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Cell Therapy for Peripheral Artery Disease
Critical limb ischaemia (CLI) is an advanced form of peripheral artery 

disease, which is responsible for about 100,000 amputations per 

year in the US.1 A promising approach using cell therapy has recently 

been developed to treat intractable symptoms related to ischaemia 

in people with PAD in who have not responded successfully to 

conventional medical therapy and revascularisation. Credit goes to 

James Thompson at UW, Madison – who was the first to discover how 

to isolate and culture human embryonic stem cells (hES cells ) in 1998 

(Figure 1).2

Background
Peripheral vascular disease (PVD) is a growing health problem in 

Western societies. PVD presents itself with different degrees of severity; 

intermittent claudication (IC) is an early moderate manifestation and 

critical limb ischaemia (CLI) is a more chronic and severe problem 

typically involving tissue loss (Figures 2 and 3). Bypass surgery or 

balloon dilatation can be used, but many patients with moderate-

to-severe PVD cannot be helped by such interventions due to the 

presence of life-threatening comorbidities or the diffuse nature of 

underlying vascular disease.3 Furthermore, many patients with CLI 

do not respond to current treatments and require limb amputation.4 

For patients with no other option, there is the possibility of using 

non-invasive, alternative revascularisation strategies that are being 

tested in the clinic as well as single angiogenic gene/protein and cell-

based therapies. Unfortunately, the outcome of clinical trials using 

gene/protein-based therapy has been disappointing.5,6 The failure of 

this approach is likely to be caused by several factors, including an 

incomplete molecular understanding of the complex vascular growth 

process, the likely necessity for concurrent use of multiple angiogenic 

factors,7 and most of the references mentioned in the article have 

shown limitations and variable degrees of instability of currently 

used factors in treatment of no option patients suffering from CLI. 

Additionally, the dysfunctional endogenous vascular cells may fail to 

respond to these factors and administration of functional vascular 

cells may be needed. While transplantation with vascular stem cells 

may offer functional revascularisation and protection against tissue 

loss in patients with mild or severe forms of PVD, this therapy does 

not replace tissue that has already been lost. This has led to the 

hypothesis that treatment with multipotent stem cells that are able 

to generate blood vessels as well as replace lost target tissue may 

provide significantly more benefit for patients suffering from more 

severe forms of PVD, such as CLI.

Several cell types, including bone marrow cells (BMCs), embryonic 

stem cells (ECs), mesenchymal stem cells (MSCs), skeletal myoblasts 

(SkMBs), umbilical cord or peripheral blood cells, adipose tissue-derived 

stem cells (ADSCs), and endothelial progenitor cells (EPCs), have been 

tested for their ability to restore blood supply and/or muscle function 

in ischaemic limbs.8–15 Despite encouraging results from pre-clinical and 

small uncontrolled clinical trials,16,17 many questions concerning stem 

cell-based therapy remain to be answered. The long-term efficacy and 
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safety of this approach has not been fully evaluated and some grafts 

may contain cells that are harmful to already-compromised tissue. It 

has not yet been determined whether cells that can also regenerate 

the ischaemic tissue aside from vascular restoration are superior to 

cells able to aid only in revascularisation and whether these cells are 

effective in both moderate and more severe forms of PVD. There is 

also little information as to the importance of the differentiation status 

of the transplanted cells,18 and we are unsure whether better results 

would be achieved with fully mature cells, with progenitors committed 

to a certain cell type, or with immature non-committed stem cells that 

have the capacity to differentiate into vascular and non-vascular tissue 

cells. Pre-clinical studies have suggested that in contrast to EPCs, 

terminally differentiated ECs do not improve revascularisation.10,19 

The challenge of addressing these issues is further increased by 

the likelihood that results from studies with animal cells may not 

necessarily be extrapolated to those with human cells.

