ARTICLE IN PRESS

Original Investigation

The role of SCUBE1 in the pathogenesis of no-reflow phenomenon
presenting with ST segment elevation myocardial infarction
Hasan Ata Bolayır, Hakan Güneş, Tarık Kıvrak, Ömer Şahin, Dursun Akaslan, Recep Kurt, Aslı Bolayır1, Oya İmadoğlu
Department Cardiology, Sivas Numune Hospital; Sivas-Turkey
Department of Neurology, Faculty of Medicine, Sivas Cumhuriyet University; Sivas-Turkey

1

ABSTRACT
Objective: SCUBE1 [signal peptide-CUB (complement C1r/C1 s)-EGF (epidermal growth factor)-like domain-containing protein 1] might function
as a novel platelet-endothelial adhesion molecule and play pathological roles in cardiovascular biology. Acute myocardial infarction is one of
the most common causes of death in modern society. The concept of “no reflow” (NR) refers to a state of myocardial tissue hypoperfusion in
the presence of a patent epicardial coronary artery. The main mechanisms of this phenomenon are thought to be high platelet activity and much
thrombus burden. So, we researched the role of SCUBE1 in the pathogenesis of NR.
Methods: A total of 142 patients with ST elevation myocardial infarction (STEMI) (n=42 with NR and n=100 without NR) and 50 healthy individuals
were prospectively case-control recruited between March 2015 and October 2016 from our outpatient clinics of cardiology department. Patients
with STEMI were diagnosed according to American Heart Association (AHA) guideline for the management of STEMI.
Results: The mean SCUBE1 levels of the control subjects were 34±8.4 ng/mL, the mean SCUBE1 levels of patients with STEMI who were treated
successfully with primary percutaneous coronary intervention (PCI) were 51±6.2, and the mean SCUBE1 levels of patients with STEMI who had
NR phenomenon after primary PCI procedure were 97.2±8.9 ng/mL.
Conclusion: In our opinion, SCUBE1 might contribute to NR phenomenon via thrombus activation and aggregation. The pathophysiology of NR
phenomenon is unclear. The present study is the first clinical study that demonstrated that serum SCUBE1 level was significantly higher in patients with NR and that serum SCUBE1 was an independent predictor for the presence of NR in our study population.
(Anatol J Cardiol 2017; 17: 000-00)
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Introduction
There is an important link between platelets and inflammation, thrombosis, vascular, and tissue repair mechanisms. Proliferative, mitogenic, and inflammatory substances are released
by activated platelets into the local microenvironment of vascular lesions (1). So, vascular and tissue repair mechanisms are
controlled and affected by these activated platelets.
The epidermal growth factor (EGF) superfamily is a group
of growth factors, cytokine-like mediators, and extracellular
matrix proteins. A new gene for an EGF-related protein was
isolated 6 y ago in developing mice (2). This new mammalian
gene encodes a protein with a signal peptide at the aminoterminus followed by several EGF-like repeats and one CUBdomain at the carboxyl terminus. This gene family was termed
SCUBE, for signal-peptide-CUB-EGF-like domain-containing
proteins.

SCUBE1 expression was detected in platelet-rich thrombi and
in human atherosclerotic lesions. Tu et al. (3) described adhesion
and aggregation experiments that revealed that recombinant fragments of SCUBE enhanced platelet aggregation and adhesion.
Activated and adherent platelets release SCUBE1 and it sticks to
subendothelial matrix (4). Thus, SCUBE1 plays pathological roles
in atherothrombosis by functioning as a novel platelet-endothelial
adhesion molecule (5–7). Platelet activation is the most important
step in arterial thrombosis and accordingly responsible for the
ischemic complications of acute coronary syndrome (ACS) (8–10).
The most common cause of death is acute myocardial infarction (AMI) in modern society (11). The preferred reperfusion
method of treatment in AMI is percutaneous coronary intervention (PCI) compared to thrombolytic therapy because of the superior patency rates in the target coronary artery (12). Although
the results for PCI in AMI are enough to achieve the desired patency of the target coronary artery, the major drawback is that
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the optimal perfusion is not achieved at the myocardial tissue
level in some patients (13). This so called "no-reflow (NR)" phenomenon leaves myocardial tissue hypoperfusion despite the
restoration of epicardial coronary artery patency following PCI
(14). The main mechanism of this phenomenon is thought to be
high platelet activation (15). High platelet activity is a risk factor for thrombotic events. For this reason, in this study, we researched the role of SCUBE1 in the pathogenesis of NR.

