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Background: Acute ST-segment elevation myocardial infarction (STEMI) is characterized by a rapid inflammatory response, with
mast cells (MCs) playing a significant role. However, the relationship between MC activation and the adverse outcomes remains
unclear. This study investigated the association between the MC activation biomarker, tryptase, and major adverse cardiovascular
events (MACE).

Methods: This prospective study included patients with STEMI who underwent primary percutaneous coronary intervention (PPCI)
at Peking University Third Hospital between July 2020 and July 2023. Tryptase levels were detected from plasma samples collected
6 hours post-PPCI and using ELISA method. All patients were followed up every 6 months, with MACE as the primary endpoint.
Results: The study enrolled 514 patients with STEMI who underwent PPCI (mean age: 59.27 + 13.26 years, 16.93% female). The
median follow-up time was 13.28 (10.47-37.61) months, during which 85 patients (16.54%) experienced MACE. Patients in the
higher tryptase group had a higher risk of MACE (HR 2.60 [1.68-4.01], P < 0.001). Tryptase was an independent risk factor of MACE
(HR 1.56 [1.29-1.88] per 1-unit increase, P < 0.001). Subgroup analysis revealed the prognostic value of tryptase among different age
groups, left ventricular ejection levels, and patients with hypertension, hyperlipidemia, smoking and diabetes. The addition of tryptase
to the basic model had an incremental effect on the predictive value for MACE (AUC: 0.763 vs 0.702, P = 0.002).

Conclusion: In this study, elevated tryptase levels, a biomarker of MC activation, were identified as a significant predictor of MACE
in STEMI patients undergoing PPCI.

Trial Registration: (ClinicalTrials.gov NCT05802667).
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Introduction

Acute ST-segment elevation myocardial infarction (STEMI) is the most severe type in coronary heart disease. Primary
percutaneous coronary intervention (PPCI) is a critical treatment for STEMI." Plaque rupture, thrombosis and reperfu-
sion after PPCI in these patients are associated with a severe inflammatory response.’

Various inflammatory cells contribute to the inflammatory responses, such as macrophages, lymphocytes, dendritic
cells, and mast cells (MCs). Cardiac MCs are mainly distributed in the coronary adventitia and cardiac interstitium.*>
After myocardial infarction, MCs are rapidly activated by immunoglobulin E, complement components, neuropeptides or
cytokines, leading to the release of over 50 active substances.® MCs are associated with STEMI at various stages,
participating in the rupture plaques and ischemia-reperfusion injury by producing various inflammatory cytokines (eg,
tumor necrosis factor-o. [TNF-o], interferon-y, interleukin-6 [IL-6], histamine, leukotriene C4, chymase and tryptase).’

A few days after myocardial infarction, MCs release chymase and tryptase, promoting the production of transforming
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growth factor-p (TGF-B) and angiotensin II, which are key initiators of fibroblast activation.® Additionally, MCs play
roles in other cardiac conditions such as diabetic cardiomyopathy,” valvular heart disease'® and myocarditis.'' In diabetic
mouse, MCs alleviate myocardial fibrosis by inhibiting macrophage aggregation and the release of pro-inflammatory
factors while modulating the TGF-B signaling pathway in fibroblasts.’

Tryptase, which is stored in vesicles within MCs and released upon activation, is the gold standard for evaluating the
extent of MC activation.'? In patients with acute coronary syndrome, tryptase is a predictor of adverse outcomes within 2
years."> In STEMI patients, the MC activator, immunoglobulin E, was found to be significantly increased during the
acute phase.'* Serum tryptase was significantly elevated in STEMI and negatively correlated with the 2 hours ST-
segment resolution rate and left ventricular ejection fraction (LVEF).'>'® However, current research on the relationship
between acute-phase tryptase levels and adverse outcomes in STEMI patients is still limited. Based on this, the study was
designed with the aim of: (1) identifying the potential association between tryptase levels and clinical prognosis; (2)
determining whether tryptase has an incremental effect on risk stratification based on traditional risk factors in STEMI

patients who have undergone PPCI.

