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sis and is involved in regulating insulin secretion as a decretin hormone in animals. How-
ever, there have been no reports on the relationship between NMU and type 2 diabetes
mellitus (T2DM). The aim of this study was to investigate circulating NMU concentrations
in healthy subjects and T2DM patients and to evaluate the association between serum
NMU levels and glucose-stimulated insulin secretion.

Methods: We used ELISA to analyze NMU concentrations in blood samples from newly diag-
nosed T2DM patients (n=57) and age-, sex- and BMI-matched healthy control subjects
(n=50). Anthropometric parameters, oral glucose tolerance, glycosylated hemoglobin,
blood lipids, insulin sensitivity, and insulin secretion were measured.

Results: No difference was observed in serum NMU levels between control subjects and
newly diagnosed T2DM patients (p = 0.788). The oral glucose tolerance test (OGTT) results
indicated that serum NMU concentrations did not change and did not correlate with insu-
lin levels at fasting and 1h, 2h and 3 h after glucose load in both healthy controls and
newly diagnosed T2DM patients.

Conclusion: Circulating NMU concentrations were similar in control subjects and newly
diagnosed T2DM patients and were not associated with glucose-stimulated insulin secre-
tion. Serum NMU is not a human decretin hormone and may not play a role in the patho-

genesis of T2DM.
© 2019 Published by Elsevier B.V.

[2]. Despite extensive research, the underlying mechanisms
are not fully understood.

1. Introduction

Type 2 diabetes mellitus (T2DM) is one of the most common
chronic diseases; in 2017, it affected over 425 million people
worldwide [1]. Insulin resistance and impaired insulin secre-
tion remain the primary defects in T2DM. However, several
pathophysiological abnormalities contribute to these defects
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Neuromedin U (NMU) is a neuropeptide that is expressed
and secreted in both the brain and the gut [3-5]. Two
G-protein-coupled receptors for NMU have been identified:
neuromedin U receptor 1 (NMUR1) and neuromedin U recep-
tor 2 (NMUR?2) [6-8]. NMUR1 is expressed in mainly peripheral
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tissues, particularly the gastrointestinal tract, immune sys-
tem, and pancreas [9-11], whereas NMUR2 is abundant in
the hypothalamus, hippocampus, and spinal cord [7-9,12]. It
has been reported that NMU could play a role in energy home-
ostasis and in a wide variety of other physiological processes,
including blood pressure, smooth muscle contraction, noci-
ception, stress and inflammation [4,13-17]. NMU administra-
tion has been shown to decrease food intake and body
weight in rodents by increasing energy expenditure,
locomotor activity and oxygen consumption [5,18-20]. NMU
transgenic mice are lean and hypophagic [21]; however,
NMU-/- mice exhibited increased adiposity, hyperinsuline-
mia, and hyperlipidemia [22], suggesting that NMU is involved
in insulin sensitivity and insulin secretion. Some studies have
found NMUR1 mRNA expression and immunoreactivity in
rodent and human pancreatic beta cells, and NMU sup-
pressed insulin secretion in isolated rodent and human islets
[10,23,24].

The incretin hormones include glucagon-like peptide-1
(GLP-1) and glucose-dependent insulinotropic polypeptide
(GIP), both of which are released during meals from gut endo-
crine cells; these hormones potentiate glucose-induced insu-
lin secretion and are involved in glucose homeostasis [25]. It
has been established that the incretin effect is severely
reduced or absent in T2DM patients, and this contributes to
the pathogenesis of T2DM [26]. Recently, Alfa et al. reported
that NMU was a nutrient-responsive decretin hormone
secreted from enteroendocrine cells that suppresses pancre-
atic beta cell insulin secretion [23].

To date, there have been no reports on the relationship
between NMU and T2DM. The aim of this study was to inves-
tigate circulating NMU concentrations in healthy subjects and
T2DM patients. Furthermore, we evaluated the association
between NMU levels and glucose-stimulated insulin secretion
and determined whether NMU participates in the pathogene-
sis of T2DM.

2. Subjects and methods
2.1.  Study population

A total of 107 subjects were recruited for this study: 50 healthy
control subjects and 57 newly diagnosed T2DM patients. T2DM
diagnosis was based on the 2011 American Diabetes Associa-
tion diagnostic criteria [27]. Subjects with impaired fasting glu-
cose and/or impaired glucose tolerance were excluded. None of
the control subjects were taking medications known to affect
glucose tolerance or insulin secretion. Individuals with type 1
diabetes, gestational diabetes, active hepatitis/liver cirrhosis,
chronic renal failure on hemodialysis, congestive heart failure,
or other known major diseases were excluded from the study.
All subjects enrolled in the study provided informed consent.
The study protocol was in agreement with the guidelines of
the ethics committee of our hospital.

