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Cysteine-rich angiogenic inducer 61 (Cyré1):
a novel soluble biomarker of acute myocardial
injury improves risk stratification after acute
coronary syndromes
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Aims We aimed to identify a novel biomarker involved in the early events leading to an acute coronary syndrome (ACS)
and evaluate its role in diagnosis and risk stratification.
Methods Biomarker identification was based on gene expression profiling. In coronary thrombi of ACS patients, cysteine-
and results rich angiogenic inducer 61 (Cyr61, CCN1) gene transcripts were highly up-regulated compared with peripheral
mononuclear cells. In a murine ischaemia—reperfusion model (I/R), myocardial Cyré1 expression was markedly
increased compared with the controls. Cyré1 levels were determined in human serum using an enzyme-linked
immunosorbent assay. Cohorts of ACS (n=2168) referred for coronary angiography, stable coronary artery dis-
ease (CAD) (n=53), and hypertrophic obstructive cardiomyopathy (HOCM) patients (n=15) served to identify
and evaluate the diagnostic and prognostic performance of the biomarker. Cyr61 was markedly elevated in ST-
elevation myocardial infarction patients compared with non-ST-elevation myocardial infarction/unstable angina or sta-
ble CAD patients, irrespective of whether coronary thrombi were present. Cyré1 was rapidly released after occlusion
of a septal branch in HOCM patients undergoing transcoronary ablation of septal hypertrophy. Cyré1 improved risk
stratification for all-cause mortality when added to the reference GRACE risk score at 30 days (C-statistic 0.88 to
P
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0.89, P=0.001) and 1year (C-statistic 0.77 to 0.80, P<0.001) comparable to high-sensitivity troponin T (30 days: 0.88
to 0.89, P<0.001; 1year: 0.77 to 0.79, P<0.001). Similar results were obtained for the composite endpoint of
all-cause mortality or myocardial infarction. Conversely, in a population-based case—control cohort (n=362), Cyré1

was not associated with adverse outcome.

Conclusion
Keywords Acute coronary syndromes e Risk stratification e Biomarker
Introduction

In patients with acute chest pain, early diagnosis of an acute myocardial
infarction (MN)'™* and optimal risk stratification™® depend on cardiac
troponin levels measured by high-sensitivity assays in addition to clinical
assessment and electrocardiogram (ECG).”® In spite of the progress
made in the management of acute coronary syndrome (ACS) patients,
the diagnosis of Ml remains challenging in patients presenting with symp-
toms of unstable angina (UA) and a substantial residual risk of mortality
and morbidity remains,” warranting novel pathophysiological insights
into the early events at the onset of ACS. Triggers of acute coronary
thrombotic occlusion followed by myocardial ischaemia and necrosis
are key factors in the development of ACS. Thus, a soluble biomarker
reflecting early events before myocardial necrosis occurs would provide
an incremental tool towards the timely diagnosis of this high-risk patient
population, thereby helping towards improving their prognosis.
Cysteine-rich angiogenic inducer 61 (Cyr61, CCN1) is a member
of the CCN family of matricellular proteins exerting critical functions
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in angiogenesis, inflammation, and fibrotic tissue repair and

serves as a ligand for activated platelets binding to integrin a;pBs."
Cyré1is an immediate early gene product expressed in response to a

variety of stimuli such as mechanical stretch/shear stress,'® hypo-
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Xia, tumour necrosis factor-a,
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s

transforming growth factor-
and platelet-derived growth factor.!

Cyré1is involved in angiogenesis and cardiovascular disease. Indeed,
Cyré1 knockout mice undergo embryonic lethality due to impaired
vascular integrity during placental development and atrioventricular
septal defects.”>** Cyr61 mediates endothelial proliferation, tubule
formation, and neovascularization in an integrin-dependent man-
ner’*** and promotes recruitment of CD34" progenitor cells to the
endothelium.* In vitro studies show that Cyré1 mediates monocyte
adhesion and activation of a pro-inflammatory gene profile consistent
with M1-type macrophages that are involved in the early phase of
ACS.>"?® In a mouse model of autoimmune myocarditis, Cyr61 modu-
lated recruitment of monocytes and lymphocytes to the inflamed
myocardium.?’ Inhibition of Cyré1 in experimental models of carotid
balloon injury decreased proliferation of vascular smooth muscle cells
and in turn intimal hyperplasia.*®*" In humans, increased expression of
Cyré1 was detected in areas of atherosclerotic lesions rich in vascular
smooth muscle cells and in cardiomyocytes of patients with ischaemic
cardiomyopathy.®>*> The diagnostic and prognostic value of Cyr61 as
a biomarker in ACS patients remains unknown.

