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Circulating Endothelial Progenitor Cells in Type 1 Diabetic Patients: Relation with Patients’ Age and Disease Duration
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Objectives: Circulating endothelial progenitor cells (cEPCs) have been reported to be dysfunctional in diabetes mellitus (DM) patients, accounting for the vascular damage and the ensuing high risk for cardiovascular disease (CVD) characteristic of this disease. The aim of the present study was to evaluate the number of circulating cEPCs in type 1 DM (T1DM) patients, without clinical vascular damage, of different ages and with different disease duration.

Methods: An observational, clinical-based prospective study was performed on T1DM patients enrolled in two clinical centers. cEPCs were determined by flow cytometry, determining the number of CD34/CD133/VEGFR2-positive cells within peripheral blood mononuclear cells (PBMCs).

Results: The number of cEPCs was lower in adult T1DM patients, whilst higher in childhood/young patients, compared to controls of the same age range. When patients were grouped into two age groups (≥ or <20 years) (and categorized on the basis of the duration of the disease), the number of cEPCs in young (<20 years) patients was higher compared with older subjects, regardless of disease duration. A subset of patients with very high cEPCs was identified in the <20 years group.

Conclusion: There is an association between the number of cEPCs and patients’ age: childhood/young T1DM patients have significantly higher levels of cEPCs, respect to adult T1DM patients. Such difference is maintained also when the disease lasts for more than 10 years. The very high levels of cEPCs, identified in a subset of childhood/young patients, might protect vessels against endothelial dysfunction and damage. Such protection would be less operative in older subjects, endowed with lower cEPC numbers, in which complications are known to develop more easily.
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INTRODUCTION

Diabetes mellitus (DM) is characterized by long-term vascular damage to small vessels and major arteries and by an impaired vascular repair, which collectively leads to a higher risk of cardiovascular disease (CVD) (1). Contributory factors to the vascular impairment in DM include increased glucose level, other traditional cardiovascular risk factors, arterial wall inflammation, and endothelial dysfunction (2). Endothelial dysfunction is considered the pivotal mechanism sustaining vascular injury, and hence the heightened cardiovascular burden in DM (3).

After a vascular injury, endothelial repair depends both on the migration and proliferation of endothelial cells of the vascular wall and by the arrival of endothelial progenitor cells (EPCs) from the bone marrow in the site of damage (4, 5). The release of EPCs from the bone marrow depends on the stimulatory effect of different growth factors/cytokines, such as VEGF and IL-8 (6, 7). In this light, a novel paradigm of CVD pathogenesis is the loss of normal endothelial turnover caused by a reduction of EPCs [reviewed by Shantsila et al. (8)].

A reduction of circulating EPCs (cEPCs) has been hypothesized to promote the development and/or progression of vascular dysfunction and CVD in DM (9). EPC dysfunction would also represent the molecular transducer in the mechanism through which risk factors negatively affect cardiovascular function in DM (10). Consistently, several reports have shown that both the number and functionality of cEPCs are reduced in type 2 DM (T2DM) and that such impairment is related to the morphological and functional alterations detected in peripheral vessels (9, 11–13). Furthermore, T2DM patients show low serum levels of those growth factors/cytokines known to trigger EPC release from the bone marrow, accounting for a reduced bone marrow stimulation and hence EPCs release (14). The levels of cEPCs and arterial wall stiffness in T2DM subjects are strictly correlated with glycemic control (15, 16). Interestingly, a clear correlation between EPC activity, glycemic control, and myocardial savage has been recently demonstrated (17). Hyperglycemia may per se affect EPC number and functional capacity, because it enhances EPC senescence and triggers apoptosis (18). Sirtuins have been identified as molecular mediators of the deleterious effect of hyperglycemia in EPCs (16, 19).

The scenario is apparently similar in Type 1 DM (T1DM), where a general reduction of cEPC number has been reported (20–24). Only Głowińska-Olszewska et al. (25) showed that contrary to adult population with diabetes, T1DM diabetic children have an increased number of EPCs.

Based on the latter data and on the clinical observation of less incidence of late vascular complications in T1DM when the onset of the disease is in childhood respect to adult age (26), we undertook a study aimed at determining the number of cEPCs in T1DM patients without clinical vascular damage, of different ages and disease duration.

