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Original Article

Aim: The degradation of the vascular extracellular matrix is important for atherosclerosis. The cysteine protease 
legumain was shown to be upregulated in atherosclerotic plaques, especially unstable plaques. However, no study 
has reported blood legumain levels in patients with coronary artery disease (CAD). 

Methods: We investigated plasma legumain and C-reactive protein (CRP) levels in 372 patients undergoing 
elective coronary angiography. 

Results: CAD was found in 225 patients. Compared with patients without CAD, those with CAD had higher 
CRP levels (median 0.60 [0.32, 1.53] vs. 0.46 [0.22, 0.89] mg/L, P＜0.001), but no difference was found in 
legumain levels between patients with and without CAD (median 5.08 [3.87, 6.82] vs. 4.99 [3.84, 6.88] ng/mL). 
A stepwise increase in CRP was found depending on the number of ＞50% stenotic vessels: 0.55 mg/L in 1-ves-
sel, 0.71 mg/L in 2-vessel, and 0.86 mg/L in 3-vessel diseases (P＜0.001). However, legumain did not differ 
among 1-, 2-, and 3-vessel diseases (5.20, 4.93, and 5.01 ng/mL, respectively). Of 225 patients with CAD, 40 
(18%) had complex lesions. No difference was found in CRP levels between patients with CAD with and with-
out complex lesions (0.60 [0.34, 1.53] vs. 0.60 [0.32, 1.51] mg/L). Notably, legumain levels were higher in 
patients with CAD with complex lesions than without such lesions (6.05 [4.64, 8.64] vs. 4.93 [3.76, 6.52] ng/
mL, P＜0.01). In multivariate analysis, legumain levels were not a factor for CAD, but were a factor for complex 
lesions. The odds ratio for complex lesions was 2.45 (95% CI=1.26–4.79) for legumain ＞5.5 ng/mL. 

Conclusion: Plasma legumain levels were associated with the presence of complex coronary lesions.

radation of the ECM and the progression and instabil-
ity of atherosclerotic plaques2, 3). Legumain is a lyso-
somal cysteine protease4) and can also activate other 
proteases, including MMP-2, cathepsins-L and -S, 
and fibronectin5-7). Papaspyridonos et al.8) first dem-
onstrated the upregulation of legumain mRNA and 
protein in unstable regions of human carotid athero-
sclerotic plaques, thus suggesting a possible role for 
this enzyme in plaque instability. Sun et al.9) also 
showed that legumain expression was upregulated in 

Introduction

Atherosclerosis is a chronic inflammatory disease, 
and macrophages play a key role in atherosclerotic-
related inflammation1). The degradation and turnover 
of the vascular extracellular matrix (ECM) is an 
important part of atherosclerosis. Proteolytic enzymes, 
such as matrix metalloproteinases (MMPs) and 
cathepsin cysteine proteases, which are localized 
mainly in macrophages, play a major role in the deg-
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ing tubes. The plasma was stored at －80℃. Plasma 
legumain levels were measured by an enzyme-linked 
immunosorbent assay (ELISA) using a commercially 
available kit (Human Legumain ELISA Kit, Ray Bio-
tech, GA, USA) at Ochanomizu University, according 
to the manufacturer’s instructions. The intra- and 
inter-assay coefficients of variation were ＜10% and 
＜12%, respectively. According to the data supplied 
by the manufacturer, this kit shows no cross-reactivity 
with cathepsin-L, and it measures the total concentra-
tion of both the precursor and active forms of legu-
main. Plasma high-sensitivity C-reactive protein 
(hsCRP) levels were also measured by a BNII nephe-
lometer (Dade Behring, Tokyo, Japan).

Coronary Angiography
Angiograms were recorded on a cineangiogram 

system (Philips Electronics Japan, Tokyo, Japan). 
CAD was defined as at least one coronary artery hav-
ing ＞50% luminal diameter stenosis on angiograms. 
The severity of CAD was represented as the number 
of ＞50% stenotic vessels and the numbers of ＞50% 
and ＞25% stenotic segments. According to Ambrose’s 
classification16, 17), stenotic lesions were classified as 
complex if they had sharp overhanging edges, irregular 
borders, ulcerations, or intraluminal lucency. Coro-
nary artery segments were divided into 29 segments 
according to the Coronary Artery Surgery Study clas-
sification. All angiograms were evaluated by a single 
cardiologist (Y.M.), blinded to the clinical and labora-
tory data.

