
International Journal of Stem Cells Vol. 3, No. 2, 2010

ORIGINAL ARTICLE

144

Accepted for publication June 23, 2010
Correspondence to Ibrahim Kassis

Department of Neurology, Laboratory of Neuroimmunology and 
Agnes Ginges Center for Neurogenetics and Multiple Sclerosis 
Center, Hadassah-Hebrew University Medical Center, Jerusalem, 
Israel
E-mail: ijstemcell@ijstemcell.com

Effects of Supermagnetic Iron Oxide Labeling on the Major 
Functional Properties of Human Mesenchymal Stem Cells from 

Multiple Sclerosis Patients

Ibrahim Kassis1, Adi Vaknin-Dembinsky1, Jeff Bulte2, Dimitrios Karussis1

1Department of Neurology, Laboratory of Neuroimmunology and Agnes Ginges Center for Neurogenetics and Multiple Sclerosis Center, 
Hadassah-Hebrew University Medical Center, Jerusalem, Israel, 2National Institute of Sciences, Bethesda, USA

Background and Objectives: In the last few years, treatment protocols using mesenchymal stem cells (MSC) in various 
experimental models and human diseases have been investigated. MSCs are on the focus of stem cell research, since 
they are considered as a type of adult stem cells with low toxicity and acceptable side effects profile and they can 
be administered autologously. In addition several studies have revealed significant immunomodulatory properties of 
MSCs and a potential for transdifferentiation, including neural differentiation, both in vivo and in vitro. Magnetic reso-
nance imaging (MRI) is a non-invasive technique that can be used to track labeled cells and evaluate their migration 
ability in various clinical settings. 
Methods and Results: In this study we investigated whether such labeling of MSCs with the commercially used para-
magnetic material, Feridex, has any negative effect on the above mentioned functional properties of MSCs. We labeled 
human mesenchymal stem cells (hMSC) with poly-L-lysine coated FeridexⓇ and evaluated their cellular differentiation 
and immunomodulatory properties, in vitro. In comparison with unlabeled cells, labeled hMSC exhibited normal adipo-
genic and osteogenic differentiation, but decreased chondrogenic differentiation. Regarding neural differentiation, la-
beled and unlabeled cells were similar in their ability to express neural-like and glial like surface proteins. Finally, 
both labeled and unlabeled MSCs exhibited a dose-dependent, significant blocking effect on the proliferation of healthy 
donors lymphocytes following mitogen stimulation. 
Conclusions: These findings indicate that labeling with Feridex does not affect the immunomodulatory, nor the neural 
transdifferentiation potential of MScs and therefore, Feridex may be used for the tracking of this type of stem cells 
in clinical applications, without compromising their major functional properties.
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Introduction 

  Mesenchymal stem cells (MSC) represent the second 
major stem cells population in the bone marrow reservo-

ire. These cells are described as non-hematopoietic stro-
mal cells and their classic role is to support the process 
of hematopoiesis and hematopoietic stem cells (HSC) en-
graftement and to give rise to cells of the mesodermal line-
age such as, osteoblasts, adipocytes and chondrocytes (1). 
MSCs do not have a specific surface marker profile, but 
it is widely accepted that they are negative for CD34, 
CD45 and CD14 and positive for CD29, CD73, CD90, 
CD105 and CD166. Several in vitro and in vivo (in animal 
models) studies have shown that MSCs can differentiate 
into neural like and glial-like cells (2-4), carrying there-
fore the potential for neuroregeneration. MSCs were addi-
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tionally found to possess significant immunomodulating 
properties (5). 
  Animal studies have indicated a therapeutic potential of 
MSCs in a variety of disease such as: stroke, multiple scle-
rosis, myocardial infraction and GVHD (2, 6, 7). MSCs 
were shown to engraft and migrate into the injured/in-
flamed organs or sites and to exert immunomodulatory 
and neurotrophic/neuroprotective effects (2, 8-11). Since 
the first and main question relevant for clinical applica-
tions of MSCs is whether the transplanted cells will reach 
at significant numbers the affected organs/sites, it seems 
essential to explore non-invasive and sensitive methods to 
track the implanted cells. One of these methods is by us-
ing MR imaging-based techniques. Indeed, lately, mag-
netic labeling with supermagnetic iron oxide particles 
(SPIO) (which makes cells visible in the MRI), of different 
stem cells types, including MSCs, has been applied (12- 
15). One of the FDA-approved SPIOs is FeridexⒸ which 
incorporates into the cells cytoplasma (16). Feridex labe-
led MSCs were successfully used in clinical studies. How-
ever, it is still unknown whether this labeling with Feri-
dex, may compromise in any way the revenant biological 
properties of MSC’s. 
  In this study we evaluated whether labeling of hMSC 
with the SPIO, Feridex, affects their main functional pro-
perties. For this we used MSCs prepared from MS pa-
tients and tested in vitro their morphology, surface mark-
ers profile and their immunomodulatory and neuronal dif-
ferentiation abilities, following staining with Feridex, as 
compared to unlabeled hMSC. 

