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ORIGINAL ARTICLE

Elevated angiogenin levels in chronic heart failure

JEETESH V. PATEL, MICHAEL SOSIN, ASHAN GUNARATHNE, IMRAN HUSSAIN,
RUSSELL C. DAVIS, ELIZABETH A. HUGHES & GREGORY Y. H. LIP

Haemostasis Thrombosis and Vascular Biology Unit, University Department of Medicine, City Hospital, Birmingham, and
Sandwell Medical Research Unit, Sandwell Hospital, West Bromwich, England

Abstract

Background. Abnormal indices of angiogenesis have been reported in chronic heart failure (CHF). We tested the hypothesis
that circulating angiogenin (a potent inducer of neovascularization in vivo) is higher in CHF patients compared with
controls and associated with indices of CHF severity: brain natriuretic peptide (BNP), Simpson’s left ventricular ejection
fraction (EF), and New York Heart Association (NYHA) class.

Methods. Using a cross-sectional approach, we measured serum angiogenin and BNP levels in 109 consecutive patients with
CHF (85 males; mean age 60 (standard deviation (SD) 10 yrs) and 112 asymptomatic controls with normal cardiac
function and related levels to echocardiographic parameters.

Results. Angiogenin was significantly higher in CHF patients compared to controls (P <0.001). On univariate analysis,
angiogenin was positively associated with age, plasma glucose, insulin, and BNP (all 2 <0.001); and negatively correlated
with diastolic blood pressure (P=0.04) and EF (P =0.002). Angiogenin levels increased in an ordinal fashion with NYHA
class, exaggerated by the presence of diabetes mellitus (pseudo R? =0.15, P<0.001). In multivariate analysis, angiogenin
levels were only associated with deteriorating NYHA classification (beta =0.14 (95% confidence interval (CI) 0.09-0.19),
P <0.001). Angiogenin was also a modest discriminator for the presence of CHF (area under the curve 0.72; 95% CI 0.62—
0.82), P<0.001).

Conclusion. Angiogenin is related to worsening heart failure severity (NYHA classification), with the highest levels in NYHA
class III. Further research is warranted to determine the validity of angiogenin in a diagnostic and prognostic capacity in
CHF.
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Introduction biological parameters—that can aid a clinician in
disease management, risk stratification, and preven-
tion (2).

The process of angiogenesis—the stimulation of
the endothelium to form new vessels—appears to be

Chronic heart failure (CHF) is an increasing cause
of cardiovascular disease (CVD) morbidity and
mortality within the Western world, where its prog-

nosis is recognized to be worse than that of prostate
and breast cancer (1). While there are increased
efforts to identify individuals at risk of CHF, clinical
assessment is limited by symptoms, which are non-
specific in a disease presentation that can be
asymptomatic in its early stages (1). To address
this challenge of CHF diagnosis, there has been
interest in the evaluation of circulating biological
markers ‘biomarkers’—measurable and quantifiable

an integral component in the pathophysiology of
CVD (3), with increasing evidence to support the
view that markers of angiogenesis are aberrant in
CHF (4-7). However, atherosclerotic vascular dis-
ease is a common predisposing factor for CHF and
presents a localized area that is rich with inflamma-
tory infiltrates that can activate angiogenesis (3). It is
unknown whether underlying CVD may confound
the association between angiogenesis and CHF.
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Key messages

e Abnormal indices of angiogenesis have
been reported in chronic heart failure
(CHF).

o In this study, levels of angiogenin (a potent
inducer of neovascularization i wvivo) are
related to worsening heart failure severity,
with the highest levels in New York Heart
Association (NYHA) class III.

e Further research is warranted to determine
the validity of angiogenin in a diagnostic
and prognostic capacity in CHF.

Angiogenin is a 14,124-Da soluble protein and a
member of the ribonuclease (RNAse) superfamily,
‘RNAse 5’ (8). In normal subjects, angiogenin is
ubiquitous in plasma, circulating free at concentra-
tions between 250 pg/L. and 360 pg/L (8). Angio-
genin is recognized to be a potent inducer of
neovascularization i wvivo, and circulating levels
reflect various angiogenic activities that include
increased vessel permeability, endothelial prolifera-
tion, and vascular maturation (8). The role of
angiogenin in CHF is unclear, but there is some
evidence that circulating levels are raised in vascular
disease, diabetes, and obesity (8-11).