Statistical Analysis
The differences between the 2 groups were evalu-

ated by an unpaired t-test for parametric variables, the 
Mann–Whitney U test for nonparametric variables, 
and the chi-squared test for categorical variables. Dif-
ferences among ≥ 3 groups were evaluated by analysis 
of variance with Scheffe’s test for parametric variables, 
the Kruskal–Wallis test with Steel–Dwass test for non-
parametric variables, and the chi-squared test for cate-
gorical variables. Since the distributions of the mea-
sured legumain and hsCRP levels were considered to 
be highly skewed and to be nonparametric variables 
by the Shapiro–Wilk test, the results were presented as 
the median value. Correlations between legumain lev-
els and the numbers of stenotic segments were evalu-
ated by Spearman’s rank correlation test. To determine 
the cutoff point of legumain levels for complex lesions, 
a relative cumulative frequency distribution curve was 
created. The optimal cutoff point was determined as 
the point where the sensitivity and specificity curves 
intersected. Multiple logistic regression analysis was 
used to elucidate the independent associations 

cultured macrophages treated with oxidized low-den-
sity lipoprotein (LDL). Moreover, Mattock et al.10) 
reported increased protein and expression levels of 
both legumain and active cathepsin-L in unstable 
carotid plaques. Cathepsin-L is processed prominently 
by legumain, and it has potent collagenolytic and elas-
tinolytic activities11, 12). Therefore, legumain has been 
recognized to play a role in plaque instability. 

Recently, Lunde et al.13) reported plasma legu-
main levels to be higher in patients with carotid artery 
stenosis than in healthy controls. Regarding coronary 
artery disease (CAD), Clerin et al.14) demonstrated 
increased legumain mRNA expression in human coro-
nary atherosclerotic lesions. However, no study has 
evaluated plasma legumain levels in patients with 
CAD. Therefore, our study was performed to eluci-
date the association between plasma legumain levels 
and the presence, severity, and lesion morphology of 
CAD in 372 patients undergoing coronary angiogra-
phy.

Methods

Study Patients
We investigated plasma legumain levels in 372 

consecutive patients undergoing elective coronary 
angiography for suspected CAD at Tokyo Medical 
Center from July 2008 to February 2017. Any patients 
with acute coronary syndrome (ACS), defined as acute 
myocardial infarction and class III unstable angina at 
rest by Braunwald’s classification15), those with a his-
tory of percutaneous coronary intervention or cardiac 
surgery, or those with a history of heart failure or aor-
tic diseases were excluded from this study. Patients 
with liver cirrhosis, renal failure, or inflammatory dis-
eases were also excluded. Hypertension was defined as 
blood pressures of ≥ 140/90 mmHg or on drugs, and 
228 (61%) patients were taking anti-hypertensive 
drugs. Hyperlipidemia was defined as an LDL-choles-
terol level of ＞140 mg/dL or on drugs, and 146 
(39%) were taking statins. Diabetes mellitus (a fasting 
plasma glucose level of ≥ 126 mg/dL or on treatment) 
was present in 105 (28%) patients, and 138 (37%) 
were smokers (≥ 10 pack-years). Our study was per-
formed in accordance with the Declaration of Hel-
sinki and was approved by the institutional ethics 
committee of our hospital (R07-054/R15-056). After 
written informed consent was obtained, overnight-
fasting blood samples were taken on the morning of 
the day when angiography was performed.

Measurement of Plasma Legumain and C-Reactive 
Protein Levels

Blood samples were collected in EDTA-contain-



Legumain and Complex Coronary Lesions

713

No signifinant correlations were found between legu-
main levels and the numbers of ＞50% and ＞25% 
stenotic coronary segments (P=0.95 and 0.65, respec-
tively). 

