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Abstract 

Background: Legumain is a cysteine endopeptidase that belongs to the C13 family. Many studies have 
revealed that legumain plays a vital pathogenic role in various respiratory diseases. The aim of this study was to 
explore the role of legumain in community-acquired pneumonia (CAP). 
Methods: Serum samples were collected from 293 CAP patients on admission. The concentration of serum 
legumain was detected via an enzyme-linked immunosorbent assay. The relationship between serum legumain 
and CAP was assessed. 
Results: Serum legumain concentrations were increased in severe CAP patients compared to the 
concentrations of mild CAP patients. The Spearman rank correlation coefficient suggested that the serum 
legumain concentration was strongly associated with many clinical indicators. Additionally, linear regression 
analysis revealed that the serum legumain concentration was positively correlated with the CURB-65, PSI, 
SMART-COP, and APACHE II scores. Moreover, the serum legumain concentration on admission was elevated 
in CAP patients who underwent mechanical ventilation, vasoactive agent therapy, ICU admission, and who died 
during hospitalization. CAP patients with higher serum legumain expression had poor prognostic outcomes. 
The predictive value of the serum legumain concentration for prognosis was similar to that of the severity 
score. 
Conclusions: Serum legumain concentration is positively related to disease severity and a poor prognosis, 
indicating that serum legumain can be used as an indicator of disease severity and a prognostic indicator for 
CAP patients. 
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Background 
Pneumonia is a type of acute respiratory illness 

that affects the distal bronchial tree and alveoli of the 
lungs in humans. Pneumonia has become a significant 
factor influencing morbidity and mortality worldwide 
[1]. Frequent categories of pneumonia include 
community-acquired pneumonia (CAP), which 
mainly occurs outside of hospital settings and is 
caused by microorganisms, and hospital-acquired 

pneumonia, which occurs more than 48 hours after 
hospitalization [2-3]. CAP is a life-threatening disease 
that is accompanied by acute inflammation in the lung 
parenchyma [4]. It is estimated that there are more 
than 5 million pneumonia patients in America and 
that one in five patients need to be hospitalised. 
Approximately 60000 people die from pneumonia or 
influenza worldwide every year [5]. Moreover, 
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children and the elderly are at high risk for CAP [6]. 
An epidemiological study revealed that the incidence 
rate in adults in America is 5.16~6.11‰. However, the 
rate may be as high as, 12 to 18‰ in children younger 
than 4 years and 20‰ in individuals over the age of 60 
[7]. Among these at-risk groups, partial cases may 
progress to severe CAP and severe acute respiratory 
distress, even resulting in death [8]. 

Legumain belongs to the C13 family of cysteine 
proteases and specifically hydrolyses asparaginyl 
bonds [9]. In mammals, legumain was first identified 
in pigs as a glycoprotein. Mammalian legumain is 
localized mainly to chromosomes and is highly 
expressed in multiple organs [10, 11]. Under normal 
conditions, prolegumain of 433 amino acids is 
synthesised to inactive zymogens and inhibit 
substrate proteolysis. Prolegumain is subsequently 
transferred from the Golgi apparatus to the 
endolysosomal compartments. Finally, prolegumain 
is cleaved to the active legumain in lysosomes [12]. 
Previous investigations have demonstrated that 
legumain is involved in extracellular matrix 
degradation, cell proliferation, angiogenesis, and 
other physiological processes [13, 14]. In addition, 
legumain deficiency alleviates acute tubular injury in 
mice by repressing ferroptosis [15]. In contrast, 
legumain deficiency inhibits macrophage effero-
cytosis and leads to cardiomyocyte death [16]. 
Moreover, increasing evidence indicates that 
legumain is involved in many pulmonary diseases. 
An animal experiment suggested that legumain 
elevation promotes pulmonary arterial hypertension 
in mice by aggravating collagen deposition [17]. In 
addition, the plasma legumain concentration is 
increased in individuals with SARS-CoV-2 
infection [18]. Moreover, the expression of legumain is 
upregulated in the lungs of mice with bleomycin- 
induced pulmonary fibrosis [19], and legumain can 
promote fibrogenesis through activating transforming 
growth factor-β1 and enhancing the synthesis of the 
extracellular matrix [20]. Nevertheless, the 
relationship between legumain and CAP is unclear. 

Due to legumain’s notable functions in various 
diseases, this study sought to analyse the 
relationships between serum legumain and severity 
and prognosis in CAP patients. Therefore, a 
prospective cohort study was designed and carried 
out. Eligible CAP patients were selected and recruited 
from hospitals. Biological samples and basic 
information were gathered. Serum legumain was 
measured in CAP patients. The relationship between 
serum legumain and CAP in patients was estimated 
by various statistical models. Our investigation 
initially provided important clues about the role of 
legumain in CAP patients. 