2.2.  Oral glucose tolerance test

An oral glucose tolerance test (OGTT) was performed for all of
the included participants. After a 12-hour overnight fast, the

patients ingested 75g glucose, and blood samples were
collected at baseline and at 30, 60, 90, 120, and 180 min after
glucose intake. Blood samples for determination of NMU
determination were collected in vacutainer tubes containing
aprotinin. After clotting, the blood specimens were separated
by centrifugation. Serum were frozen and stored at —80 °C
immediately after centrifugation.

2.3.  Anthropometric and biochemical measurements

Weight (without shoes and in light outdoor clothing) and
height were measured, and body mass index (BMI) (kg/m?)
was calculated by dividing patient weight (kg) by height
squared (meters squared). Waist circumference (WC) was
measured midway between the lower costal margin and the
iliac crest, and hip circumference was measured at the level
of maximum extension of the buttocks. The waist-to-hip ratio
(WHR) was also calculated. Systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were measured after the sub-
jects had rested for 10 min.

Serum variables were determined at the Department of
Medical and Chemical Laboratory Diagnostics at Shanghai
Seventh People’s Hospital of TCM. Blood glucose levels were
determined using the glucose oxidase method; insulin levels
were measured using chemiluminescence; and serum total
cholesterol (TC), triglyceride (TG), low-density lipoprotein
cholesterol (LDL-C), and high-density lipoprotein cholesterol
(HDL-C) levels were measured using enzymatic methods.
Blood NMU levels were quantified using a commercially avail-
able ELISA kit (Peninsula Laboratories, San Carlos, CA, USA).
The NMU ELISA was performed in duplicate according to
the manufacturer’s protocol. Homoeostasis model
assessment for IR index (HOMA-IR) and beta cell function
(HOMA-B) were calculated using the following formulas:
HOMA-IR = fasting plasma glucose (FPG) (mM) x insulin
(mIU/L)/22.5; HOMA-p = 20Xinsulin (mIU/L)/(FPG (mM) —
3.5) x 100%.

2.4.  Statistical analysis

Statistical analysis was performed using SPSS 19.0 software
(SPSS Inc., Chicago, IL). The data are presented as the mean
+ SD. Continuous variables that followed normal distributions
were compared via Student’s t test. Variables not normally
distributed were natural logarithmically transformed. Corre-
lation coefficients were analyzed using Spearman’s correla-
tion. P values < 0.05 were considered statistically significant.

3. Results

3.1.  Study population characteristics

The baseline clinical characteristics of the subgroups studied
(control and newly diagnosed T2DM) are shown in Table 1.
The age and sex distributions were similar between the two
groups. In addition, there were no statistically significant dif-
ferences between T2DM patients and control subjects with
respect to BMI, WHR, blood pressure, ALT, AST, Cr, TC, LDL-
C, HDL-C, and 2 h post-OGTT serum insulin. However, fasting
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Table 1 - Clinical and biochemical characteristics in control subjects and in patients with T2DM.

Variable Healthy control (n = 50) T2DM (n = 57) P value
Age (years) 48.74 + 10.64 52.51+11.22 0.079
Sex (M/F) 28/22 34/23

Weight (kg) 68.00 + 11.66 72.29 + 13.00 0.120
BMI (kg/m?) 24.91+4.33 26.45 + 3.66 0.085
WC (cm) 82.58 + 8.64 84.22 + 6.96 0.434
WHR 0.89 + 0.05 0.91+0.04 0.068
SBP (mmHg) 126.1+11.21 129.3 + 8.89 0.224
DBP (mmHg) 77.10 + 8.14 75.10 + 10.15 0.285
Glucose, (mmol/L) 5.46 + 0.60 9.33+2.34 0.000
Glucose;, (mmol/L) 6.14 £ 1.02 16.87 +4.26 0.000
HbA1lc (%) 5.54 + 0.37 7.88+1.75 0.000
TC (mmol/L) 5.01+1.80 5.16 + 1.27 0.672
TG (mmol/L) 1.28 (0.88-2.13) 1.98 (1.27-3.16) 0.021
LDL-C (mmol/L) 2.73+1.02 3.18 + 1.04 0.058
HDL-D (mmol/L) 1.28+0.34 1.19+0.31 0.198
ALT (U/L) 22.05 (12.95-28.80) 27.40 (18.05-37.00) 0.062
AST (U/L) 21.81+7.81 24.04 + 12.40 0.378
SCr (81.8 pmol/L) 60.01 + 16.37 59.75 + 14.73 0.944
Insulin, (pmol/L) 66.08 + 40.19 90.38 + 46.20 0.001
Insulinj,, (pmol/L) 309.7 (207.30-494.33) 364.0 (187.68-556.95) 0.809
HOMA-IR' 1.92 (1.29-2.53) 4.47 (3.23-7.13) 0.000
HOMA-B 93.79 + 50.72 50.87 + 33.67 0.000
Neuromedin U’ (ng/ml) 4.32 (3.40-5.22) 4.56 (3.24-6.23) 0.788

