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Summary

Asprosin, coiled-coil domain-containing 80(CCDC80) and
angiopoietin-like 4(ANGPTL4) are newly discovered adipocytokine
that affects glucose tolerance, insulin resistance and
cardiovascular diseases. The goal of this study was to investigate
if a relationship exists among asprosin, CCDC80 and ANGPTL4
and inflammatory bowel disease (IBD). Fifty subjects with newly
diagnosed IBD and fifty healthy individuals were enrolled.
Patients were treated with standard therapies for 3 months.
Plasma asprosin, CCDC80 and ANGPTL4 levels were measured
with enzyme-linked immunosorbent assay. High resolution
ultrasound was used to measure brachial artery diameter at rest,
after reactive hyperemia (flow-mediated dilation, FMD) and after
sublingual glyceryltrinitrate. Compare with healthy individuals,
plasma CCDC80, erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP) levels and homeostasis model assessment of
insulin resistance (HOMA-IR) were significantly higher (p < 0.05,
respectively), whereas plasma asprosin, ANGPTL4 levels and FMD
were significantly lower in both UC and CD patients (p < 0.05).
Plasma CCDC80 levels were significantly higher in patients with
CD (p < 0.05), while plasma asprosin and ANGPTL4 levels
were lower (pP < 0.05) as compared with those in patients with
UC. Standard therapies increased plasma asprosin, ANGPTL4
levels and FMD in both UC and CD (p < 0.05), UC and CD
patientswhile decreased plasma CCDC80, ESR, CRP levels and
HOMA-IR (p < 0.05). The changes in HOMA-IR and FMD were
correlated with the changes in plasma asprosin, CCDC80 and
ANGPTL4 levels over the study period (p < 0.05). Plasma

asprosin, CCDC80 and ANGPTL4 levels may be applied as a

significant marker for early stage of insulin resistance and

atherosclerosis in IBD, especially of CD.
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Introduction

Both ulcerative colitis (UC) and Crohn's disease
(CD) are forms of inflammatory bowel disease (IBD),
which is characterized by chronic, progressive
inflammation of the gastrointestinal tract (Korkmaz et al.
2014, Ng et al. 2018). Epidemiological studies have
reported increased risk of atherosclerosis in CD and UC,
and clinical studies have evidenced accelerated insulin
resistance in IBD (Korkmaz et al. 2014, Ng et al. 2018).
Endothelial dysfunction is the early development of
atherosclerosis and  consequently  cardiovascular
complications (Celermajer et al. 1992). Clinical studies
have showed that the impairment of FMD exists in IBD
(Cibor et al. 2016, Jehlicka et al. 2014, Morhardt et al.
2019). The adipose tissue of the human body is not only

an organ that stores energy but also an endocrine tissue
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that is active in metabolism. It secretes hormones and
avariety of other biologically active substances and
participates in maintaining many physiological functions
of the body. The adipokines asprosin, coiled-coil domain-
80(CCDC80)  and
4(ANGPTLA4) are involved in the progression of insulin

containing angiopoietin-like
resistance and cardiovascular diseases (McCulloch et al.
2020, Min et al. 2019, O Osorio-Conles et al. 2017,
Shota et al. 2016). However, to date; no data are available
on the effect of asprosin, CCDC80 and ANGPTL4 in
insulin resistance and cardiovascular diseases IBD.
Therefore, we hypothesized that plasma asprosin,
CCDC80 and ANGPTLA levels are associated with early

stage of insulin resistance and atherosclerosis in IBD.

Material and Methods

Subjects

From Nov 2017 to July 2020, 50 newly
diagnosed IBD (23 with ulcerative colitis (UC) 25 with
Crohn's disease (CD) and 2 with unclassified IBD) and
50 healthy volunteers (control-a), referred to our hospital
for healthy examination, and between 15 to 50 years of
age were studied. Exclusion criteria were according to
2018). All
participants who presented a history of congestive heart

previous study by us (Hao-hua et al

failure, myocardial infarction or angina were excluded
from this study. Besides, Those people with obese
(BMI > 30 kg/m2), malignant neoplasms, hypertension,
renal or liver diseases were also excluded from our study.

