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High Serum Secreted Frizzled-Related Protein 5 Levels Associates
with Early Improvement of Cardiac Function Following ST-Segment
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Aim: Several members of secreted frizzled-related protein (SFRP) are involved in the process of myocardial isch-
emia-reperfusion injury. However, little is known about the role of SFRP5 in patients with acute ST-segment
elevation myocardial infarction (STEMI).

Methods: In this cross-sectional study, 85 patients with first-time anterior STEMI who underwent timely primary
percutaneous coronary intervention (PCI) and 35 patients without coronary artery disease (CAD) were enrolled.
Serum SFRP5 levels were measured using an enzyme-linked immunosorbent assay kit. Patients with STEMI were
divided into low-SFRP5 and high-SFRP5 groups according to their median baseline serum SFRP5 levels. To evalu-
ate cardiac function and structure after infarction, the left ventricular ejection fraction (LVEF) and left ventricu-
lar end-diastolic volume (LVEDV) were measured using echocardiography. The associations between changes in
LVEF and reduced LVEF (< 50%) and clinical variables were determined by univariate and multivariate analyses.

Results: Baseline serum SFRP5 levels were significantly higher in patients with STEMI than in those without
CAD (23.3 ng/mL vs 19.8 ng/mL, P=0.008), although they decreased over time. Also, baseline serum SFRP5
levels were inversely correlated with peak hypersensitive cardiac troponin I (hs-cTnl) levels (r= - 0.234, P=0.025)
and peak hypersensitive C-reactive protein (hs-CRP) levels (r= -0.262, P=0.015). A multivariate linear regres-
sion model showed that changes in LVEF were positively correlated with serum SFRP5 levels at baseline (=
0.249, 95% confidence interval (CI) 0.018-0.245, P=0.024) and 24 h after admission ($=0.220, 95% CI
0.003-0.264, P=0.045). At 3 months, LVEF in patients with high SFRP5 levels was significantly improved over
baseline [(60.8+7.1) % vs (56.1%7.5) %, P=0.001]. LVEF was also significantly higher in patients with high
SFRP5 levels than in those with low at the 3-month follow-up [(60.8 £7.1) % vs (56.8 £8.9) %, P=0.028]. Con-
sequently, high serum SFRP5 levels at baseline were associated with a decreased risk of reduced LVEF at 3 months,
independent of peak hs-cTnl and baseline cardiac function (hazard ratio 0.190, 95% CI 0.036-0.996; P=0.049).

Conclusions: High serum SFRP5 levels measured during the acute phase of STEMI were significantly associ-
ated with promoting myocardial recovery at an early phase following primary PCI, suggesting that SFRP5 is a
potential therapeutic target in acute STEMI.

Key words: Secreted frizzled-related protein 5, Adipokine, ST-segment elevation myocardial infarction,
Left ventricular ejection fraction, Inflammation

Abbreviations: BMI: body mass index, CAD: coronary artery disease, CI: confidence interval, CRP:
C-reactive protein, HF: heart failure, HR: hazard ratio, hs-CRP: hypersensitive C-reactive protein, hs-cTnl:
hypersensitive cardiac troponin I, I/R: ischemia/reperfusion, IRA: infarct-related artery, LVEDV: left
ventricular end-diastolic volume, LVEF: left ventricular ejection fraction, MI: myocardial infarction, PCI:
percutaneous coronary intervention, SFRP: secreted frizzled-related protein, STEMI: ST-segment elevation
myocardial infarction, T2DM: type 2 diabetes mellitus
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Aim

Adipocytokine is recognized as a bridge between
obesity-related metabolic disorders and cardiovascular
disease. The unbalanced production of pro-inflamma-
tory and anti-inflammatory adipocytokines by dys-
functional adipose tissue in obese persons contributes
to a chronic low-grade inflammatory state and thus
affects the initiation and progression of coronary
artery disease (CAD)'?. Acute ST-segment elevation
myocardial infarction (STEMI) is more complicated
as the secretion of adipocytokines is markedly per-
turbed, a condition that has a complex role in myocar-
dial ischemia/reperfusion (I/R) injury, postinfarction
remodeling, and subsequently heart failure (HF)*.
Therefore, it is necessary to elucidate the links
between adipocytokines and the adaptive and mal-
adaptive myocardial healing processes because of the
substantial mortality and morbidity associated with
acute STEMI"®.

