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Purpose: Dipeptidyl peptidase-4 (DPP-4) inhibitors increase endothelial progenitor cells (EPCs) in peripheral blood circulation. 
However, the underlying mechanisms and effects on vascular endothelial function remain unclear. We evaluated whether the DPP-4 
inhibitor teneligliptin increases circulating EPCs by inhibiting stromal-derived factor-1α (SDF-1α) and improves flow-mediated 
vascular dilatation (FMD) in type 2 diabetes mellitus patients with acute coronary syndrome (ACS) or its risk factors.
Patients and Methods: This single-center, open-label, prospective, randomized controlled trial evaluated 17 patients (hemoglobin 
A1c ≤7.5% and peak creatinine phosphokinase <2000 IU/mL) with ACS or a history of ACS or multiple cardiovascular risk factors. 
Metabolic variables of glucose and lipids, circulating EPCs, plasma DPP-4 activity, and SDF-1α levels, and FMD were evaluated at 
baseline and 28 ± 4 weeks after enrollment. Patients were randomly assigned to either the teneligliptin (n = 8) or control (n = 9) 
groups.
Results: The DPP-4 activity (∆−509.5 ± 105.7 vs ∆32.8 ± 53.4 μU/mL) and SDF-1α levels (∆−695.6 ± 443.2 vs ∆11.1 ± 193.7 pg/ 
mL) were significantly decreased after 28 weeks in the teneligliptin group than those in the control group. The number of EPCs 
showed an increasing trend in the teneligliptin treated group; albeit this did not reach statistical significance. Glucose and lipid levels 
were not significantly different between the groups before and after 28 weeks. However, FMD was significantly improved in the 
teneligliptin group when compared to the control group (∆3.8% ± 2.1% vs ∆−0.3% ± 2.9%, P=0.006).
Conclusion: Teneligliptin improved FMD through a mechanism other than increasing the number of circulating EPCs.
Keywords: endothelial progenitor cell, teneligliptin, DPP-4 inhibitor, flow-mediated dilation, type 2 diabetes mellitus

Introduction
Dipeptidyl peptidase-4 (DPP-4) inhibitors are antidiabetic drugs that reduce blood glucose levels by preventing the 
decomposition of incretin hormones, including glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic 
polypeptide (GIP).1,2 They are widely used due to their low risk of hypoglycemia and improved safety.3 The American 
Diabetes Association and European Association for the Study of Diabetes have recommended DPP-4 inhibitors 
as second-line drugs for type 2 diabetes mellitus (T2DM) patients without atherosclerotic cardiovascular disease 
(ASCVD) or chronic kidney disease.4 DPP-4 inhibitors are third-line drugs for T2DM patients with ASCVD or high/ 
very high cardiovascular risk, according to the most recent European Society of Cardiology guidelines.5 However, some 
studies have shown that they have pleiotropic effects in addition to reducing blood glucose levels. One study reported 
that the oral DPP-4 inhibitor sitagliptin increases plasma stromal-derived factor-1α (SDF-1α) levels, thereby increasing 
circulating endothelial progenitor cells (EPCs).6 In another study, sitagliptin increased the endothelial nitric oxide 
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synthase expression and circulating EPC levels via the same pathway and improved blood flow by enhancing neovascu-
logenesis in a mouse model of hindlimb ischemia.7 As a result, we hypothesized that teneligliptin, a selective and long- 
lasting DPP-4 inhibitor produced in Japan that is effective in and well-tolerated by T2DM patients,8–10 would improve 
vascular endothelial function via the mobilization of EPCs, and thus may improve left ventricular (LV) function in T2DM 
patients with the acute coronary syndrome (ACS) or high cardiovascular risk. Herein, we aimed to evaluate whether the 
DPP-4 inhibitor teneligliptin increases the circulating levels of EPCs via the inhibition of SDF-1α metabolism in T2DM 
patients with ACS or high cardiovascular risk.

