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Highlights from the latest articles in regenerative medicine

Keeping the channels open: allogeneic
endothelial cells modulate restenosis
of injured blood vessels
Evaluation of: Nugent HM, Ng Y-S,
White D, Groothius A, Kanner G,
Edelman ER. Ultrasound-guided,
percutaneous delivery of tissueengineered endothelial cells to the
adventitia of stented arteries
controls the response to vascular
injury in a porcine model. J. Vasc.
Surg. doi: 10.1016/j.jvs.2012.03.002
(2012) (Epub ahead of print).
Restenosis, or blood vessel renarrowing,
occurs after damage to the intima, the
monolayer of smooth muscle cells that
lines the vessel’s luminal surface and is,
ironically, a common adverse event associated with balloon angioplasty and other
vascular procedures intended to treat vessel
stenosis in the first place. Although placement of stents is often performed as part of
an angioplasty, the stent does not prevent
the cascade of events, including thrombosis,
inflammation and endothelial cell proliferation that lead to hyperplasia, which is the
ultimate cause of vessel restenosis.
In recent years, research has focused on
the regulation of intimal hyperplasia by
endothelial cells within the adventitia, or
outermost layer of large vessels, and in the
vasa vasorum, the smaller vessels that supply blood to veins and arteries. This research
spawned the hypothesis that supplementing
the adventitial endothelium with a tissueengineered construct containing endothelial cells would allow control over intimal
hyperplasia. This hypothesis was tested by
embedding allogeneic porcine aortic endothelial (PAE) cells within an absorbable
gelatin sponge, which was implanted in an
open surgical procedure into the perivascular space surrounding vessels in a porcine
10.2217/RME.12.93 © 2012 Future Medicine Ltd

carotid artery angioplasty model [1] . In this
configuration, the PAE-containing construct decreased the restenosis index by 54%
versus control.
Since many vascular interventions involve
percutaneous rather than open surgical procedures, it was of interest to re-engineer the
construct, while maintaining efficacy. In the
study by Nugent et al., allogeneic PAE cells
were cultured on gelatin particles for percutaneous delivery to the perivascular space
surrounding femoral arteries in a stentinduced injury model. Proliferation rates
of PAE cells, and cell-based assays designed
to test for endothelial cell phenotype and
for their ability to inhibit inflammatory
and thrombotic gene expression, were first
performed to confirm that PAE cells cultured on gelatin particles retained the same
functional properties as those cultured in
gelatin foam. Ultrasound-guided needles
were then used to inject the PAE/matrix
to the perivascular space of injured vessels,
which were examined histomorphometrically after 90 days. The stented segments of
arteries treated with PAE/matrix had significantly higher luminal areas, higher luminal
diameters, smaller intimal areas, and overall, were 33–50% less occluded than non
injected or gelatin particle-injected controls.
Furthermore, histopathology revealed a
decrease in the number of leukocytes associated with the intima of PAE-treated vessels,
suggesting an effect on the inflammatory
phase of the injury response.
Although the exact mechanism of action
of the PAE/matrix on intimal hyperplasia
has not been determined, it is thought that
paracrine factors are involved, and that the
effect is delivered by the construct within the
first few weeks post-injection, since neither
the allogeneic cells nor the matrix persist
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demonstrated that a significant number
of BrdU + cells were also labeled GFAPexpressing cells; nevertheless, these cells
were never observed to coexpress NeuN.
The mechanism of the locomotor recovery
after EGFR inhibition was further studied
in this article. Ju et al. used PD168393
treatment to determine that there are a
small percentage of NG2 + /BrdU + cells
which generate motor and sensory neurons
by labeling with SMI32 and GABA, correspondingly. Notably, the direct evidence
for the role of EGFR in neurogenesis after
injury was assessed using transplantation
experiments. The researchers generated
NG2 progenitors and determined that the
cells treated with PD168393 were able to
express motor and sensory neuronal markers. On the other hand, none of the GFPlabeled NG2 exogenous transplanted cells
treated with phosphate buffered saline
were able to express neuronal markers.
Mechanistically, they resolved the signaling to be mediated by Ras and MEK in
addition to ERK1/2 and p90RSK, without
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affecting other kinases. Interestingly,
inhibitors of Ras and MEK were also able
to induce neuronal morphology, mRNA,
and protein levels, in culture, similar to
P168393.
This work has demonstrated how we
must look at harnessing the cells that
remain in the injury after SCI or traumatic
brain injury. If we are able to increase proliferation and enhance differentiation of
endogenous cells within the injury, we
may be able to treat SCI patients with
downstream activators of neurogenesis.
Ju et al. have eloquently shown the role of
Ras/MEK in mediating EGFR signaling in
NG2 cells to produce functional neurons.
It will be very interesting to observe the
long-term effects of treatment with EGFR
inhibitors and downstream effectors.
Furthermore, it will be interesting to look
at EGFR inhibition in NG2 cells in other
models of degeneration of the CNS, such
as multiple sclerosis or Alzheimer’s disease.
– Written by Amber E Kerstetter-Fogle

