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Abstract

Background: Chronic limb-threatening ischemia (CLTI) carries a significant risk for 

amputation, especially in diabetic patients with poor options for revascularization. Phase I trials 

have demonstrated efficacy of allogeneic mesenchymal stromal cells (MSC) in treating diabetic 

CLTI. Vertebral bone-adherent mesenchymal stromal cells (vBA-MSC) are derived from vertebral 

bodies of deceased organ donors, which offer the distinct advantage of providing a 1,000x 

greater yield compared to that of living donor bone aspiration. This study describes the effects of 

intramuscular injection of allogenic vBA-MSC in promoting limb perfusion and muscle recovery 

in a diabetic CLTI mouse model.

Methods: A CLTI mouse model was created through unilateral ligation of the femoral 

artery in male polygenic diabetic TALLYHO mice. The treated mice were injected with vBA-

MSC into the gracilis muscle of the ischemic limb 7 days post ligation. Gastrocnemius or 

tibialis muscle was assessed postmortem for fibrosis by collagen staining, capillary density via 

immunohistochemistry, and mRNA by quantitative real-time polymerase chain reaction (PCR). 

Laser Doppler perfusion imaging and plantar flexion muscle testing (MT) were performed to 

quantify changes in limb perfusion and muscle function.
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Results: Compared to vehicle (Veh) control, treated mice demonstrated indicators of muscle 

recovery, including decreased fibrosis, increased perfusion, muscle torque, and angiogenesis. PCR 

analysis of muscle obtained 7 and 30 days post vBA-MSC injection showed an upregulation in the 

expression of MyoD1 (P = 0.03) and MyH3 (P = 0.008) mRNA, representing muscle regeneration, 

vascular endothelial growth factor A (VEGF-A) (P = 0.002; P = 0.004) signifying angiogenesis as 

well as interleukin (IL-10) (P < 0.001), T regulatory cell marker Foxp3 (P = 0.04), and M2-biased 

macrophage marker Mrc1 (CD206) (P = 0.02).

Conclusions: These findings indicate human allogeneic vBA-MSC ameliorate ischemic muscle 

damage and rescue muscle function. These results in a murine model will enable further studies to 

develop potential therapies for diabetic CLTI patients.

INTRODUCTION

Chronic limb-threatening ischemia (CLTI) represents the end stage of peripheral arterial 

disease (PAD) and is characterized by rest pain and/or tissue loss. Over 150,000 lower 

extremity amputations are performed each year in the United States as a result of CLTI,1 

and diabetic patients present a significantly greater risk for amputation due to poor outcomes 

from surgical and endovascular procedures for limb preservation.2 No effective nonsurgical 

or pharmacological treatment is currently available for CLTI patients, including diabetics, 

which are without options for interventional revascularization.3,4

Cellular-based therapy using autologous bone marrow-derived mononuclear cells (BMD-

MNC) to treat CLTI has shown promise for reducing amputation rates in some 

subpopulations of PAD patients.5–8 However, clinical results from our group7,9 and results 

from other groups10 have shown that diabetic CLTI patients are largely refractory to cell 

therapy; thus, this subpopulation of patients require an alternative strategy for successful 

treatment. The use of allogeneic BMD mesenchymal stromal cell (BMD-MSC) preparations 

from young, healthy donors has been shown to be a possible approach to enable regenerative 

therapy for CLTI patients.11 Preliminary, unpublished data from our clinical trial in 

patients undergoing amputations for CLTI (ClinicalTrials.gov Identifier: NCT02685098) 

demonstrate that allogeneic BMD-MSC from young, healthy female donors stimulate 

angiogenesis to a greater degree than autologous cells in CLTI patients, including diabetics.