MATERIALS AND METHODS

Study Population

We performed an observational, clinical-based prospective study on type 1 diabetic patients treated at two different Italian centers: the Diabetic Unit of the Meyer Hospital in Florence and the Diabetic Unit of the Prato Hospital, Prato. The Meyer Hospital specifically enrolled childhood (age <10 years) and young (age 10–24 years) T1DM patients and age-matched controls; the Diabetic Unit of the Prato Hospital enrolled adult (25–59 years) T1DM patients and age-matched controls. Patients were enrolled after informed written consent in accordance with the Declaration of Helsinki. The study was approved by Local Ethical Committee. The enrollment started in January 2010 and ended on May 2012; patients were followed up until December 2014. Inclusion criteria were the clinical diagnosis of T1DM from at least two years and the lack of clinical CV complications. In particular, patients were screened for hypertension, coronary artery disease, peripheral arterial disease, peripheral neuropathy, retinopathy, and nephropathy.

Twenty-two healthy individuals, selected within the same age range as T1DM patients, were enrolled as controls. None of the controls had a clinical history of diabetes. They had normal fasting blood glucose levels and normal physical examination and had not received any medication.

Sample Preparation

Mononuclear cells from peripheral blood mononuclear cell (PBMC) samples were isolated by density gradient centrifugation using Lympholyte (Cedarlane Laboratories, Burlington, ON, Canada). Briefly, 5 ml of peripheral blood were diluted 1:2 with PBS and the diluted blood was stratified onto 5 ml of Lympholyte. Samples were centrifuged 30 min at room temperature at 3,000 rpm without brake. After separation, white blood cells were recollected, diluted with PBS and centrifuged at 1,200 rpm for 5 min at room temperature. Subsequently, pellet was treated with Red Cell Lysis Buffer, to ensure red blood cell removal and washed in PBS.

Fluorescence-Activated Cell Sorting (FACS) Analysis

The number of cEPCs was assessed by flow cytometry by determining the number of CD34/CD133/VEGFR2-positive cells. In particular, 100 µl of each sample prepared as described in the previous section, were stained with 1 µl each of FITC-CD34 (BD Biosciences, Franklin Lakes, NJ, USA), APC-CD133/2 (Miltenyi Biotec, Bergisch Gladbach, Germany), and PE-VEGFR-2 (R&D Systems, Minneapolis, MN, USA), and incubated in the dark in ice for 15 min. For each sample, a control tube with no antibodies was prepared together with the stained tube. After washing the cells with PBS, FACS analysis was performed on a FacsCanto (BD Biosciences, Franklin Lakes, NJ, USA). The acquisition goal was 2 × 105 events. Samples were analyzed gating a population with morphological characteristics between lymphocytes and monocytes, evaluated on the basis of side scatter and forward scatter parameters. As evident from Figure 1, where representative dot-plots relative to a control and a T1DM patient (belonging to the “<20 y T1DM cohort”) are shown, the cEPC count is reported in Q2, that is a part of the P4 quadrant. Throughout the manuscript, “cEPC counts” refers to the absolute cEPC number per 2 × 105 PBMC.
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FIGURE 1 | Representative dot-plots of a control subject [left panel, circulating endothelial progenitor cells (cEPCs) = 8.7] and diabetic patient belonging to the “<20 y T1DM” cohort (right panel, cEPCs = 10.1). The cEPC count was performed as described in the Section “Materials and Methods” and gating a population with morphological characteristics between lymphocytes and monocytes (evaluated through side scatter and forward scatter). In the final plots, the cEPC count of each sample is reported in Q2 that is a part of P4 quadrant. “cEPC counts” refers to the absolute cEPC number per 2 × 105.



Statistical Analysis

Data are given as mean ± SEM. First of all, normality of the distribution of cEPC counts was assessed by Kolmogorov–Smirnov test. In order to apply the correct type of T test (for unpaired samples with equal or different variance) for normally distributed samples, the analysis of the variance was assessed by ANOVA test at the 0.05 level. Once determined the normality as well as the variance of the samples, the proper test was applied to evaluate differences among groups. In particular, we used the two-sided Student’s t-test for unpaired samples (either with different variance or with equal variance) for normally distributed data and the Mann–Whitney U test when samples were not normally distributed. In both cases, p < 0.05 was considered as significant. The Pearson correlation coefficient was calculated to evaluate relationships between cEPC count and clinical parameters.