Patient and Methods
Study Protocols
In this single-center, open-label, prospective, randomized controlled trial, 18 patients were recruited between 
November 2015 and September 2018. All patients were evaluated at baseline and 28 ± 4 weeks after enrollment. The 
participants were randomly assigned to either the teneligliptin group (those who took teneligliptin) or the control group 
(those who did not take teneligliptin) via the envelope method. In the teneligliptin group, 20 mg of teneligliptin was 
administered daily. This study was conducted following the principles of the Declaration of Helsinki. The Institutional 
Review Board of the Jichi Medical University Saitama Medical Center approved this study protocol (S16-025), and 
eligible patients provided written informed consent before participation. This trial was registered as a randomized 
controlled trial titled “Effects of one of antidiabetic agents, teneligliptin, on the vascular endothelium function of ACS 
patients with diabetes” with the University Hospital Medical Information Network (UMIN), registration number 
UMIN000018936. This study was presented at the annual meeting of American Diabetes Association 2020, but has 
not been published yet except meeting’s abstract.11

Participant Inclusion and Exclusion Criteria
The inclusion criteria were as follows: (1) hospitalization for ACS (peak creatinine phosphokinase (CK) level <2000 U/L); 
(2) history or high risk of cardiovascular disease defined as either i) patients with documented symptomatic atherosclerotic 
cardiovascular disease, including stroke, myocardial infarction, hospital admission for unstable angina, coronary artery 
bypass graft, percutaneous coronary intervention (with or without stenting), peripheral revascularization (angioplasty or 
surgery), symptomatic with documented hemodynamically significant carotid or peripheral vascular disease, or amputation 
secondary to vascular disease or ii) patients with two or more of the following risk factors at the time of screening: duration 
of T2DM ≥10 years, systolic blood pressure >140 mmHg while the patient took at least one antihypertensive drugs, current 
daily cigarette smoking, the history of micro- or macro-albuminuria, or the history of HDL-C of <1 mmol/L (<39 mg/dL);12 

(3) casual blood glucose level ≥200 mg/dL and/or a hemoglobin A1c (HbA1c) level ≥6.5% and <7.5%; and (4) no use of 
other DPP-4 inhibitors, GLP-1 receptor agonists, thiazolidinediones, or insulin at baseline. One study reported that 
thiazolidinediones increased the number of EPCs; therefore, we excluded thiazolidinediones.13 The fulfillment of either 
(1) or (2) was required for inclusion. The exclusion criteria were as follows: (1) type 1 diabetes mellitus, (2) severe 
hyperglycemia that required the use of insulin and/or multiple antidiabetic drugs, (3) myocardial injury with a peak CK 
level ≥2000 U/L, (4) unstable or severe cardiovascular disease, (5) diabetic ketoacidosis and/or coma, (6) severe infection 
and/or severe wound and/or perioperative period, and (7) hypersensitivity to this drug. Due to the difficulty in patient 
recruitment, we changed some of the inclusion criteria during the study as follows: (1) peak CK level changed from 1000 to 
2000 U/L; (2) HbA1c upper limit changed from 7.0% to 7.5%; (3) narrowing down the list of prohibited concomitant 
medications from all antidiabetic drugs to other DPP-4 inhibitors, GLP-1 receptor agonists, thiazolidinediones, and insulin, 
which may affect the circulation levels of EPCs; and (4) additional patients with a history or high risk of cardiovascular 
disease.

Study Endpoint
The primary endpoints of this study were temporal changes in the circulating levels of EPCs, plasma DPP-4 activity, and 
plasma SDF-1α levels from baseline to 28 weeks. The secondary endpoints were temporal changes in flow-mediated 
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vascular dilatation (FMD), LV function of echocardiographic findings, plaque area in the non-treatment site if intravas-
cular ultrasound was performed, blood glucose and lipid parameters, and urine 8-hydroxydeoxyguanosine from baseline 
to 28 weeks. No essential changes were made to the outcomes after the trial commencement.

Flow Cytometry
Three milliliters of whole blood containing a small amount of heparin were collected from each participant and sent to 
the SRL (Hachioji, Tokyo, Japan) to measure the number of EPCs. Briefly, EPCs were counted by measuring CD34 
antibody-positive cells using a single-color flow cytometry assay, as previously described.14 Plasma levels of SDF-1α 
were measured using the Quantikine Human CXCL12/SDF-1α Immunoassay (R&D Systems, Minneapolis, MN, USA) 
with a commercially available enzyme-linked immunosorbent assay kit. Plasma DPP-4 activity was evaluated using the 
DPP-4 Activity Fluorometric Assay Kit (BioVision, San Francisco, CA, USA).

