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Abstract
Mesenchymal stem cells (MSCs), due to their paracrine, transdifferentiation, and
immunosuppressive effects, hold great promise as a therapy for peripheral arterial disease.
Diabetes is an important risk factor for peripheral arterial disease; however, little is known of how
type II diabetes affects the therapeutic function of MSCs. This review summarizes the current
status of preclinical and clinical studies that have been performed to determine the efficacy of
MSCs in the treatment of peripheral arterial disease. We also present findings from our laboratory
regarding the impact of type II diabetes on the therapeutic efficacy of MSCs neovascularization
after the induction of hindlimb ischemia. In our studies, we documented that experimental type II
diabetes in db/db mice impaired MSCs’ therapeutic function by favoring their differentiation
towards adipocytes, while limiting their differentiation towards endothelial cells. Moreover, type
II diabetes impaired the capacity of MSCs to promote neovascularization in the ischemic
hindlimb. We further showed that these impairments of MSC function and multipotency were
secondary to hyperinsulinemia-induced, Nox4-dependent oxidant stress in db/db MSCs. Should
human MSCs display similar oxidant stress-induced impairment of function, these findings might
permit greater leverage of the potential of MSC transplantation, particularly in the setting of
diabetes or other cardiovascular risk factors, as well as provide a therapeutic approach by
reversing the oxidant stress of MSCs prior to transplantation.
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Introduction
Peripheral artery occlusive disease remains a leading cause of limb loss and mortality
worldwide. Cell-based therapies were conceived initially as an innovative way to improve
blood flow recovery to prevent amputation. Many potential candidate cells have been
evaluated, including whole bone marrow cells, bone marrow mononuclear cells,
hematopoietic stem cells, endothelial progenitor cells, and hemangiocytes [1–5]. Of the
various types of stem and progenitor cells, mesenchymal stem cells (MSCs) are being
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pursued the most actively at both preclinical and clinical levels, owing to their greater ease
of isolation and capacity for ex vivo expansion.

Mesenchymal stem cells are multipotent non-hematopoietic stem cells that have the capacity
for self-renewal and terminal differentiation into a multitude of different cell types, the best
characterized of which are osteocytes, chondrocytes and adipocytes [6, 7]. Mesenchymal
stem cells can home to and survive in an ischemic environment. Through paracrine effects,
they aid in the promotion of arteriogenesis and angiogenesis and by terminally
differentiating into vascular cells and myocytes [8–10]. These features enable MSCs to
promote post-ischemic neovascularization and blood flow recovery in ischemic diseases
secondary to peripheral arterial occlusive disease; however, the specific mechanisms by
which they do so have yet to be fully characterized.

Over the last two decades, extensive and breakthrough research into stem cell based
therapies have shown great promise for the treatment of a variety of clinical disorders,
including peripheral artery occlusive diseases (PAD) [11–16]. Here, we will focus on the
current status of research into MSCs as a stem cell-based therapy for PAD and the unique
challenges to their successful application towards a standard clinical therapy.

Origin and identification of MSCs
Mesenchymal stem cells were first isolated from the bone marrow and described in 1997 [6,
17]. Since then, MSCs have also been isolated from a variety of other sources: peripheral
blood [18], cord blood [19–21], adipose tissue [22–24], placenta [25], lung, dental pulp,
periodontal ligament tissue, along with fetal and amniotic membranes. (FIGURE 1)
Mesenchymal stem cells derived from these diverse sources have all expressed a distinct
pattern of cell surface markers, ex vivo differentiation capacity, and pro-angiogenic
properties characteristic of these cells. Mesenchymal stem cells derived from each of these
sources have also been shown in experimental models to be effective in the treatment of
hindlimb ischemia. Despite the similarity of the cell surface marker expression, MSCs
derived from different sources nonetheless do exhibit heterogeneity in colony formation
rates and differentiation potential [26–28]. Bone marrow-derived MSCs showed the greatest
therapeutic potential to reduce the area of myocardial infarction and improve myocardial
performance and capillary density in preclinical mouse models of ischemia [29, 30]. In
contrast, transplantation of human adipose tissue-derived MSCs showed better blood flow
recovery in preclinical models of hindlimb ischemia [31].

