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Neuronal Phenotypes and Gene Expression Profiles
of the Human Adipose Tissue-Derived Stromal Cells
in the Neuronal Induction
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Purpose: Human adipose tissue-derived stromal
cells(hADSCs) can be expanded in vitro and induced to
differentiate into multiple mesenchymal cell types. In this
study we have examined various neuronal phenotypes
and gene expression profiles of the hADSCs in the
neuronal induction.

Methods: The hADSCs were isolated from human
adipose tissue and they were characterized by the flow
cytometry analysis using CD13, CD29, CD34, CD45,
CD49d, CD90, CD105 and HLA-DR cell surface markers.
We differentiated the hADSCs into the neuronal lineage
by using chemical induction medium and observed the
cells with contrast microscopy. The immunocytoche-
mistry and western blotting were performed using the
NSE, NeuN, Trk-A, Vimentin, N-CAM, S-100 and B-
Tubulin 1l antibodies. ‘

Results: The hADSCs were positive for CD13(90.3
+ 4%), CD29(98.9 = 0.7%), CD49d(13.6 + 6%), CD90
(99.4 = 0.1%), CD105(96% =+ 2.8%) but negative for
CD34, CD45 and HLA-DR. The untreated cultures of
hADSCs predominately consisted of spindle shaped
cells and a few large, flat cells. Three hours after the
addition of induction medium, the hADSCs had changed
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morphology and adopted neuronal-like phenotypes. The
result of immunocytochemistry and western blotting
showed that NSE, NeuN, Trk-A, Vimentin, N-CAM, S-
100 and B-Tubulin Il were expressed. However, NSE,
NeuN, Vimentin were weakly expressed in the control.

Conclusion: Theses results indicate that hADSCs
have the capabillity of differentiating into neuronal line-
age in a specialized culture medium. hADSCs may be
useful in the treatment of a wide variety of neurological
disorders.

Key Words: Human adipose tissue-derived stromal cell, Neuro-
nal differentiation, Neuron-specific protein
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Fig. 1. Characterization of the hADSCs. As described under
"Experimental Procedures’, the hADSCs at passage 4 were
subjected to flow cytometry analysis. Undifferentiated hADSCs
were stained with monoclonal antibodies directed against CD13,
D29, CD34, CD45, CD49d, CD90, CD105, HLA-DR and cou-
pled to fluorescein isothiocyanate(FITC); these signals are in-
dicated as green lines, An isotype matched monoclonal antibody
served as a control; these signals are indicated as black lines.
hADSCs are positive for CD13(90.3 £ 4%), CD29(98.9 + 0.7%),
CD49d(13.6 + 6%), CDI0(994 + 0.1%), CD105(%9 = 2.8%) and
negative for CD34, CD45, HLA-DR.
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Fig. 2. Neuronal induced morphological change in the hADSCs. Morphologic changes following neuronal induction of hADSCs. (A)
hADSCs grown under control conditions. hADSCs consisted predominantly of spindle shaped-like fibroblastic cells and a few large,
flat cells and higher cell densities(x 100). (B) hADSCs after Thr of culture with neuronal induction media. Cells display cytoskeletal
rearrangements to form cells that have phase bright nuclei and extend cellular processes( X 100). (C, D) Three hours later,
Morphological changes of neuronal differentiation include cytoplasm retraction toward the nucleus and increasingly spherical
appearance of cell bodies and extend long thin neuronal-like phenotypes. Cells increasingly display neuronal traits of pyramidal,
perikaryal appearances(X 400). (E-H) Progressive morphological changes of hADSCs at 1-3 days following neuronal induction include
elongated processes appearance of cell bodies(x 200). Control Neuronal induction Neuronal induction(no stain).
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Fig. 3. Immunocytochemistrical analysis of neuronal cell marker
expression. The hADSCs were kept as a control(A-G) or they
were treated with neuronal induction medium(H-N). (H) Intense
NeuN expression with staining primarily nuclear; (I) NSE expres-
sion with staining cytoplasm; (J) Low level of Trk-A expression
with staining cytoplasm; (K) Strong Vimentin expression with
staining cytoplasm; (L) B-Tubulin expression with staining cyto-
plasm; (M) Lack N-CAM expression with staining cytoplasm; (N)
Strong 5100 exprssion with staining cytoplasm and nuclear.
hADSCs that exhibited a neuronal-like structure stained positive
(O-U). hADSCs with a flattened, spindle-like structure did not( X
200).
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Fig. 4. Western blotting analyzed the neuronal marker genes.
hADSCs were treated with neuronal induction media for 3 days,
and protein expression was analyzed by western blotting. The 8-
actin bands show equal loading of protein for each sample
expression. Lane C represents hADSCs maintained non inductive
control media. Lane N represents hADSCs neuronal induction
medium. The data represents the mean SD of the staining
expression intensity.
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