Materials and Methods  
All CAP patients were enrolled from two 

hospitals, the Second Affiliated Hospital of Anhui 
Medical University and Funan County People’s 
Hospital. All patients were diagnosed and complied 
with the CAP diagnostic criterion [21]. Briefly, all 
cases occurred in the community and had obvious 
clinical characteristics of pneumonia and distinct 
chest diagnoses. In accordance with previous studies 
from our group, we established inclusion and 
exclusion criteria [22-25]. Moreover, to eliminate 
patients with coronavirus disease 2019 (COVID-19), 
all enrolled subjects underwent nucleic acid testing, 
and patients with negative results were selected. 
Moreover, other concurrent infections were excluded. 
After hospitalization, peripheral fasting blood was 
collected from CAP patients before intervention or 
treatment. In addition, basic data, consisting of 
demographic characteristics, examination data, and 
chest radiograph information, were obtained from the 
medical records system. The degree of disease was 
evaluated by the scoring system, which mainly 
consisted of the CURB-65, PSI, SMART-COP, and 
APACHE II scores. 

Enzyme-linked immunosorbent assay (ELISA) 
Serum samples were centrifuged and separated. 

Then, the serum samples were stored in an ultralow 
temperature freezer until the experiments. Human 
legumain ELISA kits (CSB-EL012903HU, 
https://www.cusabio.com/) were purchased from 
CUSABIO (Wuhan, China). The contents of serum 
legumain were determined via ELISA according to 
the manufacturer's instructions. 

Statistical analysis 
In the present study, all the data were analysed 

via SPSS and GraphPad Prism software. The 
enumeration data are presented as frequencies. 
Additionally, the measurement data are expressed as 
the means or medians. Differences in the 
measurement data were explored by ANOVA or 
nonparametric tests with Bonferroni correction. The 
differences in enumeration information were 
evaluated via the χ2 test. Correlations between two 
indicators were analysed with the Spearman rank 
correlation coefficient. The relationships between the 
serum legumain concentration and severity score 
were tested by a linear regression model. Moreover, 
CAP patients were allocated into three subgroups in 
terms of the concentrations of serum legumain: tertile 
(T) 1, serum legumain <1.03 ng/mL; T2, 1.03 
ng/mL<serum legumain <2.05 ng/mL; and T3, serum 
legumain>2.05 ng/mL. Therefore, the associations of 
serum legumain with prognostic outcomes were 
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assessed by a logistic regression model. The 
predictive efficiencies of different parameters were 
determined by receiver operating characteristic (ROC) 
curves. P values <0.05 were considered significantly 
different. 

Results 
Basic information 

All 293 CAP patients were enrolled, and their 
basic information is shown in Table 1. The average 
age and systolic pressure gradually increased in CAP 
patients with increased serum legumain. There were 
49 (50.0%) males in the T1 and T2 groups and 50 
(51.5%) males in the T3 group. In addition, the 
incidences of hypertension and cerebral infarction 
were elevated in CAP patients with increased 
concentrations of circulatory legumain. There were no 
differences in smoking status, diabetes mellitus status, 
coronary heart disease status or bronchitis among the 
three subgroups. There were no differences in white 
blood cells (WBCs), neutrophils, lymphocytes, 
monocytes, alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), uric acid, creatine kinase, 

creatine kinase isoenzyme, cardiac troponin I, or lac-
tate dehydrogenase among CAP patients with differ-
ent concentrations of serum legumain. However, 
dramatic differences in platelet, urea nitrogen, 
creatinine, myoglobin, procalcitonin, D-dimer, 
C-reactive protein (CRP), and interleukin-6 (IL-6) 
levels were detected in the three subgroups (Table 1). 

The concentration of serum legumain in CAP 
patients 

The concentration of serum legumain was 
detected. The concentration of serum legumain 
gradually increased in line with the CURB-65 score. In 
addition, the concentration of serum legumain was 
compared across different PSI score (Figure 1A). As 
shown in Figure 1B, the concentration of serum 
legumain was lowest in Grade Ⅰ patients and highest 
in Grade Ⅴ patients. According to the SMART-COP 
score, the expression of legumain increased with 
increasing severity (Figure 1C). Moreover, the 
increasing trend of the serum legumain concentration 
was similar to that of the APACHE II score (Figure 
1D). 

 

Table 1. Basic information.  

