N
N

N

HAL

open science

Reg3/ is associated with cardiac inflammation and
provides prognostic information in patients with acute
coronary syndrome
Holger Lorchner, Christian Widera, Yunlong Hou, Albrecht Elsésser, Henning
Warnecke, Evangelos Giannitsis, Jean-Sebastien Hulot, Thomas Braun, Kai C

Wollert, Jochen Poling

» To cite this version:

Holger Lorchner, Christian Widera, Yunlong Hou, Albrecht Elsésser, Henning Warnecke, et
al.. Reg3f is associated with cardiac inflammation and provides prognostic information in pa-
tients with acute coronary syndrome. International Journal of Cardiology, 2023, 258, pp.7-13.

10.1016/j.ijcard.2018.01.043 . hal-04050768

HAL Id: hal-04050768
https://hal.science/hal-04050768

Submitted on 12 Apr 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License


https://hal.science/hal-04050768
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr

International Journal of Cardiology 258 (2018) 7-13

Contents lists available at ScienceDirect
CARDIOLOGY

International Journal of Cardiology

journal homepage: www.elsevier.com/locate/ijcard

Reg33 is associated with cardiac inflammation and provides prognostic L)
information in patients with acute coronary syndrome

updates |
Holger Lorchner *>'2, Christian Widera “®#!2, Yunlong Hou #2, Albrecht Elsisser 2, Henning Warnecke -2,

Evangelos Giannitsis ©?, Jean-Sebastien Hulot ™2, Thomas Braun **?, Kai C. Wollert “®**2, Jochen Péling ***+2

2 Department of Cardiac Development and Remodelling, Max Planck Institute for Heart and Lung Research, Bad Nauheim, Germany

b German Centre for Cardiovascular Research (DZHK), Partner site Rhein-Main, Frankfurt am Main, Germany

¢ Division of Molecular and Translational Cardiology, Hannover Medical School, Hannover, Germany

4 Department of Cardiology und Angiology, Hannover Medical School, Hannover, Germany

¢ Department of Medicine IlI, University of Heidelberg, Heidelberg, Germany

f Department of Cardiac Surgery, Schiichtermann-Clinic, Bad Rothenfelde, Germany

& Department of Cardiology, Heart Center Oldenburg, European Medical School Oldenburg-Groningen, Carl von Ossietzky University Oldenburg, Oldenburg, Germany
" Institut National de la Santé et de la Recherche Médicale (INSERM), U970, Paris, France

' Cardiovascular Research Center (PARCC), Université Paris Descartes, Paris, France

J Faculty of Health, Witten/Herdecke University, Witten, Germany

ARTICLE INFO ABSTRACT

Background: Regenerating islet-derived protein 3 beta (Reg3() is a cardiomyocyte-derived chemokine for mac-
rophages that is upregulated after myocardial infarction (MI) in mice. Here, we hypothesized that monitoring
Reg3p expression might provide specific information on the degree of cardiac inflammation, which is a key de-
terminant in disease progression and prognosis of patients with acute coronary syndrome (ACS).

Methods and results: The expression of Reg3[3 and other inflammatory markers including C-reactive protein (CRP)
and myeloperoxidase (MPO) was measured by immunoblotting at serial time points in the hearts and serum of
mice with acute MI. We identified a rapid increase of Reg3(3, CRP and MPO expression in cardiac tissue and serum
within the first 24 h after MI. The expression of Reg3[ peaked at day 4 and thereby paralleled the kinetic profile of
the early immune-inflammatory response at sites of cardiac injury, which has been characterized by multicolor
flow cytometry.