FMD
We measured FMD using standard techniques according to the guidelines for the ultrasound assessment of the brachial 
artery.15 Only two physicians (N. Akashi and T. Umemoto) obtained all FMD measurements. We evaluated the FMD of 
the brachial artery using UNEXEF 18G (UNEX Corporation, Nagoya, Japan) in the morning in the fasting state and 
before administering any medications. We used a 10-MHz linear array transducer probe, and the longitudinal vascular 
image of the right brachial artery was recorded. First, we measured the baseline artery diameter. After 5 min of 
suprasystolic cuff occlusion (50 mmHg above systolic blood pressure) on the right forearm, the cuff was deflated, and 
the peak artery diameter was measured. FMD was defined using the following equation: FMD (%) = (peak diameter – 
baseline diameter) / baseline diameter.16

Statistical Analysis
Data were expressed as percentages for categorical variables and as means ± standard deviations for continuous 
variables. Categorical variables were presented as numbers (percentages) and were compared using Pearson’s χ2 test 
or Fisher’s exact test for small samples. Normally distributed continuous variables were compared between the groups 
using an unpaired Student’s t-test. Continuous variables were compared using the Wilcoxon rank-sum test and did not 
follow a normal distribution. We compared the temporal changes in each variable for both primary and secondary 
endpoints from baseline to 28 weeks using an unpaired Student’s t-test and analysis of covariance, with the baseline 
values as covariates. Statistical significance was defined as a two-sided P <0.05. All analyses were performed using SAS 
9.4 (SAS Institute, Cary, North Carolina, USA). Based on outsourcing agreements, a contract research organization 
performed the monitoring, data management, statistical analyses, and audits (Soiken Inc., Osaka, Japan).

Results
The flowchart for this study is shown in Figure 1. Eighteen patients were randomly assigned to either the teneligliptin (n = 9) 
or the control (n = 9) group. In the teneligliptin group, one patient declined teneligliptin treatment immediately after entry into 
this study after experiencing hypoglycemia with 0.25 mg repaglinide. Finally, 17 patients were assessed at baseline and 28 
weeks after enrollment. The baseline patient characteristics are summarized in Table 1. The patient demographics, medical 
history, and primary diseases were not significantly different between the groups except for estimated glomerular filtration rate 
(88.7 ± 11.4 vs 68.6 ± 22.5 mL/min/1.73m2, P = 0.04).

Table 2 shows comparisons of the primary endpoints between the groups. The temporal changes in plasma DPP-4 
activity from baseline to 28 weeks were significantly reduced in the teneligliptin group compared with those in the 
control group (−509.5 ± 105.7 vs 32.8 ± 53.4 μU/mL, P <0.001). The temporal changes in the SDF-1α level were 
significantly reduced in the teneligliptin group compared with those in the control group (−695.6 ± 443.2 vs 11.1 ± 193.7 
pg/mL, P = 0.001). The number of EPCs showed an increasing trend in the teneligliptin treated group; albeit this did not 
reach statistical significance (0.37 ± 0.45 vs −0.02 ± 0.51 /μL, P = 0.13). In the teneligliptin group, 28-week treatment 
showed a ~33% increase in the number of EPCs over the baseline numbers of EPCs.
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Table 3 shows a comparison of the secondary endpoints between the groups. In Table 3A, the temporal changes in 
FMD between baseline and 28 weeks were significantly increased in the teneligliptin group compared to those in the 
control group (3.8% ± 2.1% vs −0.3% ± 2.9%, P = 0.006). In Table 3B, although the temporal changes in HbA1c 
between baseline and 28 weeks were not significantly different between the groups, the HbA1c levels in the teneligliptin 
group were significantly higher at baseline than at 28 weeks (6.8 ± 0.1% vs 6.4 ± 0.4%, P = 0.012). The low-density 
lipoprotein (LDL)-cholesterol levels in the teneligliptin group were significantly higher at baseline than at 28 weeks 

Figure 1 Study flow chart.