Secreted frizzled-related protein (SFRP), a Wnt
antagonist, consists of five members (SFRP1-
SERP5)”. It has been reported that the SFRP-Wnt
modulatory axis is involved in the process of myocar-
dial I/R injury. Genetic overexpression of SFRP1, a
modulator of the Wnt/Fzd pathway, has been shown
to reduce scar size and improve cardiac hemodynamics
in a myocardial infarction (MI) model'?. Also, SERP2
has been shown to promote myocardial healing fol-
lowing MI via inhibition of Wnt and bone morphoge-
netic protein signaling'".

SERPS5, an adipocyte-specific secretory protein,
is highly expressed in white adipose tissue. It exerts an
anti-inflammatory effect on lipid metabolism, inflam-
mation, and type 2 diabetes mellitus (T2DM) via
inhibition of the Wnt signaling pathway!'*'¥.
Recently, the large-scale KORA F4 study confirmed
the metaboloprotective role of SFRP5, which showed
significantly inverse correlations between serum
SEFRPS5 levels and multiple metabolic risk factors after
dedicated statistical adjustments'. The cardioprotec-
tive role of SFPR5 in the setting of myocardial I/R
injury, however, has never been determined. There-
fore, in this study, we investigated serum SFRP5 levels
in patients with acute STEMI who underwent suc-
cessful primary percutaneous coronary intervention
(PCI) and determined its association with early-stage
improvement of cardiac function following ML

Methods

Subjects

Between June 2017 and May 2018, patients pre-
senting with first-time, acute, anterior STEMI were
consecutively screened for the following inclusion cri-
teria: age >18 years; symptom duration < 6 h; elec-
trocardiography showed consistent anterior ST eleva-
tion; emergent coronary angiography showed that the
infarct-related artery (IRA) was only the left anterior
descending artery; and primary PCI had been per-
formed successfully. We also consecutively enrolled a
control group of individuals with suspected CAD,
whose elective coronary anglography showed no obvi-
ous coronary artery stenosis. Exclusion criteria were
patients aged >80 years, prior history of MI, prior
coronary artery revascularization, thrombolytic ther-
apy prior to primary PCI, cardiogenic shock, liver or
renal failure, chronic inflammation disease, pharmaco-
logical glucocorticoid or immunosuppressive therapy,
and/or refusal to give written informed consent.
Finally, 85 eligible patients were enrolled in the
STEMI group. Baseline demographics and clinical
data were obtained from the hospital case records.
Body mass index (BMI) was calculated as the patient’s
weight divided by the height squared (kg/m?).

The study protocol adhered to the Declaration of
Helsinki and was approved by the Ethics Committee
of Beijing Anzhen Hospital of Capital Medical
University. Written informed consent was obtained
from each patient before enrollment.

Blood Sample Measurement

For patients in the STEMI group, blood samples
were obtained at hospital admission and 24 h and 72
h after admission. For patients in the control group,
blood samples were drawn after overnight fasting.
Venous blood samples were collected in sodium hepa-
rin Vacutainers (Becton-Dickinson, Franklin Lakes,
BJ, USA), and serum samples were stored at —80C
after centrifugation. Routine blood, urine, and bio-
chemical tests, as well as markers of myocardial injury,
were measured in the central laboratory of Beijng
Anzhen Hospital of Capital Medical University. Peak
hypersensitive cardiac Troponin I (hs-cTnl) and peak
hypersensitive C-reactive protein (hs-CRP) levels were
defined as the maximum value measured during hos-
pitalization.
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Serum SFRP5 concentrations were detected by a
commercially available enzyme-linked immunosor-
bent assay kit (Shanghai BlueGene Biotech Co., Ltd.,
Shanghai, China) following the manufacturer’s
instructions. Both intra-assay and inter-assay coeffi-
cients of variation were <5%. All samples were mea-
sured in duplicate.

Echocardiography

Left ventricular ejection fraction (LVEF) and left
ventricular end-diastolic volume (LVEDV) within the
first 24 h after admission and 3 months later were
measured by the modified Simpson’s equation with a
GE ViVid E7 ultrasonography machine (GE Health-
care, Piscataway, NJ, USA). Reduced LVEF was
defined as LVEF < 50%.