In a retrospective analysis including 322 ACS patients and 117 apparently healthy individuals, we detected increased
Reg3[3 serum concentrations in ACS patients on admission by ELISA. Multiple regression analysis revealed significant
relationships between Reg3[ and hs-CRP, age, diabetes and NT-proBNP in ACS. Moreover, elevated Reg33 levels on
admission were associated with an increased risk of death independent of cardiovascular risk factors and hs-CRP.
Conclusions: Reg3f is a prognostic biomarker for ACS and is strongly associated with the intensity of cardiac inflam-
mation. Accordingly, Reg3{> may complement established strategies of acute risk assessment in the management of
ACS.
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1. Introduction

The infiltration and local expansion of immune cells contribute to
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infarction (MI) [1]. Among different classes of leukocytes, macrophages
constitute one major immune cell population that accumulates at the
site of myocardial damage in great numbers, and that is required for
successful tissue repair after MI [2-4]. Insufficient, excessive or
prolonged recruitment of macrophages, however, has been associated
with adverse cardiac remodeling and transition to post-infarction
heart failure [4-7].
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The recruitment of macrophages and other leukocyte subsets is or-
chestrated by chemokines that direct cellular trafficking and positioning
within the injured tissue [8]. In a murine model of MI, we recently iden-
tified regenerating-islet derived protein 33 (Reg3(3), also known as pan-
creatitis-associated protein, as a cardiomyocyte-derived chemokine
that attracts macrophages to the site of injury [9]. Using mutant mice
with a constitutive knockout of Reg3[3, we demonstrated that the local
secretion of Reg3 is instrumental for a sustained accumulation of mac-
rophages in the infarct, and subsequent tissue repair and survival after
ML

Given their importance for cardiac repair and remodeling, secreted
inflammatory mediators may serve as biomarkers and provide insight
in the pathophysiology and prognosis of patients with acute coronary
syndrome (ACS) [2,10-12]. Established inflammatory biomarkers such
as C-reactive protein (CRP), however, are rather unspecific as they do
not provide information about the origin or site of injury and do not re-
flect distinct dynamics of inflammatory responses in the heart [13].

Based on its local production by cardiomyocytes and relevance for
directed macrophage recruitment to the damaged heart, we hypothe-
sized that monitoring Reg3p expression may provide information on
the degree of cardiac inflammation [9]. Accordingly, we first studied
and compared the expression kinetics of Reg3p to other inflammatory
markers and leukocyte subpopulations within the infarcted heart of
mice. To assess the potential of Reg3[3 as a biomarker in ACS, we quan-
tified Reg3[ expression in serum samples from infarcted mice and pa-
tients with ACS and apparently healthy individuals.

2. Materials and methods
2.1. Mice and surgical procedures

Ten to 12 week-old male C57BL/6 ] mice were subjected to permanent ligation of the
left anterior descending coronary artery (LAD) as previously described [9]. All animal ex-
periments were performed in accordance with German animal protection laws and were
approved by the local governmental animal protection committee Regierungsprasidium
Darmstadt.

2.2. Immunoblotting of Reg3(3, CRP and MPO in infarcted hearts and serum of mice

At indicated time points, left ventricles of infarcted mice were dissected into the in-
farcted zone (1Z) that is composed of the border zone and apical granulation tissue. The
non-infarcted remote zone (RZ) was also harvested and homogenized in lysis buffer as
previously reported [9]. In parallel, serum samples were collected in serum collection
tubes (Kabe Labortechnik) and diluted 1:50 in the same lysis buffer. Subsequently, SDS-
PAGE was performed on Gradient NuPAGE 4-12% Bis-Tris gels (Invitrogen), followed by
protein transfer on nitrocellulose membranes (Invitrogen). Equal loading of samples
was controlled by membrane staining with RedAlert Western blot stain (Merck). For im-
munoblotting, the following antibodies were used: sheep anti-mouse Reg3[3 (R&D Sys-
tems), goat anti-mouse CRP (R&D Systems) and goat anti-mouse MPO (R&D Systems).
Secondary antibodies conjugated with horseradish peroxidase were ordered from R&D
Systems. Visualization and semi-quantitative analysis of immunoreactive proteins was
performed by using the ChemiDoc MP Imaging System (Bio-Rad) and Image Lab 5.0 soft-
ware (Bio-Rad). All proteins were quantified by the mean volume pixel density of the cor-
responding bands. In addition, relative expression ratios between the IZ and RZ were
calculated in order to compare spatial accumulation over time.