Table 1 Baseline Patient Characteristics

Teneligliptin Group  
(n = 8)

Control Group  
(n = 9)

P value

Demographics
Age (years) 71.8 ± 11.5 63.6 ± 13.8 0.21

Female sex (%) 3 (37.5) 1 (11.1) 0.24

Medical history
Diabetes mellitus, n (%) 8 (100.0) 9 (100.0) –

Hypertension, n (%) 7 (87.5) 7 (77.8) 1

Dyslipidemia, n (%) 5 (62.5) 7 (77.8) 0.62
Hyperuricemia, n (%) 1 (12.5) 0 (0.0) 0.47

Atrial fibrillation, n (%) 1 (12.5) 2 (22.2) 0.55

Chronic kidney disease, n (%) 0 (0.0) 1 (11.1) 1
Peripheral arterial disease, n (%) 0 (0.0) 1 (11.1) 1

Primary disease
Unstable angina pectoris, n (%) 0 (0.0) 4 (44.4) 0.08
Non ST-elevation myocardial infarction, n (%) 4 (50.0) 1 (11.1) 0.13

ST-elevation myocardial infarction, n (%) 1 (12.5) 2 (22.2) 1

Other, n (%) 3 (37.5) 2 (22.2) 0.62
Laboratory data

Fasting plasma glucose (mg/dL) 128.1 ± 13.1 127.0 ± 30.3 0.92

Hemoglobin A1c (%) 6.8 ± 0.1 7.0 ± 0.2 0.07
Triglyceride (mg/dL) 98.7 ± 37.7 176.2 ± 121.0 0.13

LDL-cholesterol (mg/dL) 107.9 ± 38.3 91.7 ± 44.1 0.43

HDL-cholesterol (mg/dL) 53.0 ± 14.8 46.7 ± 11.2 0.33
eGFR (mL/min/1.73m2) 88.7 ± 11.4 68.6 ± 22.5 0.04

Abbreviation: LDL, low-density lipoprotein; HDL, high-density lipoprotein; eGFR, estimated glomerular filtration rate.
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Table 2 Primary Endpoints in the Teneligliptin and Control Groups

Variable Teneligliptin Group (n = 8) Control Group (n = 9) Between-Group  
Difference

Mean ± SD P value Mean ± SD P value P value

EPC (/μL)
0 W 0.87 ± 0.54 1.19 ± 0.64 0.29

28 W 1.24 ± 0.47 1.12 ± 0.41 0.61

28 W-0 W 0.37 ± 0.45 0.06 −0.02 ± 0.51 0.91 0.13
DPP-4 activity (μU/mL)

0 W 551.0 ± 112.2 656.0 ± 73.8 0.036

28 W 41.5 ± 39.4 676.3 ± 58.4 <0.001
28 W-0 W −509.5 ± 105.7 <0.001 32.8 ± 53.4 0.13 <0.001

SDF-1α (pg/mL)

0 W 2495.9 ± 500.6 2406.6 ± 428.1 0.70
28 W 1800.3 ± 250.5 2522.0 ± 332.0 <0.001

28 W-0 W −695.6 ± 443.2 0.003 11.1 ± 193.7 0.88 0.001

Abbreviations: EPC, endothelial progenitor cell; DPP-4, dipeptidyl peptidase-4; SDF-1α, stromal cell derived factor - 1α.

Table 3 Secondary Endpoints in the Teneligliptin and Control Groups

Variable Teneligliptin Group (n = 8) Control Group (n = 9) Between-Group  

Difference

Mean ± SD P value Mean ± SD P value P value

A. Ultrasonographic findings

Flow-mediated dilation (%)

0 W 4.0 ± 2.0 (n = 8) 5.6 ± 2.9 (n = 9) 0.23

28 W 7.8 ± 1.6 (n = 8) 5.6 ± 1.9 (n = 8) 0.025

28 W-0 W 3.8 ± 2.1 (n = 8) 0.001 −0.3 ± 2.9 (n = 8) 0.79 0.006

Baseline diameter (mm)

0 W 4.8 ± 0.7 (n = 8) 4.4 ± 1.0 (n = 9) 0.39

28 W 4.1 ± 0.6 (n = 8) 3.9 ± 0.8 (n = 8) 0.66

28 W-0 W −0.7 ± 0.2 (n = 8) <0.001 −0.4 ± 0.7 0.13 0.30

E/A

0 W 1.3 ± 1.2 (n = 7) 1.3 ± 1.2 (n = 7) 0.94

28 W 1.1 ± 0.6 (n = 7) 0.8 ± 0.1 (n = 6) 0.36

28 W-0 W −0.2 ± 0.6 (n = 7) 0.40 −0.1 ± 0.3 (n = 6) 0.60 0.60

E/e’

