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Abstract

Background Microfibrillar-associated protein (MFAP4), initially identified as an extracellular matrix protein, has been
demonstrated in multiple human disorders, but it is yet to be discovered following acute coronary syndrome (ACS)
in clinical practice. Therefore, this study aimed to investigate the relationship between circulating MFAP4 levels and
coronary stenosis in ACS.

Methods We performed the study in 148 ACS subjects, including 75 ST-segment elevation myocardial infarction
(STEMI), 27 non-ST-segment elevation myocardial infarction (non-STEMI) and 46 unstable angina (UA). Clinical vari-
ables were collected and Gensini and Syntax stenosis scoring systems were applied to assess the severity of coronary
stenosis. Kaplan—-Meier and logistic regression analysis were used to analyze the relationship between MFAP4 and
the severity of coronary stenosis or ACS outcomes. Spearman analysis was used to describe the correlation between
MFAP4 and clinical parameters.

Results Circulating MFAP4 levels were significantly decreased in the STEMI group (0.008 ng/ml) compared with the
non-STEMI group (0.014 ng/ml) and UA group (0.019 ng/ml) (p < 0.001). After adjusting for confounding factors, we
found that MFAP4 was an independent risk factor for STEMI (odds ratio =0.395, 95% Cl 0.174-0.895, p =0.026). MFAP4
level was negatively correlated with Gensini score and Syntax score (r=—0.311and — 0.211, p<0.001 and 0.01,
respectively). Based on the MFAP4 level of 0.117 ng/ml, ACS patients were divided into two groups: the low-MFAP4
group (<0.117 ng/ml, n=60) and the high-MFAP4 group (> 0.117 ng/ml, n=88). After the median follow-up of

165 days, Kaplan—-Meier survival analysis revealed that the MACE-free rate was significantly lower in ACS patients with
lower MFAP4 levels (p=0.009).

Conclusions MFAP4 has a potential as a biomarker for the degree of coronary stenosis in ACS. Confirmation of obser-
vations in larger cohorts and longer follow-up periods is warranted.
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Introduction
Acute coronary syndrome (ACS) is the most common
cardiovascular emergency, accounting for nearly half
of the global cardiovascular morbidity and mortal-
ity, placing an enormous economic burden worldwide
[1]. Typically, depending on the range of myocardial
ischemia, ACS may present as unstable angina (UA),
non-ST-segment elevation myocardial infarction (non-
STEMI), and ST-segment elevation myocardial infarc-
tion (STEMI). Since ACS may proceed into irreversible
myocardial damage, early and precise identification
of such urgent situation are crucial. So far, detection
of coronary artery stenosis heavily relies on invasive
methods, such as coronary angiography. Although
there are some biomarkers in identifying myocardial
necrosis, including cardiac troponins (cITn) and cre-
atine kinase-MB (CKMB)—the gold standard markers,
they cannot reflect the severity of coronary stenosis,
since patients in severe vascular condition may need
individualized treatment. Thus, it is significant to find
novel biomarkers that precisely detect myocardial dam-
age and also reflect the severity of coronary stenosis.
Microfibrillar-associated protein 4 (MFAP4), also
named  microfibrillar-associated  glycoprotein 4
(MAGP4), known as 36-kDa microfibril-associated gly-
coprotein, is a secreted matricellular protein and belongs
to the fibrinogen-related domain superfamily, including
fibroleukin, ficolin, angiopoietins, and tenascin, which is
initially associated with tissue homeostasis, cardiovascu-
lar system development and normal endothelial function
[2]. MFAP4, mainly located in elastic fibers and highly
expressed in blood vessels, probably contributed to vas-
cular remodeling. Besides large arteries and arterioles,
MFAP4 mRNA transcript levels were relatively higher
in myocardial tissue and lung [3], which is in agreement
with its important role in cardiac hypertrophy, asthma
and chronic obstructive pulmonary disease [4]. Recently,
animal studies have reported that MFAP4 deficiency
inhibited myocardial hypertrophy and myocardial fibro-
sis, and improved cardiac function [5-7]. Notably, some
reports even suggested the possibility of using MFAP4 as
a biomarker in atherosclerosis-related diseases [3]. Addi-
tionally, MFAP4 has been identified with a lower herit-
ability and relatively limited basic variation, implying
MFAP4 as an excellent biomarker candidate in reflect-
ing the process of disease induction [8, 9]. And, the
association between plasma MFAP4 and other clinical
parameters and its role in the prognosis of ACS is still
under discussion. Accordingly, in this study, we aimed to
investigate the correlation between severity of coronary
stenosis, calculated by coronary angiography, and the cir-
culating MFAP4 levels in a cohort of patients admitted
with ACS.
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Materials and methods

