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Abst rac t
Introduction: Kawasaki disease (KD) is a highly common vascular inflammation in children, with coronary artery 
lesion (CAL) being one of its most common complications and a key factor for adverse prognosis. 
Aim: In this study, we observed the clinical significance of caspase-1 in KD and CAL, and found that caspase-1 was 
elevated in KD and showed an excellent diagnostic value.
Material and methods: A prospective analysis was conducted on 67 children with acute KD admitted to our hos-
pital from August 2022 to April 2023 (research group) and 67 healthy outpatient children during the same period 
(control group). The differences in caspase-1 expression levels between the two study groups were compared, and 
the diagnostic value of caspase-1 for KD was analyzed using the receiver operating characteristic (ROC) curve. 
Subsequently, the correlation between caspase-1 and inflammatory factors in the study groups was observed and 
the diagnostic value of caspase-1 for CAL was analyzed. Subsequently, human coronary artery smooth muscle cells 
(HCASMCs) were purchased, and caspase-1 aberrant expression vectors were transfected into HCASMCs to detect 
the proliferation and apoptosis ability of the cells.
Results: Caspase-1 of the research group was higher than that of the control group, and the sensitivity and speci-
ficity of caspase-1 for diagnosing the occurrence of KD were 50.75% and 89.55%, respectively (p < 0.05). Pearson 
correlation coefficients showed a positive correlation between both caspase-1 and inflammatory factors in the 
research group (p < 0.05). In addition, caspase-1 showed an excellent diagnostic effect on the occurrence of CAL. 
In in vitro assays, elevated caspase-1 expression was seen to promote aberrant proliferation and inhibit apoptosis 
in HCASMCs (p < 0.05).
Conclusions: Caspase-1 is elevated in KD and shows an excellent diagnostic value for both KD and the occurrence 
of CAL in KD patients, possibly through promoting the abnormal proliferation of HCASMCs.
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Introduction 

Kawasaki disease (KD), also known as mucocutaneous 
lymph node syndrome, has an unknown aetiology and is 
generally believed to be caused by acute systemic non-
specific small- and medium-vessel vasculitis triggered by 
infectious factors [1]. According to statistics, the current 
global incidence of KD is approximately 49.4 per 100,000 
people, with more than 50% of the cases being children 
under 2 years of age [2]. During the acute phase of KD, 
the increase of inflammatory factors leads to vascular 
endothelial cell proliferation and migration that induces 

progression into systemic vascular inflammatory damage, 
and vascular endothelial cell damage also causes frequent 
episodes of coronary artery lesions (CAL) in children [3]. 
Meanwhile, KD, as a vascular injury inflammation with 
a highly activated immune system, can cause irreversible 
changes in the vascular diameter after CAL, potentially 
increasing the risk of coronary complications even after 
treatment [4]. In recent years, with the increasingly ad-
vanced medical technology, the survival rate of all kinds 
of premature infants and newborns with congenital de-
fects has become higher and higher, accompanied by an 
increasing incidence of KD [5]. Therefore, how to effectively 
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Criteria for patient enrolment and exclusion 

Research group: all children aged 6 months to 6 years 
old who met the KD diagnostic guidelines [15], with con-
firmed diagnosis by our hospital and complete medical 
records. Routine examinations including liver and renal 
function, electrocardiogram, faecal/urine, blood, etc., 
were performed after admission to the hospital. Based 
on the results of the examinations, children with other 
underlying diseases such as rheumatic immune diseases 
and cardiovascular diseases that could cause coronary 
artery damage, serious infections, congenital heart dis-
ease and/or cardiomyopathy, severe arrhythmias, kidney 
disease, or mental illness were excluded. Control group: 
healthy outpatient children aged 6 months to 6 years 
without KD or previous medical history were included. 
The exclusion criteria were the same as those of the re-
search group.

CAL diagnostic criteria

Ultrasound (GE Vivid E95 colour Doppler ultrasound, 
USA) performed on all children with KD. The diameters 
of the right coronary artery, left main coronary artery, 
left anterior descending branch, and circumflex coro-
nary artery were measured, and the Z-value was calcu-
lated based on the coronary artery diameter measured 
by echocardiography and the child’s body surface area. 
Z-value < 2: CAL negative (-); a Z-value greater than or 
equal to 2.5 or within the range of 2.0~ < 2.5, accom-
panied by enhanced echogenicity around the coronary 
artery or coronary artery: CAL positive (+). In the research 
group, 30 children were CAL+ and 37 children were CAL-.

