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Abstract

Objective: Complement Clq tumor necrosis factor-related proteins (CTRPs), belonging to the
CTRP superfamily, are extensively involved in regulating metabolism and the immune-
inflammatory response. The inflammatory process is linked to the pathogenesis of coronary
artery disease (CAD). Here, we investigated the association of serum levels of CTRP| with CAD.
Methods: Study participants were divided into two groups according to the results of coronary
angiography: a control group (n=63) and a CAD group (n=76). The concentrations of serum
CTRPI and inflammatory cytokines were determined by enzyme-linked immunosorbent assay.
Further analysis of CTRPI levels in individuals with different severities of CAD was conducted.
The CAD severity was assessed by Gensini score.

Results: Serum levels of CTRPI were significantly higher in CAD patients than in controls
(17.24 +1.07 versus 9.31 +0.56 ng/mL), and CTRPI levels increased with increasing severity
of CAD. CTRPI levels were positively correlated with concentrations of tumor necrosis factor-o
and interleukin-6. Multiple logistic regression analysis showed that CTRP| was significantly asso-
ciated with CAD.

Conclusions: Our data showed close associations of serum CTRPI levels with the prevalence
and severity of CAD, indicating that CTRPI| can be regarded as a novel and valuable biomarker
for CAD.
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Introduction

Obesity is a pandemic social problem that
causes numerous metabolic disorders,
including type 2 diabetes mellitus and cor-
onary artery disease (CAD)."* Obesity is
an independent risk factor for the develop-
ment and progression of CAD.” CAD is
one of the most common types of cardio-
vascular disease, with high mortality and
morbidity worldwide.®” There is accumu-
lating evidence that adipose tissue-derived
hormones (adipokines) are implicated in
the pathophysiology of CAD.*'* Multiple
pro-inflammatory adipokines, including
interleukin-6 (IL-6) and tumor necrosis
factor-alpha (TNF-«), are elevated in obe-
sity and associated with accelerated pro-
gression of CAD. Furthermore, certain
anti-inflammatory adipokines, including
adiponectin (APN), are down-regulated
under obese conditions, further contribut-
ing to the pathogenesis of CAD.'" "3

The complement Clq tumor necrosis
factor-related protein (CTRPs) superfamily
is a newly discovered paralog of APN; cur-
rently, 15 family members (CTRPI1-
CTRP15) have been identified.'*!'® Studies
have shown that members of the CTRP
family are involved in the regulation of
glucose metabolism, lipid metabolism, and
inflammation.'® CTRP1 is a novel adipo-
kine that is mainly expressed in adipose-
derived cells and adipocytes. High levels
of circulating CTRP1 are associated with
metabolic syndrome, congestive heart dis-
ease, and hypertension.!” ' A recent exper-
iment found that CTRP1 and APN had
similar effects on hyperglycemia, insulin
resistance, and obesity. Recently, a study
by Lu et al.?® reported a decrease in athero-
genesis and vascular inflammation in
CTRPI1-deficient apolipoprotein E knock-
out (apoE~/7) mice, and intraperitoneal
injection of CTRP1 promoted atherogene-
sis in apoE '~ mice. These data suggest that
CTRPI is associated with obesity-related

metabolic and cardiovascular diseases. In
this study, we investigated the serum levels
of CTRPI1 in patients with CAD and
the associations with related inflammato-
ry cytokines.

Material and methods

Study participants

This case-control study was conducted on
139 subjects who underwent coronary angi-
ography at Ruijin Hospital between 2013
and 2015. CAD was diagnosed by a cardi-
ologist based on coronary angiography
results. Coronary angiography was per-
formed using the standard Judkins
method; a diagnosis of CAD was defined
as stenosis of at least one major coronary
artery (including left main coronary artery,
anterior descending coronary artery, cir-
cumflex branch, and right coronary artery)
lumen of >50%. The coronary angiography
records of the patients were examined and
their Gensini scores (GS) were calculated.
We excluded patients with acute myocardial
infarction, congestive  heart failure,
thrombotic diseases, type I diabetes, severe
hepatic or renal dysfunction, infections,
hemodialysis, or malignancy. The subjects
were divided into a control group (n=063)
and CAD group (n=76). The CAD group
was further grouped into three subgroups
by their GS: mild CAD group (GS < 20,
n=25), moderate CAD group (20<GS
<40, n=26), and severe CAD group
(GS >40, n=25).

