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Aims: We previously associated acute ST-elevation myocardial infarction (STEMI) with decreased plasma LL-37 
levels. Therefore, this study investigated whether plasma LL-37 levels could predict ischemic cardiovascular 
events in patients after STEMI.

Methods: We prospectively collected peripheral plasma samples and clinical and laboratory data from 
consecutive patients who presented with STEMI and underwent primary percutaneous coronary intervention at 
Fuwai Hospital between April and November 2017. Enzyme-linked immunosorbent assay measured plasma 
LL-37 levels, and we followed the patients for 3 years. Major adverse cardiovascular events (MACEs) were a 
composite of all-cause mortality, reinfarction, unscheduled revascularization, or ischemic stroke. 

Results: The study included 302 patients divided into high (≥ median) and low LL-37 level (＜median) groups. 
The cumulative incidence of MACE (29.1% vs. 12.6%, p=0.0003), all-cause death (12.6% vs. 3.3%, p=0.003), 
reinfarction (7.1% vs. 2.0%, p=0.04), and unscheduled revascularization (13.0% vs. 5.4%, p=0.04) were higher 
in the low than those in the high LL-37 level group. Multivariable Cox regression analysis showed that higher 
LL-37 level independently predicted lower risks of MACE (hazard ratio [HR] 0.390; 95% confidence interval 
[CI] 0.227–0.669; p＜0.001), all-cause death (HR 0.324; 95%CI 0.119–0.879; p=0.027), and unscheduled 
revascularization (HR 0.391; 95%CI 0.171–0.907; p=0.027). 

Conclusions: High basal plasma level of human LL-37 may predict lower 3-year risks of ischemic cardiovascular 
events in patients after STEMI.

improve our understanding of the pathophysiology of 
atherosclerosis and AMI and to determine novel 
therapeutic targets. Atherosclerosis is an immune-
inflammatory disease, and inflammation drives all 
phases of atherosclerosis, including initiation, 
progression, and thrombotic complications2-4). The 
antimicrobial peptide LL-37 is a positively charged, 
multifunctional, 37-residue host defense molecule 

Introduction

Despite stringent modification of traditional risk 
factors, widespread use of primary percutaneous 
coronary intervention (PCI), and guideline-directed 
medical therapy, mortality and morbidity of acute 
myocardial infarction (AMI) remain high1). Therefore, 
residual risk factors should be urgently identified to 
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Methods

Study Population
This prospective observational cohort study is 

part of the Chinese Academy of Medical Sciences 
Innovation program. We recruited consecutive 
patients aged ≥ 18 years who presented with STEMI 
and underwent primary PCI at Fuwai Hospital 
between April and November 2017 (Fig.1). The 
exclusion criteria were cardiogenic shock, end-stage 
renal disease, serious liver dysfunction, allergy to 
contrast media, contraindication to antithrombotic 
therapy, bypass graft occlusion, and diagnosis not 
fulfilling the definition of type I myocardial infarction. 
STEMI was defined as continuous chest discomfort 
lasting for ＞30 min, ST-segment elevation of ＞0.1 
mV in at least two contiguous leads or new left 
bundle–branch block on an 18-lead electrocardiogram 
(ECG), and an elevated troponin I level12). This study 
complied with the Declaration of Helsinki and was 
approved by the Ethics Committee of Fuwai Hospital. 
All participants provided their written informed 
consent.

Procedural Data and Culprit Lesion Identification
Coronary angiography (CAG) was performed via 

the transradial or transfemoral approach using a 6-F 
or 7-F sheath. Blood samples were collected via the 
sheath before heparinization using vacutainer tubes 
containing ethylenediaminetetraacetic acid. Samples 
were maintained at 4℃, processed within 3 h, and 

derived from the human cationic antimicrobial 
protein 18 (hCAP-18), which cleaved in neutrophils 
by proteinase-3 5). LL-37 is the only cathelicidin in 
humans produced by various types of cells, including 
skin, epithelial, and innate immune system cells6). In 
addition to the broad spectrum of antimicrobial 
activity, LL-37 attracts innate immune cells to the site 
of infection and modulates immune reactivity and the 
balance between pro- and anti-inflammatory 
responses. It also induces wound healing and 
angiogenesis and modulates apoptosis7, 8). 

