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Abstract 
Lipoprotein-associated phospholipase A₂(Lp-PLA₂) connects oxidised lipid metabolism to vascular 
inflammation, however evidence of its role in Middle Eastern populations' cardiovascular disease 
(CVD) is lacking. We analysed circulating Lp-PLA₂, inflammatory markers, and mRNA expression 
in a Saudi population. To compare Lp-PLA₂, markers TNF α and IL 6, oxidised LDL, LP-a, and lipid 
profile between CVD patients and healthy controls, assess mRNA upregulation, and analyse 
correlations between Lp-PLA₂ and markers.30 healthy people and 30 people with CVD who had been 
diagnosed with atherosclerosis were compared in an investigation. Fasting blood plasma was 
analyzed via ELISA to determine hematological, biochemical, and cardiovascular biomarkers. Using 
quantitative reverse transcription polymerase chain reaction (RT-qPCR), whole blood messenger 
RNA (mRNA) was analyzed for Lp-PLA₂, TNF α and IL 6. Compared with Healthy, CVD patients 
showed higher Lp-PLA₂ (419 ± 188 vs 101 ± 32 ng/mL; P<0.001), IL-6 (74 ± 17 vs 40 ± 19 pg/mL; 
P<0.001), TNF-α (4.4 ± 0.9 vs 3.7 ± 0.8 pg/mL; P<0.01), ox-LDL (430 ± 143 vs 242 ± 67 pg/mL; P<0.001), 
and LP-a (134 ± 31 vs 90 ± 33 nmol/L; P<0.001), with a more atherogenic lipid profile (LDL 3.02 ± 0.63 
vs 1.72 ± 0.63 mmol/L; P<0.001; HDL lower: P<0.01). mRNA expression of Lp-PLA₂, IL-6, and TNF-α 
was upregulated in CVD. Lp-PLA₂ correlated with IL-6 (r=0.75, P<0.001), TNF-α (r=0.36, P<0.01), 
ox-LDL (r=0.85, P<0.001), and LDL (r=0.80, P<0.001). CVD is associated with concordant protein-level 
elevations and mRNA upregulation of Lp-PLA₂, IL-6, and TNF-α, supporting a feed-forward 
inflammatory–oxidative axis. These data from a Saudi cohort extend international evidence and 
support targeting the Lp-PLA₂ cytokine oxidative pathway in atherosclerosis. 

Keywords: Lipoprotein-associated phospholipase A2; lipid profile and inflammatory markers; 
cardiovascular disease  
 