0 W 18.1 ± 9.3 (n = 8) 18.9 ± 7.2 (n = 9) 0.86

28 W 17.6 ± 7.2 (n = 8) 16.6 ± 10.2 (n = 8) 0.83

28 W-0 W −0.5 ± 4.4 (n = 8) 0.74 −1.2 ± 5.0 (n = 8) 0.54 0.80

Plaque area (mm2)

0 W 7.0 ± 2.4 (n = 5) 5.2 ± 1.2 (n = 2) 0.39

28 W 6.8 ± 2.5 (n = 4) 4.7 ± 1.7 (n = 2) 0.36

28 W-0 W −0.3 ± 0.3 (n = 4) 0.13 −0.5 ± 0.5 (n = 2) 0.37 0.51

B. Metabolic variables

Fasting plasma glucose (mg/dL)

0 W 128.1 ± 13.1 (n = 8) 127.0 ± 30.3 (n = 9) 0.92

28 W 121.3 ± 17.5 (n = 7) 142.9 ± 42.5 (n = 8) 0.23

28 W-0 W −7.3 ± 10.0 (n = 7) 0.10 24.4 ± 37.8 (n = 8) 0.11 0.05

Hemoglobin A1c (%)

0 W 6.8 ± 0.1 (n = 8) 7.0 ± 0.2 (n = 9) 0.07

28 W 6.4 ± 0.4 (n = 8) 7.0 ± 0.7 (n = 8) 0.08

28 W-0 W −0.4 ± 0.3 (n = 8) 0.012 −0.1 ± 0.6 (n = 8) 0.83 0.19

(Continued)
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(107.9 ± 38.3 vs 82.8 ± 23.4 mg/dL, P = 0.040). In contrast, the temporal changes between baseline and 28 weeks were 
not significantly different between the groups. Analysis of covariance revealed no significant differences in the temporal 
changes in plasma DPP-4 activity, SDF-1α level, or FMD between the groups (Table 4 and Table 5). Figure 2 shows a bar 
graph of the mean EPCs between baseline and 28 weeks in the two groups. Figure 3 shows a bar graph of the mean FMD 
between baseline and 28 weeks in the two groups. The results in Figures 2 and 3 are presented in Table 2 and Table 3.

Table 3 (Continued). 

Variable Teneligliptin Group (n = 8) Control Group (n = 9) Between-Group  

Difference

Mean ± SD P value Mean ± SD P value P value

Triglyceride (mg/dL)

0 W 98.7 ± 37.7 (n = 7) 176.2 ± 121.0 (n = 9) 0.13

28 W 149.6 ± 107.2 (n = 7) 143.6 ± 77.4 (n = 8) 0.90

28 W-0 W 59.0 ± 93.4 (n = 6) 0.18 −8.1 ± 53.4 (n = 8) 0.68 0.11

LDL-cholesterol (mg/dL)

0 W 107.9 ± 38.3 (n = 8) 91.7 ± 44.1 (n = 9) 0.43

28 W 82.8 ± 23.4 (n = 8) 87.9 ± 22.2 (n = 8) 0.66

28 W-0 W −25.1 ± 28.1 (n = 8) 0.040 −5.0 ± 29.4 (n = 8) 0.65 0.18

HDL-cholesterol (mg/dL)

0 W 53.0 ± 14.8 (n = 8) 46.7 ± 11.2 (n = 9) 0.33

28 W 50.9 ± 9.4 (n = 8) 50.4 ± 10.5 (n = 8) 0.92

28 W-0 W −2.1 ± 9.8 (n = 8) 0.56 1.8 ± 6.6 (n = 8) 0.48 0.37

8-OHdG (ng/mg creatinine)

0 W 11.3 ± 4.1 (n = 8) 7.7 ± 2.5 (n = 9) 0.042

28 W 9.3 ± 2.4 (n = 8) 7.6 ± 1.6 (n = 8) 0.11

28 W-0 W −1.9 ± 2.6 (n = 8) 0.07 −0.3 ± 2.2 (n = 8) 0.67 0.21

Abbreviations: LDL, low-density lipoprotein; HDL, high-density lipoprotein; 8-OHdG, 8-hydroxydeoxyguanosine.