Characteristics Serum legumain (ng/mL) P 
T1 (<1.03) T2 (1.03~2.05) T3 (>2.05) 

N  98 98 97  
Age, years 47.7±1.95 55.7±1.64 70.7±1.25 <0.001 
Male, n (%) 49 (50.0) 49 (50.0) 50 (51.5) 0.967 
Body mass index 22.7±0.43 22.0±0.45 22.2±0.51 0.573 
Systolic pressure (mmHg) 120.6±1.74 122.5±1.89 131.2±2.47 0.001 
Diastolic pressure (mmHg) 74.3±0.99 76.0±1.16 76.7±1.41 0.351 
Smoker, n (%) 16 (16.3) 17 (17.3) 19 (19.6) 0.826 
Hypertension, n (%) 17 (17.3) 19 (19.4) 40 (41.2) <0.001 
Diabetes mellitus, n (%) 5 (5.1) 9 (9.2) 9 (9.3) 0.483 
Cerebral infarction, n (%) 5 (5.1) 2 (2.0) 15 (15.5) 0.001 
Coronary heart disease, n (%) 6 (6.1) 6 (6.1) 5 (5.2) 1.000 
Bronchitis, n (%) 2 (2.0) 1 (1.0) 2 (2.1) 0.874 
White blood cell (109/L) 7.7±0.40 7.2±0.38 8.0±0.50 0.438 
Neutrophil (109/L) 6.3±0.89 5.2±0.35 6.9±0.98 0.277 
Lymphocyte (109/L) 1.6±0.12 1.4±0.10 1.3±0.12 0.215 
Monocyte (109/L) 0.6±0.03 0.6±0.04 0.6±0.03 0.816 
Platelet (109/L) 229.3±7.6 229.5±10.5 202.3±7.83 0.045 
Alanine aminotransferase (U/L) 31.0±2.88 29.6±4.35 31.3±3.73 0.948 
Aspartate aminotransferase (U/L) 28.1±2.28 32.0±5.74 39.7±6.35 0.258 
Uric acid (μmol/L) 265.8±9.10 284.5±12.36 293.6±13.25 0.229 
Urea nitrogen (mmol/L) 4.6±0.15 5.5±0.27 7.2±0.56 <0.001 
Creatinine (μmol/L) 58.0 (48.0, 67.8) 60.0 (48.0, 71.0) 68.0 (52.0, 86.0) 0.002 
Creatine kinase (U/L) 58.5 (40.8, 95.8) 54.0 (38.0, 88.0) 68.0 (46.5, 106.5) 0.495 
Creatine kinase isoenzyme (U/L) 13.0 (10.0, 17.0) 11.0 (9.0, 14.0) 12.5 (8.0, 17.0) 0.272 
Myoglobin (ng/mL) 30.4 (19.1, 42.1) 22.4 (17.7, 35.9) 33.5 (25.8, 82.5) 0.029 
Cardiac troponin I (ng/mL) 0.01 (0, 0.10) 0.01 (0, 0.10) 0.02 (0.01, 0.64) 0.279 
Lactate dehydrogenase (U/L) 210.4±9.00 217.3±16.30 251.2±25.74 0.346 
Procalcitonin (ng/L)  0.05 (0.02, 0.14) 0.06 (0.02, 0.19) 0.10 (0.04, 0.56) 0.021 
D-dimer (mg/L) 1.2±0.23 1.1±0.13 1.6±0.22 <0.001 
C-reactive protein (mg/L) 46.0 (2.7, 86.4) 40.0 (1.9, 85.0) 74.9 (19.6, 176.7) 0.025 
Interleukin-6 (pg/mL) 11.6 (3.4, 22.6) 6.4 (1.9, 23.8) 27.8 (10.2, 90.2) 0.001 

Data in bold denote statistically significant results. 
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Figure 1. Comparison of the serum legumain concentration in CAP patients with various disease severities. The expression of legumain in serum samples was 
determined via ELISA. Differences in the serum legumain concentration were compared among CAP patients with different severity scores. (A) CURB-65. (B) PSI. (C) 
SMART-COP. (D) APACHE II score. *P<0.05, **P<0.01. 

 
Relationships of serum legumain with clinical 
characteristics in CAP patients 

There were obvious differences in systolic 
pression, platelet count, urea nitrogen, creatinine, 
myoglobin, D-dimer, procalcitonin, CRP, and IL-6 
among the three groups of CAP patients. The 
relationships between the serum legumain 
concentration and clinical characteristics were 
subsequently assessed via the Spearman correlation 
coefficient. The serum legumain concentration was 
positively associated with systolic pressure (R=0.200; 
P=0.001), urea nitrogen (R=0.280; P=0.001), creatinine 
(R=0.183; P=0.002), myoglobin (R=0.236; P=0.025), 
D-dimer (R=0.224; P<0.001), procalcitonin (R=0.148; 
P=0.028), CRP (R=0.254; P=0.017), and IL-6 (R=0.242; 
P=0.002) (Figure 2). 

Correlations of serum legumain with severity 
scores in CAP patients 

A multivariate linear regression model revealed 
that each 1 ng/mL increase in the serum 
concentration of legumain was associated with an 
elevation of 0.059 (95% CI: 0.007~0.111) in the 
CURB-65 score, 8.504 (95% CI: 7.426~9.581) in the PSI 
score, 0.770 (95% CI: 0.659~0.882) in the SMART-COP 
score, and 0.350 (95% CI: 0.122~0.578) in the APACHE 

Ⅱ score (Table 2). 
 