2.3. Flow cytometry-based analysis of leukocytes within the infarcted hearts of mice

The accumulation of leukocytes and their subpopulations including neutrophil
granulocytes, tissue macrophages and dendritic cells, T lymphocytes and B lymphocytes
in the IZ was analyzed by flow cytometry as described recently [9]. The following antibodies
were used in two multicolor FACS panels: rat anti-mouse CD45-PE-Cy5.5 monoclonal anti-
body (Clone: 30-F11, eBioscience), rat anti-mouse CD45-FITC monoclonal antibody (Clone:
30-F11, eBioscience), rat anti-mouse CD11b-PE-Cy5 monoclonal antibody (Clone: M1/70,
eBioscience), rat anti-mouse CD11b-APCeFluor780 monoclonal antibody (Clone: M1/70,
eBioscience), rat anti-mouse Ly6G-PE-eFluor610 monoclonal antibody (Clone: RB6-8C5,
eBioscience), rat anti-mouse CD64-AlexaFluor700 monoclonal antibody (Clone: 290,322,
R&D systems), rat anti-mouse MerTK-PE-Cy7 (Clone: DSSMMER, eBioscience), rat anti-
mouse MHC class [[-APC-eFluor780 monoclonal antibody (Clone: M5/114.15.2,
eBioscience), rat anti-mouse CD11c-FITC monoclonal antibody (Clone: N418, eBioscience),
rat anti-mouse CD115-APC monoclonal antibody (Clone: AFS98, eBioscience), rat anti-
mouse CD103-eFluor450 monoclonal antibody (Clone: 2E7, eBioscience), rat anti-mouse
CD3e-PerCP-Cyanine5.5 monoclonal antibody (Clone: 145-2C11), rat anti-mouse CD19-
PE-eFluor610 monoclonal antibody (Clone: eBio1D3, eBioscience) and rat anti-mouse

IgM-eFluor450 monoclonal antibody (Clone: 1141, eBioscience). Within the population of
CD45" leukocytes, neutrophils were defined as CD45"//CD11b"/Ly6G"/CD115'°, tissue
macrophages as CD45"/CD11b"/Ly6G'/(MerTK/CD64)"//CD115'°, and myeloid dendritic
cells as CD45"/CD11b"/Ly6G'°/(MerTK/CD64)'°/(CD11c/MHC-I1/CD103)", Referring to
lymphocytes, B lymphocytes were defined as CD45"/CD11b'°/(CD19/IgM)™ and T lympho-
cytes as CD45"/CD11b'°/(CD19/IgM)'°/CD3™. Flow cytometry was performed with the BD
FACS Aria III cell sorter. Data were analyzed using the BD FACS Diva v6 Software. For calcu-
lation of the total cell number of leukocytes in the infarcted area, samples were normalized
to the weight of infarct areas.