Patients administered with standard
therapies (Ng et al. 2018) for 3 months. To decide which
treatment will be successful for a given patient, disease

were

severity, location, phenotype, effect of the disease on
growth and development, and the psychosocial status of
the patient should all be considered. The approach uses
drugs such as aminosalicylates, antibiotics, or enteral
therapy and escalates to immunomodulators, biologics.

Besides, 30 subjects with bacterial or viral bowel
inflammation (mean age 33.9 & 2.9 years) were studied as
control-b.

The disease activity was determined by the CD
activity index in CD and the Mayo score in UC. CD
activity index ranges from 0 to 600. Total Mayo score
ranges from 0 to 12.

The duration of wunresolved gastrointestinal
symptoms and predictors of timely specialist review
before the diagnosis of both CD and UC is recorded in

our study.

This study has been reviewed by an appropriate
ethics committee and has been conducted in accordance
with the ethical standards laid down by thel964
Declaration of Helsinki. Written informed consent was

obtained from all subjects.

Laboratory methods

The procedure was described previously
(Hao-hua ef al. 2018). Venous blood samples were drawn
after a 12 to 14h overnight fast. Plasma samples were
analysed for asprosin, CCDC80 and ANGPTL4 content
by ELISA (Shino-Test, IBL)

manufacturer’s instructions, with samples diluted 1 to 2

according to the

in assay buffer and a standard curve ranging from
80 ng/ml to 300 pg/ml. Plasma samples were diluted 1 to
3 and measured in duplicate, and the results were
averaged.

Other parameters, including total cholesterol
(TC), triglycerides (TG), high-density lipoprotein (HDL),
low-density lipoprotein (LDL), HbAI1C, uric acid and
urine albumin were enzymatically determined in the
laboratory of the authors’ hospital. The fasting blood
glucose (FBG) was analyzed by a glucose oxidase
method. Levels of ultrasensitive C-reactive protein (CRP)
were analyzed by immunoturbidimetric analysis.
Erythrocyte sedimentation rate (ESR) and creatinine were
determined using an automated analyzer (Sysmex
XES5000, Japan). Insulin resistance was estimated by the
homeostasis model assessment of insulin resistance
(HOMA-IR) defined as

(mmol/L) x fasting insulin (mu/1)/22.5.

fasting glucose

Ultrasound study of the brachial artery

The vascular studies of the brachial artery were
performed non-invasively, as described by us previously
(Hao-hua ef al. 2018). High resolution ultrasound was
used to measure changes in arterial diameter in response
to reactive hyperemia (with increased flow producing
an endothelium-dependent stimulus to vasodilation;
FMD) and to glyceryltrinitrate  (GTN-induced
endotheliumin dependent arterial dilation) (128XP/10
with a 7. 0-MHz linear array transducer; Acuson,
Mountain View, CA, USA). The intra- and inter-observer
variability in our laboratory for repeated measurements of
artery diameter is 0.09 = 0.10 mm and 0.08 £ 0.13 mm,
respectively. The CV for FMD measurements over time
is 7.8-9.2 %; the power of the study to justify the selected
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sample size is 83.7 %, and the resolving power of the
method tested on phantom arteries is 8.6 um.

Statistical methods

The differences for numerical variables among
different groups were analyzed by the ANOVA.
Chi-square was performed to compare categorical
variables and nominal variables. Univariate analysis of
the effects of each potential risk factor on HOMA-IR and
FMD was performed with linear regression for

continuous variables (vessel size, blood flow, GTN-
induced endothelium-independent arterial dilation,
asprosin, CCDC80 and ANGPTL4, LDL-C, HDL-C, TC,
TG, CRP, DBG, SBG, FBG, age, ESR, persistence of
symptom, HbA1C, uric acid, urine albumin and BMI)
and with one-way ANOVA for categorical variables (sex
and smokers). Linear regression analyses were used to
assess the relation between the therapy—induced changes
in HOMA-IR, FMD and other variables.

