diagnostyka laboratoryjna Journal of Laboratory Diagnostics
Diagn Lab. 2018; 54(4): 233-240

ISSN 0867-4043

Praca oryginalna • Original Article

High serum concentration of dipeptidyl peptidase 4
at early stage of obesity – preliminary study
Wysokie stężenie dipeptydylopeptydazy 4 w surowicy krwi
we wczesnym stadium otyłości – badania wstępne
Agnieszka Olejnik1, Iwona Bil-Lula1, Łukasz Kozera2, Anna Krzywonos-Zawadzka1
Zakład Chemii Klinicznej, Katedra Analityki Medycznej, Uniwersytet Medyczny we Wrocławiu
2
PORT Polski Ośrodek Rozwoju Technologii Sp. z o. o, Wroclaw, Poland

1

Abstract
Background: Adipose tissue has been recognized as an endocrine organ of considerable complexity, able to secrete adipose-derived
factors named adipokines. The secretion of adipokines depends greatly on the volume of body fat, which in turn significantly changes
their activity towards a diabetogenic, proinflammatory, and atherogenic pattern. One of the discovered adipokines is dipeptidyl peptidase 4 (DPP4).
Objectives: The aim of this preliminary study was to establish an association between serum concentration of DPP4 and obesity at
early stage.
Material and methods: A total of 32 obese adult volunteers and 40 lean controls were studied. Total cholesterol, triglycerides, HDL
(high-density lipoprotein), LDL (low-density lipoprotein) and glucose concentrations were assessed in serum/plasma samples by using
commercial tests. Body mass index (BMI) and waist-hip ratio (WHR) were determined. Serum concentrations of DPP4, leptin, visfatin,
CRP (C-reactive protein), and TNF-alpha (tumor necrosis factor alpha) were measured using commercial ELISA immunoassay tests.
Results: Serum concentrations of DPP4, leptin and visfatin were significantly higher in obese than in lean subjects. The concentration of
DPP4 positively correlated with BMI and body mass. Serum CRP and TNF-alpha were increased in obese compared to non-obese, and
had a positive correlation with BMI, WHR and body mass.
Conclusions: We showed that there is an association between the DPP4, leptin and visfatin concentration in serum and elevated body
weight and BMI even at early stage of obesity (I stage of obesity). It suggest the importance of adipose tissue reduction to prevent rise
of adipokines levels and further negative metabolic and inflammatory changes.
Streszczenie
Wstęp: Tkanka tłuszczowa, jako złożony narząd endokrynny, charakteryzuje się zdolnością do syntezy i sekrecji czynników zwanych
adipocytokinami (adipokinami). Wydzielanie adipokin w dużym stopniu zależy od masy tkanki tłuszczowej i wpływa na ich aktywność
diabetogenną, prozapalną i proaterogenną. Jedną z poznanych adipokin jest dipeptydylopeptydaza 4 (DPP4).
Cel: Celem pracy była ocena stężenia DPP4 w surowicy krwi we wczesnym stadium otyłości.
Materiały i metody: Grupę badaną stanowiły 32 otyłe osoby dorosłe, grupę kontrolną natomiast 40 szczupłych wolontariuszy. Badania
obejmowały oznaczenie stężenia cholesterolu całkowitego, trójglicerydów, lipoprotein wysokiej gęstości (HDL), lipoprotein niskiej
gęstości (LDL) oraz glukozy w próbkach surowicy/osocza z użyciem testów komercyjnych. U badanych dokonano oceny wskaźnika
masy ciała (BMI) oraz stosunku obwodu talii do obwodu bioder (WHR). W próbkach surowicy krwi oznaczono również stężenie DPP4,
leptyny, wisfatyny, białka C-reaktywnego (CRP) oraz czynnika martwicy nowotworu (TNF-alfa) za pomocą komercyjnych testów ELISA.
Wyniki: Stężenie DPP4, leptyny i wisfatyny w surowicy było istotnie wyższe u osób na wczesnym etapie otyłości niż u osób szczupłych.
Stężenie DPP4 dodatnio korelowało z BMI i masą ciała. Stężenie CRP i TNF-alfa w surowicy było zwiększone u otyłych z BMI w granicach
30-34,9 kg/m2 w porównaniu z osobami bez otyłości i wykazywało dodatnią korelację z BMI, WHR i masą ciała.
