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Abstract 

Background Acute type A aortic dissection (ATAAD) is a life-threatening pathological change of the aorta. Patients 
who have undergone aortic surgery are usually at high risk of mortality.

Aim We investigated the predictive value of serum Mammalian sterile 20-like kinase 1 (MST1) as a biomarker for the 
risk of mortality of ATAAD patients.

Methods In this retrospective cohort study, we analyzed 160 consecutive ATAAD patients who had undergone emer-
gency surgery from July 2016 to April 2017. Medical records and blood samples were collected and analyzed. ELISA 
assays were performed to detect the concentrations of several proteins including MST1. The relationship between 
these potential biomarkers and the primary endpoint of death was evaluated using Cox proportional hazard regres-
sion analysis.

Results Compared with a low level (< 1330.8 ng/L), high serum MST1 level (≥ 1330.8 ng/L) was positively associ-
ated with the 30-day mortality (OR = 5.233, 95%CI, 1.843–14.862, P < 0.01) and retained predictive after adjustment 
for sex, age, BMI, nasopharyngeal temperature and deep hypothermia circulatory arrest time (OR = 4.628 95% CI, 
1.572–13.625, P < 0.01). A pre-existing basic clinical prediction model was improved with the inclusion of preoperative 
serum MST1. Specifically, the area under the ROC curve for base model (history of cerebrovascular disease, creatinine, 
time of operation) was 0.708 (95%CI, 0.546–0.836) and markedly increased to 0.823 when taking MST1 into considera-
tion (95%CI, 0.700–0.912, P = 0.02).

Conclusion Our study suggests that high preoperative circulating MST1, with a concentration greater than 
1330.8 ng/L, was correlated with the 30-day mortality of ATAAD patients who underwent emergency surgery.
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Introduction
Aortic dissection refers to the pathology of blood flowing 
into the media of the aortic wall, ultimately leading to rup-
ture of the aorta [1]. With the continuous improvement 
of surgical methods and emergency medical services, the 
short-term survival rate has improved for patients with 
aortic dissection. Despite this, there is still a high peri-
operative and postoperative mortality rate. Investigations 
of serum biomarkers may provide opportunities for the 
prediction and reduction of postoperative death of patients 
with acute type A aortic dissection (ATAAD) and the guid-
ance of the timing of emergency surgery.

Investigators have focused on aortic dissection biomark-
ers for providing fast and cost-effective methods for early 
diagnosis [2–6]. However, there are relatively few investiga-
tions of the relationship between biomarkers and the risk of 
postoperative death for ATAAD, and the predictive efficacy 
of biomarkers is still uncertain. New advances in under-
standing the risk of postoperative death for ATAAD are 
likely to provide innovations in preventive and therapeutic 
techniques.

Mammalian sterile 20-like kinase 1 (MST1) is a mem-
ber of the Sterile 20 protein family. MST1 is a homologue 
of the Drosophila Hippo protein kinase and the core com-
ponent of the Hippo signaling pathway that regulates cell 
division and apoptosis [7–9]. MST1 acts as a key bridge 
builder for apoptosis of damaged tissue. Apoptosis of vas-
cular smooth muscle cells (VSMC) in the middle layer of 
the aorta is the main cause of aortic dissection [10]. When 
aortic dissection occurs, blood flow enters the middle layer 
of the blood vessels, triggers an inflammatory response and 
activates MST1 to promote apoptosis [11]. Yes-associated 
protein (YAP) is another core member of the Hippo path-
way that regulates apoptosis [12, 13]. YAP is regulated by 
MST1 through a series of kinase cascades. All the above 
studies show that MST1 is critical to determining the 
cell fate, which plays important role in the formation and 
development of aortic dissection. Thus, we hypothesized 
that MST1 may also correlates with the postoperative mor-
tality of ATAAD patients. In this study, we determined the 
relationship between the serum concentration of MST1 
and the postoperative mortality of ATAAD patients.

Methods
Patient selection and methods
This study conformed to the principles outlined in 
the Declaration of Helsinki, and the Ethics Commit-
tee of Beijing Anzhen Hospital approved the study 

(Institutional Review Board File 2,014,019). Consecu-
tive patients admitted to Anzhen Hospital from July 
2016 to April 2017 were enrolled. The exclusion criteria 
were as follows: (1) Patients with a genetic syndrome 
related to aortic disease, such as Marfan, Loeys–Dietz, 
Turner, or Ehlers–Danlos syndrome, (2) Patients with 
traumatic dissection, inflammatory aortic disease, or 
congenital anomaly, and (3) Patients with a history 
of ascending aortic surgery (such as Bentall, David or 
Wheat). Ultimately, 160 ATAAD patients were enrolled 
into the analysis. All ATAAD patients received surgery 
within 48 h of admission.