Sample collection and testing

First, we drew 2 ml of fasting peripheral blood from 
children in the research group at the time of admission, 
after treatment, and the control group at the time of 
admission for testing. These blood samples were centri-
fuged at room temperature for 10 min (3000×g), and the 
serum was collected and stored in a –80°C refrigerator. 
Caspase-1, interleukin-1β (IL-1β), and interleukin-6 (IL-6) 
were measured by enzyme-linked immunosorbent assays 
(ELISA) strictly following the kit instructions, with the kits 
all ordered from Shanghai Xuanya Biotech (China). All 
children were treated with g globulin injections after ad-
mission to the hospital. Caspase-1 was measured at the 
time of admission (T0), after treatment with g globulin 
injections (T1), 10 days after discharge from the hospital 
(T2), 1 month after discharge from the hospital (T3), and 
3 months after discharge from the hospital (T4) in the 
children in the research group.

Cell data

Human coronary artery smooth muscle cells 
(HCASMCs), purchased from BeNa Culture Collection 

evaluate the occurrence of CAL in KD is of great signifi-
cance to protect the health of children.

Research has shown that KD is a clinical syndrome 
caused by acute abnormal activation of the autoimmune 
system induced by infectious factors on the basis of genet-
ic predisposition, which is related to abnormal increases 
in chemokines and inflammatory factors triggered by im-
mune disorders [6]. Therefore, research has been focused 
on changes in the inflammatory mediators in KD.

Cysteinyl aspartate specific proteinases (Caspase) are 
a group of proteases with a similar structure present in the 
cytoplasm, which have a close relationship with eukaryotic 
cell apoptosis, participate in cell growth, differentiation, 
and apoptosis regulation, and are the key substance of 
inflammatory signal transduction [7]. Among them, cas-
pase-1 is one of the most widely involved caspase fam-
ily members in cardiovascular diseases, which has been 
confirmed to participate in multiple pathological processes 
such as angiogenesis, myocardial hypertrophy, unstable 
plaques of the artery wall, myocardial fibrosis, and other 
cardiovascular alterations [8, 9]. For CAL, caspase-1 also 
plays an important role [10–12]. More recently, a study by 
Jin et al. even found that the use of caspase-1 inhibitors 
is expected to be a new therapeutic option for athero-
sclerosis [13]. Qian et al. also showed that caspase-1 has 
the ability to regulate vascular inflammation in ischemic 
stroke [14]. All these studies suggest that we may have an 
important potential link between caspase-1 and KD. 

Currently, the incidence of KD is increasing year by 
year, and its threat to children’s health has to be empha-
sized. As an excellent quantitative indicator, caspase-1 
has great potential for clinical application in both KD and 
CAL in children with KD. However, in children with KD, the 
specific role of caspase-1 is not clear, and whether the 
relationship between caspase-1 and CAL will be affected 
by KD remains to be confirmed. 

Aim

Accordingly, in this study, we will explore the clinical 
significance of caspase-1 in KD combined with CAL, and 
further explore its influence on vascular smooth muscle 
cells so as to provide new research ideas and basis for 
future diagnosis and treatment of KD.

Material and methods

Study subjects

A prospective analysis was conducted on 67 children 
with acute KD admitted to our hospital from August 2022 
to April 2023 (research group) and 67 healthy outpatient 
children during the same period (control group). All the 
subjects provided written informed consent and follow 
the Declaration of Helsinki/the Declaration of Helsinki is 
followed in conducting the study, and this study was ap-
proved by the Ethics Committee of our hospital.



Advances in Dermatology and Allergology 1, February/202598

Yang Yang, Daqing Sun, Rui Ma, Mei Lv, Weikai Wang

(Beijing, China), were cultured in a supporting medium 
with 37°C, 5% CO

2 
+ 95% air.

Cell transfection

Caspase-1 abnormal expression vectors, designed 
and constructed by Biorun Biotech Co., Ltd. (Wuhan, Hu-
bei, China), were transfected into logarithmic-growth-
phase HCASMCs according to Lipofectamine 2000 
(Thermo Fisher Scientific, USA), and the concentration 
of caspase-1 in the cell culture supernatant was detected 
to confirm the success rate of transfection. Among them, 
HCASMCs transfected with the caspase-1 empty vector, 
overexpression vector, and silencing vector were labelled 
as blank group, group A, and group B, respectively.

