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Abstract: Objective: To analyze the relationship between serum mannan-binding lectin-associated protein 44 
(MAp44) level and myocardial injury severity in acute myocardial infarction (AMI) patients, and explore its value for 
30-day prognostic assessment. Methods: A retrospective study included 128 AMI patients admitted to The First Hos-
pital of Zhangjiakou from January 2023 to June 2024, divided into mild (n=57) and severe myocardial injury groups 
(n=71). General data and MAp44 levels were compared. For 30-day prognosis, patients were stratified into a major 
adverse cardiovascular event (MACE, n=37) and a non-MACE group (n=91). Univariate and multivariate analyses 
identified poor prognostic factors, and predictive values of indicators were compared. An independent cohort (82 
AMI patients, February-October 2025) validated the model. Results: The severe group had significantly lower MAp44 
and higher cardiac troponin T (cTnT) than the mild group (P<0.001). MAp44 was negatively correlated with cTnT 
(r=-0.666, P<0.001). The 30-day MACE incidence was 28.91%. Extensive infarction, ≥2 coronary lesions, elevated 
cTnT, and low MAp44 were MACE risk factors (P<0.05). The combined model (infarction size + coronary lesions + 
cTnT, and + MAp44) had the highest prognostic value (AUC=0.890, sensitivity =78.40%, specificity =83.50%), with 
84.1% accuracy in the validation cohort. Conclusion: Serum MAp44 levels decrease with increasing myocardial 
injury severity in AMI patients; low MAp44 is an independent risk factor for 30-day MACE.
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Introduction

The most common heart event in the world is 
acute myocardial infarction (AMI). The most 
common pathogenesis of AMI is the rupture or 
erosion of unstable coronary plaques, which 
leads to thrombus formation and persistent 
complete blockage of the coronary arteries [1]. 
This condition usually develops rapidly and 
deteriorates quickly. Blood clots in the blood 
vessels, plaque detachment, coronary artery 
stenosis, and vasospasm can all trigger the dis-
ease. If not treated in time, it can be life-threat-
ening [2]. Global epidemiologic data estimate 
that there were approximately 197.2 million 
cases of AMI worldwide in 2019, of which 9.1 
million died [3]. Trends show that the overall 

incidence and mortality of AMI in China are still 
rising, and the number of AMI patients in China 
will reach 23 million by 2030. Studies have 
shown that the 1-year, 3-year, and 5-year mor-
tality rates of AMI patients are approximately 
14.4%, 23.6%, and 30.0%, respectively [4]. 
Percutaneous coronary intervention is a com-
mon treatment for AMI patients. By clearing the 
blocked artery, blood can flow to the myocardi-
um. Most patients recover well after the proce-
dure, but in the short term, some patients will 
experience adverse cardiovascular events, 
affecting their prognosis [5]. Currently, the clini-
cal methods used for prognostic assessment of 
AMI include the clinical trial score for thrombo-
lytic therapy for myocardial infarction and the 
global acute coronary event registry score [6]. 
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However, these methods require a large num-
ber of examinations, are complex to operate 
and time-consuming, and have certain limita-
tions. Therefore, the rapid and accurate deter-
mination of prognostic indicators for myocardi-
al infarction has become a hot topic of clinical 
research. The main laboratory markers for clini-
cal assessment of AMI are serum markers of 
myocardial injury, such as creatine kinase, cre-
atine kinase isoenzymes, cardiac troponin and 
lactate dehydrogenase. Cardiac troponin has 
become the gold standard for diagnosing myo-
cardial injury. It is an important serum regula-
tory protein complex in human myocardial con-
traction [7]. Mannose-binding lectin-associated 
protease 44 (MAP44) is a newly discovered 
non-enzymatic structural protein belonging to 
the mannose-binding lectin-associated serine 
protease (MASP) family [8]. It is expressed pri-
marily in myocardial tissue, liver, skeletal mus-
cle, and brain tissue. Serine protease inhibitors 
are key regulatory molecules that modulate 
and alleviate excessive inflammation and pro-
tease activity in tissues [9]. Studies have shown 
that plasma recombinant human MAp44 is 
involved in the development of cardiac tissue 
[10]. In many autoimmune diseases, MAp44 
has been found to interact with complement 
components, leading to complement dysregula-
tion and amplifying inflammatory responses 
[11]. These findings suggest that MAp44 may 
be a biomarker of disease states and a thera-
peutic target for alleviating complement-medi-
ated diseases. Given the crucial role of the 
complement system and inflammation in the 
pathogenesis of myocardial ischemia-reperfu-
sion injury following AMI [12, 13], we hypothe-
sized that MAp44, as a key endogenous regula-
tor of the lectin complement pathway, may 
reflect the extent of this injury and subsequent 
cardiac repair processes.

Blood proteins provide essential information 
about human health and can serve as biomark-
ers and drug targets. Compared to tissue-spe-
cific diseases, plasma proteins are directly 
exposed in blood vessels and therefore have 
important applications in the treatment of car-
diovascular diseases [14]. Based on this, this 
study aimed to investigate the expression level 
of MAp44 in the serum of patients with AMI and 
analyze its correlation with the degree of myo-
cardial injury and 30-day prognosis, so as to 
clarify the clinical value of MAp44 protein as a 

biomarker for assessing the severity of AMI and 
short-term prognosis. This will provide a new 
theoretical basis for optimizing risk stratifica-
tion, early intervention, and improving progno-
sis of patients with AMI.

