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Abstract. - OBJECTIVE: Multimerin-2 is an
adhesion substrate between pericytes and bas-
al membranes during angiogenesis. The pres-
ent study aimed to assess the relationship be-
tween serum Multimerin-2 and coronary collat-
eral flow grade.

PATIENTS AND METHODS: Between April
2022 and August 2022, 88 patients with sub-
acute ST-elevation myocardial infarction were
included in this study. The main inclusion cri-
teria were patients who present 12-48 hours af-
ter symptom onset and aged between 18 and 90
years. The patients were divided into two groups
according to the Rentrop classification: poor
collateral group (Rentrop grade 0-1) and good
collateral group (Rentrop grade 2-3). Biochem-
ical and hematological parameters were mea-
sured before coronary angiography.

RESULTS: Serum Multimerin-2 levels were
found to be significantly different between the
two groups, and levels were higher in the Ren-
trop 2-3 group than in the Rentrop 0-1 group
(3,527.9 + 1,194.2 pg/ml and 946.7 + 249.1 pg/
ml; p < 0.00). Receiver operating characteristic
curve analysis indicated that the area under the
curve was 0.918 (p = 0.001), and the best cut-
off value of 849 pg/ml had a sensitivity of 90.1%
and a specificity of 84.1% for predicting Rentrop
grade 2-3 coronary flow. The number of patients
with low left ventricular ejection fraction (LVEF)
by echocardiography at 30 days was significant-
ly higher in patients with poor collateralization.

CONCLUSIONS: Multimerin-2 levels were
found to be higher in patients with Rentrop
grade 2-3 coronary flow than Rentrop grade 0-1
coronary flow after myocardial infarction. We
detected a potential relationship between MMR-
2 and good coronary collateral formation.
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Introduction

Collateral vessels in the heart serve as con-
duits that bridge severe stenosis and can develop
as an adaptation to ischemia?. According to
previous studies®*, 40% of patients with myo-
cardial infarction had collateral circulation to
the artery that caused the infarct during the
acute phase. The coronary collateral formation
is a process of passive dilation of pre-existing
collateral channels and active proliferation of
arteriolar connections™®. The formation of new
vessels is regulated by several cell types, cyto-
kines, growth factors, and extracellular matrix’.
Sprouting angiogenesis ensured by the emer-
gence of new capillaries from existing vessels
is triggered by hypoxia which releases angio-
genic factors®. The levels of vascular endothelial
growth factors (VEGF) are high in the ischemic
tissue’!!, VEGF and VEGF receptor (VEGFR2)
expression are critical for vascular development
from the endocardium'?. Newer studies'*!* con-
tinue to implicate new molecular signals possi-
bly involved in coronary arteriogenesis, and this
is an active area of investigation. Multimerin-2
(MMR-2) is an extracellular glycoprotein de-
posited along the basal membrane of the blood
vessels and a ligand for the endothelial-specific
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transmembrane glycoproteins (CLEC14A and
CD93). MMR-2 provides the adhesion of peri-
cytes to the basement membrane and regulates
the VEGFA/VEGFR2 signaling axis'*'*. Plasma
MMR-2 levels increase during the disintegra-
tion of intercellular connections. CLECI4A and
CD93 are overexpressed in tumor endothelium,
and studies'® confirm a role in both endothelial
migration and tube formation. CLECI4A was
previously shown to bind MMR-2, and antibod-
ies disrupting this interaction retard angiogene-
sis'. MMR-2 was studied mainly in cancer cas-
es. Studies'™® have been conducted to suppress
the expression of Multimerin-2 to disrupt cancer
angiogenesis.

Recent advances in MMR-2 and angiogenesis
research have impacted the treatment of non-ma-
lignant diseases. MMR-2 was found to play an
important role in the pathological vascularization
of macular degeneration'. The purpose of the
present study was to investigate the relationship
between the degree of coronary collateral circu-
lation and plasma levels of MMR-2 that regulate
angiogenesis. Although MMR-2 plays an im-
portant role in angiogenesis, to our knowledge
there is no study in the literature on MMR-2
in patients with coronary collateral circulation,
and our study is the first. Here, we investigate
the involvement of MMR-2 in the neovascular
progression after acute coronary occlusion. We
demonstrate the important role of MMR-2 in the
formation of coronary collateral circulation.