Wnioski: W badaniach wykazano związek między stężeniem DPP4, leptyny i wisfatyny w surowicy a zwiększoną masą ciała i BMI we
wczesnym etapie otyłości (I stadium). Sugeruje to, iż redukcja tkanki tłuszczowej we wczesnym stadium otyłości może ograniczyć ilość
wydzielanych adipokin, co w konsekwencji może zapobiec dalszym, niekorzystnym zmianom metabolicznym i zapalnym.
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Introduction
Obesity has been considered more as a cosmetic defect than
health issue for many years [1]. In the 80s of the last century, more
and more reports began to appear showing an impact of obesity
on health. During the last decade, the medical community has
determined that obesity due to over-nutrition and reduced physical activity has become an alarming threat to the public health
worldwide. Many recent epidemiological studies have documented the rapid increase in the prevalence of obesity, unfortunately
particularly among children [2].
There are several types and stages of obesity, and the metabolic
conditions associated with these phenotypes are also heterogeneous. Obesity is defined as a pathological condition with the increased amount of adipose tissue, leading to impaired function of
the human body and an increased risk of morbidity and mortality.
In addition to numerous physical disabilities and psychological
problems, excess weight drastically increases risk of cardiovascular
complications, diabetes and cancer [3, 4].
The original classical role of adipose tissue as an energy storage
organ has been greatly modified. Adipose tissue has been recognized as an endocrine organ producing adipose-derived factors
named adipokines, such as: leptin, adiponectin, visfatin, resistin,
apelin [5, 6]. It is suggested that by modulation of metabolic processes in the organism, adipokines contribute to pathogenesis of
obesity-related complication [7]. Through their effects on vascular
function and inflammation they have been linked to the abdominal obesity, insulin resistance, impaired glucose tolerance and
other disorders occurring in the metabolic syndrome such as
hypertension, sleep apnea, hepatic steatosis and arthritis [5, 8, 9].
More than 50 bioactive adipokines have been discovered so far,
and their number is constantly growing. One of the discovered
adipokines is dipeptidyl peptidase 4 (DPP4) [10]. DPP4 (EC 3.4.14.5)
is homodimeric member of the heterogeneous S9b family of dipeptidyl peptidases (DPPs). Other members include enzymes as
fibroblast activation protein (FAP), DPP8 and DPP9 and the non-enzymes: DPP6 and DPP10 [11, 12, 13]. DPP4 is a 110-kDa ubiquitously expressed transmembrane glycoprotein that cleaves N-terminal
dipeptides from a variety of substrates, including growth factors
and hormones, neuropeptides, and chemokines [14, 15]. DPP4 is
also known as the cell surface antigen CD26 and has a co-stimulatory function in the immune response. It is present on the surface of
most cell types including: kidney, liver, pancreas, and fat cells [13].
DPP4 was found to positively correlated with the amount of visceral
fat, adipocyte size, and adipose tissue inflammation [16]. Nevertheless, the association between serum DPP4 and visceral fat mass is
still unclear [17]. Soluble form of DPP4, that is thought to result from
proteolytic cleavage of the membrane-bound form in the circulation,
was found to be altered in a variety of neurologic and inflammatory
diseases [13]. Presently DPP4 inhibitors represent a major advance
in the treatment of type 2 diabetes mellitus and atherosclerosis [17].
The aim of this preliminary study was to establish an association
between serum concentration of DPP4 and obesity at early stage,
and to determine whether along with the change in DPP4 increase
in the concentration of adipokines secreted by adipose tissue is
observed. We suggests, that at early stages of obesity serum con234

