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Abstract

Background: Soluble vascular cell adhesion molecule-1 (sVCAM-1) is a bio-
marker of endothelial activation and inflammation. There is still controversy
as to whether it can predict clinical outcome after ST-elevation myocardial
infarction (STEMI). Our aim was to assess the sVCAM-1 Kkinetics and to
evaluate its prognostic predictive value.

Method: We prospectively enrolled 251 consecutive STEMI patients who
underwent coronary revascularization in our university hospital. Blood
samples were collected at admission, 4, 24, 48 h and 1 month after admission.
SsVCAM-1 serum level was assessed using ELISA assay. All patients had
cardiac magnetic resonance imaging at 1-month for infarct size (IS) and left
ventricular ejection fraction (LVEF) assessment. Clinical outcomes were
recorded over 12 months after STEMI.

Results: sVCAM-1 levels significantly increased from admission up to
1 month and were significantly correlated with IS, LVEF, and LV end-systolic
and diastolic volume. (H48 area under curve (AUC) > H48 median) were as-
sociated with an increased risk of adverse clinical events during the 12-month
follow-up period with a hazard ratio (HR) = 2.6 (95% confidence interval [CI]
of ratio=1.2-5.6, p=.02). The ability of H48 AUC for sVCAM-1 to

Abbreviations: ACS, acute coronary syndrome; CAM, cell adhesion molecule; CK, creatine Kinase; CMR, cardiac magnetic resonance;
CRP, C reactive protein; IL, interleukin; IS, infarct size; LVEF, left ventricle ejection fraction; MI, myocardial infarction; STEMI, ST-segment
elevation myocardial infarction; VCAM-1, vascular cell adhesion molecule 1.
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1 | INTRODUCTION
In recent decades, new concepts of the pathogenesis of
acute myocardial infarction (MI) have emerged.' It is
now well recognized that in the aftermath of a MI, an
inflammatory response occurs and that its importance is
associated with larger infarct size (IS) and increased
mortality. The long-term consequence is the onset of
myocardial fibrosis and cardiac remodeling, which
compromise survival and increase clinical heart failure.
Leukocyte adhesion end endothelial transmigration are
considered to be the main component of inflammation
post-acute coronary syndrome (ACS).>” This mechanistic
phenomenon is possible through cell adhesion molecules
(CAM),4 leading to endothelial activation. In 1996, Shyu
et al. reported increased levels of soluble CAM (sCAM),
which are released from leukocyte and endothelial sur-
face probably by enzymatic cleavage, in ACS patients.””’
Vascular cell adhesion molecule 1 (VCAM-1) is one of
the most important CAM. VCAM-1 plays an important role
in the recruitment of inflammatory cells and thus the de-
velopment of atherosclerotic plaques.® Its levels have been
shown to increase following ACS, and it is upregulated by
tumor necrosis factor-o and interleukin (IL)-18 or other
mediators including reactive oxygen species (ROS).” "’
VCAM-1 is a cell surface glycoprotein present in the en-
dothelium but there is also a soluble form of VCAM-1
(sVCAM-1), resulting from the release of VCAM-1 ectodo-
main, which is regulated by thrombin and metalloproteinase
inhibitor 3 (TIMP-3)."""* Several studies found sSVCAM-1 to
be a predictor of cardiovascular events."*'> Yet, the prog-
nostic value of sSVCAM-1 levels after ACS has come under
scrutiny and there is controversy as to whether it can predict
clinical outcome.'”' Lino et al. found that elevated
VCAM-1 levels were predictive of heart failure after
ST-segment elevation myocardial infarction (STEMI) while
Tekin et al. showed that blood levels of sVCAM-1 at pre-
sentation, in non-STEMI patients, were not predictive of any

therapeutic strategies.

HAYEK ET AL.

Open Access,

discriminate between patients with or without the composite endpoint was
evaluated using receiver operating characteristics with an AUC at 0.67
(0.57-0.78, p=.004). This ability was significantly superior to H48 AUC
creatine kinase (p = .03).

