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Abstract

Endothelial progenitor cells (EPCs) play an important role in maintaining vascular 
health both by integrating in endothelium and by providing paracrine support to the 
resident vasculature. EPCs from patients with cardiovascular disorders and diabetic 
complications are typically reduced in number and dysfunctional. In an effort to 
restore EPC numbers and correct their dysfunction, a variety of commonly prescribed 
pharmacological agents such as statins, angiotensin converting enzyme (ACE) inhibitors, 
thiazolidinediones (TZDs) and erythropoietin (EPO) have been evaluated and found 
to be of benefit in both increasing EPC numbers and improving EPC function. This 
review will discuss several of these commonly used pharmacological agents and recent 
work in our laboratory highlighting some novel approaches to correct EPC dysfunction.  
Mechanism responsible for modulating EPC function by these agents is also briefly 
discussed.

IntroductIon
Endothelial Progenitor Cells (EPCs), first recognized in 

1997 by Asahara et al., presented the  new notion  of postnatal 
neovascularization, which was earlier thought to be only 
limited to embryonic development [1]. EPCs exercise their 
vaso-reparative potential either by participating in new vessel 
formation or by providing paracrine support. Therapeutic effects 
of EPCs are reported in a variety of ischemic diseases including 
myocardial infarction, chronic wounds and diabetic retinopathy, 
among others [2-6].  A variety of diseases are associated with a 
decline in the number  and function of EPCs, including obesity 
[7], renal failure and hemodialysis [8], hypertension  [9,10], 
atherosclerosis [11], chronic obstructive pulmonary disease [12], 
and dyslipidemia [13]. 

Most notably, a negative alteration in the function and amount 
of EPCs is reported in diabetes and related complications. Both 
type I and II diabetes have decreased levels of EPCs. Diabetes 
also induces functional defects in EPCs, affecting EPC migration, 
adhesion, proliferation, and incorporation. Diabetes also induces 

bone marrow defects as implicated by reduced mobilization of 
progenitors from the bone marrow and selective depletion from 
bone marrow reservoirs. Moreover, diabetic microvascular 
complications like, retinopathy, nephropathy, and neuropathy 
are associated with impaired EPC numbers and function. This 
consistent impairment in both numbers and function of EPCs in 
several pathological disorders, including diabetes, suggests the 
importance of modulating EPCs for therapeutic purposes. In an 
attempt to correct EPC dysfunction, a variety of pharmacological 
agents have been tested either in vivo or in vitro before autologous 
transplantation in pre-clinical and clinical studies. Due to the 
important therapeutic potential of EPC, modulators of their 
function could fulfill an important role in modulation of a wide 
spectrum of diseases.  Chemical modification of EPCs has been, 
and continues to be, intensely investigated. We reviewed Pub 
Med database on 4 July 2013 using search criteria as ‘EPC and 
Pharmacology’ which resulted in more than 1000 papers  and 
for this review, pharmacological agents which produced adverse 
effects  on EPC function and numbers were excluded. Following 
is the summary of important pharmacological modulators of EPC 
function; Table 1 provides a quick review of these agents.
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PharmacologIcal modulatIon of EPcs in 
vivo

statins 

In relation to correct EPC dysfunction and numbers, 
perhaps one of the most extensively investigated class of drugs 
is statins, or 3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase inhibitor [14,15]. While statins are widely 
prescribed for their cholesterol lowering effects, they have 
important EPC modulating effects that were first explored 
through in vitro studies of human mononuclear cells (MNCs) and 
in vivo studies in mice. Various statins, including atorvastatin, 
simvastatin, mevastatin [15], and rosuvastatin [16,17] were able 
to beneficially modify EPC function. Statins improve endothelial 
function by increasing the levels of bioavailable nitric oxide and 
correcting migratory defects [14]. Statins reduce oxidative stress 
via forkhead box O (FOXO) dependent mechanism [18] and 
possess anti-inflammatory properties which likely contribute 

towards correcting EPC dysfunction. Clinical studies show EPC 
numbers and function increase following treatment with statins, 
including a significant increase in EPC migratory function [19] 
and an increase in colony forming units [17]. 

thiazolidinediones

Another class of drugs that has been explored in modulating 
EPCs is glitazones or thiazolidinediones (TZD).  TZDs are 
peroxisome activated proliferator receptor agonists with anti-
diabetic properties. Like statins, several types of glitazones have 
been shown to similarly modulate EPCs, including pioglitazone 
and rosiglitazone [20,21]. In vivo experiments in mice showed 
an increase in EPC levels in the bone marrow when treated 
with rosiglitazone [20]. Moreover, in humans, EPC numbers and 
functions were increased when treated with pioglitazone [21]. 
Beneficial effects of TZDs are attributed to several mechanisms. 
TZD treatment corrects EPC migratory defects, improves 
clonogenic potential and decreases EPC apoptosis by enhancing 
endothelial nitric oxide synthase (eNOS) activity  [21,22]. We 
used TZDs to correct the dysfunction in diabetic EPCs; in vitro 
treatment of diabetic EPCs with pioglitazone enhanced their 

drug class Example outcome/End Point

Statins [14-17,19]

Atorvastatin 
[14,15,19]
Simvastatin [15]
Rosuvastatin 
[16,17]
Mevastatin 
[14,15]

↑ Migration [14]
↑ Number [16,19]
↑ Mobilization [19]
↑ Neovascularization [19]
↑ Differentiation [15]
↑ CFU [17]

Thiazolidinediones [20-22]

Rosiglitazone  
[20]
Pioglitazone 
[21,22]

↑ Number [20]
↑Migration [21,22]
↓ Apoptosis [22]
↑ Neo-angiogenesis [22]
↑ Colony formation [20]

Erythropoietin [28] Darbepoietin [28]
↑ Proliferation [28]
↑ Differentiation [28]
↑ Number [28]

GM-CSF/G-CSF [29-31]
↑ Number [29]
↑ Mobilization [29]
↑ Neovascularization [29]

Calcium channel blockers 
[32,53]

Benidipine [32]
Nifedipine [53]

↑ Number [32,53]
↑ Differentiation [32,53]
↑ Migration [53]
↑ Oxidative stress resistance 
[53]
↓Apoptosis [53]

PDE-5 inhibitors [34]
Sildenafil [34]
Tadalafil [35]

↑ Number [34,35]
↑ Migration [34]
↑ Adhesion [34]

DPP-IV inhibitors [24] Sitaglipin [24]
↑ Number [24]
↑ Mobilization [24]

Modulators of RAAS system 
[36,37]

Ramipril, 
Enalapril 
Valsartan [37]
Ang-(1-7) [39,54]

↑ Number [37]

↑ Survival [39]
↑ Proliferation [39]

Ebselen [41]
 Number [41]
↑ Oxidative stress resistance [41]
↓Apoptosis [41]

Cytokines [29,42]

VEGF [29,42]
FGF [29]
Angiopoietins [29]
SDF-1 [29]
PIGF [29,42]

↑ Mobilization [29]
↑ Incorporation [29]
↑ Recruitment [42]
↑ Vessel Formation [42]

table 1: Pharmacological modulators of EPCs.