While studies of bone marrow-derived MSCs are the best established, due to clinical
concerns surrounding the invasiveness and pain associated with bone marrow aspiration,
alternative sources of MSCs have been explored. One recent breakthrough was the use of
induced pluripotent stem cells (iPSC). With appropriate programming iPSCs can be induced
towards differentiation into MSCs [32, 33]; these iPSC-derived MSCs have been shown to
be effective in promoting neovascularization in preclinical models of limb ischemia [34, 35].
In one such study that compared the capacity of MSCs derived from different sources for
engraftment and terminal differentiation, iPSC-MSCs were more effective than bone
marrow-derived MSCs [34].

Mesenchymal stem cells have also been derived from human embryonic stem cells (ESCs)
[36]. Human ESC-derived MSCs have the same typical cell surface markers and capacity to
differentiate into characteristic cell types as do MSCs derived from either bone marrow or
adipose tissue. Human ESC-MSCs have been shown to exert both immunosuppressive and
anti-inflammatory effects [37]. In a rat hindlimb ischemic model, ESC-MSCs showed both
pro-angiogenic and proliferative effects [38]. While multiple studies show undoubtedly that
therapeutically active MSCs can be derived from a wide variety of tissues, considerable
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work needs to be performed to determine the optimal source of these cells before the
initiation of human clinical trials.

Current impediments to the therapeutic utilization of MSCs include the lack of unique
identifying markers for MSCs as well as sufficient methods to fully characterize their
subpopulations. Furthermore, a discrepancy exists between the behavior of ex vivo
expanded MSCs and fresh, non-manipulated MSCs. Currently described universal
characteristics of MSCs cultured ex vivo include their adherence to uncoated plastic plates
and fibroblast-like morphology [39, 40]. Mesenchymal stem cells isolated from different
tissues also share several common cell surface markers including CD13, CD29, CD44,
CD54, CD63 CD73, CD105, CD106 and CD90, and are negative for surface markers CD14,
CD34, CD11b, CD79α, CD45 and HLA-DR. In addition, these cells have the capacity for
osteogenic, adipogenic and chondrogenic differentiation. However, significant differences in
the functional efficacy of MSCs derived from different sources has been suggested by
studies showing differences in gene expression and multilineage differentiation dependent
on the MSC source of origin [41, 42].

Therapeutic Features of MSCs in Peripheral Arterial Disease
Transdifferentiation capacity

As a part of their multiple differentiation potential, MSCs can be induced to adopt
endothelial properties in the presence of vascular endothelial growth factor (VEGF) and/or
basic fibroblast growth factor (bFGF), and to express endothelial-specific markers, including
CD31, vWF, VE-cadherin, and endothelial nitric oxide synthase (eNOS). In vitro
transdifferentiation towards cardiomyocytes has been achieved with both physical and
chemical stimuli [43–46]. Evidence for endothelial and cardiomyogenic differentiation in
vivo has been reported in preclinical animal studies in which MSCs are transplanted into
areas of ischemia or infraction. In these studies, de novo expression of endothelial and
cardiomyocyte markers were confirmed with immunohistochemistry and fluorescence
microscopy [45, 47]. In agreement with these findings, transplanted MSCs promoted
angiogenesis, arteriogenesis, and thereby collateral artery enlargement that ultimately
significantly increased limb blood flow recovery [43, 48]. (FIGURE 1)