All participants gave written informed
consent. This study was approved by the
ethics committee of Ruijin Hospital.

Laboratory methods

Blood samples were collected from all
study participants after overnight fasting
and centrifuged at 1200 x g at 4°C after
being allowed to clot in the test tube.
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The supernatant was extracted and collect-
ed in an Eppendorf tube after 10 minutes.
Serum levels of CTRP1, TNF-a, IL-6, and
interleukin-8 (IL-8) were measured by
enzyme-linked immunosorbent assay using
a commercially available ELISA kit
(Senxiong Biotech Industry Company,
Shanghai, China). Total cholesterol (TC),
triglyceride (TG), low density lipoprotein
cholesterol (LDL-C), high density lipopro-
tein cholesterol (HDL-C), and fasting blood
glucose (FBG) were determined by stan-
dard assays. Blood pressure (BP) was mea-
sured by a standard sphygmomanometer
after at least 10 minutes’ rest in a seated
position. Body mass index (BMI) was cal-
culated as the ratio of weight (kg) to
squared height (m?)

Statistical analysis

Statistical analyses were performed using
SPSS 19.0 software (IBM Corp., Armonk,
NY, USA). Continuous variables were

presented as means + standard errors (SE).
Differences in measurement data were com-
pared by using a r-test between groups.
One-way analysis of variance was used to
analyze the difference between multiple
groups. If intergroup difference was
shown in the analysis of variance,
Bonferroni’s method was used to assess
pairwise comparisons between two groups
with specific differences. Count data were
presented as frequencies and analyzed
using the chi-squared test. Pearson analysis
was used for correlation analysis. Logistic
regression analysis was used to identify
associations between CAD and other vari-
ables. A value of p< 0.05 was considered
statistically significant.

Results

Clinical characteristics

Clinical characteristics of control subjects
and CAD patients are listed in Table 1.

Table I. Clinical characteristics of the study population.

Control CAD
Characteristics (n=63) (n=76) p-value
Sex [male (%)] 38 (60.3) 55 (72.4) 0.150
Age (years) 63.83+1.28 66.47 +1.28 0.148
BMI (kg/m?) 23.01 +0.30 25.12+0.32 <0.001
Smoking (%) 8 (12.7) 12 (15.8) 0.637
SBP (mm Hg) 127.02 +£2.41 135.12£2.20 <0.05
DBP (mm Hg) 7470+ 1.29 75.82+1.20 0.527
TC (mmol/L) 429+0.15 426+0.14 0.900
TG (mmol/L) 1.37+0.91 2.26 £0.40 <0.05
LDL-C (mmol/L) 2.66+0.12 295+0.13 0.107
HDL-C (mmol/L) 1.17£0.36 1.04+0.34 <0.01
FBG (mmol/L) 5.70+0.19 7.16 £0.40 <0.01
TNF-o (pg/mL) 33.80+1.43 38.16 £ 1.52 <0.05
IL-6 (pg/mL) 22.56 +0.53 25.29+0.80 <0.01
IL-8 (pg/mL) 20.31 £0.89 25.58 +£2.01 <0.05
CTRPI (ng/mL) 9.31+0.56 17.24+1.07 <0.001

Data are presented as mean 4 SE. CAD, coronary heart disease; BMI, body mass index; SBP, systolic blood
pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; LDL-C, low density lipo-
protein cholesterol; HDL-C, high density lipoprotein cholesterol; FBG, fasting blood glucose; TNF-o, tumor
necrosis factor-o; IL-6, interleukin-6; IL-8, interleukin-8; CTRPI, Clq/TNF-related protein-I.
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Figure I. Serum levels (means + standard errors) of CTRPI, TNF-o, IL-6, and IL-8. (a) Serum levels of

CTRPI were higher in patients with CAD compared with the control group (***p < 0.001). (b) Serum levels
of TNF-0, IL-6, and IL-8 were higher in CAD patients than that in control subjects (*p < 0.05, *p < 0.01).
CTRPI, Clg/TNF-related protein-1; TNF-o, tumor necrosis factor-o; IL-6, interleukin-6; IL-8, interleukin-8;

and CAD, coronary artery disease.