2.4. ACS patients

Between October 2007 and October 2011, we recruited 322 patients with a final diag-
nosis of ACS [unstable angina, non-ST-elevation MI (NSTEMI), or ST-elevation MI (STEMI)]
who were admitted to Hannover Medical School. ACS was diagnosed according to the
criteria of the Joint ESC/AACF/AHA/WHF Task Force and guidelines of the European Society
of Cardiology [14]. In brief, NSTEMI was diagnosed in patients showing a rise and/or fall of
cardiac troponin above the diagnostic reference threshold for MI during serial testing for at
least 12 h. Patients were diagnosed with unstable angina if they had cardiac troponin T
(cTnT) concentrations consistently below the diagnostic threshold or persistent cTnT ele-
vations. Furthermore we also required that these patients had signs of myocardial ische-
mia on echocardiography (ECG), a history of coronary artery disease, or at least 1
stenosis of >50% in a major coronary artery on angiography [15,16]. Cardiac magnetic res-
onance imaging was not included in the patient's examination. We measured Reg3p in
serum samples obtained on admission median (25th-75th percentiles) 265 (130-771)
minutes after the onset of symptoms. ECG was performed during the initial hospital
stay. There was no pre-specified point in time since all treatment and management deci-
sions were left to the discretion of the attending cardiologist. Coronary angiography was
performed in 303 (94%) patients. The number of vessels showing at least a 50% luminal
stenosis was documented. Left main coronary artery stenosis was classified as 2-vessel
disease. Left ventricular (LV) systolic function was assessed by angiography or echocardi-
ography in 284 (88%) patients. Treatment decisions were left to the discretion of the at-
tending cardiologist. Follow-up for cardiovascular mortality was accomplished by
telephone contact or questionnaire at least 6 months after discharge. The study was ap-
proved by the ethics committee of Hannover Medical School. All patients provided written
informed consent [16-18].

2.5. Apparently healthy individuals

We obtained serum samples from 117 apparently healthy individuals who were re-
cruited in Heidelberg, Germany. Individuals taking regular medication, individuals with
chronic drug or alcohol abuse, and individuals with established cardiovascular disease or
other chronic disease or acute illness were excluded. All participants were required to
have non-pathologic serum creatinine, aspartate aminotransferase, alanine aminotrans-
ferase, thyroid-stimulating hormone, and hemoglobin concentrations, normal leukocyte
and platelet counts, a normal resting 12-lead electrocardiogram, normal physical exami-
nation, normal oral glucose tolerance test, and a serum N-terminal pro-B-type natriuretic
peptide (NT-proBNP) concentration below 125 ng L. All individuals had undergone car-
diac magnetic resonance imaging with dobutamine or adenosine stress and were found
not to have left ventricular (LV) hypertrophy, LV dilation, LV systolic dysfunction, valvular
heart disease, or stress-induced LV wall motion abnormalities or perfusion defects. All par-
ticipants provided written informed consent, and the ethics committee of the University of
Heidelberg approved the study [17].

2.6. Biomarker assays of Reg3[3 and other biomarkers in human individuals

Concentration of circulating Reg3(3 in serum was determined by a commercially avail-
able ELISA according to the manufacturer's instructions (PancrePAP, DYNABIO SA, La
Gaude, France). According to the manufacturer's information, no cross-reactivity have
been observed with other inflammation-related cytokines including IL-2, IL-6, [FN-y,
TNF-a¢ and E. coli-derived proteins. Cross-reactions with other members of the Reg family,
however, have not been documented to date.

NT-proBNP was measured by a sandwich immunoassay, CRP by a high-sensitivity (hs)
latex particle-enhanced immunoassay, and cTnT by a hs electrochemiluminescence assay
(all from Roche Diagnostics). Estimated glomerular filtration rate (eGFR) was calculated
with the Modification of Diet in Renal Disease equation [18].

2.7. Statistical analysis

Data are presented as mean with SEM, median with 25th and 75th percentiles, or
numbers and percentages. Differences between mouse samples obtained from serum
and cardiac tissue at different time points were assessed by two-tailed unpaired t-test. Re-
ferring to human samples, we compared continuous variables with the Kruskal-Wallis
test. Reg3(> was further related to baseline characteristics by use of single and multiple
variable linear regression analysis. Age, NT-proBNP, hs-CRP, and hs-cTnT were logarithmi-
cally transformed (In-transformed) before their use in these analyses. Kaplan-Meier sur-
vival curves were examined to assess the relationship between Reg3f and all-cause
mortality. To determine whether Reg3 was independently associated with outcome,
Cox regression models were built that included age and sex (model 1). Diabetes, hyper-
tension, and current smoking were added to create model 2. Finally, hs-CRP was added
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to create model 3. A 2-tailed P value <0.05 was considered to indicate statistical signifi-
cance. All analyses were performed with SAS 9.1 (SAS Institute), STATA 14.0 (StataCorp)
and GraphPad Prism 5.0 (GraphPad Software).