Conclusions: In STEMI patients, high sVCAM-1 levels are associated with a
poor clinical outcome. sVCAM-1 is an early postmyocardial infarction
biomarker and might be an interesting target for the development of future

acute coronary syndrome, cell adhesion molecules, inflammation, STEMI, VCAM-1

adverse cardiac event.””*" Therefore, the objectives of our
study were to describe SVCAM-1 kinetics in patients within
the first month of STEMI and to assess its prognostic value.

2 | METHODS
2.1 | Study design and blood sample
collection

The HIBISCUS cohort is composed of consecutive pa-
tients admitted to our institution (a tertiary referral
university hospital) with an acute STEMI from 2016 to
2019. Our institution Review Board and Ethics Com-
mittee approved the study. All patients gave written in-
formed consent and the study protocol conforms to the
ethical guidelines of the 1975 Declaration of Helsinki.
STEMI was defined according to the European Society of
Cardiology guidelines by the presence of clinical symp-
toms (chest pain) associated with an ST-segment eleva-
tion of more than 2mm in two contiguous leads on a
standard 12-lead electrocardiogram, and significant
troponin-I elevation.”” Urgent reperfusion was achieved
in all patients by primary percutaneous intervention
(PCI) at admission. All patients underwent contrast-
enhanced cardiac magnetic resonance (CMR) at 1 month
after STEML.

All individual clinical treatment and outcome data
were collected prospectively in the database of the Centre
for Clinical Investigation (CIC) of Hospices Civils de
Lyon. Adverse clinical events were registered during
follow-up visits scheduled at 1 month, 1 year, and 2 years
after the index hospitalization. A primary endpoint was
defined as the composite of all-cause death, acute MI,
stroke, and rehospitalization for heart failure.

Sera from HIBISCUS patients cohort were collected at
five time-points: admission, 4h (H4), 24h (H24), 48h
(H438), and 1 month (M1) after reperfusion. Samples were
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frozen at —80°C and stored at the local hospital biobank
(NeuroBioTec Biological Resource Center, Hospices
Civils de Lyon). All sera from our study population were
thawed only once to avoid biomarker alteration.

2.2 | Biomarker measurement

We assessed soluble VCAM-1 concentration using an
ELISA kit (R&D systems ELISA kit). The minimum
detectable dose in our conditions was 30.0 pg/ml.
IL-6 assessed using ELISA Ready-SET-Go (eBioscience)
with a sensitivity of 2 pg/ml. Routine biomarkers were
assessed in the central laboratory of the Hospices Civils
de Lyon. C-reactive protein was assessed using im-
munoturbidimetry (architect Abbott) (Hospices Civils de
Lyon laboratory). Troponin I (Immunoassay Accessl
AccuTnl Troponin I Assay) and total creatine kinase le-
vels (Beckman Coulter Inc, expressed in IU/L) were
measured at admission, at 4, 24, and 48 h after PCI.
Leukocytes were collected at admission, 24, 48 h, and
1 month after admission and assessed using fluorescence-
activated cell sorting (XN-9000 SYSMEX).

2.3 | CMR analysis

Patients underwent CMR 1 month after admission for
STEMI. All patients were scanned in a supine position using
a 1.5T MAGNETOM Avanto TIM system (Siemens) as
previously described.”* Cine free precession sequences in
two-chamber, four-chamber, and ventricular short-axis
planes were used for quantitative ventricular measure-
ments. Myocardial delayed enhancement sequences were
assessed in short and long-axis planes with a nonselective
180° inversion recovery 10-15min after the injection of
0.2 mmol/kg gadolinium-based contrast agent. IS was mea-
sured using CMRSegTools segmentation plugin (CREATIS)
with OsiriX software (Pixmeo). Late gadolinium enhance-
ment regions were quantified with a Full Width at Half
Maximum algorithm and IS was expressed as a percentage of
left ventricular (LV) mass. LV ejection fraction (LVEF), LV
end-diastolic volume index (LVEDVi), LV end-systolic
volume index (LVESVi), and LV mass were measured
offline on all short-axis views in the cine images (Philips
View Forum, Philips Healthcare). LVEF, LVEDVi, and
LVESVi assessment helped define ventricular remodeling.