Hormones [44-47]
Insulin [44,45]
17 beta-estradiol 
[45-47]

↑ CFUs [44]
↑ Clonogenic capacity [44]
↑ Angiogenic capacity [44]
↑ Number [46]
↑ Differentiation [47]
↑ Migration [47]
↑ Proliferation [45,47]
↓Apoptosis [47]
↑ Adhesion [45]

Lifestyle change [47,50], 
[52] [49]

Exercise [47]
Diet: Vegetables 
[50]
Diet: Green Tea 
[52]
Mediterranean 
diet [49]

↑ Number [47] [50] [49,52]

TGF- β 1 [40]

↑ Migration [40]
↑ Survival [40]
↑ Reparative function [40]
↑ Recruitment [40]

Mineralocorticoid receptor 
antagonist [55]

Eplerenone [55]
↑ Number [55]
↑ Colony forming [55]
↑ Migration [55]

Alkylating agent [56]
Cyclophospha-
mide [56]

↑ Number [56]
↑ Mobilization [56]

Angiotensin Receptor 
Blockers [57]

Telmisartan [57]
↑ Colony Formation [57]
↑ Proliferation [57]

Osteopontin [58] ↑ Neovascularization [58]

Vitamin [59] Niacin [59]
↑ Mobilization [59]
↑ Differentiation [59]
↓Apoptosis [59]

Urotensin II [60] ↑ Proliferation [60]

β2 adrenergic agonist [61] Isoproterenol [61]
↑ Number [61]
↑ Migration [61]
↑ Proliferation [61]

Anti-oxidant [33,62]
Resveratrol [62]
Benfotiamine [33]

Maintain CFUs [33]
Recovery from high glucose 
effects [33]
Delay in senescence [62]
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migration to the gradient of stromal derived factor 1 (SDF-
1). Restoration of migratory potential in diabetic EPCs was 
attributed to an increase in nitric oxide levels (Figure 1). We also 
observed a decrease in reactive oxygen species after treatment 
with pioglitazone (Figure 2). Interestingly pioglitazone also 
increases the levels anti-inflammatory protein [23], adiponectin. 
This may result in an improvement of EPC number and function.

Thus we believe that there are multiple facets to the beneficial 
effects of pioglitazone treatment and that TZDs can be used 
effectively to correct dysfunctional diabetic EPCs for autologous 
transplantation.

dPP-IV inhibitors

Dipeptidyl peptidase-4 (DPP-IV) inhibitors are a class of 
anti-diabetic drugs which block the enzyme DPP-4 and reduce 
glucagon levels [24]. In addition to glucose lowering effects, 
DPP-IV inhibitors also show cardio-protective action. DPP-
IV inhibitor sitagliptin promotes an increase in EPC numbers 
and adhesion, both in animal [24] and human studies  [25]  
Multiple mechanisms, such as an increase in NO production [24], 
reduction in inflammation [26] and reactive oxygen species [27] 
are suggested in the therapeutic benefit of DPP-IV inhibitors.

Erythropoietin

Erythropoietin (EPO) is a cytokine that controls 
erythropoiesis; some studies show that EPO is effective in 
enhancing EPC numbers and function. A study using darbepoietin 
(a synthetic form of erythropoietin) in renal failure patients 
showed enhanced EPC proliferation and differentiation potential 
[28]. 

gm-csf

Granulocyte-colony stimulating factor (G-CSF) and 
granulocyte monocyte colony-stimulating factor (GM-CSF) are 
also cytokines shown to be effective in promoting bone marrow 
release of EPCs [29]. In humans, when G-CSF-mobilized CD34+ 

cells were injected intramuscularly in patients with ischemia, 
improvements were observed [30,31]. 

calcium channel blockers

Calcium channel blockers induce vasodilation by blocking the 
influx of calcium ions into vascular smooth muscle cells, leading 
to a decrease in systemic blood pressure. In vivo treatment with 
benidipine, a calcium channel blocker, promotes endothelial 
differentiation of EPCs [32].  Another calcium channel blocker, 
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figure 1 Pioglitazone corrects migratory defects by increasing nitric 
oxide in diabetic EPcs cells
(A)  Healthy and diabetic EPCs were allowed to migrate to SDF-1 gradient in a 
modified Boyden chamber assay. Diabetic EPCs cells failed to migrate towards 
SDF-1 while pioglitazone treatment corrected migratory defects (#P<0.05). 
(B) Imaging of NO-sensitive 4-Amino-5-Methylamino-2’,7’-Difluorofluorescein 
Diacetate (DAF-FM) fluorescence in human diabetic EPCs. Shown in the extreme 
left was the color scale for arbitrary fluorescence units and images were 
shown in pseudo color. Cells that were non-treated served as time-control and 
effect of SDF1-α without and with pioglitazone (10 nM) pretreatment were 
expressed as percent increase compared to the time-control in a bar chart on 
right. Production of NO in response to SDF1-α was significantly increased by 
pretreatment with Pioglitazone (*P<0.0001). Scale bar measuresv 20 microns 
and is applicable for all images.
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figure 2 Pioglitazone treatment reduces reactive oxygen species (ros) 
production in diabetic EPcs. (A) Images of ROS-sensitive dye dihydroethidine 
(DHE) showing basal and NADPH-stimulated ROS production. Images were 
obtained by Till Photonics system with 40x W objective (Zeiss) at 2x2 binning. 
Shown in the left was color scale. Scale bar measures 20 microns and applicable 
to all images. Images are representative of 17 to 41 cells in a group. (B) 
Pretreatment with 10 nM pioglitazone significantly reduced basal and NADPH 
stimulated ROS production (P<0.0001).
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nifedipine, not only increases EPC numbers, but also enhances 
several EPC functions, including migration, differentiation, and 
resistance to oxidative stress [33]. Beneficial effects of calcium 
blocker treatment are attributed to anti-oxidant defense 
mechanisms.

