
CELL JOURNAL(Yakhteh), Vol 15, No 2, Summer 2013 142

Promotion of Remyelination by Adipose Mesenchymal Stem 
Cell Transplantation in A Cuprizone Model of Multiple Sclerosis

Ph.D.

* Corresponding Address: P.O.Box: 1417613151, Department of Anatomical Sciences, School of Medicine, Tehran University 
of Medical Sciences, Tehran, Iran

Email: ragerdi@sina.tums.ac.ir

Abstract
Multiple sclerosis (MS) is an immune-mediated demyelinating disease of the 

central nervous system (CNS). Stem cell transplantation is a new therapeutic approach for 
demyelinating diseases such as MS which may promote remyelination. In this study, we 
evaluate the remyelinating potential of adipose mesenchymal stem cells (ADSCs) and their 
effect on neural cell composition in the corpus callosum in an experimental model of MS. 

 This experimental study used adult male C57BL/6 mice. Cul-
+,CD90+, CD31-,CD45-, and labeled by PKH26. 

Animals were fed with 0.2% w/w cuprizone added to ground breeder chow ad libitum for 
six weeks. At day 0 after cuprizone removal, mice were randomly divided into two groups: 
the ADSCs-transplanted group and the control vehicle group (received medium alone).  
Some mice of the same age were fed with their normal diet to serve as healthy control 

-
scope. At ten days after transplantation, the mice were euthanized and their cells analyzed 

Results were analyzed by one-way analysis of variance (ANOVA).

-
uation revealed enhanced remyelination in the transplanted group compared to the control 
vehicle group. Flow cytometry analysis showedan increase in Olig2 and O4 cells and a 
decrease in GFAP and Iba-1 cells in the transplanted group.

Our results indicate that ADSCs may provide a feasible, practical way for 
remyelination in diseases such as MS.
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(2) and bone marrow mesenchymal stem cells 

In vivo

nated corpus callosum and their effect on neural 
cell composition in the corpus callosum.

Materials and Methods
Isolation of adiposemesenchymal stem cells

) and 
). The tube 

Characterization of isolated adipose mesenchymal 

after the initial plating of the primary culture 

Homing assay

sacrificed two days after transplantation and 

pan). Nuclear staining was performed using 

losum.

Cuprizonemouse model

consisted of mice of the same age that were fed 
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All study procedures were conducted according 

Single-cell suspension of corpus callosum
The complete corpus callosum was micro

was aspi

The cells were then distributed between four 

minutes on ice and the cells were washed three 

Preparation of brain tissue for histology

Myelin staining

the white matter was easily distinguishable from the 

®

Electron microscopic examination

Image tools software Im
age J software. 

elin sheaths contained within all of the selected 

d) as the short

on both sides was defined as the fiber diameter 
(

from one brain was calculated. The mean of the 
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Statistical analysis

Results
Characterization of mouse adipose mesenchymal 
stem cells

 (hemat

Fig 1: Flow cytometry analysis of C57BL/6 mice ADSCs 
showing that they do not express CD31, and CD45, but ex-
press CD73 and CD90. The white histograms show isotype-
matched control staining.

Homing properties of adipose mesenchymal stem 
cells

cell suspension of the injuredcorpus callosum at 

Remyelination Following ADSCs Transplantation

Light microscopic examination

control group had less remyelination 

Improved myelination in adipose mesenchymal 
stem cells transplantation

Transmission electron microscopic photo
graphs were used to determine myelin morpho
metric parameters from corpus callosum in the 

obtained from the corpus callosum and ana

fibers significantly increased in the transplanted 
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Fig 2: Fluorescence images (first row) of a pooled corpus callosum single-cell suspensionfrom recipient mice 2 
days after transplantation show PKH26+adipose mesenchymal stem cells (ADSCs; red color), with DAPI blue-
stained nuclei, visualized among various cell types. ADSCs stained with PKH26 (A); nuclear staining with DAPI 
(B); and merge them (C). Light (second row) and transmission electron micrographs (third and fourth rows) 
showtransplantation of ADSCs facilitates remyelination in the corpus callosum of mice after cuprizone-induced 
demyelination.The photomicrographs were taken from coronal (light micrographs) and sagittal sections (trans-
mission electron micrographs) of the corpus callosum of miceeuthanized 10 days after transplantation.(D-F): My-
elin content evaluated by luxol fast blue (LFB) staining. Corpus callosumof a control health mouse (D, delineated 
by black lines); control vehicle (E); and transplanted group (F). (G-L): Electron micrographs show myelinated 

control health group; (H, K) control vehicle group; and (I, L) ADSCs transplantation group.Scale bars: A-C=100 
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Short-term transplantation of ADSCs after demy-
elination changes in cellular composition of the 
corpus callosum

duced demyelination lesions (corpus callosum) 

contained reduced proportions of Olig2  
cells compared to the healthy control group.This 

 cells in le

mately 
 oligodendrocytes increased 
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Fig 3: Percentage of myelinated axons in the corpus callosum (A); Mean of axon diameters (B); Mean of myelin sheath thickness (C); 
and G-ratio (D). Quantitative analysis of the electron micrographs was performedwith Image tools  J software. Results are mean ± SEM 
off our different measurements for each experimental condition (*p<0.05).
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Fig 4: Analysisof changes in cellular composition in the corpus callosum of cuprizone-induced demyelinated mice treated with 
adipose mesenchymal stem cells (ADSCs) or vehicle alone. Mononuclear cells were isolated from the corpus callosum and the 
frequencies of GFAP+ (astrocytes), Iba-1 (microglia), Olig2+ (oligodendroglial progenitor) and  O4+ (oligodendrocytes) cellswere 

Discussion

 T lymphocytes of both 

dysfunction and changes in cellular membrane 

by either promoting endogenous repair mecha

becoming a crucial issue for their clinical appli

in the use of transplantable stem cells as a means 
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cell suspension that was prepared fromthe corpus 

attractant signals for mesenchymal stem cells such 

transplanted bone marrow cells appear to be re

allowed to enter the lesion site because of the par

on chronicdemyelination relies also on the ability 

the interaction of these molecules may promote the 

lesions.

tation for the cure of 

Remyelination Following ADSCs Transplantation

Although the cellular mechanisms respon

ticipate inremyelination by either differentiating 
into mature oligodendrocytes that can form new 

and proliferation of endogenous precursor cells 

may turn on reactions and interact with the brain 

able to secrete basic fibroblast growth factor 

which strongly support the process of oligoden

accompanied by changes in neural cell compo
sition with increased microglia and decreased 

numbers of microglial cells increased in the 

gested that microglia is able to discriminate be
in vivo; although a clear 

mechanism for the latter still remains to be elu
cidated. A potential mechanism for clearing al
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Conclusion
These results support the use of appropriate 

reinforcing element when considering the thera
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