Materials and Methods

hMSC preparation and culture
  Aspirated bone marrow inoculum from multiple scle-
rosis patients, participating in our phase I/II clinical trial 
(NIH registration number: NCT00781872), was proceeded 
according to classical methods for mesenchymal stem cells 
isolation (17). Briefly, a purified mesenchymal stem cells 
culture was prepared using plastic adherence method in 
filtered sterilized low glucose-DMEM medium supple-
mented with 10% of Foetal Bovine Serum (FBS), 1% 
L-Glutamine and 1% L-Pen-Strep-Nystatin (PSN) solu-
tion (all from Biological Industries, Israel).

Feridex incorporation in Hmsc
  hMSC cultures were incubated for 48 hours prior to use 
with 0.25 l/ml FeridexⒸ (11.3 mg/ml, Berlex, USA), and 
375 ng/ml of the cationic polymer poly-L-lysine (PLL, 
Sigma, Israel) in low-glucose DMEM containing 10% 

FBS, 1% L-Glutamine and 1% PSN.

Characterization of hMSC 
  Flow cytometry: hMSC with and without Feridex were 
harvested with Trypsin/EDTA Solution (Biological Indu-
stries, Israel), divided into polystyrene fluorescence acti-
vated cell sorter (FACS) tubes, and labeled with anti hu-
man CD45-FITC, anti human CD90-PE and anti human 
CD105-PE (Beckman Coulter, Israel) for 45 minutes in 
the dark. Fluorescence data were collected from 30,000 
cells and measurements and analysis were performed us-
ing a Beckman Coulter FACS machine. 
  Immunoflurecense: hMSC with and without PLL- coa-
ted Feridex were cultured on non-treated coverslips 
(NUNC Inc., USA) for 48 hours, washed (×3) with PBS 
and stained with labeled anti human CD45-FITC (Beck-
man Coulter, Israel), anti human CD90-Texas Red and 
anti human CD105-Texax Red (Santa Cruz Biotechnol-
ogy, USA) . Fluorescence was evaluated under florescence 
microscope. 

hMSC differentiation assays
  To induce hMSC to differentiate into various cell phe-
notypes, 2×105 cells were plated in culture dishes and al-
lowed to reach confluence. Osteogenic differentiation me-
dium, consisting of 10% Eagle minimum essential me-
dium/ alpha medium and fetal bovine serum, supple-
mented with 50-mg/mL ascorbic acid, 10 mM β-glycerol-
phosphate, and 108Mdexamethasone (all from Sigma, 
Israel), was exchanged twice a week for 3 weeks. For adi-
pocytic differentiation, commercially adipogenic differ-
entiation kit was used according to the manufacture in-
structions (STEMCELL Technologoies, Canada). Chond-
rogenic differentiation was induced by culturing the cells 
with media containing MEM-alpha, 5% FBS, 1% L-Gluta-
mine, 1% non-essential amino acids, 1% non-essential vi-
tamins, 1% PSN (all from Biological Industries, Israel) 
and 10 ng/ml TGF-β3 (Sigma, Israel) for 14 days with 
medium exchange twice a week.
  For neural-glial differentiation, hMSC were seeded on 
fibronectin coated (1μg/ml, Sigma, Israel) 24-well plates 
and cultured in Eagle minimum essential medium/alpha 
medium enriched with 7% FBS, 1% glutamine, 1% vita-
mins, 1% PSN solution, 20 ng/mL brain-derived neuro-
trophic factor (Peprotech, Israel), 10 ng/mL fibroblast 
growth factor-2 (Peprotech, Israel), 20 ng/mL fibroblast 
growth factor 8 (Peprotech, Israel), 10 ng/ml nerve growth 
factor (Peprotech, Israel) and 10 ng/ml nurotrophin-4 
(Peprotech, Israel). The cells were cultured under these 
conditions for 18 day. Then the culture media were chan-
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Fig. 1. Labeling of hMSCs with Feridex. (A) naïve hMSC isolated on day 14 after BM seeding, showing the classical fibroblast-like spindle
shaped of the cells. (B) Positive Prussian Blue staining of hMSC cultured with Feridex for 48 hrs.

