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Abstract

IInnttrroodduuccttiioonn:: Cardiotrophin-1 (CT-1) is a member of the interleukin-6 superfamily
with known hypertrophic and protective actions upon cardiac myocytes. Although
its effects on myocardial tissue and its role in hypertensive heart disease are
well documented, there are no studies on CT-1 blood levels in patients with coro-
nary artery disease. In this study we aimed to verify the relationships of serum
CT-1 with vascular disease and metabolic parameters in a population of patients
undergoing coronary angiography due to clinical indications.
MMaatteerriiaall  aanndd  mmeetthhooddss:: Serum levels of CT-1 were investigated in a cohort of 
81 consecutive patients (median age 68 years (95% CI: 64–71), 59 males) under-
going coronary angiography and carotid Doppler ultrasound. Exclusion criteria
were: acute coronary syndrome, already-established ischemic cardiopathy, chron-
ic inflammatory diseases and presence or past history of cancer. 
RReessuullttss:: Levels of CT-1 were inversely correlated with body mass index (BMI)
and waist circumference (WC) (ρ = –0.261, p = 0.02; ρ = –0.224, p = 0.05, respec-
tively). Moreover, obese patients showed significantly lower CT-1 concentrations
than non-obese ones (1.18 (0.64–1.64) ng/ml vs. 1.56 (1.37–2.04) ng/ml, p = 0.013),
and serum CT-1 was significantly reduced in patients with elevated compared
to those with normal WC (1.43 (0.94–1.60) ng/ml vs. 1.64 (1.39–2.49) ng/ml, 
p = 0.047). Concentrations of CT-1 did not correlate either with the other param-
eters of metabolic syndrome or with markers of cardiovascular disease (carotid
intima-media thickness, presence of carotid or coronary artery plaques).
CCoonncclluussiioonnss::  Our results failed to demonstrate any association between CT-1
and carotid or coronary disease. The inverse association with BMI and WC fits
with the latest experimental data on the role of CT-1 in dysmetabolic conditions
and could help to further clarify the role of CT-1 in obesity and diabetes.

KKeeyy  wwoorrddss::  metabolic syndrome, coronary artery disease, carotid artery disease.

Introduction

Cardiotrophin-1 (CT-1) is a member of the interleukin-6 (IL-6) super-
family, which shares the transmembrane signaling protein glycoprotein
(gp) 130 as a receptor. It was originally identified as a factor that could
induce hypertrophy on cardiac myocytes in vitro [1], but it has been shown
to be widely expressed in various adult human tissues including muscle,
heart, liver and adipose tissue [2]. To date, CT-1 has been mainly studied
for its effects on myocardial tissue and its role in hypertensive heart dis-
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ease is well documented [3]. Designed primarily to
function as a cardiomyocyte survival factor, chron-
ic and excessive activation of CT-1 signaling has
been postulated to be harmful, contributing to
pathologic left ventricular hypertrophy and myocar-
dial fibrosis [4]. 

Recently, growing interest has been focused on
CT-1’s role in adipocyte metabolism and atherogenic
conditions, since other gp-130 receptor ligands, such
as ciliary neurotrophic factor (CNTF) and interleu -
kin-6 (IL-6), have been shown to affect body weight
regulation and glucose tolerance [5–9]. The recent
milestone study by Moreno-Aliaga et al. showed
that mice lacking CT-1 develop a sort of metabolic
syndrome (MS), characterized by adult-onset obesi-
ty, hyperglycemia, hyperinsulinemia and dyslipide -
mia, mainly due to insulin resistance and im paired
fat mobilization, and evidenced the anti-obesity prop-
erties of chronic recombinant CT-1 (rCT-1) adminis-
tration not only in CT-1–/– mice, but also in other
models of obese mice, proposing a possible thera-
peutic use of rCT-1 in obesity and type 2 diabetes
[10]. However, an apparent contradiction is raised
by the attempt to fit these experimental results
with previous studies on CT-1 levels in humans,
which, conversely, reported that MS, obesity and
hypertension are associated with elevated CT-1 con-
centrations [11–13].