Procedure and Periprocedural Management
Diagnostic coronary angiography, primary PCI,
and periprocedural management were applied accord-
ing to the current guidelines'®. All participants under-
went coronary angiography emergently or electively.
CAD was defined as the presence of stenosis of >50%
of the luminal diameter of at least one of the major
epicardial coronary arteries. For patients in the
STEMI group, judgment about the IRA was based on
electrocardiography, echocardiography, and coronary
angiography results. In this study, only IRA was
treated emergently, with the other diseased vessels
managed with elective PCI after 3 months if indi-
cated. All implanted stents were second-generation,
drug-eluting stents. The use of thrombus aspiration or
glycoprotein IIb/Illa inhibitor was left to the opera-
tor’s discretion. Total ischemia time was defined as the
period from the onset of chest pain to IRA reopening,.

Statistical Analysis

Continuous data were expressed as the mean=*
standard deviation or the median (lower quartile,
upper quartile) where indicated. Mean and median
values were compared using Student’s rtest and the
Mann—Whitney U test, respectively. Categorical data
were expressed as percentages and analyzed using a x*
test. Spearman’s correlation testing was performed
between serum SFRP5 levels and clinical parameters.
The associations between changes in LVEF and other
variables were assessed using both univariate and mul-
tivariate linear regression analyzes. In addition, the
associations between reduced LVEF and variables were
determined by univariate and logistic regression analy-
sis. All statistical analyzes were performed using SPSS
22.0 software (IBM Corp., Armonk, NY, USA). A
value of P<0.05 was considered to indicate statistical
significance.
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Results

Baseline and Procedural Characteristics of the
Study Population

During the study period, a total of 190 patients
with STEMI were consecutively screened, and 85
(44.7%) eligible patients with first-time anterior
STEMI who underwent timely primary PCI were
enrolled in this study. We also consecutively enrolled
35 individuals without CAD as a control group. The
mean age of the patients at the first presentation of
acute anterior STEMI was 56 years, of which 76%
were men, and the proportion of self-reported CAD
was 21% (Table 1). Specifically, compared with the
controls, patients with STEMI were more likely to be
male and smokers and have hypertension and low
LVEE Other baseline characteristics and medications
were similar between the two groups. As shown in
Tables 2 and 3, preinfarction angina accounted for
30% of STEMI patients, 94% of STEMI patients pre-
sented with Killip classes I-II acute HE and half of
the STEMI patients had multivessel disease, which
was higher than the prevalence of self-reported CAD.
Intracoronary imaging was not routinely used; second-
generation, drug-eluting stents were implanted in
99% of patients; 92% of patients had a thrombolysis
in MI (TIMI) flow of > 2 after the procedure; and the
overall median ischemia time was 4.6 h, which indi-
cated a timely and successful primary PCI.

Serum SFRP5 Levels in STEMI Patients

We investigated serum SFRP5 levels in patients
who presented with acute STEMI on admission and
their changes over time. Compared with controls,
STEMI patients had significantly higher baseline
serum SFRP5 levels (23.3 ng/mL vs 19.8 ng/mL, P=
0.008) (Fig. 1A). Furthermore, serum SFRP5 levels in
STEMI patients were consistently higher than those
in the controls during the first 72 h after admission,
but they declined gradually over time (Fig. 1B). We
also found that baseline serum SFRP5 levels were neg-
atively associated with BMI (r=-0.367, P=0.030)
and T2DM (r=-0.384, P=0.023) in the control
group, whereas these associations were not observed in

the STEMI group.

Serum SFRP5 Levels and Myocardial Injury and
Inflammation during the I/R Process

To evaluate myocardial injury and systematic
inflammation after MI, we used the indices of the
peak serum hs-cTnl and peak serum hs-CRP levels,
respectively. Patients in the STEMI group were
divided into low-SFRP5 and high-SFRP5 groups

according to their median baseline serum SFRP5 con-
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Table 1. Baseline characteristics of participants in the Control and STEMI groups