From Research to Practice
The understanding of the mechanism of neovascularisation in adults 

has continued to evolve over the years. Previously, the process was 

thought to occur solely through angiogenesis (the sprouting of new 

vessels from pre-existing ones); but there has been a paradigm shift 

after the concept of vasculogenesis came to be redefined with the 

discovery of bone marrow-derived progenitor cells. Vasculogenesis is 

the de novo development of new vessels from endothelial cells with 

eventual transformation to mature endothelial cells, vascular smooth 

muscle cells and pericytes.20,21

Current Status and Clinical Trials
The therapeutic use of progenitor cells poses certain unique 

questions for clinical trial design. In addition to the usual experimental 

variables that would be considered for a pharmaceutical agent, 

such as the dose of the drug, the patient population, and the 

end points, cardiovascular cell therapy studies must consider 

many additional variables, including the source of stem/progenitor 

cells, the method of obtaining cells, cell processing protocols, the 

selection of cell subtypes, the route of cell delivery, and whether a 

single dose or multiple dose regimen will be tested. In addition, as 

a biological therapy, extensive quality control measures must be in 

place to ensure safety and to evaluate the impact of cell phenotype 

on efficacy.

Walter et al. report the results of the randomised, double-blind, 

placebo-controlled intraarterial progenitor cell transplantation of BM 

mononuclear cells (BM-MNCs) for induction of neovascularization 

in patients with peripheral arterial occlusive disease (PROVASA) 

study.22 In this study, 40 patients were randomised in a 1:1 fashion 

to intraarterial delivery of either BM-MNCs or placebo. The PROVASA 

study used an innovative randomised-start clinical trial design. After 

initial randomisation and treatment with either BM-MNCs or placebo, 

patients were followed for 3 months. At this point, placebo-treated 

patients crossed over to active treatment and active-treated patients 

received a second treatment of BM-MNCs. This unique protocol 

allowed the PROVASA investigators to determine whether repeated 

treatments of autologous cell therapy may be beneficial compared 

with a single treatment. This is important because randomised 

trials of cardiovascular cell therapy to date have primarily used a 

single administration of cells and there is evidence that a single 

administration may have a limited effect.

The PROVASA study failed to meet its primary end point of a  

change in ankle brachial index (ABI) and the authors believe 

that change in ABI was a poor selection as a primary end point 

because they did not find a correlation between change in ABI and 

improvement in ulcer healing or improvement in rest pain. This same 

divergence between surrogate end points like ABI or transcutaneous 

oximetry and hard clinical end points has been noted in other CLI 

Figure 1: Human Embryonic Stem Cells

Figure 2: X-ray Showing Extensive Damage Caused by 
Peripheral Vascular Disease

Figure 3: External Presentation of Peripheral  
Vascular Disease
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Table 1: Summary of Published Data of the Most Relevant Clinical Trials on Mesenchymal Stem Cell-Based Therapy for 
Critical Limb Ischaemia

Reference Treatment MSC recipients Outcomes

Kim et al., 200630 •  Intramuscular administration of allogeneic UCB-
MSCs into proximal and around the necrotic lesions 
(1 × 106 cells per lesion)

•  Two patients received repeated UCB-MSCs about  
1 year apart.

•  One patient received BM-MSCs 6 months before 
UCB-MSC administration.

4 patients with 
Buerger’s disease 

•  Increased collateral branches and vascularities in 
foot based on angiography

•  Resolution of rest pain as early as 5 hours after 
initial treatment

•  Complete healing of necrotic lesion within 120 days

Dash et al., 200931 Intramuscular and topical autologous BM-MSCs  
(>1 × 106 cells/cm2 of ulcer area)

Angiographically selected sites in soleus and 
gastrocnemius, popliteal fossa and ulcer area. Also 
around the diabetic foot ulcer.

9 patients with 
Buerger’s disease 

3 patients with 
diabetic foot ulcers

At 12 weeks as compared with baseline:
• Pain relief
• Reduction in ulcer size
•  Increased pain-free walking distance:  

38.33±17.86m to 284.44±212.12m (P<0.001)

Guiducci et al., 201032 Three intravenous administrations of autologous 
BM-MSCs:
•  Baseline: 0.9 × 106 cells/Kg cryopreserved cells  

at passage 1
•  Month 1: 0.8 × 106 cells/Kg: culture-expanded  

at passage 2
•  Month 2: 0.8 × 106 cells/Kg: culture-expanded  

at passage 2

1 patient with 
systemic sclerosis 

At 2 months compared with baseline:
• Reduction in skin necrosis
•  Formation of new vessel network and improved 

blood flow in both the upper and lower limbs based 
on angiography

Lu et al., 201133 Group A: Ipsilateral limb received a total of  
9.3±1.1 × 108 BM-MSCs and contralateral limb received 
N/S (n=18)