The surgical procedures included 69 patients 
with Bentall [48 patients with TAR (thoracic aortic 
replacement) + SET (total arch replacement using a 
tetrafurcate graft and stented elephant trunk implan-
tation) [14], 2 patients with TAR + SET + CABG 
(coronary artery bypass grafting), 3 patient with 
TAR + SET + MVR (mitral valve replacement), 1 
patient with TAR + SET + TVP (tricuspid valvulo-
plasty), 7 patients with hemiarch replacement, 1 patient 
with hemiarch replacement + CABG, and 1 patient 
with hemiarch replacement + MVR]. Ninety-one 
patients had ascending aortic replacement [72 patients 
with TAR + SET, 4 patients with TAR + SET + CABG, 
10 patients with hemiarch replacement, and 2 patients 
with hemiarch replacement + CABG]. The right axillary 
artery was used for antegrade selective cerebral perfu-
sion when performing total arch replacement using a 
tetrafurcate graft and stented elephant trunk implanta-
tion under deep hypothermia circulation arrest.

Data collection
Clinical data were assembled from the database of “A 
study of the prediction and treatment of Acute Aortic 
Syndrome (ChiCTR1900022637).” Preoperative vari-
ables were age, BMI, sex, hypertension, diabetes, res-
piratory diseases, history of cerebrovascular disease, 
history of cardiovascular disease, coronary heart dis-
ease, TEVAR, preoperative serum creatinine, ascending 
aorta diameter, ejection fraction, pericardial effusion, 
aortic regurgitation, intraoperative variables (operation 
time, cardiopulmonary bypass time, aortic cross-clamp 
time, nasopharyngeal temperature and deep hypother-
mia circulatory arrest time) and postoperative outcome 
variable (postoperative AKI, dialysis, 30-day death and 
late death).
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End points and definitions
The study’s primary end points were 30-day death and 
late death. Thirty-day mortality was defined as death 
from any cause during the first 30 days after surgery or 
as intra-hospital death after surgery. All patients were 
confirmed by computed tomography angiography to 
have type A aortic dissection (TAAD). Acute TAAD was 
defined as dissection involving the ascending aorta with 
symptoms appearing for less than 14 days [15]. Respira-
tory diseases include airways diseases, lung parenchymal 
diseases and pulmonary vascular diseases. Postopera-
tive acute kidney injury was diagnosed according to the 
newest consensus-based KDIGO criteria [16]. Follow-
up information was obtained from records of clinical 
encounters or telephone interview with patients and/or 
relatives.

Blood sample analysis
After collection, blood was anticoagulated with sodium 
citrate and centrifuged for 15 min at 3,500  rpm at 4◦C. 
All samples were divided into 0.5 ml per centrifuge tube, 
stored at -80◦C, and used only for this study. The mean 
sample storage duration was 84.5 days before performing 
ELISA. The biomarkers assayed preoperatively by ELISA 
(Uscn, Wuhan, China) were Transcriptional coactivator 
with PDZ-binding motif (TAZ), Yes-associated protein 
(YAP1/2), Mammalian sterile 20-like kinase (MST1/2), 
and Large tumor suppressor kinase (LATS1/2) [17]  . All 
ELISA experiments were performed twice, and the mean 
value was used for analysis.

Statistical analysis
Data were expressed as frequency and percent, as 
mean ± standard deviation, or as median with inter-
quartile range. We used the Pearson’s χ2 test or Fischer’s 
exact tests (in case of expected values < 5) for categorical 
variables, one-way ANOVA for normal continuous vari-
ables, and the Kruskal–Wallis test for skewed continuous 
variables. Patients were then stratified into two groups 

comparing the upper quartile (“Q3”, n = 54) with the 
lower two quartiles (“Q1–2”, n = 106) Cox proportional 
hazard regression analysis was performed to identify the 
predictors of 30-day and late mortality. Both unadjusted 
and multivariate-adjusted regression models were used 
to evaluate the association of a biomarker with mortal-
ity after surgery. Because the number of end-point events 
was limited, we present regression results only as (1) an 
unadjusted model, (2) a model adjusted for age and sex, 
and (3) a model adjusted for age, sex, BMI, nasopharyn-
geal temperature and deep hypothermia circulatory 
arrest time. The potential for the assessed biomarkers to 
diagnose 30-day mortality was further examined using 
receiver operating characteristic (ROC) curves gener-
ated for the models. The difference in area under the 
curve (AUC) of the analyses was assessed using DeLong 
test for paired ROC curves. The additive benefit of con-
sidering the biomarker in diagnosing 30-day mortality 
was assessed in sensitivity analyses that compared the 
AUC of a base model (only history of cerebrovascular 
disease, creatinine, time of operation) to a model that 
included biomarker and the aforesaid covariates. We cal-
culated the survival rate using the Kaplan–Meier analyti-
cal method; patients were categorized into tertiles based 
on the corresponding biomarker, whereas differences 
between groups were evaluated using the log-rank test. 
All tests were 2-sided and differences were considered 
statistically significant at P- value < 0.05. All analyses were 
performed using statistical software package R (http:// 
www.R- proje ct. org, The R Foundation).