Methods
Study design/recruitment and exclusion criteria
In this prospective case-control study, a total of 142 patients
with STEMI (n=42 with NR and n=100 without NR) and 50 healthy
individuals were prospectively recruited between March 2015
and October 2016 from our outpatient clinics of cardiology department. Patients with STEMI were diagnosed according to
American Heart Association (AHA) guideline for the management of ST elevation myocardial infarction (16). NR is defined as
a state of myocardial tissue hypoperfusion in the presence of a
patent epicardial coronary artery. Baseline clinical demographic
characteristics of study groups were reviewed.
Exclusion criteria included significant valvular heart disease,
idiopathic cardiomyopathies, any malignancy, rheumatologic
and hematologic disease, renal failure (serum creatinine level
>2.5 mg/dL), or liver disease (elevated aminotransferases).
This study was approved by the institutional review boards of
our Sivas Numune Hospital, and written informed consents were
obtained from the participants. The investigation conformed with
the principles outlined in the Declaration of Helsinki.
This study was approved by Institutional Ethics Committee of
Cumhuriyet University.
Plasma SCUBE1 assays
A full blood count was performed, and routine biochemistry and cardiac enzymes were investigated from blood specimens that were collected from the patient and control groups.
In addition, 2 cc of blood was collected in citrate tubes from
the control group and the study group at admission to our hospital (before primary PCI procedure and anti-platelet therapy)
for investigation. Specimens were centrifuged for 15 min in a
4000-cycle centrifuge device at +4°C. Serum (1 cL3) was placed
in an Eppendorf tube, and these were kept at −80°C until the
assay was performed. Twenty-four hours before the SCUBE1
evaluation, the Eppendorf tubes were removed and placed in a
+4°C environment. Sera were thawed gradually over 24 h, and
SCUBE1 levels were measured after the samples had reached
room temperature. An enzyme-linked immunosorbent assay kit
was used to determine SCUBE1 levels according to the manufacturer’s instructions. Specimen absorbance was determined
on a VERSA max tunable microplate reader (Molecular Devices,
Sunnyvale, CA, USA) at a wavelength of 450 nm. Results were
expressed as ng/mL.
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Stent implantation procedure
Drug eluting stents (zotarolimus-eluting) were deployed to
treat total lesions with standard techniques. During the procedure, patients received heparin to maintain an activated clotting
time of ≥250 s. Heparin was not continued after the coronary
stenting procedure. Before the stenting procedure, 180 mg of ticagrelor was orally administered to all the study patients. If the
thrombus burden was very high, we supplied intravenous glycoprotein IIb/IIIa inhibitor therapy.
Statistical analyses
SPSS (SPSS Inc., Chicago, IL, USA) was used for statistical
analyses. The data were evaluated using descriptive techniques
(mean, standard deviation). In addition, for quantitative data, the
independent samples t test (independent sampling t test) was
used to compare groups of parameters that exhibited normal
distribution, and the paired t test was used to determine the significance of the differences between the two matched groups.
Categorical data were expressed as number and percentage.
Pearson’s chi-square test was used in the analysis of categorical data. Mann–Whitney U test was used for comparison of nonparametric variables. We calculated that enrolment of 142 patients with STEMI (n=42 with NR, n=100 without NR) in the study
group and 50 individuals in the control group would provide a
99.5 power to demonstrate a significant difference in SCUBE1
levels between patients with NR, without NR, and control subjects. Receiver operating characteristic curve (ROC) analysis
was used for determining the optimum cut-off SCUBE1 value for
predicting NR after primary PCI in patients with STEMI. The independent predictors for the presence of NR were analyzed by
using logistic regression analysis. Possible confounding factors
were tested in univariable regression analysis and confounders
with a p value <0.25 were tested in multivariable logistic regression analysis. A probability value of less than 0.05 was considered the minimum level of statistical significance.