In contrast with the amount of experimental and
clinical literature on CT-1 in hypertensive heart dis-
ease, there are no studies on CT-1 blood levels in
patients with coronary artery disease. Therefore,
based on its effects on both cardiac muscle and
metabolism, in the present study we aimed to ver-
ify the relationships of serum CT-1 with vascular dis-
ease and metabolic parameters in a population of
patients undergoing coronary angiography due to
clinical indications.

Material and methods 

Serum levels of CT-1 were investigated in a co hort
of 81 consecutive patients undergoing coronary
angiography due to clinical indications in our Cardi-
ology Unit between October 2010 and April 2011. All
patients met the AHA/ACC class I indication for coro-
narography [14]: 30 subjects (37%) had high risk cri-
teria on non-invasive cardiovascular tests, in absence
of symptoms, 21 (26%) had stable symptoms of
ischemic heart disease and high risk criteria on non-
invasive cardiovascular tests, and 30 (37%) had symp-
toms of incipient congestive heart failure (CHF) with
angina and/or non-invasive tests suggestive of
reversible myocardial ischemia. Patients with acute
coronary syndrome, already-established ischemic car-
diopathy (documented by previous coronarography
or with regional wall motion abnormalities), chronic
inflammatory diseases and presence or past history
of cancer were excluded. 

Anthropometric and biochemical parameters were
measured, and each patient underwent carotid
Doppler ultrasound for evaluation of carotid artery
intima-media thickness (cIMT) and detection of ath-
erosclerotic plaques. All blood samples were drawn
after 8 h of fasting. Body mass index (BMI) was cal-
culated using the following formula: weight (kg)/
height2 (m). Carotid artery intima-media thickness
was computed as the maximum value from deter-
minations in three tracts (common carotid, at one
centimeter from the bifurcation and in the internal
carotid artery), and carotid atherosclerotic plaque
was defined as a focal thickening greater than 2 mm.
Coronary artery disease was defined as the presence
of at least 50% stenosis in at least one major coro-
nary artery. Serum CT-1 was determined using
a home-made ELISA technique, essentially not dif-
ferent from that described by Moreno-Aliaga et al.
[10]. Briefly, a 96-well plate was coated with mono-
clonal antibody MAB438 (R&D, Illinois, USA) at 
0.2 µg/well in 100 µl of phosphate buffer saline (PBS
at pH 7.4) for 18 h at 4°C. After washing, the plate
was blocked for 2 h at 37°C with PBS containing 0.1%
casein and rinsed twice with PBS containing 0.05%
tween-20 (PBST). Serum samples mixed in sample
diluent (0.5% tween-80 and 1% BSA) were then
added. After overnight incubation at 4°C, plates were
rinsed three times with PBST and incubated with
a biotin-labeled rabbit secondary polyclonal antibody
against human CT-1 (generated in our laboratory by
injecting rabbits with recombinant CT-1) diluted 
1 : 2000 in PBST for 2 h at 37°C. The plate was then
rinsed three times with PBST and incubated for 
30 min at room temperature with 100 µl/well of 
1 : 5000 diluted streptavidin-peroxidase complex
(PIERCE, Illinois, USA). Finally, plates were washed
five times with PBST and developed with TMB sub-
strate. After stopping the reaction with sulfuric acid,
absorbance was measured at 450 nm. 

SSttaattiissttiiccaall  aannaallyyssiiss

Data are expressed as median (95%CI) or num-
ber and frequency (%), as appropriate. Mann-Whit-
ney U-test was used to compare independent vari-
ables between two groups and correlations were
carried out by Spearman’s rank correlation. Statis-
tical significance was assumed at p < 0.05. Statis-
tical analyses were performed by using SPSS soft-
ware (version 17.00; SPSS Inc., Chicago, IL, USA). 

Results

The main features of the study group are listed
in Table I. Median age was over 65 years old, with
a clear prevalence of males (73%). Median BMI was
in the range of overweight, and there were high
prevalences of diabetes, hypertension, dyslipidemia
and MS, as expectable in a population of candidates
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for coronary angiography. Vascular complications,
i.e. myointimal carotid thickening, carotid plaques
and coronary disease, were evidenced in percent-
ages fluctuating around 50%. 