Some experimental studies indicated LL-37 
might have cardiovascular protective effects. A nitinol 
stent coated with LL-37 reduces in-stent stenosis in 
mouse carotid artery, suggesting that LL-37 may 
promote vascular healing after an interventional 
therapy9). LL-37 inhibits platelet aggregation and 
thrombosis via the Src/PI3K/Akt pathway, suggesting 
its antiplatelet and antithrombotic actions 10). 
Previously, we reported that the basal level of plasma 
LL-37 was significantly lower in patients with acute 
ST-elevation myocardial infarction (STEMI) than 
those without coronary artery disease (CAD) and 
stable CAD, and its level seems to recover within 24 h 
after STEMI11). However, the clinical association 
between LL-37 levels and cardiovascular events in 
patients after STEMI remains unknown. Therefore, 
we designed this study to explore LL-37’s prognostic 
value for patients after STEMI.

Fig.1. Study flow chart

MI: myocardial infarction; STEMI: acute ST-elevation myocardial infarction; ELISA: enzyme-linked immunosorbent assay.
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cholesterol, and triglycerides). Restricted cubic spline 
analysis was used to assess the dose-response 
association between LL-37 and primary outcome. We 
performed the analyses using Statistical Package for 
the Social Sciences 25 (IBM Corp., Armonk, NY, 
USA) and R statistical software version 3.6.2 (www.
R-project.org, R Foundation for Statistical 
Computing). A two-tailed p value of ＜0.05 was 
considered statistically significant.

Results

Baseline Characteristics
The study enrolled 302 patients with STEMI, 

and all of them completed the follow-up (Fig.1), with 
the mean age of 59.1 years, comprising 81.1% men, 
59.1% with hypertension, and 28.1% with diabetes. 
The median LL-37 level was 30.4 (19.7–41.1) µg/L, 
and all patients were divided into two groups 
according to their LL-37 levels: high (LL-37 ≥ 
median) and low-level groups (LL-37＜median). 
Tables 1 and 2 list comparisons of baseline clinical 
characteristics between the two groups. We observed 
no differences in age, sex, body mass index, and 
laboratory and coronary angiographic findings, except 
that triglyceride, total cholesterol (TC), and low-
density lipoprotein cholesterol (LDL-C) levels were 
higher in the high than those in the low LL-37 group 
(p=0.008, p=0.004, and p=0.019, respectively). 
Conversely, thrombolysis in myocardial infarction 
(TIMI), Global Registry of Acute Coronary Events 
(GRACE) scores, and history of ischemic stroke were 
lower in the high than that in the low LL-37 group 
(p=0.018, p=0.002, and p=0.044, respectively) 
(Table 1). No differences occurred in medical 
therapies at discharge between the two groups (Table 
2).

Correlation Analysis of LL-37 and Clinical Data
Correlation analysis between LL-37 and clinical 

data showed that LL-37 levels were positively 
correlated with triglyceride (r=0.218, p＜0.001), TC 
(r =0.154, p =0.008), and LDL-C (r=0.124, 
p=0.033) and negatively correlated with TIMI and 
GRACE scores (r=−0.209, p＜0.001; r=−0.16, 
p=0.005, respectively) (Table 3).

Association between LL-37 and Clinical Outcomes
During the 3-year follow-up, 63 patients (20.9%) 

had MACEs, 24 (7.9%) died, 13 (4.5%) suffered 
from reinfarction, 26 (9.1%) underwent unscheduled 
revascularization, and 14 (4.9%) suffered from the 
ischemic stroke (Table 4). Kaplan–Meier curve 
analysis showed the cumulative incidence of MACE 

then stored at －80℃ until further analysis. CAG was 
performed after heparinization (3000 units), and 
heparin was added to 100 units/kg before PCI. All 
patients received standard-of-care therapy according 
to international guidelines during the follow-up12). 
The culprit vessel was determined primarily by CAG 
and corroborated with ECG information and 
reg iona l -wa l l  mot ion  abnormal i t i e s  f rom 
echocardiographic or ventriculographic assessments.