In this study, we hypothesized that gene expression profiling in
coronary thrombi and peripheral blood mononuclear cells obtained

from ACS patients would identify candidate gene transcripts central
to the pathophysiology of acute coronary thrombotic occlusion and/
or myocardial injury. After identification of transcripts of the secreted
protein cysteine-rich angiogenic inducer 61 (Cyré61, CCN1) in coro-
nary thrombi of ACS patients and myocardium in a mouse model of
ischaemia—reperfusion, we evaluated its diagnostic and prognostic
value in ACS patients, patients with hypertrophic obstructive cardio-
myopathy (HOCM) after transcoronary ablation of septal hypertro-
phy and in a primary prevention cohort.

Methods

Patient characteristics and tissue/blood
sampling

Patients with an acute coronary syndrome to assess
diagnostic and prognostic performance

The SPUM-ACS cohort consists of consecutive patients referred for coro-
nary angiography with the main diagnosis of ACS to one of the participating
university hospitals (Bern, Geneva, Lausanne, and Zurich; all in Switzerland)
enrolled in the Special Programme University Medicine Acute Coronary
Syndromes and Inflammation (SPUM ACS; NCT01000701).3*>? Inclusion
criteria comprised all females and males aged 18 years and older presenting
within 5 days (preferably within 72 h) after pain onset with the main diagno-
sis of ST-elevation myocardial infarction (STEMI), non-ST-elevation myo-
cardial infarction (NSTEMI), or UA. Included patients had symptoms
compatible with angina pectoris (chest pain and dyspnoea) and fulfilled at
least one of the following criteria: (i) persistent ST-segment elevation or
depression, T-inversion, or dynamic ECG changes, new left bundle branch
block (LBBB); (ii) evidence of positive troponin by local laboratory
reference values (with a rise and/or fall in serial troponin levels); (iii) known
coronary artery disease, specified as status after myocardial infarction,
coronary artery bypass grafting (CABG), or percutaneous coronary
intervention (PCl) or newly documented >50% stenosis of an epicardial
coronary artery during the initial catheterization. Exclusion criteria com-
prised severe physical disability, inability to comprehend study or <1year
of life expectancy (for non-cardiac reasons). Clinical and angiographic data
(presence of coronary thrombus®® documented on a priori defined forms)
were entered on electronic case report forms and stored in a web-based
electronic database. Follow-up was performed at 30 days (phone call) and
1year (clinical visit) with events adjudicated by three independent experts
using pre-specified adjudication forms.

Patients with stable coronary disease as a reference
cohort

Patients referred for coronary angiography to the University Hospital
Zurich with known stable coronary artery disease (sCAD) were enrolled
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in the sSCAD arm of the SPUM-ACS study. All patients aged 18 years and
older and angiographically documented coronary artery stenosis >50%
were eligible. Exclusion criteria comprised an ACS within the preceding
6months, systemic infectious, infllmmatory or autoimmune disease,
known severe renal dysfunction (serum creatinine >220 pmol/L), known
severe hepatic dysfunction (3x upper limit of normal for liver function
tests), neoplasm or other life-threatening disease with a life expectancy
<1year, extended surgery in the preceding 3 months and/or evidence of
valvular or structural heart disease and/or a reduced left ventricular ejec-
tion fraction (<55%) on echocardiogram or left ventricular angiogram.

