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Abstract

Aim The aim of this study is to analyse the prognostic value of complement anaphylatoxin receptors in patients with non-
ischaemic cardiomyopathy undergoing endomyocardial biopsy.

Methods and results In 102 patients (72.5% male patients, median age 54 years) with non-ischaemic cardiomyopathy,
myocardial expression of C3aR was assessed among other parameters. The primary study endpoint was a composite of death,
heart transplantation, heart failure-related re-hospitalization, and deterioration of left ventricular ejection fraction within a
mean follow-up of 11.9 months. The number of cells, which stained positive for C3aR, was significantly increased in patients
with inflammatory compared with non-inflammatory cardiomyopathy (1.75 = 0.31 cells in inflammatory cardiomyopathy vs.
0.94 + 0.26 in non-inflammatory cardiomyopathy, P = 0.049). Subsequently, positive expression for C3aR was judged based
on a semi-quantitative scoring system. Significantly, more patients with positive MHCIlI and CD68 expression showed an
increased number of C3aR-positive cells. C3aR expression based on this score was more pronounced in patients with human
herpesvirus 6 viral genome detection. Kaplan—Meier curves illustrate that the C3aR-negative group reached the primary endpoint
significantly more often (mean follow-up 11.9 months, log rank 5.963, P = 0.015). Lack of C3aR expression was a strong
independent predictor for the primary endpoint in Cox regression analysis [hazard ratio 0.46 (0.26—0.82, P = 0.009)].
Conclusions C3aR-positive cells are found more often in patients with inflammatory cardiomyopathy. The relevance of C3aR-
positive cells in patients with non-ischaemic cardiomyopathy should be further evaluated as potential predictors or modulators
of adverse cardiac remodelling, the substrate of progressive heart failure.
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¥ In Memoriam.

Introduction

Non-ischaemic cardiomyopathy is a common cause of conges-
tive heart failure (HF) in young patients with subsequent need
for pharmacological treatment, implantation of cardioverter—
defibrillator, and eventually heart transplantation.™? Despite
some advances in diagnosis and therapy, the prognosis in pa-
tients with non-ischaemic cardiomyopathy remains poor.

Chronic low-grade activation of the innate immune system
with increased levels of inflammatory proteins, cytokines,
and chemokines has been described in patients with HF.>™®
While it has been reported that activation of the immune sys-
tem is associated with beneficial effects during cardiac regen-
eration,>® long-term immune activation is also known to
promote myocardial inflammation, which causes cardiac fi-
brosis and, thus, progression of HF.” Among other
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mechanisms, infiltration with inflammatory cells mediates an
increase of pro-inflammatory proteins in the myocardial
tissue followed by myofibroblast activation, accumulation of
extracellular matrix proteins, and cardiac remodelling.

The complement system is an integral part of the innate
immune response, and complement receptors are of impor-
tance for the recruitment of inflammatory cells to the site of
myocardial injury and for maintaining inflammatory pro-
cesses.>® This system of soluble factors produced by a variety
of immune cells is formed by a group of plasmatic proteins,
which are activated in enzymatic cascades. In particular, it is
responsible for the opsonization of microbial intruders by
attracted inflammatory cells and for the induction of mast cell
degranulation, whereby the potent anaphylatoxins C3a and
C5a are released. Different pathways of complement activa-
tion result in the cleavage of C3 into C3a and C3b, followed
by cleavage of C5 to form C5a and C5b.° The components
C5b to C9 then form the membrane attack complex, which
mediates osmotic lysis of targeted cells. Among its role in
immune defence, the complement system is also involved in
more unexpected processes of tissue homeostasis such as
angiogenesis and regenerative processes.s'10 In animal
models of cardiac disease, C3a causes histamine release,
tachycardia, impairment of atrioventricular conduction, coro-
nary vasoconstriction, and left ventricular dysfunction.'* C5a
induces pro-inflammatory and cardiodepressant cytokines in
human leucocytes including tumour necrosis factor-a,
interleukin (IL)-1, IL-6, and IL-8.123 Fyurthermore, the C5aR
pathway regulates the expression of adhesion molecules on
peripheral monocytes, as well as infiltration and cytokine
production of macrophages in the heart.**** Thus, C3a and
C5a are important inflammatory mediators but might
also be of pathophysiological relevance for cardiac tissue
remodelling. Despite the potential relevance of complement
anaphylatoxins and their receptors for myocardial inflamma-
tion, their diagnostic and prognostic value in patients with
non-ischaemic cardiomyopathy has not been investigated, yet.

Materials and methods

Study design, patient cohort, and assessment of
clinical risk factors

In this study, we analysed 102 consecutive patients with re-
gionally or globally impaired systolic left ventricular ejection
fraction (LVEF) due to non-ischaemic cardiomyopathy who
underwent endomyocardial biopsy (EMB) as part of a routine
clinical evaluation for HF at our university hospital from Au-
gust 2007 to November 2011. All patients were admitted to
the University Hospital of Tibingen with impaired LVEF
<60% and/or symptomatic, congestive HF with either dys-
pnoea New York Heart Association (NYHA) classification >II

and/or elevated B-type natriuretic peptide (BNP) levels
(>100 ng/L) and/or cardiac arrhythmias, including recurrent
palpitations with presyncope, syncope, and documented
sustained and/or non-sustained ventricular tachycardia. The
indication for EMB was based on these clinical criteria or
one of the following: new-onset HF of 2 week duration with
dilation of the left ventricle and haemodynamic compromise,
new-onset HF of up to 3 month duration with dilated left ven-
tricle and malignant arrhythmias, failure to respond to usual
care, or suspected cardiac involvement with impaired global
or regional systolic left or right ventricular function, enlarge-
ment of the left or right ventricle, pericardial effusion,
myocardial hypertrophy, or abnormal myocardial echo
patterns in transthoracic echocardiography as shown in the
flow chart depicted in Supporting Information, Figure $1.*>*¢