Table 1. Clinical and biochemical characteristics in different groups. () + s)

IBD before treatment

Control-a Control-b
ucC CD

Number of subjects 50 30 23 25
Age (vears) 33+11.5 339+29 343+123 36.7+10.8
Smoker [n (%)] 3 (6 %) 3 (10 %) 2 (8.6 %) 3 (12 %)
Sex (M/F) 20/30 17/13 11/12 12/13
SBP (mm Hg) 1183+11.8 101.3+12.3 120.8 £ 14.5 1253+ 11.8
DBP (mm Hg) 72.2+13.2 73.1+£10.5 70.7+£12.6 772 +15.1
BMI (kg/m2) 23.5+7.1 22.12+5.1 259+2.1 245+3.2
FPG (mmol/l) 431+234 4.51+1.66 5.09 £ 1.67 526+1.23
TC (mmol/l) 4.08 +£1.55 395+1.35 4.37+1.56 4.29+1.43
LDL-C (mmol/l) 2.32+0.62 2.52 £ 0.65 2.67+0.55 2.45+1.09
HDL-C (mmol/l) 1.78 £0.31 1.99+0.77 1.25+0.89 1.11+£0.56
TG (mmol/l) 1.52+£0.62 1.81+0.86 1.75+£0.86 1.91 £1.09
HbAIC (%) 4.13+1.23 4.34+1.56 4.75+1.08 4.62+1.05
Uric acid (umol/l) 313.6 £27.9 333.8+33.6 309.1 £27.9 318.5+25.1
Urine Albumin (mg/l) 129+ 6.4 15.6 +8.7 10.7+79 13.6+ 8.5
HOMA-IR 225+ 145 2.05+1.35 3.93+1.65*%Q 417 £1.66 *Q
Asprosin (ng/ml) 28.38 £ 7.11 27.11 +£6.45 17.89 + 7.22*Q 12.77 £ 9.09*Q#
CCDC80 (ng/ml) 1.15+0.33 1.35+0.78 1.78 £ 1.68*Q 233+ 1.86%Q#
ANGPTL4 (pg/ml) 42,13 +£5.12 4535+ 6.12 25.11+12.21*9 20.56 + 13.77*Q#
CRP (mg/l) 1.08 £0.89 2.15+1.07 3.97 £ 0.67** 4.06 +0.86**Q
ESR (mm/h) 33+1.32 5.12+1.67 17.11 £2.66%* 14.88 £3.79%*Q
Disease activity - - 6.86 +2.67 278.23 £35.23
Duration of symptoms (year) - - 321+1.52 4.12+2.12
Baseline flow (ml/min) 80.55 +36.23 83.15+31.55 81.23 +25.77 86.33 +26.67
GTN-induced dilation (%) 23.12+5.01 25.55+3.77 26.37 £6.55 22.56 £3.11
FMD (%) 5.65+1.01 571 £1.67 3.51 £2.23*Q 3.22 £ 1.57%*Q
Baseline vessel (mm) 4.03+1.12 4.15+2.08 3.69 £ 1.33 392+1.28

*p < 0.05, **p < 0.01, compared with control-a, ?p < 0.05, ?9p < 0.01, compared with control-b, #p < 0.05, ##p < 0.01, UC vs.
CD. ANGPTL4, angiopoietin-like 4; CCDC80, coiled-coil domain-containing 80; CRP, C-reactive protein; ESR, erythrocyte sedimentation
rate; FPG, fasting glucose; FMD, flow-mediated dilation; HOMA-IR, homeostasis model assessment of insulin resistance; HDL-C, high-

density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride;
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Table 2. Clinical and biochemical characteristics in UC and CD (y + s)