Results
Baseline characteristics and laboratory parameters of patients and healthy control subjects are shown in Table 1. There
were no significant differences between groups in terms of age,
gender, hypertension, diabetes, smoking, serum creatinine levels,
and platelet count. There was no acetylsalicylic acid (ASA) or
clopidogrel use in the control and study subjects. Total cholesterol and low-density lipoprotein (LDL) levels did not differ
between the patient groups with STEMI but control subjects
had lower total cholesterol and LDL levels (p=0.01). The Gensini score of the STEMI with NR group was 34±8.8 and that of
the STEMI with successful primary PCI group was 36±7.2. The
severity of coronary atherosclerosis was not different between
the STEMI groups (p=0.42). The average stent length in the
STEMI with NR group was 30±6.2 mm, and the average stent
length in the STEMI with successful primary PCI group was
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Table 1. Baseline characteristics and laboratory measurements of the study population
Parameters
		
		

Control subjects (n=50),
mean±SD or
median (min–max)

STEMI with successful
primary PCI (n=100), mean±SD
or median (min–max)

STEMI with NR (n=42),
mean±SD or
median (min–max)

P

Age, y

62±6.4

60±3.3

64±4.7

NS

Sex, female/male

24/26

48/52

19/23

NS

28.0±4.2

29.6±3.9

30.1±4.4

NS

Body mass index, kg/m

2

Glucose, mg/dL

88.5±5.4

90.3±6.5

92.4±3.7

NS

BUN, mg/dL

12.0 (9–19)

14.0 (6–26)

14.0 (9–29)

NS

Creatinine, mg/dL

0.7 (0.5–1.1)

0.7 (0.5–1.2)

0.8 (0.5–1.4)

NS

Uric acid, mg/dL
Total cholesterol, mg/dL
Triglyceride, mg/dL

7.7±1.0

7.5±1.1

7.4±1.3

NS

230 (124–312)

288 (196–374)

280 (190–380)

<0.05

163.7±100.2

181.4±60.3

181.4±61.5

<0.05

HDL, mg/dL

45.3±11.1

46.5±11.6

44.5±11.2

NS

LDL, mg/dL

141.2±43.5

170.4±27.3

168.4±21.9

<0.05

hs-CRP, mg/dL

0.3 (0–0.8)

0.4 (0–2.0)

0.4 (0–2.0)

NS

Hemoglobin, g/dL

13.4±1.0

13.1±1.0

13.7±2.0

NS

Platelet, ×10 /µL

247.4±54.0

253.9±52.5

250.9±47.5

NS

DM (n)

14

29

15

NS

HT (n)

15

30

16

NS

Smoking (n)

26

49

27

NS

Gensini score, mean

–

34±8.8

36±7.2

NS

Stent length, mm, mean

–

29±4.8

30±6.2

NS

Bifurcation stenting

–

–

–

3

BM - body mass index; BUN - blood urea nitrogen; HDL - high-density lypoprotein; LDL - low dencity lypoprotein; NR - no-reflow; NS - not significant; STEMI - ST elevated myocardial
infarction; PCI - percutaneous coronary intervention. Statistical significance was set at P<0.05. Compatibility of data with normal distribution was investigated using the Kolmogorov–
Smirnov test. The t test was used in the comparison of normally distributed data, and the Mann–Whitney U test was used for nonnormally distributed data. The χ2 test was used to
analyze demographic data, and the Pearson correlation analysis was used for correlation analysis