Results
Biomarkers and primary outcomes of ATAAD patients
Table 1 shows the circulating concentrations of potential 
biomarkers. No differences in preoperative plasma con-
centrations of TAZ, YAP1, YAP2, MST1, LATS-1 and 
LATS-2 were observed for either group. However, we 
found preoperative MST1 was higher in patients who 

Table 1 Biomarkers of participants in ATAAD

* P value < 0.05

No 30-day death 30-day death P-value No Death Death P-value
N 143 17 128 32

TAZ, ng/ml 14.3 ± 3.0 14.0 ± 2.5 0.656 14.5 ± 3.0 13.6 ± 2.4 0.151

YAP 1, ng/ml 11.3 ± 2.6 11.3 ± 2.7 0.915 11.2 ± 2.6 11.9 ± 2.8 0.140

YAP 2, ng/ml 10.8 ± 2.6 10.8 ± 3.0 0.981 10.7 ± 2.5 11.1 ± 3.1 0.384

MST 1, pg/ml 1152.4 ± 255.7 1386.6 ± 139.3 < 0.001* 1157.0 ± 252.5 1258.3 ± 258.5 0.045*

MST 2, pg/ml 1108.2 ± 242.0 1145.3 ± 245.1 0.551 1115.6 ± 243.1 1098.2 ± 240.1 0.718

LATS 1, ng/ml 9.1 ± 1.9 8.2 ± 1.8 0.070 9.1 ± 1.9 8.6 ± 1.8 0.159

LATS 2, ng/ml 8.6 ± 1.7 8.8 ± 1.9 0.677 8.7 ± 1.7 8.5 ± 1.7 0.440

http://www.R-project.org
http://www.R-project.org
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died within 30  days. Patients in the Outcome Cohort 
were stratified into two groups (Q1-2, Q3) (Table 2).

Baseline characteristics of ATAAD patients
Table  2 displays the demographics and baseline charac-
teristics of the entire 160-patient study population. The 
mean age in the cohort was 49.2 ± 11.5  years, and 118 
participants were men (73.8%). Among them, 17 (10.6%) 
patients died within 30 days after surgery. There were no 

difference in the patient characteristics or intraoperative 
details between the two groups.

Serum MST1 was associated with clinical outcome
Table 3 demonstrates that MST1 was significantly asso-
ciated with the 30-day mortality (OR = 1.004, 95% CI, 
1.002–1.007, P < 0.01). After adjustment for age, sex, and 
BMI, the OR was 1.004 (95% CI, 1.001–1.006, P < 0.01). Of 
note, there was statistically significant difference regard-
ing the 30-day mortality-associated factors between the 

Table 2 Baseline characteristics of participants in ATAAD

Results are expressed as n (%) or mean ± standard deviation (SD) or median interquartile range (IQR)

BMI Body mass index, TEVAR Thoracic aortic endovascular repair, AKI Acute kidney injury
* P value < 0.05

Total Q1–Q2 (< 1330.8 ng/L) Q3 (≥ 1330.8 ng/L) P-value

N 160 106 54

Age, years 49.2 ± 11.5 48.4 ± 11.4 50.7 ± 11.6 0.237

Sex (male) 118 (73.8%) 83 (78.3%) 35 (64.8%) 0.067

BMI, kg/m2 25.9 ± 3.7 26.0 ± 3.8 25.8 ± 3.7 0.741

Hypertension 106 (66.2%) 70 (66.0%) 36 (66.7%) 0.937

Smoking 66 (41.2%) 41 (38.7%) 25 (46.3%) 0.355

Diabetes 10 (6.2%) 6 (5.7%) 4 (7.4%) 0.666

Respiratory diseases 3 (1.9%) 2 (1.9%) 1 (1.9%) 0.988

History of cardiovascular disease 20 (12.5%) 13 (12.3%) 7 (13.0%) 0.899

History of cerebrovascular disease 8 (5.0%) 4 (3.8%) 4 (7.4%) 0.319

Coronary heart disease 9 (5.6%) 7 (6.6%) 2 (3.7%) 0.452

TEVAR 5 (3.1%) 3 (2.8%) 2 (3.7%) 0.764

Creatinine, μmol/L 78.8 (67.2–97.3) 79.0 (66.6–97.1) 78.7 (67.5–100.9) 0.602

White blood cell,  109/L 10.4 ± 3.8 10.2 ± 3.7 10.7 ± 4.0 0.447

Platelet,  109/L 211.6 ± 74.0 211.3 ± 76.2 212.2 ± 70.0 0.939

Troponin I, ng/mL 0.0 (0.0–0.0) 0.0 (0.0–0.1) 0.0 (0.0–0.0) 0.514

Myoglobin, ng/ml 27.9 (16.4–58.9) 26.7 (16.1–46.4) 34.2 (18.6–66.8) 0.150

Fibrinogen, g/L 3.6 ± 1.8 3.8 ± 2.0 3.3 ± 1.4 0.148

D-dimer, ng/mL 1137.0 (563.0–2993.0) 1563.0 (589.5–3028.5) 1067.0 (444.8–2734.2) 0.955

Ascending aorta diameter, mm 46.9 ± 8.5 46.9 ± 8.8 43.0 ± 8.8 0.912

Ejection fraction, % 61.7 ± 6.4 62.3 ± 6.2 60.5 ± 6.5 0.087

Pericardial effusion 34 (21.2%) 21 (19.8%) 13 (24.1%) 0.533

Aortic regurgitation 0.457

Mild 53 (33.1%) 31 (29.2%) 22 (40.7%)