Laboratory Testing
Plasma LL-37 levels were measured using a 

r e a d y - t o - u s e  s o l i d - p h a s e  e n z y m e - l i n k e d 
immunosorbent assay (ELISA) based on the sandwich 
principle with commercially available kits, human 
LL-37 ELISA Kit (HK321), purchased from HyCult 
Biotechnology (Uden, The Netherlands). The assay 
was performed according to the manufacturer’s 
protocol.

Follow-up and Outcome Definitions 
The primary outcome was major adverse 

cardiovascular events (MACEs), defined as a 
composite of all-cause mortality, reinfarction, 
unscheduled revascularization, or ischemic stroke. 
Secondary outcomes included each component of 
MACEs. All-cause mortality included cardiac death, 
vascular death, and deaths due to non-cardiovascular 
causes. Unscheduled revascularization included any 
clinically driven repeat coronary revascularization 
(target and non-target vessels). Medical record reviews 
and follow-up telephone interviews or clinical visits 
were conducted at the 30-day, 3-month, 6-month, 
1-year, and 3-year follow-up.

Statistical Analysis
Continuous variables are presented using mean±

standard deviation if they follow the normal 
distribution. We compared them using Student’s 
t-test. Otherwise, they are presented as medians 
(interquartile range) and compared using Mann–
Whitney U test. Categorical variables are presented as 
numbers (%) and analyzed with chi-square tests or 
Fisher’s exact tests as necessary. We used Pearson’s and 
Spearman’s correlation analyses to examine the 
associations between LL-37 levels and other clinical 
features and laboratory test metrics. Kaplan–Meier 
curve analysis compared events between two groups. 
Multivariable Cox regression assessed the association 
between LL-37 levels and various outcomes, followed 
by subgroup analysis across established clinical risk 
factors (e.g., age, gender, left ventricular ejection 
fraction [LVEF], hypertension, diabetes, levels of low-
density lipoprotein cholesterol [LDL-C], total 
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Table 1. Baseline Characteristics According to Binary LL37 Groups

Variables Total (n=302) LL37 p value

Low group (n=151) High group (n=151)

Age 59.1±13.0 60.2±13.9 58.0±12.0 0.141
Men 245 (81.1%) 121 (80.1%) 124 (82.1%) 0.769
BMI (kg/m2) 25.8±3.9 25.5±4.3 26.2±3.4 0.137
Smoker 194 (64.2%) 101 (66.9%) 93 (61.6%) 0.401
Medical history

Diabetes mellitus 85 (28.1%) 41 (27.2%) 44 (29.1%) 0.798
Hypertension 178 (59.1%) 89 (58.9%) 89 (59.3%) 1.000
OMI 39 (12.9%) 21 (13.9%) 18 (11.9%) 0.732
Ischemic stroke 34 (11.3%) 23 (15.2%) 11 (7.3%) 0.044
Previous PCI 52 (17.2%) 30 (19.9%) 22 (14.6%) 0.286