Among the 225 patients with CAD, 40 (18%) 
were found to have complex coronary lesions. No dif-
ference was found in hsCRP levels between patients 
with CAD with and without complex lesions (0.60 vs. 
0.60 mg/L, respectively, P=0.93). Notably, legumain 
levels were significantly higher in patients with CAD 
with complex lesions than in those without such 
lesions and in patients without CAD (6.05 vs. 4.93 
and 4.99 ng/mL, respectively, P＜0.01) (Fig.1). To 
determine the cutoff point of legumain levels for com-
plex lesions, a relative cumulative frequency distribu-
tion curve was created. As shown in Fig.2, the opti-
mal cutoff point was found to be around 5.5 ng/mL. 
The prevalence of legumain level ＞5.5 ng/mL was 
higher in patients with CAD with complex lesions 
than in those without such lesions and in patients 
without CAD (60% vs. 37% and 39%, respectively, P
＜0.025). 

To elucidate the independent associations 
between legumain level and CAD or complex lesions, 
variables (age, gender, hypertension, hyperlipidemia, 
statin use, diabetes, smoking, and hsCRP and legu-
main levels) were entered into a multiple logistic 
regression model for the 372 study patients (Table 2). 
Legumain levels were not a significant factor for CAD, 

between legumain levels and CAD or complex lesions. 
Regarding the cutoff point of hsCRP levels, the previ-
ously reported cutoff point of 1.0 mg/L for CAD was 
used18, 19). All statistical analyzes were carried out using 
the SPSS software package (IBM SPSS version 25, 
Tokyo, Japan). A P value of ＜0.05 was considered 
statistically significant. Results are presented as the 
mean±standard deviation (SD) or the median value.

Results

Of the 372 study patients, CAD was found in 
225 (1-vessel disease [1-VD], n=92; 2-vessel disease 
[2-VD], n=72; 3-vessel disease [3-VD], n=61). Com-
pared with 147 patients without CAD, 225 with 
CAD were older, predominantly male, and had a 
higher prevalence of hypertension, diabetes, and 
hyperlipidemia, and higher hsCRP levels (median 0.60 
vs. 0.46 mg/L, P＜0.001) (Table 1). However, there 
was no signficant difference in plasma legumain levels 
between patients with and without CAD (median 
5.08 vs. 4.99 ng/mL, P=0.81) (Fig.1). A stepwise 
increase in hsCRP levels was found depending on the 
number of ＞50% stenotic coronary vessels: 0.46 mg/
L in CAD(-), 0.55 mg/L in 1-VD, 0.71 mg/L in 
2-VD, and 0.86 mg/L in 3-VD (P＜0.001). However, 
there was no marked difference in plasma legumain 
levels among the 1-VD, 2-VD, and 3-VD groups 
(5.20, 4.93, and 5.01 ng/mL, respectively; P=0.96). 

Table 1. Clinical characteristics and plasma legumain levels

CAD (-) 
(n =147)

P value 
CAD (-) vs. CAD

CAD
 (n =225)

Complex lesion (-) 
(n =185)

Complex lesion 
(+) vs. (-)

Complex lesion (+) 
(n =40)

Age (years)
Gender (male)
Hypertension
SBP (mmHg)
Diabetes mellitus
Smoking
Hyperlipidemia
Statin
LDL-C (mg/dL)
HDL-C (mg/dL)
hsCRP levels

(mg/L)
＞1.0mg/L

Legumain levels
(ng/mL)
＞5.5 ng/mL

66±10
88 (60%)
89 (61%)
130±21
22 (15%)
46 (31%)
67 (46%)
45 (31%)
113±28

60±14
0.46

[0.22, 0.89]
33 (22%)

4.99
[3.84, 6.88]
58 (39%)

＜0.001
＜0.001
＜0.001

0.20
＜0.001

0.10
＜0.025
＜0.01

0.72
＜0.001
＜0.001
 

＜0.025
0.81
 

0.90

69±10
174 (77%)
176 (78%)
133±20
83 (37%)
92 (41%)

132 (59%)
101 (45%)
114±32

51±13
0.60

[0.32, 1.53]
78 (35%)