Cardiomyopathies were defined according to proposed
classification criteria by the American Heart Association
expert consensus panel’ and the European Society of
Cardiology.!” The group of inflammatory cardiomyopathies
comprised acute and chronic myocarditis (Supporting
Information, Table S1). Non-inflammatory cardiomyopathies
comprised dilative cardiomyopathy (DCM), hypertrophic
cardiomyopathy, and hypertensive cardiomyopathy. Second-
ary cardiomyopathies attributed to underlying diseases were
excluded (Supporting Information, Table S1). Clinical risk fac-
tors at study entry were age, gender, body mass index, NYHA
functional class, and concomitant medication. B-type natri-
uretic peptide (>100 ng/L) and C-reactive protein (CRP,
>0.5 mg/dL) were classified as elevated laboratory markers.
Echocardiographic parameters included LVEF and left ventric-
ular end-diastolic diameter (LVEDD). Left ventricular ejection
fraction was estimated by echocardiography (iE33, Philips
Medical Systems, Hamburg, Germany) using the modified
Simpson method, with images obtained from apical four-
chamber and two-chamber views. Left ventricular end-
diastolic diameter was analysed by two-dimensionally guided
M-mode echocardiography in all patients. Significant coronary
artery disease (>50% diameter luminal stenosis of two or
more coronary vessels or left main or proximal left anterior
descending coronary artery stenosis >50%) was excluded by
coronary angiography in all patients. Further, cardiac function
and morphology were assessed by contrast-enhanced cardiac
magnetic resonance imaging (MRI). Contrast-enhanced car-
diac MRI was performed on a 1.5 T scanner (Siemens Medical
Systems, Erlangen, Germany) providing a gradient strength of
40 mT/m and maximum slew rate of 200 mT/m/ms. An ad-
vanced cardiac software package was used. Images were ac-
quired with the subject in the supine position, by applying
electrocardiographically gated breath-hold sequences as
described before.'® For late gadolinium enhancement (LGE)
imaging, a two-dimensional inversion-recovery segmented
k-space gradient-echo magnetic resonance sequence was per-
formed using 0.15 mmol gadobutrol per kilogram of body
weight (Gadovist, Bayer Healthcare, Berlin, Germany).'® Two
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experienced investigators independently reviewed the image
loops of each subject in a random fashion. For LGE image
analysis, both investigators visually judged the occurrence
(presence vs. absence), localization, and pattern of LGE.*?%°
All patients received medication according to current
European Society of Cardiology and American College of
Cardiology/American Heart Association guidelines depending
on their LVF and HF symptoms.*® The study conformed to
the principles outlined in the Declaration of Helsinki and was
approved by the Local Ethics Committee of the Eberhard Karls
University of Tibingen (270/2011B0O1). Written informed
consent was obtained from all patients.

Study endpoints and follow-up

All patients presented in our outpatient clinic for clinical
follow-up every 6 to 9 months. None of the patients were lost
during follow-up. The primary study endpoint was defined as
a composite of all-cause death, heart transplantation, HF-
related re-hospitalization, and deterioration of LVEF >10%
over time within a follow-up period of 2 years (mean
follow-up 11.9 months, Supporting Information, Table S2).
To determine the occurrence of an endpoint, all clinical
events were reviewed by an independent endpoint commit-
tee. The clinicians, who were in charge of the decision for
re-hospitalization, were not involved in the study.

Endomyocardial biopsy, immunohistochemistry,
and histopathological analysis

Biopsy samples of 1 to 3 mm were taken from the septum of
the right ventricle with a bioptome (Biopsy Forceps, Cordis
Corporation, Milpitas, CA) advanced through a 9 French ve-
nous sheath.?! Samples were immediately fixed under sterile
conditions in 4% buffered formaldehyde for haematoxylin
and eosin staining, Masson’s trichrome, or Giemsa staining
and for immunohistochemistry. Paraffin-embedded, 4-pm-
thick tissue sections were evaluated by light microscopy.
Other samples were fixed in RNAlater (Ambion Inc., Foster
City, CA, USA) for nested (reverse transcription) PCR detec-
tion of viral genomes [parvovirus B19, human herpesvirus
types 6, 7, and 8, enteroviruses, adenoviruses, influenza A
and B viruses, human cytomegalovirus (CMV), and Epstein—
Barr virus].?> An avidin—biotin immunoperoxidase method
(Vectastain Elite ABC Kit, Vector Laboratories, Burlingame,
CA, USA) was used for immunohistochemistry according to
the manufacturer’s protocol, with the following monoclonal
antibodies used as primary antibodies to identify the cell types
in mononuclear cell infiltrates: CD3 for T cells (Novocastra Lab-
oratories, Newcastle upon Tyne, UK), CD68 for macrophages
(Dako, Glostrup, Denmark), and HLA-DR-a (Dako, Hamburg,
Germany) to assess major histocompatibility complex class Il
(MHCII) expression in antigen-presenting immune cells.