PdE5 inhibitors

Phosphodiesterase 5 (PDE-5) inhibitors also play a role in 
correcting EPC dysfunction [34]. Sildenafil, a PDE-5 inhibitor, 
increases EPC levels [34]. Moreover, EPC functions, including 
migration and adherence, were also improved upon treatment 
with sildenafil [34]. Modified angiogenic factor expression and 
reduced oxidative stress were observed with sildenafil treatment 
and are implicated as the mechanism for its effects [34]. Tadalafil, 
another PDE-5 inhibitor, also modulates EPCs, with increasing  
cell numbers  [35].

modulators of renin angiotensin aldosterone system 
(raas)

Modifying the RAAS influences  EPC numbers [36].  Angiotensin 
converting enzyme (ACE) inhibitors such as ramipril and 
enalapril, and AT-II inhibitors such as valsartan, – increase EPC 
numbers  [37]. These drugs reduce oxidative stress by decreasing 
NADPH oxidase expression [38].  Currently, our laboratory 
is exploring the role of RAAS in modulating EPC function by 
evaluating (ACE-2)/Angiotensin-(1-7), the vasoreparative axis 
of the RAAS. We observed that in vitro treatment with Ang-(1-7) 
repairs the migratory defects of diabetic EPCs and improves EPC 
proliferation and survival [39].

in vitro EPc trEatmEnt for autologous 
transPlantatIon 

Transforming growth factor-β1 (TGF-β1) is involved in 
differentiation, proliferation, and quiescence of hematopoietic 
stem cells [40]. In diabetic patients, TGF- β1 levels are increased 
in EPCs and this negatively influences cellular function [40]. 
Our studies have shown that pre-treatment with TGF-β1-
PMOs (phosphorodiamidate morpholino oligomers) reduces 
these high levels back towards normal, corrects EPC migratory 
dysfunction and promotes their homing to areas of injured retina 
[40]. Inhibition of TGF-β1 restores bioavailable NO in EPCs 
of diabetic origin and increases their expression of CXCR4, a 
critical receptor involved in EPC migration. Ongoing work in our 
laboratory indicates that plasminogen activator inhibitor-1, the 
main target of TGF- β1 action, may also represent a novel target 
for improving EPC function. In addition, the randomized placebo-
controlled ENACT-AMI trial is evaluating similar in vitro priming 
of EPCs using overexpression of eNOS in patients with diabetes 
and hypertension. 

othEr PharmacologIcal agEnts
Some investigational pharmacological agents have shown 

beneficial effects in correcting EPC dysfunction in animal studies; 
for example, Ebselen, a synthetic anti-oxidant, reduces EPC 
apoptosis and increases EPC numbers [41].  Another strategy for 
EPC modulation is the use of various cytokines and hormones 
[29] including vascular endothelial growth factors (VEGF), 
fibroblast growth factor (FGF), angiopoietins, SDF-1, placental 

growth factor (PIGF), and others [29,42,43]. When treated 
with insulin, EPCs from patients with type 2 diabetes showed 
an increase in EPC colony forming units (CFUs) [44]. Similarly, 
treatment with 17 beta-estradiol promoted EPC proliferation and 
adhesion [45-47]. Improved lifestyle such as increased exercise  
[48] and balanced nutrition such as a Mediterranean diet [49] 
increases EPC number [50,51]. Some specific dietary components 
that improve EPC conditions include green tea [52]. 

conclusIon
In conclusion, a variety of pharmacological strategies  have 

been found to be effective in modulating EPCs to i) stimulate their 
proliferation;  ii) enhance their release from the bone marrow;  or 
iii) to  “prime”  the cell  in vitro before autologous transplantation. 
The choice of well-accepted pharmacological agents (e.g. statins, 
TZDs, EPO) provides the advantage of modulating EPC function in 
addition to the agent’s primary therapeutic benefit. Our studies 
suggest that pioglitazone is a promising candidate in correcting 
diabetes induced EPC dysfunction. It is worth noting that some 
pharmacological agents like paclitaxel, sirolimus, everolimus, 
and zotarolimus produce adverse effects on both EPC numbers 
and function, which were not discussed in this review, but should 
be considered when prescribing to patients with established 
vascular disease. Overall, EPC modulation continues to be an 
area of intense investigation and a promising therapeutic option 
in treating a wide variety of diseases.

acknowlEdgEmEnts
Funding: This work is supported by Eugene and Marilyn Glick 

Eye institute start-up funding (ADB) and National Institute of 
Health grants EY007739 and DK090730 to MBG

rEfErEncEs
1. Asahara T, Murohara T, Sullivan A, Silver M, van der Zee R, Li T, et 

al. Isolation of putative progenitor endothelial cells for angiogenesis. 
Science. 1997; 275: 964-967.

2. Bauer SM, Goldstein LJ, Bauer RJ, Chen H, Putt M, Velazquez OC. 
The bone marrow-derived endothelial progenitor cell response is 
impaired in delayed wound healing from ischemia. J Vasc Surg. 2006; 
43: 134-141.

3. Ii M, Nishimura H, Iwakura A, Wecker A, Eaton E, Asahara T, et al. 
Endothelial progenitor cells are rapidly recruited to myocardium and 
mediate protective effect of ischemic preconditioning via “imported” 
nitric oxide synthase activity. Circulation. 2005; 111: 1114-2. 

4. Lyden D, Hattori K, Dias S, Costa C, Blaikie P, Butros L, et al. Impaired 
recruitment of bone-marrow-derived endothelial and hematopoietic 
precursor cells blocks tumor angiogenesis and growth. Nat Med. 
2001; 7: 1194-1201.

5. Murayama T, Tepper OM, Silver M, Ma H, Losordo DW, Isner JM, et 
al. Determination of bone marrow-derived endothelial progenitor cell 
significance in angiogenic growth factor-induced neovascularization 
in vivo. Exp Hematol. 2002; 30: 967-972.

6. Asahara T, Masuda H, Takahashi T, Kalka C, Pastore C, Silver M, et 
al. Bone marrow origin of endothelial progenitor cells responsible 
for postnatal vasculogenesis in physiological and pathological 
neovascularization. Circ Res. 1999; 85: 221-228.