Patients and Methods

Patients

Our study is a prospective study in which each
patient was included in the study after evaluating
the collateral status in coronary angiography. Be-
tween April 2022 and August 2022, 88 patients
presented with subacute ST-elevation myocardial
infarction included. The main inclusion criteria
were patients who present 12-48 hours after
symptom onset and aged between 18 and 90
years. We excluded patients with coronary artery
bypass surgery, coronary stent, renal failure, sig-
nificant stenosis in non-infarct related arteries,
and hematologic, and oncological diseases.

Procedures

Collateral circulation was assessed in coro-
nary cine angiograms by two cardiologists. The
Rentrop-Cohen method was used to evaluate

and categorize coronary collateral circulation®.
Patients were included in the study according to
the coronary collateral flow and divided into two
groups: The poor collateral group included pa-
tients with Rentrop 0-1 collateral flow grade and
the good collateral group included patients with
Rentrop 2-3 collateral flow grade.

Biochemical, and hematological parameters
were measured before coronary angiography.
Serum samples were allocated and preserved
at -80°C till the time of MMR-2 measurement.
MMR-2 was measured using an ELISA kit (ELK
Biotechnology CO., Ltd. Wuhan, China).

The primary efficacy endpoint was the MMR-
2 levels and extent of visible collaterals assessed
by angiography.

Statistical Analysis

The software SPSS, (version 18.0, SPSS Corp.,
Chicago, IL, USA), was used for statistical anal-
ysis. The Kolmogorov-Smirnov test was used to
determine whether the data were appropriate for
anormal distribution. Numerical values with nor-
mal distribution were indicated as mean =+ stan-
dard deviation and categorical variables as per-
centages. Student #-test or Mann-Whitney U test
was used for the analysis of numerical variables,
and the Chi-square test was used for categorical
variables. ROC curve was used to determine the
cut-off value of serum MMR-2 in the prediction
of Rentrop class 2-3 collateral flow. Values of
p < 0.05 were considered to indicate statistical
significance.

Results

Study Population Characteristics

A total of 88 patients presented with sub-
acute-ST myocardial infarction were enrolled.
The study population was divided into two sub-
groups. The poor collateral group consisted of
44 patients with Rentrop grade 0 or 1 collateral
blood flow in the infarct territory. The good
collateral group consisted of 44 patients with
Rentrop grade 2 or 3 collateral flow. There were
no statistically significant differences in baseline
clinical characteristics (Table I). The comparison
of laboratory parameters is summarized in Table
II. Serum MMR-2 levels were found to be sig-
nificantly different between the two groups, and
levels were higher in the Rentrop 2-3 group than
in the Rentrop 0-1 group (3,527.9 + 1,194.2 pg/
ml and 946.7 £ 249.1 pg/ml; p < 0.00). Receiver
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Table I. Comparison of baseline clinical variables between poor collateral and good collateral groups.

Clinical variables Poor collateral (n = 44) Good collateral (n = 44) p-value

Age, years 64.7+49 62.1 £8.7 0.102
Male, n (%) 34 (77) 37 (84) 0.091
Body mass index, kg/m? 250+2.1 262+ 1.5 0.765
Smoking, n (%) 12 (27) 15 (34) 0.139
Hypertension, n (%) 33 (75) 35(79) 0.088
Diabetes mellitus, n (%) 21 (47) 18 (40) 0.048
Initial HR, beat/min 72+8 74 £6 0.215
Initial SBP, mm Hg 130 + 14 134 £ 17 0.316
Initial DBP, mm Hg 75+4 82+8 0.733
Pain-to-balloon time (hour) 31.2+11.1 324+124 0.266
Door-to-balloon time (minute) 20.5+£9.2 232+ 11.6 0.324
LV <50% by echocardiography after PCI 19 (43.1) 17 (38.6) 0.081
Killip class

[-11 35(79.5) 38 (86.3) 0.061

II-1v 9(20.4) 6 (13.6) 0.054
Previous use of drugs, n (%)

Beta-blocker 11 (25) 14 (31) 0.432

Nitrate 5(11) 4(9) 0.931

Renin-angiotensin system blockers 21 (47) 24 (54) 0.341

Calcium channel blockers 9 (20) 10 (22) 0.214

Aspirin 14 (31) 18 (40) 0.334

Oral anti-diabetics 13 (29) 14 (31) 0.113

Statin 8 (18.1) 10 (22.7) 0.145

Data are given as mean + standard deviation or percentages (%).

operating characteristic curve analysis indicated
that the area under the curve for adequate neo-
vascularization was 0.918 (p = 0.001), and the
best cut-off value of 849 pg/ml had a sensitivity
of 90.1% and a specificity of 84.1% for predict-
ing adequate neovascularization (Figure 1). The
Troponin T and BNP values obtained from the
same sample with MMR-2 samples were found to
be higher in the poor collateral group than in the
good collateral group.