Moderate 36 (22.5%) 25 (23.6%) 11 (20.4%)

Severe 36 (22.5%) 24 (22.6%) 12 (22.2%)

Time of operation, hour 7.5 ± 1.7 7.3 ± 1.6 7.7 ± 1.9 0.135

Aortic crossclamp time, min 114.7 ± 37.8 114.4 ± 37.3 115.4 ± 39.2 0.882

Nasopharyngeal temperature,℃ 24.5 ± 2.3 24.8 ± 2.4 24.1 ± 1.9 0.090

Deep hypothermia circulatory arrest 136 (85.0%) 89 (84.0%) 47 (87.0%) 0.607

Deep hypothermia circulatory arrest time, min 21.2 ± 12.2 20.9 ± 12.5 21.8 ± 11.6 0.664

30-day death 17 (10.6%) 5 (4.7%) 12 (22.2%)  < 0.001

AKI 91 (57.2%) 59 (55.7%) 32 (60.4%) 0.571

Neurological complications 19 (11.9%) 14 (13.2%) 5 (9.3%) 0.465

Dialysis 17 (10.6%) 8 (7.5%) 9 (16.7%) 0.077
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“Q1–2” and “Q3” group (OR = 4.628, 95% CI, 1.572–
13.625, P < 0.01). Table  3 also suggests that MST1 was 
significantly associated with the mortality after follow-up 
(P = 0.032). Nevertheless, statistical significance was not 
reached after adjusting for age, sex, BMI, nasopharyngeal 
temperature and deep hypothermia circulatory arrest 
time (P = 0.105).

Kaplan–Meier curves are shown in Fig. 1, which reveals 
a significantly higher mortality rate of the “Q3” group 
compared to the “Q1–2” group (log-rank P < 0.01) after a 
median follow up period of 3.89 years.

Incremental effects of biomarkers in addition 
to the traditional risk factors
The ability of preoperative MST1 concentrations to 
predict the 30-day mortality was investigated using 
ROC curves (Fig.  2). To test whether the inclusion of 
preoperative MST1 enhanced the predictive value of 
the traditional risk factor screening, we compared this 
basic model with models that additionally included the 
MST1. The AUC for the base model (which included 
history of cerebrovascular disease, creatinine, time of 
operation) was 0.708 (95%CI, 0.546–0.836) and mark-
edly increased when considered in conjunction with 
MST1 (models 2: AUC, 0.823, 95%CI, 0.700–0.912, 
P = 0.02).

Discussion
In this study, we retrospectively analyzed the associa-
tion of MST1 concentration in preoperative periph-
eral blood with postoperative mortality in 160 ATAAD 
patients who had undergone surgical repair of the 
aorta. Promising results demonstrated that preopera-
tive MST1 concentration was significantly correlated 
with the mortality within 30  days after surgery, but 
in the follow-up process, the correlation was unclear 
between MST1 concentration and the long-term mor-
tality. Consequently, MST1 could be a new biomarker 
for the prediction of short-term risk of death after 
ATAAD surgery, and pre-procedural MST1 concentra-
tion might be helpful in identifying patients who would 
benefit from emergency surgery.

Table 3 Cox-Regression Analyses for MST1 and the 30-day death and long-term survival

Non-adjusted model adjust for: None

Adjust I model adjust for: Age; Sex

Adjust II model adjust for: Age; Sex; BMI; Nasopharyngeal temperature; Deep hypothermia circulatory arrest time
* P value indicates significance at P < 0.05. CI Confidence interval; HR, hazards ratio

Exposure Non-adjusted OR (95% CI) P-value Adjust I OR (95% CI) P-value Adjust II OR (95% CI) P-value

30-day death
 MST 1 (pg/ml)

  Continuous 1.004 (1.002, 1.007) 0.001* 1.004(1.001, 1.006) 0.002* 1.004 (1.001, 1.006) 0.004*

 MST 1 (pg/ml)

  Q1–Q2 Reference Reference Reference

  Q3 5.233 (1.843, 14.862) 0.002* 5.034 (1.740, 14.566) 0.003* 4.628 (1.572, 13.625) 0.005*

Postoperative death
 MST 1 (pg/ml)

  Continuous 1.002 (1.000, 1.003) 0.032* 1.001 (1.000, 1.003) 0.051 1.001 (1.000, 1.003) 0.105

 MST 1 (pg/ml)