While not significantly different between pa -
tients with and without MS (Table II), CT-1 levels
were inversely correlated with body mass index
(BMI) (ρ = –0.26, p = 0.02), and obese patients (BMI
≥ 30 kg/m2) showed significantly lower CT-1 con-
centrations than non-obese ones (Table II and Fig-
ure 1). Accordingly, CT-1 levels were inversely corre-
lated with waist circumference (WC) (ρ = –0.224, 
p = 0.046), and serum CT-1 was significantly
reduced in patients with elevated WC (> 102 cm in
men and > 88 cm in women) compared to those
with normal WC according to the criteria of the
National Cholesterol Education Program Adult Treat-
ment Panel III guidelines [15] (Table II and Figure 1).
However, CT-1 concentrations were not associated
with the other parameters of MS (diabetes, hyper-
tension, HDL cholesterol, triglycerides), nor with vas-
cular disease (cIMT, presence of carotid or coronary
artery plaques) (Table II). Furthermore, CT-1 levels
were unrelated to clinical symptoms at presenta-
tion (no symptoms, stable angina or symptoms of
incipient CHF) and no differences were observed
between subjects with different indications for coro-
nary angiography (data not shown).

Discussion

The present results, obtained in a population of
candidates for coronary angiography, fail to demon-
strate any association between CT-1 serum levels
and carotid or coronary disease, while they are the
first to find an inverse association between CT-1 cir-
culating concentrations, and whole body and ab -
dominal obesity in humans.

Cardiotrophin-1 is a member of the gp130 fami-
ly of cytokines which has been widely studied for

its effects on myocardial cells and its possible role
in cardiac pathophysiology [2, 12]. Cardiotrophin-1
is produced by cardiomyocytes and non-cardiomy-
ocytes in situations of biomechanical stress and
activates different signaling pathways leading to
cardiomyocyte hypertrophy as well as to myocar-
dial fibrosis [3]. Actually, elevated blood CT-1 con-
centrations have been found in hypertensive
patients [12, 16], higher in those with left ventricu-
lar hypertrophy and dysfunction [16, 17], and pro-
gressively increasing along with progression of heart
failure stages [16]. 

VVaarriiaabbllee RReessuullttss

Age [years] 68 (64–71)

Sex (M/F) 59/22

Body mass index [kg/m2] 27.4 (26.7, 28.4)

Waist circumference [cm] 101 (98–103)

Glucose [mg/dl] 97 (94–103)

Diabetes 25 (30.9%)

Hypertension 66 (81.5%)

Hypo-HDL (< 40 mg/dl in men 41 (50.6%)
or < 50 mg/dl in women)

Hypertriglyceridemia 25 (30.9%)
(> 150 mg/dl or treated)

Metabolic syndrome 36 (44.4%)

Cardiotrophin-1 [ng/ml] 1.5 (1.35–1.65)

Intima-media thickness, > 1.1 mm 34 (42%)

Carotid artery disease, presence 48 (59.3%)
of plaques

Coronary artery disease, 
mono or multivessel 39 (48.1%)

TTaabbllee  II.. Epidemiologic, anthropometric and metabolic
features of the study group

Data reported as median (95% CI) or number and frequency (%)

VVaarriiaabbllee CCTT--11  ccoonncceennttrraattiioonnss  [[nngg//mmll]] VVaalluuee  ooff  pp

YYeess NNoo

Obesity (BMI ≥ 30 kg/m2) 1.18 (0.64–1.64) 1.56 (1.37–2.04) 0.013

Elevated WC (> 102 cm in men and > 88 cm in women) 1.43 (0.94–1.60) 1.64 (1.39–2.49) 0.047

Diabetes 1.45 (1.25–1.77) 1.60 (1.30–2.02) 0.870

Hypertension 1.64 (1.35–3.41) 1.49 (1.23–1.72) 0.187

Hypo-HDL (< 40 mg/dl in men or < 50 mg/dl in women) 1.41 (0.98–1.54) 1.65 (1.37–2.34) 0.069

Hypertriglyceridemia (> 150 mg/dl or treated) 1.48 (1.33–1.65) 1.60 (1.23–2.40) 0.516