3. Results

3.1. Kinetic profile of Reg3(3 and inflammatory markers in cardiac tissue
and serum of mice after myocardial infarction

In view of a direct relationship between local Reg3[3 production and
intensity of inflammation at sites of injury, we first monitored Reg3p
expression throughout the process of myocardial healing in cardiac tis-
sue of infarcted mice by immunoblotting (Fig. 1A). We found a rapid in-
crease of Reg3p within the infarction zone (1Z) when compared with
the non-infarcted remote zone (RZ) at day 1 post-MI (Fig. 1A, B). This el-
evation in local Reg3p expression peaked at day 4 post-MI and
remained sustained within the following days post-MI at the site of in-
jury (Fig. 1A, B). Intriguingly, we detected a continuous increase of
Reg3(3 expression within the non-infarcted RZ over the period of obser-
vation, albeit less pronounced than in the IZ (Fig. 1B).

We further analyzed the kinetic profile of established inflammatory
markers including C-reactive protein (CRP) and myeloperoxidase
(MPO) [19,20] (Fig. 1A). Similar to Reg3[, CRP and MPO were increased
early after the onset of MI (Fig. 1A, B). Thereafter, CRP gradually de-
clined over the period of observation, while MPO remained high until
day 4 before its expression dropped from day 7 to non-significant levels
at day 14 post-MI (Fig. 1A, B).

The relative expression ratios of Reg3p, CRP and MPO between 1Z
and RZ were additionally calculated in order to compare their spatial
accumulation over time after MI. Here, it became apparent that Reg3p,
CRP and MPO particularly accumulate within injured regions
during the first 24 h followed by a gradual decline over the next 14
days (Fig. 1C).

We complementarily monitored Reg3(3 expression in serum after
MI. Basal serum samples were harvested and utilized as a reference to
calculate relative changes in Reg3[ expression over time. We observed
a 2.9-fold increase of circulating Reg3[ within the first 24 h after MI
(Supplementary Fig. 1A). Afterwards, the levels of Reg3( increased
over time and peaked at day 7 with an 8.5-fold increase (Supplementary
Fig. 1A). In line with cardiac tissue, we detected a sustained elevation of
Reg3p (5.3-fold) at day 14 post-MI (Supplementary Fig. 1A).

By contrast, the expression kinetics of CRP and MPO in serum was
characterized by a rapid increase peaking at day 1 (1.8-fold for CRP
and 2.9-fold for MPO) (Supplementary Fig. 1B, C). Thereafter, CRP ex-
pression dropped but remained moderately elevated during our period
of observation, while MPO expression followed a more biphasic course
(Supplementary Fig. 1B, C).

3.2. Association of Reg3[3 expression with immune cell kinetics at the site of
ischemic damage

By comparing the kinetic profile of individual leukocyte subsets with
the dynamic expression of Reg3[3 within the infarcted region, we ex-
plored whether its expression levels are directly associated with the accu-
mulation of distinct immune cells during myocardial healing. Overall, we
observed similar temporal courses of leukocyte numbers and Reg3f ex-
pression at the site of cardiac injury within the first 4 days post-MI (Fig.
2A). This association included virtually all major immune cell subsets in-
cluding neutrophil granulocytes, tissue macrophages, dendritic cells, T
lymphocytes as well as B lymphocytes upon day 4 post-MI (Fig. 2B-F).
Thereafter, tissue macrophages were sustained at a higher level together
with local Reg3p expression at day 7 post-MI, while all other leukocytic
subpopulations declined in numbers (Fig. 2B-F). At day 14 post-MI, we
finally observed a strong reduction of all major immune cell subsets,
whereas Reg3[3 expression levels were maintained (Fig. 2B-F). Hence,
these findings support the initial idea that local expression of Reg3p is

positively associated with the degree of cardiac inflammation within
the early phase of myocardial healing. Similar associations between
CRP, MPO and immune cell dynamics during the early phase of cardiac re-
pair, however, were not observed (Supplementary Fig. 2).