Cell viability assay

When the cell growth of each group reached 80%, the 
cells were washed with PBS 3 times, digested, and resus-
pended for inoculation into 96-well plates with 3–6 × 103 
cells/well, with 4 duplicate wells set in each group. 10 μl 
of CCK-8 solution was added into one well at 24, 48, and 
72 h (37°C, 5% CO

2 
+ 95% air) of culture, respectively, and 

the optical density (OD) at 450 nm was detected 2 h after 
culture using a microplate reader (Varioskan LUX enzyme 
labeler, Thermo Fisher Scientific, USA). Cell growth curves 
were drawn.

Apoptosis and cell cycle assays

Cells were washed with PBS and digested by adding 
ethylene diamine tetraacetic acid (EDTA)-free trypsin; 100 μl  
of cell suspension (5 × 105 cells/ml) was taken after resus-
pension in PBS and placed in a clean centrifuge tube, and 
5 μl of Annexin V-fluorescein isothiocyanate (FITC) and 
propidium iodine (PI) reagent (Med Chem Express, USA) 
were added sequentially, mixed well, and then incubat-
ed for 15 min at room temperature with protection from 
light, the apoptosis rate was detected by flow cytometry 
and the cell cycle was analyzed.

Outcome measures

Differences in peripheral blood expression of cas-
pase-1 and inflammatory factors between the research 

and control groups were compared, and the diagnostic 
value of caspase-1 for KD was analyzed. In addition, the 
difference in caspase-1 expression between CAL+ and 
CAL- children in the research group was further observed, 
and its diagnostic value for CAL was discussed. Further-
more, changes in HCASMC biological behaviours after 
interfering with caspase-1 expression were observed.

Statistical analysis

This study used SPSS 24.0 for statistical analysis, 
with p < 0.05 indicating the presence of statistical sig-
nificance. Categorical variables, denoted by [n (%)], 
were comparatively analyzed between groups with the 
c2 test. The means ± s was used to statistically describe 
continuous variables, whose between- and within-group 
comparisons employed independent sample t tests and 
paired t tests, respectively. The diagnostic value was 
assessed with receiver operating characteristic (ROC) 
curves, and the correlation was determined by Pearson 
correlation coefficients. Correlates were analyzed using 
logistic regression.

Results

Comparison of clinical data

Comparing children’s age, sex, weight, and other 
baseline data, we found no statistical inter-group signifi-
cance (p > 0.05), suggesting that comparability (Table 1).

Clinical significance of caspase-1 in KD

Peripheral blood caspase-1 was 8.73 ±3.71 pg/ml in 
the acute phase of the research group, which was signifi-
cantly higher (p < 0.001) compared to 12.25 ±3.98 pg/ml 
in the control group (p < 0.001). According to ROC analy-
sis, when peripheral blood caspase-1 expression was 
greater than 12.62 pg/ml, the sensitivity and specificity 
for diagnosing the occurrence of KD were 50.75% and 
89.55%, respectively (p < 0.001). In addition, the changes 
in caspase-1 at each time point in the children in the re-
search group were detected, and it was seen that the 
concentration of caspase-1 gradually decreased with the 

Table 1. Comparison of clinical baseline data

Group Age 
[months]

Weight 
[kg]

Sex Family history of disease Only child

Boys Girls Yes No Yes No

Control group (n = 67) 31.97 ±14.34 13.50 ±4.51 37 (55.22%) 30 (44.78%) 2 (2.99%) 65 (97.01%) 46 (68.66%) 21 (31.34%)

Research group  
(n = 67)

29.00 ±20.33 13.97 ±4.82 38 (56.72%) 29 (56.72%) 0 (0.0%) 67 (100.0%) 42 (62.69%) 25 (37.31%)

t (c2) 0.977 0.577 0.030 2.030 0.530

P-value 0.330 0.565 0.862 0.154 0.467

Note: Independent samples t-test (t), chi-square test (c2).
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treatment and reached its lowest value (8.53 ±1.72 pg/ml) 
at T4 (p < 0.001) (Figure 1).