Study population

In this study, 148 ACS patients, including 75 STEMI, 27
non-STEMI and 46 UA, admitted at the Department of
Cardiology, Beijing Chaoyang Hospital from May 2021
to July 2021 were recruited in this study (Fig. 1). Clini-
cal classification of ACS was based on expert consensus
statements. All subjects with a history of stent implan-
tation, a history of coronary artery bypass graft, cardio-
myopathy, myocarditis, congenital heart disease, chronic
liver or kidney disease, systemic or local inflammatory
or infectious disease, autoimmune disease, pregnancy,
and malignancy were excluded from the study. Written,
informed consent was obtained from all subjects before
their participation in the study. The study protocol was
approved by the Beijing Chaoyang Hospital Ethics Com-
mittee and adhered to the Declaration of Helsinki. This
study was registered in the Chinese Clinical Trial Regis-
try (No. ChiCTR2100045902).

Laboratory assay

Venous blood samples were drawn in tubes with eth-
ylenediaminetetraacetic acid (EDTA) and centrifuged
at 3000 rpm for 10 min at 4 °C. Plasma was stored in a
— 80 °C ultra-low-temperature refrigerator until biochem-
ical analysis. Plasma MFAP4 levels were measured using
commercially available microplate ELISA kit (Human
Microfibrillar Associated Protein 4 ELISA kit, Abbexa
LTD, Cambridge, UK) following the sandwich ELISA
principle (Catalog No. abx152321, sensitivity<0.121 ng/
mL, intra-assay coefficient of variation<10%, and inter-
assay coefficient of variation<10%). Other clinical and
biochemical parameters were measured by standard
procedures.

Evaluation of coronary artery disease severity

Coronary angiographic image was collected from the
catheter laboratory during hospitalization, and Gensini
and Syntax stenosis scoring systems were applied to
assess the severity of coronary stenosis by two independ-
ent experienced interventional clinicians. As published
previously, the Gensini score was based on the grade of
stenosis, and the sum of the scores for individual lesions
was defined the severity of coronary artery disease. The
Syntax score was an anatomical calculator that quantita-
tively describes vessels with diameters>1.5 mm and ste-
nosis >50% in the light of location, function, complexity
and obstruction, and was performed with internet-based
SYNTAX calculator (www.syntax.score.com).

Statistical analysis
Normal distribution of data was assessed using the Kol-
mogorov—Smirnov test. Numerical variables with a
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178 Patients with clinical
diagnosis of acute coronary
syndrom were enrolled

Excluded (n= 30)

X chronic liver or kidney disease (n=8)

X history of coronary artery bypass
graft or stent implantation (n= 15)

X Other reasons (n=7)

148 Patients with clinical
diagnosis of acute coronary
syndrom were enrolled

A 4 A

v

Patients with unstable
angina (n=46)

Patients with non-ST-
elevation myocardial
infarction (n= 27 )

Patients with ST-
elevation myocardial
infarction (n=75)

A

v

Follow-up for 6 months , 0
patients were lost to follow-up

A

Analysed (n=148)

Fig. 1 Flowchart of patient enrollment

normal distribution were presented as the mean=+SE,
numerical variables with a skewed distribution as the
median (P25, P75). The y* test was performed to ana-
lyze demographic data. Comparisons in groups with
parametric conditions were performed using Student’s
t test, and with the Mann—Whitney U test in groups

without parametric conditions. Subsequently, analysis
was undertaken through multivariate, step-wise forward
conditional logistic regression analysis to assess a set of
independent variable predictors of ACS. Spearman cor-
relation was used for correlation analyses. The sensitiv-
ity and specificity of the MFAP4 level were determined
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by the receiver operating characteristic curve (ROC), and
the best cut-off value was set to maximize the sensitiv-
ity and minimizel-specificity. Kaplan—Meier survival
curves were applied to depict survival curves and a log-
rank test was used to assess survival differences between
groups. Clinical events were followed up since patient’s
hospitalization, and after discharge medical record and
phone interviews help record major adverse coronary
events (MACE), including cardiovascular death, rehospi-
talization, advanced heart failure and revascularization.
Values of p<0.05 were regarded as statistically signifi-
cant. All statistical analyses were performed with IBM
SPSS Statistics 24.0 (IBM Corp, Armonk, NY).

Results

Baseline clinical characteristics of the cohort

The present study included ACS patients with 75 STEMI,
27 non-STEMI and 46 UA. The baseline clinical char-
acteristics are described in Table 1. The mean age of
the study population was 61+11 years and 118 (79.7%)
participants were male. Regarding demographic data,
except for hypertension, which was more common in
UA patients, there was no other statistically significant
difference regarding age, gender, prevalence of diabetes,
hyperlipidemia and arrhythmia among three groups. In
the laboratory measurement, with gradually aggravated
cardiac function and increased myocardial injury, ACS
patients probably faced unregulated abnormal lipid and
glucose metabolism, increased inflammatory biomark-
ers: higher leukocytes (p<0.001) and higher C-reactive
protein (p<0.001), and accompanied with more renal
and hepatic dysfunction (increased creatinine, alanine
aminotransferase and aspartate aminotransferase). As
shown in Fig. 2 and Table 1, the median MFAP4 levels
were 0.133 ng/ml, with an interquartile range of 0.065—
0.262 ng/ml. Remarkably, circulating MFAP4 levels were
gradually decreasing following the developed degree of
myocardial ischemia, which were lowest in the STEMI
group (STEMI vs. non-STEMI p=0.018 and STEMI vs.
UA p<0.001, respectively). Medication on admission and
medication on discharge is shown in Table S1.