Materials and methods

Sample source

We conducted a retrospective study and select-
ed 128 patients diagnosed with AMI and admit-
ted to the First Hospital of Zhangjiakou from 
January 2023 to June 2024. These patients 
were divided into mild (n=57) and severe myo-
cardial injury groups (n=71). To validate the pre-
dictive model, an additional 82 patients with 
AMI hospitalized between July 2024 and July 
2025 were included as an external validation 
cohort. All included patients met the corre-
sponding diagnostic criteria for AMI [15]. The 
clinical manifestations were recurrence and 
worsening of pre-existing angina symptoms, 
namely, sudden, severe, and persistent squeez-
ing pain behind the sternum or in the precordial 
region, accompanied by a feeling of impending 
death, and reduced or ineffective nitroglycerin 
efficacy. The main imaging changes were the 
appearance of new Q waves, ST-segment eleva-
tion, and dynamic ST-T changes. This study has 
been approved by the Ethics Committee of the 
First Hospital of Zhangjiakou.

Sample size calculation

The sample size estimation formula was 
N=Z2×[P×(1-P)]/E2, where N is the total sample 
size, Z is the confidence interval (value 1.96), E 
is the sampling error range (value 0.1), and P is 
the probability value (value 0.3). Considering a 
sample loss rate of 20% to 30%, the sample 
size range is 97 to 105 cases. After compre-
hensive consideration, this study ultimately 
included 128 samples, which met the research 
criteria.

Inclusion and exclusion criteria

Inclusion criteria: (1) Meeting the diagnostic cri-
teria for AMI and undergoing coronary angiogra-
phy; (2) First-time diagnosis of AMI, with the 
time from onset to admission <24 hours; (3) 
Age between 18 and 80 years; (4) Complete 
clinical data. Exclusion criteria: (1) Mental dis-
order or cognitive impairment; (2) Congenital 
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heart disease; (3) Malignant tumor; (4) Cere- 
brovascular disease; (5) Immune system dis-
ease; (6) Hematologic disease; (7) Severe liver 
and kidney dysfunction; (8) Refusal to partici-
pate in 30-day follow-up.

Determination of myocardial injury

Coronary angiography was performed on pa- 
tients, and the criteria for evaluating the degree 
of myocardial injury were as follows: Mild myo-
cardial injury was defined as infarct area <10% 
of left ventricular myocardium (assessed by 
quantitative coronary angiography [QCA]) and 
low density; contrast agent perfusion in the 
infarct area was significantly reduced (TIMI 
grade 2), but the area still retained a certain 
degree of systolic function (echocardiography 
showed left ventricular ejection fraction [LVEF] 
≥50%). Severe myocardial injury was defined as 

infarct area ≥10% of left ventricular myocardi-
um (QCA assessment) and high density; con-
trast agent perfusion in the infarct area was 
significantly reduced (TIMI perfusion grade  
0-1) [16], or even completely absent, and ven-
tricular wall motion was restricted or even  
completely absent (echocardiography showed 
LVEF<50%). A representative coronary angiog-
raphy image and corresponding delayed gado-
linium-enhanced cardiac MRI images showing 
the infarct size and transmural classification 
are shown in Figure 1.

Data collection

Patient information was collected, including 
gender, age, body mass index (BMI), hyperten-
sion, diabetes, hyperlipidemia, smoking history, 
alcohol consumption history, time from onset 
to admission, heart rate at admission, diastolic 

Figure 1. Representative coronary angiography and myocardial infarction imaging in AMI patients. A: 58-year-old 
male: Severe stenosis of proximal left anterior descending artery (LAD, red arrow) by non-calcified plaque; left ven-
tricular subendocardial myocardial infarction (blue arrow, mild myocardial injury). B and C: 65-year-old male: Diffuse 
severe LAD stenosis (red arrow) by mixed plaques; left ventricular inferior wall transmural myocardial infarction (blue 
arrow, severe myocardial injury).
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blood pressure at admission, systolic blood 
pressure at admission, total cholesterol, trig- 
lycerides, high-density lipoprotein cholesterol, 
low-density lipoprotein cholesterol, infarct area, 
infarct location, number of coronary artery 
lesions, whether interventional treatment was 
received, cardiac troponin T (cTnT), and MAp44 
levels.

30-day prognosis

All patients were followed up regularly every 30 
days at the outpatient clinic or by telephone. 
The incidence of major adverse cardiovascular 
events (MACE) was recorded during the study 
period. MACE included recurrent myocardial 
infarction, severe heart failure, severe arrhyth-
mia, cardiogenic shock, and death. Finally, 37 
people were assigned to the MACE group, and 
91 people were assigned to the non-MACE 
group.

Statistical analysis

Continuous variables were expressed as mean 
± standard deviation. Comparisons between 
groups were performed using t-tests or Mann-
Whitney U tests. Categorical variables were 
described as frequencies and percentages. 
Differences between groups were analyzed 
using chi-square test and Fisher’s exact test. 
Pearson correlation analysis was used to 
explore the correlation between MAp44 and 
cTnT levels, and logistic regression was used to 
analyze factors influencing poor patient prog-
nosis. Relative operating characteristic curves 
(ROC) were used to evaluate the predictive 

value of each indicator, and Delong’s tests were 
used to compare differences in predictive 
value. The performance difference between 
the predictive model and the gold standard  
was evaluated using McNemar’s test. All statis-
tical analyses were performed using SPSS  
26.0 software. All statistical analyses were  
two-tailed tests. A P value <0.05 was consid-
ered significant.

Results

Comparison of general data of patients with 
different degrees of myocardial injury

General information was compared between 
patients with mild and severe myocardial in- 
jury. There were no statistically significant  
differences in the distribution of data regard- 
ing gender, age, body mass index (BMI), hy- 
pertension, diabetes, hyperlipidemia, smoking 
history, or alcohol consumption history bet- 
ween the two groups (all P>0.05) (Table 1). 
During the 30-day follow-up, the incidence of 
MACE in the severe injury group (35.21%) was 
higher than that in the mild injury group 
(21.05%), but the difference was not  signifi-
cant (P=0.079).

