Journal of Inflammation Research Dove

ORIGINAL RESEARCH

INncRNA TPRGI-AS| Screened the Onset of Acute
Coronary Syndromes and Predicted Severity and
the Occurrence of MACE During Patients’
Hospitalization

Fan Zhang*, Wei Li*, Yingying Zhang, Dong Wang, Jing Li, Chengpeng Li, Liqun He
Department of Cardiology, Intervention Cardiology Center;, Wuhan No.| Hospital, Wuhan, 430022, People’s Republic of China
*These authors contributed equally to this work

Correspondence: Liqun He, Department of Cardiology, Intervention Cardiology Center, Wuhan No.| Hospital, No. 215, Zhongshan Avenue,
Qiaokou District, Wuhan, 430022, People’s Republic of China, Tel/Fax +86-027-85332105, Email heliqundr@63.com

Purpose: Acute coronary syndrome (ACS) is a common acute myocardial ischemia syndrome and is one of the death-related causes
of cardiovascular diseases. Identifying biomarkers to indicate disease severity and predict the occurrence of major adverse cardio-
vascular events (MACE) would benefit the clinical prognosis of ACS. This study estimated the expression and significance of IncRNA
TPRG1-ASI1 in the onset and development of ACS, aiming to explore a novel biomarker for the diagnosis and prognosis of ACS.
Patients and Methods: A total of 109 ACS patients and 66 patients who received coronary angiography and excluded ACS were
enrolled in this study. TPRG1-ASI1 in the serum of study subjects was analyzed by PCR. The significance of TPRG1-AS1 in screening
ACS was evaluated by ROC analysis. The association of TPRG1-AS1 with the disease severity of ACS was assessed by Pearson
correlation analysis with patients’ clinicopathological features. The potential of TPRG1-ASI in predicting the occurrence of MACE
was assessed by logistic regression analysis.

Results: Significant upregulation of TPRG1-AS1 was observed in ACS patients, which served as a risk factor for ACS and distinguish
between ACS patients and the normal group. TPRG1-AS1 was positively correlated with Gensini score, cys-C, ¢Tnl, and NT-proBNP
levels of ACS patients, which indicate severe development of ACS. Additionally, increasing serum TPRG1-AS1 was associated with
the high incidence of MACE during patients’ hospitalization and was identified as a risk factor for MACE in ACS patients.
Conclusion: Upregulated TPRG1-AS1 in ACS served as a diagnostic biomarker and predicted the severe development of patients.
Keywords: cardiovascular disease, IncRNA, onset, inpatient MACE, severity

Introduction

Acute coronary syndrome (ACS) is a common cardiovascular disease with high incidence, many complications, and high
mortality. Atherosclerosis is the pathological basis of ACS, where the plaque is invaded or ruptured leading to the
formation of a thrombus in the lumen and causing the stenosis or occlusion of the coronary lumen.' With the aging of the
population, ACS has become a major disease that followed malignant tumors and dramatically threatens human health.
The diagnosis of ACS is mainly based on clinical symptoms, electrocardiogram findings, and levels of myocardial
necrosis markers.” The severity of coronary artery disease needs to be evaluated by coronary angiography. There are
various complications of ACS, such as arrhythmia, hypotensive shock, cardiogenic shock, heart failure, and other cardiac
dysfunction induced by cardiac cell death, which promote disease development and increase severity. Severe complica-
tions would induce lung infections. However, the diagnosis of ACS and the evaluation of complications depend on
contrast medium, which is unfriendly for allergy, hyperthyroidism, renal dysfunction, and other special patients, and the
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costs are relatively high.>* Therefore, there is an urgent need to explore novel biomarkers to screen ACS and indicate
disease severity.

Non-coding RNAs (ncRNAs) have been widely reported to participate in the onset and development of cardiovascular
diseases. ncRNAs would show differential expression under different pathological conditions. Long non-coding RNAs
(IncRNAs) are critical members of ncRNAs with a length of over 200 nt. Previous studies have reported the role of
IncRNA in cardiovascular diseases and identified a series of candidate IncRNA biomarkers for ACS.> A previous transcrip-
tome study identified a number of dysregulated IncRNAs in coronary artery diseases (CAD), among which IncRNA TPRG1-
AS1 (ENST00000444488.1) was found to discriminate CAD patients and diagnose the occurrence of acute myocardial
infarction.” TPRG1-AS1 is the antisense RNA of TPRG1 located on chromosome 3. Additionally, TPRG1-AS1 was recently
revealed to regulate vascular smooth muscle cells and further regulate atherogenesis.” TPRG1-AS1 was also identified as
a prognostic biomarker of head and neck squamous cell carcinoma and promoted the development of human cancers.® '
Therefore, TPRG1-AS1 was speculated to be involved in the pathogen and development of ACS, which lacks confirmed data
in current reports. Serum TPRG1-AS1 level can be analyzed by PCR assay, which could provide a rapid quantification.
Compared with the controversial vascular examination, the cost of PCR is low, and the analysis cycle is quick. Hence, serum
TPRG1-ASI level could provide a convenient biomarker for ACS.