BMI > 25 kg/m?* 4.11 (3.33-7.46) 4.52 (3.22-5.14) 0.433"
BMI < 25 kg/m?’ 4.36 (3.56-5.11) 4.92 (3.70-7.32) 0.424%

Abbreviations: BMI body mass index, WC Waist circumference, WHR waist-to-hip ratio, SBP systolic blood pressure, DBP diastolic blood
pressure, HbAlc hemoglobin Alc, TC total cholesterol, TG triglyceride, LDL-C low density lipoprotein cholesterol, HDL-C high density lipoprotein
cholesterol, ALT alanine aminotransferase, AST aspartate transaminase, SCr Serum creatinine, HOMA-IR homeostasis model assessment for
insulin resistance index, HOMA-f homeostasis model assessment for beta cell function.
Data are Means + SD and median (25th and 75th percentiles). #: overweight/obese subjects (BMI > 25 kg/m?) VS nonobese subjects (BMI < 25 kg/m?)
in healthy control; &: overweight/obese subjects (BMI > 25 kg/m?) VS nonobese subjects (BMI < 25 kg/m?) in T2DM group. Log-transformed vari-

able, values given are median (25th and 75th percentiles).

plasma glucose (FPG), fasting serum insulin, HbA1C, TG and
HOMA-IR values were significantly higher in the T2DM group
than in the control group (P <0.01 or P <0.05), and HOMA-§
values were significantly lower (P <0.05). No difference was
observed in serum NMU levels between control subjects and
newly diagnosed T2DM patients. Stratification with BMI in
T2DM or control groups showed that serum NMU concentra-
tions were similar in overweight/obese subjects (BMI > 25 kg/
m?) and nonobese subjects (BMI < 25 kg/m?) (Table 1).

3.2.  Correlation of NMU levels with insulin secretion

We next investigated the relationship of circulating NMU
levels with insulin secretion using Spearman’s correlations.
As we know, severe and persistent hyperglycemia resulted
in loss of pancreatic beta cell function by glucotoxicity. So
we selected 20 newly diagnosed T2DM patient of HbA1C
<7.5% and 20 healthy control from whole group to study the
relationship of circulating NMU levels with insulin secretion.
The baseline clinical characteristics are shown in Table S1.
During the OGTT test, 2 h post-OGTT and 3 h post-OGTT insu-
lin levels in the newly diagnosed T2DM group were signifi-
cantly higher than in the control group. This finding
suggested a delay in peak insulin response and return to basal
insulin levels after glucose loading in T2DM patients. How-
ever, serum NMU concentrations did not change during glu-

cose loading in either group (Fig. 1). Serum NMU levels did
not correlate with insulin levels at fasting or 1h, 2h or 3h
after glucose load in either newly diagnosed T2DM patients
or healthy controls (control: fasting r=0.139, p=0.058, 1h
r=0069, p=0772, 2h r=0219, p=0.364, 3h r=0.11,
p=0.645; T2DM: fasting r=0.352, p=0.128, 1h r=0.153,
p=0519, 2h r=0.272, p=0.246, 3h r=0.153, p=0.519
(Fig. 2). There were still no significant correlations after
adjustments for age, BMI, WHR and HOMA-IR score (data
not shown).

4, Discussion

Previous studies demonstrated that NMU plays a role in
energy expenditure and insulin secretion. NMU may be a
possible candidate for the treatment of obesity and diabetes.
However, there have been no reports on the relationship
between NMU and T2DM. In this study, we demonstrated
for the first time that serum NMU concentrations are not dif-
ferent in newly diagnosed, untreated T2DM patients and
control subjects. Furthermore, our study also showed that
NMU is not a nutrient-responsive hormone, and it does not
correlate with insulin secretion in humans. These results
do not agree with a previous animal study, in which NMU
was found to be a decretin hormone that inhibited insulin
secretion [23].
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Fig. 1 - Serum insulin and NMU values before and at various
time points during OGTTs in newly diagnosed T2DM patients
and healthy controls. Insulin level in T2DM patients (black

solid line), insulin level in healthy controls (gray solid line),
NMU level in T2DM patients (black dotted line), NMU levels
in healthy controls (gray dotted line). The data are presented
as the mean = SEM; 'p <0.01,  p <0.001 for differences in

insulin levels between T2DM patients and healthy controls.