5.08
[3.87, 6.82]

92 (41%)

69±10
142 (77%)
148 (80%)
133±21
70 (38%)
78 (42%)

109 (59%)
88 (48%)

111±32
51±14

0.60
[0.32, 1.51]

65 (35%)
4.93

[3.76, 6.52]
68 (37%)

0.49
0.90
0.30
0.76
0.80
0.80
0.98
0.20

＜0.005
0.99
0.93
 

0.90
＜0.01
 

＜0.025

68±10
32 (80%)
28 (70%)
132±19
13 (33%)
14 (35%)
23 (58%)
13 (33%)
127±28

51±13
0.60

[0.34, 1.53]
13 (33%)

6.05
[4.64, 8.64]
24 (60%)

Data are presented as the mean±SD or the number (%) of patients, except for hsCRP and legumain levels, which are presented as the median value 
and interquartile range. 
SBP indicates systolic blood pressure; LDL-C, LDL-cholesterol; and HDL-C, HDL-cholesterol.
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＞5.5 ng/mL (P＜0.01). Furthermore, in 225 patients 
with CAD, legumain levels were also the factor for 
complex lesions independent of atherosclerotic risk 
factors (Table 3). The odds ratio for complex lesions 
was 2.58 (95% CI=1.28–5.20) a for legumain level  
＞5.5 ng/mL (P＜0.01). 

Discussion

In the present study, plasma legumain levels did 
not differ between patients with and without CAD. 
They did not correlate with the severity of CAD and 
were not a significant factor for CAD. However, legu-
main levels were found to be high in patients with 
CAD with complex coronary lesions and to be an 
independent factor for complex lesions. 

Legumain is a cysteine protease that is expressed 
predominantly in macrophages in atherosclerotic 
plaques4, 14), and it also promotes ECM degradation 
by activating MMP-2, cathepsin-L, and fibronec-
tin5-7). Several studies reported the upregulation of 
legumain mRNA and protein in unstable regions of 
carotid atherosclerotic plaques, thus suggesting a role 
of legumain in plaque instability8-10). However, regard-
ing blood legumain levels in patients with atheroscle-
rotic diseases, Lunde et al.13) reported recently that 
plasma legumain levels were higher in 254 patients 
with carotid artery stenosis than in 91 healthy con-
trols, with no correlation found between legumain 

but they were the only factor associated with complex 
lesions independent of atherosclerotic risk factors. The 
odds ratio for complex lesions was 2.45 (95% confi-
dence interval [CI]=1.26–4.79) for a legumain level  

Fig.1. Plasma legumain levels and the presence of CAD and complex coronary lesions

Plasma legumain levels did not differ markedly between patients with and without CAD 
(P=NS) (left). Notably, legumain levels were significantly higher in patients with CAD with 
complex lesions than in those without such lesions and in patients without CAD (P＜0.05) 
(right). The central line represents the median and the box represents the 25th to 75th percen-
tiles. The whiskers represent the lowest and highest values in the 25th percentile minus 1.5 
interquartile range (IQR) and 75th percentile plus 1.5 IQR, respectively.

Fig.2. The relative cumulative frequency distribution curve 
for the optimal cutoff point of legumain levels for 
complex lesions

The curve indicates that the optimal cutoff point of legumain lev-
els for complex lesions is around 5.5 ng/mL. The arrow indicates 
the optimal cutoff point of legumain levels. 
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reported to be associated with coronary events26, 27) 
and the rapid progression of coronary stenosis22). We 
previously measured serum MMP-1 levels in 185 
patients undergoing coronary angiography28). Of the 
128 patients with stable CAD, 32 (25%) had complex 
lesions. We showed MMP-1 levels to be higher in 
patients with CAD with complex lesions than in those 
without such lesions. Recently, we also evaluated 
plasma osteoglycin levels in 245 patients with stable 
CAD, of whom 41 (17%) had complex lesions29). 
Osteoglycin, which is a biologically active component 
of the ECM, was shown to be downregulated in 
unstable carotid plaques30). We reported osteoglycin 
levels to be lower in patients with CAD with complex 
lesions than in those without such lesions. Our pres-
ent study first reported that plasma legumain levels 
were significantly higher in patients with CAD with 
complex coronary lesions than in those without com-
plex lesions and in patients without CAD. A high 
plasma legumain level was a significant factor for the 
presence of complex coronary lesions independent of 
atherosclerotic risk factors. Therefore, our results sug-
gest that plasma legumain levels may be a potential 
biomarker for complex coronary lesions and that high 
legumain levels in patients with CAD may reflect cor-
onary plaque instability. However, as shown in Fig.1, 
there was a substantial overlap in legumain levels 
between patients with CAD with and without com-