centration of DPP4 is increased and is correlated with the clinical
parameters of obesity rather than diabetes or lipid metabolism.
Material and methods
Study groups and clinical materials
In the study, we have used a material from 73 individuals with
various body mass index (BMI), divided into two groups. The study
group were 32 patients with early stage of obesity (stage I obesity)
(included 23 females and 10 males, mean age in a group was 63
yrs.(SD:7.6; range: 26-72)). Samples were obtained from the Clinic
of Internal and Occupational Diseases and Hypertension and from
the Department of General Surgery and Surgical Oncology in
Wroclaw Medical University. The control group was constituted
by 41 lean volunteers (included 27 females and 14 males, mean
age in a group was 62 yrs. (SD:11.6; range:24-78)). Volunteers
were recruited by the Wroclaw Research Centre EIT+ or by the
Department of Clinical Chemistry, Wroclaw Medical University
in Poland. There were no differences in terms of gender or age
(p=0.65 and p=0.55, respectively) between groups.
Clinical material used in the study was: plasma or serum. The
study was approved by the Ethics Boards of the Wroclaw Medical
University (no. 399/2014). Written informed consent was obtained
for a collection of blood samples.
Routine measurements of height, weight, and waist circumference were taken by a nurse in triplicate in order to obtain reliable
results. None of the patients fulfill the criteria for diagnosis of the
metabolic syndrome according to International Diabetes Federation (IDF) [18, 19]. Essential data of medical history was also
collected. In order to eliminate an influence of diet and lifestyle
on the development of obesity, only patients staying on similar
diet and lifestyle participated in the research. All plasma/serum
samples were frozen in aliquots at –80°C until testing.
Classification of obese subjects
Obesity was determined by BMI. According to the WHO definition
of obesity, subjects with BMI ≥ 30 kg/m2 were classified as obese
and with BMI < 30 kg/m2 as non-obese [20]. The fat distribution
was assessed using waist circumference (WC) in accordance to the
recommendations of IDF [19]. Women and men were classified as
patients with abdominal obesity based on a waist circumference
≥ 80 cm and ≥ 94 cm, respectively [18]. In the group of obese
patient 86% of them were characterized by abdominal obesity,
in group of non-obese volunteers 53% had abdominal fat distribution (p=0.013).
Measurement of dipeptidyl peptidase 4 concentration in serum
samples
For quantitative measurement of soluble form of DPP4 in serum
of obese and non-obese patients, enzyme-linked immunosorbent
assay was used (Sigma-Aldrich, cat. no. RAB0147). According to the
manufacturer’s instructions, the assay employs an antibody specific for DPP4 coated on a 96-well plate. DPP4 in a sample was
bound by the immobilized antibody and detected by biotinylated
anti-human DPP4 antibody. The conjugate was then detected
by streptavidin-horseradish peroxidase complex allowing for
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the quantitative determination of DPP4. Each serum sample was
analyzed in duplicate.
Measurement of serum lipids
Total cholesterol level (TChol), triglycerides (TG) and high-density
lipoproteins (HDL-Chol) were measured using commercial tests
(BioMaxima, Lublin; Poland, cat. no 1-023-0200, 1-053-0200, 1-0290200, respectively) as described previously [21]. Briefly, measurement of TChol were performed by cholesterol esterase and
cholesterol oxidase phenol aminoantipyrine enzymatic assay with
spectrophotometric detection. The assessment of TG was based
on glycerol-3-phosphate oxidase phenol aminoantipyrine enzymatic method. HDL-Chol was estimated in supernatant obtained
from the precipitation of other lipid factions with phosphotungstic
acid, by means of enzymatic method used for TChol. Each serum
sample was analyzed in duplicate.
Measurement of glucose
Glucose concentration was determined by using commercial tests:
GOD/PAP enzymatic, colorimetric method BioMaxima kit, (BioMaxima, Poland, cat no 1-033-0400) [21]. Each plasma samples
were analyzed in duplicate.
Measurement of leptin, visfatin, tumor necrosis factor and C-reactive protein concentrations in serum samples
Leptin and visfatin, tumor necrosis factor alpha (TNFα) and cytokines C-reactive protein (CRP) concentrations were assayed in
serum obtained from fasting blood samples collected in the morning. The concentrations of adipokines were determined by using:
Human Leptin ELISA Kit, Human Visfatin ELISA Kit, Human CRP
ELISA Kit, Human TNF-alpha ELISA Kit (RayBio, USA cat. no. ELH-Leptin-00, EIA-VIS-1, ELH-CRP-1, ELH-TNFa-1 respectively) according
to the manufacturer’s instructions. These methods were based
on immunochemical detection and determination serum leptin,
visfatin, CRP or TNFα. Human antibodies coated on 96 well plates
bound to leptin, visfatin, CRP or TNFα respectively from the clinical material. The complex was then detected with biotin-labeled
antibodies and the streptavidin-horseradish peroxidase complex,
allowing for the quantitative determination of antigen. Each serum
sample was analyzed in duplicate.
Statistical analysis
Results are expressed as the mean value ± SEM. The Shapiro-Wilcoxon test
was used to test the Gaussian distribution of biological parameters. The
means of the variables were compared
using Student t test or Mann-Whitney
test. The correlations of continuous
variables were analyzed by means of
the Spearman correlation test. All statistical analyses were performed with
Prism (GraphPad Software v.5, Inc., La
Jolla, CA), considering a p-value < 0.05
as statistically significant.