Association between plasma MFAP4 levels

and biochemical variables or coronary stenosis

The relationship between baseline MFAP4 and other
clinical biomarkers were analyzed with spearman cor-
relation models. As shown in Table 2, MFAP4 concen-
trations correlated negatively with total cholesterol
(TC) (r=— 0.360, p<0.001), low-density lipoprotein
cholesterol (LDL) (r=— 0.426, p<0.001), cardiac tro-
ponin (cTnl) (r=— 0.390, p<0.001), creatine kinase-
MB (CK-MB) (r=— 0.329, p<0.001), brain natriuretic
peptide(r=— 0.316, p=0.001), alanine aminotransferase
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(r=— 0.352, p<0.001), aspartate aminotransferase
(r=— 0.403, p<0.001) and high sensitivity creative pro-
tein (r=— 0.311, p=0.001), while MFAP4 levels was
positively related with left ventricular ejection fraction
(r=0.377, p<0.001). Specially, MFAP4 was in negative
relationship with Gensini and Syntax stenosis scoring
(r=—0.311and — 0.211, p<0.001 and 0.01, respectively),
which present the severity of coronary stenosis.

The association between ACS and circulating MFAP4
levels was analyzed in logistic regression models.
Although MFAP4 did not confer a role in myocardial
infarction (MI) (STEMI+non-STEMI) (p=0.304),
in STEMI patients, declined plasma MFAP4 levels
were more common (OR=0.216, 95% CI 0.070-0.665,
p=0.008, Table 3). When all significant univariate deter-
minants (p<0.05), including conventional coronary
artery disease risk factors like TC, LDL, ¢Tnl, CKMB,
were entered into multivariate model, decreased MFAP4
concentration was also an independent determinant of
STEMI (OR=0.395, 95% CI 0.174-0.895, p =0.026).

Diagnostic and prognostic value of circulating MFAP4
levels

In order to differentiate AMI from UA, ROC was con-
structed and the area under the curve (AUC) of MFAP4
was 0.761 (p<0.001, 95% CI 0.687-0.835). The optimal
cut-off point of 0.117 ng/ml was selected with the higher
sensitivity (96.7%) and specificity (57.8%) (Fig. 3A). Addi-
tionally, in differential diagnosis between STEMI and
non-STEMI, ROC analysis showed that the AUC was
0.653 (p=0.019, 95% CI 0.519-0.788) (Fig. 3B), indicat-
ing that MFAP4 may be a potential biomarker.

According to the cut-off value (0.117 ng/ml), ACS
patients were divided into two groups: the low-
MFAP4 group (MFAP4<0.117 ng/ml, n=60) and the
high-MFAP4 group (MFAP4>0.117 ng/ml, n=88).
The median follow-up was 165 (147, 199) days, and
in Kaplan—Meier survival analysis, patients of lower
MFAP4 levels had an increased event-free survival rate
(p=0.009) (Fig. 4A), and when this analysis was per-
formed in the STEMI group, the same significant out-
come was obtained (p=0.016) (Fig. 4B). ROC curve
analysis identified that the AUC for the baseline MFAP4
for the prediction of MACE in ACS was 0.679 (95% CI
0.554-0.805, p=0.015) (Fig. 5).

Discussion

This is the first study to date evaluating the association
between circulating plasma MFAP4 levels and ACS and
its clinical outcomes. In this study, we presented a signifi-
cantly decreased MFAP4 concentration in STEMI, com-
pared with non-STEMI and UA, which was correlated
with coronary stenosis and myocardial injury markers,
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Table 1 Baseline characteristic of the study population