Laboratory test
White blood cells (106/L) 10.4±3.4 10.2±3.4 10.7±3.5 0.148
Neutrophil (106/L) 8.1±3.2 7.8±3.3 8.3±3.1 0.245
Lymphocyte (106/L) 1.8±1.5 1.7±0.9 1.9±1.8 0.269
Hemoglobin (g/L) 145.8±19.3 143.9±20.5 147.7±17.8 0.089
Platelets (106/L) 229±93 220±65 236±113 0.141
hsCRP (mg/L) 5.36 (1.93-10.94) 4.81 (1.54-11.01) 5.94 (2.39-10.92) 0.361
ESR (mm/h) 7 (3-16) 7 (3-18) 7 (3-14) 0.656
eGFR (mL/min/1.73 m2) 100.0±30.6 98.58±33.08 101.42±28.05 0.422
Glycosylated hemoglobin (%) 6.4±1.4 6.3±1.2 6.5±1.5 0.255
Triglyceride 1.7±1.1 1.5±0.9 1.8±1.2 0.008
TC 4.3±1.1 4.2±1.1 4.5±1.0 0.004
LDL-C 2.7±0.9 2.6±0.8 2.8±0.9 0.019
HDL-C 1.1±0.3 1.1±0.3 1.1±0.3 0.286
Lipoprotein (a) (mg/L) 152.8 (67.4-312.6) 152.8 (76.0-340.9) 156.0 (58.4-301.7) 0.457
LVEDD 50.1±4.9 49.9±4.9 50.3±5.0 0.435
LVEF 54.1±7.9 54.0±8.8 54.3±7.0 0.811

Coronary angiographic findings
Infarct related artery 0.922
LAD 147 (48.7%) 72 (47.7%) 75 (49.7%)
LCX 35 (11.6%) 20 (13.2%) 15 (9.9%)
RCA 117 (38.7%) 58 (38.4%) 59 (39.1%)
LM 3 (1.0%) 1 (0.7%) 2 (1.3%)

Number of diseased arteries 0.620
Single 78 (25.8%) 44 (29.1%) 34 (22.5%)
Double 97 (32.1%) 47 (31.1%) 50 (33.1%)
Triple 101 (33.4%) 48 (31.8%) 53 (35.1%)
LM disease 26 (8.6%) 12 (7.9%) 14 (9.3%)

Clinical prognostic score
TIMI score 3.8±2.3 3.9±2.3 3.3±2.0 0.017
GRACE score 102.1±31.0 104.5±32.7 95.1±26.9 0.006

BMI: body mass index; OMI: old myocardial infarction; PCI: percutaneous coronary intervention; hsCRP: high sensitive C-reactive protein; ESR: 
erythrocyte sedimentation rate; eGFR: estimated glomerular filtration rate; TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; 
HDL-C: high-density lipoprotein cholesterol; LVEDD: left ventricular end-diastolic dimension; LVEF: left ventricular ejection fraction; LAD: left 
anterior descending artery; LCX: left circumflex artery; RCA: right coronary artery; LM: left main; TIMI: thrombolysis in myocardial infarction; 
GRACE: global registry of acute coronary events.
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Multivariable Cox regression analysis showed a 
higher LL-37 level independently predicted lower risk 
of MACE (hazard ratio [HR] 0.390; 95% confidence 
interval [CI] 0.227–0.669; p＜0.001), all-cause death 
(HR 0.324; 95%CI 0.119–0.879; p=0.027), and 
unscheduled revascularization (HR 0.391; 95%CI 
0.171–0.907; p=0.027) (Table 4). Subgroup analysis 
showed the risk reduction associated with higher 
LL-37 was homogenous across common clinical risk 

(29.1% vs. 12.6%, p=0.0003), all-cause death (12.6% 
vs. 3.3%, p=0.003), reinfarction (7.1% vs. 2.0%, 
p=0.04), and unscheduled revascularization (13.0% 
vs. 5.4%, p=0.04) were higher in the low than those 
in the high LL-37 level group. The cumulative 
incidence of ischemic stroke (7.0% vs. 2.7%, 
p=0.080) was not different between the two groups 
(Table 4). Kaplan–Meier curves were displayed in 
Fig.2 and Fig.3.