Comparison of MAp44 and cTnT levels among 
patients with different degrees of myocardial 
injury

The MAp44 level in the severe group (1.05±0.34 
μg/ml) was lower than that of the mild group 
(1.71±0.67 μg/ml) (P<0.001) (Figure 2). The 
cTnT level in the severe group (3.10±0.53 ng/

Table 1. Comparison of general data of patients with different degrees of myocardial injury
Variable Mild group (n=57) Severe group (n=71) Statistics P value
Gender [n, (%)] χ2=0.019 0.891
    Male 32 (56.14) 39 (54.93)
    Female 25 (43.86) 32 (45.07)
Age (year) 52.46±9.39 54.27±9.00 t=-1.110 0.269
BMI (kg/m2) 23.21±3.37 23.26±3.55 t=-0.072 0.943
Hypertension [n, (%)] 32 (56.14) 39 (54.93) χ2=0.019 0.891
Diabetes [n, (%)] 19 (33.33) 25 (35.21) χ2=0.049 0.824
Hyperlipidemia [n, (%)] 9 (15.79) 12 (16.90) χ2=0.029 0.866
Smoking [n, (%)] 21 (36.84) 18 (25.35) χ2=1.970 0.160
Drinking [n, (%)] 18 (31.58) 28 (39.44) χ2=0.848 0.357
MACE [n, (%)] 12 (21.05) 25 (35.21) χ2=3.08 0.079
Note: BMI, body mass index; MACE, major adverse cardiovascular events.
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mL) was higher than that of the mild group 
(2.12±0.54 ng/mL), (P<0.001) (Figure 3).

Comparison of MAp44 levels based on demo-
graphic and infarction-related factors

There were no significant differences in MAp- 
44 levels among patients stratified by sex, age, 
or BMI (all P>0.05), indicating that MAp44 
expression is not influenced by these demo-
graphic and anthropometric factors (Table 2). 
MAp44 levels did not differ significantly bet- 
ween patients stratified by infarct size or infarct 
location (both P>0.05).

Correlation between MAp44 and cTnT levels

Pearson correlation analysis showed a signifi-
cant negative correlation between MAp44 and 
cTnT (r=-0.666, P<0.001) (Figure 4).

MACE events

During a 30-day follow-up, 37 MACE events 
occurred in 128 patients with AMI, with an inci-
dence rate of 28.91%. These included 8 cases 
of recurrent myocardial infarction, 12 cases of 
severe heart failure, 10 cases of severe arrhy- 
thmia, 5 cases of cardiogenic shock, and 2 
deaths (Figure 5).

Univariate analysis of poor prognosis in pa-
tients

Comparing clinical data between the MACE 
group and the non-MACE group, the MA- 
CE group had a higher proportion of pati- 
ents with large-area myocardial infarction 
(70.27%), a higher proportion of patients  
with coronary artery disease involving ≥2 ves-
sels (37.84%), and a higher cTnT level (3.21 
±0.51) ng/mL, compared to (2.44±0.68) ng/
mL in the non-MACE group. The MAP44 level  
in the MACE group (0.92±0.28) μg/ml was  
significantly lower than that in the non-MA- 
CE group (1.52±0.62) μg/ml (all P<0.05). 
However, there were no significant differences 
in the distribution of other data (all P>0.05) 
(Table 3).

Multivariate analysis of poor prognosis in 
patients

Using the occurrence of MACE within 30 days 
as the dependent variable (1: occurrence, 0:  
no occurrence), the significant factors by  
univariate analysis were used as indepen- 
dent variables. Definitions of categorical in- 
dependent variables: (1) 1: large-area myo- 
cardial infarction; 0: small-area myocardial 
infarction; (2) 1: number of coronary artery 
lesions ≥2; 0: single-vessel lesion. cTnT and 
MAp44 were included in the multivariate lo- 
gistic regression analysis with their raw va- 
lues. The results showed that large-area in- 
farction, coronary artery lesions ≥2, high cTnT 
levels, and low MAp44 levels were risk fa- 
ctors for MACE within 30 days (all P<0.05) 
(Table 4).

Predictive model for poor prognosis

The predictive model was constructed using 
multivariate logistic regression, with the follow-
ing formula: Logit(P) = 1.878 × (infarct size) + 
1.659 × (number of coronary artery lesions) + 
1.553 × (cTnT) - 2.279 × (MAp44) - 4.26. Where 

Figure 2. Comparison of Map44 between the mild 
group and severe group. Note: MAp44, Mannose-
binding lectin-associated protease 44.

Figure 3. Comparison of cTnT between the mild 
group and severe group. Note: cTnT, cardiac troponin 
T. *** represents P<0.001.
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P is the probability of MACE, infarct area is 
coded as 1 for large area (left ventricle ≥10%) 
and 0 for small area (left ventricle <10%); 
lesions ≥2 are coded as 1 for presence and  
0 for absence; cTnT is input in ng/mL and 
MAp44 in μg/mL. Comparing the prognostic 
predictive value of infarct area, number of co- 
ronary artery lesions, cTnT, MAp44, and the 
combined value of these four indicators, the 
combined prediction had the highest AUC of 
0.890 (0.830-0.951), with a sensitivity of 
78.40% and a specificity of 83.50%. Further 
Delong’s testing was performed on the AUC  
values, comparing the combined value of the 
four indicators with each individual indicator 
(infarct area, number of coronary artery lesions, 

cTnT, MAP44) (all P<0.05) (Tables 5 and 6; 
Figure 6).