Group B: Ipsilateral limb received a total of  
9.6±1.1 × 108 BM-MNCs and contralateral limb 
received N/S (n=19)

20 intramuscular injections administered at the foot 
ulcer and surrounding areas (3 × 3cm intervals)

Type 2 diabetes with 
foot ulcer, Fontaine IV 
(n=18)

At 24 weeks as compared with baseline (BM-MSCs 
versus BM-MNCs):
• Improved in rest pain
• Improved in pain-free walking time
• Improved ABI
• Improved TcO2

• Increased collateral vessels based on MRA
• Improved ulcer healing rate
• Reduced limb amputation

Lasala et al., 201034 Ipsilateral limb received a total of 30 × 106 autologous 
BM-MSCs and 30 × 108 autologous BM-MNCs and 
contralateral limb received PBS and 5 % human  
serum albumin

40 intramuscular injections administered at the most 
hypoperfused areas of the gastrocnemius (based on 
digital angiography)

Diabetes, Fontaine IIb-
IV (n=10)

At 10±2 months as compared with baseline:
• Improved ABI as early as 1 month after infusion
• Improved walking time

At 6 months as compared with baseline:
•  Improved quality of life (pain relief and physical 

functioning)
•  Improved new collateral vessel formation based on 

digital subtraction angiography
•  Improved limb perfusion based on 99mTc-TF 

perfusion scintigraphy

Lasala et al., 201135 Group A: Ipsilateral limb received a total of 9 × 106  

autologous BM-MSCs and 9 × 108 autologous 
BM-MNCs and contralateral limb received  
PBS + 5 % human serum albumin (n=12)

Group B: Ipsilateral limb received a total of 18 × 106  

autologous BM-MSCs and 18 × 108 autologous 
BM-MNCs and contralateral limb received PBS  
with 5 % human serum albumin (n=14)

40 intramuscular injections administered at the most 
hypoperfused areas of the gastrocnemius (based on 
digital angiography)

Diabetes, CLI 
Rutherford 4–6 (n=26)

At 4 months as compared with baseline:
• Improved ABI (n=21) in the index leg
• Improved pain-free walking time as early as 2 weeks
•  Improved quality of life (pain relief and improvement 

of physical functioning)
• Improved limb perfusion
• Complete healing of chronic ischaemic ulcers

Lee et al., 201236 Ipsilateral limb received a total of 3 × 108 autologous 
AT-MSCs

60 intramuscular injections to lower limb  
(5 × 106 AT-MSCs each)

Buerger’s disease, CLI 
Rutherford 2–4 to 3–6 
(n=12)

Diabetic foot, CLI 
Rutherford 3–5 to 3–6 
(n=3)

At 6 months as compared with baseline:
• Improved pain score
• Improved claudication walking distance
•  Improved maximal walking distance (not statistically 

significant)
• No change in ABI
•  Improved in temperature colour change using 

thermography
•  Improved in collateral vessel formation using digital 

subtraction angiography
• Improved wound healing and clinical symptoms

ABI = ankle–brachial index; AT-MSC = adipose tissue-derived mesenchymal stem cell; BM-MNC = bone marrow mononuclear cell; BM-MSC = bone marrow-derived mesenchymal stem cell; 
DM = diabetes mellitus; M/B = muscle-to-brain ratio; MRA = magnetic resonance angiography; MSC = mesenchymal stem cell; N/S = not significant; PBS = phosphate-buffered saline;  
TcO2 = total carbon dioxide; UCB-MSC = umbilical cord blood-derived mesenchymal stem cell.
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studies and remains a major challenge in designing phase II studies 