3.3. Circulating concentrations of Reg3(3 in healthy individuals and patients
with ACS

The association of Reg3[3 with inflammation in cardiac tissue and its
systemic increase in serum upon MI in mice prompted us to analyze
Reg3[ concentrations in 322 human patients admitted with an ACS.
For reference, we measured serum Reg3[> concentrations in 117 appar-
ently healthy individuals. Reg3p levels were detected in all 439 samples
by using an ELISA that has been previously used in a multicenter study
[21].

The median (25th-75th percentiles) Reg3[3 concentration in appar-
ently healthy individuals was 5.54 (4.57-6.88) pg L™ ! (Fig. 3A). Thereof,
serum concentrations of 59 male and 58 female individuals with a me-
dian (25th-75th percentiles) age of 42 (29-52) years displayed similar
Reg3p concentrations [males, 5.32 (3.82-6.58) ug L™'; females, 5.94
(4.81-7.24) pg L™']. With increasing age, we observed a slight increase
of circulating Reg3p levels (R = 0.24; P = 0.029; Supplementary Fig. 3).

The median (25th-75th percentiles) concentration of Reg3( in ACS
patients on admission was 9.52 (6.42-16.62) ug L™ and significantly
higher than in healthy individuals (P < 0.001) (Fig. 3A). The patient co-
hort included more men and was older with 236 men and 86 women
and a median (25th-75th percentiles) age of 67 (56-75) years, respec-
tively (P<0.001). An age- and gender-matched analysis of Reg3[ in
serum of 49 healthy men and 49 ACS male patients with a median age
52 (48-57) years validated increased levels of Reg3( in ACS patients
(Supplementary Table 1).

Baseline characteristics of our patient cohort are summarized in
Supplementary Table 2. Overall, Reg3[ concentrations were significant-
ly higher in females, in older patients, in current smokers, and in pa-
tients with diabetes, a history of myocardial infarction, or with more
severe coronary artery disease. Increasing Reg3[3 concentrations were
further related to the concentrations of hs-cTnT, NT-proBNP and hs-
CRP. Reg3p was inversely related to eGFR. Referring to the type of
ACS, we observed a considerable overlap in Reg3[3 concentrations be-
tween patients with unstable angina [9.76 (6.56-18.20) pgL™'],
NSTEMI [10.53 (6.88-17.50) pg L~!] and STEMI [8.61 (5.99-14.79) pg
L~'] (P=0.06).

In a multiple regression analysis that used In(Reg3[3) as the indepen-
dent variable, and that included all variables shown in Fig. 3B, age, dia-
betes, hs-CRP and NT-proBNP were independently associated with
Reg3p.

3.4. Association of Reg3(3 with the risk of acute mortality

During 6 months follow-up 34 patients died. Of note, patients pre-
senting with a Reg3p concentration in the third tertile had the highest
mortality (Fig. 4A). Along these lines, patients in the third tertile had a
3.8-fold higher risk of dying within 6 months than patients in the first
tertile (95% CI 1.9-4.9; P<0.001). The association of Reg3[3 serum con-
centration and mortality remained after adjustment for age and sex
(model 1) as well as after including traditional cardiovascular risk fac-
tors (model 2) and hs-CRP (Model 3) (Fig. 4B).