Clinical validation

External validation of the combined predic- 
tive model (including infarct area, number of 
coronary artery lesions, cTnT, and MAp44) was 
performed in an independent cohort of 82 
patients. Of these, 25 were clinically diagnosed 
with MACE, and 57 were not MACE. The model 
identified 24 MACE-positive patients and 58 
MACE-negative patients. The confusion matrix 
(Table 7) showed that the model correctly pre-
dicted 18 true positives and 51 true negatives, 

Table 2. Differences in MAp44 levels stratified by demographic characteristics, infarct size, and 
infarct location
Grouping MAp44 (μg/ml) T/F value P value
Demographic characteristics
Gender Male (n=71) 1.41±0.61 1.322 0.189

Female (n=57) 1.26±0.60
Age (year) <50 (n=40) 1.36±0.56 0.240 0.811

≥50 (n=88) 1.34±0.63
BMI (kg/m2) <24 (n=79) 1.36±0.60 0.371 0.711

≥24 (n=49) 1.32±0.63
Infarction situation
Infarct area Big (n=62) 1.34±0.55 0.03 0.976

Small (n=66) 1.35±0.67
Infarction location Anterior interwall (n=62) 1.46±0.64 2.27 0.107

Anterior side wall (n=26) 1.21±0.51
Extensive front wall (n=40) 1.25±0.60

Note: MAp44, Mannose-binding lectin-associated protease 44; BMI, body mass index.

Figure 4. Correlation analysis between MAp44 and 
cTnT. Note: cTnT, cardiac troponin T; MAp44, Man-
nose-binding lectin-associated protease 44.

Figure 5. MACE incident situation. Note: MACE, major 
adverse cardiovascular events.
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Table 3. Univariate analysis of poor prognosis

Variable MACE group 
(n=37)

Non-MACE group 
(n=91) Statistics P value

Gender [n, (%)] χ2=0.336 0.562
    Male 22 (59.46) 49 (53.85)
    Female 15 (40.54) 42 (46.15)
Age (year) 52.84±9.16 53.71±9.24 t=-0.488 0.626
BMI (kg/m2) 23.16±3.51 23.27±3.45 t=-0.148 0.883
Hypertension [n, (%)] 18 (48.65) 53 (58.24) χ2=0.980 0.322
Diabetes [n, (%)] 13 (35.14) 31 (34.07) χ2=0.013 0.908
Hyperlipidemia [n, (%)] 6 (16.22) 15 (16.48) χ2=0.001 0.970
Smoking [n, (%)] 10 (27.03) 29 (31.87) χ2=0.291 0.590
Drinking [n, (%)] 12 (32.43) 34 (37.36) χ2=0.278 0.598
Time from onset to admission (h) 3.24±1.38 3.27±1.41 t=-0.115 0.908
Heart rate (times/min) 92.14±15.08 91.84±15.78 t=0.099 0.922
DBP (mmHg) 70.81±13.24 71.05±13.20 t=-0.095 0.925
SBP (mmHg) 107.35±17.52 106.54±17.45 t=0.239 0.812
TC (mmol/L) 3.46±0.62 3.44±0.65 t=0.161 0.872
TG (mmol/L) 1.09±0.21 1.11±0.23 t=-0.464 0.644
HDL-C (mmol/L) 0.82±0.23 0.84±0.21 t=-0.333 0.740
LDL-C (mmol/L) 2.43±0.64 2.41±0.64 t=0.164 0.870
Infarct area [n, (%)] χ2=9.933 0.002
    Big 26 (70.27) 36 (39.56)
    Small 11 (29.73) 55 (60.44)
Infarction location [n, (%)] χ2=1.437 0.488
    Anterior interwall 15 (40.54) 47 (51.65)
    Anterior side wall 8 (21.62) 18 (19.78)
    Extensive front wall 14 (37.84) 26 (28.57)
Number of coronary artery lesions [n, (%)] χ2=9.875 0.002
    1 23 (62.16) 79 (86.81)
    ≥2 14 (37.84) 12 (13.19)
Interventional therapy [n, (%)] 22 (59.46) 61 (67.03) χ2=0.662 0.416
cTnT (ng/mL) 3.21±0.51 2.44±0.68 t=6.289 <0.001
MAp44 (μg/ml) 0.92±0.28 1.52±0.62 t=-5.674 <0.001
Note: MACE, major adverse cardiovascular events; BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood 
pressure; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cho-
lesterol; cTnT, cardiac troponin T; MAp44, Mannose-binding lectin-associated protease 44.

Table 4. Multifactorial analysis of poor prognosis
Variable β value SE Wald χ2 P value OR (95%CI)
Infarct area 1.878 0.568 10.930 0.001 6.539 (2.148-19.907)
Number of coronary artery lesions 1.659 0.644 6.632 0.010 5.252 (1.486-18.556)
cTnT 1.553 0.526 8.708 0.003 4.727 (1.685-13.262)
MAp44 -2.279 0.898 6.448 0.011 0.102 (0.018-0.595)
Note: SE, standard error; OR, odds ratio; CI, confidence interval; cTnT, cardiac troponin T; MAp44, Mannose-binding lectin-
associated protease 44.

yielding a sensitivity of 72.0% and a specificity 
of 89.5%. The overall accuracy of the model 

was 84.1%, demonstrating its robust clinical 
applicability.
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Table 5. The value of different indicators in prognosis prediction

Variable AUC 95% CI P value Cut off Youden 
index

Sensitivity 
(%)

Specificity 
(%)

Infarct area 0.654 0.550-0.757 0.007 0.307 70.30 60.40
Number of coronary artery lesions 0.623 0.510-0.736 0.029 0.246 37.80 86.80
cTnT 0.803 0.729-0.878 <0.001 2.48 ng/mL 0.528 94.60 58.20
MAp44 0.802 0.725-0.880 <0.001 1.205 μg/ml 0.446 91.90 52.70
Joint indicator 0.890 0.830-0.951 <0.001 0.784 78.40 83.50
Note: AUC, area under curve; CI, confidence interval; cTnT, cardiac troponin T; MAp44, Mannose-binding lectin-associated protease 44.