7. Tobler K, Freudenthaler A, Baumgartner-Parzer SM, Wolzt M, Ludvik 
B, Nansalmaa E, et al. Reduction of both number and proliferative 

http://www.ncbi.nlm.nih.gov/pubmed/9020076
http://www.ncbi.nlm.nih.gov/pubmed/9020076
http://www.ncbi.nlm.nih.gov/pubmed/9020076
http://www.ncbi.nlm.nih.gov/pubmed/16414400
http://www.ncbi.nlm.nih.gov/pubmed/16414400
http://www.ncbi.nlm.nih.gov/pubmed/16414400
http://www.ncbi.nlm.nih.gov/pubmed/16414400
http://www.ncbi.nlm.nih.gov/pubmed/15723985
http://www.ncbi.nlm.nih.gov/pubmed/15723985
http://www.ncbi.nlm.nih.gov/pubmed/15723985
http://www.ncbi.nlm.nih.gov/pubmed/15723985
http://www.ncbi.nlm.nih.gov/pubmed/11689883
http://www.ncbi.nlm.nih.gov/pubmed/11689883
http://www.ncbi.nlm.nih.gov/pubmed/11689883
http://www.ncbi.nlm.nih.gov/pubmed/11689883
http://www.ncbi.nlm.nih.gov/pubmed/12160849
http://www.ncbi.nlm.nih.gov/pubmed/12160849
http://www.ncbi.nlm.nih.gov/pubmed/12160849
http://www.ncbi.nlm.nih.gov/pubmed/12160849
http://www.ncbi.nlm.nih.gov/pubmed/10436164
http://www.ncbi.nlm.nih.gov/pubmed/10436164
http://www.ncbi.nlm.nih.gov/pubmed/10436164
http://www.ncbi.nlm.nih.gov/pubmed/10436164
http://www.ncbi.nlm.nih.gov/pubmed/20065973
http://www.ncbi.nlm.nih.gov/pubmed/20065973


Central

Korah et al. (2013)
Email:  abhatwad@iupui.edu

J Pharmacol Clin Toxicol 1(1): 1003 (2013) 5/6

activity of human endothelial progenitor cells in obesity. Int J Obes 
(Lond). 2010; 34: 687-700.

8. Eizawa T, Murakami Y, Matsui K, Takahashi M, Muroi K, Amemiya 
M, et al. Circulating endothelial progenitor cells are reduced in 
hemodialysis patients. Curr Med Res Opin. 2003; 19: 627-633.

9. Imanishi T, Moriwaki C, Hano T, Nishio I. Endothelial progenitor cell 
senescence is accelerated in both experimental hypertensive rats and 
patients with essential hypertension. J Hypertens. 2005; 23: 1831-
1837.

10. Fadini GP, Coracina A, Baesso I, Agostini C, Tiengo A, Avogaro A, et 
al. Peripheral blood CD34+KDR+ endothelial progenitor cells are 
determinants of subclinical atherosclerosis in a middle-aged general 
population. Stroke. 2006; 37: 2277-2282.

11. Fadini GP, Agostini C, Sartore S, Avogaro A. Endothelial progenitor 
cells in the natural history of atherosclerosis. Atherosclerosis. 2007; 
194: 46-54.

12. Palange P, Testa U, Huertas A, Calabrò L, Antonucci R, Petrucci E, et 
al. Circulating haemopoietic and endothelial progenitor cells are 
decreased in COPD. Eur Respir J. 2006; 27: 529-541.

13. Fadini GP, Agostini C, Boscaro E, Avogaro A. Mechanisms and 
significance of progenitor cell reduction in the metabolic syndrome. 
Metab Syndr Relat Disord. 2009; 7: 5-10.

14. Urbich C, Dernbach E, Zeiher AM, Dimmeler S. Double-edged role of 
statins in angiogenesis signaling. Circ Res. 2002; 90: 737-744.

15. Dimmeler S, Aicher A, Vasa M, Mildner-Rihm C, Adler C, TDiemann 
M, et al. HMG-CoA reductase inhibitors (statins) increase endothelial 
progenitor cells via the PI 3-kinase/Akt pathway. J Clin Invest. 2001; 
108: 391-7.

16. Zhou J, Cheng M, Liao YH, Hu Y, Wu M, Wang Q, et al. Rosuvastatin 
enhances angiogenesis via eNOS-dependent mobilization of 
endothelial progenitor cells. PLoS One. 2013; 8: e63126.

17. Fadini GP, Albiero M, Boscaro E, Menegazzo L, Cabrelle A, Piliego 
T, et al. Rosuvastatin stimulates clonogenic potential and anti-
inflammatory properties of endothelial progenitor cells. Cell Biol Int. 
2010; 34: 709-715.

18. Urbich C, Knau A, Fichtlscherer S, Walter DH, Brühl T, Potente M, et al. 
FOXO-dependent expression of the proapoptotic protein Bim: pivotal 
role for apoptosis signaling in endothelial progenitor cells. FASEB J. 
2005; 19: 974-976.

19. Vasa M, Fichtlscherer S, Adler K, Aicher A, Martin H, Zeiher AM, et al. 
Increase in circulating endothelial progenitor cells by statin therapy in 
patients with stable coronary artery disease. Circulation. 2001; 103: 
2885-2890.

20. Wang CH, Ciliberti N, Li SH, Szmitko PE, Weisel RD, Fedak PW, et al. 
Rosiglitazone facilitates angiogenic progenitor cell differentiation 
toward endothelial lineage: a new paradigm in glitazone pleiotropy. 
Circulation. 2004. 109: 1392-400. 

21. Werner C, Kamani CH, Gensch C, Bohm M, Laufs U. The peroxisome 
proliferator-activated receptor-gamma agonist pioglitazone increases 
number and function of endothelial progenitor cells in patients with 
coronary artery disease and normal glucose tolerance. Diabetes 2007. 
56: 2609-15. 

22. Gensch C, Clever YP, Werner C, Hanhoun M, Böhm M, Laufs U. The 
PPAR-gamma agonist pioglitazone increases neoangiogenesis and 
prevents apoptosis of endothelial progenitor cells. Atherosclerosis. 
2007; 192: 67-74.

23. Esposito K, Maiorino MI, Di Palo C, Gicchino M, Petrizzo M, Bellastella 
G, et al. Effects of pioglitazone versus metformin on circulating 

endothelial microparticles and progenitor cells in patients with newly 
diagnosed type 2 diabetes--a randomized controlled trial. Diabetes 
Obes Metab. 2011; 13: 439-45. 

24. Huang CY, Shih CM, Tsao NW, Lin YW, Huang PH, Wu SC, et al. 
Dipeptidyl peptidase-4 inhibitor improves neovascularization by 
increasing circulating endothelial progenitor cells. Br J Pharmacol.  
167: 1506-19. 