Metabolic syndrome 1.55 (1.21–2.01) 1.47 (1.35–1.92) 0.78

Intima-media thickness, > 1.1 mm 1.56 (1.33–2.50) 1.45 (1.15–1.77) 0.270

Carotid artery disease, presence of plaques 1.48 (1.02–2.40) 1.51 (1.35–1.72) 0.996

Coronary artery disease, mono or multivessel 1.55 (1.33–1.92) 1.46 (1.23–2.02) 0.737

TTaabbllee  IIII..  CT-1 serum concentrations according to the metabolic or vascular diagnosis of interest
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Recent evidence has demonstrated that gp130
receptor ligands, such as CNTF and IL-6, can affect
the balance between calorie procurement and dis-
posal [5–9]. Ciliary neurotrophic factor can induce
weight loss by effects on hypothalamic control of
energy balance [18], and it has been proposed as
a potential treatment for obesity and diabetes [19].
The effects of IL-6 on energy metabolism remain
controversial, and the discovery that IL-6 is pro-
duced and released from skeletal muscle during
exercise [20] has challenged the classical view that
it is a proinflammatory cytokine inducing insulin
resistance and diabetes [8]. Most of CT-1’s meta-
bolic properties have been recently described by
the study of Moreno-Aliaga et al., who demon-
strated that CT-1–/– mice develop mature-onset obe-
sity, insulin resistance, and hypercholesterolemia
despite reduced calorie intake, and that treatment
with rCT-1 reduces adiposity and corrects insulin
resistance in genetic and acquired models of obe-
sity in mice [10]. Actually, these data seemed to
challenge previous studies in humans, which report-
ed elevated CT-1 levels in patients with hyperten-
sion and MS [11–13].

In this context, our study was the first to ana-
lyze serum CT-1 concentrations in patients under-
going coronary angiography. Consistent with the
experimental background, but in discordance with
studies in dysmetabolic patients [11–13], our results
did not show associations between CT-1 and any
component of the MS, while demonstrating an even
inverse association of CT-1 with BMI and WC. We
think that this apparent contradiction can be par-
tially solved by analyzing carefully patient charac-
teristics in the different studies. While Natal et al.
determined serum CT-1 in “137 apparently healthy
subjects free from clinically apparent atheroscle-

rotic disease” [13], Pemberton et al. did so in 59 un -
treated and treated hypertensive patients without
other specified comorbidities or complications [11],
and Lopez et al. did so in 111 hypertensive patients
without “clinical manifestations of ischaemic heart
disease” [12], our study population consisted of
patients who, even in the absence of already-estab-
lished cardiac ischemic disease, did obtain a clini-
cal indication for coronary angiography. Indeed,
a significant proportion of our patients showed car-
diovascular disease after examination (Table I), sug-
gesting a long history of atherogenic morbidities.
Therefore, as already proposed by Moreno-Aliaga
et al. [10], it could be speculated that increased
serum CT-1 could serve to counteract fat accumu-
lation and metabolic-related complications in ear-
ly obesity and MS, while this protective mechanism
may fail in the late dysmetabolic patient, possibly
due to a sort of exhaustion with a further negative
impact at least on weight control. After all, insulin
history has already indicated similar profiles in the
same context: early hyperproduction to counteract
hyperglycemia and late exhaustion which leads to
type 2 diabetes. 

Consistent with the lack of association between
CT-1 and cardiovascular risk factors, we did not find
any association between serum CT-1 and carotid or
coronary artery disease. However, only studies in -
cluding patients with a wider profile of CV risk could
definitely clarify this issue.

In conclusion, our results, obtained in a popula-
tion of candidates for coronary angiography, do not
support any relationship between serum CT-1 and
carotid or coronary artery disease, while they could
help to solve the apparent contradiction raised by
previous clinical and experimental studies on the
metabolic roles of CT-1 in humans in vivo.

No (n = 59) Yes (n = 22) 
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FFiigguurree  11..  Reduced CT-1 level in patients with obesity (AA) and increased waist circumference (BB). Data are reported as
median, error bars represent 95% CI
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