Materials and Methods
Study Design and Population

This was a prospective cohort study that included patients with STEMI who underwent PPCI at Peking University
Third Hospital between July 2020 and July 2023. The inclusion criteria were: 1) age 18 or older, regardless of sex; 2)
meeting the STEMI diagnostic criteria (ie, ischemic chest pain lasting >30 minutes; ST-segment elevation in two or
more contiguous leads or new-onset left bundle branch block on electrocardiograph with or without elevated cardiac
biomarkers); 3) complete PPCI and revascularization of the culprit vessel; and 4) agreement to participate in the
study.

Exclusion criteria were: 1) chronic renal dysfunction with glomerular filtration rate <30 mL/min/1.73 m?; 2) currently
suffering from infectious and neoplastic diseases; 3) allergic or autoimmune diseases; and 4) current or planned long-
term use of oral or intravenous glucocorticoids. This study complied with the Declaration of Helsinki and was approved
by the Ethics Committee of Peking University Third Hospital. All patients signed informed consent forms prior to study
commencement.

Between July 2020 and July 2023, a total of 587 patients with STEMI were screened. Of these, 42 patients were
excluded due to comorbidities, and 31 were excluded due to a follow-up period of less than 8 months, resulting in 514
patients for the final analysis (Figure 1).

Data Collection

The general demographic characteristics, medical history, laboratory and echocardiography findings were collected
by the electronic medical record system. All the patients underwent selective coronary angiography. Two experi-
enced interventional cardiologists identified the culprit vessel based on electrocardiograph and coronary angiogra-
phy, then performed PPCI. The patients underwent secondary prevention for coronary artery disease based on their
condition.

Tryptase Assay

After 6 hours of post PPCI, blood samples were collected in ethylenediamine tetraacetic acid-containing anticoagulant
tubes and immediately stored at 4°C. Within 30 minutes of collection, samples were centrifuged at 3000 rpm for
10 minutes at 4°C to obtain plasma, which was then frozen at —80°C until detected. Repeated freeze-thaw cycles of the
samples were avoided. Tryptase levels in the plasma were detected using ELISA method according to the manufacturer’s
instructions (ml060170B; Mibio, Shanghai, China). Samples from 50 randomly selected patients were retested to assess
the stability of tryptase detection across batches. The results indicated excellent consistency, with an inter-observer
reliability of 0.999 (95% CI: 0.999—1.000).
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Included patients with STEMI in Peking University Third Hospital
from July 2020 to July 2023 (n=587)

Patients with a follow-up time less than 8 months (n=31)
Chronic kidney dysfunction, glomerular filtration rate
<30ml/min/1.73m? (n=19)

Infectious, neoplastic diseases (n=11)

Allergic, autoimmune diseases (n=8)

Currently taking or planning to take glucocorticoid (n=4)

v

[ 514 analyzed (87.6%) ]

A

[ Lower tryptase group(n=382) ] [ Higher tryptase group (n=132) ]

I |

Every 6 months follow-up:
The primary end point: major adverse cardiovascular events
Secondary endpoints: major adverse cerebrovascular and cardiovascular events

Figure | Patient inclusion and exclusion flowchart.
Abbreviation: STEMI, ST-elevation myocardial infarction.

Follow-up Strategy

All patients were routinely followed up by trained professionals who were blinded to the tryptase every 6 months by
medical systems and telephone. The primary endpoint of this study was major adverse cardiovascular events (MACE),
including cardiac death, all-cause death, readmission for heart failure (HF, ICD-10 150), and recurrent coronary events
[recurrent myocardial infarction (ICD-10 121), unplanned percutaneous coronary intervention, and coronary artery
bypass grafting].

The secondary endpoint was major adverse cerebrovascular and cardiovascular events (MACCE), which included
MACE and stroke (ICD-10 163 and 161). The first endpoint event that occurred during follow-up was used for analysis.
All events were independently adjudicated by two experienced cardiologists who were blinded to the tryptase levels. In
cases of disagreement, a third senior cardiologist made the final decision.