2.4 | Statistical analysis

Data are expressed as median and 95% confidence in-
terval (CI) or interquartile range (IQR) or mean and SD

according to their distribution. Comparisons between the
different time points were performed using a paired ¢-test
with Wilcoxon matched-paired signed-rank test for con-
tinuous variables with the nonparametric distribution.
Mann-Whitney test was used for group comparisons of
continuous variables. Associations between sVCAM-1
and clinical variables were assessed by correlation ana-
lyses (nonparametric Spearman). The ability of sVCAM-1
to discriminate between patients with or without a clin-
ical event was also assessed by the area under (AUC) the
receiver-operating curve (ROC). ROC curves comparison
was done using DeLong et al. test. A p <.05 was con-
sidered significant. Multivariate analysis was performed
using Cox proportional-hazard regression. Statistical
analyses were performed using GraphPad Prism 8.01.
DeLong et al. test and multivariate analysis were
performed using MedCalc Version 12.4.0.0.

3 | RESULTS

3.1 | Baseline demographics

We included 251 patients. Characteristics of the study
population are presented in Table 1. Briefly, the median
age was 59 +12 years with 79.2% male. There were
132 anterior MI (52.8%), 166 patients (66.4%) had TIMI
flow grade 0-1 before and 241 (96.4%) had TIMI flow
grade greater than or equal to 2 after PCI. Two hundred
and sixteen patients (86.4%) were Killip 1 at admission
and median LVEF at admission was 52% (interquartile
range (IQR) [46-58]).

3.2 | Soluble VCAM-1 kinetics after

STEMI

The temporal profile of sSVCAM-1 after STEMI is pre-
sented in Figure 1A, illustrating a significant and constant
increase since admission up to 1 month. Median admis-
sion sSVCAM-1 level was 328.7 ng/ml (IQR [269.3-413.3])
with a continuous increase and reached 386.1 ng/ml (IQR
[309.0-471.0]) at 1 month (p <.0001 between admission
and 1-month). sVCAM-1 kinetics were also presented
according to IS, localization of MI, and HS troponin
(Figure S1). Patients with an IS higher than 25% had
higher levels of sSVCAM-1 when comparing to patients
with an IS lower than 25% (p=.03). Patients with an
anterior MI had a slight tendency for higher levels of
SVCAM-1 when compared to nonanterior MI (Figure S1).

Other main inflammatory markers were also as-
sessed. We found a rise in IL-6 with a peak at H24
(5.5pg/ml IQR [2.2-11.0]) and in C-reactive protein



496 WI LEY_Immunity, Inflammation and Disease

HAYEK ET AL.

TABLE 1 Baseline characteristics of the study population

Baseline characteristics (n = 251 patients)

Age, years

Male sex, no (%)

BMI, kg/m?

Hypertension, no (%)
Hypercholesterolemia, no (%)
Diabetes mellitus, no (%)
Current smoker, no (%)

Clinical characteristics

Time from symptoms to PCI, min
Anterior MI, no (%)

Killip status =1, no (%)

TIMI at admission = 0-1

LVEF at 1 month (%)

Biochemical analyses

Peak troponin I, ng/L

Peak creatine kinase, mUI/L
CRP at admission, mg/L

Peak CRP, mg/L

Admission BNP, nmol/L
Admission creatinine, mmol/L
Admission hemoglobin, g/L
Leukocytes count at admission, g/L
Total cholesterol, g/L