Study Design

As depicted in the flow diagram shown in Figure 2, the study was divided into two steps. In the first step, two cohorts of T1DM patients enrolled in the two (adult and pediatric) diabetic centers were analyzed independently. The end point of the first step of the study was the evaluation of the number of cEPCs in adult and childhood/young patients, compared to controls of the same age range. In the second step, the study population (a total of 111 patients enrolled in both centers) was divided in two groups of similar numerosity, depending on the age (≥ or <20 years). The end point of this second step was the analysis of the association between the number of cEPCs and disease duration and/or patients’ age.
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FIGURE 2 | Flow diagram showing the rationale of the study. The end point of the first step of the study was the evaluation of the number of circulating endothelial progenitor cells (cEPCs) in adult and childhood/young patients, compared to age-matched controls. In the second step of the study, the end point was the association of the number of cEPCs with disease duration and/or patients’ age.



RESULTS

The first objective of our study was to determine the number of cEPCs in T1DM patients compared to healthy controls (see the flow diagram of the study in Figure 2). Two different patients’ cohorts were examined: one relative to adult T1DM patients enrolled in the Prato Hospital and one relative to childhood/young patients, enrolled in the Meyer Pediatric Florence Hospital. The clinical characteristics of T1DM patients enrolled in the two centers are shown in Tables 1 and 2, along with cEPC data. Note that for healthy controls, only gender and age data are reported in the tables. The number of cEPCs was significantly reduced in adult T1DM patients compared to controls within the same age range (4.43 ± 0.29 n = 23 vs 10.29 ± 0.68 n = 11; p < 0.001, Student’s t-test) (Figure 3A, raw data are in Table 1). On the contrary, childhood/young T1DM patients had significantly higher levels of cEPCs (13.90 ± 1.95 n = 59) compared to control subjects (4.92 ± 0.89 n = 11; p < 0.001, Mann–Whitney U test) (Figure 3B, raw data are in Table 2). In both cohorts, no statistically significant association emerged between the number of cEPCs and available clinical parameters, such as gender, percentage of glycated Hb, and body mass index (BMI).

TABLE 1 | Clinical characteristics of adult type 1 diabetes mellitus (T1DM) patients and control subjects enrolled for the setting up of circulating endothelial progenitor cell (cEPC) detection and evaluation.
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TABLE 2 | Clinical characteristics of childhood/young type 1 diabetes mellitus (T1DM) patients enrolled in the study.
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FIGURE 3 | (A) Circulating endothelial progenitor cell (cEPC) counts (absolute cEPC number per 2 × 105 peripheral blood mononuclear cell) in adult control subjects (white bar) and adult type 1 diabetes mellitus (T1DM) (black bar). Data are reported as mean ± SEM; p < 0.001, Student’s t-test. (B) cEPC count in childhood/young control subjects (white bar) and age-matched T1DM (black bar). Data are reported as mean ± SEM; p < 0.001, Mann–Whitney U test.



We then enrolled 28 T1DM patients from either centers (Table 3), so that the study population was: 52 patients in the ≥20 years group and 59 in the <20 years group. In order to evaluate whether the number of cEPCs was anyhow related to the patients’ age and/or with the duration of the disease T1DM patients from both centers were grouped into two age categories: patients younger (<20 years) or older than 20 years (≥20 years). In agreement with data shown in Figure 3, the number of cEPCs turned out to be significantly higher in T1DM patients younger than 20 years with respect to older patients (15.24 ± 1.12 n = 59 vs 7.27 ± 0.73 n = 52; p = 0.004, Mann–Whitney U test) (Figure 4A).

TABLE 3 | Clinical characteristics of adult and childhood/young type 1 diabetes mellitus (T1DM) patients enrolled to complete the cohort under study.

[image: image1]


[image: image1]

FIGURE 4 | (A) Circulating endothelial progenitor cell (cEPC) counts in type 1 diabetes mellitus patients of different age groups (white bar: age <20 years; black bar: age ≥20 years). Data are reported as mean ± SEM; p = 0.004. (B) Histograms summarizing cEPC levels in patients belonging to the different age and disease duration groups. Data are reported as mean ± SEM. Left histogram: p = 0.689 and p = 0.418, Mann–Whitney U test. Right histogram: p = 0.153 and p = 0.061, Mann–Whitney U test.