Statistical Methods
Based on the preliminary trial results, 51 STEMI patients were enrolled and divided into the higher and lower groups.
The follow-up period lasted 12 months. In the lower group (35 patients), 11.43% of patients experienced MACE, whereas
in the higher group (16 patients), 25.00% patients experienced MACE. Sample size calculations were performed using
PASS (version 21.0.3, NCSS LLC., Kaysville, U.T., USA), with = 0.10 and o = 0.05, which indicated that sample size
is 426 patients. Considering a 20% dropout rate, a total of 511 patients were required.

For continuous variables following a normal distribution, the mean + standard deviation was used, and comparisons
between the two groups were made using an independent sample #-test. For continuous variables that did not follow
a normal distribution, the median (Q; and Q3) was reported, and the Wilcoxon rank-sum test was used for group
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comparisons. Categorical variables were expressed as counts and percentages, and comparisons were made using the chi-
squared test. Restricted cubic spline (RCS) was used to assess the relationship between tryptase and traditional
cardiovascular risk factors. Patients were divided into higher and lower tryptase groups based on the optimal cutoff
value of tryptase. Kaplan-Meier survival analysis was used to plot survival curves for the two groups, with comparisons
between groups using the Log rank test. Least absolute shrinkage and selection operator (LASSO) regression was used to
select the variables for the multivariate Cox regression model.

To determine the incremental prognostic value of tryptase adding to the traditional risk prediction models, three Cox
regression models were established: Model 1 included the thrombolysis in myocardial infarction (TIMI) risk score,
Model 2 included Model 1 + LVEF + high-sensitivity C-reactive protein (hsCRP), and Model 3 included Model 2 +
tryptase. The Delong test was used to compare the areas under the curve (AUC) between the different models.
Bootstrapping with 1000 resamples was conducted to calculate integrated discrimination improvement (IDI) and net
reclassification improvement (NRI) across the models. In the sensitivity analysis, MACCE confirmed the robustness of
the tryptase value in risk stratification. Statistical significance was set at P < 0.05. All analyses were performed using
SPSS (version 25; IBM, Armonk, NY, USA) and R (version 4.2.0; R Foundation for Statistical Computing, Vienna,
Austria).

Results

Patient Characteristics

A total of 514 patients (mean age: 59.27 £+ 13.26 years) were enrolled in this study, including 87 female patients (16.93%)
and 199 patients (38.72%) presenting with anterior myocardial infarction (Table 1). During a median follow-up period of
13.28 (10.47, 37.61) months, there were 85 cases (16.54%) of MACE and 89 cases (17.32%) of MACCE. Among these,
there were 12 cases (2.33%) of cardiac death, 22 (4.28%) of all-cause death, 17 (3.31%) of readmission for HF, 51
(9.92%) of recurrent coronary events, and 6 (1.17%) of stroke.

The receiver operator characteristic curve of tryptase was generated based on MACE during the follow-up period, with an
optimal cutoff value identified as 2.20 ng/mL. The AUC of tryptase for MACE is greater than that of the classic inflammatory
marker hsCRP (P = 0.046) (Supplementary Figure S1). The patients were divided into the higher (n=132) and lower (n=382)
tryptase groups based on the cutoff value. The higher group had higher rates of assistant instruments, anterior myocardial

infarction, Killip grade II or higher. TIMI risk score, hsCRP and peak CKMB were higher in the higher group compared to the
lower group. Hemoglobin, LVEF, and global longitudinal strain (GLS) were lower in the higher tryptase group (Table 1).
There was no difference between the two groups in terms of the use of secondary prevention medications for coronary artery

Table | The Clinical Characteristics of STEMI Patients After PPCI

Variables Total Lower Tryptase Higher Tryptase P
(n=514) Group (n = 382) Group (n = 132)
Sex, female, n (%) 87 (16.93) 66 (17.28) 21 (15.91) 0.718
Age, years, mean + SD 59.27 + 13.26 59.86 + 13.11 57.56 + 13.57 0.086
Smoking, n (%) 309 (60.12) 238 (62.30) 71 (53.79) 0.085
Hypertension, n (%) 283 (55.06) 207 (54.19) 76 (57.58) 0.500
Diabetes, n (%) 129 (25.10) 93 (24.35) 36 (27.27) 0.504
Hyperlipidemia, n (%) 127 (24.71) 90 (23.56) 37 (28.03) 0.305
Multivessel disease, n (%) 328 (63.81) 251 (65.71) 77 (58.33) 0.129
Combined LM lesion, n (%) 38 (7.39) 24 (6.28) 14 (10.61) 0.102
GP lIb/llla receptor antagonist, n (%) 158 (30.74) 113 (29.58) 45 (34.09) 0.333
Assistant instruments, n (%) 42 (8.17) 19 (4.97) 23 (17.42) <0.001
Complete revascularization, n (%) 187 (47.70) 127 (47.21) 60 (48.78) 0.773
Anterior myocardial infarction, n (%) 199 (38.72) 138 (36.13) 61 (46.21) 0.040
Killip Il or higher, n (%) 116 (22.57) 67 (17.54) 49 (37.12) <0.001
(Continued)
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Table | (Continued).