Table 4 Primary Endpoint with an Analysis of Covariance Model

Variable n Adjusted Mean (SE) Adjusted Mean  
Difference  
(95% CI)

P value  
(Between-Group 

Difference)
Teneligliptin 

Group  
(n = 8)

Control 
Group  
(n = 9)

ΔEPC (/μL) 16 0.29 (0.13) 0.05 (0.13) 0.24 (−0.16, 0.64) 0.22
ΔDPP-4 activity (μU/mL) 16 −544.9 (17.5) 68.1 (17.5) −612.9 (−669.8, −556.1) <0.001

ΔSDF-1α (pg/mL) 16 −700.0 (87.5) 15.5 (87.5) −715.6 (−983.0, −448.1) <0.001

Abbreviations: EPC, endothelial progenitor cell; DPP-4, dipeptidyl peptidase-4; SDF-1α, stromal cell derived factor - 1α.

Table 5 Secondary Endpoint with an Analysis of Covariance Model

Variable n Adjusted Mean (SE) Adjusted Mean 
Difference  
(95% CI)

P value  
(Between-Group 

Difference)
Teneligliptin 

Group (n = 8)
Control Group 

(n = 9)

Flow-mediated dilation (%) 16 3.1 (0.6) 0.4 (0.6) 2.7 (0.7, 4.7) 0.013
Baseline diameter (mm) 16 −0.6 (0.2) −0.5 (0.2) −0.1 (−0.6, 0.4) 0.57

E/A 13 −0.1 (0.1) −0.2 (0.1) 0.1 (−0.1, 0.3) 0.57

E/e’ 16 −0.5 (1.7) −1.2 (1.7) 0.6 (−4.6, 5.9) 0.79
Plaque area (mm2) 6 −0.3 (0.2) −0.6 (0.3) 0.3 (−0.8, 1.4) 0.44

(Continued)
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Discussion
In this randomized study, the temporal changes in SDF-1α levels were significantly reduced in the teneligliptin group 
compared with those in the control group. In addition, the changes in plasma DPP-4 activity were significantly reduced in 
the teneligliptin group compared with those in the control group between baseline and 28 weeks. Although not 
statistically significant, the temporal changes in the circulating levels of EPCs in the teneligliptin group tended to be 
greater than those in the control group (P = 0.13). The improvement in FMD, the standard tool for assessing vascular 
endothelial function, was significant in the teneligliptin group when compared to that in the control group between 

Table 5 (Continued). 

Variable n Adjusted Mean (SE) Adjusted Mean 
Difference  
(95% CI)

P value  
(Between-Group 

Difference)
Teneligliptin 

Group (n = 8)
Control Group 

(n = 9)

Fasting plasma glucose (mg/dL) 15 −7.7 (11.6) 24.8 (10.8) −32.5 (−67.8, 2.8) 0.07
Hemoglobin A1c (%) 16 −0.4 (0.2) −0.1 (0.2) −0.3 (−0.9, 0.3) 0.30

Triglyceride (mg/dL) 14 52.1 (30.8) −2.9 (26.5) 55.0 (−36.9, 146.8) 0.21

LDL-cholesterol (mg/dL) 16 −20.7 (5.3) −9.4 (5.3) −11.3 (−27.5, 4.9) 0.15
HDL-cholesterol (mg/dL) 16 −1.2 (2.4) 0.9 (2.4) −2.1 (−9.5, 5.3) 0.55

DHLA (μg/mL) 15 3.5 (3.0) 5.4 (3.2) −1.8 (−11.5, 7.9) 0.69

EPA (μg/mL) 15 7.6 (10.7) −16.9 (11.5) 24.5 (−11.7, 60.7) 0.17
AA (μg/mL) 15 14.6 (15.3) 16.7 (16.4) −2.0 (−51.8, 47.7) 0.93

DHA (μg/mL) 15 8.9 (13.7) −17.4 (14.7) 26.3 (−19.5, 72.1) 0.23

RLP-cholesterol (mg/dL) 15 3.5 (1.5) 0.5 (1.6) 3.0 (−2.0, 7.9) 0.21
Lipoprotein(a) (mg/dL) 15 −6.2 (1.4) −0.7 (1.5) −5.5 (−9.9, −1.1) 0.018

8-OHdG (ng/mg creatinine) 16 −1.0 (0.5) −1.3 (0.5) 0.3 (−1.5, 2.1) 0.71

Abbreviations: LDL, low-density lipoprotein; HDL, high-density lipoprotein; DHLA, dihomo-gamma-linolenic acid; EPA, eicosapentaenoic acid; AA, arachidonic acid; 
DHA, docosahexaenoic acid; RLP, remnant-like particle cholesterol; 8-OHdG, 8-hydroxydeoxyguanosine.