uC
Before treatment

After treatment

CD

Before treatment After treatment

Number of subjects 23 23 25 25

SBP (mm Hg) 120.8 + 14.5 121.5+£6.7 1253 +£11.8 126.5+£6.1
DBP (mm Hg) 70.7+12.6 76.22 +12.32 772+15.1 79.12 £ 12.79
BMI (kg/m®) 259+2.1 25.11+£1.23 245+32 2423 +£2.11
FPG (mmol/l) 5.09 +1.67 5.11+£1.87 526+1.23 520+1.83
TC (mmol/l) 437+1.56 4.17+1.23 4294143 4.09+1.89
LDL-C (mmol/l) 2.67+0.55 2.12+ 145 2.45+1.09 2.37 +1.68
HDL-C (mmol/l) 1.25+0.89 1.35+1.08 1.11£0.56 1.22+0.79
TG (mmol/l) 1.75+0.86 1.78 £ 1.09 1.91+1.09 1.41+135
HbAIC (%) 4.75+1.08 4.51 +£1.68 4.62+1.05 4.52+1.35
Uric acid (umol/l) 309.1 £27.9 311.1+£28.1 318.5+25.1 329.5+23.1
Urine Albumin (mg/l) 10.7+79 11.09+10.2 13.6+ 8.5 12.56 £5.77
HOMA-IR 3.93+1.65 2.56+1.98* 4.17+1.66 3.09 £ 1.56*
Asprosin (ng/ml) 17.89 £ 7.22 23.21 £ 15.67* 12.77 £9.09 16.12 + 11.77*
CCDC80 (ng/ml) 1.78 +1.68 1.26 £ 0.68* 2.33+1.86 1.65+0.71%
ANGPTL4 (pg/ml) 25.11+£12.21 33.45+13.12% 20.56 +13.77 38.12 + 12.78*
CRP (mg/l) 3.97+0.67 2.16 £ 0.7%* 4.06+0.86 1.98 £ 0.56**
ESR (mm/h) 17.11 £ 2.66 8.25 £ 1.28%*% 14.88 £3.79 6.07 £ 1.67**
Disease activity 6.86 +2.67 2.97 + 1.89** 278.23 £35.23 157.12 £25.90**
Baseline flow (ml/min) 81.23 £25.77 80.23 £23.89 86.33 £26.67 85.35+17.78
GTN-induced dilation (%) 26.37£6.55 25.25+7.26 22.56 £3.11 20.68 +5.89
FMD (%) 3.51+223 4.25 +£1.56* 3.22+1.57 4.09 + 1.23**
Baseline vessel (mm) 3.69+1.33 3.83+1.55 3.92+1.28 3.80+1.65

*p < 0.05, **p < 0.01, compared with patients before treatment; ANGPTL4, angiopoietin-like 4; CCDC80, coiled-coil domain-containing
80; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; FPG, fasting glucose; FMD, flow-mediated dilation, HOMA-IR,
homeostasis model assessment of insulin resistance; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein

cholesterol; TC, total cholesterol; TG, triglyceride;

Results

Table 1 and Table 2 show the clinical and
biochemical characteristics of the subjects included in the
study. There is no difference between control-a and
control-b in all characteristics. In our study, the CD was
most frequent (95 %) with predilection for terminal
ileum and right hemicolon. The location of sigmoid and
rectum make up 93 % of those diagnosed with UC. Given
by few patients with unclassified IBD was recruited in
our study, we focused on the analysis of CD and UC.

The CD or UC presented higher CCDC80 and
HOMA-IR levels compared with the healthy subjects as
well as lower levels of asprosin, ANGPTL4 and FMD
(p <0.05, respectively). Moreover, the asprosin and
ANGPTL4 in CD were were significantly lower than

those in UC (p < 0.05). Compared with UC, the CCDC80
in CD was significantly higher (p<0.05). Other
parameters, including CRP and ESR levels in both CD
and UC were significantly higher than those in the
healthy group (p <0.05, respectively). There were no
significant differences in other parameters i.e. CRP, ESR,
persistence of symptom, and FMD between CD and UC
(p > 0.05).

To determine any differences in serum
cytokines levels and FMD from IBD and control-b, we
measured the levels of asprosin, CCDC80, ANGPTLA4,
HOMA-IR and FMD. CD or UC presented with
significantly higher ESR, CRP, CCDCS80 levels and
HOMA-IR. In addition, the levels of asprosin,
ANGTPTL4 and FMD were lower in CD or UC than
those in control-b. The asprosin (r = 0.17), CCDC80
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(r=-1.75), ANGPTL4 (r=0.15), disecase activity
(r=-0.32), CRP (r = -0.59), and ESR (r = -0.63) in both
CD and UC were significantly correlated with FMD by
univariate analysis (Fig. 1, Fig. 2, and Fig. 3).