25. Fadini GP, Boscaro E, Albiero M, Menegazzo L, Frison V, de 
Kreutzenberg S, et al. The oral dipeptidyl peptidase-4 inhibitor 
sitagliptin increases circulating endothelial progenitor cells in 
patients with type 2 diabetes: possible role of stromal-derived factor-
1alpha. Diabetes Care. 2010; 33: 1607-9. 

26. Omar BA, Vikman J, Winzell MS, Voss U, Ekblad E, Foley JE, et al. 
Enhanced beta cell function and anti-inflammatory effect after chronic 
treatment with the dipeptidyl peptidase-4 inhibitor vildagliptin in 
an advanced-aged diet-induced obesity mouse model. Diabetologia. 
2013; 56: 1752-60.

27. Ku HC, Chen WP, Su MJ. DPP4 deficiency exerts protective effect 
against H2O2 induced oxidative stress in isolated cardiomyocytes. 
PLoS One. 2013; 8: e54518.

28. Bahlmann FH, DeGroot K, Duckert T, Niemczyk E, Bahlmann E, Boehm 
SM, et al. Endothelial progenitor cell proliferation and differentiation 
is regulated by erythropoietin. Kidney Int. 2003; 64: 1648-1652.

29. Walter DH, Dimmeler S. Endothelial progenitor cells: regulation and 
contribution to adult neovascularization. Herz. 2002; 27: 579-588.

30. Kawamoto A, Katayama M, Handa N, Kinoshita M, Takano H, Horii 
M, et al. Intramuscular transplantation of G-CSF-mobilized CD34(+) 
cells in patients with critical limb ischemia: a phase I/IIa, multicenter, 
single-blinded, dose-escalation clinical trial. Stem Cells. 2009; 27: 
2857-64.  

31. Asahara T, Kawamoto A, Masuda H. Concise review: Circulating 
endothelial progenitor cells for vascular medicine. Stem Cells. 2011; 
29: 1650-1655.

32. Ando H, Nakanishi K, Shibata M, Hasegawa K, Yao K, Miyaji H. 
Benidipine, a dihydropyridine-Ca2+ channel blocker, increases the 
endothelial differentiation of endothelial progenitor cells in vitro. 
Hypertens Res. 2006; 29: 1047-1054.

33. Marchetti V, Menghini R, Rizza S, Vivanti A, Feccia T, Lauro D, et al. 
Benfotiamine counteracts glucose toxicity effects on endothelial 
progenitor cell differentiation via Akt/FoxO signaling. Diabetes. 2006; 
55: 2231-2237.

34. Dussault S, Maingrette F, Ménard C, Michaud SE, Haddad P, 
Groleau J, et al. Sildenafil increases endothelial progenitor cell 
function and improves ischemia-induced neovascularization in 
hypercholesterolemic apolipoprotein E-deficient mice. Hypertension. 
2009; 54: 1043-9. 

35. Foresta C, De Toni L, Magagna S, Galan A, Garolla A. Phosphodiesterase-5 
inhibitor tadalafil acts on endothelial progenitor cells by CXCR4 
signalling. Curr Drug Deliv. 2010; 7: 274-282.

36. Fadini GP, Avogaro A. Potential manipulation of endothelial progenitor 
cells in diabetes and its complications. Diabetes Obes Metab. 2010; 12: 
570-583.

37. Georgescu A, Alexandru N, Constantinescu A, Titorencu I, Popov D. The 
promise of EPC-based therapies on vascular dysfunction in diabetes. 
Eur J Pharmacol. 2011; 669: 1-6.

38. Rueckschloss U, Quinn MT, Holtz J, Morawietz H. Dose-dependent 
regulation of NAD(P)H oxidase expression by angiotensin II in human 
endothelial cells: protective effect of angiotensin II type 1 receptor 