Figure 2 Mean endothelial progenitor cells (EPCs) between baseline and 28 weeks in the teneligliptin and control groups. Temporal changes in EPC levels from baseline to 
28 weeks were not significantly different between the groups (P = 0.13). The bar graph and error bars show the mean and standard deviation, respectively.
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baseline and 28 weeks. These results suggest that teneligliptin may improve endothelial function in T2DM patients with 
ACS or high cardiovascular risk via different ways from increasing the number of circulating EPCs.

Several trials have revealed that DPP-4 inhibitors could increase SDF-1 levels and lower blood glucose.17,18 The 
chemokine SDF-1 is roughly categorized into two alternative splicing variants (α and β), which are similar in amino acid 
sequences, except for the presence of four additional amino acids at the C-terminus of SDF-1β, which play an important role 
in tissue inflammation, vascular repair, and regeneration.19,20 Active SDF-1α is degraded to inactive forms by DPP-4; 
therefore, inhibition of DPP-4 could increase the plasma levels of active SDF-1α.21 This increase may have resulted in the 
mobilization of EPCs from the bone marrow. Fadini et al showed that the DPP-4 inhibitor sitagliptin increases the circulating 
EPC levels in patients with T2DM, possibly via an increase in SDF-1α levels.6 Conversely, our study demonstrated that 
teneligliptin therapy for approximately 28 weeks significantly decreased the plasma levels of SDF-1α compared with treatment 
without teneligliptin. These discrepant findings regarding SDF-1α levels may be due to differences in the methodology used 
for detecting SDF-1α.22–24 We used a commercially available kit from R&D Systems, an antibody that recognizes an epitope 
at the C-terminus of SDF-1α because it did not cross-react with SDF-1β. This commercial assay kit measures the total SDF-1α 
(both active and inactive forms). However, Fadini et al used a different assay kit from Bio-Rad Laboratories that uses an 
antibody against an epitope at the SDF-1α N-terminus, which contains the active receptor (CXCR4)-binding site, and only 
active SDF-1α was measured. In vivo, radiolabeling indicates that the half-life of SDF-1α is 25.8 ± 4.6 minutes,25 suggesting 
that the former kit (R&D systems), which was used for all SDF-1α measurements in our study, may be affected by inactive 
SDF-1α. Although details are not available, it is possible that the active plasma SDF-1α levels also increased after teneligliptin 
administration in this study, which might have improved vascular endothelial function.

Our study showed that teneligliptin therapy for approximately 28 weeks significantly improved FMD compared to 
therapy without teneligliptin. However, some previous studies have reported the inconsistent effects of DPP-4 inhibitors 
on FMD.26–31 Clinical research, including two independent prospective, randomized, crossover trials, demonstrated that 
sitagliptin attenuates endothelial function, as assessed by FMD for 6 weeks.27 However, a randomized prospective 
multicenter study demonstrated that sitagliptin improves endothelial function, as assessed by FMD, to the same extent as 
the α-glucosidase inhibitor voglibose for 12 weeks.28 In addition, a previous study showed that sitagliptin could improve 

Figure 3 Mean flow-mediated dilatation (FMD) between baseline and 28 weeks in the teneligliptin and control groups. Temporal changes in FMD from baseline to 28 weeks 
were significantly increased in the teneligliptin group (3.8% ± 2.1%) compared with those in the control group (−0.3% ± 2.9%). The bar graph and error bars show the mean 
and standard deviation, respectively. *P <0.05, compared to the control group.
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endothelial dysfunction, as evaluated using the reactive hyperemia peripheral arterial tonometry index, in patients with 
DM and coronary artery disease for 6 months.32 One reason for these discrepancies is that the duration of treatment with 
DPP-4 inhibitors might have been too short of improving endothelial function. Specifically, at least 6 weeks or more of 
treatment with DPP-4 inhibitors may be needed to improve endothelial function.