1. Introduction 

CVD remains the leading cause of death worldwide and is driven by the interplay between 
disordered lipid metabolism, chronic vascular inflammation, and maladaptive tissue remodeling [1]. 
Among circulating enzymes that sit at the interface of lipids and inflammation, Lp-PLA₂ also termed 
platelet-activating factor acetylhydrolase (PAF-AH) or group VIIA phospholipase A₂, encoded by 
PLA2G7—has attracted sustained interest as both a mechanistic mediator and a biomarker of 
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vascular risk [2]. Lp-PLA₂ is a secreted, calcium-independent serine hydrolase produced primarily 
by macrophages and other inflammatory cells and circulates bound to lipoproteins—predominantly 
low-density lipoprotein (LDL) (~70–85%) and to a lesser extent high-density lipoprotein (HDL) [2,3–
4]. It hydrolyzes oxidized phospholipids (oxPLs) on ox-low-density lipoprotein (ox-LDL) surfaces to 
generate lysophosphatidylcholine (LPC) and oxidized non-esterified fatty acids (oxNEFAs), bioactive 
lipids with recognized inflammatory potential [2–3]. Observational epidemiology—including large 
collaborative meta-analyses—has associated higher circulating Lp-PLA₂ mass and activity with 
subclinical atherosclerosis, adverse plaque characteristics, and increased risk of coronary heart 
disease and ischemic stroke, independent of traditional risk factors [5–7]. Although mass and activity 
are correlated, they capture non-identical biology and can diverge with changes in lipoprotein 
distribution, substrate burden, or inflammatory state [7–8]. Pathology and imaging studies further 
suggest that Lp-PLA₂ is enriched in macrophage-rich, lipid-laden regions of plaques and co-localizes 
with oxidatively modified LDL, consistent with a potential contribution to necrotic core formation 
and plaque vulnerability [9]. Despite these associations, causality remains debated. The selective 
Lp-PLA₂ inhibitor darapladib was vigorously inhibited in two large phase III outcome trials—
STABILITY in patients with stable coronary disease and SOLID TIMI 52 after acute coronary 
syndrome—but failed to substantially decrease major adverse cardiovascular events on their primary 
endpoints [10-11]. Concurrently, investigations into human genetics (particularly those involving 
PLA2G7 loss-of-function alleles like the East Asian V279F null variation) have shown conflicting or 
no relationships with coronary risk, prompting enquiries over context-dependent biology vs marker 
status [12–13]. Mechanistic research highlights these potentialities. LPC and specific oxNEFAs can 
enhance the expression of endothelial adhesion molecules and cytokines, compromise endothelial 
barrier integrity and vasorelaxation, and affect macrophage and smooth muscle phenotypes—
biologically plausible mechanisms through which Lp-PLA₂ may impact plaque formation and 
destabilisation [14–16]. The context of lipoproteins is simultaneously crucial. Lp-PLA₂ associated 
with LDL may selectively produce LPC within the arterial intima, while the enzyme linked to HDL 
has been suggested, under specific conditions, to aid in the detoxification of oxPLs; additionally, 
oxPLs are concentrated on lipoprotein (a) (LP-a), which may alter the subsequent inflammatory 
effects of Lp-PLA₂ activity [3,17–18]. As a result, significant knowledge deficiencies remain. This 
encompasses a restricted comprehension of (i) how the composition of lipoprotein carriers and 
substrates influences Lp-PLA₂ catalytic flux in vivo; (ii) the cell type-specific reactions to LPC and 
oxNEFAs within the plaque microenvironment; (iii) the spatial correlation between enzyme activity 
and characteristics of plaque vulnerability; and (iv) the circumstances under which the modulation 
of Lp-PLA₂ affects downstream inflammatory networks rather than simply mirroring them. 
Addressing these deficiencies is crucial to determine if Lp-PLA₂ serves as a viable therapeutic target, 
a risk stratification instrument, or both—potentially in certain patient subsets [2]. The reason for this 
work is because to understand past clinical results and develop precision treatments, we need a better 
understanding of the context-related effects of Lp-PLA₂, which is at the crossroads of lipid oxidative 
metabolism and vascular inflammation.  Here, we investigate how Lp-PLA₂ activity and 
compartmentalization (by lipoprotein carrier and vascular niche) shape downstream lipid mediators 
and inflammatory signaling, and how genetic or pharmacologic modulation of the enzyme influences 
endothelial dysfunction, macrophage activation, and plaque biology. 

2. Materials and Methods 

2.1. Study Design and Participants 

This comparative case–control study was conducted at King Abdulaziz Specialist Hospital, 
Sakaka, Saudi Arabia. The study population comprised of 30 patients with cardiovascular disease 
(CVD) (mean age 55 ± 8 years) and 30 healthy control subjects (mean age 53 ± 14 years). Plasma 
samples were collected from CVD patients at the Cardiology Center and from healthy volunteers at 
the Care Center. Samples obtained from participants who died during the study period prior to 
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completion of laboratory analyses, or specimens exhibiting visible hemolysis, were excluded to 
ensure sample integrity. Ethical approval was granted by the Research Ethics Committee of the 
Ministry of Health, Al-Qurayyat Health Affairs and the study was registered with the National 
Committee for Bioethics and Medicine (H-13-S-071); IRB approval was issued for project #2023-127.  