Variables Control group (N=35) STEMI group (IN=85) P value
Age (years) 52.3+9.9 55.7+11.8 0.133
Male 21 (60.0) 65 (76.5) 0.069
BMI (kg/m?) 24.9%3.5 26.0+3.4 0.137
Hypertension 6(17.1) 45 (52.9) <0.001
Hypercholesteromia 5 (14.3) 24 (28.2) 0.105
T2DM 3 (8.6) 17 (20.0) 0.127
Smoking 7 (20.0) 59 (69.4) <0.001
CAD 0 18 21.2) -
PAD or stroke 4(11.4) 9 (22.4) 0.167
LVEF (%) 61.5+5.2 56.4"‘7 0 0.001
SFRPS (ng/ml) 19.8 (16.8, 21.8) 233 (17.8, 36.8) 0.008
Medications (admission)
Aspirin 4 (11.4) 19 (22.4) 0.167
P2Y12 inhibitor 0 2 (2.4) -
Beta-blocker 2 (5.7) 8 (9.4) 0.722
Statin 3 (8.6) 14 (16.5) 0.389
ACEI/ARB 3 (8.6) 19 (22.4) 0.076

STEMI, ST-segment elevation myocardial infarction; BMI, body mass index; T2DM, type 2 diabetes mellitus; CAD, coro-
nary artery disease; PAD, peripheral arterial disease; LVEE left ventricular ejection fraction; SFRPS5, serum secreted frizzled-
related protein 5; ACEI, angiotensin-converting enzyme inhibitor; ARB, Angiotensin II receptor blocker.

Table 2. Baseline characteristics of STEMI patients according to median baseline serum SFRP5 level

Variables Total Low-SFRP5 High-SFRP5 P value
(N=85) Group (N=42) Group (N=43)

Age (years) 55.7%+11.8 57.8+£10.2 53.6%x13.0 0.099
Male 65 (76.5) 30 (71.4) 35 (81.4) 0.279
BMI (kg/m?) 26.0+3.4 25.3+3.3 26.7+3.5 0.065
Hypertension 45 (52.9) 23 (54.8) 22 (51.2) 0.740
Hypercholesteromia 24 (28.2) 3 (31.0) 11 (25.6) 0.582
T2DM 17 (20.0) 9 (21.4) 8 (18.6) 0.745
Smoking 59 (69.4) 26 (61.9) 33 (76.7) 0.138
CAD 18 (21.2) 8 (19.0) 10 (23.3) 0.635
Pre-infarction angina 26 (30.6) 2 (28.6) 14 (32.6) 0.815
PAD or stroke 19 (22.4) 12 (28.6) 7 (16.3) 0.174
LVEF (%) 56.4+7.0 56.7£6.5 56.1+7.5 0.942
LVEDV (ml) 45.6+3.7 45.5+4.3 45.7%3.0 0.740
Acute heart failure (Killip classification) 0.598

Class I 45 (52.9) 24 (57.1) 21 (48.8)

Class II 35 (41.2) 15 (35.7) 20 (46.5)

Class IIT 5(5.9) 3(7.1) 2 (4.7)

Class IV 0 - =
SFRP5 (ng/ml) 23.3 (17.8, 36.8) 17.8 (13.6, 20.7) 36.8 (27.0, 48.6) <0.01
Peak hs-cTnl (pg/ml) 34.5 (23.6, 46.6) 39.1 (30.0, 52.1) 29.1 (22.8, 42.4) 0.024
Peak hs-CRP (mg/L) 23.0 (17.5, 29.5) 27.3 (18.6, 32.1) 21.0 (15.4, 27.6) 0.017
Peak CK-MB (U/L) 222.0 (120.0, 330.5) 249.5 (151.3, 358.0)  189.0 (98.0, 300.0) 0.041
Medications (Discharge)

Aspirin 85 (100.0) 2 (100.0) 3 (100.0) ;

P2Y12 inhibitor 85 (100.0) 2 (100.0) 43 (100.0) -

Beta-blocker 75 (88.2) 9 (92.9) 36 (83.7) 0.313

Serciin 85 (100.0) 2 (100.0) 3 (100.0) ;

ACEI/ARB 60 (70.6) 29 (69.0) 31 (72.1) 0.758

STEMI, ST-segment elevation myocardial infarction; SFRP5, serum secreted frizzled-related protein 5; BMI, body mass index; T2DM, type
2 diabetes mellitus; CAD, coronary artery disease; PAD, peripheral arterial disease; LVEE, left ventricular ejection fraction; LVEDV, left ven-
tricular end-diastolic volume; hs-cTnl, hypersensitive cardiac Troponin I; hs-CRP, hypersensitive C reactive protein; CK-MB, creatine kinase
MB; ACEI, angiotensin-converting enzyme inhibitor; ARB, Angiotensin II receptor blocker.
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Table 3. Procedural characteristics of STEMI patients according to median baseline serum SFRP5 level