A significant issue for treating CLTI with allogeneic BMD-MSC is the relatively low 

yield of cells from single donors and the resultant need for multiple passages, leading to 

phenotypic changes and possible replicative senescence.12,13 The low cell yield per donor 

also requires the use of multiple donors to generate sufficient cells for clinical purposes, 

resulting in variable outcomes and potential loss of efficacy.13 Adherent MSC isolated 

from vertebral body bone matrix (vertebral bone-adherent mesenchymal stromal cells [vBA-

MSC]) provide a potentially superior source of therapeutic cells because of the greatly 

increased MSC yield per single donor and reduced rate of phenotypic changes after multiple 

passages.13 However, their ability to counteract the effects of CLTI, such as decreased 

perfusion and tissue damage, has not been established, particularly in the context of diabetes.

We have adapted a polygenic mouse model of type II diabetes, the TALLYHO,14,15 for 

modeling of CLTI using creation of an ischemic hindlimb to determine the ability of human 
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vBA-MSC to promote tissue perfusion and skeletal muscle regeneration and function. 

The goal of this study was to ascertain whether vBA-MSC administration could stimulate 

limb perfusion, improve muscle function, and facilitate muscle regeneration as assessed by 

multiple histological and molecular markers.

METHODS

Animals and CLTI Model

All studies followed the Public Health Service (PHS) Policy on Humane Care and Use of 

Laboratory Animals, were compliant with animal welfare guidelines as reviewed by the 

American Association for Laboratory Animal Science (AAALAC), and were approved by 

the Indiana University School of Medicine Institutional Animal Care and Use Committee. 

Specific pathogen-free TALLYHO/JngJ mice (male; Jackson Laboratory, Bar Harbor, ME) 

were received at 14 weeks of age and acclimated for a minimum of 1 week prior 

to use. Only TALLYHO male mice were used, because females do not express the 

diabetic phenotype.14 TALLYHO male mice develop hyperglycemia, hyperinsulinemia, 

hyperlipidemia, moderate obesity, and enlargement of the islets of Langerhans.14,15 These 

metabolic effects are more progressive in onset and reflect the genetic status of a large 

percentage of the human diabetic population compared to a monogenic model homozygous 

for a mutation, such as the Leprdb (db/db), which is carried by very few diabetes patients. 

Endothelial dysfunction also has been observed in the TALLYHO,16 which is a prime 

characteristic of diabetes. Mice were identified by ear punch prior to surgery and housed 

at a maximum density of 5 per cage on sterilized contact bedding. Teklad 2018SX Global 

18% Protein Extruded Rodent Diet (Inotiv, West Lafayette, IN) and acidified water were 

supplied ad libitum, and mice were housed in rooms with a 12-hour light or dark cycle at 

21 ± 3°C, with 30–80% relative humidity and at least 10 changes per hour of conditioned 

fresh air. Following acclimation, a severe ischemic model of CLTI was created via unilateral 

double ligation of the femoral artery above and below the inguinal ligament and ligation of 

collateral circulation, as previously described.17

Mice were randomly assigned to one of 4 cohorts, each consisting of 5 animals: cell-treated 

for sacrifice at 7 days, Veh treatment for sacrifice at 7 days, cell-treated for sacrifice at 30 

days, and vehicle treatment for sacrifice at 30 days. No animals were sacrificed or lost due to 

necrosis-related mortality.

Serum Glucose

Glucose in serum samples from nonfasting mice taken at the experiment endpoint was 

initially quantitated by analysis at the Translational Core of the Indiana University Center 

for Diabetes and Metabolic Diseases. Subsequent measurements were made with a True 

Metrix Pro glucometer (Trivida Health Inc., Fort Lauderdale, FL) at the time of surgery, 

day −8, and again at the time of tissue harvest on day 30. The results were comparable 

between the 2 methods. Mice were considered diabetic if nonfasting blood glucose was ≥300 

mg/dL.18,19
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Laser Doppler Perfusion Imaging and Muscle Testing

Baseline limb perfusion and plantar flexion muscle testing (MT) prior to surgery was 

determined by laser Doppler perfusion imaging (LDPI) using a Moor LD12-HIR (Moor 

Instruments Inc., Wilmington, Delaware) and an Aurora Scientific 1310A in situ MT 

apparatus (Aurora, Ontario Canada), respectively. Measurements were conducted as per 

manufacturer guidelines, and LDPI and MT were performed longitudinally following model 

creation at the set intervals shown in Figure 1. Perfusion ratio was calculated using the 

contralateral, unligated limb as the control.

