


Evaluation of Proinflammatory Cytokines Before and After Percutaneous Coronary Intervention in Patients with Stable Angina
Abstract:
Background: Coronary heart disease (CHD) is one of the most common causes of death worldwide. It is the most common complaint among patients with cardiovascular disease. The aim of this study was to investigate the utility of several pro-inflammatory mediators as follow-up markers after percutaneous coronary intervention (PCI) in patients with stable angina. 
Study design: The study was conducted on 50 patients diagnosed with stable angina who attended the Nasiriyah Cardiology Center between November 2021 and May 2022. 
Methods: IL-1β, IL-6, and IL-8 were determined by ELISA before PCI and one day and one week after PCI. 
Results: Compared to healthy controls, patients with stable angina had increased levels of IL-1β, IL-6, and IL-8 before PCI. One day after PCI, IL-1β levels returned to normal compared to controls, while IL-6 and IL-8 levels remained higher than controls. One week after PCI, IL-1β, IL-6, and IL-8 levels returned to normal values ​​compared to controls. On the other hand, statistical analysis showed that serum IL-1β levels decreased significantly compared to the pre-PCI period, while IL-6 and IL-8 levels remained significantly higher than their pre-PCI levels. When cytokines were measured one week after PCI, IL-1β, IL-6, and IL-8 levels were decreased below pre-PCI levels, and all cytokines returned to normal levels compared to controls. In general, elevated serum cytokine levels reflect the inflammatory response in atherosclerosis, represent a causal component of unstable angina, and are positively associated with the course of coronary artery disease. Levels of proinflammatory mediators decline rapidly after percutaneous coronary intervention (PCI), suggesting they are good markers for follow-up after PCI in patients with stable angina.
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1.Introduction
Coronary heart disease (CHD) is one of the most common causes of death worldwide  (Mozaffarian et al. 2015). It is the most prevalent complain among the cardiovascular diseases (Roth et al. 2017). Chest pain, is the main symptom of IHD, It  mostly occurs  due to atherosclerosis and coronary vasospasm (Balla et al. 2018), leading to mismatch  between oxygen demand and supply of myocardium. In unstable stable angina, the increase in demand occurs even at rest, whereas in stable angina, it occurs in exercise. The increase in oxygen demand of myocardium in exercise is primarily attributed to increased myocardial contractility and heart rate (Ferrari et al. 2018). The major pathological event in the IHD is atherosclerosis of the vessel which linked to lipid deposition and metabolic changes attributed many risk factors (Sampasa-Kanyinga and Lewis 2015).
Inflammation is known to be closely associated with IHD, particularly the atherosclerotic events (van Hout and Bosch 2018). Proinflammatory biomarkers like  IL-1β, IL-6 and IL-8 are involved in many heart diseases, including CHD. These proinflammatory mediators play an essential  role in the plaque formation of atherosclerosis (Hussein et al. 2023). Percutaneous coronary intervention (PCI) is used originally for the treatment of stable angina. More than half million PCI operations are performed annually all over the world for stable angina (Amer et al. 2023). This   study was performed  to  investigate  the usefulness of some proinflammatory  mediators as follow up markers after PCI  in stable angina patients.
2.Materials and methods
The study was an original research conducted on 50  stable angina patients (half of whom were males) who attended the Nasiriyah Heart Center from November 2021 to May 2022, in addition to 20 healthy individuals of the same age as controls (half of whom were males). Patients with previous autoimmune or inflammatory diseases, malignancies, immunosuppression, or previous statin treatment were excluded. Blood samples for measuring IL-1β, IL-6, and IL-8 levels were collected from patients admitted to the Nasiriyah-heart center- emergency department (from all 50 patients in the pre and one day post PCI, and from only 30 patients in one week post PCI due to the difficulty of follow-up). IL-1β, IL-6, and IL-8 were detected by ELISA, according to the BTL, China Operation Manual (https://www.btlnet.com).  The study was approved by the  Postgraduate Studies- Ethical Committee at Thi qar University, and  by Health Directorate in Thi-Qar- Nasiriyah Heart Center. All participants voluntarily signed written consents.  
Statistical Analysis
The statistical significant differences  were determined by student t- test, using SPSS (version 26). P-value 0.05 or lower, is considered as significant.
3.Results
Compared  with control group, the stable angina patients before PCI showed significant elevation in the levels of IL-1β (112.26 ± 18.16 VS. 89.42 ± 12.28 pg/ml, P<0.001),  IL-6 (5.12 ± 0.65 VS. 4.42 ± 0.72 ng/l, P<0.001) and IL-8 (9.26 ± 0.54  VS. 8.22 ± 0.53 ng/l, P<0.001).  One day after PCI, the level of IL-1β returned to normal limit compared with control  (88.34 ± 15.36 VS. 89.42 ± 12.28 pg/ml), while the levels of IL-6 (6.58 ± 0.92VS. 4.42 ± 0.72 ng/L) and IL-8 (10.78 ± 0.77 VS. 8.22 ± 0.53 ng/L) were still above the control levels (P <0.001 for both). However, after one week of PCI, the levels of IL-1β, IL-6 and IL-8 returned to normal values compared with control (table 1).  On the other hand, statistical analysis revealed that the levels of  IL-1β  in the serum was declined  significantly (P<0.001) in comparison with pre-PCI period, while, the levels of  IL-6 and IL-8 were  still significantly more that their level in comparison with pre-PCI period   (P<0.001 for both ) in comparison with their levels before PCI. In determination of cytokines  one week after PCI the levels, showed that the  IL-1β, IL-6 and IL-8 serum levels were declined below their levels in the pre-PCI (P<0.001,  P<0.001 and P<0.01, respectively) and all the cytokines returned to their normal levels in comparison with the control (table 1 and 2).