Variables Total Low-SFRP5 High-SFRP5 P value
(N=85) Group (N=42) Group (N=43)
Angiography
No. of diseased vessels 0.443
1-vessel disease 45 (52.9) 22 (52.4) 23 (53.5)
2-vessel disease 22 (25.9) 9 (21.4) 13 (30.2)
3-vessel disease 18 (21.2) 11 (26.2) 7 (16.3)
Location of culprit lesion 0.952
Proximal LAD 32 (37.6) 16 (38.1) 16 (37.2)
Middle LAD 44 (51.8) 21 (50.5) 23 (53.5)
Distal LAD 9 (10.6) 5(11.9) 4(9.3)
Pre-PCI TIMI flow 0.346
Grade 0 72 (84.7) 33 (78.6) 39 (90.7)
Grade 1 10 (11.8) 7 (16.7) 3 (7.0)
Grade 2 3 (3.5) 2 (4.8) 1(2.3)
Grade 3 0 = =
Intervention therapy
Total ischemic time (min) 278 (194, 413) 322 (200, 553) 271 (190, 408) 0.399
Stent implantation 84 (98.8) 42 (100) 42 (97.7) 1.000
2nd-generation DES 84 (98.8) 42 (100) 42 (97.7) 1.000
No. of stents per patient 1.11+0.31 1.10%£0.30 1.12+0.33 1.000
No. of stent diameter < 2.5 mm 5(5.9) 3(7.1) 2 (4.7) 0.676
Length of stent 30 (24, 36) 29 (25, 36) 30 (24, 33) 0.780
Thrombus aspiration 9 (10.6) 4(9.5) 5(11.6) 1.000
GP IIb/IIIa inhibitor 54 (63.5) 28 (66.7) 26 (60.5) 0.654
Post-PCI TIMI flow > 2 78 (91.8) 38 (90.5) 40 (93.0) 0.713

STEMI, ST-segment elevation myocardial infarction; SFRP5, serum secreted frizzled-related protein 5; LAD, left anterior descending; PCI,
percutaneous coronary intervention; TIMI: thrombolysis in myocardial infarction; DES, drug eluting stent; GP IIb/IITa: Glycoprotein IIb/

IITa.

A P=0.008 B

|

w
o
1
Serum SFRP5 levels (ng/ml)

N
=
1

-
o
1

Serum SFRP5 levels (ng/ml)

o

STEMI

Control

IS
=)
1

©w
=3
1

N
o
1

-
=)

- STEMI group

==+ Control group

Admission 24 h 72 h

Fig. 1. Serum SFRP5 levels in the STEMI and control groups at admission (A) and their changes over time
(B). SERP5, serum secreted frizzled-related protein 5; STEMI, ST-segment elevation myocardial infarc-

tion.

centration (23.3 ng/ml). As shown in Tables 2 and 3,
baseline and procedural characteristics were not signif-
icantly different between the two groups, whereas
patients in the high-SFRP5 group had significantly
lower peak hs-cTnl and peak hs-CRP levels than the
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low-SERP5 group (peak hs-cTnl 29.1 pg/mL vs 39.1
pg/mL, respectively, P=0.024; peak hs-CRP 21.0 mg/
L vs 27.3 mg/L, respectively, P=0.017). Furthermore,
baseline serum SFRP5 levels were inversely correlated

with the peak hs-cTnl levels (r=—0.234, P= 0.025)
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SERP3, secreted frizzled-related protein 5; hs-cTnl, hypersensitive cardiac troponin I; hs-CRP, hyper-

sensitive C-reactive protein.