Variables Total Lower Tryptase Higher Tryptase P
(n=514) Group (n = 382) Group (n = 132)

SYNTANX score, mean + SD 15.68 £ 7.93 15.04 + 8.15 16.51 £ 7.60 0.175
TIMI risk score, mean * SD 322 +226 3.03 +2.18 3.79 + 240 <0.001
Door to balloon time, min, M (Q1, Qg3) 70.00 (50.00, 128.25) 69.50 (51.25, 140.25) 71.50 (49.00, 112.00) 0.519
Hemoglobin, g/L, mean + SD 141.29 £ 18.79 142.53 £ 19.74 137.69 + 17.69 0.011
HblAc, %, mean + SD 6.61 £ 1.62 6.63 + .64 6.57 £ 1.60 0.718
LDL, mmol/L, M (Q1, Q3) 291 (2.22, 3.48) 2.92 (2.28, 3.46) 291 (2.13, 3.62) 0.894
hsCRP, mg/L, M (Q1, Q3) 5.56 (2.19, 13.08) 5.12 (1.96, 12.15) 6.37 (2.85, 16.00) 0.048
Peak CK-MB, U/L, M (Q1, Q3) 122.00 (49.00, 250.00) 101.50 (42.75, 224.00) 207.00 (109.00, 355.00) <0.001
Peak NT-proBNP, pg/mL, M (Q1, Q3) 1163.00 (549.50, 2624.50) 1124.00 (520.50, 2475.50) 1286.50 (613.00, 2916.75) 0.379
LVEF, %, mean * SD 5544 + |1.38 56.04 £ 11.09 53.70 + 12.05 0.042
GLS, %, mean + SD —13.01 £ 3.70 —13.56 + 3.68 —12.09 + 3.57 0.010
Segmental motion, n (%) 320 (81.01) 214 (78.97) 106 (85.48) 0.125
Aspirin, n (%) 507 (98.64) 376 (98.43) 131 (99.24) 0.795
P2Y 12 receptor antagonists, n (%) 508 (98.83) 376 (98.43) 132 (100.00) 0.328
Stain, n (%) 494 (96.11) 370 (96.86) 124 (93.94) 0.135
ACEI/ARB/ARNI, n (%) 276 (53.70) 211 (55.24) 65 (49.24) 0.234
B-blocker, n (%) 308 (59.92) 231 (60.47) 77 (58.33) 0.666

Abbreviations: LM, left main coronary artery; TIMI, thrombolysis in myocardial infarction; LDL, low-density lipoprotein; hsCRP, high-sensitivity C-reactive protein; NTpro-
BNP, N-terminal pro-brain natriuretic peptide; LVEF, left ventricular ejection fraction; GLS, global longitudinal strain; ACEI/ARB/ARNI, angiotensin-converting enzyme
inhibitor/angiotensin Il receptor blocker/angiotensin receptor neprilysin inhibitor; SD, standard deviation; M, Median; Q1, Ist Quartile; Qs, 3st Quartile.

disease. Additionally, the incidence of MACE, MACCE, cardiac death and readmission for HF and recurrence coronary event
was significantly higher in the higher tryptase group (Supplement Figure S2).

Relationship Between Tryptase and Adverse Outcomes
Kaplan-Meier survival analysis showed the patients in higher group had higher risk of MACE (HR 2.60 [1.68-4.01, P <
0.001), cardiac death and readmission for HF (HR 3.02 [1.44—6.33], P = 0.002) and recurrent coronary events (HR 2.31
[1.31-4.10], P = 0.003) compared to the lower group (Figure 2).