Paracrine Effect
Mesenchymal stem cells can induce angiogenesis and arteriogenesis by releasing various
angiogenic growth factors including VEGF, bFGF, and stromal cell derived factor-1α [49].
Genetic modification of MSCs has been shown to further increase the range of paracrine
effects [50]. Administration of the conditioned medium of MSCs is able to recapitulate the
benefits of MSCs for tissue repair in an in vitro system. A protein array analysis of MSC
culture medium detected a significant fraction of total secreted molecules are growth factors,
cytokines and chemokines which are well known for anti-apoptotic and regeneration
stimulating effects [51]. Bone marrow-derived MSCs can also stimulate the proliferation
and differentiation of endogenous cardiac stem cells, thereby restoring cardiac function after
myocardial infarction in pigs. [52]. The specific mechanisms through which MSCs exert
these effects to promote neovascularization has yet to be defined in a comprehensive
manner. (FIGURE 1)

Immunosuppressive effect
Early studies showed that MSCs have unique immunological characteristics that allow their
persistence in a xenogeneic environment [53]. Thereafter, evidence confirmed the
immunomodulatory properties of MSCs. MSCs can induce immunosuppressive activity for a
broad range of immune cells, including T lymphocytes, B lymphocytes, natural killer cells
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and dendritic cells [54–56]. This immunosuppressive effect may give MSCs unique
advantages as a transplanted cell therapy.(FIGURE 1) However, the precise mechanism
underlying the immunomodulatory effects is still unknown. Direct cell-to-cell contact or
release of immunosuppressive factors may play major roles.

Methods of administration of MSCs
Mesenchymal stem cells can be derived from multiple potential sources and administered by
a variety of techniques. Intramuscular (IM) injection has been the most commonly utilized
technique both in preclinical and clinical studies [48]. The understanding from current
studies is that MSCs injected into the muscle of the ischemic hindlimb remain localized to
that area, and have not been detected in other tissues or organs in significant numbers [57].
MSCs have also been infused intravenously both in preclinical models as well as in patients
[58]. A challenge of intravenous administration of MSCs is that they can become trapped in
the lungs, thereby substantially reducing the number of cells that are able to migrate to the
area of ischemic or injured tissue [59, 60]. Both direct intramuscular injection and
intravenous administration also have several relative disadvantages, including a significant
proportion of cell loss in the surrounding tissues, delayed loss of MSCs due to impaired
homing, or in the case of IM injections, needle-mediated tissue damage. For these reasons,
alternative methods have been investigated, such as manipulating the MSC cultures by
utilizing magnetically engineered tissue technology or collagen scaffolds [61, 62].
Moreover, multiple clinical trials administering bone marrow derived-mononuclear cells are
successfully utilizing intra-arterial injections [77–79].

Some investigators have shown that MSCs are therapeutically effective when injected
immediately following the induction of hindlimb ischemia in mice [34, 63]. In a similar
study, a delay of 24 hours after the induction of ischemia has also been shown to be more
effective than immediate injection [49]. In fact, the delay between the onset of disease and
therapeutically effective administration of MSCs seems to consist of a wide range. For
example, bone marrow-derived MSCs transplanted at one hour, one week, or two weeks
after myocardial infarction all proved to be effective, although injection at approximately
one week after infarction showed the highest recovery of myocardial function [64]. As the
acute inflammatory reaction is nearly complete at this time point, the success of delayed
injections may be a consequence of increased survival of transplanted cells.

Further concern lays in elucidating the optimal dose for cell therapy as, in general, only a
small proportion of MSCs survive and are capable of exerting a therapeutic effect either
through paracrine mechanisms or terminal determination [47, 65, 66]. The tendency toward
the use of large numbers of MSCs for transplantation has to be weighed against reports of
complications from such efforts. In particular, there are reports of MSCs inducing tumor
formation [67–69], though both short and long-term clinical studies have thus far shown no
significant complications. Nevertheless, further investigation is still required to optimize the
concentration, timing and delivery of MSCs that would be critical for effective
neovascularization in PAD.