Table 6. Delong test of the ROC curve
Variable AUC difference SE 95%CI Z P value
Infarct area-Joint indicator -0.237 0.275 -0.323- -0.151 -5.383 <0.001
Number of coronary artery lesions-Joint indicator -0.267 0.272 -0.354- -0.181 -6.049 <0.001
cTnT-Joint indicator -0.087 0.260 -0.148- -0.026 -2.796 0.005
MAp44-Joint indicator -0.088 0.264 -0.167- -0.009 -2.190 0.029
Note: AUC, area under curve; SE, standard error; CI, confidence interval; cTnT, cardiac troponin T; MAp44, Mannose-binding 
lectin-associated protease 44.

Figure 6. ROC curve analysis of predictive efficacy. 
Note: ROC, receiver operating characteristic; cTnT, 
cardiac troponin T; MAp44, Mannose-binding lectin-
associated protease 44.

Discussion

AMI has a complex pathologic mechanism and 
poses a serious threat to patients’ lives [17]. 
Early risk stratification of AMI is crucial for guid-
ing treatment intensity and follow-up strategies 
to prevent MACE. In blood indicators, this mani-
fests as abnormalities in myocardial enzyme 
components. However, in the clinical diagnosis 
of myocardial injury, myocardial enzymes have 
limitations in assessing clinical condition due 
to their long half-lives. MAp44 is an endoge-
nous inhibitor of the lectin complement path-
way and is highly expressed in cardiac tissue 
[18, 19]. Its potential role in cardiovascular dis-
ease stems from its ability to modulate comple-
ment-mediated inflammation, a key driver of 
ischemia-reperfusion injury [20]. We therefore 
hypothesized that circulating MAp44 levels 
might reflect the degree of myocardial damage 
and repair capacity post-AMI.

This study compared the levels of MAp44 and 
cTnT in patients with mild and severe myocar-
dial injury. The results showed that the severe 
group had lower MAp44 levels and higher cTnT 
levels. When AMI occurs, myocardial ischemia-
reperfusion triggers complement system acti-
vation, releasing a large number of inflamma-
tory factors and oxygen free radicals, leading to 
myocardial cell necrosis [20]. MAp44 can inhib-
it excessive activation of the complement sys-
tem by competing with MASP-2 to bind lectins, 

Table 7. Clinical validation of the predictive 
model

Predictive model
Clinical diagnosis

Total
MACE Non-MACE

MACE 18 6 24
Non-MACE 7 51 58
Total 25 57
P valuea 1.00
Note: MACE, major adverse cardiovascular events. aP: 
McNemar’s test.
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thereby reducing the damage to myocardial 
cells caused by the inflammatory response. 
Hertle et al. [21] found that the expression level 
of recombinant human MAp44 in plasma was 
positively correlated with endothelial dysfunc-
tion, and that it had a function in endothelial 
activation independent of the lectin pathway. 
cTnT is a specific marker of myocardial cell 
necrosis. That is, the lower the MAp44 level, 
the more severe the myocardial cell necrosis, 
and the more cTnT is released. The results of 
this study showed that there was no significant 
difference in MAp44 levels between male and 
female subgroups in different gender, age, or 
BMI subgroups. This may be because the core 
function of MAp44 is to inhibit excessive activa-
tion of the complement system, and its synthe-
sis and release are primarily regulated by path-
ological signals such as myocardial ischemia 
and inflammatory factors, rather than directly 
influenced by gender-related hormones or met-
abolic indicators [22]. In addition, studies have 
shown that MAp44 concentrations do not differ 
between sexes or exhibit significant diurnal 
variations. The study also found that capillary 
concentrations of MAp44 were highly consis-
tent with those in venous blood samples [23]. 
These findings may be helpful for future 
research on the lectin pathway in infants and 
young children.

In recent years, with the advancement of treat-
ment technology, the mortality rate of AMI has 
decreased, but long-term observation has 
found that some patients still experience 
MACE. It has been reported that MACE increas-
es the instability of atherosclerotic plaques, 
aggravates myocardial damage, and increases 
the risk of adverse outcomes [24]. Therefore, 
focusing on screening high-risk groups for 
MACE and taking active preventive measures is 
an important way to reduce the incidence of 
MACE and improve patient prognosis. This 
study found that large infarction, ≥2 coronary 
artery lesions, high cTnT levels, and low MAp44 
levels were risk factors for MACE within 30 
days. The infarct area and the number of dis-
eased vessels are positively correlated with the 
severity of the patient’s condition; as the infarct 
area expands and the number of diseased ves-
sels increases, the patient’s cardiac contractil-
ity decreases, and the condition becomes more 
severe, making MACE events more likely to 
occur [25]. In the study by Alusik et al. [26], the 