Table 2. Medication at Discharge

Variables LL-37 p value

Low group (n=151) High group (n=151)

Antithrombotic therapy 0.492
Mono-antiplatelet therapy (MAPT) 2 (1.3%) 0 (0%)
Dual antiplatelet therapy (DAPT) 138 (91.4%) 148 (98.0%)
MAPT＋anticoagulation 2 (1.3%) 1 (0.7%)
DAPT＋anticoagulation 0 (0%) 1 (1.3%))
Anticoagulation 2 (1.3%) 0 (0%)
Without discharge medication＊ 7 (4.6%) 1 (0.7%)

Statins 141 (93.4%) 146 (96.7%) 0.185
Angiotensin-converting enzyme inhibitors/angiotensin-receptor blockers 107 (70.9%) 120 (79.5%) 0.083
Beta-blockers 121 (80.1%) 131 (86.8%) 0.122
Mineralocorticoid receptor antagonists 28 (18.5%) 19 (12.6%) 0.153
Diuretics 33 (21.9%) 37 (24.5%) 0.585
Calcium blockers 16 (10.6%) 15 (9.9%) 0.850
Nitrates 100 (66.2%) 108 (71.5%) 0.320

＊In-hospital death (n=8)

Table 4. Cumulative Incidence of Endpoints, Kaplan-Meier Analysis and Multivariable COX Regression Analysis

Total Low LL-37 
group

High LL-37 
group

Log-rank
p value

Multivariable COX regression＊

HR 95%CI p value

MACE 63 (20.9%) 44 (29.1%) 19(12.6%) ＜0.001 0.390 0.227-0.669 ＜0.001
All-cause death 24 (7.9%) 19 (12.6%) 5 (3.3%) 0.003 0.324 0.119-0.879 0.027
Reinfarction 13 (4.5%) 10 (7.1%) 3 (2.0%) 0.040 0.281 0.077-1.022 0.054
Unscheduled revascularization 26 (9.1%) 18 (13.0%) 8 (5.4%) 0.040 0.391 0.170-0.901 0.027
Ischemic stroke 14 (4.9%) 10 (7.0%) 4 (2.7%) 0.080 0.372 0.116-1.193 0.096

*Adjusted for age, gender, LVEF, hypertension and diabetes.

Table 3. Correlation Between LL-37 Levels and Clinical Variables

Variables Correlation coefficient p value

TG 0.218 ＜0.001
TC 0.154 0.008
LDL-C 0.124 0.033
HDL-C -0.093 0.113
TIMI score -0.209 ＜0.001
GRACE score -0.16 0.005
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Fig.2. Kaplan–Meier curves for the cumulative incidence of MACEs, defined as a composite of all-cause mortality, reinfarction, 
unscheduled revascularization, or ischemic stroke

Fig.3. Kaplan–Meier curves for the cumulative incidence

(A) all-cause mortality; (B) reinfarction; (C) unscheduled revascularization; and (D) ischemic stroke.
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Discussion

The major finding of this study is that higher 
basal plasma levels of human LL-37 may predict 
decreased 3-year risks of MACE, all-cause death, and 
unscheduled revascularization in patients after 
STEMI. In the current study, we showed that lower 
levels of LL-37 were associated with worse clinical 
outcomes after STEMI. Two facts supported this 
finding: 1) the low LL-37 group had higher GRACE 
and TIMI scores than the high LL-37 group, and 
LL-37 levels negatively correlated with GRACE and 

factors (Table 5), including age, gender, LVEF, 
hypertension, diabetes, levels of LDL-C, TC, and 
triglycerides. Restricted cubic spline analysis also 
showed that a higher LL-37 level was constantly 
associated with a lower risk of MACE (Fig.4), and 
there were similar results for secondary outcomes 
(Supplementary Fig.1). Although with less statistical 
significance, we associated higher LL-37 levels with 
decreased risk of reinfarction (HR 0.281; 95%CI 
0.077–1.022; p=0.054). The LL-37 level was not 
associated with the risk of ischemic stroke (HR 0.372; 
95%CI 0.116–1.193; p=0.096) (Table 4). 