Table 2. Correlations between serum legumain and CAP severity 
scores.  

Variables Estimated changes by serum legumain 
β (95% CI) 

N 293 
CURB-65 0.059 (0.007, 0.111) 
PSI 8.504 (7.426, 9.581) 
SMART-COP 0.770 (0.659, 0.882) 
APACHE Ⅱ 0.350 (0.122, 0.578) 

Models were adjusted for age, hypertension, diabetes mellitus, cerebral infarction, 
coronary heart disease, and bronchitis.  
Data in bold denote statistically significant results. 

Correlations of serum legumain with 
prognostic outcomes in CAP patients 

The serum legumain concentration at admission 
was dramatically increased in patients who 
underwent mechanical ventilation, were receiving 
vasoactive agents, were admitted to the ICU, and died 
during hospitalization (Figure 3). The relationships 
between the serum legumain concentration and 
prognostic outcomes were subsequently assessed. The 
χ2 test suggested that the number of patients with a 
poor prognosis increased with increasing serum 
legumain concentration (Table 3). Multivariate logistic 
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regression analysis revealed that the relative risks 
(RRs) of mechanical ventilation, vasoactive agent use, 
and ICU admission were positively linked to the 

concentration of serum legumain in CAP patients at 
admission (Table 3). 

 

Table 3. Correlations between serum legumain and prognostic outcomes. 

Variables Serum legumain (ng/mL) P trend 
T1 (<1.03) T2 (1.03~2.05) T3 (>2.05) 

N 98 98 97 
Mechanical ventilation     
N, (%) 2 (2.0) 1 (1.0) 18 (18.6) <0.001 
RR  Ref (1.0) 0.452 (0.039, 5.180) 9.839 (1.718, 56.342) 0.001 
Vasoactive agent     
N, (%) 9 (9.2) 5 (5.1) 20 (20.6) 0.003 
RR (Model 2) Ref (1.0) 0.562 (0.175, 1.806) 3.686 (1.213, 11.199) 0.018 
ICU admission     
N, (%) 1 (1.0) 4 (4.1) 24 (24.7) <0.001 
RR  Ref (1.0) 2.580 (0.270, 24.679) 11.446 (1.404, 93.327) 0.001 
Death     
N, (%) 3 (3.1) 1 (1.0) 12 (12.4) 0.001 
RR  Ref (1.0) 0.230 (0.023, 2.330) 2.226 (0.504, 9.822) 0.130 

RR: Relative risk. 
Models were adjusted for age, hypertension, diabetes mellitus, cerebral infarction, coronary heart disease, and bronchitis.  
Data in bold denote statistically significant results. 

 

 
Figure 2. Relationships of serum legumain with clinical indicators in CAP patients. The correlations between the serum legumain concentration and clinical 
indicators were estimated through the Spearman rank correlation coefficient. (A) Correlation between serum legumain and systolic blood pressure. (B) Correlation between the 
serum legumain concentration and platelet count. (C) Correlation between serum legumain and urea nitrogen. (D) Correlation between serum legumain and creatinine. (E) 
Correlation between serum legumain and myoglobin. (F) Correlation between the serum legumain concentration and D-dimer level. (G) Correlation between the serum 
legumain level and the procalcitonin level. (H) Correlation between the serum legumain concentration and the CRP level. (I) Correlation between serum legumain and IL-6. The 
R values represent the correlation coefficient. 
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Figure 3. Comparison of the serum legumain concentration in CAP patients with various prognoses. The expression of serum legumain was determined using 
ELISA. Differences in the serum legumain concentration were compared in subjects with different prognoses. (A) Mechanical ventilation. (B) Vasoactive agent. (C) ICU admission. 
(D) Death. **P<0.01. 

 
Figure 4. The predictive power for various prognoses in CAP patients. The predictabilities of various prognostic outcomes were assessed via receiver operating 
characteristic (ROC) curves. (A) Mechanical ventilation. (B) Vasoactive agent. (C) ICU admission. (D) Death. 
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The predictive efficiency of serum legumain 
for prognosis in CAP patients 