cardiac compensatory capacity of patients with 
large myocardial infarction decreased and the 
cardiac pumping function was insufficient. cTnT 
is a specific structural protein within cardiomyo-
cytes, that is released into the bloodstream in 
large quantities only when cardiomyocytes die 
or their cell membrane integrity is compro-
mised. Numerous studies have suggested that 
high cTnT levels increase the risk of MACE in 
patients with AMI through mechanisms such as 
expanding the extent of myocardial necrosis, 
triggering inflammation and oxidative stress, 
suggesting the severity of coronary artery dis-
ease, and disrupting myocardial electrophysio-
logical stability [27, 28]. Previous studies have 
shown that MASP-1 and MASP-2 contribute to 
the formation of fibrin clots in vitro, and MASP-1 
is crucial for obstructive thrombosis in a mouse 
model of arterial injury [29]. In contrast, MAp44 
may have a protective effect against cardiovas-
cular disease because it can reduce infarct size 
and prevent ischemia/reperfusion injury [30]. 
Furthermore, preliminary explorations have 
been conducted on the expression changes 
and clinical significance of MAp44 in other dis-
eases, and its role as a regulator of inflamma-
tion and complement systems may have a uni-
versality across diseases. Patients with variant 
immunodeficiency had MAp44 levels 0.87 
times lower than normal [31]. The lectin path-
way is altered in patients with head and neck 
cancer, and MAp44 levels in cancer patients 
are lower than in healthy individuals [32]. 
Michalski et al. [33] investigated factors relat-
ed to the initiation and regulation of the com-
plement lectin pathway influencing the prog- 
nosis of pediatric cardiopulmonary bypass sur-
gery and found that patients with low MAp44 
levels had a higher risk of complications such 
as postoperative low cardiac output syndrome, 
renal insufficiency, and systemic inflammatory 
response syndrome. However, in the study by 
Frauenknecht et al. [34], the levels of MASP-1 
and MASP-2 in circulating plasma of patients 
with cardiovascular disease were altered, while 
the levels of MASP-3 and MAp44 did not show 
differences, which contradicts the results of 
this study. This may be related to differences in 
disease type and pathologic stage, sample 
selection, confounding factors, and the sensi-
tivity of the detection methods.

The results of this study have several potential 
clinical implications. First, combining serum 
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MAp44 detection with established biomarkers 
(such as cTnT) may allow for a more nuanced 
assessment of myocardial injury severity, mov-
ing beyond infarct size assessment alone. The 
significant negative correlation between the 
two suggests that reduced MAp44 may indi-
cate excessive complement activation and 
impaired intrinsic protective function, thus 
identifying high-risk pathophysiologic pheno-
types. Second, and more importantly, MAp44 
has become an independent predictor of 
30-day MACE. Incorporating it into a multifactor 
model (including infarct size, multivessel dis-
ease, and cTnT) significantly improved the accu-
racy of prognostic assessment (AUC of 0.890). 
This model was validated in independent 
cohorts, providing a practical tool for early risk 
stratification. In clinical practice, patients iden-
tified as high-risk through such models can be 
targeted for more intensive surveillance, earlier 
and more aggressive secondary prevention, or 
consideration of novel therapies designed to 
modulate complement pathways. The stability 
of MAp44 levels across different demographic 
characteristics (sex, age, BMI) further supports 
its practicality as a reliable biomarker, unaf-
fected by these common variables. 

However, this study had limitations. It was a 
single-center retrospective study with a rela-
tively small sample size, potentially leading to 
selection bias. Furthermore, it only followed up 
on short-term prognosis over 30 days, failing to 
reflect its association with long-term prognosis. 
Future research should conduct multi-center, 
large-sample prospective studies, including 
AMI patients from different regions and with 
diverse population characteristics, to validate 
the universality of MAp44 as a prognostic bio-
marker and extend the follow-up period to one 
year or longer to clarify the association between 
MAp44 and the long-term risk of MACE and 
long-term prognosis in AMI patients.

Conclusion

The results of this study indicate that serum 
MAp44 levels in AMI patients are associated 
with the severity of myocardial injury. Patients 
with severe myocardial injury have lower 
MAp44 levels and higher cTnT levels, and 
MAp44 is negatively correlated with cTnT. 
Multivariate analysis showed that large infarct 
area, ≥2 coronary artery lesions, high cTnT lev-

els, and low MAp44 levels were independent 
risk factors for MACE within 30 days in AMI 
patients. In addition, the combined predictive 
model of infarct area, number of coronary 
artery lesions, cTnT, and MAp44 achieved an 
AUC of 0.890, demonstrating a high predictive 
value. External validation in an independent 
patient cohort confirmed the model’s high 
accuracy, supporting the clinical application of 
MAp44 as part of a multi-biomarker strategy 
for risk stratification in AMI patients. Combined 
detection of multiple indicators helps optimize 
clinical risk stratification and individualized 
intervention strategies.

Acknowledgements 

This work was supported by the 2022 Medical 
Science Research Project of Hebei Province 
(20221893).

Disclosure of conflict of interest

None.

Address correspondence to: Rui Wang, Depart- 
ment of Laboratory Medicine, The First Hospital of 
Zhangjiakou, No. 6, Libaiisi Alley, Xinhua Front 
Street, Qiaoxi District, Zhangjiakou 075000, He- 
bei, China. Tel: +86-0313-8046052; E-mail: wga-
rui@163.com

References

[1]	 Pepe M, Addabbo F, Cecere A, Tritto R, Napoli 
G, Nestola PL, Cirillo P, Biondi-Zoccai G, Gior-
dano S and Ciccone MM. Acute hyperglycemia-
induced injury in myocardial infarction. Int J 
Mol Sci 2024; 25: 8504. 

[2]	 Matter MA, Paneni F, Libby P, Frantz S, Stähli 
BE, Templin C, Mengozzi A, Wang YJ, Kündig 
TM, Räber L, Ruschitzka F and Matter CM. In-
flammation in acute myocardial infarction: the 
good, the bad and the ugly. Eur Heart J 2024; 
45: 89-103. 