In this study, the expression and significance of TPRG1-AS1 in the early detection and outcome prediction of ACS
were assessed, aiming to identify a novel biomarker for the diagnosis and severity evaluation of ACS.

Materials and Methods

Patients
This study had been approved by the Ethics committee of Wuhan No.1 Hospital (No. 2020114) and was performed in
line with the principles of the Declaration of Helsinki. A total of 109 ACS patients enrolled in this study according to the
following criteria: 1) patients meet the diagnostic criteria of ACS according to the diagnosis guideline;'' 2) patients were
confirmed by the coronary angiography; 3) the clinical records are completed; 4) patients were informed of the study
design and signed informed consent. Another 66 patients who received coronary angiography and excluded ACS were
enrolled as the normal group. Patients with one of the following items were excluded: 1) patients who had received
coronary artery bypass grafting or thrombolysis; 2) ACS patients induced by the coronary myocardial bridge, coronary
spasm, coronary artery fistula, tachyarrhythmia, and bradyarrhythmia; 3) patients with malignant tumors, metabolic
diseases, autoimmune disease, and liver or kidney dysfunction; 4) pregnant women.

To avoid the effects of complications and basic diseases, the baseline information of the two groups, including age,
gender, history of smoking and drinking, disease history, and blood lipid indicators.

Sample Collection

Fasting elbow venous blood was collected from all study subjects early in the morning. Blood samples were analyzed
with the automatic biochemical analyzer to obtain blood indexes. The serum was isolated by centrifugation at 3500 rpm
for 10 min and stored at —80°C until further analyses.

Follow-Up Survey
ACS patients were followed up during their hospitalization to summarize the occurrence of major adverse cardiovascular
events (MACE), including all-reason deaths, revascularization, nonfatal myocardial infarction, and cardiac death.

Real-Time Quantitative PCR

Total RNA was extracted using Trizol reagent (Invitrogen, USA) and assessed by the ratio of OD260/280. cDNA was
generated with isolated RNA using Transcript ALL-in-One First-Strand ¢cDNA Synthesis SuperMix kit (Life
Technologies, USA). PCR amplification was performed with SYBR Green kit (Applied Biosystem, USA) on the 7500
PCR system (Applied Biosystem, USA). The relative expression of TPRG1-AS1 was calculated by the 2 **“T method
with B-Actin as the internal reference.
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Statistical Analyses

The difference comparison between the two groups was performed with a Student’s #-test (P < 0.05). Logistic regression
analysis was performed to assess the risk factors for ACS and the occurrence of MACE in ACS patients. The diagnostic
potential of TPRG1-AS1 in ACS was evaluated by ROC analysis (AUC > 0.5). The correlation of TPRG1-AS1 with
ACS patients’ disease severity was estimated by its correlation with patients’ clinicopathological features by Pearson
correlation analysis.

Results

Baseline Information of Study Subjects

ACS patients showed matched age and gender composition with the normal group. The normal group included 34 male
patients and 32 female patients with an average age of 58.56 £ 9.51 years, while ACS patients were composed of 57
males and 52 females with an average of 58.42 + 9.89 years. There were no significant differences in BMI, habits of
smoking and drinking, history of hypertension and diabetes, TC, TG, LDL, and HDL between the normal group and ACS
patients (P > 0.05, Table 1). ACS patients showed significantly increasing levels of Gensini score, cys-c, ¢Tnl, and NT-
proBNP compared with the normal group (P < 0.001, Table 1).

Expression and Significance of TPRGI-ASI in the Onset of ACS

Significant upregulation of serum TPRG1-AS1 was observed in ACS patients relative to the normal group (Figure 1a).
Meanwhile, TPRG1-AS1 (P = 0.002) and HDL (P = 0.024) were both identified as risk factors for ACS according to the
logistic regression analysis (Figure 1b). Consistently, based on the serum level of TPRG1-AS1, the ROC curve confirmed
its significance in discriminating ACS patients with the cutoff of 1.145 (AUC = 0.858, Figure 1c).