The predictive efficiencies for prognostic 
outcomes were assessed by ROC curves. The areas 
under the ROC curve for mechanical ventilation were 
as follows: CURB-65, 0.812; PSI, 0.816; APACHE Ⅱ, 
0.892; SMART-COP, 0.820; serum legumain, 0.844; 
IL-6, 0.734; and CRP, 0.610 (Figure 4A). In addition, 
the predictive powers for vasoactive agents were as 
follows: CURB-65, 0.677; PSI, 0.640; APACHE II, 0.691; 
SMART-COP, 0.660; serum legumain, 0.671; IL-6, 
0.652; and CRP, 0.614 (Figure 4B). Moreover, the 
predictability for ICU admission was as follows: 
CURB-65, 0.797; PSI, 0.919; APACHE Ⅱ, 0.845; 
SMART-COP, 0.762; serum legumain, 0.839; IL-6, 
0.685; and CRP, 0.577 (Figure 4C). Finally, the ability 
to predict death was as follows: CURB-65, 0.862; PSI, 
0.838; APACHE II, 0.890; SMART-COP, 0.788; serum 
legumain, 0.799; IL-6, 0.685; and CRP, 0.621 (Figure 
4D). Further analyses revealed no difference in the 
ability of circulatory legumain to predict the 
prognosis of patients with CAP according to severity 
score. 

Discussion 
In this study, we first analysed the relationship 

between circulatory legumain and CAP and revealed 
that the serum legumain concentration was 
dramatically greater in severe patients than in mild 
patients. Additionally, the concentration of 
circulatory legumain was positively associated with 
severity scores. Moreover, the concentration of 
circulatory legumain on admission increased in 
patients with a poor prognosis during hospitalization. 
Higher circulatory legumain on admission elevated 
the risk of poor prognosis in hospitals. The predictive 
efficiency of circulatory legumain for poor 
prognostic outcomes was similar to that of severity 
scores. 

Legumain, an endolysosomal cysteine protease, 
was initially found in common bean [10]. There is 
increasing evidence suggesting that legumain is richly 
expressed in different types of human organs, such as 
the kidney, testis, placenta, heart, and midgut [26-29]. 
Recently, researchers reported that legumain is also 
highly expressed in lung tissues [17-19]. Moreover, an 
increasing number of studies have suggested that 
legumain is involved in a variety of inflammatory 
diseases, such as atherosclerosis, pancreatitis, 
atherosclerosis, and Alzheimer's disease [30-32]. CAP 
is an inflammatory disease of the lung characterised 
by increased levels of inflammatory cytokines. We 
believe that legumain may play a partial role in CAP. 
The current research suggested that the legumain 

concentration was greater in severe patients than in 
mild patients. The linear regression model clearly 
revealed that legumain expression was positively 
related to the CURB-65, PSI, SMART-COP, and 
APACHE II scores. In addition, obvious correlations 
between serum legumain and clinical parameters, 
including renal function indicators and inflammatory 
cytokines, were found. These findings were in 
accordance with previous studies [33, 34]. 
Collectively, these data strongly suggest that 
legumain may be involved in the pathophysiology of 
CAP. 

This research suggested that legumain may be 
used for the diagnosis of CAP patients. Interestingly, 
a series of investigations have revealed that the 
expression level of legumain is related to prognosis in 
many diseases. Research has revealed that the 
expression of legumain is positively related to the risk 
of distant metastasis in gastric cancer patients [35]. In 
addition, higher legumain expression increases the 
degree of malignancy in malignant human ovarian 
tumours [36]. In addition, increased legumain is 
related to the malignant behaviour of uveal 
melanoma [37]. Therefore, we considered that the 
serum legumain concentration could be used as a 
negative prognostic indicator for CAP. We found that 
the concentration of serum legumain was elevated in 
CAP patients with a poor prognosis during 
hospitalization. Additionally, higher serum levels of 
legumain are associated with a poor prognosis during 
hospitalization. The ability of the serum legumain 
concentration to predict a poor prognosis was similar 
to that of the severity score. In addition, the predictive 
efficiencies of serum legumain and inflammatory 
cytokines for poor prognosis were compared. These 
results suggested that the ability of serum legumain to 
predict a poor prognosis was greater than that of 
inflammatory cytokines. Therefore, these data suggest 
that the concentration of serum legumain may be a 
better prognostic factor for the adverse progression of 
CAP. 

Serum legumain is only one serum biomarker 
that is convenient to detect and quick to acquire in 
patients. Although CAP severity scores have great 
advantages and potential for estimating the severity 
and prognosis among CAP patients, CAP severity 
scores consist of many indices and require more time 
to obtain. This means that it is easier to determine the 
concentration of serum legumain than to determine 
the CAP severity score. Moreover, the predictive 
power of serum legumain for a poor prognosis is 
greater than that of common routine blood indicators 
and inflammatory cytokines. Moreover, CAP patients 
with higher levels of serum legumain at admission 
have greater risks of mechanical ventilation, 
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vasoactive agent usage, and ICU admission during 
hospitalization. These findings suggest that clinicians 
should pay more attention to those cases that may 
have poor prognostic outcomes in the future and 
receive timely treatment, such as respiratory support 
and drug intervention, to reduce the risk of mortality. 
Therefore, this method may be useful for measuring 
the level of serum legumain in CAP patients. 
However, the current research is no longer an 
observational study. If serum legumain detection is to 
be applied in clinical practice, there is still a long way 
to go. 