Given the relationship between CHF and other
indices associated with angiogenesis (vascular en-
dothelial growth factor, angiopoietin (4-7)), we
hypothesized that circulating angiogenin would be
elevated in CHF patients compared with controls
with normal cardiac function, and this association
between CHF and angiogenin would be related to
indices of CHF severity (i.e. brain natriuretic pep-
tide (BNDP, a biomarker of left ventricular dysfunc-
tion), left ventricular ejection fraction, and New
York Heart Association (NYHA) classification).

Methods

We recruited consecutive patients with mild to
moderate CHF attending our specialist heart failure
clinicc. CHF was defined according to European
Society of Cardiology criteria (symptoms and signs
consistent with the diagnosis, and a record of
previous (within 6 months) cardiac function inves-
tigations, such as echocardiography or cardiac
catheterization, confirming left ventricular (LV)
systolic impairment, defined as an ejection fract-
ion <40%) (12), and stratified according to the
NYHA criteria (13). Patients were excluded if they
had one or more of the following: 1) recent admis-
sion (<6 months) due to exacerbation of heart
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failure; 2) severe or life-threatening inflammatory
illnesses, such as rheumatoid arthritis or cancer; 3)
acute coronary syndrome, myocardial infarction, or
stroke within the last 6 months; or 4) atrial fibrilla-
tion. Age, gender, and ethnically matched controls
with normal cardiac function were recruited from
relatives of patients, hospital staff, and local com-
munity groups. Controls were asymptomatic and
could have treated risk factors (e.g. hypertension,
hyperlipidaemia) but were excluded if found to have
any history of ischaemic heart disease, diabetes, or
significant inflammatory, neoplastic, or endocrine
disease.

Echocardiography and clinical investigation

The ethnicity of the patients and controls was
determined by grandparental origin (i.e. at least
three of four grandparents to be of a particular
ethnicity). Participants were invited to a morning
clinic session fasted (no food from 10 p.m. the
previous evening), asked to refrain from smoking
(more than 8 hours), and vasoactive medication was
withheld for 24 hours prior to their clinic appoint-
ment. Measurements of height and weight were
taken, and blood pressure was measured with a
validated semi-automatic monitor (Omron Health-
care Europe, Mannheim, Germany). Diabetes, hy-
pertension, and hyperlipidaemia status was
determined by either self-reported histories or evi-
dence within hospital case notes. Echocardiography
was performed in the left lateral position, where
systolic function was quantified by measurement of
fractional shortening by the modified biplane Simp-
son’s method (14). All subjects provided written
informed consent. The protocol was approved by the
West Birmingham Local Research Ethics Commit-
tee.

Laboratory data

Serum cholesterol, triglycerides, high-density lipo-
protein (HDL) cholesterol, and plasma glucose were
all determined using routine clinical auto-analyser
assays in the Biochemistry Department, Sandwell
Hospital (West Midlands, UK). Separated fasting
serum and ethylenediamine tetra-acetic acid
(EDTA) plasma were stored at —70°C for batch
analysis. Serum insulin levels were determined using
a monoclonal immuno-auto-analyser technique
(ADVIA Centaur, Bayer Healthcare, Newbury,
UK). Plasma B-type natriuretic peptide (BNP)
was assayed using an automated two-site sandwich
immuno-assay using direct chemiluminescence (in-
ter- and intra-assay coefficients of variation of the
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assay were <5%, and the sensitivity and assay range
were 0.58-1445 pmol/LL) (ADVIA Centaur, Bayer
Healthcare, Newbury, UK). Angiogenin levels were
measured by enzyme-linked immunosorbent assay
(ELISA) in ethylenediamine tetra-acetic acid
(EDTA) plasma, using commercially available anti-
bodies (R&D Systems, Abingdon, UK). Coefficients
for intra- and inter-assay variation were <3% and
<5%, respectively. The lower limit of detection
using this ELISA for angiogenin was 7.8 pg/mL.

Power calculation and statistical analysis

To test our hypothesis of a significant difference in
levels of angiogenin between CHF patients and
controls, a sample size of 87 was needed to detect
0.5 standard deviation in angiogenin geometric
means, at 90% power, P <0.05 using a two-sided
test. The required number of patients to observe a
statistically significant (P <0.05) correlation coeffi-
cient of at least 0.35, using a two-sided test with a
power of 80%, was 51 subjects.

