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Abstract: Objective: To investigate whether inhibitors of dipeptidyl peptidase-4 (DPP-4) can suppress the atheroscle-
rotic development in diabetic patients. Methods: The prospective study was carried out in the Out-patient Depart-
ment of XuHui Central Hospital, Shanghai, China, between March and August 2013. The correlation of major index
of glucose and lipid metabolism profiles, and the arterial stiffness index (Al) between diabetic patients and healthy
subjects were analyzed.Patients or Materials: 39 patients with type 2 diabetes and 29 healthy subjects were en-
rolled for measurements of blood glucose, plasma insulin, HbAlc, TC, cholesterol, HDL, Al and body mass index
(BMI). Results: Significant differences were found between DPP-4 and blood glucose (fasting and 2 h postprandial),
HbA1c, cholesterol, high density lipoprotein and arterial stiffness in normal subjects and diabetic patients. Only the
fasting insulin concentration and high density lipoprotein had a significant impact on DPP-4 levels. Conclusions: It
was clear that insulin (fasting) and HDL levels had an impact on DPP-4 activity but only in patients with Type 2 dia-
betes. The arterial stiffness index was not correlated with DPP-4 levels in Type 2 diabetic patients.
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Introduction

Atherosclerosis develops as a result of abnor-
mal lipid metabolism and is exacerbated by
microvascular diseases associated with diabe-
tes [1]. Dipeptidyl peptidase-4 (DPP-4),
expressed on the surface of most cell types, is
an indiscriminate enzyme, which degrades a
diverse range of substrates, such as glucagon-
like peptide-1 (GLP-1). GLP-1 is responsible for
increasing insulin secretion from the pancreas
in a glucose-dependent manner [2]. Therefore,
inhibitors of DPP-4 such as sitagliptin or vilda-
gliptin will reduce the breakdown of GLP-1 and
thus increase insulin levels indirectly [2].
However, it is of great interest whether DPP-4
inhibitors can influence lipid metabolism in
patients with type 2 diabetes and also whether
there is an association between DPP-4 and ath-
erosclerosis. Although animal studies have

revealed that inhibitors of DPP-4 can suppress
the development of atherosclerotic plaques in
diabetic ApoE knockout mouse models [3-5],
this question has not been investigated in
humans.

In the present study, we measured the prelimi-
nary index of blood lipid and glucose metabo-
lism in patients with type 2 diabetes compared
to normal subjects to analyze further the regres-
sion relationship between DPP-4 levels and the
lipid metabolism profile.

Patients and methods

39 patients with type 2 diabetes (as the study
group) and 29 healthy subjects (as the control
group) were enrolled in the Out-patient
Department of XuHui Central Hospital between
March and August 2013. The inclusion criteria
were that patients were 18 to 70 years old,
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inactive (i.e. not participating in regular exer-
cise), overweight to being mildly obese (BMI
27-35 kg/m?), dyslipidemic (LDL cholesterol
130--190 mg/dL or high density lipoprotein
(HDL) cholesterol (40 mg/dL for men and 45
mg/dL for women), and postmenopausal status
for women. Exclusion criteria included diag-
nosed diabetes or fasting glucose > 126 mg/
dL, medications known to affect carbohydrate
or lipid metabolism, on a diet, hypertension
(blood pressure > 160/90 mmHg), known car-
diovascular disease, tobacco use or musculo-
skeletal conditions that prohibited exercise
training. The arterial stiffness index (Al) = [total
cholesterol (TC) - HDL] L high density lipopro-
tein (HDL), Al is normally < 4, which indicates
that the level of Al is not serious. The smaller
the Al value, the lesser the degree of arterial
stiffness, with the clinical risk of arterial stiff-
ness causing heart and cerebral vascular dis-
eases consequently being low. If the level of
arterial stiffness is high, the risk of developing
heart and cerebral vascular disease is
increased.

Laboratory measurements

The patients’ medical history, gender, age,
weight and height were recorded. Routine mea-
surements of blood glucose, plasma insulin,
HbAlc, TC and HDL were performed using a
fully automated biochemical analyser (Roche
Modular P800, Roche Co. Shanghai, China).