LDL cholesterol, g/L

59 +12
199 (79.3)
26.8+4.4
70 (27.9)
70 (27.9)
37 (14.7)
126 (50.2)

200 [145-315]
132 (52.6)
216 (86.1)
167 (66.5)
52 [46-58]

43,904 [15,731-114,083]
1561 [686-3666]

2.6 [1.4-6.2]

17.9 [7.1-47.1]

31 [15-80]

71 [61-83]

140 [130-150]

11.8 [9.3-14.5]

1.98 [1.70-2.36]

1.26 [1.01-1.57]

HbAlc (%) 5.7 [5.5-6.0]

Note: Date are expressed as mean + SD or median and interquartile range.

Abbreviations: BMI, body mass index; BNP, brain natriuretic peptide;
CRP, C-reactive protein; HbAlc, glycated hemoglobin; LDL, low density
lipoprotein; LVEF, left ventricular ejection fraction; TIMI, thrombolysis in
myocardial infarction.

(CRP) at H48 (18.1 mg/L IQR [7.6-52.0]). AUC sVCAM-1
level at H48 was correlated with IL-6 peak (r=.17,
p=.01) and with CRP peak (r=.19, p =.003).

3.3 | Soluble VCAM-1 levels, IS, and
ventricular remodeling

Wa assessed the area under curve for sVCAM-1 within the
first 48h (H48 AUC for sVCAM-1). We observed a sig-
nificant correlation between IS (assessed by cardiac mag-
netic resonance imaging) and H48 AUC for sVCAM-1
(r=.20, p=.007) (Figure S2A). We also found a sig-
nificant correlation between H48 AUC for sVCAM-1 and
ventricular remodeling. H48 AUC for sVCAM-1 was cor-
related with left ventricular end-diastolic volume (LVEDV,
r=.18, p=.02) and left ventricular end-systolic volume

Open Access,

(LVESV, r=.22, p=.003) and was inversely correlated
with LVEF (r=—0.17, p =.02) (Figure S2B-D).

3.4 | sVCAM-1 and clinical outcomes
Twenty-seven patients experienced an adverse clinical
event during the 12-month follow-up period (four all-
cause deaths, six M1, three strokes, and 14 hospitalizations
for heart failure). As shown in Figure 1B, The AUC for
SVCAM-1 release within the first 48h was significantly
increased in the group of patients with a clinical adverse
event as compared with patients without clinical event,
with a median of 1248 arbitrary units IQR [993-1491]
versus 991 arbitrary units IQR [832-1225] (p = .003).

Furthermore, we divided the study population into
two groups according to the H48 AUC for sVCAM-1: a
group with H48 AUC for sVCAM-1 below the median
value and a group with H48 AUC for sVCAM-1 equal to
or above the median value. Patients with H48 AUC for
SsVCAM-1 equal to or above the median value were more
likely to experiment an adverse clinical event within the
12 months of follow-up compared to patients with H48
AUC for sVCAM-1 below the median value with a ha-
zard ratio (HR) = 2.6 (95% CI of ratio = 1.2-5.6, p =.02)
(Figure 1C). The ability of H48 AUC for sVCAM-1 to
discriminate between patients with or without the com-
posite endpoint was also evaluated. The area under the
curve was assessed at 0.67 (0.57-0.78) p =.004. This
ability to discriminate between patients with or without
the composite endpoint was significantly superior to that
of H48 AUC creatine kinase (p =.03) but not to that of
H48 AUC troponin (Figure 1D).