http://www.ncbi.nlm.nih.gov/pubmed/20065973
http://www.ncbi.nlm.nih.gov/pubmed/20065973
http://www.ncbi.nlm.nih.gov/pubmed/14606986
http://www.ncbi.nlm.nih.gov/pubmed/14606986
http://www.ncbi.nlm.nih.gov/pubmed/14606986
http://www.ncbi.nlm.nih.gov/pubmed/16148606
http://www.ncbi.nlm.nih.gov/pubmed/16148606
http://www.ncbi.nlm.nih.gov/pubmed/16148606
http://www.ncbi.nlm.nih.gov/pubmed/16148606
http://www.ncbi.nlm.nih.gov/pubmed/16873710
http://www.ncbi.nlm.nih.gov/pubmed/16873710
http://www.ncbi.nlm.nih.gov/pubmed/16873710
http://www.ncbi.nlm.nih.gov/pubmed/16873710
http://www.ncbi.nlm.nih.gov/pubmed/17493626
http://www.ncbi.nlm.nih.gov/pubmed/17493626
http://www.ncbi.nlm.nih.gov/pubmed/17493626
http://www.ncbi.nlm.nih.gov/pubmed/19183074
http://www.ncbi.nlm.nih.gov/pubmed/19183074
http://www.ncbi.nlm.nih.gov/pubmed/19183074
http://www.ncbi.nlm.nih.gov/pubmed/11934843
http://www.ncbi.nlm.nih.gov/pubmed/11934843
http://www.ncbi.nlm.nih.gov/pubmed/11489932
http://www.ncbi.nlm.nih.gov/pubmed/11489932
http://www.ncbi.nlm.nih.gov/pubmed/11489932
http://www.ncbi.nlm.nih.gov/pubmed/11489932
http://www.ncbi.nlm.nih.gov/pubmed/23704894
http://www.ncbi.nlm.nih.gov/pubmed/23704894
http://www.ncbi.nlm.nih.gov/pubmed/23704894
http://www.ncbi.nlm.nih.gov/pubmed/20233166
http://www.ncbi.nlm.nih.gov/pubmed/20233166
http://www.ncbi.nlm.nih.gov/pubmed/20233166
http://www.ncbi.nlm.nih.gov/pubmed/20233166
http://www.ncbi.nlm.nih.gov/pubmed/15824087
http://www.ncbi.nlm.nih.gov/pubmed/15824087
http://www.ncbi.nlm.nih.gov/pubmed/15824087
http://www.ncbi.nlm.nih.gov/pubmed/15824087
http://www.ncbi.nlm.nih.gov/pubmed/11413075
http://www.ncbi.nlm.nih.gov/pubmed/11413075
http://www.ncbi.nlm.nih.gov/pubmed/11413075
http://www.ncbi.nlm.nih.gov/pubmed/11413075
http://www.ncbi.nlm.nih.gov/pubmed/14993120
http://www.ncbi.nlm.nih.gov/pubmed/14993120
http://www.ncbi.nlm.nih.gov/pubmed/14993120
http://www.ncbi.nlm.nih.gov/pubmed/14993120
http://www.ncbi.nlm.nih.gov/pubmed/14993120
http://www.ncbi.nlm.nih.gov/pubmed/14993120
http://www.ncbi.nlm.nih.gov/pubmed/14993120
http://www.ncbi.nlm.nih.gov/pubmed/14993120
http://www.ncbi.nlm.nih.gov/pubmed/14993120
http://www.ncbi.nlm.nih.gov/pubmed/16876172
http://www.ncbi.nlm.nih.gov/pubmed/16876172
http://www.ncbi.nlm.nih.gov/pubmed/16876172
http://www.ncbi.nlm.nih.gov/pubmed/16876172
http://www.ncbi.nlm.nih.gov/pubmed/21255215
http://www.ncbi.nlm.nih.gov/pubmed/21255215
http://www.ncbi.nlm.nih.gov/pubmed/21255215
http://www.ncbi.nlm.nih.gov/pubmed/21255215
http://www.ncbi.nlm.nih.gov/pubmed/21255215
http://www.ncbi.nlm.nih.gov/pubmed/20357375
http://www.ncbi.nlm.nih.gov/pubmed/20357375
http://www.ncbi.nlm.nih.gov/pubmed/20357375
http://www.ncbi.nlm.nih.gov/pubmed/20357375
http://www.ncbi.nlm.nih.gov/pubmed/20357375
http://www.ncbi.nlm.nih.gov/pubmed/23636640
http://www.ncbi.nlm.nih.gov/pubmed/23636640
http://www.ncbi.nlm.nih.gov/pubmed/23636640
http://www.ncbi.nlm.nih.gov/pubmed/23636640
http://www.ncbi.nlm.nih.gov/pubmed/23636640
http://www.ncbi.nlm.nih.gov/pubmed/23359639
http://www.ncbi.nlm.nih.gov/pubmed/23359639
http://www.ncbi.nlm.nih.gov/pubmed/23359639
http://www.ncbi.nlm.nih.gov/pubmed/14531796
http://www.ncbi.nlm.nih.gov/pubmed/14531796
http://www.ncbi.nlm.nih.gov/pubmed/14531796
http://www.ncbi.nlm.nih.gov/pubmed/12439630
http://www.ncbi.nlm.nih.gov/pubmed/12439630
http://www.ncbi.nlm.nih.gov/pubmed/19711453
http://www.ncbi.nlm.nih.gov/pubmed/19711453
http://www.ncbi.nlm.nih.gov/pubmed/19711453
http://www.ncbi.nlm.nih.gov/pubmed/19711453
http://www.ncbi.nlm.nih.gov/pubmed/19711453
http://www.ncbi.nlm.nih.gov/pubmed/21948649
http://www.ncbi.nlm.nih.gov/pubmed/21948649
http://www.ncbi.nlm.nih.gov/pubmed/21948649
http://www.ncbi.nlm.nih.gov/pubmed/17378377
http://www.ncbi.nlm.nih.gov/pubmed/17378377
http://www.ncbi.nlm.nih.gov/pubmed/17378377
http://www.ncbi.nlm.nih.gov/pubmed/17378377
http://www.ncbi.nlm.nih.gov/pubmed/16873685
http://www.ncbi.nlm.nih.gov/pubmed/16873685
http://www.ncbi.nlm.nih.gov/pubmed/16873685
http://www.ncbi.nlm.nih.gov/pubmed/16873685
http://www.ncbi.nlm.nih.gov/pubmed/19770400
http://www.ncbi.nlm.nih.gov/pubmed/19770400
http://www.ncbi.nlm.nih.gov/pubmed/19770400
http://www.ncbi.nlm.nih.gov/pubmed/19770400
http://www.ncbi.nlm.nih.gov/pubmed/19770400
http://www.ncbi.nlm.nih.gov/pubmed/20695838
http://www.ncbi.nlm.nih.gov/pubmed/20695838
http://www.ncbi.nlm.nih.gov/pubmed/20695838
http://www.ncbi.nlm.nih.gov/pubmed/20590732
http://www.ncbi.nlm.nih.gov/pubmed/20590732
http://www.ncbi.nlm.nih.gov/pubmed/20590732
http://www.ncbi.nlm.nih.gov/pubmed/21839073
http://www.ncbi.nlm.nih.gov/pubmed/21839073
http://www.ncbi.nlm.nih.gov/pubmed/21839073
http://www.ncbi.nlm.nih.gov/pubmed/12426214
http://www.ncbi.nlm.nih.gov/pubmed/12426214
http://www.ncbi.nlm.nih.gov/pubmed/12426214


Central

Korah et al. (2013)
Email:  abhatwad@iupui.edu

J Pharmacol Clin Toxicol 1(1): 1003 (2013) 6/6

blockade in patients with coronary artery disease. Arterioscler 
Thromb Vasc Biol. 2002; 22: 1845-51. 

39. Jarajapu YP, Bhatwadekar AD, Caballero S, Hazra S, Shenoy V, Medina 
R, et al. Activation of the ACE2/angiotensin-(1-7)/Mas receptor axis 
enhances the reparative function of dysfunctional diabetic endothelial 
progenitors. Diabetes. 2013; 62: 1258-69.  

40. Bhatwadekar AD, Guerin EP, Jarajapu YP, Caballero S, Sheridan C, Kent 
D, et al. Transient inhibition of transforming growth factor-beta1 in 
human diabetic CD34+ cells enhances vascular reparative functions. 
Diabetes. 2010; 59: 2010-9. 

41. Chen J, Li H, Addabbo F, Zhang F, Pelger E, Patschan D, et al. Adoptive 
transfer of syngeneic bone marrow-derived cells in mice with obesity-
induced diabetes: selenoorganic antioxidant ebselen restores stem 
cell competence. Am J Pathol. 2009; 174: 701-11.

42. Li B, Sharpe EE, Maupin AB, Teleron AA, Pyle AL, Carmeliet P, et al. VEGF 
and PlGF promote adult vasculogenesis by enhancing EPC recruitment 
and vessel formation at the site of tumor neovascularization. FASEB J. 
2006; 20: 1495-1497.