We first revealed the relationship between serum 
legumain expression and CAP. We must recognise 
several limitations in this research. First, all 
participants were from two hospitals, and the sample 
size was relatively small. These defects may result in 
biases or overall overestimated associations. 
Therefore, a multicentre investigation with a larger 
sample size is needed in the future. Second, only 
circulatory legumain was measured. Lung tissues 
and bronchoalveolar lavage fluid cannot be obtained 
from CAP patients. Therefore, the local expression of 
legumain cannot be measured in lung tissues or 
bronchoalveolar lavage fluid. Third, the present 
research was only an observational study, and the 
mechanism of legumain elevation in CAP patients 
remains to be clarified. Previous studies have 
indicated that ferroptosis occurs during the 
progression of pneumonia [38, 39]. The expression of 
legumain is increased in acute kidney injury, and 
increased legumain expression can aggravate the 
degradation of GPX4 and evoke ferroptosis during 
acute kidney injury [15]. Moreover, legumain is 
overexpressed in macrophages in inflammatory 
diseases. Proinflammatory macrophages are activated 
in the lung tissues of patients with viral pneumonia 
and secrete legumain [40, 41]. Thus, we hypothesise 
that ferroptosis and macrophage aviation, or other 
physiological processes, may be involved in the 
progression of CAP and mediate the increase in 
legumain. In vivo and in vitro studies may help 
illuminate the mechanism of legumain upregulation 
in CAP patients. 

Conclusion  
Taken together, this study is the first to explore 

the relationship between the serum legumain 
concentration and CAP and the clinical significance of 
the serum legumain concentration on the basis of a 
prospective cohort study. This study revealed that the 
serum legumain concentration is elevated in severe 
patients. The serum legumain concentration is 
strongly positively related to severity and adverse 
prognosis, suggesting that legumain may be involved 

in the physiopathological processes of CAP. 
Therefore, increased serum legumain is a poor factor 
for severity and prognosis and can guide clinical 
decisions for CAP patients. The serum legumain 
concentration might be used as a possible biomarker 
and a molecular goal for CAP therapy in the clinic. 

Acknowledgements  
We thank Department of Pulmonary and Critical 

Care Medicine of Second Affiliated Hospital of Anhui 
Medical University and Funan County People’s 
Hospital in favor of this investigation.  

Funding 
This work was supported by University Natural 

Science Research Project of Anhui Province 
(2023AH030117). 

Author contributions 
Conceptualization: LF and YQQ. Writing – 

original draft: XLM. Writing–review and editing: LF. 
Investigation: XLM, KSM, KXQ and ZYC. Funding 
acquisition: LF. All authors contributed to the article 
and approved the manuscript.  

Availability of data and materials 
The datasets used and/or analyzed during the 

current study are available from the corresponding 
author on reasonable request.  

Ethics approval and consent to participate  
This study was supported by the Ethics 

Committee of Second Affiliated Hospital of Anhui 
Medical University (YX2021-146). Informed consent 
was obtained from all subjects or their legal 
guardian(s). 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Torres A, Cilloniz C, Niederman MS, Menéndez R, Chalmers JD, Wunderink 

RG, et al. Pneumonia. Nat Rev Dis Primers. 2021; 7(1): 25.  
2. Lanks CW, Musani AI, Hsia DW. Community-acquired Pneumonia and 

Hospital-acquired Pneumonia. Med Clin North Am. 2019; 103(3): 487-501. 
3. Kalil AC, Syed A, Rupp ME, Chambers H, Vargas L, Maskin A, et al. Is 

bacteremic sepsis associated with higher mortality in transplant recipients 
than in nontransplant patients? A matched case-control propensity-adjusted 
study. Clin Infect Dis. 2015; 60(2): 216-22. 

4. Rothberg MB. Community-Acquired Pneumonia. Ann Intern Med. 2022; 
175(4): ITC49-ITC64.  

5. File TM Jr, Marrie TJ. Burden of community-acquired pneumonia in North 
American adults. Postgrad Med. 2010; 122(2): 130-41.  

6. Davis D, Thadhani J, Choudhary V, Nausheem R, Vallejo-Zambrano CR, 
Mohammad Arifuddin B, et al. Advancements in the Management of Severe 
Community-Acquired Pneumonia: A Comprehensive Narrative Review. 
Cureus. 2023; 15(10): e46893.  

7. Marrie TJ, Huang JQ. Epidemiology of community-acquired pneumonia in 
Edmonton, Alberta: an emergency department-based study. Can Respir J. 
2005; 12(3): 139-42.  



