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Abstract

Growing attention has been recently brought
to the use of adult stem cells instead of
embryonic stem cells for research purposes
and for the development of transplantation
treatments for various human diseases.
Among the various types of adult stem cells,
mesenchymal bone marrow stem cells have
been studied extensively because of their
ability to self-renew and to give rise to a
variety of differentiated cell types as well as
of the relative easiness for obtaining and
culturing them by bone biopsy. In addition,
the possibility of labelling stem cells with
green fluorescent protein before
transplantation has opened new and very
promising perspectives for their employment
in basic research. We have described the
morphology, at light and electron microscope
level, of cultured adult mesenchymal stem
cells derived from the bone marrow of
transgenic rats for the green fluorescent
protein. This analysis provides a useful
baseline for the employment of these cells in
various experimental models designed to
investigate their differentiation fate in
normal and pathological tissues.
Introduction

Since stem cells are the precursors of many tissue in the
body (Geuna et al., 2001; Lovell and Mathur, 2004) and thus
have the potential to provide replacement tissue for
damaged organs, they are good candidates for being
transplanted for the treatment of various human diseases
such as Parkinson's disease (Dunnett et al., 2001), diabetes
(Henningson et al., 2003), and heart disease (Orlic et al.,
2002; Herzog et al., 2003).

The first description of bone marrow mesenchymal stem
cells (MSC) dates back to the 1970's (Friedenstein et al.,
1974). These cells have multilineage differentiation capacity
in vitro and maintain an undifferentiated and stable
phenotype over many generations (Orlic et al., 2002).
Although MSCs represent a very small fraction of the total
population of nucleated cells in marrow (Pittenger et al.,
1999), they can be isolated and expanded with high
efficiency (Orlic et al,, 2002). In spite of the interest that
MSCs have raised over the last years, structural and
ultrastructural characterization of the adult MSCs
phenotype is lacking. Therefore, this study was aimed at
providing a morphological description, at light and electron
microscopy, of rat cultured MSCs. In addition, since the
many experimental studies based on MSCs transplantation
use green-fluorescent-protein (GFP)-positive cells to
enable their easy localization in the receiving tissues, we
focused our investigation on GFP-positive MSCs.

Materials and methods

MSCs were harvested from the bone marrow of the
femurs of GFP-stable transfected (GFP under B-actin
promoter, Okabe et al., 1997) adult rats and treated in
culture as described in Raimondo et al. (2006).To verify the
mesenchymal origin of these cell, they were stimulated (as
described in Raimondo et al., 2006) with dexamethasone,
insulin and IBMX for 5 days.With this treatment they
differentiate in adypocites.

For morphological analysis stem cells were stained with
haematoxylin and eosin, CD90 (Thy- 1.l monoclonal,
mouse, |:50, BD Pharmingen) and propidium iodide (Sigma,
St. Louis, MO, USA).

For ultrastructural analysis by electron microscopy sample
were treated as described in Raimondo et al. (2006).

Results

Figures | A and B show confocal imaging of MSCs.All cells
were labelled with CD90 (Fig. 1A), a stem cell marker that
is expressed by cultured MSCs (Young, 2004). In figure |1B
the nucleus was stained with propidium iodide thus
appearing eccentric and irregularly shaped.The cells
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Fig. 1 - Confocal laser imaging of GFP-positive mesenchymal stem cells
in suspension labelled with CD90 (white), stem cell marker (A) and
propidium iodide (white), nuclear marker (B).

showed a rounded shape and a size ranging from 10 to 20
pm.

In haematoxylin and eosin stained medium drops (Fig. 2),
MSC showed a basophilic and eccentric nucleus and an
eosinophil cytoplasm in which two differently stained areas
can be clearly detected: an inner zone more intensely
stained and a thin peripheral zone with a pale appearance.
The plasma membrane showed an irregular profile
explained with electron microscope observation (Fig. 3)
that showed the irregularities of the plasma membrane

were due to small pseudopodia located all around the cells.

Electron microscopy of these cells allowed describing their
ultrastructure clarifying some of the pictures obtained at
light and confocal laser microscopy.

At low magnification, all MSCs shared a very similar
appearance with a pale, eccentric and irregular shaped
nucleus with one nucleolo located near the perinuclear

Fig. 2 - Light micrographs of mesenchymal stem cells in suspension
stained with haematoxylin and eosin.The cells have an eccentric
nucleus and the cytoplasm divided into two differently stained areas: an
inner zone more intensely stained and a thin peripheral zone with a
pale appearance.The plasma membrane showed an irregular profile.

Fig. 3 - Electron microscopy images of MSCs cut near equatorial level.
The cell shows an eccentric nucleus with a nucleolo located near the
perinuclear cisternae, a rich granular endoplasmic reticulum and many
mitochondrial profiles.

cisternae. Chromatin is spread throughout the nucleus
except for a thin dense layer located immediately inside the
perinuclear cisternae. Ultrastructural observations
disclosed the cytological basis of the two differently stained
cytoplasmic areas observed at light microscopy since the
inner part of the cytoplasm was rich in organellae while
the peripheral zone was not. In particular, the inner
cytoplasmic area was rich in mitochondria profiles with
both rounded and elongated shape, an electrondense
matrix, and thick cristae. On the other hand, the
endoplasmic reticulum was detectable both in the inner
and peripheral cytoplasmic zones.The endoplasmic
reticulum was mainly granular and organized into small
elements. The Golgi apparatus was also well represented
and showed the typical stacks of flatterned cisternae,
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vescicles and vacuoli, some of which were very large, (data
not show).

Discussion

We report the morphology of cultured MSCs harvested
from bone marrow of GFP-stable transfected adult rats.
This study provides the first comprehensive morphological
analysis of these cells using light, confocal and electron
microscopy imaging.

MSCs are a relatively uniform cell population especially
regarding ultrastructural morphology, an occurrence that
might be particularly important to facilitate their detection
after their injection in other tissues and to describe their
post-transplantation modifications over time.Among the
various morphological features detected, the presence of
many small pseudopodia all around MSCs is interesting
since it is suitable to be at the basis of their high capacity of
migrating inside the receiving tissue (VWu et al., 2003; Lee et
al., 2004). In addition, electron microscope observation
allowed describing two peculiar ultrastructural features of
MSCs that differentiate them from fibroblasts. First, the
presence of an eccentric nucleus with an irregularly shaped
appearance. Second, the relative richness in cytoplasmic
organellae (especially mitochondria and Golgi apparatus) in
the inner cytoplasmic zone.

In conclusion, the comprehensive structural and
ultrastructural description of GFP-positive rat
mesenchymal stem cells reported here can represent a
useful baseline for researcher that wish to employ these
cells in various experimental models; in particular these
results may be helpful in order to investigate MSC
differentiation fate in normal and pathological tissues.
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