Results
Circulating DPP4 in obese and lean patients
The concentration of soluble form of DPP4 was measured in serum
from 73 individuals with various BMI. Patients were also characterized by additional biochemical parameters such as: plasma glucose and lipid level assessed in serum (patient characteristics was
described in table I). Measuring of DPP4 in serum from lean and
obese volunteers (obesity stage I) revealed that obese subjects
had significantly higher DPP4 concentrations than lean counterparts (p=0.016; fig.1A). Serum DPP4 positively correlated with
BMI (r=0.33, p= 0.004, fig. 1B) and body mass (r=0.27, p=0.024; fig.
1C). Correlation between DPP4 and WC has not been observed
(p=0.08, r=0.13), but serum DPP4 was higher in a group of patients
with abdominal obesity (the relationship is not statistically significant; fig. 1D). We have not observed a significant differences in
circulating DPP4 in females compared to males (p=0.45). At that
early stage of obesity, no significant correlation between DPP4
and total cholesterol, LDL (low-density lipoproteins), TG or fasting
blood glucose was observed.
Relationship of early stage of obesity with serum concentrations
of visfatin and leptin
Serum visfatin and leptin concentrations were found to be significantly elevated in a group of obese subjects in comparison to lean
volunteers (p=0.003 and p<0.0001 respectively) (fig. 2A, 2B, tab. II).
Visfatin and leptin positively correlated with BMI (r=0.32; p=0.006
and r=0.56; p<0.0001) and was higher in a group of patients with
abdominal obesity (p=0.043 and p= 0.022 respectively). Gender
has no influence on visfatin (p=0.82), while leptin was significantly
higher in a females than in males (p=0.002, adjusted to obesity)
(fig. 2C). Serum concentration of leptin positively correlates with
visfatin (r=0.3; p=0.02). At that early stage of obesity no significant
correlation between DPP4 and visfatin or leptin was noted.
Serum concentrations of CRP and TNF-alpha at early stage of
obesity
Obese subjects had significantly higher serum concentration of
TNFα (p<0.0001) and C-reactive protein level (p<0.0001) in comparison to lean volunteers (tab. II, fig. 3). Serum concentrations
of CRP and TNFα correlated with weight (r=0.67; p<0.0001 and

Table I. The clinical and biochemical characteristics of lean and obese.

Variable
Male/Female (%)
BMI [kg/m2] median (range)
Body mass [kg] median (range)
WHR median (range)
HDL-C [mg/dl] median (range)
Triglycerides [mg/dl] median (range)
Total Cholesterol [mg/dl] mean (min-max)
Glucose [mmol/l] median (range)

Lean
(n=41)
M: 14 (34 %)
F: 27 (66 %)
22.5 (21-24)
62 (57-70)
0.84 (0.8-0.9)
69.5 (58-81)
94.5 (65-126)
226 (157-307)
5.5 (5-5.8)