for this condition.23

ºOther phase I/II human clinical trials have been conducted, based on 

the evidence from animal studies demonstrating positive outcomes 

of stem and progenitor cell therapy in models of ischaemia.24,25 The 

author’s pilot study using autologous bone marrow mononuclear 

cells to be directly injected in ischaemic calf muscles did not 

show consistent efficacy.26 Globally, stem cell therapies in peripheral 

atherosclerotic occlusive disease clinical trials during the past decade 

have shown wide discrepancies concerning stem cell source, mode 

of delivery and outcomes.27,28 This is equally true in similar trials 

addressing coronary ischaemia.29 Table 1 shows results of the most 

relevant published clinical trials of stem cell therapies for CLI resulting 

from various vascular disorders of the lower limb.30–36 

It has been shown that adipose tissue-derived MSC (ATMSC) have 

similar characteristics to bone marrow stromal cells (BMSC). They can 

differentiate into endothelial cells and have a proangiogenic effect in 

the hind limb ischaemia model.37,38 

In a small phase I pilot study for the determination of safety and 

effects of ATMSC transplantation in patients with CLI, Lee et al. 

could not exclude the possibility that the use of immunocompetent 

allogeneic cells exhibiting normal functions might provide better 

therapeutic efficacy for CLI treatment in patients with diabetes.39 It was 

demonstrated that multiple intramuscular ATMSC injections might be 

a safe alternative to achieve therapeutic angiogenesis in patients with 

CLI who are refractory to other treatment modalities.

Future Directions in Stem Cell Therapy for 
Critical Limb Ischaemia
MSCs have been shown to be effective in multiple reports in  

pre-clinical models of CLI. In addition, there is a substantial amount 

of evidence on the safety of MSC administration in humans. So far, 

there has been no evidence of toxicity in terms of either aberrant 

differentiation or tumour genesis noted in human studies. Larger 

studies with longer follow-up will be required to confirm its safety. 

The published human data reviewed in this article have involved 

small numbers of patients with relatively short follow-up periods. 

Since CLI represents the most severe form of PAD, it may also 

reduce the likelihood of demonstrating efficacy given the severity 

of the disorder. Patients with CLI are the easiest group to obtain 

ethical approval for trials given that they have no alternative 

revascularization option. Once additional safety data are collected, 

it may be reasonable to progress to studies involving patients with 

intermittent claudication who represent the majority of patients with 

PAD and in whom therapeutic efficacy may be easier to demonstrate. 

This review did not focus on good manufacturing practice (GMP) in 

the production of cells or issues surrounding the need to scale up 

manufacture to generate a therapeutic product with predictable 

efficacy. The challenge remains to undertake clinical trials that 

progress from phase 1 to 3 while using cells manufactured under 

GMP conditions. The issue of whether to use autologous or allogeneic 

‘off the shelf’ cells will also need to be addressed. In fact, after 

local injection of many kinds of stem cells in ischaemic areas of 

the lower limbs, as shown in the above-mentioned studies, a large 

proportion of the cell population either die or fail to mature into  

vascular endothelial cells.

Porat et al. postulated that alternatively activated dendritic cells (DCs) 

can promote the generation of EPC-enriched stem cells within a 1-day 

culture.40 It is still unknown whether induced pluripotent cells (IPCs) 

are the most likely area toresearch. Isolation, purification as well as 

commercial preparation of some intracellular angiogenic factors such 

as vascular endothelial growth factor (VEGF) is another area of great 

interest that may add further insights to future research targeting non-

reconstructible limb ischaemia. n

1.  Murphy MP, Wang H, Patel AN, et al. Allogeneic endometrial 
regenerative cells: an “Off the shelf solution” for critical limb 
ischemia? J Transl Med 2008;6:45.  
DOI: https://doi.org/10.1186/1479-5876-6-45; PMID: 18713449.

2.  Thomson JA, Itskovitz-Eldor J, Shapiro SS, et al. Embryonic 
stem cell lines derived from human blastocysts. Science 
1998;282(5391):1145-7. DOI: https://doi.org/10.1126/
science.282.5391.1145; PMID: 9804556.

3.  Collinson DJ, Donnelly R. Therapeutic angiogenesis in 
peripheral arterial disease: can biotechnology produce 
an effective collateral circulation? Eur J Vasc Endovasc Surg 
2004;28:9–23. DOI: https://doi.org/10.1016/j.ejvs.2004.03. 
021; PMID: 15177227. 