NMU belongs to a family of neuropeptides, the neu-
romedins. NMU is ubiquitously distributed, but its highest
levels are found in the brain and gastrointestinal tract. This
protein has been implicated in energy homeostasis due to
its regulation of food consumption and energy expenditure.

Central and peripheral NMU administration has been shown
to decrease body weight and improve glucose homeostasis
in rodents by increasing energy expenditure and oxygen con-
sumption [19,20,28]. Mice lacking the gene encoding NMU
become obese, and in humans, a genetic variation in the
NMU gene has been associated with overweight and obesity
[22,29]. Although these studies have made NMU a possible
candidate for treating obesity and diabetes, the role of NMU
in diabetes has not been clearly established. In our study,
we first investigated circulating NMU concentrations in
healthy subjects and newly diagnosed type 2 diabetes
patients. Because a previous study reported very low circulat-
ing concentrations of NMU in rodents [30], we treated our
blood samples with aprotinin according to the ELISA kit man-
ual. The range of NMU concentrations we detected in our
population is similar to those reported in other papers [31].
In our study, we found that NMU concentrations were not dif-
ferent in subjects with normal glucose tolerance (NGT) and
newly diagnosed T2DM patients. In contrast to previous ani-
mal study results, we did not find increased NMU levels in
overweight/obese diabetes patients or healthy subjects com-
pared with the respective lean populations.

Recently, Alfa et al. described that NMU is a nutrient-
responsive decretin hormone that is secreted from
enteroendocrine cells and suppresses insulin secretion by
pancreatic beta cells [23]. As we known, incretin hormone
such as GLP1 and GIP, are secreted by enteroendocrine cells
following a meal, and these hormones enhance glucose-
stimulated insulin production and secretion from pancreatic
beta cells [32]. Decretin hormones, which are also derived
from an enteroendocrine source and are sensitive to nutri-
ent availability, would have the opposite hallmarks of incre-
tins. Decretin is induced by feeding and prevent excessive
fluctuations in plasma insulin. There is a delayin the pea-
kinsulin response and return to basal insulin level after
glucose load in T2DM patients, which implies that beta cells
produce more insulin and result in hyperinsulinemia.
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Fig. 2 - Correlation analysis between serum NMU and insulin levels. Serum NMU levels do not correlate with insulin levels at
fasting (A) and 1 h (B), 2 h (C) and 3 h (D) after glucose load in newly diagnosed T2DM patients and at fasting (E)and 1 h (F),2 h

(G) and 3 h (H) after glucose load in healthy controls.
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Hyperinsulinemia is the root cause of insulin resistance,
obesity, and diabetes [33]. Similar to incretin defects,
decretin defects might contribute to the development of
T2DM. In our study, we found that neither the T2DM group
nor the normal control group displayed correlations
between serum NMU levels and insulin secretion in a small
clinical sample. Serum NMU concentrations did not change
during glucose loading. These data indicated that serum
NMU did not inhibit insulin secretion, did not modulate
the kinetics of insulin secretion after glucose stimulation
and was possibly not a decretin hormone in humans.

Our clinical finding is inconsistent with the animal data.
The reason may be attributed to the relatively low serum
NMU level in humans. In animal experiments, NMU was
administered by injection and resulted in a higher serum con-
centration than that in physiological conditions [20,34,35]. Pre-
vious studies suggested that NMU may act in a paracrine or
autocrine manner to regulate physiological processes, such
as modulating energy expenditure and insulin secretion
[20,24,36]. Nutrition can induce a local increase in the NMU
level, which suppresses insulin secretion. Due to the relatively
small quantity or rapid degradation, we did not observe a
change in the NMU levelin circulatingblood. Certainly, we can-
not rule out other reasons, so a detailed mechanism still needs
to be determined. While this paper was in revision, another
report was published indicating that NMU did not act as a
decretin in rats. They found NMU did not inhibit glucose stim-
ulated insulin secretion and glucose did not affect NMU secre-
tion from isolated perfused rat small intestine [37]. Such
results are consistent with our observations presented here.

There are several limitations regarding the design of this
study. A major limitation of this study is the small number
of patients who were available for analysis. Additional
follow-up studies on a larger number of subjects are needed.
A second limitation is its retrospective design. The final limi-
tation is that serial changes in serum NMU levels also need to
be measured under impaired glucose tolerance conditions
and at different stages of T2DM, in addition to newly diag-
nosed T2DM patients, to further clarify the role of circulating
NMU in the pathogenesis of T2DM.

In summary, our results indicate for the first time that cir-
culating NMU concentrations are similar in newly diagnosed
T2DM patients and healthy subjects and are not associated
with glucose-simulated insulin secretion in humans. Serum
NMU is not a human decretin hormone and may not play a
role in the pathogenesis of T2DM.
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