3.5 | Level of sVGCAM-1 is associated
with adverse clinical events upon
admission

The sVCAM-1 level was significantly increased upon ad-
mission in the group presenting an adverse clinical event
within the 12 first months, reaching 407.1 ng/ml IQR
[330.0-453.7] compared to 326.1 ng/ml IQR [262.4-404.8]
in the group without clinical event in the follow-up period
(p =.003) (Figure 2A). Patients with an SVCAM-1 level at
admission equal to or above the median value were more
likely to experiment an adverse clinical event during the
first 12 months of follow-up (HR=3.3; 95% CI of
ratio = 1.5-7.1, p =.008) (Figure 2B). In multivariable Cox
regression analyses with models including age, gender,
hypertension, renal dysfunction (eGFR < 60 ml/min/
1.73 m?), creatine kinase peak, and TIMI flow grade before
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Soluble VCAM-1 kinetics in STEMI patients
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FIGURE 1 (A)sVCAM-1 kinetics in STEMI patients within the first month (n = 251 patients). (B) Level of sVCAM-1 in patients with or
without adverse clinical events (all-cause death, M1, stroke, and hospitalization for heart failure) during the first 12 months after MI (n = 251
patients). (C) Adverse clinical events according to AUC for sVCAM-1 secretion within 48 h (n = 251 patients). (D) ROC for discriminating
patients with or without a composite endpoint (adverse clinical event). ***p < .001, ****p < .0001. AUC, area under curve; CK, creatine
kinase; MI, myocardial infarction; ROC, receiver operating characteristic; SVCAM-1, soluble VCAM-1; STEMI, ST-segment elevation

myocardial infarction

PCI, sVCAM-1 remained associated with an increased risk
of experiencing the composite endpoint during the 12
months of follow-up (adjusted HR = 2.9 [1.0-8.2], p = .046).

4 | DISCUSSION
The main findings in the present study were that (1)
there is a sustained endothelial activation evaluated by
SVCAM-1 release, which lasts at least one month fol-
lowing MI, and (2) sVCAM-1 level upon admission is an
early prognosis biomarker following STEMI, correlated
with IS, cardiac remodeling, and adverse clinical events.
MI is generally the result of an atherosclerotic plaque
rupture resulting in thrombus formation. CAM is in-
volved in the thrombus formation through the coagula-
tion pathway and platelet adhesion.” Inflammation plays

a pivotal and consequent role with cytokine, thrombin,
and sCAM overproduction. Soluble CAM allows
recruitment of circulating leukocyte cells to the
inflammatory site and therefore maintains the in-
flammatory process.”* VCAM-1 is a CAM mediating the
adhesion mainly of leukocytes to the endothelium. Our
study highlights the concept of endothelial activation
post-STEMI since sVCAM-1 levels significantly increase
during the first month. Our results are in accordance
with previous observations that found a change in
SVCAM-1 levels related to endothelial activation and
release after MI reperfusion.”” Mulvihill et al.”® found a
sustained sSVCAM-1 increase up to 6 months following an
ACS. Furthermore, the time course of VCAM-1 release
was evaluated by Uitterdijk et al. on swine.”” They re-
ported a significant increase in sVCAM-1 expression
during the first week after MI followed by a decrease up
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FIGURE 2 (A) Violin plot of sVCAM-1 serum level at admission in STEMI patients. **p <.01. (B) Adverse clinical events (all-cause
death, myocardial infarction, stroke and hospitalization for heart failure) according to sVCAM-1 at admission. STEMI, ST-segment elevation
myocardial infarction; sSVCAM-1, soluble vascular cell adhesion molecule-1
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FIGURE 3 Central illustration: Graphical presentation summarizing the putative key role of sVCAM-1 after ST-elevation segment

myocardial infarction. MI, myocardial infarction; MMP, matrix metalloproteinase; oxLDL, oxidized low-density lipoprotein;

sVCAM-1, soluble vascular cell adhesion molecule 1

to 1 month. We can hypothesize that this sustained ac-
tivation of VCAM-1 within the first month may partici-
pate in the LV remodeling process.

Here, we demonstrated that sVCAM-1 is an early
biomarker of severity after STEMI and is correlated with

IS, LVEF, and LV remodeling. sSVCAM-1 appeared as an
efficient predictor of negative clinical outcome as illu-
strated by the ROC curve, superior to a classic marker of
IS such as creatine kinase. We already demonstrated that,
besides IS, several variables contribute strongly to the



HAYEK ET AL.