  Q1–Q2 Reference Reference Reference

  Q3 2.023 (1.010, 4.055) 0.046* 1.828 (0.897, 3.728) 0.097 1.704 (0.821, 3.538) 0.152

Fig. 1 Kaplan–Meier analysis of MST1 with the outcome of 30-day 
mortality. Log-rank P values and number of participants within each 
category are shown
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MST1 is a promising factor for predicting the risk 
of short-term mortality
MST1 is widely expressed in human tissues and integral 
to processes such as cell differentiation, adhesion, migra-
tion, and apoptosis [18]. Regarding the working model of 
MST1 in the mammalian Hippo signaling pathway, it is 
currently accepted that MST1 plays a regulatory role in 
the pathway through a series of kinase cascades (Fig. 3). 
Mst1 kinase interacts with and phosphorylates the adap-
tor protein Sav1, after which they phosphorylate and 
activate Lats kinase and its associated protein, Mps One 
Binder kinase activator protein 1 (Mob1). Mob1 and 
Lats then phosphorylates the downstream effector YAP 
[19–21] . Phosphorylation of YAP induces 14–3-3 bind-
ing and cytoplasmic accumulation. Alternatively, it ini-
tiates CK1δ/ε phosphorylation, which ultimately leads 
to ubiquitination and degradation [22, 23]. As the major 
target transcription factors of YAP, members of the TEA 
domain transcription factor family (TEAD) are the tran-
scription factors that most frequently interact with YAP. 
When YAP is dephosphorylated and enters the nucleus, it 
binds and activates the transcription factor TEAD, which 
mediates the expression of genes related to cell prolifera-
tion and anti-apoptosis [24]. In our previous study, YAP 
downregulation induced an increase in VSMC apoptosis 

induced by mechanical stress, and downregulation of 
MST1 leads to YAP transactivation. In addition, YAP 
activation stimulated the proliferation of cardiomyocytes 
[25, 26]. Therefore, MST1, as an important meeting point 
in regulating apoptosis, is crucial for determining cell 
fate.

It is noteworthy that the results of this study agree 
with the aforesaid theory. The Cox regression analy-
sis of the detection results for each biomarker revealed 
that ATAAD patients whose preoperative peripheral 
blood contained high levels of MST1 also had greater 
short-term mortality after surgery. We speculated that 
high MST1 expression inhibited YAP transcription and 
increased VSMC apoptosis by inducing the phospho-
rylation of YAP through the Hippo pathway. For ATAAD 
patients, the higher the preoperative plasma level of 
MST1, the more severe the apoptosis of VSMC occurs, 
the more serious the condition. Thus, MST1 is promising 
as a new biomarker for preoperative screening of patients 
at higher risk of death from emergency surgery.

MST1 can enhance the ability for typical independent risk 
factors to assess the short-term prognosis of ATAAD
The history of cerebrovascular disease, creatinine, 
and time of operation are independent predictors of 

Fig. 2 Receiver operating characteristic (ROC) curve analyses assessing the ability of preoperatively measured markers to diagnose 30-day 
mortality. Receiver operating characteristic curve (ROC) analyses for the prediction of 30-day death. AUC confidence interval and significance 
tests using Bootstrap resampling (times = 500). The blue shading denotes the bootstrap estimated 95% confidence interval with the AUC. Model 
1 comprises history of cerebrovascular disease, CREA, time of operation based on differences observed between groups on recruitment (Table 1). 
ROC area (AUC): 0.708 (95%CI, 0.546-0.836). Model 2 comprises the MST1, history of cerebrovascular disease, CREA, time of operation. ROC area 
(AUC): 0.823 (95%CI, 0.700-0.912). P values (P = 0.02) relate to the comparison of Model 1 to the Model 2 using DeLong test for matched ROC curves.
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short-term death in ATAAD [27–30]. In this study, 
we investigated whether the inclusion of MST1 could 
improve the accuracy of the basic model of the three 
independent factors in predicting the risk of short-term 
mortality in ATAAD. Compared with the basic predictive 
model that consisted of cerebrovascular history, creati-
nine and time of operation, the AUC of the ROC curve 
combined by four risk factors (including MST1) was 
significantly increased to 0.823 (95%CI, 0.7002 -0.9119) 
(P = 0.02). This evidence indicated that MST1 can 
enhance the ability of typical independent risk factors to 
assess the short-term prognosis of ATAAD. Moreover, 
our previous study found that the prognosis of patients 
with ATAAD could be significantly improved if they 
can survive from the acute stage safely under conserva-
tive medical treatment  [31] . Thus, MST1 is promising 
as a biomarker for preoperative risk prediction accord-
ing to this property. When surgeons find that patients are 
at high risk of postoperative death after comprehensive 
analysis of the clinical conditions, surgeons can consider 
whether to proceed with emergency surgery and inform 

patients’ families, in a timely manner, the risks and ben-
efits that accompany surgical intervention.

Limitations
Because of a limited capacity of the detection reagent 
and the medical urgency, we were underpowered to 
assess the association of the phosphorylation of YAP 
with surgical prognosis or to compare the level of phos-
phorylated YAP from ATAAD patients with high risk of 
30-day death with those whose risk of short-term death 
after surgery was lower. Another limitation was the lack 
of analysis of MST1 in tissue samples. We assessed some 
of the biomarkers in the peripheral blood to detect pat-
terns between biomarkers and poor prognostic out-
come, to provide a fast, cost-effective, and non-invasive 
method for predicting prognosis in the clinic. However, 
it is unclear whether the lower values of MST1 in tissues 
of aorta before ATAAD operations will attenuate the ele-
vated risk for adverse events. The answer to this question 
will require additional studies to investigate Hippo-MST 
signaling pathway using aortic tissues.