Table 5. Subgroup analysis for LL-37 levels and major adverse cardiovascular events by established risk factors

Subgroup HR (95% CI) p -value p interaction

Age ≥ 60 years 0.321 (0.144-0.713) 0.005 0.478
Age ＜60 years 0.565 (0.259-1.233) 0.151
Male 0.406 (0.215-0.767) 0.006 0.973
Female 0.454 (0.156-1.323) 0.148
EF ≥ 50% 0.477 (0.247-0.922) 0.028 0.572
EF ＜50 % 0.314 (0.114-0.868) 0.025
Hypertensive 0.362 (0.188-0.696) 0.002 0.534
Non-hypertensive 0.505 (0.184-1.381) 0.183
Diabetic 0.718 (0.313-1.650) 0.435 0.156
Non-diabetic 0.291 (0.137-0.618) 0.001
LDL-C ≥ 2.6 mmol/L 0.622 (0.301-1.284) 0.199 0.086
LDL-C ＜2.6 mmol/L 0.236 (0.093-0.597) 0.002
TC ≥ 4.1 mmol/L 0.505 (0.240-1.066) 0.073 0.346
TC ＜4.1 mmol/L 0.290 (0.119-0.707) 0.006
Triglyceride ≥ 1.7 mmol/L 0.703 (0.296-1.669) 0.424 0.113
Triglyceride ＜1.7 mmol/L 0.263 (0.115-0.601) 0.002

LVEF: left ventricular ejection fraction; LDL-C: low-density lipoprotein cholesterol; TC: total cholesterol.

Fig.4. Restricted cubic spline analysis between LL-37 levels and the risk of MACEs
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diphosphate,  col lagen, and U46619 (11,9 
epoxymethano-prostaglandin H2, a selective agonist 
of prostaglandin H2/thromboxane A2 receptor) 
induced human platelet aggregation in a dose-
dependent manner10). LL-37 also inhibited P-selectin 
expression on human platelets, decreased human 
platelet spreading on immobilized fibrinogen, and 
attenuated arteriovenous shunt thrombosis in rats10). 
These results demonstrated that LL-37 has antiplatelet 
and antithrombotic functions. LL-37 at 0.5–5 µM 
range also increases endothelial cell stiffness of various 
cell types. It reduces endothelial cell permeability 
coincident with the remodeling of the actin 
cytoskeleton and adherens junction proteins, 
indicating that LL-37 may enforce endothelial barrier 
integrity24). These findings suggest that human LL-37 
may have beneficial effects on the cardiovascular 
system.

A l though  LL-37 ’s  an t imic rob i a l  and 
immunomodulatory functions have been intensively 
investigated, the mechanisms of its potential protective 
roles on atherosclerosis and AMI are widely unknown. 
LL-37 has 46% identity in amino acid sequence with 
the mouse cathelicidin-related antimicrobial peptide 
(CRAMP). Thus, CRAMP mechanisms involved in 
AMI may provide some information about LL-37. 
Recent studies have shown that CRAMP has 
protective roles in mouse AMI models. In the mouse 
myocardial ischemia/reperfusion injury model, 
intraperitoneal injection of CRAMP peptide 3 days 
before ligation of the left anterior descending artery 
reduced cardiomyocyte apoptosis and myocardial 
ischemia/reperfusion injury25). In contrast, CRAMP 
knockdown enhances cardiomyocyte apoptosis, 
whereas CRAMP knockout (CRAMP−/−) increases 
the infarct size and myocardial apoptosis. This may be 
mediated by activating Akt and ERK1/2 and 
phosphorylation and nuclear export of FoxO3a using 
CRAMP25). Moreover, injection of bone-marrow-
derived stem/progenitor cells (BMSPCs) pre-
incubated with CRAMP around the infarct border 
zones enhanced cardiac recovery and reduced the scar 
size and adverse remodeling26). Similarly, sustained 
CRAMP release from hydrogels injected into the 
infarction border zone enhanced the functional 
recovery, increased capillary density, and decreased 
scar size. This effect may be attributable to enhanced 
BMSPC retention/recruitment and the therapeutic 
effect of stromal-derived factor 1 26). 