29±4.8. There were no bifurcation stents in any groups. We used
glycoprotein IIb/IIIa inhibitors for the STEMI with NR group after PCI procedure. We obtained thrombolysis in myocardial infarction (TIMI) 1 flow at 28 patients in this group. After that, we
performed thrombus aspiration for the remaining patients. We
obtained TIMI 1 flow at eight patients after thrombus aspiration.
We used intracoronary adenosine for the remaining patients,
but we could not provide distal coronary blood flow in the target
artery. In the remaining subjects, five of them were dead because of hemodynamic instability.
The mean SCUBE1 level of the control subjects was 34±8.4
ng/mL, the mean SCUBE1 level of patients with STEMI who
were treated successfully with primary PCI was 51±6.2, and the
mean SCUBE1 level of patients with STEMI who had NR phenomenon after primary PCI procedure was 97.2±8.9 ng/mL. The
mean SCUBE1 level of patients with STEMI was significantly
higher than that of control subjects (p<0.01). The mean SCUBE1
level of patients with STEMI who had NR phenomenon after
primary PCI procedure was significantly higher than that of
patients with STEMI who were treated successfully with primary PCI (p<0.01) (Fig. 1). The mean SCUBE1 value of patients

SCUBE1 levels
(ng/mL)

100.00
50.00
40.00

Control group STEMI
STEMI with
(healty subjects) with NR successful primary
PCI
Group

Figure 1. Comparison of SCUBE1 levels between the groups

with NR who died after PCI procedure was 108.4±8.1 ng/mL.
The mean SCUBE1 value of that patients was higher than other
patients in study group with NR, but this relationship was not
significant (p=0.09).
To determine independent predictors for the presence of NR,
univariable and multivariable logistic regression analysis were
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Table 2. Univariable and multivariable logistic regression analysis representing the independent predictors of NR phenomenon
			
Variables

Univariable

Multivariable

OR (95% CI)

P

OR (95% CI)

P

Age

1.027 (0.991–1.064)

0.140

1.018 (0.977–1.062)

0.388

Hemoglobin

0.831 (0.631–1.094)

0.187

0.940 (0.666–1.328)

0.727

Platelet

1.004 (0.999–1.008)

0.141

1.001 (0.995–1.007)

0.672

LDL cholesterol

1.013 (1.004–1.022)

0.006

1.007 (0.997–1.018)

0.173

hs-CRP

1.183 (0.943–1.484)

0.146

1.039 (0.774–1.394)

0.800

SCUBE1

1.029 (1.019–1.039)

<0.001

1.022 (1.011–1.033)

<0.001

CI - confidence interval; hs-CRP - high-sensitivity C-reactive protein; LDL - low-density lipoprotein; OR - odds ratio

Discussion
The major findings of our study were as follows: (i) To the
best of our knowledge, the present study is the first clinical study
showing a graded relationship between NR development and
serum SCUBE1 level. (ii) Furthermore, for the first time, SCUBE1
was found as an independent predictor for the presence of NR.
SCUBE1 is a newly described cell surface molecule that is
secreted and expressed throughout early embryogenesis. This
protein consists of an N-terminal signal peptide, nine consecutive EGF-like repeats, a spacer region, cysteine-rich repeat motifs, and a CUB domain at the C terminal. These molecules are
stored in alpha-granules in inactive platelets. After activation by
thrombin, these molecules migrate to the platelet surface. In this
stage, small and soluble particles of SCUBE1 play important roles
by activating platelets in cardiovascular biology (4). SCUBE1
deposition has been determined immunohistochemically in the
subendothelial matrix in advanced atherosclerotic lesions in humans. EGF-like repeats are responsible for adhesive interactions
(4). Platelet activation and aggregation are well-recognized as
primary reactions in arterial thrombosis and, accordingly, are
responsible for the ischemic complications of ACS (6, 7). ACS is
initiated by plaque rupture or erosion, with subsequent platelet
activation and thrombus formation. The importance of platelet
activation in the pathogenesis of this atherothrombotic complication was definitely shown by the application of antiplatelet
therapy as the most important management in ACS (9, 10).

ROC curve

1.0

0.8

Sensitivity

performed (Table 2). Univariate regression analysis showed
that age, hemoglobin, platelet, LDL cholesterol, high-sensitivity
C-reactive protein, and SCUBE1 levels were possible confounding factors for the presence of NR. In multivariable regression
analysis, serum SCUBE1 [odds ratio (OR): 1.022; 95% confidence
interval (CI): 1.011–1.033, p<0.001] remained as independent predictor for the presence of NR. In addition, ROC analysis was used
for determining the optimum cut-off SCUBE1 value for predicting
NR after primary PCI in patients with STEMI. The area under the
curve (AUC) value was calculated as 0.972 (95% CI: 0.95–0.98).
The cut-off SCUBE1 value was observed as 79.8 ng/mL with a
sensitivity of 94.4% and specificity of 84.8% (Fig. 2).