Once demonstrated that the number of circulating EPCs falls with the increasing of age, we evaluated whether the differences in cEPCs levels depended only on the age of the patient or also on the duration of the disease. To this purpose, we categorized T1DM patients into the two groups depending either on the age (≥ or <20 years) or on the duration of the disease (shorter or longer than 10 years, DD < 10 years or DD ≥ 10 years) and divided each group into two subgroups, based on DD and age, respectively. No differences were found between DD subgroups when the patients were categorized by age (Figure 4B, left panel; individual means and p values are in figure legend). When the patients were categorized on the basis of disease duration, the difference in cEPC counts between <20 and ≥20 years patients was roughly of the same entity in both DD groups, although with a lower p value in the DD ≥ 10 years group (Figure 4B, right panel; individual means and p values are in figure legend). Furthermore, we plotted the individual cEPC count values vs either patients’ age or duration (Figure 5). A subset of childhood/young patients, aged less than 20 years (and with a disease duration less than 10 years) emerged with very high cEPC counts (black shaded circles in Figure 5).
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FIGURE 5 | (A) Scatter plot of the distribution of circulating endothelial progenitor cell (cEPC) vs age. Black circles: patients with high endothelial progenitor cell (EPC) count. (B) Scatter plot of cEPC vs disease duration. Black circles: patients with high EPC count.



DISCUSSION

In this study, we determined the number of cEPCs in T1DM patients without clinical vascular damage, of different ages and disease duration. In the first step of the study, cEPCs were measured in two separate T1DM patients’ groups, either adults or pediatric, in comparison with controls of the same age range. In the second step, patients were grouped in two age groups (≥ or <20 years) and the number of cEPCs was correlated with both the age and the duration of the disease. We provide evidence that in T1DM patients without cardiovascular complications, the number of cEPCs is significantly correlated with patients’ age, whereas does not depend on other clinical parameters, such as metabolic control (HbA1c), glycemic variability (MAGE), and BMI.

The number of cEPCs in adult T1DM patients turned out to be lower compared to both age-matched controls and to childhood/young T1DM patients. The latter showed very high levels of cEPCs compared to age-matched controls. The lower amount of cEPCs found in adult T1DM patients agrees with previous studies in both T1DM (20–23) and T2DM patients (9, 11–13), while the high number of cEPCs in pediatric T1DM patients is in line with what reported by Głowińska-Olszewska et al. (25) in T1DM children. Hence, the apparent contradicting data in cEPC number reported in T1DM patients in the literature could be reconciled considering the age of the patients. The number of cEPCs apparently changed also in normal subjects. In fact, although in a small number of control subjects, we found an increase in the number of cEPCs from children to adults. Most of the data in the literature show a decrease in cEPC number in aged subjects (27, 28) and correlate this decrease with impairment in endothelial repair and onset of vascular damage (29). Our data, along with current literature, suggest the necessity to consider an age-related profile of cEPC production in physiological conditions. The progressive increase in cEPC number until young/adult age, and their progressive decrease in the elderly, could also determine differences in age-dependent cEPC production in pathological conditions.

Another aspect that must be considered when studying the number of cEPCs in different conditions is represented by the different methodologies used to analyze and quantify them. In fact, the phenotypical marker of EPCs is CD133 that is absent on mature endothelial cells, and other surface markers are CD34+, VEGFR2+, and CD146+ (30). However, to date, there are no standardized methods to quantify and identify EPCs and the protocols used vary between studies (31). Moreover, most studies in both T2DM and T1DM patients were based on the determination of EPCs based on their growth in vitro (20).

Finally, the different kinds of therapies with insulin (dose and number of administration and duration of therapy) could also contribute to the different cEPC profiles in T1DM, as shown for T2DM patients (32). However, we did not find any association between the number of cEPCs and the insulin to weight ratio in the pediatric cohort analyzed in the present study.

Besides differences in cEPC number compared to controls, the most interesting result of the present study is that childhood/young (<20 years) T1DM patients have a higher number of cEPCs compared to adult (>20 years) patients. Such higher number of cEPCs is maintained also when the disease duration is longer than 10 years (Figure 4B, right panel). Moreover, a subpopulation of childhood/young T1DM patients, aged <20 years, whose disease lasts for less than 10 years are characterized by very high cEPC values. It is tempting to speculate whether these young patients with high cEPC levels could be protected against endothelial dysfunction. On the contrary, when the disease occurs in older age, the low levels of cEPCs could mirror a lowering of such protective effect. These still preliminary data would support the clinical observation of less incidence of late vascular complications in T1DM when the onset of the disease is in childhood respect to adult age. We wonder whether these effects could be related to a better glycemic control obtained in pediatric patients. In Hörtenhuber’s prospective study, an increase in cEPC number after one year was reported in association with better glycemic control (24). In line with these results, Marfella et al. (17) showed that during percutaneous coronary intervention, an optimal peri-procedural glycemia control improves myocardial salvage, by increasing cEPC number and their capability to differentiate. Notably, the same group (16) had shown that a poor glycemic control reduces EPC number in T2DM, through a mechanism that is mediated by Sirtuin expression (19).