Clinical characteristics STEMI UNSTEMI UA P-value
Total n=148 n=75 n=27 n=46

Age [years] 60.89+12.16 60.44+£10.16 61.72+£866 0.759
Male [n (%)] 62 (82.7) 20(74.1) 36 (78.3) 0.608
Smoker [n (%)] 48 (64) 17 (63.0) 30 (65.2) 0.446
Drinker [n (%)] 18 (24) 9(333) 15(32.6) 0446
Hypertension [n (%)] 40 (53.3) 16 (59.3) 36 (78.3) 0.022
Diabetes mellitus [n (%)] 27 (36.0) 12 (44.4) 15(32.6) 0.362
Hyperlipidaemia [n (%)] 73(97.3) 24 (88.9) 45 (97.8) 0.12
Cardiac arrhythmia [n (%)] 13(17.3) 5(185) 3(6.5) 0.197
Old cerebral infarction [n (%)] 7 (9.5) 3(11.1) 6(13.0) 0.828
Length of hospital stay [days] 8(7,12) 7 (5,9 4(3,5) <0.001
SBP [mmHg] 12741 +£14.68 125.704+£15.98 140.354+10.02 0.001
DBP [mmHg] 7521+£11.82 7500+ 11.29 80.26£10.03 0.022
HR [bpm] 7891+£1333 7848+ 1131 7572+£12.34 0.339
LVEF [%] 57.74+£827 60.934+8.22 67.41£546 <0.001
WBC [10%/L] 925+3.29 9.00+£3.23 6.98+1.59 <0.001
Hb [g/L] 13416 £15.71 12896 +£14.37 136.83+11.89 0.949
PLT [10%/L] 21457 £60.95 21044 £56.07 21322 +£5067 0.955
Cr [umol/L] 7519+£15.75 69.29+13.92 65.85+14.73 0.007
ALB [g/L] 424543.99 4267 +3.79 42244294 0.885
AST [U/L] 73(32,142) 32(21,67) 20(17,24) <0.001
ALT [U/L] 35(25,57) 27(16,33) 22.5(16.75,27.25) <0.001
BUN [mmol/L] 5.64 (4.86, 7.05) 5.13(4.37,6.88) 5.37 (4.68) 0.161
Na [mmol/L] 1385 (136.9, 140.5) 139.3 (137.1,140.5) 140.25 (139.20,141.03) 0.002
K [mmol/L] 4(3.8,4.3) 4(3.8,4.3) 4(3.8,4.2) 0.989
HbA1C [%] 6.2 (5.7,7.3) 6.3 (5.875,8.025) 6.05(5.6,7) 0486
TC [mmol/L] 4.88(4.31,543) 5.05(3.92,5.68) 3.265 (2.87,3.79) <0.001
LDL [mmol/L] 345 (2.79,3.94) 348 (2.95,4.04) 1.935 (1.408, 2.36) <0.001
TG [mmol/L] 1.35(0.99, 1.79) 1.93 (1.09, 3.23) 1.09 (0.798, 1.708) 0.008
Lp (@) [mg/di] 18.9 (8.8,30.6) 16.1(8,57.2) 14.25 (8.525, 33.35) 0.864
Glucose [mmol/L] 7.93 (6.64,10.53) 7.1 (6.07,9.38) 5015 (4.523,6.49) <0.001
BNP [pg/ml] 201 (105.75,290.75) 151 (57,294.5) 42 (12,67.75) <0.001
CK-MB [ng/ml] 89(2.7,43) 29(1,11.8) 1.1(0.575, 1.525) <0.001
CTNI [ng/ml] 3.18 (449, 81.71) 8.53(1.98,34.84) 0(0,0.03) <0.001
hs-CRP [mg/L] 5.09(2.17,19.52) 15.49 (3.93, 34.69) 1.33(0.55, 2.89) <0.001
MFAP4 [ng/ml] 0.08 (0.03,0.15) 0.14 (0.07,1.47) 0.19(0.14,0.33) <0.001
Gensini score 81 (50, 104) 76 (48,92) 30(15.75, 65.25) <0.001
Syntax score 24.5(16,32.5) 24 (15.5,30) 17.5(10,30.625) 0.104

Data are presented as median (interquartile range) or mean value & SE

The p value reflected the significant difference among the three groups

SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate, LVEF left ventricular ejection fraction, WBC white blood cell count, Hb hemoglobin, PLT platelet,
Cr serum creatinine concentrations, ALB albumin, ALT alanine aminotransferase, AST aspartate aminotransferase, BUN blood urea nitrogen, HbATc blood glycated
hemoglobin A, TC total cholesterol, TG triglyceride, LDL low-density lipoprotein cholesterol, Lp(a) lipoprotein(a), BNP brain natriuretic peptide, cTN/ cardiac troponin,

CKMB creatine kinase MB, hsCRP high sensitivity C-reactive protein, MFAP4 microfibrillar-associated protein 4

and to our surprise further demonstrated that higher
MFAP4 levels prospectively predict the development of
MACE in patients with ACS.