To detect C3aR and C5aR in the biopsy samples, the
paraffin-fixed tissue samples of the patients were
deparaffinized with Roti-Histol (2 x 10 min) and rehydrated
through graded ethanol washes (100-70%). Antigen
demasking was performed by heating the samples 3 x 5 min
at 360 W in citrate buffer pH 6 in a microwave oven. Endoge-
nous peroxidase activity was blocked by 3% H,0, (15 min).
Slides were pre-incubated with ‘Protein Block Serum-Free’
from Dako (X0909), then incubated with a C3aR antibody
(H-300; sc-20138, Santa Cruz Biotechnology, Santa Cruz, CA,
USA) or a C5aR antibody (anti-C5R1, ab59390, Abcam,
Cambridge, UK) followed by a biotinylated secondary antibody
mix (‘Biotinylated Link Universal’, LSAB + System HRP, KO690,
Dako). Rabbit IgG isotype control antibodies served as
controls. For signal amplification, the slides were incubated
with streptavidin—HRP (LSAB + System HRP, K0690, Dako) for
30 min. For the colour reaction, a DAB Substrate Kit
(LiquidDAB + Substrate Chromogen System, K3468, Dako)
was used (brown colour). After washing the slides in PBS, a sec-
ond pre-incubation with ‘Protein Block Serum-Free’ followed.
Slides were incubated with biotinylated secondary antibody
mix and streptavidin—HRP again. For the colour reaction, a
peroxidase substrate kit (Vector SG, Vector Laboratories) was
used (grey-blue colour). All sections were briefly counter-
stained with haematoxylin. Slides were covered with mounting
medium and stored at room temperature until analysis.

Myocardial tissue sections stained for C3aR expression
were analysed by a semi-quantitative score scheme as de-
scribed previously?>™® and according to scores used for
CD68 and MHC-II. C3aR staining was classified as Score 0 if
there were no stained cells or as Score 1 if there were one
to eight stained cells. Scores for C3aR staining were obtained
in a blinded manner from one or two sections for each stain-
ing by two independent investigators. The amount of cardiac
fibrosis was determined as described before.?” According to
the amount of fibrosis given in percentage of fibrosis in rela-
tion to the total area of the biopsy, patients were categorized
using tertile distribution defined as mild (Grade 1, 0-10%),
moderate (Grade 2, 11-20%), and severe fibrosis (Grade 3,
>20%).>”?% Cardiomyopathies were classified according to
standardized clinical and histological criteria.?? Inflammatory
cardiomyopathy comprised acute and chronic myocarditis
(Supporting Information, Table S1) and was defined by
lymphocytic infiltrates in association with myocyte necrosis
according to the Dallas criteria as described before.*>?32%
Inflammation was defined by immunohistological detection
of mononuclear infiltrates with >14 Ieucocytes/mm2 in the
myocardium, in addition to enhanced expression of human
leukocyte antigen Class Il molecules according to the World
Health Organization/International Society and Federation of
Cardiology Task Force on the Definition and Classification of
Cardiomyopathies.*>**  Endomyocardial biopsy without
signs of inflammation but with myocardial damage and
fibrosis was classified as non-inflammatory cardiomyopathy;
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these patients had predominantly idiopathic dilative cardio-
myopathy, hypertrophic cardiomyopathy, or hypertensive
heart disease (shown in Supporting Information, Table S1).

Statistical analysis

Continuous, not normally distributed variables are expressed
as median and interquartile range (IQR) and were compared
using Mann—-Whitney U test. Categorical data are presented
as proportions and were analysed by chi-squared test. Risk
factors, including NYHA functional class, LVEF, LVEDD, LGE,
BNP, CRP, C3aR, and C5aR were assessed. Continuous
parameters were dichotomized at established cut-off values.
Cox proportional hazards regression analysis was carried out
for multivariable analysis to assess the association of risk fac-
tors with the primary endpoint. Survival curves of patients
grouped by pre-specified variables were calculated by
Kaplan—Meier analyses and compared using the log-rank test.
The risk for endpoint occurrence is presented as a hazard
ratio with 95% confidence interval. Survival analysis started
at the date of EMB. Values are given as mean * standard
deviation or standard error of the mean where applicable.
Comparisons were considered statistically significant if the
two-sided P value was <0.05. Statistical analyses were
performed using SPSS software version 22.0 (SPSS Inc.,
Chicago, IL, USA).

Results

The degree of cardiac fibrosis and inflammation
detected by endomyocardial biopsy is different in
patients with inflammatory cardiomyopathy
compared with non-inflammatory
cardiomyopathy

Baseline characteristics and demographics of the patient
cohort are given in Table 1. The classification of the
underlying cardiomyopathies is described in Supporting
Information, Table S1. The median age of the population
was 54 (IQR 20-84) years; 74 (72.5%) patients were men;
and 86.3% of patients presented with symptomatic HF and
an NYHA functional class >2 with a median LVEF of 40%
(20-60). This study describes an ‘all-comer collective’; the
decision for EMB was based on the flow chart depicted in
Supporting Information, Figure S1. Cardiac and inflammatory
biomarkers were increased. For instance, the median BNP
serum concentrations were 384 (IQR 18-23211) ng/L, and
the median troponin | levels were 0.05 (IQR 0-5.6) pg/L.
Sixty patients (69.0%) had troponin | levels >0.03 pg/L. A
median CRP of 0.53 (0-24) was found within the cohort.
Fifty-four  (52.9%) patients were diagnosed with

inflammatory cardiomyopathy, and the remaining 48
(47.1%) patients had non-inflammatory cardiomyopathy.
Patients with inflammatory cardiomyopathy were signifi-
cantly younger than patients with non-inflammatory cardio-
myopathy (P < 0.001), showed a lower NYHA class
(P = 0.009) and a better LVEF (P = 0.001), and were less
often treated with diuretics (P = 0.004) and with mineralo-
corticoid receptor antagonists (P = 0.030).