ged while being depleted of FBS and cultured for more 
5∼7 days.

Prussian blue staining protocol for iron
  Freshly prepared Perls’ reagent by dissolving 1 gram po-
tassium cyanide in 42ml deionized water＋8 ml of 37.5% 
HCl. For nuclear fast red (NFR) counterstain, 0.1 gram 
of NFR was dissolved in 100 ml deionized water＋5 gram 
of aluminium sulfate (all from Sigma, Israel). Cells for 
staining were washed (×3) with PBS and incubated 30 mi-
nutes in the dark, washed again (×3) with PBS and in-
cubated with NFR counterstain for 5 minutes, They were 
then rinsed (×3) in deionized water, dried overnight in 
dark and embedded in Permount with coverslip.

Detection of osteogenic, adipogenic and chndogenic 
differentiation 
  To detect osteoblastic differentiation, NBT/BCIP stain-
ing which shows the alkaline phosphatase activity was 
used. NBT/BCIP solution (Sigma, Israel) was added to the 
cells for 30 min at 37oC in a 5% CO2 incubator. After in-
cubation, cells were washed with PBS (×3) and fixed with 
4% PFA. To detect adipogenic differentiation, 10 mg/mL 
oil red-O (Sigma, Israel) was added and left for 20 minutes 
at room temperature. The cells were washed 3 times with 
PBS and fixed with PFA 4%, for 20 minutes. For the de-
tection of chondrogenic differentiation, alcian blue stain-
ing was used. The cells were then washed with PBS and 
fixated with 4%. Then, the cells were rinsed with alcian 
blue solution, pH 2.5 (Sigma, Israel) for 30 min at RT and 
washed in running tap water for 2 min and in distilled 
water for another 2 min. Extracellular matrix components 
secreted by chondrocytes were then stained blue.

Immunostaining assay for in vitro neural differentiation
  The medium was aspirated and the cells were washed 
gently with 0.05% Tween 20 diluted in PBS and then 
fixed with 4% fresh PFA (Sigma, Israel) for 20 minutes 
at room temperature. To stain the intracellular compone-
nts, the cells were permeabilized with 0.1% Triton X-100 
(Sigma, Israel) for 10 minutes. For blocking nonspecific 
binding, the cells were rinsed with 5% bovine serum albu-
min in PBS for 60 minutes at room temperature on a slowly 
rotated plate. Then, they were washed 3 times with 0.05% 
Tween 20 (Sigma, Israel) diluted in PBS, and incubated 
with the following primary antibodies: anti human myelin 
associated protein 2 (MAP-2), anti human β-tubulin type 
III, anti human glial fibrillary acidic protein (GFAP), and 
anti human Galactocerebrosidase (GalC), (all from Chemi-
con, USA) diluted to the required concentrations with buf-
fer containing 1% bovine serum albumin (Sigma, Israel). 
After washing, the cells were incubated with goat anti 
mouse fluorescein isothiocyanate-conjugated and goat anti 
rabbit tetramethylrhodamine isothiocyanate- conjugated 
secondary antibodies (Jackson Immunoresearch, USA) di-
luted in bovine serum albumin buffer, 1%, on a slowly ro-
tated plate for 45 minutes in the dark at room tempe-
rature. The cells were mounted on slides with mounting 
solution and examined under fluorescence microscope. 
Some of the slides stained for GalC were mounted with 
mounting media containing DAPI that stains nuclear 
DNA in blue.