Human MFAP4 was mapped to the 17p11.2 chromo-
some and is first reported in Smith—Magenis syndrome

[10]. It belongs to a member of the microfibrillar-associ-
ated proteins (MFAPs) family, and the majority of MFAPs
are traditionally involved in the organization of elastic
fibers by specifically binding to tropoelastin [4]. Simi-
larly, MFAP4, ubiquitously distributed in extracellular
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Fig. 2 MFAP4 levels in different groups. MFAP4 levels were
significantly decreased in the STEMI group (0.008 ng/ml) compared

with the UNSTEMI group (0.014 ng/ml) and UA group (0.019 ng/ml)
(p<0.001)

Table 2 Spearman correlation analysis of MFAP4 and clinica
parameters

Parameter MFAP4 in total (n=148)

r p-value
Diagnosis 0474 <0.001
Gensini score — 0311 <0.001
Syntax score — 0211 0.010
Male [n (%)] 0.016 0.848
Age [years] 0.046 0.582
Length of hospital stay [days] — 0443 <0.001
MACE [days] —0.081 0.345
HbA1C [%)] —0.052 0.536
TC [mmol/L] — 0360 <0.001
TG [mmol/L] —0.029 0.727
LDL [mmol/L] — 0426 <0.001
LVEF [%] 0377 <0.001
cTNI [ng/ml] —0.390 <0.001
CK-MB [ng/ml] — 0329 <0.001
BNP [pg/ml] — 0316 0.001
AST [U/L] — 0403 <0.001
ALT [U/L] — 0352 <0.001
hs-CRP [mg/L] — 031 0.001

MACE major adverse coronary events
Other abbreviations are the same as Table 1
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matrix, was found to promote tropoelastin self-assembly,
involved in proper elastic organization, and specifically
bind fibrillin-1 and -2, as well as the elastin cross-link-
ing amino acid desmosine [11]. MFAP4 mRNA relative
transcript levels are highest in the heart, but the greatest
abundance of MFAP4 is located in elastic fibers within
blood vessels and surrounding connective tissue; cardio-
myocytes do not contain MFAP4 [3].

Although its biological functions are not fully investi-
gated, MFAP4 probably contributed to many disease con-
ditions. As reported, in pulmonary physiology MFAP4
was involved via modulation of airway smooth muscle
cells, participation in maintaining the integrity of the
alveolar septa and interaction with lung surfactant pro-
tein D [12]. Since the presence of soluble desmosine is an
indicator of elastic fiber degradation, plasma MFAP4 lev-
els has been a potential indicator for chronic obstructive
pulmonary disease (COPD) severity [13]. Also, MFAP4
has been proposed as markers of tumor progression and
is linked to breast cancer [14], serious ovarian cancer [15]
and neuroblastoma [16]. Additionally, initially identified
as a biomarker of liver fibrosis, MFAP4 was subsequently
confirmed its diagnostic capability in hepatitis C virus or
alcohol-induced liver fibrosis [17]. Regarding arthero-
sclerotic diseases, the expression of MFAP4 was reported
to increase in vascular smooth muscle cells within large
arteries, especially be activated and released follow-
ing injury [2]. Previous basic studies on Mfap4-deficient
mice have confirmed that MFAP4 participated in vascu-
lar smooth muscle hyperplasia and vascular remodeling
in peripheral artery disease (PAD), and subsequent clini-
cal research revealed that in symptomatic PAD patients
upper tertile MFAP4 was significantly associated with
cardiovascular death, but a surprisingly decreased risk
of occlusion of reconstructed vessel [18]. Similarly, in
our study, the baseline plasma MFAP4 level was nega-
tively associated with coronary stenosis while increased
MFAP4 levels prospectively predict the development of
MACE in ACS (see Additional file 1).

A possible explanation of our present findings of
negative relationship between MFAP4 levels and coro-
nary stenosis in ACS may attribute extracellular matrix
remodeling during plaque rupture. As one of the
determinants of ACS severity [19], the integrity of the
fibrous cap over plaque and its resistance to rupture
depends critically on the content of extracellular matrix
collagen and elastic fibers [20, 21]. Binding analysis
revealed that MFAP4 specifically binds tropoelastin
and fibrillin-1 and -2, as well as the elastin cross-linking
amino acid desmosine. Site-directed mutagenesis dis-
closed residues Phe**! and Ser’® in MFAP4 as being
crucial for type I collagen, elastin, and tropoelastin
binding. Besides, the same study found that MFAP4
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Table 3 Logistic regression models
Variable Univariate analysis Multivariate analysis
OR (95% Cl) p value OR (95% Cl) p value
Gender [n (%)] 1.603 (0.308-1.549) 0.365
Age [years] 1.239(0.967-1.027) 0.821
Hypertension [n (%)] 1.667 (0.234-0911) 0.064
Diabetes mellitus [n (%)] 1.043 (0.491-1.872) 0.837
LVEF [%] 0.882 (0.837-0. 930) <0.001 0.925 (0.872-0.980) 0.008
ALT [U/L] 1.038 (1.018-1.059) <0.001
AST [U/L] 1.017 (1.009-1.026) <0.001 1.009 (1.002-1.017) 0.009
BNP [pg/ml] 1.002 (0.999-1.004) 0.162
CKMB [ng/ml] 1.024 (1.006-1 042) 0.007
CTNI [ng/ml] 1.019 (1.007-1.030) 0.001
TC [mmol/L] 1.991 (1.445-2.742) <0.001
LDL [mmol/L] 2468 (1.719-3.544) <0.001 1.806 (1.175-2.777) 0.007
TG [mmol/L] 0.833 (0.620-1.119) 0.225
MFAP4 [ng/ml] 0.216 (0.070-0.665) 0.008 0.395 (0.174-0.895) 0.026
Abbreviations are the same as Table 1
Adjusted confounders: gender, age, PLT, LVEF, AST, ALT, BNP, CKMB, cTNI, TC, LDL, TG, hypertension, diabetes mellitus, MFAP4
Cl confidence interval
A B
1.0 1.0
0.8 0.8
2 0.6 2 067
5 AUC=0.761 b AUC=0653
7] @
= P < 0.001 = P=0.019
[ [
0 0.4+ «n 0.4
0.2 02
0.0 T T T T 0.0 T T T T
0.0 0.2 04 0.6 0.8 1.0 00 o2 o4 06 08 10
1 - Specificity 1 - Specificity