Int. J. Med. Sci. 2025, Vol. 22 

 
https://www.medsci.org 

1080 

8. Sligl WI, Asadi L, Eurich DT, Tjosvold L, Marrie TJ, Majumdar SR. Macrolides 
and mortality in critically ill patients with community-acquired pneumonia: a 
systematic review and meta-analysis. Crit Care Med. 2014; 42(2): 420-32.  

9. Gawenda J, Traub F, Lück HJ, Kreipe H, von Wasielewski R. Legumain 
expression as a prognostic factor in breast cancer patients. Breast Cancer Res 
Treat. 2007; 102(1): 1-6.  

10. Csoma C, Polgár L. Proteinase from germinating bean cotyledons. Evidence 
for involvement of a thiol group in catalysis. Biochem J. 1984; 222(3): 769-76.  

11. Shutov AD, Do NL, Vaintraub IA. Purification and partial characterization of 
protease B from germinating vetch seeds. Biokhimiia. 1982; 47(5): 814-21.  

12. Solberg R, Lunde NN, Forbord KM, Okla M, Kassem M, Jafari A. The 
Mammalian Cysteine Protease Legumain in Health and Disease. Int J Mol Sci. 
2022; 23(24): 15983.  

13. Chen JM, Fortunato M, Stevens RA, Barrett AJ. Activation of progelatinase A 
by mammalian legumain, a recently discovered cysteine proteinase. Biol 
Chem. 2001; 382(5): 777-83.  

14. Dall E, Brandstetter H. Structure and function of legumain in health and 
disease. Biochimie. 2016; 122: 126-50. 

15. Chen C, Wang D, Yu Y, Zhao T, Min N, Wu Y, et al. Legumain promotes 
tubular ferroptosis by facilitating chaperone-mediated autophagy of GPX4 in 
AKI. Cell Death Dis. 2021; 12(1): 65.  

16. Jia D, Chen S, Bai P, Luo C, Liu J, Sun A, et al. Cardiac Resident 
Macrophage-Derived Legumain Improves Cardiac Repair by Promoting 
Clearance and Degradation of Apoptotic Cardiomyocytes After Myocardial 
Infarction. Circulation. 2022; 145(20): 1542-56.  

17. Bai P, Lyu L, Yu T, Zuo C, Fu J, He Y, et al. Macrophage-Derived Legumain 
Promotes Pulmonary Hypertension by Activating the MMP (Matrix 
Metalloproteinase)-2/TGF (Transforming Growth Factor)-β1 Signaling. 
Arterioscler Thromb Vasc Biol. 2019; 39(4): e130-45. 

18. Teng O, Quek AML, Nguyen TM, Wang S, Ng IXQ, Fragata L, et al. 
Biomarkers of early SARS-CoV-2 infection before the onset of respiratory 
symptoms. Clin Microbiol Infect. 2024; 30(4): 540-7.  

19. Liu H, Pang Q, Cao F, Liu Z, Wei W, Li Z, et al. Number 2 Feibi Recipe 
Ameliorates Pulmonary Fibrosis by Inducing Autophagy Through the 
GSK-3β/mTOR Pathway. Front Pharmacol. 2022; 13: 921209.  

20. Ren YC, Zhao Q, He Y, Li B, Wu Z, Dai J, et al. Legumain promotes 
fibrogenesis in chronic pancreatitis via activation of transforming growth 
factor β1. J Mol Med (Berl). 2020; 98(6): 863-74.  

21. Mandell LA, Wunderink RG, Anzueto A, Bartlett JG, Campbell GD, Dean NC, 
et al. Infectious Diseases Society of America; American Thoracic Society. 
Infectious Diseases Society of America/American Thoracic Society consensus 
guidelines on the management of community-acquired pneumonia in adults. 
Clin Infect Dis. 2007; 44 Suppl 2(Suppl 2): S27-72.  

22. Li JF, Zou Q, Li X, Liu Y, He QY, Fu L, et al. Associations of Serum Clara Cell 
Protein 16 with Severity and Prognosis in Adults with Community-Acquired 
Pneumonia. Int J Gen Med. 2023; 16: 4907-17. 

23. Zhu FM, Xu J, He QY, Deng YP, Liu MY, Liu Y, et al. Association of serum 
interleukin-2 with severity and prognosis in hospitalized patients with 
community-acquired pneumonia: a prospective cohort study. Intern Emerg 
Med. 2024; 19(7): 1929-39.  

24. Yao MX, Cheng JY, Liu Y, Sun J, Hua DX, He QY, et al. Cross-sectional and 
longitudinal associations of serum Cysteine-rich 61 with severity and 
prognosis among community-acquired pneumonia patients in China. Front 
Med (Lausanne). 2022; 9: 939002.  

25. Hua DX, Ma KS, Cheng JY, Liu Y, Sun J, He QY, et al. Serum TRAIL predicts 
severity and prognosis in patients with community-acquired pneumonia: a 
prospective cohort study. Intern Emerg Med. 2022; 17(8): 2279-90.  