Obese
(n=32)
M: 10 (31 %)
F: 23 (71 %)
32 (30-34.7)
92 (81-102.5)
0.93 (0.86-0.99)
47.6 (41-65)
116 (100-139)
208.2 (150-271)
5.6 (4.9-5.9)

p-value
0.65*
<0.0001*
<0.0001*
<0.0001*
<0.0001*
0.06*
0.03
0.93*

Values are median (interquartile range) or mean (min-max). *Mann-Whitney U test
BMI – body mass index, HDL-C – high-density lipoproteins, WHR – waist-hip ratio
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Figure 1. High serum concentration of DPP4 is associated with body mass, BMI and accumulation of visceral fat. DPP4 is higher in obese patients compare to lean volunteers (A). DPP4 serum correlates positively with BMI (B) and body mass (C), and is higher in a group of patients with abdominal obesity compare to gynoid type of
obesity (D). BMI – body mass index, DPP4 – dipeptidyl peptidase 4.

r=0.54; p<0.0001 respectively), BMI (r=0.65; p<0.0001 and r=0.5;
p<0.0001 respectively), and WHR (r=0.55; p<0.0001 and r=0.35;
p<0.002 respectively). No significant correlation between DPP4
and CRP or TNFα was noted.

using animal models [22]. The preliminary data on a group of lean
and morbidly obese men (stage III obesity; n = 20) confirmed that
DPP4 expression is substantially elevated in visceral fat of obese
subjects and serum DPP4 level positively correlates with adipocyte
size and all parameters of the metabolic syndrome [16, 23]. In exDiscussion
treme and morbid obesity, serum concentration of DPP4 was relatThe enlargement of visceral fat and increased secretion of aded not only to increased body weight but also to other important
ipokines and cytokines, has a negative pleiotropic effect on
parameters of adipose tissue such: the size of subcutaneous and
metabolic changes in the organism, including glucose and lipid
visceral adipocytes, the concentration of adiponectin, leptin and
metabolism, vascular homeostasis and immune response. The
insulin level. However, plasma hyperactivity of DPP4 in the obese
symptoms accompanying the overweight such as abdominal fat
did not seem to be affected by the overweight degree [24]. On
distribution, presence of dyslipidemia and glucose intolerance
the other hand, Lamers et al. [10] reported a positive correlation
are responsible for the development of metabolic syndrome and
between serum concentration of DPP4 and BMI or body mass in
increased risk of cardiovascular disease.
group of morbidity obese patient. Although several clinical studies
Plasma activity of dipeptidyl peptidase 4 was found to be associhave investigated whether DPP4 is correlated with obesity, none
ated with the development of obesity, type 2, and type 1 diabetes
of the study analyzed group at early stages of obesity.
In this preliminary study, we confirmed
that serum concentration of DPP4, lepTable II. Inflammatory markers and adipokines in lean and obese subjects.
tin and visfatin were higher in obese
Variable
lean
Obese
p-value
patients compared with lean controls.
Leptin [ng/ml] median (range)
4.2 (3-8.9)
26 (11-49)
<0.0001*
We have shown the positive correlaVisfatin [ng/ml] median (range)
39 (18-61)
114 (72.4-145)
0.003*
tion between DPP4 and BMI or body
CRP [mg/l] median (range)
1.38 (0.83-2.23) 11.34 (6-13.6)
<0.0001*
mass, despite of early stage of obesity.
TNF alpha [pg/ml] median (range)
72 (40-130)
147 (102-259)
<0.0001*
No significant correlation of DPP4 and
Values are median (interquartile range). CRP – C-reactive protein, TNF-alpha – tumor necrosis factor alpha
total cholesterol, LDL, TG and fasting
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Figure 2. Visfatin and leptin increased on early stage of obesity. Serum concentration of visfatin (A) and leptin (B) from lean and obese volunteers were analyzed by
ELISA. Leptin serum concentration depend on gender and is higher is female (C).