Patients in the SPUM-ACS and sCAD cohorts recruited between
December 2009 and December 2012 had blood drawn from the inguinal
arterial sheath at coronary angiography prior to primary percutaneous
coronary intervention (pPCl). Blood was collected in serum tubes
centrifuged, aliquoted, and stored at -80°C. In selected ACS patients,
coronary thrombus was aspirated from the site of coronary occlusion
undergoing pPCl. Thrombus was immediately immersed in phosphate-
buffered saline-containing vials. Peripheral blood mononuclear cells were
isolated by Ficoll-gradient centrifugation to generate a peripheral blood
mononuclear cell (PBMC) pellet, one half of which was immediately
snap-frozen at -80°C for gene expression analysis, the remainder was
used for flow cytometry or immunohistochemical analysis as explained in
the Supplementary material online.

Nested case-control study in the ColLaus cohort to
compare Cyré1 levels between cases and controls
The Cohorte Lausannoise (Colaus) is a single-centre, epidemiological
study including approximately 6000 individuals recruited between June
2003 and May 2006 in the city of Lausanne and followed up over the
ensuing years. Details of the Colaus study have been described pre-
viously.*™® Inclusion criteria included age between 35 and 75years and
willingness to participate in the medical examination and to donate blood
samples. Collected variables include, but are not restricted to, demo-
graphic data, family history, cardiovascular risk factors, and clinical data.
Venous blood was collected at the initial visit, and serum aliquots were
frozen at -80°C until measurement. We nested a case—control study
with 75 cases defined as individuals who died (all-cause mortality) or
experienced an Ml during follow-up and 287 controls.

All individuals enrolled in the different cohorts provided written
informed consent in compliance with the Declaration of Helsinki, and all
studies were approved by the local research ethics committees.

Biomarker measurement and analysis
Concentrations of Cyr61 were measured in duplicates of single serum ali-
quots blinded to the patient’s data by means of numbered ID codes using
a semi-automated solid phase enzyme-linked immunosorbent assay (EIA-
5108, DRG Instruments GmbH, Marburg, Germany) in SPUM-ACS and
sCAD patients. The inter- and intra-assay coefficients of variation in
SPUM-ACS patients were 3.22% and 3.47%, respectively. Troponin T
was measured in serum aliquots using a high-sensitivity assay (hsTnT)
from the SPUM-ACS cohort using electrochemiluminescence immunoas-
says analysed on a cobas e 602 reader (all Roche Diagnostics, Mannheim,
Germany)®® with assay characteristics as reported by the manufacturer.

Clinical endpoints and risk score calculation

The primary endpoint was all-cause mortality within 30 days after the
index ACS and at 1year follow-up. The secondary endpoint comprised
the composite of all-cause mortality or non-fatal recurrent Ml as
described.® The Global Registry of Acute Coronary Events (GRACE)

L4‘I

risk score was used to calculate both, in-hospital,*' and long-term®

predictions of mortality and to assess the degree of disease severity in
ACS patients included in this study.

Gene expression array

Total RNA of freshly isolated coronary thrombi and corresponding periph-
eral blood mononuclear cells from 15 ACS patients was isolated using
commercially available Qiagen RNeasy® Mini Kit (Qiagen, Hombrechtikon,
Switzerland) according to the manufacturer’s instructions. The concentra-
tion, purity, and integrity of the isolated total RNA were determined using
a NanoDrop® ND1000 (NanoDrop Technologies, Wilmington, DE, USA)
and a Bioanalyzer 2100 (Agilent Technologies, Basel, Switzerland).
Quantitatively and qualitatively best RNA samples from a total of four
patients were used for complementary DNA synthesis following standard
protocols and submitted to the local core facility (Functional Genomics
Center, University Zurich, Zurich, Switzerland) for processing and analysis
(Human Genome U133 Plus 2.0 Affymetrix Gene Chip'"' from
Affymetrix, Inc. Santa Clara, CA, USA). The microarray expression data
were preprocessed with the statistics software R* using the RMA method
as implemented in the Affymetrix package. Differential expression analysis
was performed with the moderated t-statistic and false discovery rate
(FDR) multiple-test correction methods of the limma package. Transcripts
with an FDR <0.1 and absolute linear fold change of >2 were considered
as significantly differentially expressed. The raw microarray expression
data have been deposited in NCBI's Gene Expression Omnibus and are
accessible through GEO series accession number GSE19339 [http://www.
ncbinlmnih.govigeo (27 October 2017)]*° The differentially expressed
genes were clustered according to their annotation using the DAVID
Bioinformatics Resource to identify significantly enriched functional
annotation terms in the categories gene ontology and pathways and each
cluster were assigned an arbitrary title based on best fit.**