CONCLUSION

The present study shows that a relevant association exists between the number of cEPCs and the age and duration of the disease in T1DM patients. One of the limitations of the present study is the relatively small number of patients and short follow up, as well as the lack of data on cEPC functionality, that render the data still preliminary. Nevertheless, if appropriately circumstantiated in a further study, our results might provide an additional explanation to the pathogenesis of complications in T1DM as well as to the clinical evidence of less complications in T1DM patients when the onset of the disease is in the pediatric age. Moreover, in agreement with current literature, our data suggest that maintaining a high number of cEPCs, possibly through a good glycemic control, would contribute to contain the CVD burden in T1DM.

ETHICS STATEMENT

The study was approved by Local Ethical Committee.

AUTHOR CONTRIBUTIONS

AdA, AA, and ST conceived and designed the work. MD, EL, SP, BP, LL, MC, AdA, AA, and ST acquisited, analyzed, and interpreted the data for the work. AdA, AA, and EL drafted the work or revised it critically for important intellectual content. AdA, AA, ST, EL, MD, SP, MC, BP, and LL gave final approval of the version to be published.

ACKNOWLEDGMENTS

The authors thank Dr. Luca Boni for revising statistical analyses and the nursing staff of the Diabetology Unit of the AOU Meyer.

FUNDING

This work was supported by Ente Cassa di Risparmio di Firenze and by grants from the Associazione Genitori contro le Leucemie e Tumori Infantili “Noi per Voi” to AA.

REFERENCES

1. Domingueti CP, Dusse LM, das Graças Carvalho M, de Sousa LP, Gomes KB, Fernandes AP. Diabetes mellitus: the linkage between oxidative stress, inflammation, hypercoagulability and vascular complications. J Diabetes Complications (2016) 30:738–45. doi:10.1016/j.jdiacomp.2015.12.018

2. Hegde SS, Mallesh P, Yeli SM, Gadad VM, GP M. Comparative angiographic profile in diabetic and non-diabetic patients with acute coronary syndrome. J Clin Diagn Res (2014) 8:MC07–10. doi:10.7860/JCDR/2014/9072.4851

3. Järvisalo MJ, Raitakari M, Toikka JO, Putto-Laurila A, Rontu R, Laine S, et al. Endothelial dysfunction and increased arterial intima media thickness in children with type 1 diabetes. Circulation (2004) 109:1750–5. doi:10.1161/01.CIR.0000124725.46165.2C

4. 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(5302):964–7. doi:10.1126/science.275.5302.964

5. Kirton JP, Xu Q. Endothelial precursors in vascular repair. Microvasc Res (2010) 79(3):193–9. doi:10.1016/j.mvr.2010.02.009

6. Tousoulis D, Andreou I, Antoniades C, Tentolouris C, Stefanadis C. Role of inflammation and oxidative stress in endothelial progenitor cell function and mobilization: therapeutic implications for cardiovascular diseases. Atherosclerosis (2008) 201:236–47. doi:10.1016/j.atherosclerosis.2008.05.034

7. Balaji S, King A, Crombleholme TM, Keswani SG. The role of endothelial progenitor cells in postnatal vasculogenesis: implications for therapeutic neovascularization and wound healing. Adv Wound Care (New Rochelle) (2013) 2(6):283–95. doi:10.1089/wound.2012.0398

8. Shantsila E, Watson T, Lip GYH. Endothelial progenitor cells in cardiovascular disorders. J Am Coll Cardiol (2007) 49:741–52. doi:10.1016/j.jacc.2006.09.050

9. Fadini GP, Agostini C, Avogaro A. Endothelial progenitor cells and vascular biology in diabetes mellitus: current knowledge and future perspectives. Curr Diabetes Rev (2005) 1:41–58. doi:10.2174/1573399052952640