Mild myocardial fibrosis detected by histology in EMB was
found significantly more often in inflammatory cardiomyopa-
thy (38.9% in inflammatory cardiomyopathy vs. 16.7% in non-
inflammatory cardiomyopathy, P = 0.024), while severe
fibrosis was increased among patients with non-inflammatory
cardiomyopathy (16.7% in inflammatory cardiomyopathy vs.
31.3% in non-inflammatory cardiomyopathy, P = 0.046) as
shown in Figure 1A. There was no significant difference in
moderate fibrosis between 37% in inflammatory
cardiomyopathy vs. 39.6% in non-inflammatory cardiomyopa-
thy, P = 0.675. Positive LGE detected in cardiac MRI was
present in 46 of the 102 patients (45.1%), but there was no
difference between inflammatory and non-inflammatory
cardiomyopathy (P = 0.687, Table 1 and Figure 1B). In
immunohistochemistry, we also analysed the numbers of
infiltrating inflammatory CD3-positive T cells and CD68-
positive cells in the groups of inflammatory and non-
inflammatory cardiomyopathy. We found that numbers of
CD3-positive and CD68-positive cells were significantly
different among the two groups as shown in Figure 1C and
D. The number of CD3" T cells was significantly increased in
patients with inflammatory cardiomyopathy compared with
non-inflammatory cardiomyopathy (12.6 + 1.84 in
inflammatory cardiomyopathy vs. 2.3 * 0.43 in non-
inflammatory cardiomyopathy, P < 0.001, Figure 1C). CD68"
cells/macrophages were significantly increased in patients
with inflammatory cardiomyopathy compared with non-
inflammatory cardiomyopathy (29.7 £+ 2.23 in inflammatory
cardiomyopathy vs. 11.5 * 0.65 in non-inflammatory
cardiomyopathy, P < 0.001, Figure 1D). Representative
myocardial tissue sections illustrate myocardial architecture
in histology and immunohistochemistry in the myocardium
of inflammatory cardiomyopathy (Figure 1E) and non-
inflammatory cardiomyopathy (Figure 1F).

Expression of anaphylatoxin receptor C3aR is
increased in patients with inflammatory
cardiomyopathy

C3aR staining was classified as Score 0 if there were no
stained cells or as Score 1 if there were one to eight stained
cells. Forty-two out of 102 (41.2%) patients showed positive
C3aR and 28/102 (27.5%) positive C5aR expression within
the myocardium. The number of C3aR-positive cells was
significantly increased in patients with inflammatory
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Table 1 Baseline characteristics of patient population
Parameters All patients, n = 102 ICM, n = 54 (52.9%) non-ICM, n = 48 (47.1%) P
Clinical characteristics
Age (years) 54 (20-84) 50.5 (21-79) 68.5 (20-84) <0.001
Male 4 (72.5) 40 (74.1) 34 (70.8) 0.825
BMI (kg/mz) 26 1(19.9-52.0) 26.5 (19.9-52) 25(19.9-31.2) 0.603
NYHA class >II 88 (86.3) 42 (77.8) 46 (95.8) 0.009
Concomitant cardiac medication at study entry
3-Blockers 90 (88.2) 47 (87.0) 43 (89.6) 0.765
ACE-I 69 (67.6) 34 (63.0) 35(72.9) 0.299
ARB 23 (22.5) 11 (20.4) 12 (25.0) 0.639
Diuretics 63 (61.8) 26 (48.1) 37 (77.1) 0.004
MRA 54 (52.9) 23 (42.6) 31 (64.6) 0.030
Parameters of the left ventricle
LVEF (%) 40 (20-60) 50 (25-60) 35 (20-60) 0.001
LVEF <45% 52 (51) 20 (37) 32 (66.7) 0.003
LVEDD (mm) 51 (34-78) 51 (34-78) 52 (38-74) 0.190
LVEDD >55 mm 40 (39.2) 19 (35.2) 21 (43.8) 0.420
Positive LGE 46 (45.1%) 26 (48.1) 20 (41.7) 0.687
Biomarkers
BNP (ng/L) 384 (18-23 211) 278 (24-23 211) 544 (18-11 955) 0.143
Tnl (no/L) 0.05 (0-5.6) 0. 07 (0-5.6) 0.05 (0-0.34) 0.184
Tnl >0.03 60 (69.0) 3(71.7) 27 (65.9) 0.645
CRP (mg/dL) 0.53 (0-24) 0. 62 (0-24) 0.32 (0-4.6) 0.080
CRP >0.5 42 (41.2) 6 (48.1) 16 (33.3) 0.160
Virus-positive endomyocardial biopsies
Total 26 (25.5) 17 (31.5) 9(18.8) 0.175
EBV 8 (7.8) 5(9.3) 3(6.3) 0.719
PVB19 10 (9.8) 8(14.8) 2(4.2) 0.098
HHV-6 9 (8.8) 5(9.3) 4 (8.3) 1.000
Influenza A/B 2 (2.0) 1(1.9) 1(2.1) 1.000
CBV3 0 (0) 0 (0) 0 (0) 1.000
Myocardial fibrosis
Mild 29 (28.4%) 21 (38.9) 8(16.7) 0.024
Moderate 39 (38.2) 20 (37.0) 19 (39.6) 0.675
Severe 24 (23.5) 9(16.7) 15 (31.3) 0.046
Positive detection of immunohistological markers in the myocardium
MHC I 64 (62.7) 50 (92.6) 14 (29.2) <0.001
CD68 62 (60.8) 50 (92.6) 12 (25.0) <0.001
CD3 43 (42.2) 41 (75.9) 2 (4.2) <0.001