Fig. 3 A ROC curve analysis for serum MFAP4 concentration and the prediction of the presence of AMI (STEMI and UNSTEMI). Area under the curve
(AUC): 0.761 (95% confidential interval [Cl] 0.687-0.835, p <0.001). B ROC analysis between STEMI and UNSTEMI. Area under the curve (AUC): 0.653

(95% confidential interval [Cl] 0.519-0.788, p=0.019)

actively promotes tropoelastin self-assembly [11]. Thus,
low MFAP4 levels are likely indicative of fibrous cap
instability, which help explain why MFAP4 levels were
relatively lower in STEMI compared with non-STEMI
and UA. In agreement with our findings, Stakhneva E

et al. found that MFAP4 levels increased only in sta-
ble atherosclerotic plaques in the fat deposition and
fibrosis stages, but not in the fibrosis and calcification
stages, nor in unstable atherosclerotic plaques of the
necrotrophic-dystrophic type [22].
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B STEMI
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Fig.4 A Kaplan-Meier curve of MACE free survival time in all subjects. B Kaplan—-Meier curves of MACE free survival time within the STEMI group.
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Fig. 5 ROC curve analysis of baseline plasma MFAP4 for the
prediction of MACE in ACS. Area under the curve (AUC): 0.679 (95%
confidential interval [Cl] 0.554-0.805, p=0.015). MACE, major adverse
cardiovascular events; ACS, acute coronary syndrome

Contrary to the opposite trend between MFAP4 and
coronary stenosis, our study found a significant decrease
in asymptomatic survival in the high MFAP4 group,
which may suggest that MFAP4 plays different roles in
the disease process. As illustrated by Helle, MFAP4lev-
els were particularly lower in patients with stable athero-
sclerotic disease compared with STEMI and non-STEMI
[3]. With gradually aggravated myocardial ischemia,

increased MFAP4 probably help alleviate vascular injury
and subsequent atherosclerotic changes, and contribute
to neovascularization of ischemic myocardium. Vascular
smooth muscle cells (VSMCs) activation and phenotypic
switching are critical for vascular remodeling wherein
integrins are of particular importance [23]. MFAP4
serves as an integrin ligand localized to extracellular
matrix fibers in the vascular wall, which has been found
to regulate integrin aVp3-induced VSMC proliferation
and migration, and to accelerate neointimal hyperpla-
sia after vascular injury [2]. Culture of isolated human
saphenous veins for 14-21 days showed that MFAP4
was present in the vessel wall and that its deposition was
induced in the area directly below the growing neointima
[2], demonstrating that MFAP4 concentrations may par-
allel intimal neointima. We therefore suggest that MFAP4
may increase the risk of restenosis after coronary inter-
vention, which explains why high levels of mfap4, a pro-
tective factor in ACS, was a predictor of MACE events
in the present study. Further experiments are needed to
monitor MFAP4 concentrations over longer cycles after
the onset of ACS.

Limitations

Several limitations of present study need to be consid-
ered. First, relatively small cohort and limited follow-
up in this study limited further valuable information
on the role of MFAP4 in ACS. Second, healthy controls
were not included and other biomarkers were not sam-
pled in this study. Third, there was no follow-up data on
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serial changes in MFAP4. Thus, a large-scale prospec-
tive with a longer duration of follow-up is need.

Conclusion

The present study shows that MFAP4 levels were nega-
tively correlated with the severity of coronary stenosis,
and specifically low MFAP4 was an independent deter-
minant of STEMI. Although further analysis shows
higher MFAP4 levels prospectively predict the develop-
ment of MACE, validating analyses of this relationship
in larger cohort are required.