RCS were used to assess the relationship between tryptase and common risk factors. Tryptase positively correlated
with MACE, anterior myocardial infarction, SYNTAX score, and peak CKMB. It showed a negative correlation with
LVEF, and a U-shaped curve with hsCRP (Supplement Figure S3).

Cox Proportional Hazard Analyses to Evaluate the Prognostic Implication of Tryptase
In univariate Cox regression analysis, Killip grade (HR 2.65 [1.70—4.14], P<0.001), multivessel disease (HR 2.02
[1.21-3.37], P=0.007), complete revascularization (HR 0.29 [0.18-0.46], P<0.001), hemoglobin (HR 0.98 [0.97-0.99],
P<0.001), tryptase (HR 1.98 [1.70-2.34], P<0.001), peak CKMB >300 U/L (HR 2.33 [1.47-3.70], P<0.001), LVEF (HR
0.94 [0.92-0.95], P<0.001), segmental motion (HR 2.42 [1.04-5.63], P=0.039), and absolute value of GLS (HR 0.79
[0.74—0.85], P=0.002) were the predictors of MACE.

Variables from Table 1 were included in the LASSO regression to select variables for Cox multivariate regression in order
to reduce the risk of overfitting. Multivessel disease, complete revascularization, LVEF, segmental motion, hemoglobin,
absolute value of GLS and tryptase were included in the Cox multivariate analysis (Supplement Figure S4). The analysis
indicated that tryptase (HR 1.56 [1.29—1.88], P<0.001) was an independent predictor of MACE (Table 2).

To further control for the influence of confounding variables, three models were constructed in this study. Model 1

only included tryptase levels, while model 2 included demographic characteristics, comorbidities and tryptase. Model 3
further incorporated additional variables such as multivessel disease, complete revascularization, door-to-balloon time,
hemoglobin, LVEF, segmental motion, GLS and medication regimen into Model 2. Despite adjusting for these factors,
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Figure 2 Kaplan—Meier curves for endpoint events in higher and lower tryptase group. Kaplan—Meier curves for (A) MACE, (B) cardiac death and readmission for heart
failure, (C) recurrent coronary events and (D) MACCE.
Abbreviations: MACE, major adverse cardiac events; MACCE, major adverse cerebrovascular and cardiovascular events; HR, hazard ratio; Cl, confidence interval.

tryptase remained a significant predictor of prognosis (HR 1.96 [1.57-2.45], P < 0.001). When the tryptase level was
categorized into two groups, it still showed significant prognostic value (Table 3).

Tryptase revealed the risk stratification value for MACE in different subgroup including age (<60 years or >60 years),
smoking, presence of hypertension, hyperlipidemia, diabetes, anterior myocardial infarction, LVEF (>50% or <50%), and
male patients. However, the prognostic significance of tryptase was not statistically significant in female patients. These
findings remained consistent after adjusting for variables factors such as thrombus aspiration, GP IIb/Illa inhibitors,
multivessel disease, left main coronary artery lesions, and assistant instruments (Figure 3).

Incremental Effect of Tryptase on Predictive Value for MACE

To investigate the incremental predictive value of tryptase for MACE, the traditional TIMI risk score was used as Model
1. Model 2 was constructed by adding LVEF and hsCRP to Model 1, and Model 3 was further developed by including
tryptase into Model 2. Model 2 revealed improved discrimination for MACE (AUC: 0.702 vs 0.628, P=0.013) compared
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Table 2 Multivariate COX Regression of MACE and MACCE

Variables MACE MACCE

P HR (95% CI) P HR (95% CI)
Multivessel disease 0.232 1.38 (0.81-2.35) 0.275 | 1.59 (0.69-3.65)
Complete revascularization | <0.001 0.37 (0.23-0.62) 0.263 | 0.61 (0.26—1.45)
LVEF <0.001 | 0.96 (0.95-0.98) 0.229 | 0.98 (0.94-1.02)
Segmental motion 0.294 | 0.56 (0.19 ~ 1.65) | 0.150 | 0.34 (0.08-1.47)
Hemoglobin 0.024 0.99 (0.98-1.00) 0.013 | 0.97 (0.95-0.99)
Tryptase <0.001 1.56 (1.29-1.88) | <0.001 | 2.07 (1.52-2.83)
Absolute value of GLS 0.005 0.88 (0.80-0.96) 0.032 | 0.87 (0.77-0.99)

Abbreviations: MACE, major adverse cardiac events; MACCE, major adverse cerebrovascular and
cardiovascular events; LVEF, left ventricular ejection fraction; GLS, global longitudinal strain.