ACE-1, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; BNP, B-type natriuretic pep-
tide; CBV, Coxsackie B virus; CRP, C-reactive protein; EBV, Epstein—Barr virus; HHV-6, human herpesvirus 6; ICM, inflammatory cardiomy-
opathy; LGE, late gadolinium enhancement; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; MRA,
mineralocorticoid receptor antagonist; non-ICM, non-inflammatory cardiomyopathy; NYHA, New York Heart Association; PVB19, parvo-

virus B19; Tnl, troponin I.
Values are n (%) or are given as median and interquartile range.
Significantly different values are presented in bold.

cardiomyopathy compared with non-inflammatory cardiomy-
opathy (C3aR-positive cells: 1.75 + 0.31 in inflammatory car-
diomyopathy vs. 094 t 0.26 in non-inflammatory
cardiomyopathy, P = 0.049, Figure 2A). There was no
difference for theexpression of C5aR (C5aR-positive cells:
0.48 £ 0.13 in inflammatory cardiomyopathy vs. 0.62 + 0.17
in non-inflammatory cardiomyopathy, P = 0.513, Figure 2B).
Representative myocardial tissue sections depicting positive
expression of C3aR or C5aR on cells residing in the
myocardium are illustrated in Figure 2C. The degree of
myocardial fibrosis detected by EMB was not different, if
staining was positive or negative for C3aR (P = 0.691,
Supporting Information, Figure S2A). Furthermore, the
degree of myocardial fibrosis and the presence of late
gadolinium enhancement in cardiac MRI were not associated

with the expression of C3aR within the myocardium
(Supporting Information, Figure S2B).

Expression of C3aR is increased in patients with
positive expression of established inflammatory
markers in endomyocardial biopsy

Up to 62.7% of patients undergoing EMB showed positive
immunohistochemistry for at least one established inflamma-
tory marker and were positive for MHCII (n = 64, 62.7%), CD68
(n=62,60.8%), or CD3 (n =43, 42.2%) as depicted in Table 1.
Patients with inflammatory cardiomyopathy showed signifi-
cantly higher myocardial expression of MHCII (P < 0.001),
CD68 (P < 0.001), and CD3 (P < 0.001) compared with
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Figure 1 The degree of cardiac fibrosis and inflammation detected by endomyocardial biopsy is different in patients with inflammatory and non-in-
flammatory cardiomyopathy, while the number of CD3-positive T cells and CD68-positive macrophages is increased in patients with inflammatory car-
diomyopathy. According to the amount of fibrosis given in percentage (%) of fibrosis in relation to the total area of the biopsy, patients were
categorized using tertile distribution defined as mild (Grade 1, 0-10%), moderate (Grade 2, 11-20%), and severe fibrosis (Grade 3, >20%). The number
of CD3-positive and CD68-positive cells are given in cell number per section. Values are mean + standard error of the mean; *P < 0.05. (A) Mild myo-
cardial fibrosis was found significantly more often in patients with inflammatory cardiomyopathy (38.9% in inflammatory cardiomyopathy vs. 16.7% in
non-inflammatory cardiomyopathy, P = 0.024), while severe fibrosis was increased among patients with non-inflammatory cardiomyopathy (16.7% in
inflammatory cardiomyopathy vs. 31.3 in non-inflammatory cardiomyopathy, P = 0.046). There was no difference in moderate fibrosis between 37% in
inflammatory cardiomyopathy vs. 39.6% in non-inflammatory cardiomyopathy, P = 0.675. (B) Positive late gadolinium enhancement (LGE) detected in
cardiac MRI was present in 46 of the 102 patients (45.1%), but there was no difference between inflammatory and non-inflammatory cardiomyopathy
(P = 0.687). (C) The number of CD3-positive T cells was significantly increased in patients with inflammatory cardiomyopathy compared with non-in-
flammatory cardiomyopathy (12.6 + 1.84 in inflammatory cardiomyopathy vs. 2.3 £ 0.43 in non-inflammatory cardiomyopathy, P < 0.001). (D) CD68-
positive cells/macrophages were significantly increased in patients with inflammatory cardiomyopathy compared with non-inflammatory cardiomyop-
athy (29.7 £ 2.23 in inflammatory cardiomyopathy vs. 11.5 £ 0.65 in non-inflammatory cardiomyopathy, P < 0.001). (E) Representative myocardial tis-
sue sections depict myocardial architecture in histological Masson’s trichrome staining and positive expression of CD3 and CD68 on cells residing in the
myocardium in inflammatory cardiomyopathy. (F) Representative myocardial tissue sections depict myocardial architecture in histological Masson’s
trichrome staining and positive expression of CD3 and CD68 on cells residing in the myocardium in non-inflammatory cardiomyopathy.
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Figure 2 The number of anaphylatoxin receptor-positive cells is increased in patients with inflammatory cardiomyopathy. The number of C3aR-pos-
itive and C5aR-positive cells is given in cell number per section. Values are mean + standard error of the mean; *P < 0.05. (A) The number of
C3aR-positive cells was significantly increased in patients with inflammatory cardiomyopathy compared with non-inflammatory cardiomyopathy
(1.75 + 0.31 in inflammatory cardiomyopathy vs. 0.94 + 0.26 in non-inflammatory cardiomyopathy, P = 0.049). (B) There was no difference in the num-
ber of C5aR-expressing cells (0.48 + 0.13 in inflammatory cardiomyopathy vs. 0.62 + 0.17 in non-inflammatory cardiomyopathy, P = 0.513). (C) Repre-
sentative myocardial tissue sections depict positive expression of C3aR and C5aR in the myocardium.
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patients with non-inflammatory cardiomyopathy (Figure 3A
and B). Thirty out of 64 (46.9%) patients with positive MHCII
expression were positive for C3aR (Score 1), which was higher
for trend compared with 11/38 (28.9%) of MHClI-negative pa-
tients, P = 0.076 (Figure 3A). We found similar results in pa-
tients with positive CD68 expression. Twenty-nine out of 62
(46.8%) patients with positive CD68 expression showed posi-
tive C3aR expression (Score 1), which was higher for trend
compared with 12/40 (30.0%) CD68-negative patients,
P = 0.093 (Figure 3B). Endomyocardial biopsy revealed
26/102 (25.5%) patients to be virus positive (Table 1). Among
those patients, 10/26 (38.5%) were parvovirus B19 positive,
8/26 patients (30.8%) were Epstein—Barr virus positive, 9/26
patients (34.6%) were human herpesvirus 6 positive, and
2/26 (7.7%) were influenza A/B virus positive (Table 1).