DDP-4/CD26 assays method

After 8 hours of fasting, blood samples were
collected from patients, centrifuged and the
serum stored at -80°C for up to 8 weeks before
analysis. The CD26 peptidase activity of cells
was measured in 96 well microplates using the
chromogenic substrate Gly-Pro-p-nitoanilide
(Gly-Pro-pNA) (Enzo Life Sciences International,
INC., PA, USA) according to the supplied manu-
facturer’s protocol. Peptidase activity was
expressed as pmol/min per 1,000 -cells.
Proteolytic activity was determined by measur-
ing the amount of p-nitroanilide (pNA) formed in
the supernatant at 405 nm. In the 96 well flat-
bottomed plate, 10* cells/ml were incubated at
37°C with 4 mM Gly-Pro-pNA in 100 yL PBS
buffer (pH 7.4) containing 10 mg/mL BSA.
Absorbance was measured at 405 nm on a
microplate spectrofluorometer (SpectraMax
190, Molecular Devices, Sunnyvale, CA) every
2 min and pNA formed (in pmol) were calculat-
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ed by comparison to a pNA standard curve. The
results were plotted as pmol of pNA vs. min and
the slope was calculated on the linear portion
of the curve, giving a measure of DPPIV activity
expressed as pmol/min per 1,000 cells. Tests
were run on 3 triplicate samples (n = 3) for each
sample and cell-free blanks and substrate-free
blanks were run in parallel. Data are presented
as the mean * standard error of the mean
(SEM) for all tests.

Artery IMT measurements

Color flow Doppler sonography (ACUSON
Sequoia C512, Siemens Medical Solutions USA
Inc., Mountain View, CA) was used for measure-
ments using a high frequency probe, with the
scan range set to include the common carotid
artery, internal carotid artery, femoral artery
and the dorsalis pedis artery. The distance
from the boundary of the vascular intima and
lumen to the boundary of tunica media and
tunica adventitia is termed the IMT. IMT was
measured 5 times (by the same doctor) to
determine its average value.

Statistical analyses

Comparison of data within a group was per-
formed using Student’s t-test for unpaired data.
Comparisons between healthy and diabetic
patients were performed using Student’s t-test
for unpaired data. Simple (Pearson’s) correla-
tions coefficients were calculated using stan-
dard formulae. A multivariate linear regression
analysis was carried out to evaluate indepen-
dent associations between variables. All statis-
tical analyses were performed using SPSS 13.0
software.

Results

Comparison of blood biochemistry indices
and Al between normal subjects and diabetic
patients

We found that there were significant differenc-
es between the DDP-4 fasting, DDP-4 (2 h post-
prandial), blood surge (fasting), blood surge
(postprandial 2 h), peptide C (2 h postprandial),
BMI, HbA1c, cholesterol, HDL and Al levels in
the two groups (Table 1). The results indicate
that diabetic patients have higher DDP-4 con-
centrations in the fasting group and 2 h post-
prandial and that increasing DDP-4 activity was
associated with higher blood glucose levels
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Table 1. Comparison of baselines between normal subjects and diabetic patients

Control Group (n = 29) Study Group (n = 39) torc? P value

Males [n, (%)] 4 (13.8) 22 (56.4) 12.7914 0.0003
Females [n, (%)] 25 (86.2) 17 (43.6)
Age (years) 48 + 13.38 56.26 + 9.47 2.84 0.0067
DDP-4 (pmol/min GP-pNA)

Fasting 530.84 + 97.84 602.21 + 155.21 2.32 0.0236

2 h postprandial 496.36 + 130.46 625.67 £ 212.61 3.09 0.0029
Blood sugar (mmol/L)

Fasting 4.89 + 0.63 8.62+2.9 7.51 < 0.0001

2 h postprandial 5.39+1.01 15.55 + 3.68 15.85 < 0.0001
Insulin (ul U/mL)

Fasting 7.81 +4.06 12.06 £ 10.95 1.86 0.0717

2 h postprandial 37.71 £ 20.06 40.88 £ 28.05 0.48 0.633
Peptide C (ng/mL)

Fasting 2.69+0.81 2.82+1.63 0.4 0.6923

2 h postprandial 9.59 + 3.16 6.32 +3.19 3.99 0.0002

BMI (kg/m?) 24.25 + 2.88 26.54 + 4.53 2.46 0.0166

HbA1c (%) 5.6 £ 0.36 8.85+1.84 10.33 < 0.0001

Cholesterol (mmol/L) 1.77 +2.01 472 +1.01 721 < 0.0001

HDL (mmol/L) 1.47 £0.33 1.09+0.3 4.8 < 0.0001

Arterial stiffness index (Al) 0.37 +1.77 5.04 £9.79 2.81 0.0079
Right artery IMT

Common 0.767 £ 0.153 0.713 £ 0.214 0.42 0.6803

Internal 0.6+0.1 0.578 + 0.104 0.34 0.7362
Left carotid artery IMT

Common 0.767 £0.153 0.77 £0.291 0.02 0.9868
Internal 0.567 + 0.058 0.6 £ 0.117 0.48 0.6353
Femoral artery IMT