Table 3 Predictive Value of Tryptase for MACE in Different Cox Proportional Hazards

Models
Tryptase as a Continuous Variable® Tryptase as a Nominal Variable?
HR 95% ClI P HR 95% CI P
Model | 1.98 1.70-2.34 <0.001 2.60 1.68—4.01 <0.001
Model 2 2.17 1.69-2.79 <0.001 3.20 1.80-5.70 <0.001
Model 3 1.96 1.57-2.45 <0.001 347 1.95-6.17 <0.001

Notes: Model |: Crude. Model 2: Adjusted for Model |, sex, age, smoking, hypertension, diabetes, and hyperlipidemia.
Model 3: Adjusted for Model 2, multivessel disease, complete revascularization, door-to-balloon time, hemoglobin, LVEF,
segmental motion, GLS, B-blocker and angiotensin-converting enzyme inhibitor/angiotensin Il receptor blocker/angio-
tensin receptor neprilysin inhibitor. *HR was examined by per |-unit increase of tryptase. ®Divided into higher and lower
tryptase groups.

Abbreviations: HR, hazard ratio; Cl, confidence interval.

to Model 1, and Model 3 with the addition of tryptase further improved event discrimination (AUC: 0.763 vs 0.702,
P=0.002) compared to Model 2. Bootstrap resampling was performed 1000 times. The inclusion of tryptase significantly
enhanced the reclassification and discrimination capabilities of baseline risk models. Model 3 showed improved IDI and
NRI values compared to both Model 1 (IDI 0.135 [0.133—0.137], NRI 0.331 [0.331-0.331], all P < 0.001) and Model 2
(IDI 0.049 [0.048—-0.050], NRI 0.168 [0.163—0.174], all P < 0.001). Based on the shorter interquartile range in the box
plot, it can be observed that Model 3 demonstrates superior stability (Figure 4).

Sensitivity Analysis
The incidence of MACCE remained significantly higher in the higher tryptase group (Supplement Figure S2). Kaplan-

Meier survival curve analysis showed the difference in the prognosis of MACCE between the two groups (HR 2.77
[1.81-4.23], P < 0.001) (Figure 2D). In the multivariate regression model, tryptase remained a significant predictor of
MACCE (HR 2.07 [1.52-2.83], P<0.001) (Table 2).

Discussion
This study prospectively included STEMI patients undergoing PPCI. The results indicated that elevated tryptase levels
during the acute phase were associated with a higher risk of adverse outcomes. After adjusting for confounding variables,
tryptase remained an independent risk factor for MACE. Incorporating tryptase into the traditional STEMI risk
stratification model improved predictive ability. This study evaluated the prognostic value of MC activation during the
acute phase in myocardial infarction, laying the foundation for further investigation into the underlying mechanisms
of MCs.