Previous studies have shown that DPP-4 inhibitors increase circulating EPCs,6,7,23,33 which play a role in endothelial 
repair and angiogenesis.34 However, our study did not demonstrate significant differences in the temporal changes in 
circulating EPCs between the groups. The reason for the lack of a significant difference in the temporal changes in 
circulating EPCs may be the lack of statistical power because of the small number of patients. Although the difference 
was insignificant, the temporal changes in the EPCs in the teneligliptin group tended to be greater than those in the 
control group. Owing to the significant improvement in FMD observed in the teneligliptin group in this study, it is 
possible that EPCs were increased at the site of vascular injury, while the number of circulating EPCs did not 
significantly improve. Huang et al confirmed that the oral administration of DPP-4 inhibitors in mice increased EPCs 
and enhanced neovascularization at the site of hindlimb ischemia,7 suggesting that EPCs may be particularly increased at 
the site of vascular injury. In contrast, the existing large-scale clinical trials on DPP-4 inhibitors did not show 
significantly improvement in the incidence of cardiovascular events.35–37 However, these large-scale trials were designed 
to demonstrate noninferiority of DPP-4 inhibitors to placebo, it is possible that the follow-up period and the number of 
patients were not sufficient to establish superiority.

The relationship between ameliorating glucose and lipid metabolism and improving vascular endothelial function 
should also be discussed. Previous studies using FMD and plethysmography have shown that hyperglycemia, with or 
without DM, attenuates vascular endothelial function.38,39 Hyperglycemia induces further oxidative stress via activation 
of the polyol, hexosamine, protein kinase C, and advanced glycation end-product pathways, leading to vascular 
endothelial dysfunction.40 Furthermore, hyper LDL-cholesterolemia attenuates vascular endothelial function, and a meta- 
analysis of familial hypercholesterolemia showed that FMD was lower in familial hypercholesterolemia patients.41 The 
present study demonstrated significantly lower HbA1c and LDL-cholesterol levels in the teneligliptin group at 28 weeks 
than at baseline. Although the reason for the decline in LDL-cholesterol levels in the teneligliptin group is unknown, it is 
possible that the amelioration of glucose and lipid metabolism in this group contributed to improved vascular endothelial 
function.

A previous single-center randomized controlled trial showed that changes in FMD were significantly related to 
changes in circulating EPC levels in T2DM patients.42 However, in this trial, patients newly diagnosed with T2DM who 
were administered metformin after the diagnosis of T2DM were recruited. Compared to our study, which enrolled T2DM 
patients with ACS or high cardiovascular risk who used DPP-4 inhibitors, the strong correlation between the changes in 
FMD and the number of circulating EPCs might have been associated with differences in disease severity and drug 
treatments. Nevertheless, our finding that teneligliptin significantly improved temporal changes in FMD should be 
considered significant. Since our results did not show whether the DPP-4 inhibitor own effect or the hypoglycemic 
effect contributed to the improvement in FMD, future exploration is needed in the future.

The present study had several limitations. First, although we conducted a single-center, randomized controlled trial, 
there was an inherent risk of β error in the statistical analysis because of the small number of patients.43 Large-scale 
investigations are warranted in the future. Second, we could not perform sample size calculations because this study was 
a pilot study at the beginning of this study. We planned to include 25 patients in each group who were statistically 
comparable; however, we did not collect as many patients as expected. Third, since our study had three primary 
endpoints, there is a possibility of multiplicity issues caused by multiple statistical analyses and increased α error. 
This may affect the interpretation of the results. Fourth, selection bias may occur because the envelope method was used 
for patient assignment. Indeed, several values in the patient background differed between the two groups, and it cannot be 
ruled out that this may have influenced the results. Fifth, in general, EPCs are defined as CD34+/ KDR+ or CD34+/ 
CD133+ cells with double staining of flow cytometry.44 It cannot be said that CD34 antibody-positive cells using 
a single-color flow cytometry assay that we used are EPCs. Sixth, the commercial assays for SDF-1α that we used might 
have been unable to distinguish between the active and inactive forms. Seventh, as there were no restrictions except for 
antidiabetic drugs, other medications (eg, statins and antihypertensive drugs) could have affected the FMD results. 
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Finally, the study period was short (approximately 6 months). Longer treatment duration may be needed to show the 
cardiac vascular endothelial and diastolic functions in high cardiovascular risk individuals.

In conclusion, although the temporal changes in circulating EPCs were not significantly different, teneligliptin 
significantly improved the vascular endothelial function, as assessed by FMD, in T2DM patients with ACS or high 
cardiovascular risk. Thus, teneligliptin could improve vascular endothelial function in different ways by increasing the 
number of circulating EPCs.
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