Fig. 3 Hypothetical diagram of the mechanism of MST1 involved in the pathogenesis of ATAAD.
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Although we adjusted for sex, age, BMI, nasopharyn-
geal temperature and deep hypothermia circulatory 
arrest time in an additive model, we are aware of the 
possibility of residual confounding. For this reason, we 
could not assess accurately the value of a combined bio-
marker base model to predict end points. The fact that 
this study was conducted at a single center may have 
introduced undetected bias. Nevertheless, although 
future multicenter studies with more patients are nec-
essary to validate fully the use of MST1 in ATAAD risk 
stratification, the present study is an important step 
towards demonstrating the value of Hippo pathway bio-
markers for predicting mortality in ATAAD patients.

Conclusion
Preoperative concentrations of MST1 greater than 
1330.8 ng/L was significantly associated with the 30-day 
mortality in ATAAD patients who underwent surgical 
repair of the aorta. This association is likely related to 
the high MST1 expression-mediated inhibition of YAP 
transcription and the enhancement of VSMC apopto-
sis. The high serum concentration of MST1 not only 
reflects the ATAAD severity, but also provides benefi-
cial application value in the assessment of emergency 
surgery.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12872- 023- 03144-8.

Additional file 1. Statement on informed consent waiver

Acknowledgements
The author(s) greatly acknowledge all participants of Beijing Anzhen Hospital 
and China Agricultural University for including patients and imputing patients’ 
data.

Authors’ contributions
XH H, J W, Y X, ML W, HJ Z and YJ D designed the study. XH H, J W, Y X, and SP 
W collected the patients’ data. XH H, J W, Y X performed statistical analyses 
and drafted the manuscript. ML W revised the manuscript. ML W, HJ Z and YJ 
D took charge of management and coordination of the research activity plan-
ning and execution. The author(s) read and approved the final manuscript.

Funding
This study was supported by HJ Z grants: the National Key R&D Program 
of China (No. 2017YFC1308000), Beijing Lab for Cardiovascular Precision 
Medicine (No. PXM2017_014226_000037) and Beijing Advanced Innovation 
Center for Big Data-based Precision Medicine (No. PXM2021_014226_000026). 
ML W grants: National Natural Science Foundation of China (No. 81900415), 
Capital Health Development Research Project (No. 2018–4-2068), Beijing 
Municipal Administration of Hospitals’ Youth Program (No. QML20180601) 
and Foundation of Beijing Outstanding Young Talent Training Program (No. 
2017000021469G254).

Availability of data and materials
The datasets analyzed during the current study are available from the cor-
responding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study protocol was approved by the Ethics Committee of Beijing Anzhen 
Hospital (Institutional Review Board File 2014019) and adhered to the princi-
ples outlined in the Declaration of Helsinki Consent for publication. Informed 
consent is waived by Ethics Committee of Beijing Anzhen Hospital, Capital 
Medical University.

Consent for publication
Not applicable.

Competing interests
The authors declare that the research was conducted in the absence of any 
commercial or financial relationships that could be construed as a potential 
conflict of interest.

Author details
1 Department of Cardiac Surgery, Beijing Anzhen Hospital, Capital Medical 
University, Beijing, China. 2 Beijing Institute of Heart, Lung and Blood Vessel 
Diseases, Beijing Anzhen Hospital, Capital Medical University, Beijing, China. 
3 Beijing Lab for Cardiovascular Precision Medicine, Beijing, China. 4 College 
of Veterinary Medicine, China Agricultural University, Beijing, China. 5 Depart-
ment of Physiology and Pathophysiology, School of Basic Medical Sciences, 
Capital Medical University, Beijing, China. 

Received: 27 October 2022   Accepted: 23 February 2023

References
 1. Nienaber CA, Clough RE. Management of acute aortic dissection. Lancet. 

2015;385(9970):800–11. https:// doi. org/ 10. 1016/ S0140- 6736(14) 61005-9.
 2. Suzuki T, Distante A, Zizza A, et al. Diagnosis of acute aortic dissection by 

D-dimer: the International Registry of Acute Aortic Dissection Substudy 
on Biomarkers (IRAD-Bio) experience. Circulation. 2009;119(20):2702–7. 
https:// doi. org/ 10. 1161/ CIRCU LATIO NAHA. 108. 833004.

 3. Suzuki T, Katoh H, Tsuchio Y, et al. Diagnostic implications of elevated levels 
of smooth-muscle myosin heavy-chain protein in acute aortic dissection The 
smooth muscle myosin heavy chain study. Ann Intern Med. 2000;133(7):537–
41. https:// doi. org/ 10. 7326/ 0003- 4819- 133-7- 20001 0030- 00013.

 4. Shinohara T, Suzuki K, Okada M, et al. Soluble elastin fragments in serum 
are elevated in acute aortic dissection. Arterioscler Thromb Vasc Biol. 
2003;23(10):1839–44. https:// doi. org/ 10. 1161/ 01. ATV. 00000 85016. 02363. 80.

 5. Wang Y, Tan X, Gao H, et al. Magnitude of Soluble ST2 as a Novel 
Biomarker for Acute Aortic Dissection. Circulation. 2018;137(3):259–69. 
https:// doi. org/ 10. 1161/ CIRCU LATIO NAHA. 117. 030469.