Table 4. Association between Changes in LVEF and variables using univariate and multivariate analysis

Variables Univariate Analysis Multivariate Analysis 1 Multivariate Analysis 2
HR 95% CI 2 HR 95% CI P HR 95% CI P
Age -0.074 -0.203,0.100 0.501 0.015 —0.142,0.163 0.891 -0.003 —-0.154,0.149 0.975
Female -0.162 -7.272,1.026 0.138 -0.044 -5.376,3.699 0.714 -0.060 —5.442,3.191 0.605
T2DM -0.171 -7.893,0.893 0.117 -0.111 -6.891,2.354 0.331 -0.137 —7.418,1.802 0.229
No. of diseased vessels -0.140 —-3.631,0.783 0.203 -0.143 —-3.678,0.758 0.194 -0.150 —3.764,0.694 0.174
TIMI flow (pre-PCI) -0.199 -7.132,0.264 0.068 -0.141 -6.188,1.300 0.197 -0.140 -6.213,1.375 0.208
Total ischemia time -0.096 -0.013,0.005 0.382 -0.146 -0.015,0.003 0.183 -0.150 -0.015,0.003 0.175
SFRP5 (admission) 0.276  0.035,0.256 0.011 0.249 0.018,0.245 0.024
SFERP5 (24 h after admission) 0.216  0.001, 0.260 0.048 0.220  0.003, 0.264 0.045
SFRPS5 (72 h after admission) 0.147 -0.042,0.219 0.180

LVEE, left ventricular ejection fraction; HR, hazard ratio; CI, confidence interval; T2DM, type 2 diabetes mellitus; TIMI: thrombolysis in myocar-
dial infarction; PCI, percutaneous coronary intervention; SFRP5, serum secreted frizzled-related protein 5.

and the peak hs-CRP levels (r=-0.262, P= 0.015)
(Fig. 2A, B).

Serum SFRP5 Levels and Left Ventricular Function
and Structure after Infarction

At the 3-month follow-up, all participants were
still alive and underwent cardiac echocardiography. To
study the cardiac function alterations (Table 4), we
found that changes in LVEF were positively correlated
with the serum SFRP5 levels at baseline (=0.276,
P=0.011) and 24 h after admission (8=0.216,
P=0.048), but they were not significantly correlated
with serum SFRP5 levels 72 h after admission (=
0.147, P=0.180). The former two correlations were
further confirmed in a multivariate linear regression
model involving age, sex, T2DM, number of diseased
vessels, TIMI flow (pre-PCI), and total ischemia time
[admission: $=0.249, 95% confidence interval (CI)
0.018-0.245, P=0.024; 24 h after admission: =
0.220, 95% CI 0.003-0.264, P=0.045].

Consequently, at 3 months, the LVEF of STEMI
patients in the high-SFRP5 group had significantly
improved over baseline [(60.8+7.1) % vs (56.1+7.5)
%, P=0.001], whereas the LVEF of STEMI patients
in the low-SFRP5 group was unchanged over time
[(56.8%8.9) % vs (56.7 £6.5) %, P=0.555] (Fig.3A).
In addition, LVEF was significantly higher in STEMI
patients in the high-SFRP5 group than in the low-
SERP5 group at the 3-month follow-up [(60.8+7.1)
% vs (56.8+8.9) %, P=0.028], although they were
similar at baseline [(56.1%7.5) % vs (56.7 £6.5) %, P
=0.942)]. In contrast, the improvement of LVEDV
was not significant in STEMI patients with high
SERP5 levels at 3 months [high-SFRP5 group: base-
line vs 3 months, (45.7+3.0) mL vs (46.3+4.1) mL,
P=0.474; 3-month follow-up: high-SFRP5 group vs
low-SERP5 group, (46.3+4.1) mL vs (47.1+4.3) mL,
P=0.416] (Fig. 3B).

Finally, the proportion of reduced LVEF (< 50%)
was significantly lower in STEMI patients in the high-
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Fig.3. Cardiac function (LVEF) (A), cardiac structure (LVEDV) (B), and reduced LVEF (C) in STEMI patients in the low-SFRP5 and high-
SERP5 groups at baseline and at the 3-month follow-up. LVEE left ventricular ejection fraction; LVEDV, left ventricular end-dia-
stolic volume; NS, no significant difference; SFRP5, serum secreted frizzled-related protein 5; STEMI, ST-segment elevation myocar-

dial infarction.

Table 5. Association between reduced LVEF (= 50%) at 3-month and variables using univariate and multivariate analysis

Variables Univariate Analysis Multivariate Analysis

HR 95% CI P HR 95% CI P
Age 1.044 0.992, 1.099 0.099 1.042 0.972, 1.116 0.245
Female 2.667 0.813, 8.743 0.105 2.982 0.660, 13.477 0.156
Reduced LVEF (< 50%) at baseline 9.667 2.796, 33.420  <0.001 18.753 3.805,92.428 <0.001
Peak hs-cTnl 1.027 0.995, 1.061 0.102 1.024 0.984, 1.066 0.241
High-SFRP5 group 0.289 0.084, 0.997 0.049 0.190 0.036, 0.996 0.049

LVEE left ventricular ejection fraction; HR, hazard ratio; CI, confidence interval; hs-cTnl, hypersensitive cardiac Troponin I; SFRP5,

serum secreted frizzled-related protein 5.