0.6

Area under ROC
curve: 0.972, 95%CI:
0.95–0.98, P<0.001

0.4

0.2

0.0

0.0

0.2

0.4

0.6

0.8

1.0

Specificity

Figure 2. ROC of SCUBE1 and NR phenomenon

NR phenomenon occurs in up to half of the patients after primary PCI and is associated with poor long-term outcome (17).
The most important role in the pathogenesis of NR is played by
microvascular plugging because of a plaque fragment embolism
(18) as suggested by recent studies that have shown the association between the occurrence of NR and plaque characteristics
or to platelet-platelet and platelet-leukocyte aggregates (19). Of
note, their degree of activation depends on the duration of coronary occlusion. Indeed, Xu et al. (19) found that the transfusion of
platelets from mice subjected to a prolonged coronary ischemia
exacerbate myocardial reperfusion injury in mice subjected to a
brief coronary occlusion. Along with cellular determinants of reperfusion injury, the release of vasoactive substances by platelets plays an important role in inducing sustained vasoconstriction, which further sluggish microvascular coronary flow
(20). Thromboxane A2 (TXA2) is the most important vasoactive
substance that is released by platelets. Indeed, TXA2 is a po-
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tent platelet agonist and coronary vasoconstrictor. Furthermore,
it stimulates platelet-leukocyte aggregation by inducing the expression of adhesion molecules on cellular surface (21, 22). In
particular, a recent study by Huczek et al. (23) has found that
patients with higher platelet activity assessed through PFA-100
(platelet function assay) have a higher percentage, statistically
significant, of NR assessed both by angiographic and electrocardiographic parameters. Indeed, the results of this study suggest
that platelet activity might also provide early prognostic information about left ventricular performance and adverse clinical
events after STEMI.
High platelet activity is a risk factor for thrombotic events.
Dai et al. (24) demonstrated the role of SCUBE1 in patients with
ACS. According to Dai et al. (24), the soluble form of SCUBE1
might play pathological roles via platelet activation and aggregation. They found that plasma SCUBE1 levels were significantly
higher in patients with ACS and acute large-vessel atherothrombotic (LAT) stroke. LAT stroke but not small lacunar stroke had
elevated plasma SCUBE1 concentration in the subgroup analysis
of acute ischemic stroke. While small lacunar stroke involved the
occlusion of small penetrating artery due to lipohyalinosis from
sustained hypertension, with less evidence of platelet activation, LAT stroke involved acute platelet activation (25). According to their post-hoc analysis, subjects with acute LAT stroke
had significantly higher plasma SCUBE1 than those with transient ischemic attack (TIA), indicating a potential application in
the clinical setting to distinguish between acute LAT stroke and
TIA. Moreover, plasma SCUBE1 was independently correlated
with plasma sCD40L, a marker of platelet activation as well as
inflammation. These findings support that plasma SCUBE1 is a
biomarker of platelet activation during acute thrombotic complications, such as in ACS and acute LAT stroke.
Our study results are consistent with the findings from previous study. We demonstrated for the first time a graded relation
between serum SCUBE1 level and NR development. In multivariable regression analysis, serum SCUBE1 level was found as a
significant and independent predictor for the presence of NR.

Study limitations
Our study population was small; there is a need for studies
with larger sample sizes.

Conclusion
In our opinion, SCUBE1 might contribute to NR phenomenon
via thrombus activation and aggregation. Based on the findings
of our study, there is difference in the serum SCUBE1 concentration among studied groups. The present study is the first clinical
study that demonstrated that serum SCUBE1 level was significantly higher in patients with NR and that serum SCUBE1 was
an independent predictor for the presence of NR in our study
population. Also, SCUBE1 levels may predict the development
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of NR after primary PCI in patients with ACS. More prospective
studies are needed to reveal the effect of SCUBE1 levels on the
development of NR.
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