10. Jarajapu YP, Grant MB. The promise of cell-based therapies for diabetic complications: challenges and solutions. Circ Res (2010) 106:854–69. doi:10.1161/CIRCRESAHA.109.213140

11. Fadini GP, Miorin M, Facco M, Bonamico S, Baesso I, Grego F, et al. Circulating endothelial progenitor cells are reduced in peripheral vascular complications of type 2 diabetes mellitus. J Am Coll Cardiol (2005) 45:1449–57. doi:10.1016/j.jacc.2004.11.067

12. Fadini GP, Boscaro E, de Kruetzenberg E, Agostini C, Seeger F, Dimmeler S, et al. Time course and mechanisms of circulating progenitor cell reduction in the natural history of type 2 diabetes mellitus. Diabetes Care (2010) 33:1097–102. doi:10.2337/dc09-1999

13. Menegazzo L, Albiero M, Avogaro A, Fadini GP. Endothelial progenitor cells in diabetes mellitus. Biofactors (2012) 38(3):194–202. doi:10.1002/biof.1016

14. Avogaro A, de Kreutzenberg SV, Fadini G. Endothelial dysfunction: causes and consequences in patients with diabetes mellitus. Diabetes Res Clin Pract (2008) 82:S94–101. doi:10.1016/j.diabres.2008.09.021

15. Yue WS, Lau KK, Siu CW, Wang M, Yan GH, Yiu KH, et al. Impact of glycemic control on circulating endothelial progenitor cells and arterial stiffness in patients with type 2 diabetes mellitus. Cardiovasc Diabetol (2011) 10:113. doi:10.1186/1475-2840-10-113

16. Balestrieri ML, Servillo L, Esposito A, D’Onofrio N, Giovane A, Casale R, et al. Poor glycaemic control in type 2 diabetes patients reduces endothelial progenitor cell number by influencing SIRT1 signalling via platelet-activating factor receptor activation. Diabetologia (2013) 56:162–72. doi:10.1007/s00125-012-2749-0

17. Marfella R, Rizzo MR, Siniscalchi M, Paolisso P, Barbieri M, Sardu C, et al. Peri-procedural tight glycemic control during early percutaneous coronary intervention up-regulates endothelial progenitor cell level and differentiation during acute ST-elevation myocardial infarction: effects on myocardial salvage. Int J Cardiol (2013) 168:3954–62. doi:10.1016/j.ijcard.2013.06.053

18. Chen YH, Lin SJ, Lin FY, Wu TC, Tsao CR, Huang PH, et al. High glucose impairs early and late endothelial progenitor cells by modifying nitric oxide-related but not oxidative stress-mediated mechanisms. Diabetes (2007) 56:1559–68. doi:10.2337/db06-1103

19. Balestrieri ML, Rizzo MR, Barbieri M, Paolisso P, D’Onofrio N, Giovane A, et al. Sirtuin 6 expression and inflammatory activity in diabetic atherosclerotic plaques: effects of incretin treatment. Diabetes (2015) 64:1395–406. doi:10.2337/db14-1149

20. Loomans CJ, de Koning EJ, Staal FJ, Rookmaaker MB, Verseyden C, de Boer HC, et al. Endothelial progenitor cell dysfunction: a novel concept in the pathogenesis of vascular complications of type 1 diabetes. Diabetes (2004) 53:195–9. doi:10.2337/diabetes.53.1.195

21. Sibal L, Aldibbiat A, Agarwal SC, Mitchell G, Oates C, Razvi S, et al. Circulating endothelial progenitor cells, endothelial function, carotid intima-media thickness and circulating markers of endothelial dysfunction in people with type 1 diabetes without macrovascular disease or microalbuminuria. Diabetologia (2009) 52:1464–73. doi:10.1007/s00125-009-1401-0

22. DiMeglio LA, Tosh A, Saha C, Estes M, Mund J, Mead LE, et al. Endothelial abnormalities in adolescents with type 1 diabetes: a biomarker for vascular sequelae? J Pediatr (2010) 157:540–6. doi:10.1016/j.jpeds.2010.04.050

23. Palombo C, Kozakova M, Morizzo C, Gnesi L, Barsotti MC, Spontoni P, et al. Circulating endothelial progenitor cells and large artery structure and function in young subjects with uncomplicated type 1 diabetes. Cardiovasc Diabetol (2011) 10:88. doi:10.1186/1475-2840-10-88