4. Discussion

We have recently identified Reg3p as a cardiomyocyte-derived che-
mokine for macrophages, which is increased after MI in mice [9]. Here,
we demonstrate that the local expression of Reg3 in the ischemic myo-
cardium of mice parallels the dynamic expression pattern of the inflam-
matory markers CRP and MPO during the early phase of cardiac healing.
The rapid and continuous rise of Reg3[? additionally mirrors the kinetic
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Fig. 1. Dynamic expression pattern of Reg3(> and inflammatory markers in infarcted hearts of mice. (A) Western blot analysis of Reg3, CRP and MPO expression in homogenates of
infarcted hearts of adult mice fractionated in infarction zone (IZ) and non-infarcted remote zone (RZ). Two representative samples of day-1, day-4, day-7 and day-14 post myocardial
infarction (post-MI) are shown. (B) Semi-quantitative analysis of samples described in (A) based on the mean volume pixel density of bands (n = 6 for each time point). (C) Relative
expression of Reg3(3, CRP and MPO expression within the IZ related to the RZ at indicated time points (n = 6 for each time point). Data are presented as mean + SEM. P values were

determined by two-tailed unpaired t-test. *P < 0.05, **P < 0.005, ***P < 0.0005.

profile of virtually all major immune cell subsets within the first 4 days
post-MI. Hence, its cardiomyocyte-specific origin, dynamic expression
and association with inflammatory markers and leukocyte kinetics
imply that Reg3p might be used as a biomarker to monitor the intensity
of cardiac inflammation since current tools measuring inflammatory
pathways are considered to be imprecise and mostly lack detailed infor-
mation about the disease site and activity [22].

By means of a multiple regression analysis considering demograph-
ic, clinical and biochemical parameters, we similarly identified a strong
association between Reg3[3 and the inflammatory state in serum of ACS
patients. In addition to hs-CRP, increasing age and diabetes were found
to be independently predictive of Reg3[3 levels, which have been re-
cently shown to be associated with inflammation [23,24]. Previous
data from a rodent model also demonstrated an age-related increase
of Reg3p in pancreatic cells [25]. This raises the suspicion that age per
se may cause increased levels of Reg3p in the older ACS patient

population. In our cohort of apparently healthy individuals, however,
we observed only a weak correlation between serum Reg3[3 concentra-
tions and age, which cannot completely explain the 1.7-fold higher me-
dian Reg3p concentration in ACS patients. Of note, such changes in
serum concentrations with increasing age have been previously de-
scribed for different biomarkers including NT-proBNP, heart-type fatty
acid binding protein (H-FABP) as well as inflammatory cytokines and
chemokines [26-28]. By contrast, we did not detect an independent as-
sociation of Reg3[3 concentrations with gender in both the ACS cohort
and healthy individuals. Thus, we did not find convincing evidence for
a gender-specific effect of Reg3 within this cohort. Nonetheless, esti-
mating age- and gender-adjusted thresholds for Reg3f concentrations
in order to determine a reference range within larger studies may con-
clusively help to enhance accurate data interpretation of ACS patients as
it has been demonstrated for other biomarkers used in cardiology
[26,29].
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Fig. 2. Comparative analysis of immune cell kinetics with local Reg3( expression at sites of cardiac damage after myocardial infarction. Single cell suspensions obtained from infarcted
regions of mice were analyzed flow cytometry to identify and quantify major leukocyte subsets at indicated time points (n = 6 at day-1, n = 7 at day-4, n = 7 at day-7 and n = 6 at
day-14). Representative FACS dot plots and surface markers defining leukocytes, neutrophil granulocytes, tissue macrophages, myeloid dendritic cells (DC), B lymphocytes and T
lymphocytes are presented in (A-F). Their individual kinetic profile is plotted and compared with local Reg3f expression (marked in red) within the IZ (compare Fig. 1). Data are

presented as mean + SEM.