Angiographic and Procedural Findings
There were no significant differences according
to pain-to-balloon time and door-to-balloon time
in both groups. The difference in the TIMI 0 and 1
flow grades was not statistically significant between
the groups. 40 (90.9%) patients in the poor collateral
group and 37 (84%) patients in the good collateral
group underwent stent implantation (Table I1T).
Forty-six (52%) had total occlusion of the left
anterior descending artery (LAD), and forty-two

Table Il. Comparison of laboratory parameters between Poor collateral and Good collateral groups.

Poor collateral Good collateral p-value
Hemoglobin (g/dL) 139+ 14 141+14 0.609
Platelet (10>/mm?) 232 +37 227 + 49 0.254
White blood cell (10°/mm?) 81+13 78+1.2 0.216
Fasting blood sugar (g/dL) 100 +15.2 96 +9.1 0.123
Creatinine (mg/dL) 0.88+04 0.89+0.2 0.458
Total cholesterol (mg/dL) 177+ 34 183 +21 0.192
HDL-cholesterol (mg/dL) 42+9 44 £8 0.201
LDL-cholesterol (mg/dL) 115+ 25 124 + 31 0.215
Triglyceride(mg/dL) 162 + 43 174 £21 0.815
hs-CRP (mg/L) 49+1.1 32+1.1 0.362
Peak Troponin T (hs)(ng/L) 1,252.25 £ 323 972.5 £231 0.044
Brain natriuretic peptide (pg/mL) 4,096.27 £ 972 1,798.10 + 492 0.023
Multimerin-2 (pg/mL) 946.7 + 249.1 3,527.9 £ 1,194.2 0.000

Data are given as mean =+ standard deviation or percentage (%). HDL: High-density lipoprotein; LDL: Low-density lipoprotein;

CRP: C-reactive protein; hs: high-sensitive.
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Figure 1. Receiver operating characteristic (ROC) curve
testing the accuracy of multimerin-2 levels in the prediction
of adequate neovascularization. The optimal serum multi-
merin-2 cutoff value of 849 pg/ml provided the highest sen-
sitivity (90.1%) and specificity (84.1%). The area under the
curve for apical rotation was 0.918 (p = 0.001).

(48%) had total occlusion of the right coronary
artery (RCA). Adequate visible collateral devel-
opment was found significantly more frequently
in RCA occlusion than in LAD occlusion. Visible
collateral development was found to be adequate
in seventeen patients (36.9%) who had LAD oc-
clusion and also twenty-seven patients (64.2%)
who had RCA occlusion (p = 0.010). MMR-2
levels were also higher in total RCA patients than
in total LAD patients (2,755.2 + 1,205.1 pg/ml and
1,989.8 + 671.3 pg/ml; p = 0.018) (Table 1V).

Table Ill. Angiographic and procedural data.

Clinical Outcome at 30-Day Follow-Up

A total of 83 patients were alive at the 30-day
follow-up. The number of patients with low left
ventricular ejection fraction (LVEF) by echo-
cardiography at 30 days was significantly high-
er in patients with poor collateralization. No
significant differences were shown concerning
myocardial re-infarction, or cardiovascular death
(Table V).

Discussion

Although there are studies?*? on the inhibition
of MMR-2 expression to block cancer neovas-
cularization, we highlighted the relevance the
MMR-2 levels in myocardial infarction-associat-
ed angiogenesis. According to this study, MMR-2
levels were found to be higher in patients with ad-
equate coronary collateral development. Howev-
er, to our knowledge, this study is the first clinical
study demonstrating the relationships between
MMR-2 and visible collateral vessels in patients
presenting with MI. The plasma MMR-2 level
during angiogenesis may affect coronary collat-
eral formation. We intend to explore its potential
as a coadjuvant therapy for coronary reperfusion
with further studies.