�Relationship between caspase-1 and inflammatory 
responses in KD 

The results of inflammatory factors showed that IL-
1β and IL-6 in the research group were 25.15 ±5.49 pg/ml 
and 32.09 ±5.07 pg/ml, respectively, which were higher 
than those in the control group (p < 0.001). Pearson cor-
relation coefficient identified a positive association of 
caspase-1 with IL-1β (r = 0.796, p < 0.001) and IL-6 (r = 
0.704, p < 0.001) in children in the research group during 
the acute phase (Figure 2).

�Relationship between caspase-1 and CAL in KD 
children

In contrast, the caspase-1 level in the research group 
was 13.70 ±4.49 pg/ml in the acute phase in the CAL+ 
children, which was higher than in the CAL- children  
(p < 0.001). ROC curves showed that the sensitivity and 
specificity of CAL in the diagnosis of CAL in children 
with KD were 60.00% and 81.08% (p < 0.001), respec-
tively, when caspase-1 was > 13.67 pg/ml in the acute 
phase (Figure 3).

�Analysis of factors associated with the 
development of CAL in children with KD

Finally, we also carried out a preliminary analysis of 
the factors associated with the development of CAL in 
children with KD, and after comparing the age, weight, 
and sex data of the CAL+ children with those of the CAL- 
children, it was found that none of the differences were 
statistically significant (p > 0.05). Creatine kinase-MB 
(CK-MB), albumin (ALB), erythrocyte sedimentation rate 
(ESR), procalcitonin (PCT), C-reactive protein (CRP) were 
further compared between the two groups, Platelet (PLT), 
etc., also did not show significant differences (p > 0.05, 
Table 2). Only caspase-1 was significantly different be-
tween CAL+ and CAL- children, so logistic regression anal-
ysis was performed with CAL as the independent variable 
(CAL- was assigned a value of 1 and CAL+ was assigned 
a value of 2) and caspase-1 as the covariate (analyzed 
using the raw data). The results showed that caspase-1 
was an independent risk factor for the development of 
CAL in children with KD (p < 0.001, Table 3).

Effect of caspase-1 on HCASMCs

After transfection of caspase-1 aberrant expression 
vector, it was found that caspase-1 in group A was 11.03 

B

Figure 1. Clinical significance of Caspase-1 in DK. A – Caspase-1 was higher in the acute phase in research group than in 
the control group. B – ROC curve of Caspase-1 diagnosis of DK occurrence. C – Caspase-1 was lower in the recovery phase 
than in the acute phase in research group
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±0.70 pg/ml, which was higher than that in the blank 
group, while caspase-1 in group B was 5.07 ±0.35 pg/ml, 
which is lower than that in the blank group (p < 0.001), 
which confirmed that the transfection was successful. 
Subsequently, we found through the MTT assay that the 

cell proliferation was enhanced in group A compared with 
the blank group and group B, while group B had weaker 
cell proliferation than the blank group (p < 0.001). Flow 
cytometry showed that the apoptosis rate of group A was 
7.30 ±0.46%, which was the lowest among the three 
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Figure 3. Relationship between Caspase-1 and CAL in DK children. A – Caspase-1 was higher in CAL+ children than in 
CAL- children. B – ROC curve of Caspase-1 diagnosis of CAL in children with DK
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Table 2. Univariate analysis of factors affecting the occurrence of CAL in children with KD

Parameter CAL- (n = 37) CAL+ (n = 30) t (c2) P-value

Age [months] 28.59 ±19.55 29.50 ±21.58 0.180 0.858

Weight [kg] 13.84 ±4.75 14.12 ±4.98 0.234 0.816

Sex 2.191 0.139

Boys 18 (48.65) 20 (66.67)

Girls 19 (51.35) 10 (33.33)

Only child 1.620 0.203

Yes 23 (62.16) 23 (76.67)

No 14 (37.84) 7 (23.33)

IL-1β [pg/ml] 24.56 ±5.19 25.87 ±5.86 0.966 0.338

IL-6 [pg/ml] 31.38 ±5.09 32.96 ±4.99 1.278 0.206

CK-MB [U/l] 25.03 ±5.91 28.86 ±4.73 2.881 0.005

ALB [g/l] 20.27 ±5.02 19.40 ±5.19 0.695 0.490

Liver and kidney function 0.609 0.435

Abnormal 1 (2.70) 2 (6.67)