2.2. Blood Collection, Processing, and Storage 

The patient was instructed to fast overnight before blood samples were taken from the veins and 
the plasma was separated by centrifugation in accordance with standard laboratory protocols. 
Separate samples of the plasma were prepared for regular haematological and biochemical analyses 
to be performed immediately and for storage at -80°C to be used for the subsequent examination of 
cardiovascular biomarkers. 

2.3. Biochemical and Hematological Analyses 

The hospital's clinical laboratories evaluated the lipid profile—which comprises total cholesterol 
(TC), triglycerides (TG), LDL, and HDL using enzymatic method spectrophotometric assays. Alanine 
aminotransferase (ALT), creatinine, and urea were all measured as further indications of renal and 
liver function, respectively. Comprehensive blood count (CBC) parameters and haemoglobin levels 
were also measured. 

2.4. Cardiovascular, Inflammatory, and Oxidative Biomarkers 

The parameters that were measured in the second plasma aliquot, which was kept at -80°C, 
included TNF- α, IL 6, fatty acid binding protein 3 (FABP3), ox-LDL), Lp PLA₂, and LP-a. The ELISA 
kits (Elabscience®, Houston, Texas, USA) were used to test all biomarkers according to the methods 
provided by the manufacturers. Intra- and inter-assay coefficients of variation were < 5%, supporting 
high analytical precision.  

2.5. Lp-PLA₂ (PLA2G7) mRNA Expression by RT-qPCR 

For gene-expression analyses, whole blood was collected in EDTA tubes. Total RNA was 
extracted using an RNA purification kit (Genaxxon bioscience, Germany). RNA concentration and 
purity were assessed by spectrophotometry (A260/A280 ratio); values within an acceptable range 
were required to proceed. First-strand cDNA was synthesized using the Scriptase RT cDNA kit 
(Genaxxon bioscience, Germany) in a 20 µL reaction with RNase-free water; reverse transcription was 
performed at 50 °C for 10 min, followed by 95 °C for 10 min to inactivate reverse transcriptase. 
Quantitative PCR was run on an AriaMx Real-Time PCR System (Agilent Technologies, Santa Clara, 
CA, USA) and the following primers: 

Title 1 Title 2 Title 3 

IL-6 
5'- CAC CGG GAA CGA AAG AGA AG -3' 

5'- GGG CGG CTA CAT CTT TGG AAT C -3 

For 
Rev 

 
TNF-α 

 
 

5'- AAG AAT TCA AAC TGG GGC CT -3' 
5'- GAG GAA GGC CTA AGG TCC AC -3' 

For 
Rev 

 

Lp-PLA₂  
5'- CCA CCC AAA TTG CAT GTG C -3' 

5'- GCC AGT CAA AAG GAT AAA CCA CA -3' 

For 
Rev 

 

GAPDH 
5'- CAA GGT CAT CCA TGA CAA CTT TG -3' 
5'- GTC CAC CAC CCT GTT GCT GTA G -3' 

 

For 
Rev 
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All reactions were performed in duplicate using PCR master mix (Genaxxon Bioscience). 
GAPDH served as the reference gene for normalization and was included as a calibrator as specified. 
Relative expression was calculated by the 2^−ΔΔCt method. 

2.6. Statistical Analysis 

Excel served as a data management tool. If the variables are regularly distributed, the results are 
presented as the mean with ± standard deviation (SD), and a t-test is used. We used Spearman's rank 
correlation for non-parametric data and Pearson's correlation for parametric relationships. When 
controlling for possible confounders, multivariate linear regression revealed Lp-PLA₂ and LP-a as 
independent predictors of biochemical and inflammatory markers. We regarded a two-sided p-value 
of less than 0.05 as statistically significant. 