SERP5 group than in the low-SFRP5 group at 3
months (9.3% vs 26.2%, P=0.041). It was also lower
in STEMI patients with higher SFPR5 levels at 3
months than at baseline (9.3% vs 27.9%, P=0.027)
(Fig.3C). In line with these findings, as shown in
Table 5, high serum SFRP5 levels at baseline were
associated with a decreased risk of having reduced
LVEF at 3 months [hazard ratio (HR) 0.289, 95% CI
0.084-0.997; P=0.049]. This association persisted
after adjusting for age, sex, reduced LVEF at baseline,
and peak hs-cTnl (HR 0.190, 95% CI 0.036-0.996;
P=0.049).

Discussion

As far as we have been able to determine, this
was the first study showing that serum SFRP5 levels
were higher in patients with first-time, acute, anterior
STEMI on admission than in those without CAD and
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that it decreased over time after timely reperfusion
therapy. Additionally, elevated baseline serum SFRP5
levels were correlated with decreased myocardial injury
and suppressed systematic inflammation, evidenced by
lower peak hs-cTnl and hs-CRP levels, respectively.
Furthermore, we showed that serum SFRP5 levels at
baseline or 24 h after admission were positively and
independently correlated with LVEF changes at the
3-month follow-up. Consequently, we concluded that
the higher is the baseline serum SFRP5 levels, the
higher is LVEF and the lower is the risk of developing
HF at the 3-month follow-up, independent of peak
cTnl levels and cardiac function at baseline, after suc-
cessful primary PCI following optimal medications.
These findings suggested that the elevated SFRP5 lev-
els in circulation were an active reaction to alleviate
myocardial I/R injury and promote myocardial recov-
ery after MI.

Accumulating evidence shows that circulating
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SERP5 levels are decreased in overweight/obese indi-
viduals and those with impaired glucose intolerance or
T2DM and metabolic syndrome'* 7> 19 Similarly,
Miyoshi et al. found lower serum SFRP5 levels in
patients with stable CAD'. Conversely, in other
studies, higher circulating SFRP5 levels were observed
in those with T2DM?*” ?V. Although these inconsis-
tent results are difficult to explain, the anti-inflamma-
tory role of SFRP5 has been widely recognized in car-
diometablic disease. As shown in the 77 vivo experi-
ment of Quchi et a4l., transient administration of
SERPS5 improved metabolic function and reduced adi-
pose inflammation in obese and diabetic mice'?. In
the present study, we found markedly higher serum
SERP5 levels during the early phase of acute STEMI.
Similar findings were observed in patients with
chronic kidney disease associated with acute
STEMI??. Interestingly, the responses of serum
SFRPS5 to chronic and acute myocardial ischemia were
markedly divergent, which might indicate an emer-
gent compensatory mechanism of SFRP5 in the con-
text of acute ML

The negative correlations of baseline serum
SERPS5 levels with BMI and T2DM in this study were
present only in individuals with multiple cardiometa-
bolic risk factors in the control group, but not in the
STEMI group. This difference was partially due to the
drastic disturbance of the cardiometabolic system dur-
ing acute STEMI. To explore the time course of
SERP5, we showed that the elevated serum SFRP5
declined continuously and was close to the control
levels within 3 days after the infarction. This reduc-
tion in anti-inflammatory SFRP5 might result from
the acute enhancement of oxidant stress and inflam-
mation during the myocardial I/R process®. This pat-
tern was in line with a previous report by Ouchi ez 4.
regarding the early stages of murine obesity'?. Adipo-
nectin, another well-established anti-inflammatory
adipokine, was reported at its highest level in the cir-
culation in patients with STEMI at the time of admis-
sion, but reached its low point 24 h after reperfu-
sion?* %,