Standard treatment significantly increased the
levels of asprosin, ANGPTL4 and FMD and decreased
the levels of CCDC80, CRP, ESR, HOMA-IR and

disease activity in both CD and UC (p<0.05,

respectively).

Linear correlation coefficients were used to
analyze the relationship between changes in HOMA-IR,
FMD and changes in other indices in both CD and UC
after treatment. The results showed that changes in
HOMA-IR and FMD were all correlated with changes in
CCDC80 and ANGPTL4 (p<0.05,
respectively).

asprosin,

Fig. 1. Correlation between asprosin
and FMD in patients with IBD
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Fig. 2. Correlation between CCDC80
and FMD in patients with IBD
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Discussion 2016). The inflammatory process of IBD may also

Adipocytokines regulate insulin secretion and
insulin sensitivity, and play an important role in the
pathogenesis of cardiovascular diseases. There are few
studies on the plasma asprosin, CCDC80 and ANGPTL4
levels in IBD, nor on the relationship among the
adipocytokines above, insulin resistance and endothelial
function. Results of the present study have shown that
plasma asprosin and ANGPTL4 levels are significantly
decreased, and CCDCB80 levels are significantly increased
in both CD and UC, especially in CD. In addition, there
were significant differences between IBD and bacterial or
viral bowel inflammation for plasma asprosin, CCDC80
and ANGPTL4 levels. Moreover, asprosin, CCDC80 and
ANGPTL4 were associated with insulin resistance and
endothelial function in both CD and UC. Our findings
strongly indicate that plasma asprosin, CCDC80 and
ANGPTLA4 levels may be applied as a significant marker
for early stage of insulin resistance and atherosclerosis in
patients with in IBD.

Insulin resistance contributes to the pathogenesis
linked with
Recently, it is well

of type 2 diabetes and is closely

cardiovascular risk factors.
documented that IBD is often associated with insulin
resistance (Ng et al. 2018, Cibor et al. 2016). Our data
have shown that insulin resistance represented by
HOMA-IR was higher in CD or UC as compared to
control-a and control-b. Some studies have shown the
role of the chronic low-grade inflammatory response in

the pathogenesis of insulin resistance (Matulewicz et al.

directly increase the risk of insulin resistance. Besides,
patients with IBD have a greater prevalence of vitamin D
deficiency than the healthy population (Seyed et al.
2019). Vitamin D deficiency contributes to both the
initial insulin resistance and the subsequent onset of
diabetes caused by f-cell death (Berridge 2017).
Therefore, IBD is associated with insulin resistance and
the mechanism needs to be further studied.

Plasma asprosin, CCDC80 and ANGPTL4 play
important roles in the occurrence of insulin resistance
(McCulloch et al. 2020, Min et al. 2019, O Osorio-
Conles et al. 2017, Shota et al. 2016). The crucial
mechanism of the relationship between IBD and insulin
resistance remain unclear. In the present study, we
measured plasma asprosin, CCDC80 and ANGPTL4
levels in both CD and UC, and found that standard
treatment change the levels of plasma asprosin, CCDC80
and ANGPTL4. Correlation analysis showed that the
change in HOMA-IR in patients over the study period
was correlated with the changes in asprosin, CCDC80
and ANGPTLA. It is well established that oxidative stress
plays a major role in insulin resistance (Onyango 2018).
Additionally, much evidence supports a pivotal role for
ANGPTL4, CCDC80 and asprosin in oxidative stress
(Anastasia et al. 2020, Zhengbin et al. 2019, De Lima
et al. 2020). Stimulation of cardiac ANGPTL4 gene
expression protected the heart against fatty acid-induced
oxidative stress (Anastasia et al. 2020). Asprosin protects
mesenchymal stromal cells from oxidative stress-induced
apoptosis (Zhengbin et al. 2019). Gene expression