Association of TPRGI-ASI with ACS Severity and the Occurrence of MACE
Among the significantly changed indicators, TPRG1-AS1 showed significantly positive correlations with ACS patients’
Gensini score (r = 0.870, Figure 2a), cys-c (» = 0.830, Figure 2b), cTnl (» = 0.888, Figure 2c), and NT-proBNP (» =
0.838, Figure 2d), which indicate the severe development of ACS patients.

Additionally, according to the average serum TPRG1-ASI levels in ACS patients, there were a low-TPRG1-AS1
group and a high-TPRG1-AS1 group established. The high-TPRG1-AS1 group showed a high incidence of MACE

Table | Baseline Information of Study Subjects

Normal ACS P-value
Age (years) 58.56 + 9.51 5842 + 9.89 0.926
Gender (male/female) 34/32 57/52 0.771
BMI (kg/m?) 23.98 + 3.39 24.66 + 4.21 0.271
Smoking (n, %) 26, 39.39% 48, 44.04% 0.547
Drinking (n, %) 28, 42.42% 44, 40.37% 0.789
Hypertension (n, %) 37, 56.06% 67, 61.47% 0.480
Diabetes (n, %) I, 16.67% 23, 21.10% 0.472
TC 4.04 £ 0.32 4.12 £ 0.59 0.326
TG 1.75 £ 0.21 1.71 £ 0.24 0.277
LDL 2.35 £ 0.89 232 £0.93 0.885
HDL 1.24 + 0.24 1.19 £ 0.18 0.164
Gensini score 486 + 1.14 68.47 + 12.57 < 0.001
Cys-c 0.81 £0.11 1.14 £ 0.29 < 0.001
cTnl 0.003 + 0.0001 1.19 £ 0.36 < 0.001
NT-proBNP 126.94 + 48.53 449.93 £ 123.14 < 0.001

Abbreviations: TC, total cholesterol, mmol/L; TG, triglyceride, mmol/L; LDL, low-density lipoprotein,
mmol/L; HDL, high-density lipoprotein, mmol/L; Cys-c, cystatin C, mg/L; cTnl, cardiac troponin |, ng/mL; NT-
proBNP, N-terminal pro-brain natriuretic peptide, pg/mL.
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Figure | Expression and significance of TPRGI-ASI in ACS. (a). TPRGI-AS| was upregulated in ACS relative to the normal group. (b and c). TPRGI-AS| was identified as
a risk factor for ACS (b) and could discriminate ACS patients from the normal group (c). ****P < 0.0001.
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Figure 2 Correlation of serum TPRGI-ASI levels with the disease severity of ACS patients. TPRGI-AS| was positively correlated with ACS patients’ Gensini score (r =
0.870, a), cys-C (r = 0.830, b), cTnl (r = 0.888, c), and NT-proBNP (r = 0.838, d).

during their hospitalization (log-rank P = 0.025, Figure 3). TPRG1-AS1 was also demonstrated to be a risk factor for the
occurrence of inpatient MACE of ACS patients with the OR value of 10.343 (P = 0.033), suggesting the promoted effect
of increasing TPRG1-AS1 on adverse outcomes of ACS patients (Table 2).
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Figure 3 Kaplan-Meier curve of ACS patients based on the serum level of TPRGI-ASI (the occurrence of MACE was defined as the endpoint). Patients with relatively high
TPRGI-ASI| expression showed a high occurrence of MACE than that of patients with relatively low TPRGI-ASI expression. log rank P = 0.025.

Discussion

ACS is an acute pathological type of coronary artery disease, of which the onset is acute, the condition is severe, and the
prognosis is poor. It is essential for the early detection and prevention of ACS to constantly explore novel diagnostic and
therapeutic techniques. In the clinic, there were a number of studies carried out for early warning of ACS, aiming to
reduce the occurrence of cardiovascular events. Age, gender, smoking, history of hypertension, and many other
clinicopathological features have been considered risk factors for ACS associated with disease onset.'”'* However,
these indicators cannot help in judging and predicting the severity of the disease.'”> Recently, the potential of biomarkers
in disease screening and development prediction has been widely accepted. TPRG1-AS1 is a functional IncRNA in
human diseases. For example, TPRG1-AS1 could sponge miR-4691-5p and miR-3659 and further regulate RBM24 and
therefore suppress the progression of liver cancer.® The transcription of TPRG1-AS1 was promoted by TFAP2A, which
affected the glycolysis and angiogenesis of bladder urothelial carcinoma.’ The regulatory effect of TPRG1-AS1 was also
observed in vascular smooth muscle cells, which attenuated atherogenesis.” Herein, TPRG1-AS1 was upregulated in
ACS, which was identified as a risk factor for ACS. Upregulated TPRG1-AS1 could distinguish between ACS patients
and healthy individuals with relatively high sensitivity and specificity.