Patients with CAD had significantly higher
levels of BMI, systolic blood pressure
(SBP), TG, and FBG than control subjects.
Plasma CTRPI, TNF-o, IL-6, and IL-8
levels were markedly higher in CAD
patients than in controls (Figure 1).
HDL-C level was lower in the CAD group
than in the control group. However, age,
sex, frequency of smokers, diastolic blood
pressure (DBP), TC, and LDL-C did not
differ between the two groups (Table 1).

Association of serum CTRPI levels with
CAD severity

To determine the correlation between
increased levels of CTRP1 and the severity
of CAD, we divided the CAD patients into
three subgroups according to their GS:
mild (GS <20), moderate (20 < GS <40),
and severe (GS >40). We compared CTRP1

levels in these different subgroups
(Figure 2a). The CTRPI1 levels in the
severe CAD group were significantly

higher than those in the mild and moderate
CAD groups (p< 0.001 and p< 0.01,
respectively). However, the difference was

not significant between mild and moderate
CAD groups. Pearson correlation analysis
showed that serum CTRP1 levels were posi-
tively correlated with GS in the overall CAD
group (r=0.482, p < 0.001) (Figure 2b).

Correlation between CTRPI and serum
pro-inflammatory cytokines

We further assessed the relationship
between serum CTRPI levels and serum
pro-inflammatory cytokines (TNF-o, IL-6,
and IL-8) in the CAD group. Serum
CTRPI1 levels were correlated positively
with TNF-2 and IL-6 in CAD patients
(Figure 3a, 3b). In addition, serum
CTRPI levels tended to correlate positively
with IL-8 level (Figure 3c).

Association of CTRP| levels with CAD

To determine the association between
CTRP1 and CAD, single and multiple
logistic regression analyses were performed
between control and CAD groups. Age,
BMI, SBP, DBP, TG, TC, HDL-C,
LDL-C, FBG, TNF-«, IL-6, IL-8, and
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Figure 2. (a) Levels (means =+ standard errors) of CTRPI in patients with mild, moderate, and severe CAD
(***p < 0.001, **p < 0.01). (b) Correlation between serum CTRPI level and Gensini score in the CAD
group. CTRPI, Clq/TNF-related protein-1; CAD, coronary artery disease.
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Figure 3. Correlations (r) between CTRPI levels and serum cytokine levels in CAD group (a) TNF-x, (b)
IL-6, and (c) IL-8. CTRPI, Clq/TNF-related protein-1; TNF-«, tumor necrosis factor-o; IL-6, interleukin-6;

IL-8, interleukin-8; CAD, coronary artery disease.

CTRP1 were regarded as independent
variables. In the single logistic regression
analysis, BMI, SBP, TG, HDL-C, FBG,
TNF-o, IL-6, IL-8, and CTRP1 were signif-
icantly associated with CAD (Table 2).
Multiple regression analysis showed that
BMI, FBG, and CTRP1 were significantly
associated with CAD.

Discussion

Our study showed that serum levels of
CTRP1, TNF-a, IL-6, and IL-8 were
increased in patients with CAD compared
with controls, and CTRPI levels trended

upward with increasing severity of CAD.
In CAD patients, serum levels of CTRP1
were positively correlated with concentra-
tions of TNF-o and IL-6. Multiple logistic
regression analysis showed that BMI, FBG,
and CTRPI levels were dependent risk fac-
tors for CAD.

CTRPI is a newly discovered adipokine
belonging to the CTRP family and it shares
several biochemical features with APN.
Experimental studies indicate the important
role of APN in cardiometabolic disorders.
However, the functional role of CTRPI1
remains poorly understood in cardiovascu-
lar disease. Peterson et al.>' demonstrated
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Table 2. Association with coronary artery disease (CAD).