26. Chen JM, Dando PM, Rawlings ND, Brown MA, Young NE, Stevens RA, et al. 
Cloning, isolation, and characterization of mammalian legumain, an 
asparaginyl endopeptidase. J Biol Chem. 1997; 272(12): 8090-8.  

27. Chen JM, Dando PM, Stevens RA, Fortunato M, Barrett AJ. Cloning and 
expression of mouse legumain, a lysosomal endopeptidase. Biochem J. 1998; 
335 (Pt 1)(Pt 1): 111-7.  

28. Sojka D, Hajdusek O, Dvorák J, Sajid M, Franta Z, Schneider EL, et al. IrAE: an 
asparaginyl endopeptidase (legumain) in the gut of the hard tick Ixodes 
ricinus. Int J Parasitol. 2007; 37(7): 713-24.  

29. Yamane T, Kozuka M, Yamamoto Y, Nakano Y, Nakagaki T, Ohkubo I, et al. 
Protease activity of legumain is inhibited by an increase of cystatin E/M in the 
DJ-1-knockout mouse spleen, cerebrum and heart. Biochem Biophys Rep. 
2017; 9: 187-92. 

30. Edgington-Mitchell LE, Wartmann T, Fleming AK, Gocheva V, van der Linden 
WA, Withana NP, et al. Legumain is activated in macrophages during 
pancreatitis. Am J Physiol Gastrointest Liver Physiol. 2016; 311(3): G548-60.  

31. Deng Y, Fan Y, Wu D, Zhang Z, Zhang M, Huang Z, et al. Relationship 
between Increased Plasma Levels of Legumain and Properties of Coronary 
Atherosclerotic Plaque. Arq Bras Cardiol. 2023; 120(11): e20230395.  

32. Chen R, Zhang Q, Yan Y, Zhang Y, Zhang T. Legumain Knockout Protects 
Against Aβ1-42-Induced AD-like Cognitive Deficits and Synaptic Plasticity 
Dysfunction Via Inhibiting Neuroinflammation Without Cleaving APP. Mol 
Neurobiol. 2021; 58(4): 1607-20. 

33. Cornely OA, File TM Jr, Garrity-Ryan L, Chitra S, Noble R, McGovern PC. 
Safety and efficacy of omadacycline for treatment of community-acquired 
bacterial pneumonia and acute bacterial skin and skin structure infections in 
patients with mild-to-moderate renal impairment. Int J Antimicrob Agents. 
2021; 57(2): 106263. 

34. Shen CF, Wang SM, Chi H, Huang YC, Huang LM, Huang YC, et al. Taiwan 
Pediatric Infectious Disease Alliance. The potential role of pneumococcal 
conjugate vaccine in reducing acute respiratory inflammation in 
community-acquired pneumococcal pneumonia. J Biomed Sci. 2020; 27(1): 88.  

35. Guo P, Zhu Z, Sun Z, Wang Z, Zheng X, Xu H. Expression of legumain 
correlates with prognosis and metastasis in gastric carcinoma. PLoS One. 2013; 
8(9): e73090. 

36. Wang L, Chen S, Zhang M, Li N, Chen Y, Su W, et al. Legumain: a biomarker 
for diagnosis and prognosis of human ovarian cancer. J Cell Biochem. 2012; 
113(8): 2679-86.  

37. Wu T, Sun L, Wu Y, Xiang R, Li Y, Rong W, et al. Prognostic value of legumain 
in uveal melanoma. Mol Med Rep. 2016; 13(3): 2377-84. 

38. Hu H, Hua SY, Lin X, Lu F, Zhang W, Zhou L, et al. Hybrid Biomimetic 
Membrane Coated Particles-Mediated Bacterial Ferroptosis for Acute MRSA 
Pneumonia. ACS Nano. 2023; 17(12): 11692-11712.  

39. Qiu B, Zandkarimi F, Saqi A, Castagna C, Tan H, Sekulic M, et al. Fatal 
COVID-19 pulmonary disease involves ferroptosis. Nat Commun. 2024; 15(1): 
3816.  

40. Zhao G, Gentile ME, Xue L, Cosgriff CV, Weiner AI, Adams-Tzivelekidis S, et 
al. Vascular endothelial-derived SPARCL1 exacerbates viral pneumonia 
through pro-inflammatory macrophage activation. Nat Commun. 2024; 15(1): 
4235. 

41. Wang D, Xiong M, Chen C, Du L, Liu Z, Shi Y, et al. Legumain, an asparaginyl 
endopeptidase, mediates the effect of M2 macrophages on attenuating renal 
interstitial fibrosis in obstructive nephropathy. Kidney Int. 2018; 94(1): 91-101. 

 