Clinical Role of MSCs in PAD
Following the potential of pre-clinical studies, promising results concerning the therapeutic
efficacy of bone marrow-derived mononuclear cells (BM-MNCs) in humans with critical
limb ischemia was first demonstrated almost a decade ago [80]. Multiple early stage clinical
trials have since followed suit, though early results have been conflicting in regards to
significance of blood flow recovery; larger trials are now underway to better elucidate its
efficacy [Table 1, Table 2]. Interest is further growing regarding the benefits of specific cells
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types ranging from endothelial progenitor cells (EPCS) [81,82], ALDH-bright cells [83],
mesenchymal stem cells (MSCs) [9,84,85], and combinations there-of.

Early results of phase I trials were promising, as patients injected with MSCs demonstrated
improved walking time, ankle-brachial indices (ABI), and limb perfusion [84]. Follow-up
Phase II studies evaluated the efficacy of intramuscular injections of a combination product
of BM-MNCs and BM-MSCs in patients with severe limb ischemia, who were not
candidates for surgical revascularization. The combination product included ex vivo-
expanded autologous BM-MSCs, along with BM-MNC derived EPCs, as characterized by
flow cytometry. The study further sought to evaluate the effect of cell number by separating
patients into low- and high-dose groups. Regardless of dosage, injected patients showed
significant improvements in ABI, walking time, pain, and limb perfusion, as well as
significant wound healing [9]. The authors hypothesized that the therapeutic effect was due
to the presence of specific cell types rather than absolute number of cells infused.

Currently, the largest scale combination cell study reported is the RESTORE-CLI trial,
which has just completed phase II studies in patients with critical limb ischemia [86,87].
Their cellular product takes autologous BM-MNCs, and through ex-vivo treatment, yields
cells that primarily express markers for MSCs and alternatively activated macrophages. This
double-blind randomized, placebo-controlled trial specifically targeted the safety and
efficacy of the product, while also showing significantly improved time to occurrence of
first treatment failure (as defined by major amputation, mortality, doubling of wound surface
area from baseline, and de novo gangrene), and wound healing. However, although there
appeared to be improved amputation-free survival, this improvement was not statistically
significant, and no data was reported on other potential markers of clinical blood flow
recovery. A large phase III study utilizing this product is currently underway with a target
goal of 594 patients powered for significance.

Thus far, there has only been one study to directly evaluate the effect of intramuscular
injections of ex vivo-expanded autologous BM-MSCs in comparison to BM-MNCs [85]. In
a double-blind, randomized, placebo-controlled trial in 41 type II diabetic patients with
bilateral CLI, significant improvements were noted in ABI, pain, walking time, wound
healing, and collateral artery enlargement following administration of either BM-MNCs or
BM-MSCs. Moreover, these significant improvements were more demonstrable in the BM-
MSCs group than in the BM-MNCs group.

Since treatment with MSCs has demonstrated an impressive potential for improved blood
flow recovery in patients[8, 85], a number of new early phase clinical trials utilizing MSCs,
rather than BM-MNCs, are underway [Table 2] However, as with clinical trials that utilize
BM-MNCs, a number of questions remain: patient selection, cellular processing, dosing,
methods of implantation, and even the exact markers of clinical efficacy are all still widely
debated. Moreover, the exact mechanisms by which administration of MSCs benefits blood
flow recovery in PAD have still yet to be fully elucidated.

Experimental Type II Diabetes Impairs the Regenerative Capacity of MSCs
in Post-ischemic Neovascularization

Peripheral artery disease is frequently associated with diabetes, hypertension,
atherosclerosis, and aging, all of which could impair the regenerative function of stem cells
and progenitor cells [70–76]. We have recently shown that MSCs derived from mice with
experimental type II diabetes causes hyperinsulinemia-induced oxidant stress in MSCs that
restricts their multipotency and impairs their capacity to promote neovascularization [43].
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We first compared post-ischemic neovascularization in preclinical models of type I
(streptazotocin) and type II (db/db mouse) diabetes and found that the type II diabetic mice
exhibited greater impairment in neovascularization than did the type I diabetic mice [70].
The duration of diabetes was identical in both models. A substantial adipocyte infiltration
into ischemic muscles was unique to the type II diabetic db/db mice; no such infiltration
occurred in the type I diabetic mouse model. In fact, we have seen no such adipocytic
infiltration in any other models of limb ischemia, including mouse models of
hypercholesterolemia and hindlimb ischemia induction in wild type mice. As a consequence
of this finding, we tested the hypothesis that the adipocytes in the post-ischemic muscle of
type II diabetic db/db mice are derived from MSCs [43].