Single Multiple
Odds ratio (95% ClI) p-value Odds ratio (95% ClI) p-value
Age (years) 1.024 (0.992-1.057) 0.150
BMI (kg/m?) 1.397 (1.187-1.644) <0.001 1.323 (1.057-1.657) <0.05
SBP (mm Hg) 1.023 (1.004-1.042) <0.05
DBP (mm Hg) 1.011 (0.978-1.044) 0.524
TC (mmol/L) 0.982 (0.743—1.298) 0.899
TG (mmol/L) 2.030 (1.287-3.202) <0.01
LDL-C (mmol/L) 1.335 (0.933-1.909) 0.114
HDL-C (mmol/L) 0.208 (0.061-0.703) <0.05
FBG (mmol/L) 1.309 (1.074-1.596) <0.01 1.220 (1.007-1.478) <0.05
TNF-o (pg/mL) 1.029 (1.001-1.058) <0.05
IL-6 (pg/mL) 1.093 (1.020-1.072) <0.05
IL-8 (pg/mL) 1.064 (1.015-1.114) <0.01
CTRPI (ng/mL) 1.186 (1.107-1.272) <0.001 1.210 (1.102—-1.330) <0.001

Cl, confidence interval; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total
cholesterol; TG, triglyceride; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol;
FBG, fasting blood glucose; TNF-¢, tumor necrosis factor-u; IL-6, interleukin-6; IL-8, interleukin-8; CTRPI, CIq/TNF-

related protein-1.

that CTRPI is a novel metabolic regulator
that enhances fatty acid oxidation in muscle
via AMP-activated protein kinase (AMPK)
pathways. It has been shown that CTRPI
improves insulin sensitivity and enhances
glucose tolerance.?>** Injection of recombi-
nant CTRPI into mice significantly lowered
blood glucose, and CTRP1 knockout mice
had glucose and lipid metabolic disor-
ders.®*?* It has been reported that CTRP1
modulates the level of CYP11B2 and aldo-
sterone release through the mitogen-
activated protein kinase (MAPK) signaling
pathway, indicating an important role of
CTRPI in the cardiovascular system.'® In
our study, we found that CTRPI Ilevels
were significantly higher in CAD patients
than in controls. Also, CTRPI1 levels
increased with increasing severity of CAD.
These findings are consistent with earlier
published studies. For instance, Chalupova
et al.> found that CTRP1 is associated with
metabolic syndrome, and Yuasa et al.¢ indi-
cated a close association between circulating
CTRPI levels and CAD in men.

Evidence from several recent studies
indicates that the involvement of CTRP1
in coronary atherosclerosis could be associ-
ated with low-grade chronic inflammation.
TNF-a, 1L-6, and IL-1f are considered the
molecular links and inflammatory media-
tors between inflammation and obesity.?’
Kim et al.?® found elevated mRNA expres-
sion of CTRPI in adipose tissue of Zucker
diabetic fatty rats (fa/fa), and CTRPI gene
expression was found to be mediated by
TNF-o and IL-1p after LPS stimulation.
However, the role of CTRPI in cardiovas-
cular disease remains controversial. The
study of Yuasa et al. reported that
CTRPI1 protects the heart from ischemia/
reperfusion (I/R) injury by reducing cardi-
omyocyte apoptosis and inflammatory
response.”’ Kanemura et al.*® demonstrated
that systemic administration of Ad-CTRPI
to wild-type mice reduced neointimal thick-
ening after arterial injury. In our study,
serum levels of TNF-o, IL-6, and IL-8
were significantly higher in CAD patients
than in controls, which was in accordance
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with previous studies.'®** Also, TNF-o
and IL-6 were positively correlated with
CTRPI. These data jointly suggest that
CTRPI1 is an adipokine associated with
the inflammatory reaction in the pathogen-
esis of CAD.

Because inflammation and obesity-
linked metabolic disorders might also con-
tribute to elevated levels of CTRPI1, we
used multiple logistic regression analysis
to test whether our findings were influ-
enced by those factors. Our results
showed that BMI, FBG, and CTRPI
were independent risk factors for CAD.
Although metabolic disorders induced by
CAD affected circulating CTRP1 to some
extent, other underlying factors might be
involved in the increased expression
of CTRPI.

Our study has several limitations that
must be considered. First, the sample size
was relatively small. Second, this was a
cross-sectional study, which precludes
drawing inferences about causality. Also,
some CAD patients were on cholesterol-
lowering statin medications, which could
have affected the results. Future studies
conducted on a larger population that

exclude potential confounding factors
such as medication treatment history
are needed.

In conclusion, our data demonstrated an
association between higher circulating
levels of CTRPI with increased risk of
CAD, suggesting that CTRP1 might serve
as an indicator of CAD prevalence and pro-
gression. Furthermore, TNF-o and IL-6
were positively correlated with CTRPI1.
Further studies are required to fully dissect
the roles of CTRPI in CAD.
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