In vitro proliferation of lymphocytes
  Lymphocytes were isolated from healthy blood donors 
using standard Ficol separation gradient. All cultures were 
carried out in triplicates in 96-well, flat-bottom, microtiter 
plates. The assay was carried out by seeding 2×105 cells/ 
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Fig. 2. Flowcytometry analysis of hMSC. (A) Naïve hMSC isolated on day 14 after BM seeding showing negative staining for the hema-
topoietic marker CD45 and positive staining for the mesenchymal markers CD90 and CD105. (B) hMSC labeled with Feridex for 48 hrs.
showing the same negative staining for the hematopoietic marker CD45 and positive staining for the mesenchymal markers CD90 and
CD105.

well in 0.2 ml of RPMI medium supplemented with 5% 
fetal calf serum, 1% L-glutamine, and 1% PSN (all from 
biological industries, Israel). To the lymphocytes, 10×103 
and 30×103 hMSC (with and without Feridex) were 
added. 3H-thymidine (Amersham, UK) incorporation was 
determined in response to PHA (4μg/ml, Sigma, Israel). 
The cultures were incubated for 48 hours in a humidified 
atmosphere of 5.0% carbon dioxide at 37oC and then pul-
sed for 16 hours with 3H-thymidine (1μCi/well). Cells 
were harvested on fiberglass filters (Whatman, USA) using 
a multiharvester and the radioactivity was counted.

Results

Feridex-labeled hMSC show typical MSC phenotype 
  hMSCs (Fig. 1A), could be effectively labeled by Feri-
dex and showed in vitro positive staining with Prussian 
blue (Fig. 1B). Naïve hMSC and Feridex-labeled hMSCs 
(Fig. 2A) were similarly stained for the markers CD45, 
CD90 and CD105. Both were shown to express the typical 

hMSC markers profile including negativity for CD45 and 
positive staining for CD90 and CD105 (Fig. 2A). Imm-
uno-histochemical analysis showed negative staining for 
CD45 and positive staining for CD90 and CD105 with 
preservation of the typical for hMSC, fibroblast-like shape 
(Fig. 3).

Feridex-labeled hMSC preserved their osteogenic and 
adipogenic differentiation potential but lost their 
chondrogenic differentiation property
  To prove their mesodermal nature, we cultured hMSC 
in adipogenic and osteogenic media. When induced to dif-
ferentiate into osteoblasts (using medium containing ose-
tegenic differentiation factors: see methods), both un-
labeled and labeled cells exhibited alkaline phosphatase 
activity as visualized by NBT-BCIP staining (Fig. 4A, B). 
Adipogenesis was evident morphologically by their trans-
formation into rounded cells containing lipid vesicles, vi-
sualized by oil red O. Both naïve and labeled cells showed 
adipogenic differentiation and formation of lipid vacuoles 
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Fig. 3. Immunostaining analysis of naïve and Feridex-labeled hMSC. Naïve and Feridex-labeled hMSC had the classical spindle-shaped
fibroblast-like morphology (A∼F). Both unlabeled and Feridex-labeled cells showed negative staining for the hematopoietic marker CD45 
(A, B) and highly positive staining for CD90 (C, D) and CD105 (E, F).

(Fig. 4C, D). Chondrogenic differentiation was tested by 
using alcian blue staining. After classical culture with 
chondrogenic media (including TGF-beta-3), only the na-
ïve and not the Feridex-labeled hMSC were stained blue, 
indicative of chondrogenic differentiation (Fig. 4E, F).