 6. Peng W, Peng Z, Chai X, et al. Potential biomarkers for early diagnosis of 
acute aortic dissection. Heart Lung. 2015;44(3):205–8. https:// doi. org/ 10. 
1016/j. hrtlng. 2015. 01. 006.

 7. Ling P, Lu TJ, Yuan CJ, Lai MD. Biosignaling of mammalian Ste20-related 
kinases. Cell Signal. 2008;20(7):1237–47. https:// doi. org/ 10. 1016/j. cells ig. 
2007. 12. 019.

 8. Harvey KF, Pfleger CM, Hariharan IK. The Drosophila Mst ortholog, hippo, 
restricts growth and cell proliferation and promotes apoptosis. Cell. 
2003;114(4):457–67. https:// doi. org/ 10. 1016/ s0092- 8674(03) 00557-9.

 9. Wu S, Huang J, Dong J, Pan D. hippo encodes a Ste-20 family protein 
kinase that restricts cell proliferation and promotes apoptosis in conjunc-
tion with salvador and warts. Cell. 2003;114(4):445–56. https:// doi. org/ 10. 
1016/ s0092- 8674(03) 00549-x.

 10. Anzai A, Shimoda M, Endo J, et al. Adventitial CXCL1/G-CSF expression in 
response to acute aortic dissection triggers local neutrophil recruitment 
and activation leading to aortic rupture. Circ Res. 2015;116(4):612–23. 
https:// doi. org/ 10. 1161/ CIRCR ESAHA. 116. 304918.

 11. Shi Y, Liu B, Wang CS, Yang CS. MST1 down-regulation in decreasing apopto-
sis of aortic dissection smooth muscle cell apoptosis. Eur Rev Med Pharma-
col Sci. 2018;22(7):2044–51. https:// doi. org/ 10. 26355/ eurrev_ 201804_ 14734.

https://doi.org/10.1186/s12872-023-03144-8
https://doi.org/10.1186/s12872-023-03144-8
https://doi.org/10.1016/S0140-6736(14)61005-9
https://doi.org/10.1161/CIRCULATIONAHA.108.833004
https://doi.org/10.7326/0003-4819-133-7-200010030-00013
https://doi.org/10.1161/01.ATV.0000085016.02363.80
https://doi.org/10.1161/CIRCULATIONAHA.117.030469
https://doi.org/10.1016/j.hrtlng.2015.01.006
https://doi.org/10.1016/j.hrtlng.2015.01.006
https://doi.org/10.1016/j.cellsig.2007.12.019
https://doi.org/10.1016/j.cellsig.2007.12.019
https://doi.org/10.1016/s0092-8674(03)00557-9
https://doi.org/10.1016/s0092-8674(03)00549-x
https://doi.org/10.1016/s0092-8674(03)00549-x
https://doi.org/10.1161/CIRCRESAHA.116.304918
https://doi.org/10.26355/eurrev_201804_14734


Page 9 of 9He et al. BMC Cardiovascular Disorders          (2023) 23:188  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 12. Hu JK, Du W, Shelton SJ, Oldham MC, DiPersio CM, Klein OD. An FAK-YAP-
mTOR Signaling Axis Regulates Stem Cell-Based Tissue Renewal in Mice. Cell 
Stem Cell. 2017;21(1):91-106.e6. https:// doi. org/ 10. 1016/j. stem. 2017. 03. 023.

 13. Kim Y, Kim W, Song Y, et al. Deubiquitinase YOD1 potentiates YAP/TAZ 
activities through enhancing ITCH stability. Proc Natl Acad Sci USA. 
2017;114(18):4691–6. https:// doi. org/ 10. 1073/ pnas. 16203 06114.

 14. Sun L, Qi R, Zhu J, Liu Y, Zheng J. Total arch replacement combined with 
stented elephant trunk implantation: a new “standard” therapy for type a 
dissection involving repair of the aortic arch? Circulation. 2011;123(9):971–
8. https:// doi. org/ 10. 1161/ CIRCU LATIO NAHA. 110. 015081.

 15. Erbel R, Aboyans V, Boileau C, et al. 2014 ESC Guidelines on the diagnosis 
and treatment of aortic diseases: document covering acute and chronic 
aortic diseases of the thoracic and abdominal aorta of the adult. the task 
force for the diagnosis and treatment of aortic diseases of the european 
society of cardiology (ESC). Eur Heart J. 2014;35(41):2873–926. https:// doi. 
org/ 10. 1093/ eurhe artj/ ehu281.

 16. Kellum JA, Lameire N, KDIGO AKI Guideline Work Group. Diagnosis, evalu-
ation, and management of acute kidney injury: a KDIGO summary (Part 
1). Crit Care. 2013;17(1):204. https:// doi. org/ 10. 1186/ cc114 54.

 17. Ren W, Liu Y, Wang X, et al. The Complement C3a–C3aR Axis Promotes Devel-
opment of Thoracic Aortic Dissection via Regulation of MMP2 Expression. J 
Immunol. 2018;200(5):1829–38. https:// doi. org/ 10. 4049/ jimmu nol. 16013 86.