MSCs were harvested from both db/db mice and wild type mice and were transduced with
an adenovirus that expressed the green fluorescent protein (GFP). Both types of MSCs were
then injected into the bone marrow of different groups of recipient wild type mice 24 hours
after the induction of hindlimb ischemia. We found that the wild type recipient mice that
received MSCs from db/db mice exhibited less blood flow in the ischemic leg than did wild
type mice receiving wild type MSCs, and more importantly showed extensive adipocytic
infiltration within the ischemic muscle. Confocal microscopy revealed co-localization of the
adipocyte surface marker, perilipin, and GFP confirmed that the infiltrated adipocytes
originated from the transplanted db/db MSCs. In the wild type mice that had received db/db
MSCs, approximately 14% of the GFP-positive cells were adipocytes, whereas those that
received wild type MSCs had no GFP-positive cells that were adipocyte–positive The
inverse was true of endothelial cells. In the wild type recipient mice that received db/db
MSCs, approximately 5% of the GFP-positive cells had differentiated into endothelial cells,
whereas 17% of the GFP-positive cells differentiated into endothelial cells in the recipient
mice that received wild type MSCs. Finally, transplantation of db/db MSCs into wild type
recipient mice resulted in impaired blood flow recovery in the ischemic leg compared to
mice receiving wild type MSCs (FIGURE 2). Interestingly, these effects occurred despite
the existence of the recipients’ endogenous MSC population and the absence of type II
diabetes. Thus, the db/db MSCs generated a more dominant phenotype during the
neovascularization process.

In order to explain these results, we hypothesized that the type II diabetic phenotype induces
oxidant stress in MSCs that restricts their multipotency, specifically enhancing their
potential to differentiate into an adipocyte phenotype and reducing their potential to
differentiate into an endothelial cell phenotype. A series of in vitro studies confirmed greater
oxidant stress in MSCs derived from db/db mice than in those from wild type mice. This
increase in oxidant stress could be reversed with pretreatment with the antioxidant N-
acetylcysteine (NAC) (FIGURE 3). NADPH oxidases are important sources of reactive
oxygen species in type II diabetes. We found a two-fold higher expression of NOX4 in db/
db MSCs than in WT MSCs, while levels of NOX2 and NOX1 were low to undetectable in
either group. When tested in vitro, db/db MSCs had a ten-fold greater propensity to
differentiate into adipocytes than did MSCs from wild type mice, and this increased
propensity for adipocytic differentiation could be reversed by pretreatment with NAC or by
knockdown of NOX4 expression by siRNA techniques. Db/db MCSs also showed an
impaired capacity to differentiate into endothelial cells in vitro that also could be reversed
by pretreatment with NAC or knockdown of NOX4 expression by siRNA. (FIGURE 4).

Because it is known that insulin can induce NOX4 expression in pre-adipocytes [74] and
that this action is a requisite for terminal differentiation into adipocytes, we explored
whether the increase of NOX4 expression in db/db MSCs was due to hyperinsulinemia in
experimental type II diabetic mice. These studies showed that in db/db MSCs,
hyperinsulinemia induces NOX4-derived oxidant stress that restricts MSCs multipotency in
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vitro (FIGURE 5). Knockdown of NOX4 expression with a specific siRNA decreased the
insulin-induced oxidant stress and restored MSC multipotency in db/db mesenchymal cells
in vitro (FIGURE 5).