Naïve and Feridex-labeled hMSC showed similar 
neural-like differentiation patterns in vitro
  Naïve and Feridex-labeled hMSC were cultured on fi-
bronectin-coated slides with neural differentiation media 
for 3 weeks. The differentiation media was changed twice 
a week while changing the differentiation factors’ coktail 
weekly under a controlled and specified protocol (as detai-
led in Materials and Methods). After 3 weeks the cells 
were stained for the neural and glial markers, tubu-
lin-beta-III, MAP2, GFAP and GalC (Fig. 5). Both unlabe-
led and labeled hMSCs were able to differentiate into neu-
ral-like cells as demonstrated by positive staining with 
Tubulin-beta-III (20∼30% of cells) and MAP2 (30∼50% 
of the cells) (Fig. 5). Astrocytic-like cells was identified 

by the positive GFAP staining (30∼50% cells) (Fig. 5). 
Similar staining, at low percentages, was found in both 
unlabeled and labeled hMSCs, for the oligodendrocytic 
cells marker GalC (1∼5% of the cells), DAPI staining for 
the DNA was used in (Fig. 5H) in order to clarify the dif-
ferentiated cell morphology. 

Feridex-labeled hMSC retain their immunomodulation 
properties in vitro
  The well known ability of hMSCs to suppress lympho-
cytes proliferation was tested in a co-culture system. Both 
naïve and Feridex-labeled hMSC were cultured with peri-
pheral blood lymphocytes obtained from a healthy donor. 
Three experimental controls were used: (1) lymphocytes 
were cultured with medium without PHA (presented in 
Fig. 6 as LYM＋MED) (2) lymphocytes that were cultu-
red with medium containing PHA (presented in Figure 6 
as LYM＋PHA) and (3) Lymphocytes cultured in the pre-
sence of mesenchymal stem cells in the absence of stim-
ulation mitogen. Lymphocytes cultured without mitogen 
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Fig. 4. Mesodermal differentiation 
of naïve and Feridex-labeled hMSC.
Naïve and labeled hMSC (A, B re-
spectively) differentiated to osteo-
genic structures as shown by the 
NBT/BCIP (blue-purple color) stain-
ing which detects alkaline phospha-
tase activity. Oil-red-O staining sho-
wed that un-labeled and labeled 
cells (C, D respectively) formed adi-
pocytic structures. Alcian blue sta-
ining that detects chondrogenic ma-
trix formation showed that un-la-
beled hMSC formed such structures
(E), whereas labeled-hMSC were 
unable to form chondrogenic ma-
trix (F). 

did not show any proliferation. In the positive control, 
lymphocytes cultured with media containing mitogen 
show high proliferative ability. Lymphocytes cultured 
with hMSC in the absence of mitogen did not show any 
proliferation. Two doses of hMSC were used: 10×103 cells 
and 30×103 cells, mixed with 20×104 lymphocytes under 
mitogen (PHA) induction. It was found that both types 
of cells were able to suppress the proliferation of lympho-
cytes in a similar dose dependent manner (Fig. 6). There 
was a minor and not statistically significant difference, in 
favor of the naïve hMSC, in terms of their proliferation 
blocking effect. 

Discussion

  In this study we have shown that labeling mesenchymal 
stem cells with supermagnetic iron particles (PLL-coated 
Feridex) does not alter their surface markers profile and 
typical morphological features. Following Feridex-label-

ing, their osteogenic and adipogenic differentiation poten-
tial was preserved whereas the chondrogenic differentia-
tion was compromised. Most importantly, the neural dif-
ferentiation ability of hMSC and their immunomodulat-
ion properties were not significantly affected. 
  Based on their potential to behave as stem cells (self-re-
newal, multipotency and transdifferentiation), the fact 
that they can be isolated from every adult and administe-
red autologously (a patient can serve as donor for him/her 
self) and their low toxicity and acceptable adverse events 
profile, hMSCs have been lately on the focus of the re-
search in the field of regenerative medicine. Their newly 
demonstrated immunomodulatory effects have addition-
ally contributed to this. hMSCs have been therefore, sug-
gested as a possible future therapeutic intervention in, ne-
urodegenerative and immune-related diseases, and several 
clinical trials in such indications, are ongoing (www.clini-
caltrials.gov).
  A largely debatable matter, which is crucially important 
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Fig. 5. Neural differentiation of un-
labeled and Feridex-labeled hMSC.
Naïve and labeled cells exhibited 
neural-like cell morphology as seen
by the positive staining for MAP2 
(A, B respectively) and Tubulin-be-
ta-III (C, D) following culture with 
a coktail of growth factors (as de-
scribed in Methods). Astrocytic-like 
morphology was evaluated utilizing
GFAP staining that was positive in 
both un-labeled cells (E) as well for
the Feridex-labeled cells (F). Naïve
and labeled cells showed also 
sparse oligodendrocytic differentia-
tion as presented by the staining for
GalC (G, H, respectively). DAPI sta-
ining was used to stain the nuclear
DNA for the oligodendrocytic dif-
ferentation (H).