Statistical analyses

Clinical characteristics of each group are presented as means with stand-
ard deviations and P-values from t-tests for continuous variables.
Categorical variables were shown as counts with percentages and
P-values from the % or the Fisher’s exact tests. We compared medians
of Cyr61 between different groups of patients using P-values from the
Wilcoxon rank-sum test and its extension Kruskal-VWallis. We compared
the area under the receiver operating characteristics (ROC) curves as a
measure of diagnostic accuracy to detect coronary thrombus between
Cyr61 and hsTnT. Time-to-first event was analysed throughout, censor-
ing patients at 30 days or 365 days, or at last valid contact date, whichever
came first. We used a Cox proportional hazards regression model to
evaluate possible associations between the two biomarkers and all-cause
mortality and the composite of all-cause mortality or recurrent Ml (at
30days and 1year follow-up), using continuous, log-transformed bio-
marker values and continuous GRACE scores. The added predictive abil-
ity of the new predictor over and above a reference model was assessed
by Harrell's C-statistics calculated from a Cox proportional hazards
regression model and integrated discrimination improvement (IDI) index
based on logistic model,*® using the GRACE risk score as reference. The
P-value of the C-statistics comparing new with reference model was
derived from a likelihood ratio test used for the Cox models.

In the nested case—control study, comparison of Cyré1 levels between
cases and controls was analysed using linear and logistic regression.
Crude and multivariable-adjusted models were applied. Multivariable
models were adjusted for gender, age (continuous), smoking (never, for-
mer, current), body mass index (continuous), hypertension (yes/no), dia-
betes (yes/no), LDL cholesterol (continuous), and log-transformed
creatinine (continuous) in multivariable models. All analyses were per-
formed using Stata ® version 14.1 (Stata Corp, College Station, TX, USA).
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Results

Identification of Cyré1 in coronary
thrombi of acute coronary syndrome

patients

To assess differentially expressed genes involved in acute coronary
thrombotic occlusion, a global gene expression array was performed
on messenger RNA isolated from coronary thrombi aspirated from
the culprit lesion in the infarct-related coronary artery and PBMCs
from individual ACS patients undergoing pPCl. Among candidate
gene transcripts with a significant increase in expression in coronary
thrombi, Cyré1 was identified as highly differentially expressed (66-
fold increase) (Figure 1).

Increased protein expression of Cyré61 was found on the surface
of T lymphocytes in coronary thrombi compared with PBMC (see
Supplementary material online, Figures S1 and S2, Table S1). In human
coronary plaques, Cyr61 expression was localized within lesions rich
in CD68™ cells (see Supplementary material online, Figure S3).

Cyr61 at clinical presentation with acute

coronary syndrome

Cyré1 serum levels were measured in 1592 patients with STEMI,
NSTEMI/UA, and stable CAD, respectively (Figure 2A). Cyré61 was
markedly elevated in patients with STEMI compared with NSTEMI/
UA or stable CAD, respectively. Among 2168 ACS patients enrolled
in the SPUM-ACS cohort, 1740 had complete data on Cyré61 and
hsTnT (see Supplementary material online, Figure $4). The clinical
characteristics of these patients are shown in Table 1 and see
Supplementary material online, Tables S2—-54. When stratified by the
onset of chest pain, Cyré1 levels were highest in early presenters
(<6h) (Table 2). In a subset of 1641 patients with data on angio-
graphic presence or absence of coronary thrombus and biomarkers,
diagnostic accuracy of Cyré1 was superior to hsTnT for detecting
coronary thrombi (Figure 3), albeit at a moderate sensitivity and spe-
cificity (see Supplementary material online, Table S5). Furthermore,
Cyr6é1 levels were significantly higher in 904 patients with STEMI
compared with 737 with NSTEMI, irrespective of whether coronary
thrombi were present (Figure 2B). Based on the latter finding, we
analysed myocardial expression of Cyré61 in a mouse model of
ischaemia—reperfusion injury (see Supplementary material online,
Figure S5) and the release kinetics of Cyr61 upon septal branch occlu-
sion during transcoronary ablation of septal hypertrophy in patients
with hypertrophic obstructive cardiomyopathy (see Supplementary
material online, Figure S6, see Supplementary material online, Tables
Séand S7).