Right 0.675 £ 0.126 0.718 £ 0.094 0.82 0.4201

Left 0.675 £ 0.126 0.714 + 0.097 0.73 0.4694
Dorsalis pedis artery IMT

Right 0.25 + 0.058 0.296 £ 0.092 0.97 0.3389

Left 0.25 + 0.058 0.296 + 0.092 0.97 0.3389

Note: the units of artery IMT measurements are in mm.

(Table 1). They also seems to be affected by
their Al value but there was no obvious differ-
ences in the artery IMT measured in the two
groups (Table 1). So we need to further analysis
whether the change of DDP-4 has some rela-
tionship with the Al.

Effects of fasting insulin levels and HDL on
DDP-4 concentrations in diabetic patients

In order to understand the effects of blood glu-
cose (during fasting and 2 h postprandial) and
the lipid metabolism index in normal subjects
and patients with diabetes on DDP-4 activity,
we carried out a regression analysis. We found
that during fasting, the DPP-4 concentrations in
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patients with diabetes were not affected as
determined by the factors measured. The con-
centration of DDP-4 was correlated with the left
and the right common carotid artery IMT in the
control group (Table 2). Postprandially, the
blood concentration of DDP-4 was affected by
fasting insulin and HDL levels only in the study
group (Table 3).

Al did not influence DDP-4 concentration

Although basic Al was significantly higher in the
study group compared to the control group
(Table 1), Al did not affect DPP4 activity in
either group (Tables 2 and 3).
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Table 2. Effect of variables on DDP-4 (fasting) between normal subjects than in the control

and diabetic patients

group. However, at 2 h

Normal Subjects

Diabetic Patients

postprandial, insulin

Standardized

regression P values

Standardized
regression P values

(fasting) and HDL were
shown to be significant

coefficients coefficients impact factors on DPP-4
Age (in years) 0.022 0.912 0.072 0.665 activity in patients with
Blood sugar (mmol/L) diabetes. In other V\{O-
Fasting -0.205 0.287 0.142 0.409 ;‘?ji’n t(?:stiifgcatnng g‘L
2 h postprandial 0.093 0.632 -0.112 0.516 on DPP-4 level was
Insulin (ul U/mL) increased 2 h post-

Fasting -0.097 0.623 0.265 0.19 prandial.

2 h postprandial -0.306 0.114 -0.199 0.329

Peptide C (ng/mL) Table 1 shows that
Fasting 0.035 0.861 0.234 0.191 there are significant dif-
2 h postprandial -0.247 0.214 -0.091 0.61 ferences between DPP-
BMI (kg/m2) 0.106 0.59 0.09 0.602 4 (fasting, 2 h postpran-
HbA1c (%) 0.252 0.187 0.3 0.076 dial), blood glucose
Cholesterol (mmol/L) 0085 0662  -0.017 0923 (fasting, 2 h postprandi-
HDL (mmol/L) 0054 0779 0068  0.695 al), insulin (fasting, 2 h
Arterial stiffness index (Al) 0.128 0.509 0.223 0.192 postprandial), peptide C
Right artery IMT (fasting, 2 h postprandi-
al), BMI, HbAZlc, choles-
Common -1 0.011 0.185 0.398 terol, HDL and Al in the
Internal -0.979 0.132 0.162 0.462 control and study group.
Left carotid artery IMT However, it is notewor-
Common -1 0.011 0.15 0.495 thy that DPP-4 levels did
Internal -0.951 0.201 0.129 0.557 not change after fasting
Femoral artery IMT or 2 h postprandial in
Right 0.057 0.943 0.077 0.698 either group. We would
Left 0.057 0.943 0.066 0.739 like to point out that Al
Dorsalis pedis artery IMT was much higher in the
Right 0.6 0.4 -0.195 0.319 study group compared
Left 0.6 0.4 -0.195 0.319 to the control group

Note: the units of artery IMT measurements are in mm.