Abbreviations

ACS Acute coronary syndrome

AUC Area under the curve

CKMB Creatine kinase-MB

cln Cardiac troponins

LDL Low-density lipoprotein cholesterol

MFAP4 Microfibrillar-associated proteins

Ml Myocardial infarction

non-STEMI Non-ST-segment elevation myocardial infarction
STEMI ST-segment elevation myocardial infarction
TC Total cholesterol

UA Unstable angina

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/540001-023-01002-z.

Additional file 1: Table S1. Medication on admission and medication on
discharge for the patient cohort.

Author contributions

CH, YR, XY performed the sample collection, statistical analysis and article
writing. ZG team performed the coronary score calculations. XY, PS and
SG provided guidance. LZ provided study ideas and detailed guidance. All
authors read and approved the final manuscript.

Funding
No funding.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or
analyzed during the current study.

Declarations

Ethics approval and consent to participate

This clinical study is a retrospective study. It only collects patient clinical data,
does not interfere with the treatment plan of the patient, and will not bring
risks to the patient’s physiology. The researcher will do his best to protect the
information provided by the patient from leaking personal privacy, which we
applied for exemption of informed consent from Beijing Chaoyang Hospital
Ethics Committee.

Competing interests

The authors declare that they have no competing interests.

Received: 5 January 2023 Accepted: 8 January 2023
Published online: 18 January 2023

Page 9 of 10

References

1.

15.

Wang Q, Liang C. Role of lipid-lowering therapy in low-density lipopro-
tein cholesterol goal attainment: focus on patients with acute coronary
syndrome. J Cardiovasc Pharmacol. 2020;76(6):658-70.

Schlosser A, Pilecki B, Hemstra LE, Kejling K, Kristmannsdottir GB, Wulf-
Johansson H, Moeller JB, Fuchtbauer EM, Nielsen O, Kirketerp-Moller K,
Dubey LK, Hansen PB, Stubbe J, Wrede C, Hegermann J, Ochs M, Rathkolb
B, Schrewe A, Bekeredjian R, Wolf E, Gailus-Durner V, Fuchs H, Hrabe de
Angelis M, Lindholt JS, Holmskov U, Sorensen GL. MFAP4 promotes vas-
cular smooth muscle migration, proliferation and accelerates neointima
formation. Arterioscler Thromb Vasc Biol. 2016;36(1):122-33.
Wulf-Johansson H, Lock Johansson S, Schlosser A, Trommelholt Holm A,
Rasmussen LM, Mickley H, Diederichsen AC, Munkholm H, Poulsen TS,
Tornoe |, Nielsen V, Marcussen N, Vestbo J, Saekmose SG, Holmskov U,
Sorensen GL. Localization of microfibrillar-associated protein 4 (MFAP4)
in human tissues: clinical evaluation of serum MFAP4 and its association
with various cardiovascular conditions. PLoS ONE. 2013;8(12): €82243.
Zhu S, Ye L, Bennett S, Xu H, He D, Xu J. Molecular structure and function
of microfibrillar-associated proteins in skeletal and metabolic disorders
and cancers. J Cell Physiol. 2021,236(1):41-8.

Wang H, Liu M, Wang X, Shuai W, Fu H. MFAP4 deletion attenuates the
progression of angiotensin Il-induced atrial fibrosis and atrial fibrillation.
Europace. 2021. https://doi.org/10.1093/europace/euab124.

Dorn LE, Lawrence W, Petrosino JM, Xu X, Hund TJ, Whitson BA, Strat-
ton MS, Janssen PML, Mohler PJ, Schlosser A, Sorensen GL, Accornero

F. Microfibrillar-associated protein 4 regulates stress-induced cardiac
remodeling. Circ Res. 2021;128(6):723-37.

Wang HB, Yang J, Shuai W, Yang J, Liu LB, Xu M, Tang QZ. Deletion of
microfibrillar-associated protein 4 attenuates left ventricular remodeling
and dysfunction in heart failure. J Am Heart Assoc. 2020;9(17): e015307.
Saekmose SG, Holst R, Lottenburger T, Ytting H, Nielsen HJ, Junker P,
Schlosser A, Sorensen GL. Circadian, week-to-week, and physical exercise-
induced variation of serum microfibrillar-associated protein 4. Biomark
Insights. 2021;16:11772719211016360.

Saekmose SG, Schlosser A, Holst R, Johansson SL, Wulf-Johansson H,
Tornoe |, Vestbo J, Kyvik KO, Barington T, Holmskov U, Sorensen GL.
Enzyme-linked immunosorbent assay characterization of basal variation
and heritability of systemic microfibrillar-associated protein 4. PLoS ONE.
2013;8(12): €82383.

Zhao Z, Lee C, Jiralerspong S, Juyal R, Lu F, Baldini A, Greenberg F, Caskey
C, Patel PJ. The gene for a human microfibril-associated glycoprotein

is commonly deleted in Smith-Magenis syndrome patients. Hum Mol
Genet. 1995;4(4):589-97.