levels and the degree of carotid stenosis. However, 
they found no significant differences in legumain lev-
els among 117 patients with stroke, transitory isch-
emic attack, or amaurosis fugax within the last 2 
months; 38 patients with such symptoms during the 
previous 2–6 months, and 99 asymptomatic patients. 
While increased levels of legumain mRNA and pro-
tein in coronary atherosclerotic lesions was reported14), 
no study has reported plasma legumain levels in 
patients with CAD. Our present study is the first to 
report that plasma legumain levels did not differ 
markedly between patients with and without CAD 
and that they did not correlate with the severity of 
CAD. 

In the present study, patients with ACS, defined 
as acute myocardial infarction and class III unstable 
angina by Braunwald’s classification15), were not 
included. However, 40 (18%) of 225 patients with 
CAD had complex coronary lesions on angiograms. 
Complex lesions are often seen in patients with ACS 
(approximately 70%), but such lesions are also found 
in patients with stable CAD (10–20%)20). As in our 
study, Rupprecht HJ et al.21) reported complex lesions 
in 39 (20%) of 200 patients with stable CAD, and 
Chester MR et al.22) found such lesions in 52 (23%) 
of 222 patients with stable CAD. Angiographic com-
plex coronary lesions are recognized to be associated 
with plaque instability16, 23-25). Complex lesions are also 

Table 2.  Factors associated with CAD and complex coronary lesions (Multiple logistic regres-
sion analysis of the 372 study patients)

Odds ratio (95% CI) P value

CAD
Age (per 10 years increase)
Male gender
Hypertension
Hyperlipidemia
Diabetes mellitus

Complex coronary lesions
Legumain level ＞5.5 ng/mL

  
1.36
2.61
1.67
1.82
2.64

 
2.45

 
(1.08-1.72)
(1.56-4.36)
(1.01-2.75)
(1.13-2.92)
(1.53-4.56)

 
(1.26-4.79)

 
＜0.02
＜0.001
＜0.05
＜0.02
＜0.01
 
＜0.01

The dependent variable was the presence of CAD or complex coronary lesions.
The analysis included age, gender, hypertension, hyperlipidemia, statin use, diabetes mellitus, smoking, and 
hsCRP (＞1.0 mg/L) and legumain (＞5.5 ng/mL) levels.

Table 3.  Factors associated with complex coronary lesions (Multiple logistic regression analysis 
of the 225 patients with CAD)

Odds ratio (95% CI) P value

Complex coronary lesions
Legumain level ＞5.5 ng/mL

 
2.58

 
(1.28-5.20)

 
＜0.01

The dependent variable was the presence of complex coronary lesions.
The analysis included age, gender, hypertension, hyperlipidemia, statin use, diabetes mellitus, smoking, and 
hsCRP (＞1.0 mg/L) and legumain (＞5.5 ng/mL) levels.
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to elucidate the potential role of legumain in ACS. 
Finally, our study was cross-sectional in nature and 
could not establish causality, since it only depicted 
some associations and proposed some hypotheses. To 
determine the prognostic values of legumain levels and 
complex lesions, a further prospective study is needed.

In conclusion, plasma legumain levels did not 
correlate with the severity of CAD and were not a sig-
nificant factor for CAD. However, legumain levels 
were found to be characteristically high in patients 
with CAD with complex coronary lesions and to be 
an independent factor associated with complex lesions. 
Our results thus suggest that plasma legumain levels 
may be a potential biomarker for coronary plaque 
instability, such as complex coronary lesions.
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