However, some studies demonstrated that 
CRAMP or LL-37 might be prothrombotic or 
proatherosclerotic. In a carotid artery ligation model, 
transplanting the bone marrow of CRAMP−/− mice 
to wild-type (CRAMP+/+) mice reduced thrombus 

TIMI scores. Both of them are established clinical risk 
scores to predict short- and long-term outcomes after 
STEMI13-15), and 2) our previous study showed that 
basal levels of plasma LL-37 were lower in patients 
with STEMI than those without CAD and stable 
CAD, and its levels restored within 24 h after 
STEMI11). This indicates that decreased blood LL-37 
level  may be associated with the STEMI 
pathophysiology or clinical risk.

Although the cumulative incidence of 
reinfarction was lower in the high than that in the low 
LL-37 level group (p=0.04), the statistical significance 
was attenuated after multiple adjustments (p=0.054). 
This may be due to the relatively small sample size in 
this study. Comparisons of baseline characteristics 
revealed that triglyceride, TC, and LDL-C levels were 
higher in the high than in the low LL-37 group, which 
positively correlated with LL-37 levels. Unsurprisingly, 
previous studies showed that triglyceride, TC, and 
LDL-C levels are lower in the acute phase of AMI, 
which may predict increased long-term mortality and 
MACE16-20). Moreover, declined baseline LDL-C level 
progressively reduces the benefit of intensive lipid-
lowering therapy in statin-naive patients with acute 
coronary syndrome 17). However, we found no 
interactions between levels of LL-37 and the above 
lipid measurements, suggesting that LL-37’s protective 
effect was not altered by dyslipidemia. Our study 
suggests that LL-37 is probably a factor associated 
with the residual cardiovascular risk. 

LL-37 is a pleotropic bioactive peptide that may 
not only act as a biomarker for cardiovascular diseases 
but may also have therapeutic potential. The well-
known protective function of LL-37 is tissue repair. In 
a randomized, placebo-controlled clinical trial, 
applying a viscous solution of LL-37 in polyvinyl 
alcohol with 0.5 to 1.6 mg/mL concentrations 
enhanced the healing of hard-to-heal venous leg ulcers 
compared with the placebo21). This was supported by 
another clinical study, which showed serum LL-37 
concentrations to be strongly associated with healing 
rates of venous leg ulcers22). Patients with poor and 
moderate wound healing had the lowest serum LL-37 
levels, whereas patients with good and fast healing 
rates had higher LL-37 values22). In a mouse model of 
carotid artery stenting, nitinol stent coated with 
LL-37 decreased in-stent stenosis9), indicating that 
LL-37 enhances vascular healing. Further, increased 
externalization of LL-37 on neutrophil extracellular 
traps generated from well-controlled type 2 diabetes 
mellitus neutrophils promoted the wound healing 
process via fibroblast activation and differentiation 
using the scratch wound healing assay23). An in vitro 
study showed that LL-37 inhibited the adenosine 
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and associated with an increased risk of adverse 
reaction (ulcer necrosis or severe inflammatory 
reaction)21). Thus, experimental and clinical studies 
investigating the effects of LL-37 on atherosclerotic 
diseases should investigate the optimum dose and 
inquiry if it is attributable to the toxic effect of 
overdosing when harmful results occur. 

There are some limitations to the current study. 
First，the study was performed in a single-center, and 
the number of patients was relatively small. Second, 
patients with cardiogenic shock were excluded. These 
may have led to selection bias. Therefore, a future 
multi-center, large-scale study involving cardiogenic 
shock patients is expected to confirm the present 
study’s findings. 

Conclusion
In conclusion, a higher basal plasma LL-37 level 

may predict decreased 3-year risks of ischemic events 
after STEMI. Together with the findings of previous 
studies11, 25, 26), our results indicate that LL-37 might 
be protective in atherosclerotic diseases. The LL-37 
peptide or options enhancing native LL-37 production 
may have therapeutic potential for patients with AMI.
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Supplementary Fig.1.  Restricted cubic spline analysis between LL-37 levels and the risks of all-cause mortality (A), reinfarction (B), 
unscheduled revascularization (C), and ischemic stroke (D)
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