for the clinical applications of hMSC and stem cells in 
general, is to define the most suitable way of admin-
istration in patients and to investigate whether by the vari-
ous routes suggested, the transplanted cells can reach (at 
significant proportions) the affected organs or sites. In or-
der to investigate this migration potential of the hMSC 
in neurological conditions, labeling and tracking of the 
cells with non-invasive means, seems of critical importance. 
To this direction, MR techniques have been tried follow-
ing the labeling of the cells with supermagnetic particles, 
which make them visible in the MRI. For intracellular 
magnetic labeling, the FDA-approved Feridex coated with 
poly-L-lysine (PLL) has been used in various experimen-

tal and clinical settings. The PLL coats the FeridexⓇ and 
binds to the cells membrane, followed by endocytosis of 
the magnetic particles.   
  Studies in animal models of stroke and spinal cord in-
jury (18, 19). utilized the magnetic labeling of the transpl-
anted MSC with Feridex, in order to track them in vivo. 
In the study by Jendelova et al. (18), MSC were labeled 
with SPIO and grafted into rats with a cortical photo-
chemical lesion MSCs were either grafted intracerebrally 
into the contralateral hemisphere or injected intra-
venously (20). The implanted cells were visible on MR im-
ages as an hypointense area at the injection site and in 
the lesion. The hypointense signal persisted for more than 
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Fig. 6. Immunomodulatory effects of unlabeled and Feridex-labeled
MSCs: Effects on lymphocytic proliferation. The controls of the ex-
periment show that lymphocytes cultured with medium or cultured
with hMSC (both without the presence of PHA) did not show any
proliferation effects. Lymphocytes cultured in the presence of PHA
showed typical lymphocyte proliferation. Naïve and labeled hMSC
were added in two doses (10×103 & 30×103) in cultures of naïve
human lymphocytes, obtained from donors. Both unlabeled and 
Feridex-labeled hMSCs equally suppressed the proliferation of lym-
phocytes induced by PHA mitogen in a dose-dependent manner 
(MED=Medium, LYM=Lymphocytes).

50 days. Prussian blue staining and transmission electron 
microscopy (TEM) confirmed the presence of iron-oxide 
nanoparticles inside the cells. In a rat model of spinal cord 
injury (19), SPIO-labeled MSCs, injected i.v. were vi-
sualized by MRI as non-homogeneity in the tissue texture 
with a hyperintenese signal at the area of the injury. 
  Labeling with SPIO has been tried with similar efficacy 
in different stem cells types such as embroyinc stem cells 
(14, 18) and neural stem/precursor cells (21). In a model 
of experimental autoimmune encephalomyelitis (EAE) 
(21). intracerebroventricularly (ICV) transplantated SPIO- 
labeled neural precursor cells (NPC) responded to infla-
mmatory cues, migrated in white matter tracts and differ-
entiated into the glial lineages, in a similar fashion as un-
labeled cells. SPIO-labeling did not affect the survival and 
pluripotency of NPCs, in vitro. Furthermore, labeled NPCs 
inhibited lymph node cell proliferation in vitro, similarly 
to non-labeled cells, suggesting a preserved immunomodu-
latory function. 
  Following the evidence of successful tracking of the 
transplanted cells with Feridex, the question that is logi-
cally raised is whether this labeling compromises the func-
tional properties of MSCs. Few previous studies were con-