Expression of C3aR is a predictor of outcome in
patients with non-ischaemic heart failure

During a mean follow-up of 11.9 months, 36 (35.2%) patients
reached the primary endpoint. The patient collective consisted

of patients with non-inflammatory cardiomyopathy (DCM
70.8% and hypertrophic non-obstructive cardiomyopathy or
hypertrophic obstructive cardiomyopathy 29.2%) and inflam-
matory cardiomyopathy (88.9% chronic myocarditis and
11.1% acute myocarditis, Supporting Information, Table S1).
Supporting Information, Table S2 depicts the clinical outcome
during follow-up stratified by the underlying cardiomyopathy.

Interestingly, Kaplan—Meier curves illustrate in the
overall patient cohort (n = 102, inflammatory and non-
inflammatory cardiomyopathy) that patients negative for
C3aR (Score 0) reach the primary endpoint more often than
patients that show positive C3aR expression (Score 1) (log
rank 5.963, P = 0.015, Figure 4A). We tested whether C3aR
correlates with LVEF. As depicted in Supporting Information,
Figures S3 and S$4, there was no correlation of C3aR with LVEF
or LVEDD. Furthermore, in the subgroup analysis of
patients with inflammatory cardiomyopathy (n = 54), the
Kaplan—Meier curve demonstrates that patients negative for
C3aR (Score 0) reach the primary endpoint more often than
patients that show positive C3aR expression (Score 1)
(log rank 3.749, P = 0.053, Figure 4B). The primary study
endpoint was defined as a composite of all-cause death,
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Figure 3 Expression of anaphylatoxin receptor C3aR is enhanced in patients with positive expression of established inflammatory markers in
endomyocardial biopsy. C3aR-positive cells were quantified by investigators blinded to the patient characteristics. Samples were categorized into
two groups according to the number of cells positive for the analysed markers. Score 1 = one or more than one cells positive for the marker were
counted; Score 0 = no cell positive for the marker. *P < 0.05. (A) 30/64 (46.9%) patients with positive MHCII expression showed positive C3aR expres-
sion (Score 1), which was higher for trend compared with 11/38 (28.9%) of MHClI-negative patients, P = 0.076. (B) 29/62 (46.8%) patients with positive
CD68 expression showed positive C3aR expression (Score 1), which was higher for trend compared with 12/40 (30.0%) CD68-negative patients,
P =0.093.
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Figure 4 Kaplan—Meier curves illustrate the occurrence of the primary study endpoint stratified by myocardial C3aR expression. During a mean follow-
up of 11.9 months, 36 (35.2%) patients reached the primary endpoint. Out of these, 11 (30.6%) were C3aR positive (Score 1). The primary study end-
point was defined as a composite of all-cause death, heart transplantation, HF-related re-hospitalization, and deterioration of LVEF. (A) Kaplan—Meier
curves illustrate in the overall patient cohort (n = 102, inflammatory and non-inflammatory cardiomyopathy) that patients negative for C3aR (Score 0)
reach the primary endpoint more often than patients, who are C3aR positive (Score 1, log rank 5.963, P = 0.015). (B) In the subgroup analysis of pa-
tients with inflammatory cardiomyopathy (n = 54), Kaplan—Meier curves demonstrate that patients negative for C3aR (Score 0) reach the primary end-
point more often than patients, who are positive for C3aR with a trend for statistical significance (Score 1, log rank 3.749, P = 0.053).