Prognostic value of Cyré1 in acute

coronary syndrome patients

Among 1740 ACS patients enrolled in the SPUM-ACS study with
Cyr61 and hsTnT measured, follow-up data were available in 99.1%
of patients at 30days and 95.8% at 1year, respectively (see
Supplementary material online, Figure S4, Table S2 and Table 1).
All-cause mortality occurred in 33 cases (1.9%) at 30 days, and in a
further 73 cases (4.2%) up to 1year follow-up; the composite of all-
cause mortality or Ml was ascertained in 59 cases (3.4%) at 30 days

and in 130 cases (7.5%) up to 1year follow-up (see Supplementary
material online, Table S8).

Cox regression analysis demonstrated a significant and independ-
ent association between elevated Cyré1 concentration and all-cause
mortality at 30days and at 1year follow-up (Table 3 and see
Supplementary material online, Table $9). When combined with the
reference GRACE risk score (C-statistic 0.77), Cyré1 provided incre-
mental information to predict 1year all-cause mortality (C-statistic
0.80, P<0.001) comparable to the combination of the GRACE risk
score with hsTnT (C-statistic 0.79, P <0.001). Combining both bio-
markers with the GRACE risk score provided similar accuracy to
predict 1 year all-cause mortality (C-statistic 0.80, P <0.001). Similar
results were obtained for the composite endpoint of all-cause mor-
tality or Ml at 1 year follow-up (Table 4).

Prognostic value of Cyré61in a

population-based case-control cohort

In a prospective case—control cohort of a total 362 individuals from a
large prospective cohort (Colaus) followed up for 5.4years, we
identified 75 cases (21 cardiovascular deaths, 16 other deaths, and 38
Mls) and selected 287 matched controls for the analysis. The concen-
tration of Cyré61 was not statistically different between cases and
controls (Table 5).

Discussion

Based on gene expression profiling in coronary thrombi and periph-
eral blood mononuclear cells, we have demonstrated for the first
time that (i) Cyré61 expression is markedly increased in coronary
thrombi of ACS patients aspirated from the infarct-related coronary
artery and in myocardium from mice subjected to ischaemia—
reperfusion; (i) soluble Cyré1 represents a novel early biomarker
detecting acute myocardial injury in HOCM patients; (iii) at presenta-
tion Cyré1 concentration was the highest in STEMI patients com-
pared with NSTEMI patients, which, in turn, was higher than in stable
CAD patients, irrespective of the presence of coronary thrombi; and
(iv) soluble Cyré1 improves risk stratification of ACS patients for all-
cause mortality and the composite endpoint of all-cause mortality or
MI beyond the commonly used clinical GRACE risk score.

Gene expression profiling of coronary thrombi compared with
peripheral blood mononuclear cells was used to screen for novel
gene transcripts involved at the site of the acute coronary occlusion.
We found a markedly increased expression of the matricellular pro-
tein Cyré1 in coronary thrombi in ACS patients with a predominant
expression on T lymphocytes. In line with these findings, immunohis-
tology studies of atherosclerotic coronary arteries demonstrated
increased expression of Cyré1 in the shoulder region of plaques adja-
cent to regions infiltrated by macrophages. In contrast, human inter-
nal mammary arteries free of atherosclerosis did not express the
protein. Our findings extend data on the expression of Cyré1 in sta-
ble human atherosclerotic plaques®” and further imply a role of the
protein in plaque stability early on during acute coronary occlusion.

Furthermore, in a large all-comer ACS cohort, serum levels of
soluble Cyré1 in peripheral blood were markedly increased com-
pared with patients with stable CAD (Figure 2A). In patients with
angiographic evidence of coronary thrombus, Cyré1 exhibited only
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Annotation cluster 1 (Blood vessel development)
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Figure | Heat map. Gene expression array analysis of RNA from peripheral blood mononuclear cell and coronary thrombi. The rows correspond
to genes and the columns to individual acute coronary syndrome patients. Relative gene expression is shown based on normalization for each gene in

the two groups. Sets of genes involved in functional annotation clusters as defined by the DAVID annotation analysis are grouped accordingly.