Immunity, Inflammation and Disease

499

_Wl LEY

clinical outcomes of STEMI patients and inflammation
has probably an important role to play.*

Our data highlight the importance of sSVCAM-1 at
the acute phase of MI (Figure 3). Few studies on
STEMI patients have been published in this setting,
with the majority of them including non-STEMI
patients.'®'”*" The largest study prospectively en-
rolled all-coming acute MI and showed that elevated
levels of sVCAM-1 associated with a reduced level of
IL-17A at the time of admission for acute MI were
associated with an increased risk of death and re-
current MI during the first year of follow-up, in line
with our results."'”

Soluble VCAM-1 has been reported to be higher in
patients with LV dysfunction and is associated with a
reduced prognosis. In a prospective study of 48 patients
with acute MI, Lino et al. found that patients with heart
failure had higher values of sSVCAM-1.”" Postadzhiyan
et al.'® suggested that CAM serum levels may be more
powerful than other inflammatory markers in predicting
increased risk for cardiovascular events in patients after
ACS. IS, as well as heart failure, involves physiological
and pathological pathways that lead to an increase in
several biomarkers.”’ In a clinical setting, troponin and
creatinin phosphokinase are established biomarkers and
correlate with IS and clinical outcomes. Our results
support SVCAM-1 as a possible early prognosis bio-
marker. Alongside other markers, it could play a role in
the assessment and management of STEMI patients at
the acute phase and in identifying patients with a higher
risk in the early stage. Postadzhiyan et al.'® also sug-
gested that VCAM-1 release precedes myocardial injury
and can hence identify patients with unstable athero-
sclerotic plaque formation even before complete micro-
vascular obstruction.

The role of inflammation in the pathogenesis of MI
leads to consider therapeutic strategies that target in-
flammation mediators.”” This has been especially the
case in atherosclerosis with the use of AGI-1067 therapy
as an inhibitor of VCAM-1 gene expression.”’ Cybuslky
et al.’> demonstrated that this drug significantly reduced
the extent of atherosclerotic lesions in a murine model of
accelerated atherosclerosis, with decreased VCAM-1 ex-
pression. However, there is no available data regarding
VCAM-1 inhibition during MI and it might be of interest
to study the effect of sVCAM-1 inhibition in a preclinical
model of MI. Also, as sSVCAM-1 plays a key role in the
onset of inflammation in a MI setting with a strong
correlation with poor outcomes, it raises the question
whereas these patients would be good candidates for
anti-inflammatory therapeutic pathways such as colchi-
cine and IL-1 inhibitors that recently showed promising
results.””

4.1 | Limitation of our study

There are a couple of limitations in our study. Blood
samples were collected at the acute stage of STEMI and at
1 month after. Our cohort may lack an intermediate point
of sampling (e.g., 1 week) and a late point of sampling
(e.g., 1 year) to assess more accurately the kinetics of
sVCAM-1 and to evaluate if it is back to baseline at 1 year.
Furthermore, our study is descriptive and our data do not
allow us to establish a cause-to-effect relationship. We
assessed the soluble form of VCAM-1 that may differ from
the cell surface form. This may question the representa-
tiveness of sSVCAM-1 for endothelial activation. However,
the study from Nakai et al. may help to answer this
question. They showed that sVCAM-1 was correlated with
the expression of VCAM-1 messenger RNA in patients
with atherosclerotic aorta.”® Thus, by extrapolating their
results, we suppose that SVCAM-1 at the acute phase of
MI may be representative of the cell surface form.

5 | CONCLUSION

SVCAM-1 serum levels increase within the first month
following STEMI and are associated with IS, LV
remodeling, and adverse clinical events at 1-year. These
observations are of major clinical relevance as they
warrant consideration around sVCAM-1 as an early
biomarker of poor prognosis in STEMI patients.
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