Cell Preparation and Administration

vBA-MSC were obtained from Ossium Health, Indianapolis, Indiana, and cultured to a 

maximum of passage 6, as previously described.13 The vBA-MSC express typical MSC 

surface markers (CD73, CD90, and CD105), expressed very low levels of hematopoietic 

cell surface markers as well as human leukocyte antigen class II proteins, and possess the 

potential to clonally expand and undergo trilineage differentiation.13 Approximately, 7 days 

following CLTI model creation, a cohort of 5 mice were injected with 500,000 vBA-MSC 

into the gracilis muscle by 3 injections of approximately 50 microliters, not to exceed a total 

of 150 microliters (Fig. 1). A second cohort of 5 control mice was injected with an equal 

volume of Veh into the ischemic control limb gracilis muscle.

Tissue Preparation and Histological Staining

At the appropriate time point, mice were anesthetized via isoflurane inhalation, and blood 

was collected via a closed chest stick from the left ventricle for serum glucose determination 

and for the preparation of serum. The thoracic cavity was opened, and the vasculature was 

perfused with ~3 ml phosphate buffered saline (PBS), including vascular dilator (0.1 mM 

adenosine and 0.01 mM sodium nitroprusside) via the left ventricle at 100–120 mm Hg. 

Following perfusion, muscles were dissected, cut in half, and either immersion-fixed in 10% 

neutral buffered formalin (NBF) or preserved in RNA later (Invitrogen or Thermo Fisher 

Scientific, Waltham, MA), and stored at −20°C until total RNA isolation. Formalin-fixed 

tissues were paraffin-embedded, sectioned, and then stained with hematoxylin and eosin 

(H and E) or picrosirius red (PSR). Additional slides with nonstained tissue sections were 

stored for immunohistochemistry.

To assess muscle fibrosis, relative collagen content in muscle was determined by using 

the thresholding function of ImageJ to measure the area of PSR staining, as previously 

described.20 A threshold value of 90 was used to standardize values for PSR-stained areas 

between the samples.

To determine capillary density, formalin fixed paraffin embedded muscle sections were 

incubated with Trilogy pretreatment solution (Cell Marque Tissue Diagnostics, Rocklin, 

CA) for deparaffinization and antigen retrieval, washed with tris buffered saline with 

Tween-20, and blocked with 1x animal-free blocker (Vector Laboratories, Newark, 

CA). Sections were incubated with a 1:50 dilution of the endothelial-specific Griffonia 

Simplicifolia Lectin I isolectin-B4 (Vector) for 60 min, followed by washing and a second 

incubation with a 1:500 dilution of wheat germ aggutinin-555 lectin (Fisher or Invitrogen) 
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to label muscle fibers. Nuclei were detected by a 5-minute incubation period with a 

1:500 dilution of 4′,6-diamidino-2-phenylindole, and tissues were cover-slipped with Vector 

Express (Vector). Fluorescent images were obtained for 3–5 representative sections from 

2–3 nonsequential serial sections per mouse muscle, and capillaries were counted in a field 

of view and normalized to fiber number.

Digital images of muscle sections were acquired with a Leica DM 5000B microscope, 

a DMC 6200 digital camera, and Leica Application Suite X imaging software (Leica 

Microsystems, Inc., Buffalo Grove, IL, USA). Multiple nonsequential serial tissue sections 

(2–3) from each mouse muscle were evaluated for histopathological characteristics. 

Morphometric measurements were made from stored images with Image J.