Targeting innate immunity to treat
long-term Type 1 diabetes
Evaluation of: Faustman DL,
Wang L, Okubo Y et al.
Proof-of-concept, randomized,
controlled clinical trial of
bacillus-Calmette–Guerin for
treatment of long-term Type 1
diabetes. PLoS One 7(8), e41756
(2012).
Selective destruction of autoimmune
T lymphocytes (T cells) that target insulin-secreting b-cells could potentially provide a therapeutic avenue to treat Type 1
diabetes. Boosting the innate immunity
through selective exposure to pathogens is a potential mechanism to achieve
this goal. The administration of bacillus
Calmette–Guerin (BCG), which is known
to induce TNF expression through an
innate immune response that selectively
targets and destroys insulin-autoreactive
T cells, is the underlying hypothesis driving this proof-of-principle study. In mice,
BCG immunization-induced production
future science group

of the cytokines TNF-a, INF‑g and IL-4
by splenocytes and increased expression
of Fas, Fas ligand, and TNF receptors on
T cells, which led to T‑cell apoptosis [1] .
Previous work by the Faustman laboratory had established that a subpopulation
of CD8 + cells in patient blood was vulnerable to TNF [2] . Adjuvent therapy, such as
BCG, in humans was found to be effective in a small population of prediabetic
patients; however, expanded clinical trials
have cast doubt on the clinical efficacy of
this approach. In the study by Faustman
et al., BCG was administered to patients
with long-term Type 1 diabetes in a double-blind, placebo-controlled trial. Blood
samples were monitored over 20 weeks for
immune and pancreatic function. Patients
treated with BCG, and one control patient
diagnosed with acute Epstein–Barr virus
infection (another trigger of innate immunity), had increased numbers of dead insulin-autoreactive T cells as measured by flow
cytometry. Additionally, regulatory T-cell
numbers increased in the BCG-treated
www.futuremedicine.com
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subjects. Antibody levels against glutamic
acid decarboxylase, the tyrosine phosphatase IA–2A and the zinc transporter,
ZnT8A, were measured in placebo and
BCG-treated populations. In two out of the
three BCG-treated subjects, glutamic acid
decarboxylase levels sustainably changed,
one increased and one decreased, but the
third did not change from the baseline.
For the other islet-specific autoantibodies,
only ZnT8A decreased in one subject with
statistical significance. C-peptide levels significantly and temporarily rose in two out
of the six BCG-treated subjects as well as
in the Epstein–Barr virus-infected placebo
subject, which was suggestive of a brief
functional improvement in b‑cell function.
Taken together, these results are consistent
with BCG inducing a TNF expression that
modulates the innate immune response,

targets insulin-autoreactive T cells and
transiently increases C-peptide levels. The
results provide a foundation upon which
expanded clinical trials will determine
whether sustained increases in C-peptide
levels can be reproducible in a larger population of patients with Type 1 diabetes.
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– Written by Charles C King

Stem cell factor: a new weapon to
regenerate the infarcted heart?
Evaluation of: Yaniz-Galende E,
Chen JQ, Chemaly ER et al. Stem
cell factor gene transfer promotes
cardiac repair after myocardial
infarction via in situ recruitment
and expansion of c-kit+ cells.
Circ. Res. doi:10.1161/
CIRCRESAHA.111.263830 (2012)
(Epub ahead of print).
Regeneration of the heart was once considered a remote possibility, mainly inferred
from calculation of cardiomyocyte number and ventricular mass during aging. In
fact, due to the continuous loss of cardiomyocytes, the heart would be expected to
shrink unless new cardiomyocytes are concomitantly generated by a pool of resident
cardiac stem cells. The demonstration of
adult human heart renewal provides new
hope for the development of regenerative
strategies to rescue cardiac disease by either
transplanting exogenous cardiac stem cells
or boosting the regenerative potential of
endogenous stem cells.
The ongoing SCIPIO clinical trial
using intracoronary infusion of autologous
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c-kit+ cardiac stem cells showed preliminary evidence of functional improvement
in patients with ischemic cardiomyopathy [1] . Moreover, injection of ex vivo
expanded autologous cardiospheres
(which contain a significant amount of
c-kit+ cells) were also demonstrated to
improve clinical parameters in patients
with heart failure [2] .
A recent Circulation Research article
from Yaniz-Galende et al. investigates
the capability of recruiting c-kit + cells
through modulation of local signaling
pathways by gene transfer of the c-kit
ligand, stem cell factor (SCF) [3] . SCF
exists in two isoforms, a soluble and a
membrane-bound form. While the former leads to rapid and transient activation, autophosphorylation and fast
degradation of c-kit, stimulation with
the membrane-associated form leads to
more sustained activation by preventing
receptor–ligand complex internalization.
Hence, the authors decided to apply gene
therapy with recombinant adenoviruses
expressing the membrane-bound form
of SCF to rescue cardiac function in rats
with acute myocardial infarction (aMI).
future science group

