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Introduction: Stroke represents an attractive target for cell therapy. Although dif-
ferent types of cells have been employed in animal models with variable results,
the human adipose-derived stem cells (hASCs) have demonstrated favorable char-
acteristics in the treatment of diseases with inflammatory substrate, but experience
in their intracerebral administration is lacking. The purpose of this study is to
evaluate the effect and safety of the intracerebral application of hASCs in a stroke
model. Methods: A first group of Athymic Nude mice after stroke received a ste-
reotactic injection of hASCs at a concentration of 4 × 104/µL at the penumbra area,
a second group without stroke received the same cell concentration, and a third
group had only stroke and no cells. After 7, 15, and 30 days, the animals under-
went fluorodeoxyglucose-positron emission tomography and magnetic resonance
imaging; subsequently, they were sacrificed for histological evaluation (HuNu, GFAP,
IBA-1, Ki67, DCX) of the penumbra area and ipsilateral subventricular zone (iSVZ).
Results: The in vitro studies found no alterations in the molecular karyotype,
clonogenic capacity, and expression of 62 kDa transcription factor and telomerase.
Animals implanted with cells showed no adverse events. The implanted cells showed
no evidence of proliferation or differentiation. However, there was an increase of
capillaries, less astrocytes and microglia, and increased bromodeoxyuridine and
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doublecortin-positive cells in the iSVZ and in the vicinity of ischemic injury. Con-
clusions: These results suggest that hASCs in the implanted dose modulate
inflammation, promote endogenous neurogenesis, and do not proliferate or migrate
in the brain. These data confirm the safety of cell therapy with hASCs. Key
Words: Stroke—ASC therapy—brain surgery—stem cells—animal
model—intracerebral transplantation.
© 2018 National Stroke Association. Published by Elsevier Inc. All rights reserved.

Introduction

Brain stroke is one of the most important conditions
in health care, not only because of its high incidence,
making it 1 of the 3 more frequent causes of mortality
and the first one of disability in the western world, but
also because of the high cost to the health-care system
due to treatment, rehabilitation, and prevention of further
episodes. Even if stroke treatment in the acute phase has
improved ostensibly during the last decade, it is still a
clinical situation provoking important neurological se-
quelae, which can lead to physical disability and dementia.
Because of this, the search for alternative treatments
devoted to the recovery of patients with stroke is a pri-
ority objective in clinical research.

The finding after experimental stroke of increased neu-
rogenic activity, presence of endogenous neural stem cells
at the cortex, and proliferation of nestin-positive cells both
at the periphery and at the core of the ischemic zone1,2

and of the survival of these cells at the ischemic area after
permanent ischemia,3-5 has boosted the idea that cell therapy
may be effective for these patients. Different experimental
studies support this possibility. The implant of stem cells
induces a functional improvement in experimental stroke6-10

and after the implant of immortalized pluripotent tera-
toma cells.11 There are many possible mechanisms that
could explain the reduction in infarct volume and neu-
rological deficits found after ischemic stroke, such as
replacement of neurons, neuroprotection, cell rescue via
trophic support, promotion of endogenous neurogenesis,
immunomodulation, or axonal plasticity, although the most
probable one seems to be a local neuroprotective effect.12

However, different experimental studies have shown that
the generation of angiogenesis in the area close to the
ischemia parallels the functional improvement in exper-
imental stroke. The use of stem cells of mesenchymal origin
has demonstrated to induce angiogenesis, and it could
stimulate neurogenesis and the migration of neural cells
to the ischemic area.13

It is because of this that the use of cells of mesenchy-
mal origin has been proposed as a therapeutic possibility
in stroke.14 Among the mesenchymal stem cells, those
derived from adipose tissue present a series of both bi-
ological and practical advantages making them interesting
candidates for their therapeutic use. One of these ad-
vantages is that they induce angiogenesis through the
liberation of cytokines as the vascular endothelial growth

factor (VEGF).15 Moreover, they present pathotropism es-
pecially to hypoxic areas. However, immunomodulatory
effects have been described for mesenchymal cells both
in vitro (they do not induce allogenic lymphocytic re-
sponse and inhibit the lymphocytic response provoked
by mitogens)16,17 and in vivo (mesenchymal cells have con-
trolled the graft versus host reaction associated to
hematopoietic transplantations).18

Furthermore, these cells are widely available for their
allogenic use, given the number of lipoaspirates done now-
adays in plastic surgery, facilitating its donation. Different
companies may provide cells from healthy donors, ad-
equately processed and packed for their immediate use
in humans. These characteristics make adipose tissue-
derived stromal cells (ASCs) perfect candidates for stem
cell therapy in stroke, and these cells have been used in
various studies in experimental stroke.19-29

Some of the problems for the use of transplanted cells
in the clinical treatment of stroke are the access pathway
for the cells to the injured area and the understanding
of the mechanisms of action. Although several studies
have tested the use of cells delivered by the intravenous,
intra-arterial, or intrathecal routes,30-32 and the transplanted
cells can migrate to the lesion area, their access to the
area is difficult and their location in the penumbra zone
is very sparse, which may foreshadow a beneficial effect.
However, little is known about the mechanisms these cells
could use to improve the conditions of the lesioned area
when transplanted into the ischemic penumbra area. In
addition, it is important to elucidate the safety aspects
of this delivery, in terms of neurological, teratogenic, and
inflammatory side effects.

In consequence, the objective of this study is to dem-
onstrate the efficacy and safety of the direct brain injection
of allogenic ASC in a stroke model administered into the
ischemic penumbra area to proceed to translational clin-
ical research.

Materials and Methods

Adipose Tissue Collection

Adipose tissue samples were obtained from donors during
routine abdominoplasty following informed patient consent
and according to the guidelines set by the corresponding
ethics committee on biomedical research. The adipose tissue
was transported in sterile bottles and was immediately
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