Real-Time Quantitative polymerase chain reaction (PCR)

Relative differences in muscle mRNA expression for various molecules were determined 

using reverse transcription real-time quantitative PCR (RT-qPCR), as previously described in 

detail.21 For PCR, aliquots of copy DNA (5.0 μl, 1: 25 dilution) were combined with primers 

and probes (TaqMan Gene Expression Assays; Thermo Fisher or Applied Biosystems) 

for the genes MyH3 (embryonic myosin heavy chain), MyoD1 (Myogenic differentiation 

1), Mrc1 (mannose receptor C-Type 1; CD206), VEGF-A (vascular endothelial growth 

factor A), NCF1 (p47phox; neutrophil cytosolic factor 1), IL-10 (interleukin 10), FoxP3 

(Forkhead box protein P3), or hypoxanthine-guanine phosphoribosyl-transferase (HPRT) as 

the endogenous control in the presence of a PCR master mix (TaqMan Fast Advanced 

Master Mix; Thermo Fisher or Applied Biosystems). Triplicate reactions were run on 

an Applied Biosystems 7,500 real-time PCR system using relative quantification double 

delta threshold cycle with standard two-step 7500 PCR cycling conditions (40–45 cycles). 

Differences in PCR product yields between groups were determined by comparing the fold 

differences between target mRNA after normalization to HPRT.

RESULTS

Serum Glucose

Serum glucose concentration was measured in nonfasting mice and was not significantly 

different between Veh and cell-treated groups, confirming a diabetic phenotype and 

demonstrating that vBA-MSC administration had no effect on glucose (Fig. 2). Because 

the diabetic phenotype is not fully penetrant in the male TALLYHO mice, blood glucose 

measurements were made at the time of CLTI model creation as well as at tissue harvest. 

The prevalence of the nondiabetic phenotype (≤300 mg/dl) was approximately 10% of the 

total mice number.

Hindlimb Muscle Perfusion and Function

Hindlimb muscle perfusion was determined via LDPI prior to surgery to determine 

a baseline, 1 day following surgery to assess the decrease in perfusion and then at 

approximately 7-day intervals up to the time of euthanasia (Fig. 3). Injection of vBA-MSC 

was performed 7 days after model creation to allow the establishment of preexisting 

ischemic damage and to allow time for reduction in surgery-induced inflammation. This 
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method is a better approximation of the clinical situation for cell therapy as opposed to 

the common practice of administering cells at the time of model creation. Perfusion was 

initially stimulated above Veh controls at 10 days following vBA-MSC injection, but then 

decreased below control values (Fig. 3), a result consistent with the use of human cells in 

an immunocompetent mouse model. Muscle function also was determined longitudinally by 

measuring plantar flexion torque at multiple stimulation frequencies. While no difference 

was detected in peak torque (not shown), vBA-MSC-treated mice had significantly reduced 

muscle fatigue in the ischemic hindlimb compared to Veh-treated ischemic control limbs 

(Fig. 4).

vBA-MSC and Muscle Pathology

Gastrocnemius muscle sections were evaluated 30 days following cell injection for 

characteristics of ischemic damage, including the presence of polymorphic fibers, necrotic 

fibers, small regenerating fibers, regenerated fibers, intramuscular adipocytes, intramuscular 

macrophages, and collagen deposition. Nonischemic control tissue showed normal histology, 

whereas ischemic muscle exhibited monomorphic myocytes with centralized nuclei, 

macrophages and cellular infiltrates, necrotic fibers, and significant presence of adipocytes 

(Fig. 5). Paraffin-embedded sections of muscle from vBA-MSC-treated mice were observed 

to have isolated areas of fibers with centralized nuclei, suggesting regeneration and 

significantly reduced infiltrates and adipocytes compared to ischemic gastrocnemius muscle. 

Similar results were seen with control, ischemic, and vBA-MSC-treated tibialis muscle 

(results not shown).

The PSR-stained gastrocnemius muscle was analyzed to determine potential changes in 

collagen content and expressed as a percentage of total tissue area. Collagen was increased 

in ischemic Veh-treated hindlimb muscle 30 days post-CLTI model creation but was reduced 

to near nonischemic control levels in vBA-MSC-treated mice (Fig. 6).

vBA-MSC-Stimulated Angiogenesis

To determine the ability of vBA-MSC administration to stimulate angiogenesis in ischemic 

muscle, capillary density in lectin-stained gastrocnemius and tibialis muscle sections was 

determined. The results indicated that a significant increase in capillary density was present 

30 days after injection of vBA-MSC compared to Veh controls in tibialis, but not the 

gastrocnemius muscle (Fig. 7).