24. Hörtenhuber T, Rami-Mehar B, Satler M, Nagl K, Höbaus C, Höllerl F, et al. Endothelial progenitor cells are related to glycemic control in children with type 1 diabetes over time. Diabetes Care (2013) 36:1647–53. doi:10.2337/dc12-1206

25. Głowińska-Olszewska B, Moniuszko M, Hryniewicz A, Jeznach M, Rusak M, Dabrowska M, et al. Relationship between circulating endothelial progenitor cells and endothelial dysfunction in children with type 1 diabetes: a novel paradigm of early atherosclerosis in high-risk young patients. Eur J Endocrinol (2013) 168:153–61. doi:10.1530/EJE-12-0857

26. Diabetes Control and Complications Trial Research Group. Effect of intensive diabetes treatment on the development and progression of long-term complications in adolescents with insulin-dependent diabetes mellitus: diabetes control and complications trial. J Pediatr (1994) 1994(125):177–88.

27. Altabas V, Altabas K, Kirigin L. Endothelial progenitor cells (EPCs) in ageing and age-related diseases: how currently available treatment modalities affect EPC biology, atherosclerosis, and cardiovascular outcomes. Mech Ageing Dev (2016) 159:49–62. doi:10.1016/j.mad.2016.02.009

28. Rousseau A, Ayoubi F, Deveaux C, Charbit B, Delmau C, Christin-Maitre S, et al. Impact of age and gender interaction on circulating endothelial progenitor cells in healthy subjects. Fertil Steril (2010) 93(3):843–6. doi:10.1016/j.fertnstert.2008.10.062

29. Williamson K, Stringer SE, Alexander MY. Endothelial progenitor cells enter the aging arena. Front Physiol (2012) 3:30. doi:10.3389/fphys.2012.00030

30. Rauscher FM, Goldschmidt-Clermont PJ, Davis BH, Wang T, Gregg D, Ramaswami P, et al. Aging, progenitor cell exhaustion, and atherosclerosis. Circulation (2003) 108(4):457–63. doi:10.1161/01.CIR.0000082924.75945.48

31. Kuwana M, Okazaki Y. Quantification of circulating endothelial progenitor cells in systemic sclerosis: a direct comparison of protocols. Ann Rheum Dis (2012) 71(4):617–20. doi:10.1136/annrheumdis-2011-200713

32. Fadini GP, Albiero M, Vigili de Kreutzenberg S, Avogaro A. Hypoglycemia affects the changes in endothelial progenitor cell levels during insulin therapy in type 2 diabetic patients. J Endocrinol Invest (2015) 38(7):733–8. doi:10.1007/s40618-015-0247-1

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2017 Arcangeli, Lastraioli, Piccini, D’Amico, Lenzi, Pillozzi, Calabrese, Toni and Arcangeli. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fendo-08-00278-g005.jpg
A 80

60

40

¢EPC count

20

60

40

¢EPC count

20

0

-
o dindes ooy
20 40 60

Age (years)

S o3
5o °
g§°§38 oggags 0 00850~ ° o0
10 20 30 40
(years)

0

Disease Durati






OPS/images/fendo-08-00278-t001.jpg
Patient ID

AT

A2
A3
AO4
AOS
ACB
AOT
AO9
A10
A1

A12
BO1

B02
B03
BO4
BO5
B0
BO7
BO8
B09
B10
B11

B12
co1

co2
co3
co4
co5
cos
co7
cos
co9
c10
c11

Gender

Female
Female
Female
Male
Female
Male
Female
Female
Female
Female
Female
Male
Male
Female
Female
Male
Female
Male
Female
Female
Male
Female
Female
Male
Female
Male
Male
Male
Female
Male
Male
Male
Female
male

T1DM duration

(years)

13

9

4

20

33

26

26

5

6

23

21

2

32

28

2

2

2

10

22

2

1

6

22
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control

CEPC

6.1
54
63
40
8.4
81
32
42
33
28
39
58
12
06
44
56
48
44
51
53
60
08
22

1.2
9.4
82
7.9
9.4

1.0

1.4

18

16

109

10.4

Age

45
38
38
47
33

43
59
37
31
35
36
22
59
40
28
27
25
24
37
43
39
42
39
48
39
51
46
45
28
38
46
48
49
37

HbA1c (%)