Data were analysed in SPSS v.14 (SPSS Inc.,
Chicago, IL) using standard and non-parametric
(Mann-Whitney) ¢ tests and multiple regression
analyses as appropriate. Angiogenin levels were of
non-parametric distribution, as determined by nor-
mality plots (Kolmogorov-Smirnov). For non-para-
metric data, central tendencies were reported as
medians, interquartile range (IQR). Similarly, for
normally distributed variables, the mean and stan-
dard deviation (SD) are reported. Correlations were
performed using Spearman’s method. Linear regres-

sion models were calculated to test the strength of
association—beta (95% CI)—from independent pre-
dictors of angiogenin. Ordinal regression analysis was
used to determine changes in angiogenin levels in
relation to CHF severity, where the pseudo R-square
value was reported to explain the variation in angio-
genin in response to CHF classification. Receiver
operator characteristic (ROC) curves were used to
evaluate the performance of angiogenin, depicted by
the mean area under the curve (AUC) with 95% CI.

Results

We studied 109 CHF and 112 controls (Table I).
There were no differences in age, gender, ethnicity,
systolic blood pressure (BP), heart rate, or total-to-
HDL cholesterol ratio. CHF patients had a higher
prevalence of known diabetes mellitus, hypertension,
and previous myocardial infarction. The main under-
lying cause for CHF was coronary heart disease (80
patients), where hypertensive heart disease (9 pa-
tients) and dilated cardiomyopathy (22 patients) were
other causes. Levels of serum cholesterol and HDL
cholesterol were lower in the CHF group (2 <0.001),
whilst triglyceride levels were higher (P <0.001).
Levels of angiogenin for CHF patients were non-
parametrically distributed and significantly higher
than levels in controls (P <0.001). As expected, levels
of BNP were highest in CHF (P <0.001).

Amongst CHF patients, there were no significant
differences in angiogenin levels amongst those with
and without reported myocardial infarction, dia-
betes, hyperlipidaemia, or a positive smoking history

Table I. Angiogenin levels and cardiovascular and metabolic characteristics of patients with chronic heart failure and control subjects

Controls (z=109) Chronic heart failure (n =112) P
Age (years) 60.2 (10.1) 62.8 (12.7) 0.10
Body-mass index (kg/m?) 26.7 27.9 (4.8) 0.05
Systolic BP (mmHg) 143 (19) 140 (24) 0.31
Diastolic BP (mmHg) 86.6 83.0 (14.1) 0.03
Heart rate (beats/min) 68.3 (12.8) 71.6 (13.6) 0.07
Fasting plasma glucose (mmol/L) 5.02 (0.47) 6.62 (3.64) <0.001
Insulin (WmL)?* 7.3 (4.8, 11.0) 10.3 (6.5, 16.1) <0.001
% Diuretic therapy 2.8 71.4 (80) <0.001
% Beta-blocker therapy 4.6 63.4 (71) <0.001
% ACE inhibitor therapy 7.3 90.2 (101) <0.001
% Antithrombotic therapy 4.6 77.7 (87) <0.001
% Lipid-lowering therapy 2.8 65.2 (73) <0.001
Serum cholesterol (mmol/L) 5.19 (0.98) 4.42 (1.03) <0.001
Serum triglycerides (mmol/L)? 1.10 (0.80, 1.50) 1.20 (0.93, 1.85) <0.001
HDL cholesterol (mmol/L) 1.46 (0.36) 1.24 (0.35) <0.001
Brain natriuretic peptide (pmol/L)? 4.7 (2.8,8.8) 41.8 (15.9, 82.9) <0.001
LV ejection fraction 0.630 (0.082) 0.337 (0.103) <0.001
Angiogenin (ng/mL)? 310 (264, 376) 466 (314, 739) <0.001

Data are mean (SD),% (n).
“Data are median (IQR).

LV =left ventricular; ACE =angiotensin-converting enzyme; BP =Blood pressure; HDL =High Density Lipoprotein.



(Table II). Whilst there were no differences in
angiogenin levels by diabetes status amongst the
CHF patients, levels of angiogenin amongst CHF
patients with diabetes were still significantly higher
than those in controls (P <0.001; full data not

Table II. Angiogenin levels in patients with chronic heart failure.