A B
C3aR* (Score 1-8) = C3aR* (Score 1-8) =
C3aR" (S 0 —_ C3aR (S [1} —_—
100 4 aR- (Score 0) 100 A _q_ aR’ (Score 0)

£ 80 - B £ 80 l_
2 2

€ 601 e 60

@ »

T 40 - T 40 -

] ]

& @

20 A 20 -
LogRank 5.963 LogRank 3.749
P=0.015 P=0.053
0 - 0 A
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Follow-up (days) Follow-up (days)

No. at Risk No. at Risk
C3aR* 42 38 37 37 37 37 31 C3aR* 24 21 21 21 21 21 20
C3aR- 60 54 51 47 44 39 35 C3aR 27 23 20 19 19 19 18

heart transplantation, HF-related re-hospitalization, and de- C3aR-negative expression status was a strong independent
terioration of LVEF. In multivariate Cox regression analysis predictor of the occurrence of the primary endpoint
for the primary endpoint, among all the risk factors tested (hazard ratio 0.46; 95% confidence interval 0.26-0.82,
(expression of C3aR, age, gender, LVEF, CRP, and NYHA >II), P = 0.009, Table 2).
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Table 2 Lack of C3aR expression in the heart tissue is an indepen-
dent predictor of the primary study endpoint

Cox regression analysis

Variable HR (95% Cl) P

Gender 2.30 (0.92-5.76) 0.075
Age 1.04 (1.0-1.1) 0.006
CRP (mg/dL) 1.03 (1.0-1.05) 0.019
LVEF (%) 0.97 (0.94-1.00) 0.052
NYHA class >lI 0.68 (0.24-1.94) 0.47

C3aR™ 0.46 (0.26-0.82) 0.009

Cl, confidence interval; CRP, C-reactive protein; HR, hazard ratio;
LVEF, left ventricular ejection fraction; NYHA, New York Heart
Association.

Values are given in order of decreasing HR. Significant P values are
in bold.

Discussion

Inflammatory cardiomyopathy causes chronic HF associated
with severe morbidity and significant mortality. Reliable
predictors of persisting HF are, however, not available.
Here, we describe a potential new parameter, which may
add to histopathological characterization of patients with in-
flammatory cardiomyopathy, improve prediction of progno-
sis, and could open new directions of basic research in
processes involving cardiac remodelling and immune activa-
tion. The major findings of our present study are (i) myocar-
dial expression of the anaphylatoxin receptor C3aR is
enhanced specifically in patients with inflammatory cardio-
myopathy, (ii) C3aR expression is increased in patients pos-
itive for other markers of myocardial inflammation, and (iii)
lack of C3aR expression is predictive for the occurrence of
the composite endpoint consisting of all-cause death, heart
transplantation, HF-related re-hospitalization, and deteriora-
tion of LVEF.

The complement anaphylatoxin receptors C3aR and C5aR
play a pivotal role in tissue inflammation,® yet the impact of
C3aR and C5aR expression in patients with non-ischaemic
cardiomyopathy has not been elaborated, so far.

In our study cohort, C3aR expression was found more
frequently in inflammatory cardiomyopathy. In non-
inflammatory cardiomyopathy settings such as DCM, we
could not detect significant differences for anaphylatoxin re-
ceptor expression. Anaphylatoxin receptors C3aR and C5aR
and their active ligands C3a and C5a play a crucial role for
the recruitment of inflammatory cells to the site of myocar-
dial injury and histamine release with consequences for tis-
sue injury, remodelling, and healing."* We observed that
over one-third of the consecutively enrolled patients present
with positive myocardial C3aR expression.

Previous data demonstrated that immune cells are impor-
tant targets of myocardial enterovirus infection providing a
non-cardiac reservoir for viral RNA.>** The diagnostic and
prognostic relevance of the detection of viral genome re-
mains a matter of debate.?® Future studies will also have to

address the role of anaphylatoxin receptors for viral load in
the context of cardiomyopathies. In our cohort, approxi-
mately one-third of biopsies were virus positive, but detec-
tion of virus genome was not predictive for the occurrence
of clinical events during follow-up.

Complement deposition has been described for adverse
cardiac remodelling after myocardial infarction,® and its acti-
vation was associated with leucocyte infiltration.* We ob-
served that significantly more patients with increased MHCII
expression, typically found on antigen-presenting cells like
macrophages, had elevated levels of C3aR. Whether C3aR ex-
pression has any relevance for antigen presentation in inflam-
matory cardiomyopathy and adverse remodelling will have to
be addressed in further studies.

To our knowledge, the present study is the first to describe
a diagnostic and prognostic impact of C3aR in patients under-
going EMB for non-ischaemic HF. If a potentially relevant bio-
marker for acute or chronic HF associates with myocardial
markers of inflammation, it cannot be entirely ruled out that
any correlation with myocardial damage and long-term car-
diovascular outcome was secondary to its association with
other inflammation markers. Thus, clinical and mechanistical
studies are needed to further challenge our findings. One
can speculate that underlying mechanisms of positive C3aR
expression and relevance for patient outcome are driven by
progressive inflammation and fibrotic cardiac remodelling in
chronic courses of the disease, already described in other pa-
thologies.®* The role of complement deposition as a prognos-
tic marker in ischaemic HF, however, has only been
investigated in very few studies. Gombos et al.3? showed an
association of activated complement C3a and a combined
endpoint of all-cause mortality and re-hospitalization due to
progressive HF in 182 patients. Aukrust et al.3® found sys-
temic complement activation in 39 patients with chronic
HF, who were treated with intravenous immunoglobulin,
which lead to reduced complement activation and improve-
ment of left ventricular function during a 5 months follow-
up. In contrast to previous findings,?® immunohistological
detection of inflammation (CD3, CD68, and MHCII) did not al-
low the prediction of adverse events in our cohort of patients
with inflammatory cardiomyopathy. This might reflect the
patient selection criteria in our study that consecutively
enrolled patients with HF not related to coronary artery
disease, including inflammatory and non-inflammatory
cardiomyopathies.>*