In order to determine whether these in vitro findings accounted for our in vivo findings of
adipocytic infiltration and impaired blood flow recovery after hindlimb ischemia in mice
that received MSCs from db/db mice, we tested the hypothesis that pretreatment of db/db
MSCs with NOX4 siRNA prior to transplantation reverses their propensity for
differentiation into adipocytes in ischemic calf muscles as well as their impaired capacity to
promote ischemic neovascularization. Transplantation of db/db MSCs after siRNA-induced
NOX4 knockdown increased the blood flow recovery to normal levels for WT mice.
Knockdown of NOX4 expression in transplanted db/db MSCs also increased collateral
artery diameters and capillary density in recipient mice. These results indicate that the
impaired capacity of db/db MSCs to augment post ischemic neovascularization in vivo is
due in large part to NOX4-induced oxidant stress (FIGURE 6).

Db/db mice are an experimental model of type II diabetes because they exhibit
hypercholesterolemia, hyperinsulinemia, obesity and dyslipidemia. However, they are also
leptin receptor-deficient mice, and this could affect their capacity for post-ischemic
neovascularization. To account for this potentially confounding variable, we repeated these
experiments in wild type mice fed a high fat diet to induce type II diabetes. In these diet-
induced type II diabetic mice, blood flow recovery following hindlimb ischemia was
significantly less than that in wild type mice. In addition, the diet-induced type II diabetic
mice also showed an adipocytic infiltration within the ischemic muscle similar to that in db/
db mice, although to a much lesser extent. The latter is likely due to the much lower levels
of hyperinsulinemia in the diet-induced diabetic mice than in the db/db mice. Finally, the
MSCs from diet-induced diabetic mice showed the same restriction in multipotency
determined in vitro as observed in MSCs from db/db mice. (FIGURE 7)

Conclusions
MSCs are being implemented in a wide variety of preclinical and clinical studies as a
therapeutic option for the treatment of complications resulting from peripheral arterial
occlusive disease. Our work has shown that MSCs harvested from type II diabetic mice
show several oxidant stress-dependent dysfunctions. Rather than increasing post-ischemic
neovascularization and limb blood flow, injection of MSCs from type II diabetic mice
impaired blood flow recovery. Should human MSCs display similar oxidant stress-induced
impairment of function, these findings recommend a therapeutic approach towards
maximizing the potential of MSC transplantation, particularly in the increasingly common
setting of diabetes or other cardiovascular risk factors. We propose that either in vivo
systemic treatment with an antioxidant and/or ex vivo treatment of MSCs with antioxidants
will significantly increase the intended clinical benefit.
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Abbreviation Key

A autologous

Al allogenic
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ABI ankle-brachial index