Angiogenin (ng/mL) n Median Interquartile range
Gender

Female 25 420 321 708

Male 85 478 302 753
Ethnicity

White European 43 403 300 688

African Caribbean 21 485 350 813

South Asian 45 486 296 815
History of myocardial infarction

No 47 420 261 721

Yes 63 478 327 813
History of hypertension

No 56 407 298 722

Yes 54 517 329 759
History of diabetes

No 70 411 302 677

Yes 40 563 327 863
History of hyperlipidaemia

No 57 420 321 722

Yes 53 485 302 798
Previous smoking history

No 46 407 312 653

Yes 64 501 312 807
Regular alcohol intake

No 50 480 314 770

Yes 60 437 306 732
Diuretic therapy

No 31 380 259 789

Yes 79 479 333 736
ACE inhibitor therapy

No 11 454 380 736

Yes 99 469 311 749
Beta-blocker therapy

No 41 479 347 715

Yes 69 403 302 743
Spironolactone therapy

No 90 466 302 723

Yes 20 462 360 981
Antithrombotic therapy

No 21 454 266 909

Yes 85 469 327 743
Lipid-lowering therapy

No 38 437 323 832

Yes 72 479 305 734
NYHA classification

I 16 377 260 713

I 55 469 296 883

III 38 519 362 743

All comparisons, P=NS; NYHA =New York Heart Associa-
tion; ACE =angiotensin-converting enzyme.
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shown). Similarly, angiogenin levels were not differ-
ent by the active use of cardiovascular medications.
Amongst control subjects, levels of angiogenin were
only higher amongst those with a positive smoking
history (Mann-Whitney test, P <0.05).

Levels of angiogenin increased with worsening
heart failure severity (NYHA classification), with
highest levels seen in NYHA class III (Figure 1). On
ordinal regression analysis levels of angiogenin
increased with deteriorating NYHA classification
(pseudo R?=0.15, P <0.001); thus, median angio-
genin levels increased from 377 ng/mL. (NYHA class
I), 474 ng/ml. (NYHA class II), to 519 ng/mL
(NYHA class III). The presence of diabetes mellitus
further elevated angiogenin levels, where median
levels were 575 ng/mLL. (NYHA class I) and 647 ng/
mL (NYHA class II). With quartiles of BNP, median
levels of angiogenin increased in an ordinal fashion
(P<0.001), from 306 ng/mL for those with a BNP
concentration <4.7 pmol/L, to 463 ng/mL for those
with BNP >43.3 pmol/L.

Univariate and multivariate analysis

On bivariate analysis of patients and controls, levels
of angiogenin were positively associated with adverse
metabolic factors (fasting plasma glucose, insulin),
deteriorating cardiac function (BNDP, ejection frac-
tion), and age, and negatively with diastolic blood
pressure (Table III). In relation to cardiac function,
with separate analysis of CHF patients and controls,
angiogenin levels were associated with ejection frac-
tion amongst CHF patients, r= —0.25, P=0.01. In
multivariate analysis using a linear regression model
(that included insulin, age, gender, ethnicity, diasto-
lic blood pressure, glucose, and history of myocardial
infarction), variation in angiogenin levels were only
associated with deteriorating NYHA classification
(beta =0.14 (95% CI 0.09-0.19), P <0.001).

o Pseudo R?= 0.15
1600.00— P<0.001

— o
€
S 1200.00—
~ o
£
& 8
g 800.00
8 &

400.00—

I I I
control | 1 111

NYHA Class

Figure 1. Ordinal regression analysis of New York Heart Associa-
tion (NYHA) classification and serum angiogenin.
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Table III. Correlation between levels of angiogenin and cardiac
risk markers in patients and controls.

Association with
levels of plasma
angiogenin (ng/mL)

Spearman’s Sig.
correlation coefficient (two-tailed)

Age (years) 0.183 0.005
Body-mass index 0.054 0.414
(kg/m?)

Systolic BP (mmHg) —0.035 0.597
Diastolic BP (mmHg) —0.135 0.038
Heart rate (beats/min) 0.024 0.712
Fasting plasma glucose 0.244 <0.001
(mmol/L)

Insulin (W/mL) 0.242 <0.001
Insulin resistance —0.151 0.034
(HOMA IR)

Serum cholesterol —0.106 0.105
(mmol/L)

Serum triglycerides 0.095 0.145
(mmol/L)

HDL cholesterol —0.043 0.506
(mmol/L)

Brain natriuretic 0.305 <0.001
peptide (pmol/L)

Simpson’s LV ejection —0.283 0.002

fraction

BP =Blood pressure; HDL =High Density Lipoprotein;
HOMA =homeostasis model assessment; IR =Insulin Resis-
tance; LV =Left Ventricular.