Furthermore, several prospective clinical studies have
shown independently that modest elevations in baseline
CRP levels, as detected by high-sensitivity assays, predict
future cardiovascular events.>® High CRP levels were further-
more described as an independent prognostic predictor for
mortality in non-ischaemic cardiomyopathy®®*3” and may
contribute to myocardial damage via activation of the
complement system and chemotaxis of macrophages.>® We
consider elevated CRP levels at baseline rather as a marker
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of the systemic acute phase reaction and a characteristic
finding in our patient cohort than employing it as a specific
marker to identify  patients with inflammatory
cardiomyopathy.

Study limitations

We are aware that our study is rather observational and hy-
pothesis generating, but our findings suggest further in-depth
evaluation of mechanistic features connecting anaphylatoxin
receptors with cardiomyopathies, which has not been well
characterized so far but might be of great clinical importance.
There are several other limitations that should be taken into
account. Here, we analysed a ‘real-world, all-comers’ collec-
tive with patients, for whom a clinical indication for EMB
was present. Therefore, some of these patients only show a
mildly impaired left ventricular function. Fifty-one per cent
of our patients revealed an LVEF <45% (37% among inflam-
matory and 66.7% among non-inflammatory cardiomyopa-
thy). We are aware that these differences regarding left
ventricular impairment may be a confounder for our analysis.
On the other hand, we could show in multivariate analysis
that, among others, lack of C3aR remains an independent
predictor for the clinical outcome in our adjusted model. An-
other limitation is the analysis of a combined endpoint; for
future studies, it would be interesting to evaluate the predic-
tors of ‘hard’ endpoints such as death, heart transplantation,
or HF-related re-hospitalization as single endpoints, espe-
cially as our clinical outcome is triggered by the deterioration
of LV function over time. The latter may be used to predict
left ventricular reverse remodelling, an entity that influences
medical treatment or other clinical decisions before other HF
symptoms occur. During a 2 year follow-up, the overall event
rate of progressive myocardial remodelling defined by wors-
ening of LVEF over time was low in our cohort of 102 pa-
tients. Therefore, larger prospective trials are needed to
evaluate, whether C3aR expression remains an independent
predictor for worsening of LVEF in patients with non-
ischaemic cardiomyopathy. However, we included 102 con-
secutive patients, who all underwent EMB and could identify
an inverse association of positive myocardial C3aR expression
with adverse outcome already in this hypothesis-generating
study. We also have to acknowledge that staining for the
anaphylatoxin receptors was evaluated in a semi-quantitative
manner by blinded co-investigators.>*>™** Even though this
method has been suggested for other biomarkers,** an exact
evaluation of C5aR and C3aR expression would be desirable
to standardize this quantification method.

In conclusion, expression of C3aR in the myocardial tissue
is enhanced in patients with signs of myocardial damage
and inflammation and is associated with adverse cardiac re-
modelling, the substrate of progressive HF, and clinical

outcome. Thus, detection of C3aR in the myocardium could
serve as a novel, additional biomarker to predict adverse out-
come and, in particular, worsening of LVEF in patients with
non-ischaemic HF. Routine staining for this indicator might
be useful in an intensified risk assessment of patients with
non-ischaemic cardiomyopathy. Furthermore, our observa-
tions may trigger further clinical and basic science studies
challenging the pathophysiological role and underlying mech-
anisms of anaphylatoxin receptors contributing to inflamma-
tory cardiomyopathy.
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Figure S1. Flow chart depicting patient selection criteria and
decision for endomyocardial biopsy.

Figure S2. The degree of cardiac fibrosis detected by
endomyocardial biopsy and positive late gadolinium en-
hancement in cardiac MRI was not associated with the ex-
pression of anaphylatoxin receptor C3aR within the
myocardium. Values are presented as percentages of patients
(%). (A) The degree of myocardial fibrosis detected by EMB
was not different, if staining was positive or negative for
C3aR (P = 0.691). (B) Similarly, presence of late gadolinium
enhancement in cardiac MRI was not associated with the ex-
pression of C3aR within the myocardium (P = 0.84).

Figure S3. No correlation was observed between the number
of C3aR positive cells and left ventricular ejection fraction.
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Values are presented as Pearson’s correlation coefficient r.
(A) Correlation between the number of C3aR positive cells
and LVEF for the complete collective (n = 102, inflammatory
and non-inflammatory cardiomyopathy). (B) Correlation be-
tween the number of C3aR positive cells and LVEF for the
subgroup with inflammatory cardiomyopathy (n = 54). (C)
Correlation between the number of C3aR positive cells and
LVEF for the subgroup with non-inflammatory cardiomyopa-
thy (n = 48).

Figure S4. There is no correlation between the number of
C3aR positive cells with left ventricular end-diastolic diameter
(LVEDD). Values are presented as Pearson’s correlation
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