Expression Changes for Muscle Regeneration and Angiogenesis-Related Molecular 
Markers

Molecular markers associated with muscle regeneration include embryonic myosin heavy 

chain (MyH3) and myoblast determination protein 1 (MyoD1).

The assessment of mRNA expression using real-time PCR showed that both markers were 

significantly increased in the gastrocnemius muscle treated with vBA-MSC compared to 

Veh-treated control muscle 7 days following cell injection (Fig. 8A, B).
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Molecular markers related to T regulatory cell presence and function were also examined, 

which included forkhead Box P3 protein (FoxP3) and IL-10. Both markers were elevated 

in vBA-MSC-treated gastrocnemius muscle compared to Veh-treated controls 30 and 7 days 

after cell injection, respectively. (Fig. 9A, B).

Muscle regeneration is known to be highly dependent on the presence of the M2-biased 

macrophage phenotype,22 thus mRNA expression of the mannose receptor C-Type 1 (Mrc1/

CD206) was determined. The injection of vBA-MSC significantly increased Mrc1 mRNA 

expression at 7 days after injection compared to Veh alone as determined by PCR analysis 

(Fig. 10).

Because an increase in capillary density or angiogenesis had been observed (Fig. 7) 

following administration of vBA-MSC, expression of VEGF-A, a known angiogenic growth 

factor, was measured. VEGF-A mRNA expression was slightly increased in gastrocnemius 

and tibialis 7 days following cell injection, and its expression remained increased through 30 

days, consistent with greater capillary density observed at 30 days (Fig. 11).

DISCUSSION

The current study was undertaken with the goal of determining the extent to which vBA-

MSC could ameliorate muscle damage from hindlimb ischemia similar to that associated 

with human diabetic CLTI. A polygenic diabetic mouse model, the TALLYHO, was adopted 

to more accurately model human noninsulin-dependent type 2 diabetes mellitus. TALLYHO 

male mice develop hyperglycemia, hyperinsulinemia, hyperlipidemia, moderate obesity, and 

enlargement of the islets of Langerhans14,15 as well as endothelial dysfunction,16 a prime 

characteristic of diabetes. While numerous studies have been performed using a variety of 

stem cells or MSC with a rodent ischemic hindlimb model,23–27 only one study to date, that 

we are aware of, was done in the context of genetic diabetes.28 However, it was performed 

using monogenic leptin knock out mice, which are representative of only a small percentage 

of diabetic patients. To the authors’ knowledge there are no other publications demonstrating 

successful treatment of an immunocompetent polygenic diabetic murine model of hindlimb 

ischemia using cell therapy.

A distinct feature of the current study is the use of an immunocompetent mouse. A large 

number of human cell therapy studies have been conducted using immunocompromised 

mouse strains, such as Nod-severe combined immunodeficient or BALBc.24,27,29,30 While 

an immunocompromised state allows for extended survival time of foreign cells, the use 

of immunocompetent mice more appropriately mirrors the therapeutic effect experienced in 

humans. Accordingly, there is a limitation to cell viability in immunocompetent subjects, 

and allogeneic cells remain viable for only a few days. This short viability period is 

consistent with the observed transient effects of vBA-MSC on limb perfusion (Fig. 3), 

although other factors may be involved. Arpino et al.31 have demonstrated that the 

presence of angiogenesis does not correspond to functional recovery of flow following 

ischemic injury, and this finding corresponds to the observation that VEGF-A expression 

was increased at 30 days (Fig. 11) despite a decrease in limb perfusion. However, other 

paracrine effects of MSC may be longer lasting in the same setting. Results from our 
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laboratory investigating the effect of human MSC administration on IL-10 levels in an 

immunocompetent C57BL/6 model demonstrated a transient rise in human IL-10 levels 

followed by an increase in mouse IL-10 for the subsequent 21 days.32 This result suggests 

that despite a relatively brief lifespan in immunocompetent subjects, MSCs are able to 

exhibit a potent paracrine effect that influences native cell activity.