We also observed an independent association of elevated Reg3p
concentrations with NT-proBNP in ACS patients. Preclinical and clinical
studies have indicated that the expression of this prominent biomarker
of acute heart failure may not exclusively depend on cardiac wall stress
but on the inflammatory milieu as well [30-33]. Given the association
between Reg3 and NT-proBNP, it would be of clinical interest to ana-
lyze if prediction models combining both parameters might improve
their prognostic power as it has been hypothesized previously [34].
On the other hand, we found an inverse relationship between Reg3p,
the type of ACS and hs-cTnT in this study, which suggests that Reg3p
levels do not simply reflect the extent of myocardial necrosis at this
early stage of ACS [35]. Instead, we hypothesize that immune-
inflammatory processes associated with the development and progres-
sion of acute cardiac diseases initiate increased synthesis of Reg3(3 in
surviving cardiomyocytes [36]. Along these lines, previous work by
our group have demonstrated that an enhanced release of the IL-6
type cytokine Oncostatin M by infiltrating neutrophils and macrophages
induces increased Reg3(3 expression in cardiomyocytes after the onset
of myocardial infarction in mice [9]. Of course, we cannot rule out that
inflammatory-related preconditions including non-obstructive coro-
nary atherosclerosis and plaque instability may have an impact on sys-
temic Reg3( levels in human individuals. Further studies are needed to
clarify the issue if elevated systemic levels of Reg3( are solely confined
to the acute inflammatory response after the onset of myocardial ische-
mia or rather reflect a combined consequence of related preconditions
contributing to ACS.

We could finally show that ACS patients in the third tertile of serum
Reg3p concentration had the highest risk of overall death during 6

month follow-up. Reg3 remained independently associated with out-
come in the context of demographic and traditional cardiovascular
risk factors. Even after adding hs-CRP to the model, Reg3[3 kept its pre-
dictive value, indicating that Reg3p provides information not reflected
by this traditional inflammatory biomarker.

Though having shown that several inflammatory factors were inde-
pendently associated with Reg3p levels, the R? value of our multiple re-
gression analysis indicates that only one quarter of serum Reg3p
concentration can be explained by demographic and biochemical pa-
rameters being included in our retrospective study. Other, yet unknown
disease conditions and pathophysiological pathways may contribute to
the elevated levels of Reg3p in patients presenting with ACS. Further-
more, the restricted number of samples obtained from two heart cen-
ters limits the strength and significance of our findings. Larger studies
will be needed to specify the predictive value of Reg3(3 as a biomarker
for distinct events after ACS such as recurrent MI and acute heart failure.
Along these lines, serial monitoring of Reg3 upon admission might
yield additional information on disease progression. Since elevated
Reg3p levels are strongly associated with the inflammatory state of
ACS patients at the onset of symptoms, it is intriguing to evaluate in fur-
ther studies if Reg3p is sustained and corresponds with a prolonged and
or excessive inflammatory state over time. In addition, serial evalua-
tions of Reg3p levels might be complementarily used in future to assess
the specificity and efficiency of therapeutic strategies targeting the
immune-inflammatory response within the diseased heart.

In conclusion, our study identifies Reg3[3 as a prognostic biomarker
for ACS. The local production of Reg33 at sites of cardiac damage, its in-
crease in serum and association with inflammatory pathways suggest
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Fig. 3. Concentration of Reg3p and its association to baseline variables in serum of patients
with acute coronary syndrome. (A) Box plots of In-transformed concentrations of Reg3f3 in
serum of healthy individuals and patients with acute coronary syndrome (ACS). Each box
indicates the interquartile range with a median cross line for both groups. ***P < 0.001 was
determined by Kruskal-Wallis test. (B) Multiple regression analysis that used In(Reg3p3)
as the independent variable and that included all variables shown in Supplementary
Table 1. The R? value of this model was 0.26. aHTN indicates arterial hypertension; hs-
CRP, high-sensitivity C-reactive protein; NT-proBNP, N-terminal prohormone of brain
natriuretic peptide; hs-cTnT, high-sensitivity cardiac troponin T.

that Reg3p may serve as a novel biomarker to assess the intensity of the
inflammatory response during ischemia, which is known to constitute
an independent predictor for disease progression and prognosis in
ACS patients [9,37,38].
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