AE adverse events

AFS amputation-free survival

CLI critical limb ischemia

CL contralateral leg

DSA digital subtraction angiography

MRA magnetic resonance angiography

PS perfusion scintigraphy

QoL quality of life survey

RP rest pain

TAO thromboangiitis obliterans

TcPO2 transcutaneous oxygen pressure

TTF time to treatment failure

WH wound healing

WT/D pain free walking time/distance
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Figure 1.
Biological sources and activity of Mesenchymal Stem Cells. MSCs can be isolated from
multiple sources, and exert therapeutic effects on multiple systems to contribute to the
therapy of peripheral arterial disease.
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Figure 2.
Foot blood flow recovery, muscle histology, and co-localization studies in WT mice
transplanted with db/db or WT MSC after induction of hindlimb ischemia. (A) Foot blood
flow recovery by LDPI (mean±SEM; n=6; *P<0.05 vs. WT; #P<0.05 vs. db/db MSC → WT
transplant group). (B) Histology of gastrocnemius muscle from the ischemic hindlimb (Oil
Red O for identification of adipocytes, hematoxylin counter stain, 200x). (C) Representative
confocal images (GFP for identification of MSC [green] and perilipin for identification of
adipocytes [red]. (D) Ratio of GFP+periplipin+ cells to GFP+ cells in the ischemic hindlimb
muscle (mean±SEM; n=5; *P<0.05). (E) Representative confocal images (GFP for the
identification of MSC [green] and CD31 for the identification of endothelial cells [red]). (F)
Ratio of GFP+CD31+ cells to GFP+ cells in the ischemic hindlimb muscle (mean±SEM;
n=5; *P<0.05). Reprinted with permission from JAHA with the specific citation[43].
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Figure 3.
Oxidant stress, and NADPH oxidase expression in db/db and WT MSCs. (A, B) Oxidant
levels, as determined by DCF staining and nitrotyrosine accumulation in MSCs (mean
±SEM; n=6; *P<0.05 vs. WT; †P<0.05 vs. db/db). (C) Representative photomicrographs of
DCF staining in MSCs (200x). (D–F) Quantitative expressions of Nox4, Nox2, and Nox1
proteins in MSC cell lysates (D–E: mean±SEM; n=6; *P<0.05; F: n=6). Reprinted with
permission from JAHA with the specific citation[43].
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Figure 4.
In vitro responses of MSCs to selective differentiation media. (A, B) Quantification of MSC
differentiation towards adipocytes(A)or endothelial cells(B) (For panels A,B: mean±SEM;
n=6; *P<0.05 vs. WT; †P<0.05 vs. db/db.) (C) Nox4 siRNA reduced differentiation of db/db
MSCs into an adipocyte phenotype. (D) Nox4 siRNA increased differentiation of db/db
MSCs into an endothelial phenotype. (For panels C and D: mean±SEM, n=6; *P<0.05 vs.
control [C]; Cy3 is the siRNA control). Reprinted with permission from JAHA with the
specific citation[43].
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Figure 5.
Effects of insulin on WT MSCs. (A) Insulin increased Nox4 expression in WT MSCs. (B)
Insulin increased oxidant levels in WT MSCs. (C) Pretreatment of WT MSCs with Nox4
siRNA blocked the pro-oxidant effects of insulin in WT MSCs. (D) Pretreatment of WT
MSCs with Nox4 siRNA blocked the effects of insulin on adipocyte differentiation. (E)
Pretreatment of WT MSCs with Nox4 siRNA blocked the effects of insulin on endothelial
differentiation. (For all panels: mean±SEM, n=6; *P<0.05 vs. control [C]; †P<0.05 vs.
insulin alone; Cy3 was used as the siRNA control.). Reprinted with permission from JAHA
with the specific citation[43].
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Figure 6.
Reversal of Nox4 induced oxidant stress in type 2 diabetic MSCs restores their capacity to
augment post-ischemic neovascularization in db/db mice. (A) Foot blood flow recovery
measurement by LDPI. (B, C) Quantification (B) of capillary density by CD31
immunostaining and representative images (C). (D, E) Quantification (D) of collateral
diameter by CD31 and alpha-SMA double staining and representative images (E). (For all
panels: mean±SEM; n=6; *P<0.05 vs. WT; †P<0.05 vs. db/db MSC +siNox4 → WT
transplant group; #P<0.05 vs. db/db MSC→ WT transplant group; scale bar, 50 μm.).
Reprinted with permission from JAHA with the specific citation[43].
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Figure 7.
Diet-induced diabetes (DIDM) impairs recovery from hindlimb ischemia, induces adipocyte
differentiation in ischemic muscle, and restricts MSC multipotency. (A) Foot blood flow
recovery in DIDM mice (mean±SEM, n=6; *P<0.05 vs. DIDM; note that the WT data
shown here were generated specifically for comparison to DIDM mice and are different
from those displayed in Figure 3). (B) Intramuscular adipocyte infiltration within the
ischemic hindlimb muscle from DIDM mice. (C) Oxidant levels, as evidenced by DCF
staining (n=7). (D) MSCs from DIDM demonstrated increased differentiation to an
adipocyte phenotype (n=8). (E) MSCs from DIDM mice demonstrated reduced
differentiation to an endothelial phenotype (n=7–8). (For panels C–E: mean±SEM;
*P<0.05.). Reprinted with permission from JAHA with the specific citation[43].
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