[3]	 Safiri S, Karamzad N, Singh K, Carson-Chah-
houd K, Adams C, Nejadghaderi SA, Almasi-
Hashiani A, Sullman MJM, Mansournia MA, 
Bragazzi NL, Kaufman JS, Collins GS and Ko-
lahi AA. Burden of ischemic heart disease and 
its attributable risk factors in 204 countries 
and territories, 1990-2019. Eur J Prev Cardiol 
2022; 29: 420-431. 

[4]	 Long Z, Liu W, Zhao Z, Tong S, Wang L, Zhou M, 
Xiang D, Chen Y, Wang J, Cheng X, Li B, Li L, Li 
W, Shi B, Shi H, Yin P, Huang K and Huo Y. Case 
fatality rate of patients with acute myocardial 

mailto:wgarui@163.com
mailto:wgarui@163.com


MAp44 in acute myocardial infarction

2906	 Am J Transl Res 2026;18(4):2896-2907

infarction in 253 chest pain centers - China, 
2019-2020. China CDC Wkly 2022; 4: 518-
521. 

[5]	 Saito Y, Oyama K, Tsujita K, Yasuda S and Ko-
bayashi Y. Treatment strategies of acute myo-
cardial infarction: updates on revasculariza-
tion, pharmacological therapy, and beyond. J 
Cardiol 2023; 81: 168-178. 

[6]	 Wen XS, Luo R, Liu J, Duan Q, Qin S, Xiao J and 
Zhang DY. Short-term/long-term prognosis 
with or without beta-blockers in patients with-
out heart failure and with preserved ejection 
fraction after acute myocardial infarction: a 
multicenter retrospective cohort study. BMC 
Cardiovasc Disord 2022; 22: 193.

[7]	 Spagnolo M, Occhipinti G, Laudani C, Greco A 
and Capodanno D. Periprocedural myocardial 
infarction and injury. Eur Heart J Acute Cardio-
vasc Care 2024; 13: 433-445.

[8]	 Kietsiriroje N, Scott GE, Ajjan RA, Brôz J, Schro-
eder V and Campbell MD. Plasma levels of 
mannan-binding lectin-associated serine pro-
teases are increased in type 1 diabetes pa-
tients with insulin resistance. Clin Exp Immu-
nol 2024; 215: 58-64. 

[9]	 Sun Q, Chen W, Wu R, Tao B, Wang P, Sun B, 
Alvarez JF, Ma F, Galindo DC, Maroney SP, Sav-
iola AJ, Hansen KC, Li S and Deb A. Serine pro-
tease inhibitor, SerpinA3n, regulates cardiac 
remodelling after myocardial infarction. Car-
diovasc Res 2024; 120: 943-953.

[10]	 Németh Z, Debreczeni ML, Kajdácsi E, Dobó J, 
Gál P and Cervenak L. Cooperation of comple-
ment MASP-1 with other proinflammatory fac-
tors to enhance the activation of endothelial 
cells. Int J Mol Sci 2023; 24: 9181. 

[11]	 Pamei YG, Swekcha, Sharma N and Toor D. 
MAp44: emerging insights into its role in dis-
ease pathogenesis and association with vari-
ous diseases. Crit Rev Immunol 2025; 45: 57-
70. 

[12]	 Vogel CW. The role of complement in myocar-
dial infarction reperfusion injury: an underap-
preciated therapeutic target. Front Cell Dev 
Biol 2020; 8: 606407.

[13]	 Francisco J and Del Re DP. Inflammation in 
myocardial ischemia/reperfusion injury: un-
derlying mechanisms and therapeutic poten-
tial. Antioxidants (Basel) 2023; 12: 1944.

[14]	 Sun Z, Yun Z, Lin J, Sun X, Wang Q, Duan J,  
Li C, Zhang X, Xu S, Wang Z, Xiong X and  
Yao K. Comprehensive mendelian randomiza-
tion analysis of plasma proteomics to identify 
new therapeutic targets for the treatment of 
coronary heart disease and myocardial infarc-
tion. J Transl Med 2024; 22: 404. 

[15]	 Cardiovascular Disease Branch of Chinese 
Medical Association, Editorial Committee of 
Chinese Journal of Cardiovascular Diseases 

and Editorial Committee of Chinese Journal of 
Circulation. Diagnosis and treatment guide-
lines for Acute Myocardial infarction [J]. Chi-
nese Journal of Cardiovascular Diseases 
2001; 29: 710-725.

[16]	 Gibson CM, Cannon CP, Daley WL, Dodge JT Jr, 
Alexander B Jr, Marble SJ, McCabe CH, Ray-
mond L, Fortin T, Poole WK and Braunwald E. 
TIMI frame count: a quantitative method of as-
sessing coronary artery flow. Circulation 1996; 
93: 879-88.

[17]	 Murphy A and Goldberg S. Mechanical compli-
cations of myocardial infarction. Am J Med 
2022; 135: 1401-1409. 

[18]	 Mayilyan KR, Krarup A, Soghoyan AF, Jense-
nius JC and Sim RB. l-ficolin-MASP arm of the 
complement system in schizophrenia. Immu-
nobiology 2023; 228: 152349. 

[19]	 Demeter F, Németh Z, Kajdácsi E, Bihari G, 
Dobó J, Gál P and Cervenak L. Detrimental in-
teractions of hypoxia and complement MASP-1 
in endothelial cells as a model for atheroscle-
rosis-related diseases. Sci Rep 2024; 14: 
14882.

[20]	 Zhang S, Yang L, Guo S, Hu F, Cheng D, Sun J, 
Li Y, Xu J and Sang H. Mannose binding lectin-
associated serine protease-1 is a novel con-
tributor to myocardial ischemia/reperfusion 
injury. Int J Cardiol 2023; 389: 131193. 