 18. Harvey KF, Zhang X, Thomas DM. The Hippo pathway and human cancer. 
Nat Rev Cancer. 2013;13(4):246–57. https:// doi. org/ 10. 1038/ nrc34 58.

 19. Wu S, Huang J, Dong J, Pan D. hippo encodes a Ste-20 family protein 
kinase that restricts cell proliferation and promotes apoptosis in conjunc-
tion with salvador and warts. Cell. 2003;114:445–56.

 20. Lai ZC, Wei X, Shimizu T, Ramos E, Rohrbaugh M, Nikolaidis N, Ho LL, Li Y. 
Control of cell proliferation and apoptosis by mob as tumor suppressor, 
mats. Cell. 2005;120:675–85.

 21. Zhao B, Wei X, Li W, Udan RS, Yang Q, Kim J, Xie J, Ikenoue T, Yu J, Li L, et al. 
Inactivation of YAP oncoprotein by the Hippo pathway is involved in cell 
contact inhibition and tissue growth control. Genes & Dev. 2007;21:2747–61.

 22. Dong J, Feldmann G, Huang J, Wu S, Zhang N, Comerford SA, Gayyed 
MF, Anders RA, Maitra A, Pan D. Elucidation of a universal size-control 
mechanism in Drosophila and mammals. Cell. 2007;130:1120–33.

 23. Zhao B, Li L, Tumaneng K, Wang CY, Guan KL. A coordinated phosphoryla-
tion by Lats and CK1 regulates YAP stability through SCF(b-TRCP). Genes 
& Dev. 2010;24:72–85.

 24. Zhao B, Ye X, Yu J, Li L, Li W, Li S, Lin JD, Wang CY, Chinnaiyan AM, Lai ZC, 
et al. TEAD mediates YAP-dependent gene induction and growth control. 
Genes & Dev. 2008;22:1962–71.

 25. Jiang WJ, Ren WH, Liu XJ, et al. Disruption of mechanical stress in extracel-
lular matrix is related to Stanford type A aortic dissection through down-
regulation of Yes-associated protein. Aging (Albany NY). 2016;8(9):1923–
39. https:// doi. org/ 10. 18632/ aging. 101033.

 26. Wang P, Mao B, Luo W, et al. The alteration of Hippo/YAP signaling in 
the development of hypertrophic cardiomyopathy. Basic Res Cardiol. 
2014;109(5):435. https:// doi. org/ 10. 1007/ s00395- 014- 0435-8.

 27. Haverich A, Miller DC, Scott WC, et al. Acute and chronic aortic 
dissections--determinants of long-term outcome for operative survivors. 
Circulation. 1985;72(3 Pt 2):II22–34.

 28. Ehrlich M, Fang WC, Grabenwöger M, Cartes-Zumelzu F, Wolner E, Havel 
M. Perioperative risk factors for mortality in patients with acute type A 
aortic dissection. Circulation. 1998;98(19 Suppl):II294–8.

 29. Miller DC, Mitchell RS, Oyer PE, Stinson EB, Jamieson SW, Shumway NE. 
Independent determinants of operative mortality for patients with aortic 
dissections. Circulation. 1984;70(3 Pt 2):I153–64.

 30. Apaydin AZ, Buket S, Posacioglu H, et al. Perioperative risk factors for 
mortality in patients with acute type A aortic dissection. Ann Thorac Surg. 
2002;74(6):2034–9. https:// doi. org/ 10. 1016/ s0003- 4975(02) 04096-1.

 31. Yang S, Xue Y, Liu J, Zhang H, Jiang W. Is fibrinogen plasma level a risk 
factor for the first 24-hour death of medically treated acute type A aortic 
dissection patients? Ann Transl Med. 2020;8(16):1015. https:// doi. org/ 10. 
21037/ atm- 20- 5466.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.stem.2017.03.023
https://doi.org/10.1073/pnas.1620306114
https://doi.org/10.1161/CIRCULATIONAHA.110.015081
https://doi.org/10.1093/eurheartj/ehu281
https://doi.org/10.1093/eurheartj/ehu281
https://doi.org/10.1186/cc11454
https://doi.org/10.4049/jimmunol.1601386
https://doi.org/10.1038/nrc3458
https://doi.org/10.18632/aging.101033
https://doi.org/10.1007/s00395-014-0435-8
https://doi.org/10.1016/s0003-4975(02)04096-1
https://doi.org/10.21037/atm-20-5466
https://doi.org/10.21037/atm-20-5466

	Mammalian sterile 20-like kinase 1 acts as a candidate biomarker of mortality of emergency surgical repair for acute type a aortic dissection
	Abstract 
	Background 
	Aim 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patient selection and methods
	Data collection
	End points and definitions
	Blood sample analysis
	Statistical analysis

	Results
	Biomarkers and primary outcomes of ATAAD patients
	Baseline characteristics of ATAAD patients
	Serum MST1 was associated with clinical outcome
	Incremental effects of biomarkers in addition to the traditional risk factors

	Discussion
	MST1 is a promising factor for predicting the risk of short-term mortality
	MST1 can enhance the ability for typical independent risk factors to assess the short-term prognosis of ATAAD
	Limitations

	Conclusion
	Anchor 25
	Acknowledgements
	References