4.  Norgren L, Hiatt WR, Dormandy JA, et al. Inter-society 
consensus for the management of peripheral arterial disease 
(TASC II). J Vasc Surg 2007;45(Suppl):S5–S67. DOI: https://doi.
org/10.1016/j.jvs.2006.12.037; PMID: 17223489.

5.  Makinen K, Manninen H, Hedman M, et al. Increased 
vascularity detected by digital subtraction angiography 
after VEGF gene transfer to human lower limb artery: a 
randomized, placebo-controlled, double-blinded phase II 
study. Mol Ther 2002;6:127 –33. DOI: https://doi.org/10.1006/
mthe.2002.0638; PMID: 12095313.

6.  Rajagopalan S, Mohler ER, Lederman RJ, et al. Regional 
angiogenesis with vascular endothelial growth factor in 
peripheral arterial disease: a phase II randomized, double-
blind, controlled study of adenoviral delivery of vascular 
endothelial growth factor 121 in patients with disabling 
intermittent claudication. Circulation 2003;108:1933–8.  
DOI: https://doi.org/10.1161/01.CIR.0000093398.16124.29; 
PMID: 14504183. 

7.  Jeon O, Kang SW, Lim HW, et al. Synergistic effect of 
sustained delivery of basic fibroblast growth factor and  
bone marrow mononuclear cell transplantation on 
angiogenesis in mouse ischemic limbs. Biomaterials 
2006;27:1617–25. DOI: https://doi.org/10.1016/ 
j.biomaterials.2005.09.009; PMID: 16174524.

8.  Asahara T, Murohara T, Sullivan A, et al. Isolation of 
putative progenitor endothelial cells for angiogenesis. 
Science 1997;275:964–7. DOI: https://doi.org/10.1126/

science.275.5302.964; PMID: 9020076.
9.  Ikenaga S, Hamano K, Nishida M, et al. Autologous bone 

marrow implantation induced angiogenesis and improved 
deteriorated exercise capacity in a rat ischemic hindlimb 
model. J Surg Res 2001;96:277–83. DOI: https://doi.org/10.1006/
jsre.2000.6080; PMID: 11266284.

10.  Kinnaird T, Stabile E, Burnett MS, et al. Local delivery of 
marrow-derived stromal cells augments collateral perfusion 
through paracrine mechanisms. Circulation 2004;109:1543–9. 
DOI: https://doi.org/10.1161/01.CIR.0000124062.31102.57; 
PMID: 15023891.

11.  Kupatt C, Horstkotte J, Vlastos GA, et al. Embryonic 
endothelial progenitor cells expressing a broad range 
of proangiogenic and remodeling factors enhance 
vascularization and tissue recovery in acute and chronic 
ischemia. FASEB J 2005;19:1576–8. DOI: https://doi.
org/10.1096/fj.04-3282fje; PMID: 16009705. 

12.  Madeddu P. Emanueli C, Pelosi E, et al. Transplantation  
of low dose CD34+KDR+ cells promotes vascular and  
muscular regeneration in ischemic limbs. FASEB J 2004; 
18:1737–9. DOI: https://doi.org/10.1096/fj.04-2192fje;  
PMID: 15345695.

13.  Nakagami H, Maeda K, Morishita R, et al. Novel autologous 
cell therapy in ischemic limb disease through growth factor 
secretion by cultured adipose tissue-derived stromal cells. 
Arterioscler Thromb Vasc Biol 2005;25:2542–7. DOI: https://doi.
org/10.1161/01.ATV.0000190701.92007.6d; PMID: 16224047. 

14.  Niagara MI, Haider HKH, Ye L, et al. Autologous skeletal 
myoblasts transduced with a new adenoviral bicistronic 
vector for treatment of hind limb ischemia. J Vasc Surg 
2004;40:774–85. DOI: https://doi.org/10.1016/j.jvs.2004.07. 
027; PMID: 15472608.