43. von Herrath M, Peakman M, Roep B. Progress in immune-based 
therapies for type 1 diabetes. Clin Exp Immunol. 2013; 172: 186-202.

44. Humpert PM, Djuric Z, Zeuge U, Oikonomou D, Seregin Y, Laine K, et al. 
Insulin stimulates the clonogenic potential of angiogenic endothelial 
progenitor cells by IGF-1 receptor-dependent signaling. Mol Med. 
2008; 14: 301-8. 

45. Fadini GP, de Kreutzenberg S, Albiero M, Coracina A, Pagnin E, 
Baesso I, et al. Gender differences in endothelial progenitor cells and 
cardiovascular risk profile: the role of female estrogens. Arterioscler 
Thromb Vasc Biol. 2008; 28: 997-1004.

46. Iwakura A, Shastry S, Luedemann C, Hamada H, Kawamoto A, Kishore 
R, et al. Estradiol enhances recovery after myocardial infarction 
by augmenting incorporation of bone marrow-derived endothelial 
progenitor cells into sites of ischemia-induced neovascularization 
via endothelial nitric oxide synthase-mediated activation of matrix 
metalloproteinase-9. Circulation. 2006; 113: 1605-14.

47. Masuda H, Kalka C, Takahashi T, Yoshida M, Wada M, Kobori M, et al. 
Estrogen-mediated endothelial progenitor cell biology and kinetics 
for physiological postnatal vasculogenesis. Circ Res. 2007; 101: 598-
606.

48. Rehman J, Li J, Parvathaneni L, Karlsson G, Panchal VR, Temm CJ, et al. 
Exercise acutely increases circulating endothelial progenitor cells and 
monocyte-/macrophage-derived angiogenic cells. J Am Coll Cardiol. 
2004; 43: 2314-8.

49. Marin C, Ramirez R, Delgado-Lista J, Yubero-Serrano EM, Perez-
Martinez P, Carracedo J, et al. Mediterranean diet reduces endothelial 
damage and improves the regenerative capacity of endothelium. Am J 
Clin Nutr. 2011; 93: 267-74. 

50. Mano R, Ishida A, Ohya Y, Todoriki H, Takishita S. Dietary intervention 

with Okinawan vegetables increased circulating endothelial 
progenitor cells in healthy young women. Atherosclerosis. 2009; 204: 
544-8.

51. Croce G, Passacquale G, Necozione S, Ferri C, Desideri G. 
Nonpharmacological treatment of hypercholesterolemia increases 
circulating endothelial progenitor cell population in adults. 
Arterioscler Thromb Vasc Biol. 2006; 26: e38-9. 

52. Kim W, Jeong MH, Cho SH, Yun JH, Chae HJ, Ahn YK, et al. Effect of green 
tea consumption on endothelial function and circulating endothelial 
progenitor cells in chronic smokers. Circ J. 2006; 70: 1052-1057.

53. Sugiura T, Kondo T, Kureishi-Bando Y, Numaguchi Y, Yoshida O, Dohi 
Y, et al. Nifedipine improves endothelial function: role of endothelial 
progenitor cells. Hypertension. 2008; 52: 491-498.

54. Verma A, Shan Z, Lei B, Yuan L, Liu X, Nakagawa T, et al. ACE2 and Ang-
(1-7) confer protection against development of diabetic retinopathy. 
Mol Ther. 2012; 20: 28-36.

55. Kobayashi N, Fukushima H, Takeshima H, Koguchi W, Mamada Y, 
Hirata H, et al. Effect of eplerenone on endothelial progenitor cells 
and oxidative stress in ischemic hindlimb. Am J Hypertens. 2010; 23: 
1007-1013.

56. Furuya Y, Okazaki Y, Kaji K, Sato S, Takehara K, Kuwana M. Mobilization 
of endothelial progenitor cells by intravenous cyclophosphamide in 
patients with systemic sclerosis. Rheumatology (Oxford). 2010; 49: 
2375-2380.

57. Honda A, Matsuura K, Fukushima N, Tsurumi Y, Kasanuki H, Hagiwara 
N. Telmisartan induces proliferation of human endothelial progenitor 
cells via PPARgamma-dependent PI3K/Akt pathway. Atherosclerosis. 
2009; 205: 376-84. 

58. Vaughan EE, Liew A, Mashayekhi K, Dockery P, McDermott J, Kealy B, 
et al. Pretreatment of endothelial progenitor cells with osteopontin 
enhances cell therapy for peripheral vascular disease. Cell Transplant. 
2012; 21: 1095-1107.

59. Huang PH, Lin CP, Wang CH, Chiang CH, Tsai HY, Chen JS, et al. Niacin 
improves ischemia-induced neovascularization in diabetic mice by 
enhancement of endothelial progenitor cell functions independent of 
changes in plasma lipids. Angiogenesis. 2012; 15: 377-89.

60. Xu S, Wen H, Jiang H. Urotensin II promotes the proliferation of 
endothelial progenitor cells through p38 and p44/42 MAPK activation. 
Mol Med Rep. 2012; 6: 197-200.

61. Galasso G, De Rosa R, Ciccarelli M, Sorriento D, Del Giudice C, 
Strisciuglio T, et al. Î²2-Adrenergic receptor stimulation improves 
endothelial progenitor cell-mediated ischemic neoangiogenesis. Circ 
Res. 2013; 112: 1026-1034.

62. Wang XB, Zhu L, Huang J, Yin YG, Kong XQ, Rong QF, et al. Resveratrol-
induced augmentation of telomerase activity delays senescence of 
endothelial progenitor cells. Chin Med J (Engl). 2011; 124: 4310-4315.

Korah M, Jarajapu YPR, Grant MB, Bhatwadekar AD (2013) Pharmacological Modulators of Endothelial Progenitor Cell Therapy: Implications for Treatment with 
Thiazolidinediones. J Pharmacol Clin Toxicol 1(1): 1003.