7.0
87
8.1
72
7.2
72
73
84
7.4
7.4
6.8
7.0
75
85
6.8
65
7.0
75
7.0
10
65
8.0
6.4

19.03
28.08
2314
27.40
18.80
21.90
20.60
22.60
21.10
27.10
20.40
2278
2022
2517
21.09
24.44
1853
27.04
21.30
20.70
254

223

22.00

Body
weight (kg)

550
91.0
63.0
96.0
530
67.0
61.0
530
55.4
650
61.0
72.0
530
700
520
740
480
850
61.0
550
750
60.0
65.0

Height (cm)

170
180
165
190
168
175
172
153
162
155
173
178
162
167
157
174
161
188
170
163
172
164
172

Fat Lean
mass % mass %
222 778
208 79.2
27.7 72.3
240 76.0
18.1 81.9
19.2 80.8
26.4 736
27.3 72.7
26.4 736
26.7 733
26.3 73.7
1.4 88.6
17.4 826
305 69.5
19.2 808
26.4 736
15 885
231 76.9
19.4 806
201 79.9
26.3 73.7
233 76.7
26.4 736

CHO

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
No
No
No
No
No
No
No
No

HBGI

15
10.8
10.6
38
1.1
7.2
415
13
86
6.2
43
10.1
122
10.8
1.3
10.8
38
121
6.2
10.6
10.3
116
76

LBGI

1.5
1.4
1.3
28
1.6
a1
5.17
1.6
65
38
42
65
1.9
14
1.6
1.5
28
1.8
30
1.3
1.2
1.5
45

BMI, body mass index: CHO, carbohydrate counting: HBGI, high blood glucose index: LGBI, low blood glucose index.





OPS/images/fendo-08-00278-g003.jpg
16

TAS wo o

16

TAS wo T oo

< unod Hgd o JUN0d HgAd





OPS/images/fendo-08-00278-g004.jpg
cEPC count

>

cEPC count

18
16
14
12
10

age <20y

cEPC count

DD<10y

DD>10y





OPS/images/fendo-08-00278-t003.jpg
Center

333838383383383

AOUM
AOUM
AOUM
AOUM
AOUM
AOUM
AOUM
AOUM
AOUM
ACUM
AOUM
ACUM
ACUM
AOUM

Patient ID

AD 001
AD 002
AD 003
AD 004
AD 005
AD 006
AD 007
AD 008
AD 009
AD 010
ADO11
AD 012
ADO13
AD 015
PDO11
PD 023
PD 029
PD 031
PD 036
PD 038
PD 052
PD 059
PD 060
PD 092
PD 096
PD 100
PD 109
PD 111

T1DM duration
(vears)

14
12
14
12
18
1
10
13
20
18
22
28
30
32

5
18

6
12
14
13
12
12
12
12

9
1
39
1

cEPC

75
56
9.7
31

1.2
4.3
14
34
36
48
9.3
58
84
66
1.2
44

66.2

125

10.4

223

11

150

131
1.2

10.1
80
1.5
06

49
50
40
47
35
43
32
38
38
32
56
39
a2
42
24
21
22
20
27
23
21
20
22
25
22
21
42
20





OPS/images/fendo-08-00278-t002a.jpg
EEEQQERERETRRETETEIENE]

SR

HHHIHHH I HITH T

TIOM duration tyears)

S

Age  HoATe
W es
v es
5 es
W ss
B e
s
s 7
T
7 e
w o ee
v e
w s
7 s
B 63
v s
Y
° e
s s
v s
w o es
o as
w67
w72
w0
9 a0
w0
w o 7a
5 es
[
5103
v s
w oo
w o 7s
" 80
" 73
0w
w2
wooe
w o es
w7
w70
® e
w2
w oo
w8
v e
w80
T
T
W s
w7
w80
w oo
w %0
w
w7
w 70
0 o2

210

1540
2160
50
2570
50
Py

2040
200
2110
1450
210
2560
s
270
580
18
280
850
040
220
2540
2%
8o
210

e

1840

2150
w0

&
10
164

07
2

o
12
I
120
I
2
3

00
2
s
104





OPS/images/fendo-08-00278-t002b.jpg
TABLE 2 | Continued

PatientID  Gender  T1DM duration (years) CcEPC Age  HbAlc BMI Glycemia "
PD 019 Male Control 36 8

PD 057 Male Control 87 3

PD 103 Male Control 62 7

PD 108 Female Control 02

PD 113 Male Control 17 18

PD 114 Male Control 48 7

BMI, body mass index: YW, insulivweight.
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