15.  Pesce M, Orlandi A, Iachininoto MG, et al. Myoendothelial 
differentiation of human umbilical cord blood-derived stem 
cells in ischemic limb tissues. Circ Res 2003;93:e51–62.  
DOI: https://doi.org/10.1161/01.RES.0000090624.04507.45; 
PMID: 12919944.

16.  Dimmeler S, Zeiher AM, Schneider MD. Unchain my heart: 
the scientific foundations of cardiac repair. J Clin Invest 
2005;115:572–83. DOI: https://doi.org/10.1172/JCI200524283; 

PMID: 15765139.
17.  Emmerich J. Current state and perspective on medical 

treatment of critical leg ischemia: gene and cell therapy. 
Int J Low Extrem Wounds 2005;4:234–41. DOI: https://doi.
org/10.1177/1534734605283538; PMID: 16286375.

18.  Heng BC, Cao T, Haider HK, et al. Utilizing stem cells for 
myocardial repair – to differentiate or not to differentiate 
prior to transplantation. Scand Cardiovasc 2005;39:131–4. DOI: 
https://doi.org/10.1080/14017430510009023; PMID: 16146974.

19.  Urbich C, Heeschen C, Aicher A, et al. Cathepsin L is required 
for endothelial progenitor cell-induced neovascularization. 
Nat Med 2005;11:206–13. DOI: https://doi.org/10.1038/nm1182; 
PMID: 15665831. 

20.  Rey S, Semenza GL. Hypoxia-inducible factor-1-dependent 
mechanism of vascularization and vascular remodelling. 
Cardiovasc Res 2010;86:236–42. DOI: https://doi.org/10.1093/
cvr/cvq045; PMID: 20164116.

21.  Yamagushi J, Kusano KF, Masuo O, et al. Stromal cell-
derived factor-1 effects on ex vivo expanded endothelial 
progenitor cell recruitment for ischemic neovascularization. 
Circulation 2003;107:1322–8. DOI: https://doi.org/10.1161/01.
CIR.0000055313.77510.22; PMID: 12628955.

22.  Walter DH, Krankenberg H, Balzer JO, et al. Intraarterial 
administration of bone marrow mononuclear cells in 
patients with critical limb ischemia: a randomized-start, 
placebo-controlled pilot trial (PROVASA). Circ Cardiovas 
Interv 2011;4:26–37. DOI: https://doi.org/10.1161/
CIRCINTERVENTIONS.110.958348; PMID: 21205939.

23.  Tongers J, Roncalli JG, Losordo DW. Therapeutic angiogenesis 
for critical limb ischemia: microvascular therapies coming of 
age. Circulation 2008;118:9–16. DOI: https://doi.org/10.1161/
CIRCULATIONAHA.108.784371; PMID: 18591450.

24.  Kawamoto A, Katayame M, Hande N, et al. Intramuscular 
transplantation of G-CSF-mobilized CD34 (4) cells in patients 
with critical limb ischemia: a phase I/II a multicenter, 
single-blinded, dose escalation clinical trial. Stem Cells 
2009;27:2857–64. DOI: https://doi.org/10.1002/stem.207; 
PMID: 19711453.

25.  Ouma GO, Zafrir B, Emile K, et al. Therapeutic angiogenesis in 
critical limb ischemia. Angiology 2013;64:466–80. DOI: https://

VER_Hussein_FINAL.indd   20 15/09/2018   18:47



21

Stem Cell Therapy for Vascular DisordersPeripheral Artery Disease

VA S C U L A R  &  E N D O VA S C U L A R  R E V I E W

doi.org/10.1177/0003319712464514; PMID: 23129733.
26.  Hussein E, Sabbour A, Wahba R. Treatment with autologous 

bone marrow mononuclear cells in patients with non 
reconstructible critical lower limb ischemia. Ain Shams J Surg 
2011;4:435–8.

27.  Gremmels H, Teraa M, Quax PH, et al. Neovascularization 
capacity of mesenchymal stromal cells from critical limb 
ischemia patients is equivalent to healthy controls. Mol Ther 
2014;10:161. DOI: https://doi.org/10.1038/mt.2014.161;  
PMID: 25174586.