Cite this article

http://www.ncbi.nlm.nih.gov/pubmed/12426214
http://www.ncbi.nlm.nih.gov/pubmed/12426214
http://www.ncbi.nlm.nih.gov/pubmed/23230080
http://www.ncbi.nlm.nih.gov/pubmed/23230080
http://www.ncbi.nlm.nih.gov/pubmed/23230080
http://www.ncbi.nlm.nih.gov/pubmed/23230080
http://www.ncbi.nlm.nih.gov/pubmed/20460428
http://www.ncbi.nlm.nih.gov/pubmed/20460428
http://www.ncbi.nlm.nih.gov/pubmed/20460428
http://www.ncbi.nlm.nih.gov/pubmed/20460428
http://www.ncbi.nlm.nih.gov/pubmed/19147816
http://www.ncbi.nlm.nih.gov/pubmed/19147816
http://www.ncbi.nlm.nih.gov/pubmed/19147816
http://www.ncbi.nlm.nih.gov/pubmed/19147816
http://www.ncbi.nlm.nih.gov/pubmed/16754748
http://www.ncbi.nlm.nih.gov/pubmed/16754748
http://www.ncbi.nlm.nih.gov/pubmed/16754748
http://www.ncbi.nlm.nih.gov/pubmed/16754748
http://www.ncbi.nlm.nih.gov/pubmed/23574316
http://www.ncbi.nlm.nih.gov/pubmed/23574316
http://www.ncbi.nlm.nih.gov/pubmed/18309377
http://www.ncbi.nlm.nih.gov/pubmed/18309377
http://www.ncbi.nlm.nih.gov/pubmed/18309377
http://www.ncbi.nlm.nih.gov/pubmed/18309377
http://www.ncbi.nlm.nih.gov/pubmed/18276910
http://www.ncbi.nlm.nih.gov/pubmed/18276910
http://www.ncbi.nlm.nih.gov/pubmed/18276910
http://www.ncbi.nlm.nih.gov/pubmed/18276910
http://www.ncbi.nlm.nih.gov/pubmed/16534014
http://www.ncbi.nlm.nih.gov/pubmed/16534014
http://www.ncbi.nlm.nih.gov/pubmed/16534014
http://www.ncbi.nlm.nih.gov/pubmed/16534014
http://www.ncbi.nlm.nih.gov/pubmed/16534014
http://www.ncbi.nlm.nih.gov/pubmed/16534014
http://www.ncbi.nlm.nih.gov/pubmed/17656679
http://www.ncbi.nlm.nih.gov/pubmed/17656679
http://www.ncbi.nlm.nih.gov/pubmed/17656679
http://www.ncbi.nlm.nih.gov/pubmed/17656679
http://www.ncbi.nlm.nih.gov/pubmed/15193699
http://www.ncbi.nlm.nih.gov/pubmed/15193699
http://www.ncbi.nlm.nih.gov/pubmed/15193699
http://www.ncbi.nlm.nih.gov/pubmed/15193699
http://www.ncbi.nlm.nih.gov/pubmed/21123460
http://www.ncbi.nlm.nih.gov/pubmed/21123460
http://www.ncbi.nlm.nih.gov/pubmed/21123460
http://www.ncbi.nlm.nih.gov/pubmed/21123460
http://www.ncbi.nlm.nih.gov/pubmed/19013573
http://www.ncbi.nlm.nih.gov/pubmed/19013573
http://www.ncbi.nlm.nih.gov/pubmed/19013573
http://www.ncbi.nlm.nih.gov/pubmed/19013573
http://www.ncbi.nlm.nih.gov/pubmed/16627813
http://www.ncbi.nlm.nih.gov/pubmed/16627813
http://www.ncbi.nlm.nih.gov/pubmed/16627813
http://www.ncbi.nlm.nih.gov/pubmed/16627813
http://www.ncbi.nlm.nih.gov/pubmed/16864941
http://www.ncbi.nlm.nih.gov/pubmed/16864941
http://www.ncbi.nlm.nih.gov/pubmed/16864941
http://www.ncbi.nlm.nih.gov/pubmed/18645050
http://www.ncbi.nlm.nih.gov/pubmed/18645050
http://www.ncbi.nlm.nih.gov/pubmed/18645050
http://www.ncbi.nlm.nih.gov/pubmed/21792177
http://www.ncbi.nlm.nih.gov/pubmed/21792177
http://www.ncbi.nlm.nih.gov/pubmed/21792177
http://www.ncbi.nlm.nih.gov/pubmed/20431528
http://www.ncbi.nlm.nih.gov/pubmed/20431528
http://www.ncbi.nlm.nih.gov/pubmed/20431528
http://www.ncbi.nlm.nih.gov/pubmed/20431528
http://www.ncbi.nlm.nih.gov/pubmed/20724431
http://www.ncbi.nlm.nih.gov/pubmed/20724431
http://www.ncbi.nlm.nih.gov/pubmed/20724431
http://www.ncbi.nlm.nih.gov/pubmed/20724431
http://www.ncbi.nlm.nih.gov/pubmed/19193378
http://www.ncbi.nlm.nih.gov/pubmed/19193378
http://www.ncbi.nlm.nih.gov/pubmed/19193378
http://www.ncbi.nlm.nih.gov/pubmed/19193378
http://www.ncbi.nlm.nih.gov/pubmed/22304991
http://www.ncbi.nlm.nih.gov/pubmed/22304991
http://www.ncbi.nlm.nih.gov/pubmed/22304991
http://www.ncbi.nlm.nih.gov/pubmed/22304991
http://www.ncbi.nlm.nih.gov/pubmed/22467057
http://www.ncbi.nlm.nih.gov/pubmed/22467057
http://www.ncbi.nlm.nih.gov/pubmed/22467057
http://www.ncbi.nlm.nih.gov/pubmed/22467057
http://www.ncbi.nlm.nih.gov/pubmed/22552405
http://www.ncbi.nlm.nih.gov/pubmed/22552405
http://www.ncbi.nlm.nih.gov/pubmed/22552405
http://www.ncbi.nlm.nih.gov/pubmed/23418295
http://www.ncbi.nlm.nih.gov/pubmed/23418295
http://www.ncbi.nlm.nih.gov/pubmed/23418295
http://www.ncbi.nlm.nih.gov/pubmed/23418295
http://www.ncbi.nlm.nih.gov/pubmed/22340406
http://www.ncbi.nlm.nih.gov/pubmed/22340406
http://www.ncbi.nlm.nih.gov/pubmed/22340406

	Pharmacological Modulators of Endothelial Progenitor Cell Therapy: Implications for Treatment with T
	Abstract
	Introduction
	Pharmacological Modulation of EPCs in vivo
	Statins 
	Thiazolidinediones
	DPP-IV inhibitors
	Erythropoietin
	GM-CSF
	Calcium channel blockers
	PDE5 inhibitors
	Modulators of renin angiotensin aldosterone system (RAAS)

	In Vitro EPC Treatment For Autologous Transplantation 
	Other Pharmacological Agents
	Conclusion
	Acknowledgements
	References
	Table 1
	Figure 1
	Figure 2