Another departure in the current study from a majority of hindlimb ischemia studies is 

the timing of treatment. Most studies to date using cell therapy to treat CLTI modeled via 

femoral artery ligation use one timepoint for both model creation (ligation) and treatment 

(cell injection) leaving no ischemic window. The current model instead induces ischemia 

with treatment occurring 7 days after vessel ligation. The rationale for this delay is to evade 

the inflammatory cascade that is activated as a response to ischemic insult. Thus, this design 

avoids any confounding increase in circulating cytokines due to an innate ischemic response 

by waiting until after its resolution and ensures that molecular changes are due to cell 

treatment alone.

In the setting of inflammation and ischemic muscle damage, muscle regeneration is 

dependent on a distinct behavior of macrophages, known as phenotypic switching, in 

which macrophages transition between the M1-biased (pro-inflammatory) phenotype and 

the M2-biased (anti-inflammatory) phenotype.33 The M2 phenotype is known to be involved 

in muscle regeneration through regulation of T regulatory cells.22 Our data is consistent 

with this principle, as the overall results demonstrated that exogenous vBA-MSC treatment 

promoted muscle regeneration via an IL-10 or FoxP3-mediated M1-M2 phenotypic shift. In 

addition to T regulatory-mediated pathways, muscle regeneration stimulated by vBA-MSC 

was further confirmed by upregulation of independent markers of muscle regeneration, 

MyH3, and MyoD1, with an associated angiogenic response demonstrated by increased 

expression of VEGF-A.

Limitations

While some aspects of the current study are novel, several limitations must be noted. 

Inherent limitations exist with the TALLYHO mouse, such as the diabetic phenotype 

being limited to males and the lack of a suitable genetic control factors that may limit 

translatability to human subjects. The Swiss mouse has been suggested as a control for 

the TALLYHO and it also has been used as a model for hindlimb ischemia,34 thus, it was 

examined as a potential alternative control using the CLTI severe ischemia model; however, 

results showed that it was extremely sensitive to severe limb ischemia, resulting in early 

euthanasia due to limb loss, making it unsuitable. The TALLYHO also displays progressive 

baseline perfusion recovery following creation of the CLTI model, which was unexpected 

in a diabetic mouse. The variability observed in the mRNA expression of certain molecular 

markers may have been due to natural animal variability or variability due to mechanical 

constraints in the consistent delivery of vBA-MSC into the muscle. There additionally exists 

the possibility that the paracrine effects of exogenous human MSC may not parallel murine 

cells due to differences in the cytokine structure and receptor function between species; thus, 

the effects of human MSC may be muted compared to potential effect of murine MSC. 
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Finally, to the authors knowledge, there are no atherosclerotic CLTI murine models to mirror 

that of what is experienced in human CLTI secondary to atherosclerotic disease progression.

Future work by our group will include alginate hydrogel encapsulation of MSCs to amplify 

the paracrine effects of the cells by protecting them from immune-mediated destruction. 

Additional studies to alter the phenotype of MSCs to produce more anti-inflammatory 

and regenerative cytokines are also planned, including pretreatment at low oxygen tension 

and/or high glucose concentrations to mimic microenvironmental conditions in ischemic 

diabetic muscle35–37 as well as genetic modification to produce vBA-MSC overexpressing 

IL-10 and/or IL-33, which are known to participate in muscle regeneration.38,39 Additional 

experiments to investigate the impact of cell therapy on fibro or adipogenic progenitors 

(FAP) and muscle satellite cells also will be conducted.