Meanwhile, the upregulation of TPRG1-AS1 was associated with increasing levels of Gensini score, cyc-c, cTnl, and NT-
proBNP. Quantifying the severity of coronary disease is the basic premise of related research. Gensini score is employed to
quantitatively evaluate the stenosis degree of coronary vascular in the clinic, which could indicate the disease severity of ACS
patients.''® Cys-c is an endogenous cysteine protease inhibitor and participates in inflammation by interfering with the

Table 2 Risk Factors for the Occurrence of MACE Evaluated
by Logistic Regression Analysis

OR 95% CI P-value
TPRGI-AS 10.343 1.204-88.81 | 0.033
Genesini score 2.483 0.427-14.431 0311
Cys-c 1.807 0.541-6.038 0.337
CTnl 2.606 0.644-10.551 0.179
NT-proBNP 1.809 0.506—6.462 0.362

Abbreviations: Cys-c, cystatin C, mg/L; cTnl, cardiac troponin |, ng/mL; NT-
proBNP, N-terminal pro-brain natriuretic peptide, pg/mL.
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chemotaxis and phagocytosis of granulocytes. Under hypoxia and ischemia conditions, cys-C produced by cardiomyocytes was
released into the blood, contributing to coronary plaque damage and the progression of atherosclerosis by inducing

inflammation.'®2?

cTnl existed in cardiomyocytes and would release into blood cycle when cardiomyocytes are injured. ¢Tnl
is more stable than other indicators. NT-proBNP is the split product of BNP stimulated by cardiomyocytes. Currently, serum cTnl
and NT-proBNP are commonly used for assessing the extent and severity of myocardial ischemia in the clinic.* *° Therefore, the
positive correlation of TPRG1-AS1 with these factors suggested its potential in predicting the severe development of ACS.

The occurrence of MACE is the major adverse factor for ACS prognosis. Although there were several indicators reported to
be associated with MACE, the predictive value of those factors is limited.”**® An increasing number of studies have been
devoted to exploring biomarkers for the prediction of MACE. For example, the latest study identified circulating miR-411-5p as
a biomarker for the occurrence of MACE in atrial fibrillation, which was associated with the cardiovascular death of patients.”
Plasma miR-142 was found to predict MACE in coronary artery disease patients who received percutaneous coronary
intervention.*® According to above findings, TPRG1-AS1 was suggested to indicate the severe development of ACS. Hence,
TPRGI1-AS1 was hypothesized to predict the occurrence of MACE. The follow-up during hospitalization showed that elevated
serum TPRG1-AS1 was associated with the increasing occurrence of MACE and was identified as a risk factor for MACE.

However, there are still some works needed further investigation. ACS includes unstable angina pectoris, acute non-ST
elevation myocardial infarction, and acute ST-elevation myocardial infarction. This study has not confirmed the dysregulation
of TPRG1-AS1 in specific types of ACS and the significance of TPRG1-AS1 in disease development. Due to the limited study
period and hospital scale, this study enrolled study subjects from a single center and lacked a long-term follow-up to evaluate
the significance of TPRG1-ASI in predicting long-term prognosis of ACS patients. Therefore, further research would specify
the subtypes of ACS with larger sample size from multiple centers and conduct long-term follow-up survey. Moreover, the
onset and development of cardiovascular diseases involved the progression of various cells, such as cardiomyocytes, cardiac
fibroblasts, vascular endothelial cells, macrophages, and vascular smooth muscle cells. The regulatory effect of TPRG1-AS1
on these cells could provide insights into the mechanism underlying the function of TPRG1-AS1 in ACS.

Conclusion

In conclusion, upregulated TPRG1-AS1 in ACS served as a biomarker for the onset and severe disease development.
Increasing serum TPRG1-AS1 could also predict the occurrence of MACE in ACS patients. These findings provide
a potential serum indicator for the screening and monitoring of ACS.
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