -
effective concentration was 10°M. NeuN immunohistochemistry was positive in
9.6% * 1.7% of morphologically differentiated neuron-like cells. Both GFAP and
Tbal immunostaining were negative. We concluded that bone marrow stromal cells
can be differentiated into neurons, and direct contact with the host brain tissue is
essential for this to occur. Retinoic acid significantly increases the number of

differentiated cells, as has been reported with other stem cells.

Introduction
As bone marrow stromal cells (BMSCs) are a promising source for stem cells for
replacement therapy, we thought to study its capacity to be morphologically
differentiated to neuron cells in a new in vitro model * organotypic hippocampal
slice culture”that is similar to in vivo and easly manipulated and which to our
knowledge first time to used as a model to study BMSCs differentiation. We thought
also to study the effects of retenoic acid on the process of differentiatiation.
Material and methods
The hippocampi of postnatal day 10 Sprague-Dawley rats were dissected under
aseptic conditions, and 400 um slices were cut with a tissue chopper. Five slices were
placed on each culture plate using a Millicell-CM 0.4 um. The slicés were cultured in
6-well culture clusters at 34 °C in 5% CO, with 1 ml per well of a standard slice
culture medinm.

Bone marrow was extracted from the femur of adult green mice. BMSCs were
separated by their attachment to the plastic culture dish. An aliquot of 4.8 x 10° cells
was applied evenly to each culture plate on the surface of five slices and on the
membrane inserts to cover an area of 314 mm?® in total. The area of each

hippocampus slice was about 10 mm?, so the estimated number of BMSCs was
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15,280 cells per slice. A set of BMSCs cultured alone on the membrane inserts under
the same conditions served as a control.

‘We observed the morphological changes using a confocal microscope and a
fluorescent microscope up to 35 days and counted the number of morphologicaily
differentiated cells between days 3 and 14. The counting was done in a blinded
manner using an objective 20X lens of fluorescent microscope and dividing the slice
surface into 12 visual fields. Four culture plates with 20 hippocampal slices were
used for each time point. Neuron-like differentiated cells were polygonal, angular
(with pointed corners), or spindle shaped with a size ranging between 10 um and 70
pm, and they had long axon-like processes. Cells having small cell bodies and
multiple short processes shorter than the cell body were classified as “non
neuron-like cells,” which might have included immature neuron-like cells or
non-neuronal cells. Round small cells without processes were not counted because
they became debris late in culture.

Secondly, we added 10° M of RA dissolved in DMSO at the final concentration
of 0.1% to the same number of slices and evaluated the promotion of differentiation
by RA during the same time period. Lastly, we tested the effects of different
concentrations of RA, ranging from iO“‘i M to 10 M, and counted differentiated cell

numbers in 20 slices for each dose at day 5 to reveal dose dependency. A set of slices

with untreated medium and another set with medium treated with DMSO 0.1% but
without RA served as controls.

Immunohistochemistry was processed with anti-NeuN, GFAP, and Ibal as iry
antidodies. Texas red avidin was used as a fluorescent marker after secondary
antibodies, and examined with a confocal microscope.

The results were expressed as mean + SEM per slice. The seven groups used to
test the effects of different co;lcentrations of RA were compared by ANOVA

followed by Dunnett’s multiple comparison test.

Results

The majority of co-cultured BMSCs maintained their round cell body after
plating, but they gradually died and became Acbris. Neuron-like differentiation
occurred mostly within the hippocampal slice boundaries, and was detected from day
3 on. The mean length of the axon-like processes was 56 zzm, which incréased to 109
4m on day 5, 166 um on day 7, and 247 um on day 9. The length became difficult to
measure around day 14 because of network-like formations between differentiated
cells. Differentiation of BMSCs was not affected by their location either on white or
gray matter. BMSCs outside the hippocampal slice but on the MilliceII-CM