Receiver-operating characteristics of angiogenin as a
discriminator of CHF

With respect to the presence of CHF across patients
and controls, angiogenin was a significant but
modest discriminator (AUC 0.72, 95% CI 0.62—
0.82, P<0.001), with a poorer performance com-
pared to ejection fraction (AUC 0.99 (1.00-0.98),
P <0.001) or BNP levels (0.92 (0.87-0.98), P<
0.001). Neither biomarker was a significant discri-
minator between NYHA classifications amongst
patients with CHF (that is, class I versus II, or class
II versus III).

Discussion

We found higher angiogenin levels amongst patients
with mild to moderate CHF compared to controls
with normal cardiac function, and this difference
was associated with measures of cardiac function
amongst CHF patients. This study therefore forms a
basis for further research into the diagnostic and
prognostic performance of angiogenin as a biomar-
ker in the setting of heart failure.

Aberrant levels of angiogenesis markers such as
vascular endothelial growth factor (VEGF) and the
angiopoietin family (Ang) are evident in heart fail-
ure, particularly in those with acute, decompensated

symptoms (4-7). Even though angiogenesis appears
to improve symptoms and regress the progression of
heart failure (15), markers of angiogenesis have not
been convincingly associated with cardiac function
and the severity of CHF per se. Further confounding
comes from the observations that VEGF and Ang-2
are raised amongst those at an increased risk of
myocardial infarction (16), as they are potential
markers of subclinical atherosclerosis. Whilst
VEGF and Ang-2 may also be related to the
endothelium, angiogenin also executes many angio-
genic capabilities that includes the increased perme-
ability of endothelial and basement membrane
layers, endothelial and smooth muscle cell prolifera-
tion and migration, and the differentiation and
maturation of fragile capillaries into to multilayered
vessels (8). In CHF, angiogenin could reflect the
vascular processes affected by cardiac remodelling
and tissue repair, which are not restricted to the
endothelium.

The disease presentation of CHF is considered to
progress with metabolic deterioration (17), and, in
the present study, angiogenin levels were associated
with features of both metabolism and cardiac func-
tion. The performance of angiogenin as a discrimi-
nator of CHF was less impressive compared to BNP,
and both markers were poor at distinguishing
NYHA class. However, the ubiquitous nature of
this angiogenic factor within the blood makes it an
attractive target for biomarker development. The
cohort of patients presented here are representative
of ‘typical’ CHF patients, where the majority had
survived a myocardial infarction, and there is a high
proportion of diabetes mellitus and cardiovascular
medications. However, these underlying co-morbid-
ities are likely to also impact on angiogenin levels
(8,11).

Angiogenin is a potent inducer of neovascular-
ization (8), and, within the context of heart failure,
raised levels are likely to reflect underlying compen-
satory remodelling of the coronary microvasculature.
Hence, raised angiogenin in heart failure may
underline a beneficial pathophysiological response
to ischaemia. The implication is that raised angio-
genin levels amongst CHF patients may provide the
potential for novel therapeutic approaches. Simi-
larly, this may also explain elevated angiogenin levels
in acute coronary syndrome but relatively lower
levels in patients with stable coronary artery disease
(11). Further research could determine whether
raised levels of angiogenin reflect the acute physio-
logical inflammatory response to ischaemia across
the spectrum of cardiovascular disease, and its
prognostic value.



This study is limited in its cross-sectional
approach, and it is difficult to fully evaluate
angiogenin in CHF through this initial study.
Further research is needed to determine the prog-
nostic utility of angiogenin in CHF, specifically its
diagnostic utility in the acute setting of heart failure.
As much of the research on angiogenin in disease
states thus far relates to malignancy (8), our data
add to the use of this biomarker in CVD. The cross-
sectional design of the study may overestimate the
potential discriminating value of the proposed bio-
marker, and additional weaknesses could include the
selection of patients with left ventricular dysfunction
only (that is, systolic heart failure only), the presence
of multiple significant differences between the two
groups, including multiple variables that may be
independently associated with neoangiogenesis, etc.

In conclusion, we propose that angiogenin is
related to the deterioration of cardiac function, and
further research is warranted to determine the
validity of angiogenin in a diagnostic and prognostic
capacity in CHF.
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