2021

209

Inflammatory Bowel Disease and Adipokine

of CCDC80 was associated with multiple feed efficiency-
related traits and were previously related to glucose
homeostasis, oxidative stress, fat mass, and
osteoblastogenesis (De Lima et al. 2020). Accumulating
evidence shows that oxidative stress plays an essential
role in the pathogenesis and progression of IBD
(Kruidenier et al. 2003, Goyette et al. 2007). Kruidenier,
et al have showed that the markers of oxidative stress
were dramatically upregulated in IBD (Kruidenier et al.
2003). Oxidative stress leads to damages of the mucosal
layer in the gastrointestinal tract and bacterial invasion,
which in turn stimulates the immune response and
initiates IBD (Goyette et al. 2007). Of note, we
hypothesized that the up regulation of CCDC80 induces
the secretion of oxidative stress, and decrease the
expression of asprosin and ANGPTL4, which may in turn
result in insulin resistance and inflammatory response. In
addition, whether asprosin, ANGPTL4 and CCDCS80 can
affect each other, whether these cytokines can act as
independent factors affecting insulin resistance, and
whether there are complex regulatory networks between
various cytokines with different functions, thus indirectly
affecting insulin resistance, still need to be confirmed by
further research.

IBD is associated with an increased risk for
cardiovascular disease and diminished FMD exists in
IBD (Ng et al. 2018, Cibor et al. 2016). The present
results showed that FMD levels decresed in both CD and
UC, compared to control-a and control-b, which is
consistent with the previous studies. Our correlation
analysis showed that FMD was correlated with CRP,
ESR, ANGPTL4, CCDC80 and asprosin. We also found
that the change in FMD in patients over the study period
was correlated with the changes in asprosin, CCDC80
and ANGPTLA4. The asprosin, CCDC80 and ANGPTL4
are involved in hyperglycemia, hypertension, obesity,
abnormal lipid metabolism, and oxidative stress. These
risk factors are all involved in the pathogenesis of
atherosclerosis. In the present study, the alteration of
asprosin, CCDC80 and ANGTPL4 could not well control
blood sugar, blood pressure, obesity, lipid metabolism,
and oxidative stress, inhibit inflammatory responses and
protect the vascular endothelium. Additionally, nitric
oxide (NO) is the main signal molecule that regulates
vasodilation. There is a low NO availability in IBD that
consequently a vasoconstriction occurs, because of
smooth muscle cell relaxation reduction (Magro et al.
2014). Asprosin and ANGPTL4 are involved in
NO production (Sha et al. 2019, Han et al 2014).

Asprosin reduced reactive oxygen species production,
reduced apoptosis and increased NO production in
cardiac microvascular endothelial cells (Sha et al. 2019).
ANGPTL4 stimulates signal transducer and activator of
transcription3 mediated iNOS expression and enhances
angiogenesis to accelerate wound healing in diabetic mice
(Han et al. 2014). The levels of asprosin and ANGPTL4 in
IBD, might inhibit NO synthesis, then stress the aorta and
the resistance of blood vessels and destroy the blood vessel
CCDC80
extracellular regulated protein kinase 1/2 phosphorylation,
which
expression and acceleration of atherosclerosis (Duo et al.
2019). In short, asprosin, CCDC80 and ANGPTL4 levels
in both CD and BC may exert its functions through
different mechanisms of action.

found that
significant differences in plasma asprosin, CCDC80 and
ANGPTL4 levels in CD when compared to UC. CD
might cause severe systemic symptoms, such as fever,

endothelium.  Besides, down-regulated

leaded to a reduction of lipoprotein lipase

Interestingly, we there were

malnutrition and a larger range of disease. Compared
with CD, UC might locate in the limited distribution,
such as sigmoid colon and rectum, which leads to
moderate  systematic reactions. Plasma asprosin,
CCDC80 and ANGPTL4 levels might be used as
indicators to differentiate UC from CD, or to evaluate the
prognosis. The present study has several limitations.
Firstly, the enrollment population was limited, the
number of samples was small, and the observation time
was short. In later studies, the study population and
sample size should be further expanded. Secondly, we
speculate that asprosin, CCDC80 and ANGPTL4 might
induce oxidative stress in patients with IBD. However,
there is no comparative study on the effects of oxidative
stress inhibitor and plasma asprosin, CCDC80 and
ANGPTL4 levels in patients with IBD. Thirdly, the
mechanism for the relationship among the adipocytokines
above, NO and cell singling in patients with IBD
unexplained completely. Further studies were needed to
investigate the effect of plasma asprosin, CCDC80 and
ANGPTLA4 levels in patients with IBD.
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