Arbitrary titles that summarize the functional role of displayed genes in a cluster are shown in brackets.
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Figure 2 (A) Concentration of Cyré1 in different patient groups
(n=1592). (B) Concentration of Cyré1 in ST-elevation myocardial
infarction (STEMI) vs. non-ST-elevation myocardial infarction
(NSTEMI)/unstable angina (UA) categorized based on the presence
or the absence of clinical thrombus (n=1539). Patients with
extreme values for Cyr61 (>2500 ng/L) are excluded from this anal-
ysis; P-values derived from Wilcoxon rank-sum and Kruskal-Wallis
tests. Median comparison of STEMI vs. NSTEMI/UA with the pres-
ence or the absence of clinical thrombus shows that concentration
of Cyré1 is different between STEMI patients compared with
NSTEMI/UA patients.

moderate diagnostic accuracy with an area under the curve of 0.65
which, however, surpassed that of troponin. A limitation is related to
the high thrombus burden necessary to enable visual detection of
coronary thrombus in epicardial vessels by coronary angiography
unlike high-resolution intravascular imaging modalities.*®

However, irrespective of whether a coronary thrombus was
angiographically visible or not, Cyr61 was significantly higher in
STEMI patients compared to those with NSTEMI/UA compared with
stable CAD patients suggesting that myocardial injury is the primary
trigger of Cyré1 release. In line with this interpretation, Cyré1
expression levels were markedly increased in a mouse model of
ischaemia—reperfusion injury using coronary ligation and in patients
with HOCM undergoing TASH; both conditions that are character-
ized by severe myocardial injury in the absence of coronary throm-
bus formation. Interestingly, soluble Cyré1 was rapidly released after
septal occlusion in HOCM patients and was detectable prior to tro-
ponin, which exhibited a delayed and persistent release within the

Table | Baseline characteristics of ACS patients

(n=1740)

Age (years)

Gender (female)

Body weight (kg)

Body mass index (kg/mz)

Medical history
Diabetes mellitus
Hypertension
Hypercholesterolaemia
Current smoker
Family history of CAD
Renal failure®
History of stroke or TIA
Previous myocardial infarction
Previous PCls
Previous CABG

Clinical presentation
Unstable angina
NSTEMI
STEMI

Index procedure
PCI
Any drug-eluting stent
Any bare-metal stent
PTCA alone
CABG

Periprocedural medications
Unfractionated heparin
LMWH
Bivalirudin

Glycoprotein llb/llla antagonists

GRACE risk score
In-hospital
Long term

n=1740, 63.80 + 12.26
n=1740, 370 (213)
n=1721,80.34 1521
n=1719,27.17 £ 435

n=1740, 314 (18.0)
n=1740, 1025 (58.9)
n=1740, 1077 (61.9)
n=1709, 679 (39.7)
n=1719, 434 (25.2)
n=1736,221 (12.7)
n=1740, 64 (3.7)
n=1738, 268 (15.4)
n=1739,308 (17.7)
n=1740, 102 (5.9)

n=1740, 69 (4.0)
n=1740, 749 (43.0)
n=1740, 922 (53.0)

n=1740, 1571 (90.3)
n=1641,1235 (75.3)
n=1641,293 (17.9)
n=1641, 186 (11.3)
n=1641, 66 (4.0)

n=1737, 1664 (95.8)
n=1740, 82 (4.7)
n=1740, 78 (4.5)
n=1740, 448 (25.7)

n=1740, 144.21 £ 33.08
n=1740,123.21+£26.23

Values are expressed as n (%) or means * standard deviations.

CABG, coronary artery bypass graft; CAD, coronary artery disease; LMWH, low-
molecular-weight heparin; PCl, percutaneous coronary interventions; TIA, transi-
ent ischaemic attack.