Normal 36 (97.30) 28 (93.33)

ESR [mm/h] 39.38 ±17.20 49.47 ±25.57 1.924 0.059

PCT [ng/ml] 1.02 ±1.07 0.99 ±1.13 0.113 0.911

CRP [mg/l] 84.28 ±54.24 79.84 ±56.57 0.327 0.745

PLT [× 109/ml] 325.32 ±102.32 345.00 ±118.69 0.729 0.469

Mycoplasma pneumoniae 0.052 0.974

Weakly positive 5 (13.51) 4 (13.33)

Positive 3 (8.11) 2 (6.67)

Negative 29 (78.38) 24 (80.00)

D-dimers [ng/ml] 1794.46 ±837.04 2007.57 ±1013.20 0.943 0.349

Foci of infection in the lungs 1.102 0.294

Abnormal 4 (10.81) 6 (20.00)

Normal 33 (89.19) 24 (80.00)

Electrocardiogram 2.711 0.100

Abnormal 1 (2.70) 4 (13.33)

Normal 36 (97.30) 26 (86.67)

Note: Independent samples t-test (t), chi-square test (c2), CK-MB – creatine kinase-MB, ALB – albumin, ESR – erythrocyte sedimentation rate, PCT – procalcitonin, 
CRP – C-reactive protein, PLT – platelet, IL-1β – interleukin-1β, IL-6 – interleukin-6, CAL- – CAL negative, CAL+ – CAL positive.

Table 3. Multifactorial analysis influencing the occurrence of CAL in children with KD

Parameter Β S.E. Wald c2 P-value OR 95% CI

Caspase-1 0.178 0.075 5.544 0.019 2.316 1.030–1.384

Note: Regression coefficient (β). SE – standard error, OR – odds ratio, 95% CI – 95% confidence interval, logistic regression analysis (Wald c2).

groups, and the cells were significantly blocked in the G0/
G1 phase (p < 0.001); whereas the apoptosis rate of group 
B was 20.78 ±1.27%, which was higher than that of the 
blank group, and the G0/G1 phase was shortened (p < 
0.001) (Figure 4).

Discussion

In the present study, we found that caspase-1 was 
significantly elevated in children with KD, and at the 
same time, caspase-1 was further elevated in children 
with CAL+, confirming the close association between 
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caspase-1 and KD as well as CAL. We first observed the 
changes of caspase-1 in KD and found that the concen-
tration of caspase-1 in the acute phase of the research 
group reached 8.73 ±3.71 pg/ml, which was higher than 
that of the control group (p < 0.001), suggesting that cas-
pase-1 may be involved in the occurrence and develop-
ment of KD. In addition, we also found that caspase-1 in 
children in the research group gradually decreased after 
treatment, which can also support the close correlation 
between caspase-1 and the progression of KD. In previ-
ous studies, caspase family members such as caspase-3 
and caspase-9 were also found to be elevated in KD [16, 
17], which can preliminarily support our results. Further-
more, through ROC analysis, we found that when periph-
eral blood caspase-1 expression was greater than 12.62 
pg/ml, the sensitivity and specificity for diagnosing the 
occurrence of KD were 50.75% and 89.55%, respectively 
(p < 0.001), which also suggested the potential of cas-
pase-1 to be a diagnostic index of KD in the future. We 
speculate that the relationship between caspase-1 and 
KD may be related to the regulation of pyroptosis. As is 
well known, pyroptosis is a programmed death that oc-
curs after being stimulated by infectious or endogenous 
injury-related signals, and its physiological processes are 
dependent on caspase-1, characterized by rapid rupture 
of the plasma membrane, DNA fragmentation, and the 
release of intracellular pro-inflammatory substances 
such as IL-1β and IL-6 [18]. For KD, peroxidation damage 
due to increased inflammation in the blood vessels is 
a key cause of CAL and other related complications [19]. 
Therefore, caspase-1, which marks an exacerbation of py-
roptosis, is also related to the progression of KD. This can 
also be supported by higher IL-1β and IL-6 in the research 
group compared with the control group when comparing 
the levels of inflammatory factors, as well as the positive 
relationship between IL-1β (r = 0.796, p < 0.001) and IL-6 
(r = 0.704, p < 0.001) and caspase-1. The study of Bai  
et al. mentioned that caspase-1 was significantly elevat-
ed during atherosclerosis [20], which could also support 
the results of the current study.