Inflammation plays a vital role in the process of
myocardial I/R, and hs-CRP was a prognostic marker
of long-term mortality after infarction®®. It was also
reported that late gadolinium enhancement with car-
diac magnetic resonance imaging following STEMI
showed that peak cTnl strongly correlated with infarct
size””. In the present study, we found that serum
SFRP5 levels on admission were negatively correlated
with peak serum hs-CRP and hs-cTnl levels, which
revealed an adaptive response of SFPR5 to counteract
elevated systematic inflammation and acute myocar-
dial necrosis following acute STEMI. Similar to our

findings, Nakamura et al. showed that genetic knock-
out of SFRP5 in mice led to severe cardiomyocyte
apoptosis, elevated inflammation infiltration in the
infarct zone, and greater MI size?. Kikuchi et al. also
found that SFRP5 deficiency resulted in impaired
reperfusion and the capillary density of ischemic
limbs?¥.

Subsequently, we investigated the improvement
of cardiac function and structure after infarction. We
found that serum SFRP5 levels upon admission or 24
h after admission were associated with LVEF improve-
ment at the 3-month follow-up. Moreover, these cor-
relations were independent of potential confounders.
This cardioprotective role of decreased SFRP5 at 72 h,
however, was not significant. We also showed that
patients with acute STEMI and high serum SFRP5
levels at admission were more likely to have better
recovery of cardiac function and were less likely to suf-
fer left ventricular systolic dysfunction during the
early postinfarction phase after successful primary PCI
following optimal medications. More importantly, this
correlation was independent of peak ¢T'nl levels and
baseline cardiac functions. However, such obvious
early recovery of left ventricular function was not
accompanied by significant improvement of left ven-
tricular geometry.

As already reported, the anti-inflammatory effect
of SFRP5 is mediated via suppression of the Wnt5a/
JNK signaling pathway in metabolic disorders'?,
although the specific mechanism of the SFRP5-
Wnt5a axis in cardiac I/R injury is less well under-
stood. SFRP5 inhibits the proliferation and activation
of cardiac fibroblasts and so alleviates the postinfarc-
tion process of myocardial fibrosis*”. Wnt5a promotes
human myocardial inflammation and fibrosis through
tissue inhibition of metalloproteinases 1 and extracel-
lular signal-regulated kinase 1 and 2, thereby contrib-
uting to HF progression®”. Blocking of Wnt signaling
by Wnt3a and Wnt5a homologs inhibited the occur-
rence of HF following MI®Y. Nakamura et a/. also
showed that the activation of cytokines by Wnt5a was
inhibited by recombinant SFRP5, possibly through
non-canonical Wnt5a/JNK signaling?. In addition,
Wnt5a stimulated hypertrophy in cultured myocytes,
thereby contributing to worsened postinfarction
remodeling®?.

In this proof-of-concept study, we confirmed the
cardioprotective role of SFPR5 in the setting of acute
STEMI. Importantly, we provide a new insight into
the conceptual framework of “obesity—inflammation—
atherothrombosis,” that is, residual inflammation
might contribute to poor prognosis of patients with
atherothrombosis though managed with contempo-
rary and comprehensive therapies. Adipocytokine,
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such as SFRP5, is a promising therapeutic target focus
on distinct inflammatory pathway to alleviate I/R
injury and improve cardiac remodeling postinfarction.
The study has several limitations. First, because of the
cross-sectional design and relatively small sample size,
a definitively causal relation cannot be established
between serum SFRP5 levels and improved cardiac
function. Second, the most accurate imaging modali-
ties for evaluating scar size and cardiac remodeling
after infarction were not used. Third, the relatively
strict inclusion criteria that were used to reduce the
heterogenicity of the participants precluded the appli-
cation of our results to the general population. Fourth,
we did not enroll patients with stable CAD and non-
ST-segment elevation acute coronary syndrome and
did not have long-term follow-up of STEMI patients
on adverse clinical outcomes. Fifth, intracoronary
imaging was not assessed during primary PCI, which
would have considerably strengthened our findings.
Finally, the serum concentration of Wnt5a, a target
antagonistic to SFRP5, was not measured.

Conclusions
We showed, for the first time, that serum SFRP5

levels were sharply increased during the early phase of
acute STEMI. The elevated serum SFRP5 level was
significantly associated with low myocardial injury
and systematic inflammation during the I/R process.
It was also associated with early improvement of car-
diac function. Therefore, SFRP5 is a promising target
for enhancing infarct healing and limiting cardiac

remodeling after MI.
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