ducted in order to study the effects of SPIO-labeling on 
functional properties of hMSC. In the study by Kostura 
et. al, hMSC were labeled with poly-L-lysine (PLL)-coated 
Feridex and with bare Feridex (16). As compared with un-
labeled controls, labeled hMSC exhibited an unaltered via-
bility, proliferated similarly, and underwent normal adipo-
genic and osteogenic differentiation. However, there was 
a marked inhibition of chondrogenesis. The blocking of 
chondrogenic activity was mediated by the Feridex, rather 
than by the transfection agent (PLL). 
  In the study of Arbab et al. (12), the effect of ferum-
oxides-poly-l-lysine (PLL) complex for magnetic cell labe-
ling on the long-term viability, function, metabolism, and 
iron utilization of mammalian cells, was evaluated. It was 
found that intracytoplasmic nanoparticles were stained with 
Prussian blue when the ferumoxides-PLL complex follow-
ing magnetically labeling of the human mesenchymal stem 
and HeLa cells. The long-term viability, growth rate, and 
apoptotic indexes of the labeled cells were unaffected by 
the endosomal incorporation of SPIO, as compared with 
the nonlabeled cells. In nondividing human mesenchymal 
stem cells, endosomal iron nanoparticles could be detected 
after 7 weeks; however, in rapidly dividing cells, intra-
cellular iron had disappeared by five to eight divisions. 
A nonsignificant transient increase in reactive oxygen spe-
cies production was observed in the human mesenchymal 
stem and HeLa cell lines, following labeling. 
  hMSC can be also isolated from other than bone mar-
row, tissues such as cord blood, adipose tissue and periph-
eral blood (22-24). hMSC obtained from umbilical cord 
blood could be labeled with SPIO with high efficiency 
without significant change in viability and apoptosis (25).
  In our experiments, Feridex incorporation into bone 
marrow hMSC was very high (90∼100 %), within 48 hrs 
of incubation. Feridex-labeling did not affect the pro-
liferation and expansion ability of the hMSC in culture 
(data not shown). The labeled cells were found to preserve 
their fibroblast-like spindle shape morphology. Both la-
beled and unlabeled hMSC exhibited a similar surface 
markers profile in cytometric analysis (negativity for the 
hematopoietic marker, CD45 and positivity for the mesen-
chymal markers CD90 and CD105). The difference ob-
served, between the classical mesodermal differentiation, 
(which was not affected by labeling) and the compromised 
ability for chondrogenic differentiation is not novel and 
has been earlier shown by others (16), suggesting an inter-
ference of the intracellular chondrogenic differentiation 
cascade, by Feridex. However, other studies showed con-
flicting results, indicating that chondrogenisis is preserved 
following labeling by Feridex (12). 
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  The most relevant for clinical uses in neurodegenerative 
and neuroinflammatory diseases, property of MSC is their 
neuro-differentiation potential and their immunomodula-
tory effects. In our study we have demonstrated that at least 
in vitro, these functions are not compromised. Several stu-
dies and our previous works, have shown the neural differ-
entiation ability of MSC both in vitro and in vivo (2-4, 26, 
27). This trans-differentiation could be induced and 
stimulated with different methods, either by chemical in-
duction or by the use of growth factors. Such neural differ-
entiation could be highly relevant for neurological diseases 
like multiple sclerosis, neurodegenaration and stroke. In 
animal studies, it was shown by us and others that MSC 
could induce strong neurotrophic and neuroprotective ef-
fects in the murine models of MS (EAE), Parkinson’s dis-
ease, spinal trauma and ALS (2, 28-30) . In our previous 
studies, we have shown that murine and human MSCs can 
differentiate into neural-like and glial-like cells under spe-
cific conditioning by growth factors (2). Here, we applied 
the same conditions to the FeridexⓇ labeled cells. We 
found, that these cells kept there potential to acquire the 
neural and glial morphology in vitro. 
  The immunomodulating properties of hMSC are mostly 
relevant for immune-mediated diseases such as multiple 
sclerosis and GVHD. In our study, labeled-hMSC retained 
to a large extent the ability to suppress lymphocytes pro-
liferation following stimulation with the mitogen PHA, in 
a dose-dependent manner.
  In conclusion, hMSC can be labeled easily with SPIO 
while retaining their morphological, immunohistological, 
immunomodulatory and differentiation properties. These 
data support, that hMSC can be labeled and tracked by 
MRI without the concern of losing their basic biological 
properties.
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