Based on creatinine-estimated glomerular filtration rate clearance of <60mL/
min/1.73m?, using the modification of diet in renal disease formula.

first 24 h. These data are in support of the concept that the novel bio-
marker Cyré1 is involved in the initial stages of ACS reflecting myo-
cardial injury. As Cyré1 gene expression is increased in response to
hypoxia,'”"® it may indeed be a biomarker of myocardial ischaemia,
but more research is warranted to address this issue in more detail.
One in 6 patients experienced a major adverse cardiovascular
event within the first year after an ACS as defined as a composite
endpoint of cardiac death, infarction, revascularization, stent throm-
bosis, or stroke (see Supplementary material online, Table S8).
However, the identification of those at highest risk remains subopti-
mal, despite it being of great clinical relevance. Indeed, particularly
with the advent of novel and expensive drugs such as PCSK9 inhibi-
tors, optimal identification of high-risk patients is ever more relevant.
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Table2 Concentration of Cyré1(ng/L) in patients with chest pain onset within 24 h (n = 1094)

Time of chest pain onset n Min Max Mean SD Median IQR

0<T<6h 671 493 142 830.4 1496.8 5916.5 690.9 985.0
6h<T<12h 273 10.2 18793.3 7657 12939 460.5 3789
12h <T <24h 150 824 33403 680.05 549 499.0 460.1

Sensitivity

0.00 025 0.50 0.75 1.00

I. Detection of individuals
at elevated risk and/or
subclinical disease
Cyré1: no

IV. Clinical Improved
management of ' P h | ke 'f,'fi’.',":sis
ACS patients | Patient O e e
Cyré1: unclear Care ' e

1-Specificity N 2 Sse___-
—ae— Cyr61 ROC area: 06539 —o hsTnT ROC area: 0.5038 Ill. Risk stratification of ACS patients
Reference Cyré1: yes

Figure 3 Diagnostic accuracy for coronary thrombus: Cyré1 vs.
hsTnT n=1641. Patients with no assessment of clinical thrombus
(n=97) are excluded from this analysis. The difference in area
under the curve is 0.15 with a 95% confidence interval of 0.149—
0.151 (P<0.001).

Thus, better prediction of clinical outcome beyond currently avail-
able biomarkers and clinical risk scores is an unmet need in the care
of patients after an ACS.”

Importantly, we here show that Cyré1 improves risk stratification

Summarizing Figure Emerging role of cysteine-rich angio-
genic inducer 61 (Cyré1) in ACS. Four major categories serve to
characterize the clinical value of a biomarker. Highlighted in blue
colour is the result for Cyré1 in each category based on this study,

modified from Morrow and de Lemos.*®

Table 3 Multivariable Cox models for continuous
GRACE risk score, Cyré1, and, hsTnT (n = 1740)

for allcause mortaiy and for the composie endpoint of alecawse Mosardrao  Poalue
mortality or Ml beyond that provided by the currently used GRACE 30 days all-cause mortality

risk score, which incorporates clinical parameters as well as cardiac In-hospital GRACE score 1.02 (1.01, 1.03) <0.001
troponin. When combined with the GRACE risk score, Cyré1 pro- Cyré1 (nglL) 1,66 (1.26,2.19) <0.001
vided incremental prognostic accuracy comparable to adding hsTnT hsTnT (ug/L) 1.63 (1.28, 2.07) <0.001
(Table 4). This suggests that clinical information including troponin in 1 year all-cause mortality

the GRACE risk score, as it is routinely used currently does not fully Long-term GRACE score 1.03 (1.02, 1.04) <0.001
reflect the risk for both, all-cause mortality and myocardial infarction. Cyré1 (ng/L) 1.68 (1.38, 2.05) <0.001
Interestingly, troponin T concentrations as measured with a high- hsTnT (ug/L) 1.28 (1.10, 1.48) 0.001
sensitivity assay were significantly associated with the incidence of 30 days all-cause mortality or Ml

cardiovascular death and heart failure but not with myocardial infarc- In-hospital GRACE score 1.02 (1.01, 1.03) <0.001
tion in patients with stable CAD." Thus, it appears that unlike tropo- Cyr61 (ng/L) 1.47 (1.15, 1.88) 0.002
nin T the novel biomarker Cyré1 can predict death as well as hsTnT (ng/L) 120 (1.02, 1.42) 0.027
recurrent M|, reflecting a myocardial and an atherothrombotic patho- 1year all-cause mortality or Ml

physiology. A limitation of this study is the rather low number of Long-term GRACE score 1.02 (1.01, 1.03) <0.001
events in this contemporary cohort warranting validation in other Cyré1 (ng/L) 145 (1.22,1.71) <0.001
cohorts in the future. hsTnT (ng/L) 1.12(1.00, 1.24) 0.044

Conversely, in individuals from a population-based case—control
cohort followed up for 5.4 years Cyré1 did not predict major adverse
cardiovascular events suggesting that myocardial injury is a
prerequisite for Cyré1 to provide prognostic information.