. Pilecki B, Holm AT, Schlosser A, Moeller JB, Wohl AP, Zuk AV, Heumuller SE,

Wallis R, Moestrup SK, Sengle G, Holmskov U, Sorensen GL. Characteriza-
tion of microfibrillar-associated protein 4 (MFAP4) as a tropoelastin- and
fibrillin-binding protein involved in elastic fiber formation. J Biol Chem.
2016;291(3):1103-14.

Lausen M, Lynch N, Schlosser A, Tornoe |, Saekmose S, Teisner B, Willis

A, Crouch E, Schwaeble W, Holmskov UJ. Microfibril-associated protein

4 is present in lung washings and binds to the collagen region of lung
surfactant protein D. J Biol Chem. 1999;274(45):32234-40.

Holm AT, Wulf-Johansson H, Hvidsten S, Jorgensen PT, Schlosser A, Pilecki
B, Ormhoj M, Moeller JB, Johannsen C, Baun C, Andersen T, Schneider

JP, Hegermann J, Ochs M, Gotz AA, Schulz H, de Angelis MH, Vestbo J,
Holmskov U, Sorensen GL. Characterization of spontaneous air space
enlargement in mice lacking microfibrillar-associated protein 4. Am J
Physiol Lung Cell Mol Physiol. 2015;308(11):L1114-24.

Yang J, Song H, Chen L, Cao K, Zhang Y, Li Y, Hao X. Integrated analysis of
microfibrillar-associated proteins reveals MFAP4 as a novel biomarker in
human cancers. Epigenomics. 2019;11(1):1635-51.

Zhao H, Sun Q, Li L, Zhou J, Zhang C, Hu T, Zhou X, Zhang L, Wang B, Li B,
ZhuT, Li HJ. High expression levels of AGGF1 and MFAP4 predict primary
platinum-based chemoresistance and are associated with adverse prog-
nosis in patients with serous ovarian cancer. J Cancer. 2019;10(2):397-407.
Zhao Z, Ma X, Sung D, Li M, Kosti A, Lin G, Chen Y, Pertsemlidis A, Hsiao

T, Du LJ. microRNA-449a functions as a tumor suppressor in neuroblas-
toma through inducing cell differentiation and cell cycle arrest. RNA Biol.
2015;12(5):538-54.

Madsen BS, Thiele M, Detlefsen S, Sorensen MD, Kjaergaard M, Moller LS,
Rasmussen DN, Schlosser A, Holmskov U, Trebicka J, Sorensen GL, Krag


https://doi.org/10.1186/s40001-023-01002-z
https://doi.org/10.1186/s40001-023-01002-z
https://doi.org/10.1093/europace/euab124

Han et al. European Journal of Medical Research

20.

21.

22.

23.

(2023) 28:32

A, GALAXY consortium. Prediction of liver fibrosis severity in alcoholic
liver disease by human microfibrillar-associated protein 4. Liver Int.
2020;40(7):1701-12.

Hemstra LE, Schlosser A, Lindholt JS, Sorensen GL. Microfibrillar-associ-
ated protein 4 variation in symptomatic peripheral artery disease. J Trans!
Med. 2018;16(1):159.

Tagieva NP, Shakhnovich RM, Mironov VM, Ruda M. Invasive methods

of detection of unstable atherosclerotic plaques in coronary arteries.
Kardiologiia. 2014;54(11):46-56.

Pelisek J, Wendorff H, Wendorff C, Kuehnl A, Eckstein HH. Age-asso-
ciated changes in human carotid atherosclerotic plagues. Ann Med.
2016;48(7):541-51.

Zareh M, Katul R, Mohammadi H. Mechanics of atherosclerotic plaques:
effect of heart rate. Cardiovasc Eng Technol. 2019;10(2):344-53.
Stakhneva E, Meshcheryakova |, Demidov E, Starostin K, Sadovski E, Peltek
S, Voevoda M, Chernyavskii A, Volkov A, Ragino YJ. A proteomic study of
atherosclerotic plaques in men with coronary atherosclerosis. Diagnostics
(Basel). 2019,9(4):177.

LiuY,Yang Y, Zhang CJ. A concise review of magnetic resonance molecu-
lar imaging of tumor angiogenesis by targeting integrin avp3 with
magnetic probes. Int J Nanomedicine. 2013;8:1083-93.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Declined plasma microfibrillar-associated protein 4 levels in acute coronary syndrome
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study population
	Laboratory assay
	Evaluation of coronary artery disease severity
	Statistical analysis

	Results
	Baseline clinical characteristics of the cohort
	Association between plasma MFAP4 levels and biochemical variables or coronary stenosis
	Diagnostic and prognostic value of circulating MFAP4 levels

	Discussion
	Limitations
	Conclusion
	References