[21]	 Hertle E, Arts IC, van der Kallen CJ, Feskens  
EJ, Schalkwijk CG, Hoffmann-Petersen IT,  
Thiel S, Stehouwer CD and van Greevenbroek 
MM. Distinct longitudinal associations of  
MBL, MASP-1, MASP-2, MASP-3, and MAp- 
44 with endothelial dysfunction and intima-
media thickness: the cohort on diabetes and 
atherosclerosis maastricht (CODAM) study. Ar-
terioscler Thromb Vasc Biol 2016; 36: 1278-
85. 

[22]	 Dobó J, Kocsis A, Farkas B, Demeter F, Cerve-
nak L and Gál P. The lectin pathway of the 
complement system-activation, regulation, dis-
ease connections and interplay with other  
(Proteolytic) systems. Int J Mol Sci 2024; 25: 
1566. 

[23]	 Hurler L, Toonen EJM, Kajdácsi E, van Bree B, 
Brandwijk RJMGE, de Bruin W, Lyons PA, Ber-
gamaschi L; Cambridge Institute of Therapeu-
tic Immunology Infectious Disease-National 
Institute of Health Research (CITIID-NIHR) CO-
VID BioResource Collaboration, Sinkovits G, 
Cervenak L, Würzner R and Prohászka Z. Cor-
rigendum: distinction of early complement 
classical and lectin pathway activation via 
quantification of C1s/C1-INH and MASP-1/C1-
INH complexes using novel ELISAs. Front Im-
munol 2025; 16: 1561850.

[24]	 Xian L, Cheng S, Chen W, Zhong C, Hu Z and 
Deng X. Systematic analysis of MASP-1 serves 



MAp44 in acute myocardial infarction

2907	 Am J Transl Res 2026;18(4):2896-2907

as a novel immune-related biomarker in sepsis 
and trauma followed by preliminary experi-
mental validation. Front Med (Lausanne) 
2024; 11: 1320811. 

[25]	 Liu F, Liu XJ, He YP, Liu GB, Lan T and Ye JS. 
Clinical value of GRACE score combined with 
DFR in predicting short-term prognosis of pa-
tients undergoing early PCI after thrombolysis 
for acute myocardial infarction. Eur Rev Med 
Pharmacol Sci 2023; 27: 4038-4045. 

[26]	 Alusik D, Corba A, Kmec J, Kubica I, Romanova 
L, Gal P and Studencan M. Five-year prognosis 
of patients with acute myocardial infarction 
and out-of-hospital cardiac arrest. Bratisl Lek 
Listy 2024; 125: 429-434. 

[27]	 Chen Y, Zhou X, Chen Z, Xia J, Guan F, Li Y, Li Y, 
Chen Y, Zhao Y, Qiu H, Liang J and Tang L. The 
use of high-sensitivity cardiac troponin T and 
creatinine kinase-MB as a prognostic markers 
in patients with acute myocardial infarction 
and chronic kidney disease. Ren Fail 2023; 
45: 2220420. 

[28]	 Schmitt R, Staats C, Kaier K, Ahlgrim C, Hein 
M, Brado J, Steinhoff P, Billig H, Soschynski M, 
Krauss T, Schlett CL, Westermann D, Neumann 
FJ, Ruile P and Breitbart P. Correlation of grey-
zone fibrosis compared to troponin T and late 
gadolinium enhancement with survival and 
ejection fraction in patients after acute myo-
cardial infarction. Clin Res Cardiol 2025; 114: 
749-759. 

[29]	 Dudler T, Yaseen S and Cummings WJ. Devel-
opment and characterization of narsoplimab, 
a selective MASP-2 inhibitor, for the treatment 
of lectin-pathway-mediated disorders. Front 
Immunol 2023; 14: 1297352. 

[30]	 Boldt ABW, Oliveira-Toré CF, Kretzschmar GC, 
Weinschutz Mendes H, Stinghen ST, Andrade 
FA, Bumiller-Bini V, Gonçalves LB, Braga ACM, 
Stahlke EVRS, Velavan TP, Thiel S and de Mes-
sias-Reason IJT. Hepatitis B virus infection 
among leprosy patients: a case for polymor-
phisms compromising activation of the lectin 
pathway and complement receptors. Front Im-
munol 2021; 11: 574457. 

[31]	 Mistegaard CE, Jensen L, Christiansen M, 
Bjerre M, Jensen JMB and Thiel S. Low levels  
of the innate immune system proteins MASP- 
2 and MAp44 in patients with common vari-
able immunodeficiency. Scand J Immunol 
2022; 96: e13196. 

[32]	 Frederiksen K, Krag AE, Larsen JB, Kiil BJ, Thiel 
S and Hvas AM. Remote ischemic precondi-
tioning does not influence lectin pathway pro-
tein levels in head and neck cancer patients 
undergoing surgery. PLoS One 2020; 15: 
e0230411. 

[33]	 Michalski M, Pągowska-Klimek I, Thiel S, 
Świerzko AS, Hansen AG, Jensenius JC and 
Cedzyński M. Factors involved in initiation and 
regulation of complement lectin pathway influ-
ence postoperative outcome after pediatric 
cardiac surgery involving cardiopulmonary by-
pass. Sci Rep 2019; 9: 2930.

[34]	 Frauenknecht V, Thiel S, Storm L, Meier N, Ar-
nold M, Schmid JP, Saner H and Schroeder V. 
Plasma levels of mannan-binding lectin (MBL)-
associated serine proteases (MASPs) and 
MBL-associated protein in cardio- and cerebro-
vascular diseases. Clin Exp Immunol 2013; 
173: 112-20. 