28.  Trouson A, McDonald C. Stem cell therapies in clinical trials: 
progress and challenges. Cell Stem Cell 2015;17:11–22. DOI: 
https://doi.org/10.1016/j.stem.2015.06.007; PMID: 26140604. 

29.  Vogel R, Hussein EA, Mousa SA. Stem cells in the 
management of heart failure – what have we learned from 
clinical trials? Expert Rev Cardiovasc Ther 2015;13:75–83.

30.  Kim SW, Han H, Chae GT, et al. Successful stem cell therapy 
using umbilical cord blood-derived multipotent stem cells 
for Buerger’s disease and ischemic limb disease animal 
model. Stem Cells 2006;24:1620–6. DOI: https://doi.org/10.1634/
stemcells.2005-0365; PMID: 16497946. 

31.  Dash NR, Dash SN, Routray P, et al. Targeting nonhealing 
ulcers of lower extremity in human through autologous bone 

marrow-derived mesenchymal stem cells. Rejuvenation Res 
2009;12:359–66. DOI: https://doi.org/10.1089/rej.2009.0872; 
PMID: 19929258.

32.  Guiducci S, Porta F, Saccardi R, et al. Autologous 
mesenchymal stem cells foster revascularization of ischemic 
limbs in systemic sclerosis: a case report. Ann Intern Med 
2010;153:650–4; DOI: https://doi.org/10.7326/0003-4819-153-
10-201011160-00007; PMID: 21079220.

33.  Lasala GP, Silva JA, Gardner PA, Minguell JJ. Combination stem 
cell therapy for the treatment of severe limb ischemia: safety 
and efficacy analysis. Angiology 2010;61:551–6. DOI: https://doi.
org/10.1177/0003319710364213; PMID: 20498146.

34.  Lasala GP, Silva JA, Minguell JJ. Therapeutic angiogenesis 
in patients with severe limb ischemia by transplantation 
of a combination stem cell product. J Thorac Cardiovasc 
Surg 2012;144:377–82. DOI: https://doi.org/10.1016/j.
jtcvs.2011.08.053; PMID: 22079876.

35.  Lu D, Chen B, Liang Z, et al. Comparison of bone marrow 
mesenchymal stem cells with bone marrow-derived 
mononuclear cells for treatment of diabetic critical limb 
ischemia and foot ulcer: a double-blind, randomized, controlled 
trial. Diabetes Res Clin Pract 2011;92:26–36. DOI: https://doi.
org/10.1016/j.diabres.2010.12.010; PMID: 21216483.

36.  Lee HC, An SG, Lee HW, et al. Safety and effect of adipose 
tissue-derived stem cell implantation in patients with critical 
limb ischemia. Circ J 2012;76:1750–60. DOI: https://doi.
org/10.1253/circj.CJ-11-1135; PMID: 22498564.

37.  Kim SJ, Cho HH, Kim YJ, et al. Human adipose stromal cells 
expanded in human serum promote engraftment of human 
peripheral blood hematopoietic stem cells in NOD/SCID mice. 
Biochem Biophys Res Commun 2005;1:25–31. DOI: https://doi.
org/10.1016/j.bbrc.2005.01.092; PMID: 15721268.

38.  Lee RH, Kim B, Choi I, et al. Characterization and  
expression analysis of mesenchymal stem cells from 
human bone marrow and adipose tissue. Cell Physiol Biochem 
2004;14:311–24. DOI: https://doi.org/10.1159/000080341; 
PMID:15319535. 

39.  Lee HC, An SG, Lee HW, et al. Safety and effect of adipose 
tissue-derived stem cell implantation in patients with critical 
limb ischemia – a pilot study. Circ J 2012;76:1750–60. DOI: 
https://doi.org/10.1253/circj.CJ-11-1135; PMID: 22498564.

40.  Porat Y, Assa-Kunik E, Belkin M, et al. A novel potential 
therapy for vascular diseases: blood-derived stem/progenitor 
cells specifically activated by dendritic cells. Diabetes Metab Res 
Rev 2014;30:623–34; DOI: https://doi.org/10.1002/dmrr.2543; 
PMID: 24638886.

VER_Hussein_FINAL.indd   21 15/09/2018   18:47