CONCLUSIONS

The current study was undertaken with a polygenic diabetic mouse model to better model 

human type 2 diabetes and with the goal of assessing the ability of vBA-MSC to ameliorate 

damage from muscle ischemia. Taken together, the results indicate that vBA-MSCs can 

reverse ischemic muscle damage, reduce inflammation, and increase muscle function by 

promoting transient increases in perfusion, regeneration of muscle fibers, and angiogenesis. 

The abundance, ready availability, and characteristics of bone-adherent MSC derived from 

vertebral bodies thus make them a more practical cell type for use in CLTI patients and 

warrant further investigation to develop strategies for human use.
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Fig. 1. 
Timeline of surgery, cell delivery, LDPI, plantar flexion MT, and endpoint for the 

TALLYHO CLTI model.
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Fig. 2. 
Serum glucose is not impacted by vBA-MSC. The mean nonfasting serum glucose 

concentrations determined via a glucometer in the untreated (Veh) and vBA-MSC-treated 

(MSC) mice were 503 ± 25 and 502 ± 28 mg/dL, respectively. The dotted line indicates 

glucose concentration cutoff for diabetic mice.
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Fig. 3. 
Longitudinal measurement of TALLYHO hindlimb blood perfusion ratio (ligated or control). 

The perfusion ratio significantly increased in vBA-MSC-treated mice 10 days postinjection 

compared to Veh controls but fell below Veh values 2 weeks postinjection (n = 5/group).
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Fig. 4. 
vBA-MSC improved muscle function. Linear regression analysis of plantar flexion muscle 

torque over a range of stimulation frequencies showed that vBA-MSC-treated ischemic 

muscle had significantly less fatigue than Veh-treated ischemic muscle 28 days following 

cell injection (n = 5/group).
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Fig. 5. 
vBA-MSC initiate muscle regeneration. Representative images of H and E-stained 

gastrocnemius muscle from non-ischemic control, Veh-treated ischemic, and vBA-MSC-

treated ischemic gastrocnemius 30 days following cell injection.
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Fig. 6. 
vBA-MSC reduced fibrosis in ischemic muscle. Representative images of PSR-stained 

gastrocnemius muscle (mag = 200X) are shown from (A) nonischemic control, (B) ischemic 

Veh-treated, and (C) ischemic vBA-MSC-treated mice, respectively. (D) Collagen was 

quantified by threshold analysis with National Institutes of Health ImageJ, and the results 

indicated significantly increased collagen deposition in the ischemic gastrocnemius muscle 

(Veh) compared to the nonischemic control (Cont) muscle. vBA-MSC treatment (MSC) 

decreased ischemic muscle fibrosis to near control levels.
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Fig. 7. 
Capillary density in ischemic hindlimb muscles. The capillary to fiber ratio was determined 

as an index of muscle angiogenesis in (A) gastrocnemius and (B) tibialis from Veh (Veh) and 

vBA-MSC-treated mice.
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Fig. 8. 
PCR analysis of muscle regeneration markers. Relative expression changes for (A) 
embryonic myosin heavy chain (MyH3), and (B) myoblast determination protein 1 (MyoD1) 

mRNA in ischemic Veh and vBA-MSC-treated gastrocnemius muscle were determined by 

real-time PCR 7 days after cell injection.
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Fig. 9. 
PCR analysis of markers related to Treg function. (A) Relative expression change for 

murine forkhead Box P3 protein (FoxP3) versus Veh control (Veh) in the ischemic 

gastrocnemius muscle was determined 30 days following cell injection. (B) IL-10 expression 

was determined 7 days following cell injection.
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Fig. 10. 
vBA-MSC stimulate regenerative macrophages. M2-biased macrophage marker Mrc1 

(CD206) mRNA expression was determined in Veh-treated and vBA-MSC-treated 

gastrocnemius muscle by real-time PCR at 7 days following cell injection.
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Fig. 11. 
vBA-MSC stimulate an angiogenic factor. VEGF-A mRNA expression was determined in 

Veh-treated and vBA-MSC-treated ischemic gastrocnemius by real-time PCR at (A) 7 days 

and (B) 30 days after cell injection as well as tibialis at (C) 7 days and (D) 30 days.
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