We used continuous GRACE risk scores and HRs are reported per one score
unit increase.
For biomarkers, natural logarithm was used and HRs are reported per one log-
unit increase.
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Table4 Accuracy of risk prediction using continuous variables (n = 1740)

C-statistic IDI
Cistatistic ~ P-value Divalue T P-value
30 days all-cause mortality
GRACE score using cTnT 0.88 — Reference —
GRACE+Cyr61 0.89 0.001 0.024 0.121
GRACE+hsTnT 0.89 <0.001 0.041 <0.001
GRACE+Cyr61+hsTnT 0.90 <0.001 0.070 0.001
1 year all-cause mortality
GRACE score using cTn 0.77 — Reference —
GRACE+Cyr61 0.80 <0.001 0.042 0.010
GRACE+hsTnT 0.79 <0.001 0.050 0.004
GRACE+Cyré614+hsTnT 0.80 <0.001 0.060 0.001
30 days all-cause mortality or Ml
GRACE score using cTn 0.72 — Reference —
GRACE+Cyré61 0.72 0.004 0.013 0.049
GRACE+hsTnT 0.72 0.037 0.010 <0.001
GRACE+Cyr61+hsTnT 0.72 0.002 0.025 0.002
1 year all-cause mortality or Ml
GRACE score using cTn 0.68 — Reference —
GRACE+Cyr61 0.70 <0.001 0.016 0.051
GRACE+hsTnT 0.68 0.040 0.016 0.043
GRACE+Cyr61+hsTnT 0.70 <0.001 0.022 0.014
We used continuous GRACE risk scores. For biomarkers, a natural logarithmic transformation was used.
Table 5 Univariable and multivariable analyses of the association between Cyré61 and events
Univariable Multivariable®
R G PR RO
n =287 n=75 n =287 n=175
Continuous Cyré1 (ng/L) 477.7+130.5 482.5+119.6 0.774 480.6 +58.1 479 £28.7 0.933
Cyré1 quartiles 0.858 0.494°
First 75 (26.1) 16 (21.3) 1 (Reference)
Second 71(24.7) 19 (25.3) 0.91(0.32,257)
Third 71 (24.7) 20 (26.7) 1.49 (0.56, 3.95)
Fourth 70 (24.4) 20 (26.7) 1.27 (0.42, 3.85)

Results are expressed as average + standard deviation or as a number of participants (%) for the bivariate analysis and as multivariable-adjusted average + standard error or
odds ratio (95% confidence interval) for multivariable analysis. Statistical analysis by ¥ or logistic regression for categorical data and by analysis of variance for continuous data.
?Adjusted for gender, age (continuous), smoking (never, former, current), body mass index (continuous), hypertension (yes/no), diabetes (yes/no), LDL cholesterol (continu-

ous), and log-transformed creatinine (continuous).
®P-value for trend.

Limitations

In SPUM-ACS, only patients referred for coronary angiography with
an established main diagnosis of ACS were included. Thus, the role of
Cyr61 in patients presenting with chest pain to the emergency room
remains to be elucidated and prospective validation in large well char-
acterized ACS cohorts is necessary. Data in this study are based on a
single measurement of Cyré1 at the time of coronary angiography.
Future studies will need to address optimal timing of Cyr61 measure-
ment for the diagnosis of myocardial injury and risk stratification.

In this study, we cannot provide data on whether Cyré1 remains use-
ful for patients with chronic inflammatory disease or malignancy, war-
ranting further analysis.

Conclusions

Our data highlight Cyré1 as a novel soluble biomarker of acute myo-
cardial injury, providing incremental information beyond currently
available tools for risk stratification in ACS patients.
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