membrane showed no differentiation. BMSCs were observed only on the surface of
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the slice. The axon-like processed penetrated into the tissue but migration of BMSCs
has never been observed.
The number of neuron-like cells was 31.4 = 2.79 on day 3. This number decreased
on the following days and became 6.8 + 0.8 on day 14. RA at 10°M increased the
number of the neuron-like cells at eacﬁ time point. The number was 36.60 +3.50 on
day 3 and 8.2 * 0.66 on day 14. The number of non neuron-like cells was 29.8‘ +5.23
on day 3 and 16.4 + 1.08 on day 14 without RA, while it was 61.4 x 9.37 on day 3
and 75.8 = 10.37 on day 14 with RA. RA increased the number of differentiatedb cells
of both neuron-like and non neuron-like cells (P<0.05). RA effects showed dose
dependency, with the maximum effect on both neuron-like and non neuron-like cell
morphology at v10'6 M (P<0.01). The control with 0.1% of DMSO showed a decrease
in the numbers of both cell types. hnmunohistochelﬁistry using anti-NeuN revealed
positive staining in 9.6% * 1.7% of neuron-like cells with co-localization between
green fluorescent protein (GFP) of the BMSCs and red fluorescent color of NeuN
examined by Z-scanning under the gonfocal microscope. The morphologically fully
mature cells with long axon-like processes were negative for NeuN, while those less
mature with short processes (<100x) were positive for NeuN. We failed to get
positive staining with GFAP and Ibal for microglia. A few differentiated cells had

double green nuclei, suggesting fusion between two differentiated BMSCs cells or

differentjation to a sympathetic or ganglia cell.

Discussion
Our results showed the capacity of BMSCs to differentiate morphologically into

neuron-like cells that were positive for NeuN staining in 9.6% + 1.7% of cells. These
results are consistent with previous studies both in vitro and in vivo. Our observation
that this differentiation occurred exclusively within the boundaries of hippocampal

slices strongly suggests the importance of direct contact between BMSCs and the

host brain tissue for occurrence of differentiation.

The possibility of the presence of surface immunoglobulin-binding proteins that may

give false-positive results with neuronal markers was not detected during our
confocal examination with Z-scanning, which would otherwise show a ring staining

pattern.
Our results show that RA has an enhancing dose-dependent effect on the number

of differentiated BMSCs. This effect has been reported with embryonic stem cells
_ differentjating into neural lineage. Various methods of induction of differentiation
were recently developed to partially differentiate human, rat, or mouse adult BMSCs
into neuron-like cells. Those methods include combinations of different growth

factors and RA. In our study we followed RA-treated slices for 14 days, during
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and seems to be very rare. This study showed that differentiated cells contained a

which there was an initial significant increase followed by a steep decline in the
single nucleus similar to those of the surrounding cells except on a rare occasion.

Conclusion

number of the differentiated neuron-like cells, ending at levels close to those of the
In conclusion, we have demonstrated the ability of transplanted BMSCs to

control. We suggest that the cells that were forced to differentiate by exposure to RA
differentiate to neuron-like cells in an organotypic hippocampal slice culture model

have decreased viability. Furthermore, the recent clinical issue of RA being
This differentiation required direct contact with the host brain tissue. The

associated with depression or depressive episodes may in some way be related to its
differentiation was enhanced in a dose-dependent fashion by RA, with the best

effects on neurons and progenitor cells and therefore warrants further investigation.
The estimated number of the co-cultured cells was 15,280 celis per slice; however,
thé number after calture is much lower due to the death of BMSCs after culture and concentration occurring at 10° M.
the fact that there are a limited number of viable stem cells among the total
population of BMSCs. GFAP; and Ibal-positive cells were not detected. This also
adds to the confroversy about the differentiation to astrocytes that has recently been
refuted by some authors. Although many of the differentiated cells showed glial
morphology, we could not prove it immunohi#tochemically. This may be due to
immaturity of the cells at the time of the immunohistochemical study performed on
day 5 after co-cultur. The possibility of contaminating BMSCs with neural stem cells
in the nerve fibers innervating the b‘(Jne during extraction is an unproved hypothesis.
Contamination is probably unlikely to occur with the technique of simple flushing of

the bone marrow used in this study.

The issue of cell fusion in bone marrow transplantation has been raised recently
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