Growing evidence suggests that MCs promote inflammatory responses after myocardial infarction by releasing
various cytokines.'” Among inflammatory cells, only MCs contain pre-stored TNF-a, which is rapidly released under
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Subgroup N Crude HR (95% Cl) P forinteraction  Adjusted HR (95% CI)* P for interaction
Overall 514  1.98 (1.67,2.34) 1.79 (1.48,2.16) : ——
Age 0.206 ! 0.463
Ages60 270  2.33(1.84,2.96) 2.01 (1.51,2.69) : ——
Age>60 244 169 (1.32,2.16) 1.54 (1.17,2.04) : ——
Sex 0.285 l 0.094
male 427 2.12(1.76,2.54) 2.01(1.63,2.47) \ ——
female 87 1.48 (0.96, 2.29) 1.21(0.76, 1.94) ——
Smoking 0.817 | 0.082
No 205 1.81(1.42,2.31) 1.60 (1.17,2.19) : ——
Yes 309  2.14(1.69,2.70) 2.42(1.84,3.18) : ——
Hypertension 0.372 : 0.363
No 231 1.64(1.11,2.43) 1.56 (1.00,2.42) S —
Yes 283 2.06 (1.70,2.49) 1.77 (1.43,2.19) : —
Diabetes 0.281 : 0.299
No 385  2.13(1.71,2.66) 1.91 (1.49, 2.45) l ——
Yes 129 1.74(1.32,2.29) 1.59 (1.12,2.26) | ——
Hyperlipemia 0.823 : 0463
No 387  1.96(1.61,2.38) 1.80 (1.44,2.24) : ——
Yes 127  2.02(1.44,2.83) 2.32(1.43,3.76) : —_——
Region of myocardial ischemia 0.592 : 0.236
No anterior myocardial infarction 315  2.04 (1.60, 2.60) 1.93 (1.46, 2.56) : ——
Anterior myocardial infarction 199 1.86 (1.46,2.37) 1.68 (1.28,2.20) : ——
LVEF 0.463 : 0.383
LVEF250% 156 1.63 (1.34,1.98) 1.50 (1.21,1.87) | —
LVEF<50% 358  2.06(1.48,2.88) 2.12 (1.50, 3.00) : ——
T T T
1 1.6 27

*adjusted for thrombus aspiration, GP llb/llla Inhibitors, multivessel disease, left main coronary artery disease and assistant instruments

Figure 3 Cox proportional hazards analysis evaluating prognostic implication of tryptase in different subgroup. HR was evaluated by |-unit increase of tryptase.
Abbreviation: LVEF, left ventricular ejection fraction.

the stimulation of nitric oxide."® TNF-a is a critical inflammatory factor in myocardial ischemia-reperfusion injury."’
MCs release tryptase and chymase, which exacerbate myocardial injury by directly degrading collagen, elastin,
fibronectin, and laminin.*® MCs are involved not only in the acute phase of STEMI, but also in the process of ventricular
remodeling over weeks and months. MCs release renin and chymase, promoting the conversion of angiotensin I to
angiotensin II, thus activating the local renin-angiotensin-aldosterone system. This pathway is the primary source of
angiotensin II in the cardiovascular system, independent of angiotensin converting enzyme.?' MCs are significant sources
of fibroblast growth factor and TGF-B, promoting fibrosis after myocardial infarction.”” However, some studies have
shown that MCs can alleviate the inflammatory response, accelerate repair in the infarcted area, and reduce myocardial
fibrosis in myocardial infarction.?***

In 2006, Kounis reported that the association between hypersensitivity reactions and angina, highlighting the link
between MCs and acute coronary syndrome.?> Multiple clinical studies have demonstrated that MCs play an important
role in the development of STEMI. The number of MCs in the myocardial tissue is higher than that in normal tissue, and
this phenomenon has also been observed in the atherosclerotic plaques of autopsied patients.”®?” Yang et al found that
among 278 patients with STEMI, leukotriene C4 (MCs products) level was an independent predictor of adverse
ventricular remodeling at 6 months.?® In this study, with a median follow-up time of 13 months, tryptase remained an
indicator for MACE and MACCE after multivariant adjustment. Although this study did not include information for
coronary artery disease secondary prevention medication during follow-up, which may affect the conclusions, the results
remained unchanged after adjusting for the use of these medications during hospitalization. Future studies should further
collect information on these during the follow-up to avoid potential effect. Subgroup analysis revealed that tryptase was
significant across different age groups, medical history, and LVEF classifications, suggesting that MC activation has
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(A) ROC curves for predicting MACE for

different predictive models

nested models

(B) AUC for discrimination ability of different

P for comparison
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Figure 4 Comparison of the discriminative ability of different predictive models to determine the incremental prognostic value of tryptase. Three models were constructed:
Model |: TIMI risk score; Model 2: Model | + left ventricular ejection fraction + high-sensitivity C-reactive protein; Model 3: Model 2 + tryptase. (A) ROC curves for
predicting MACE for different predictive models; (B) C-statistics for discrimination ability of different nested models; (C) IDI and NRI for different nested model in 1000
times bootstrap; Boxplots of difference in AUC (D), IDI (E) and NRI (F) between different nested models.