Discussion

Although DPP-4 inhibitors have been demon-
strated to improve atherosclerosis lesions in
mice diabetes models, the effects of these
agents on human diabetic patients with athero-
sclerosis have not been well documented. In
the present study, we investigated the primary
relationship between lipid metabolism and
DPP-4 levels in patients with type 2 diabetes
compared to healthy subjects. Unlike the re-
sults reported in mouse studies, it was not pos-
sible to establish a significant correlation be-
tween measured lipid profiles and DPP-4 levels
after fasting, even though the Al index was sig-
nificantly higher in the diabetic patient group
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(Table 1) but there was
no detectable effect of
Al volume on DPP-4
activity (Tables 2 and 3), indicating no connec-
tion between these two factors. Likewise, there
was no significant effect of any lipid profile
index on DPP-4 levels in the present study. The
relatively small sample size perhaps is the main
reason for this finding. However, Barbieri et al.
[6] examined the effects of DPP-4 inhibitors on
IMT in 90 patients with type 2 diabetes. Their
results showed that after 3 months of treat-
ment with sitagliptin or vildagliptin, the levels of
several interleukin factors were significantly
changed, but the lipid profiles did not show any
improvement. Moreover, multivariate analysis
demonstrated that all the measured factors,
with the exception of delta MAGE, were not cor-
related with IMT. Similarly, Katakami et al.
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Table 3. Effect of variables on DDP-4 (postprandial 2 h) between normal

subjects and diabetic patients

that DPP-4 inhibitors
attenuate the develop-

Normal Subjects

Diabetic Patients

ment of atherosclero-

sis in type 2 diabetic

Standard.lzed Standarqlzed patients. The possible
regression  Pvalues regression  Pvalues e
- - reasons are: first, there
coefficients coefficients .
oo 0.097 0118 0.023 0.888 are huge differences
ge (in years) : : : : between human beings
Blood sugar (mmol/L) and mice; second,
Fasting -0.249 0.193 -0.278 0.101 there may be funda-
2 h postprandial 0.287 0.132 -0.055 0.749 mental differences be-
Insulin (ul U/mL) tween human diabetes
Fasting -0.212 0.279 0.441 0.024 and diabetic mouse
2 h postprandial 0.038 0846  -0.091 0.659 models.
Peptide C (ng/mL) Conclusions
Fasting -0.026 0.897 0.184 0.304
2 h postprandial 0.036 0.86 -0.06 0.738 The main finding is that
BMI (kg/m?) 0.272 0.161 0.18 0.293 there is a difference
HbA1c (%) 0.168 0.384 0.081 0.639 between two groups on
Cholesterol (mmol/L) 0248 0913 0.405 0.46 th‘z ?r?SIS| of blood 't'pl'od
HDL (mmol/L) 0.021 0.566 0127 0.035 and the glucose metab-
o ) olism indices. It is clear
.Arterlal stiffness index (Al) 0.111 0.924 0.353 0.142 that insulin (fasting)
Right artery IMT and HDL have an
Common -0.019 0.757 -0.25 0.84 impact on DPP-4 activ-
Internal -0.372 0.636 -0.045 0.906 ity but only in patients
Left carotid artery IMT with type 2 diabetes,
Common -0.541 0.757 0.026 0.587 findings that are con-
Internal 0.372 0.97 0.12 0.481 sistent with previous
reports. One limitation
Femoral artery IMT .

) of the present study is
Right -0.048 0.474 0.155 0.903 the small sample size
Left 0.526 0.474 -0.024 0.825 employed.

Dorsalis pedis artery IMT
Right 0.526 0.694 -0.044 0.585 Discloaure of conflict
Left -0.306 0.694 -0.108 0.585 of interest
Note: the units of artery IMT measurements are in mm.
None.

investigated the effects of alogliptin on diabetic
atherosclerosis in 172 patients with type 2 dia-
betes, but their eagerly awaited results on lipid
metabolisms are still not available [7].

The pharmacological mechanism of action of
DPP-4 inhibitors is to increase incretin levels
(GLP-1 and GIP) [8, 9], which inhibits glucagon
release, decreases gastric emptying and re-
duces blood glucose levels and DPP-4 inhibi-
tors have been approved by the FDA [10].
Although several studies have reported that
DPP-4 inhibitors decrease atherosclerosis
lesions in mouse diabetes models, the me-
chanism(s) underlying this action remain un
explained. Moreover, there is no clear evidence
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