Figure 3. Serum concentration of CRP (A) and TNFα (B) in lean and obese volunteers. CRP – C-reactive protein, TNF-alpha – tumor necrosis factor alpha.

blood glucose was observed. Our data are consistent with previous studies of Kirino et al. who reported that plasma DPP4 activity
is physiologically involved in the early stages of adiposity prior
to hyperglycemia [25]. It suggests, that serum concentration of
DPP4 is correlated with the clinical parameters of obesity rather than diabetes or lipid metabolism at early stages of obesity.
Weight loss and lowering of adipokines levels, including DPP4, are
crucial to prevent a further metabolic changes in the organism.
The waist-to-hip ratio and waist circumference are the measures
usually used to derive estimates of fat distribution in clinical prac-

tice. WC represents visceral and subcutaneous fat while hip circumference reflects subcutaneous fat only [26]. In our preliminary
study, we used WC for the assessment of fat distribution in our
group. We have shown, that concentration of DPP4, visfatin and
leptin were higher in a group with abdominal type of obesity. We
haven’t observed correlation between serum DPP4 and fat distribution in patients at early stages of obesity. Similar results were
obtained for other adipokines: visfatin plasma concentrations
and visceral visfatin mRNA expression correlated with measures
of obesity but not with visceral fat mass or waist-to-hip ratio [27].
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Hotamisligil et al. was the first who demonstrated that obesity is
characterized by “low-grade systemic inflammation”, induced by
different inflammatory mediators [28]. Fat tissue macrophages,
once activated, are a significant source of endogenous TNFα production and an expression of TNFα in adipose tissue is elevated
in obesity. In addition to its role in host defense, TNFα also affects
the lipid and glucose metabolism [29]. With progressive adipocyte
enlargement, the blood supply to adipocytes may be reduced. In
vitro induction of adipocyte hypoxia results in the expression of
a number of inflammatory cytokines such as plasminogen activator inhibitor-1, CRP, TNFα, IL-6. and monocyte chemoattractant
protein-1 [29]. We confirmed, that inflammatory cytokines such
as TNFα and CRP were increased in subjects with excess body
weight. Our findings suggest that even early stage of obesity is
associated with inflammatory processes. The positive associations
of obesity and cytokine levels suggest the importance of obesity
reduction to prevent elevation of proinflammatory factors and
the development of the obesity-related inflammatory diseases.
Since adipokines plays a crucial role in the regulation of food intake [30, 31], insulin metabolism [32], fat distribution [33], blood
pressure [34], hemostasis, endothelial function [35], and inflammation [36], it seems that they are promising candidates for future
treatment of overweight and overweight related diseases. Currently, DPP4-inhibitors (e.g.: alogliptin, sitagliptin, linagliptin) are
in clinical use as anti-diabetic drugs to improve glycemic control
[37]. DPP4 inhibitors exert glucose regulatory actions by prolonging the effects of glucagon-like peptide-1 and glucose-dependent
insulinotropic polypeptide (the major regulators of post-prandial
insulin secretion), ultimately increasing glucose-mediated insulin
secretion and suppressing glucagon secretion [38]. Beside the
glucose-lowering properties, it is suggested that DPP4 inhibitors
may also have a positive impact on inflammation, cardiovascular
and hepatic health, sleep, and the central nervous system [29].
Summing up, there are limited data about the adipokines concentrations in a group of obese patients at early stages of obesity especially in patients without metabolic syndrome. Many
papers present data based on a group of morbidly obese patients. We demonstrate for the first time that circulating levels
of adipokines including DPP4, leptin and visfatin, are already
changed at early stages of obesity before alterations in traditional metabolic disorders. Moreover, serum adipokines changes
presented a similar profile as in morbidly obese patients [23,
38]. Hence, an increased serum level of DPP4, leptin and visfatin
beginning from early stages of obesity may serve as a model
how to studies on the role of adipokines may be as therapeutic
target in the treatment of obesity and obesity related diseases
[16]. Nevertheless, longitudinal studies with larger samples size
are necessary to clarify the role of DPP4 within adipose tissue
and how adipokines interact with clinical, metabolic, and inflammatory markers in obesity.

visfatin positively correlate with elevated body weight and BMI.
We also shown, that DPP4 is correlated with the clinical parameters
of obesity rather than diabetes or lipid metabolism.
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