Angiogenesis is a complex process that re-
quires coordinated interaction between endotheli-
al cells, and extracellular matrix under the control
of many factors that we have not demonstrated
yet with research. Given the impact of MMR-2
in angiogenesis, the loss of expression may sig-
nificantly impact angiogenesis and chemotherapy
efficacy. MMR-2 expression levels were demon-
strated by Pellicani et al'* to be essential to proper

Poor collateral Good collateral p-value

Infarct-related coronary artery, n (%)

Right 15 (35.7) 27 (64.2)

Left anterior descending 29 (63.2) 17 (36.9)

Left circumflex 0 0
TIMI flow before percutaneous coronary intervention

0 43 (97.7) 41 (93.1)

1 1(2.3) 3(6.9)
GP IIb/Illa administration, n (%) 18/44 (40.9) 26/44 (36.3) 0.143
Stent insertion, n (%) 40 (90.9) 37 (84) 0.121
TIMI flow after percutaneous coronary intervention

0 6 (13.6) 3(6.8)

1 7 (15.9) 5(11.3)

2 7 (15.9) 409

3 24 (54.5) 32(72.7)
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Table IV. Comparison of findings between anterior and inferior wall myocardial infarction.

Anterior wall MI N = 46 Inferior wall MI N = 42 p-value
Multimerin-2 (pg/mL) 1,989.8 + 671.3 2,755.2 +£1,205.1 0.018
Rentrop 2-3 n (%) 17 (36.9) 27 (64.2) 0.010
MI: myocardial infarction.
Table V. Comparison of laboratory parameters between Poor collateral and Good collateral groups.
Poor collateral Good collateral p-value
All-cause death 3(6.8) 2 (4.5) 0.084
Cardiovascular death 24.5) 12.2) 0.112
Reinfarction 3(6.8) 1(2.2) 0.120
Target vessel revascularization 49 3 (6.8) 0.423
Stent thrombosis 1(2.2) 12.2) 0.921
LV < 50% by echocardiography at 30 day 32(72.7) 18 (40.9) 0.043

angiogenesis and to predict the effectiveness of
chemotherapy. In mice with suppressed MMR-
2, tumor-associated vasculature was inadequate,
and pericytic coverage was significantly reduced.
In mice, chemotherapeutic efficacy was impaired,
and perfusion of the arteries was decreased. In-
dividuals can show different degrees of MMR-2
expression”?*. Low expression of Multimerin-2
after myocardial infarction may impair the devel-
opment of new collaterals.

Greater lesion severity, proximal lesion loca-
tion, and longer duration of lesion occlusion are
correlated with increases in collateral flow?.
In addition, a decrease in the development of
coronary collateral was found in the elderly.
The development of new collateral vessels may
be diminished in older adults**?’. According to
a previous study”’, the prevalence of collater-
als was 48% in patients younger than age 50
years and only 34% in patients older than 70
years after acute myocardial infarction. In our
study, factors such as age, male gender, body
mass index, hypertension, smoking, and use of
drugs did not have a significant effect on col-
lateral vessel development. Although smoking
increases collateral flow development in pre-
vious studies?®?’, it could not be shown in our
study. There are contradictory results about the
effects of diabetes mellitus on collateral vessel
development**32. One study of 306 patients with
diabetes who underwent coronary angiography
found that these patients had a lower mean col-
lateral score compared with nondiabetics (2.4 vs.
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2.6), suggesting that patients with diabetes may
have poorer development of collaterals®. Fewer
collaterals were also observed among patients
with diabetes in a contemporary coronary inter-
vention study** performed for chronic total oc-
clusion. We observed that DM was present more
commonly in the poor collateral group, in which
coronary collaterals were inadequate, than in the
good collateral group.

In a report of 1,059 patients presented with
ST-elevation MI, the increased coronary collat-
eral flow was associated with lower Killip class
at presentation, less need for intraaortic balloon
pumping, better myocardial blush grade after the
intervention, and smaller enzymatic infarct size®.
In our study, Killip classification at presentation
was similar between the two groups. However,
enzymatic infarct size assessed by high-sensi-
tivity Troponin T value was higher in the poor
collateral group at 48 h.

In our study, collateral development was more
common in RCA than in LAD occlusions. The
collateral formation is more prevalent in RCA
occlusions was reported in many previous stud-
ies**7. In addition, MMR-2 levels were found
to be higher in the inferior wall compared to
anterior wall myocardial infarction. However,
narrowing was slightly more common in LAD in
comparison to RCA.

Limitations
More detailed analysis of various factors or
drugs that may have influenced the plasma levels
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of MMR-2 could not be performed, because the
number of ELISA kits and study population were
small. One blood sample was collected from each
participant, and the temporal variation of the
MMR-2 level was not determined.

Conclusions

A higher rise in MMR-2 plasma level was
associated with the presence of angiographically
visible collateral connections in STEMI patients.
We detected a potential relationship between
MMR-2 and good coronary collateral formation.
The detailed role of various angiogenic factors
needs to be investigated in future studies.
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