Abbreviations: MACE, major adverse cardiac events; AUC, area under curve; IDI, integrated discrimination improvement; NRI, net reclassification improvement.

prognostic value across various populations. However, the predictive ability of tryptase level in female patients did not
reach statistical significance, possibly due to the limited number of female participants in this study.

MCs are closely associated with allergic disease, infectious diseases, autoimmune diseases, and tumors.?%-3°
Medications such as ketotifen, cromolyn sodium, omalizumab, and corticosteroids, which are used to treat allergic
diseases and asthma, may also influence MC activation. Therefore, to minimize the impact of medications and
comorbidities on tryptase, this study excluded patients with allergic diseases, infectious diseases, autoimmune disorders,
and tumors. Tryptase peaks 30 minutes to 6 hours after MC activation, and it is recommended that its detection time not
exceed 6 hours post-reaction.>' >* Previous studies have shown that the tryptase level at 6 hours post-PCI was negatively
correlated with LVEF and the ST-segment resolution rate at 2 hours, which were significantly associated with long-term
adverse prognosis.'> Though coronary blood may have higher tryptase concentrations, the choice of peripheral blood at
6 hours post-PCI was made to facilitate the future expansion of the study and increase its applicability to a broader
population. While common biomarkers like troponin and CKMB require multiple blood draws to measure peak levels,
this study suggests that measuring tryptase 6 hours after PPCI may serve as a prognostic indicator, potentially reducing

the need for multiple blood draws.***
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The TIMI risk score is widely used to assess the risk in STEMI patients; however, its predictive ability still requires
further improvement.*®*’ In this study, the AUC of TIMI risk score was relatively low. The incorporating of tryptase,
hsCRP and LVEF into the traditional TIMI risk score improved the model’s accuracy. The results indicated that tryptase,
in conjunction with the traditional inflammatory marker hsCRP, further improved the prognostic predictive ability for
patients. However, it must be noted that the increase in AUC was relatively modest. This could be attributed to the fact
that the baseline model already incorporates established high-efficiency prognostic markers such as the TIMI risk score,
hsCRP, and LVEF. Furthermore, the predictive value of tryptase may be more prominent in specific subgroups.
Therefore, further large-scale studies with longer follow-up periods will be crucial to explore the clinical application.

A series of animal experiments confirmed that using MCs stabilizers or histamine receptor antagonists can reduce
myocardial infarction size.'”® In a clinical study involving over 30 patients with acute inferior myocardial infarction,
a randomized crossover trial revealed that the use of loratadine (a histamine receptor antagonist) could improve ischemic
parameters during cardiopulmonary exercise in STEMI patients.*® There is a clinical study evaluating the impact of
acute-phase interventions targeting MCs on prognosis of STEMI (NCT05511831).

Limitations

Meanwhile, several limitations should be recognized. 1) This was a single-center, prospective study, which may
inevitably cause selection bias. Multicenter studies with larger sample sizes are required to confirm these findings. 2)
In this study, tryptase levels were not measured multiple times during the acute phase or follow-up. Future studies could
measure tryptase concentrations at multiple time points and follow-up to assess the relationship between the magnitude
of tryptase elevation and prognosis. 3) It was difficult to exclude undiagnosed systemic diseases such as asymptomatic
autoimmune diseases and tumors, as well as delayed allergic reactions to contrast agents or abnormal local reactions after
PPCI. 4) The medication adjustments including coronary artery disease secondary prevention treatment during the

follow-up were not included in the analysis, which may have impacted the patient’s prognosis.

Conclusion

From the prospective cohort study, it is shown that the MC activation biomarker tryptase is a significant risk predictor of
MACE in patients with STEMI undergoing PPCI. The addition of tryptase to a baseline risk model has an incremental effect
on the predictive potential for adverse prognosis. Further prospective, multi-center clinical studies and basic experiments
need to be performed to validate the conclusions and explore the potential mechanisms of MCs in STEMI patients.
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