Subsequently, the further observation of caspase-1 
in CAL+ and CAL- children in the research group showed 
that caspase-1 was further increased in children with 
CAL+ (p < 0.001). ROC curves showed that the sensitivity 
and specificity of CAL in the diagnosis of CAL in children 
with KD were 60.00% and 81.08% (p < 0.001), respec-
tively, further demonstrating the potential application 
of caspase-1 in KD in the future. Research has shown 
that ischemic heart disease caused by intimal hyper-
plasia or thrombotic obstruction is the prime reason for 
the long-term death of KD complicated with CAL, and 
that the pyroptosis of vascular endothelial cells, which 
acts as a protective barrier between blood and vascu-
lar walls, predisposes to lipid deposition on the vascu-
lar intima and prompts a series of immune responses, 
leading to the deposition of leukocytes on the vessel 

wall and resulting in the formation of local thrombosis 
[21]. This is also hypothesized to be the reason for the 
increased risk of CAL in KD children following the in-
crease of caspase-1. A study on vascular calcification by 
Ceccherini et al. found that the inflammatory response 
of vascular smooth muscle cells could be improved by 
anti-inflammatory treatment, which included a reduction 
in caspase-1 levels [22], which is in line with our view. 
Not only that, by logistic regression analysis, we also 
found that caspase-1 was an independent risk factor for 
the development of CAL in children with KD (p < 0.001), 
which further supports their relationship. Based on these 
results, we believe that in the future, dynamic monitoring 
of caspase-1 levels in KD patients may be effective in pre-
venting the occurrence of CAL, which will greatly enhance 
the prognosis and health of the patients.

Through the above studies, we have preliminarily 
confirmed the diagnostic efficacy of caspase-1 in KD and 
CAL, but its specific mechanism of action remains to be 
clarified and requires further research and exploration. In 
modern pathological research, it has been confirmed that 
CAL is caused by the abnormal proliferation of HCASMCs 
and the formation of plaques and thrombi [23], so we 
intervene in caspase-1 expression in HCASMCs through 
abnormal expression vectors to determine its influencing 
mechanism on CAL. The results showed that after up-
regulating caspase-1 expression, the activity of HCASMCs 
increased, the apoptosis decreased, and the cells were 
largely arrested in the G0/G1 phase (p < 0.001); silencing 
caspase-1 expression led to inverse changes in the activ-
ity of HCASMCs (p < 0.001). These results indicate that 
caspase-1 has a stimulating effect on the abnormal pro-
liferation of HCASMCs, and combined with the elevated 
caspase-1 in KD mentioned earlier, we can preliminarily 
understand the main mechanism by which caspase-1 
participates in CAL. In recent years, caspase-1 has been 
recognized as a novel biomarker and target for cardiovas-
cular diseases [24], which is due to the discovery of aber-
rant expression of caspase-1 in chronic heart failure, viral 
myocarditis, and other diseases in several studies [25, 
26], and our findings again argue for the results of these 
studies. Moreover, the pro-apoptotic effect of silencing 
caspase-1 on HCASMCs suggests that the molecular ther-
apeutic pathway by silencing caspase-1 expression may 
become a new treatment option for KD combined with 
CAL in the future, with great research potential.

However, due to the limited conditions, there are still 
many limitations to be addressed in this study. For exam-
ple, further experiments are needed to confirm whether 
the occurrence of KD causes the increase of caspase-1 
or the primary increase of caspase-1 causes KD progres-
sion. Besides, the pathways through which caspase-1 
participates in KD (such as signal transduction and ac-
tion pathways) need to be further confirmed. It is also 
necessary to increase the number of cases in the future 
to improve the accuracy of caspase-1 in diagnosing KD 
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and CAL. In the follow-up, we will conduct more compre-
hensive research and analysis to address the limitations 
mentioned above, providing more reliable references for 
clinical practice.

Conclusions

Caspase-1 is elevated in KD and shows an excellent 
diagnostic value for both KD and the occurrence of CAL 
in KD patients, possibly through promoting the abnor-
mal proliferation of HCASMCs. Caspase-1 is expected to 
become the key to the diagnosis and treatment of KD in 
the future, providing a new clinical research direction.
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