Table1: The levels of IL-1β, IL-6 and IL-8, in serum of patients with  stable angina in comparison with healthy control.    
	
Proinflammatory biomarkers
	Control group
(n=20)
	Patient Pre-PCI (n=50)
	Patients, one day post-PCI (n=50)
	Patients, one week post-PCI (n=30)

	IL-1β (pg/ml)
	89.42 ± 12.28
	112.26 ± 18.16
	88.34 ± 15.36
	84.68 ± 9.38

	IL-6 (ng/l)
	4.42 ± 0.72
	5.12 ± 0.65
	6.58 ± 0.92
	4.11 ± 0.82

	IL-8 (ng/l)
	8.22 ± 0.53
	9.26 ± 0.54
	10.78 ± 0.77
	8.24 ± 0.94



Table 2. Statistical analysis of  the study parameters 
	
Parameters
	P. value
Control group
VS
Patients pre-PCI
	P. value
Control group
VS
Patients one day post-PCI
	P. value
Control group
VS
Patients one week post-PCI
	P. value
Patient pre-PCI
VS
Patients one day post-PCI

	P. value
Patient Pre-PCI
VS
Patients one week post-PCI


	IL-1β (pg/ml)
	<0.001
	NS
	NS
	<0.001
	<0.001

	IL-6 (ng/L)
	<0.001
	<0.001
	NS
	<0.001
	<0.001

	IL-8 (ng/L)
	<0.001
	<0.001
	NS
	<0.001
	< 0.01


NS: non-significant
4.Discussion
CAD is one of the main causes of worldwide mortality and morbidity. Stable angina patients may have clinically unpredictable course, so further studying  of pathophysiology and prognostic markers are still required (McCarthy et al. 2018).
Recent research has shown that atherosclerosis is an inflammatory disease. Proinflammatory mediators play a key role in the atherosclerosis intiation and progression, and their serum levels strongly predict CAD (Amin et al. 2020, Wolf and Ley 2019, Pedro-Botet et al. 2020).
The current research showed a significant elevation of IL-6 in patients with stable angina, and several researches have reported a higher level of  IL-6 in stable angina patients compared with controls. Genetic deficiency of IL-6 has led to an increase in pathogen- and/or diet-induced atherosclerotic plaques. Clinical use of tocilizumab, an IL-6 receptor blocker, has favorably modified lipids and other vascular risks. IL-6, influenced the development of ischemic heart disease through several mechanisms. It elevated the viscosity of blood, elevated platelet count, and stimulated deposition of fibrinogen (Lubrano et al. 2015).
The elevation in IL-1β levels in our research is consistent with other researches (Simon et al. 2000, Bai et al. 2019, Ørn et al. 2012). IL-1β liberates during the low  heart perfusion  and enhances  neutrophil migration to the heart. Under synergistic effects with complement  and other cytokines, It activated neutrophils. The interaction of neutrophil with endothelial cells leads to the formation of free radicals, which increases myocardial damage (Pluijmert et al. 2021). Ischemia  is followed by a remodeling and healing events manifested  by a strong  inflammatory response. In injured lininng, the inflammations are exaggerated  by cryopyrin inflammasomes. Pro-IL-1β was cleaved by  Caspase-1 when the inflammations are  triggered by damage. In addition, IL-1β stimulates leukocyte chemotaxis in injured myocardium, increases the production of  cytokines and chemokines, and exaggerates the inflammations (Toldo et al. 2018). 
IL-8 is a chemoattractant that plays a role in atherogenesis. It promotes the monocytes adhesion to the vessel endothelium and possessed mitogenic activity on the cells that make up vascular smooth muscle. Another important event in the early stages of atherosclerosis is the migration of monocytes into the subendothelial area, which is mediated by IL-8. In cardiovascular disease (CVD), all phases of atherosclerosis and the onset of CHD are influenced by IL-8 (Dechkhajorn et al. 2020). 
In general, elevated serum cytokine levels reflected the inflammatory response in atherosclerosis, and represent a causal component, and they are positively associated with the  ischemic heart disease course (Tang et al. 2015, Ozdemir et al. 2008, Biasucci et al. 1996).
5.Conclusion
The current study tackles a significant problem with using of inflammatory mediators as follow-up indicators following PCI in stable angina patients.  It revealed that elevation of serum cytokine levels reflected the inflammatory response in atherosclerosis, and represent a causal component in stable angina, and they are positively associated with the course of the ischemic heart disease. The proinflammatory mediators are  rapidly declined after PCI indicated that they are good follow up markers after percutaneous coronary intervention in stable angina patients.
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