3. Results 

3.1. Study population and analysis sets 

We analyzed all uploaded datasets spanning clinical/biochemical panels, hematology, 
inflammatory/oxidative biomarkers, and paired gene-expression measurements. Complete-case 
numbers varied by endpoint: baseline and routine laboratory parameters (Tables 1–2) and biomarker 
panels (Table 3) included all available observations, and the paired protein–mRNA subset comprised 
60 participants (healthy = 30; CVD = 30). Assay procedures and quality controls are detailed in the 
Methods (ELISA CVs < 5%; RT-qPCR normalized by GAPDH; 2^ΔΔCt). 

Table 1. Clinical and biochemical characteristics of healthy and CVD participants. 

    Healthy    CVD P-value 
Age  53+14  55+10  

BMI  26+1  29+5 0.01 
Hb (g/dL)  14+1  14+3  

Glucose (mmol/L)  5.8+1.5  6.8+2 0.05 
Cholesterol (mmol/L)  3.6+0.5  4.2+0.6 0.001 

HDL (mmol/L)  1.3+0.3  1.1+0.1 0.001 
LDL (mmol/L)  1.8+0.6  3+0.6 0.00001 

Triglycerides(mmol/L)  1.3+0.5  1.3+0.5  

ALT (IU/L)  22+7  38+30 0.05 
Creatinine (umol/L)  81+12  107+24 0.001 

Urea (mmol/L)  4.8+1.2  10+5 0.01 
                    

Data are means +SD tested by t-test. P-value: p<0.05, 0.01, 0.001, 0.00001. 

Table 2. Hematology characteristics. 

    Healthy (mean±SD)   CVD (mean±SD) P-vaule 
WBC (10e3/uL)  7+1.6  10.6+5 0.001 
RBC (10e6/uL)  5+0.35  4.7+0.9  

Hematocrit %  43+3  43+8  

MCV (fL)  83+4  90+3.7 0.0001 
MCH (pg)  27+2  29+2 0.01 

MCHC (g/dL)  33+1.2  32+1.3 0.01 
RDW-CV %  13+1.5  12+2 0.05 

MPV (fL)  10+0.6  8+1.2 0.001 
Platelets (10e3/uL)  268+50  275+103  

Neutrophils %  47+11  65+11 0.0001 
Lymphocytes %  40+10  22+11 0.0001 
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Monocytes %  8+1.8  8.6+2.3  

Eosinophils %  3+1.3  2.3+1.3 0.05 
Basophils %  0.7+0.2  0.8+0.3 0.05 

                    
Data are means +SD tested by t-test. P-value: p<0.05, 0.01, 0.001, 0.00001. 

Table 3. Estimated levels of cardiovascular disease markers among patients and healthy individuals. 

Measure Healthy (mean±SD) CVD (mean±SD) p-value 
Lp-PLA2 (ng/ml) 101+31 419+185 0.0001 

IL-6 (ng/ml) 40+17 74+17 0.0001 
TNF-a (ng/ml) 3.6+0.8 4.3+0.9 0.0001 

ox-LDL (nmol/ml) 242+66 430+147 0.0001 
LP-a (nmol/L) 90+33 134+31 0.0001 
FABP3 (ng/ml) 3.1+0.1 3.4+1 ns 

        
Data are means +SD tested by t-test. P-value: p<0.05, 0.01, 0.001, 0.00001. 

3.2. Baseline clinical, biochemical and hematological characteristics  

In table 1. relative to healthy controls, individuals with CVD showed a more adverse metabolic 
profile: higher BMI (29 ± 5 vs 26 ± 1; P<0.01) and higher fasting glucose (6.8 ± 2 vs 5.8 ± 1.5 mmol/L; 
P<0.05). The lipid profile was distinctly atherogenic—total cholesterol 4.2 ± 0.6 vs 3.6 ± 0.5 mmol/L 
(P<0.001), LDL-C 3.0 ± 0.6 vs 1.8 ± 0.6 mmol/L (P <0.0001), and lower HDL-C 1.1 ± 0.1 vs 
1.3 ± 0.3 mmol/L (P<0.001); triglycerides were similar between groups. Liver and kidney indices were 
modestly higher in CVD (ALT 38 ± 30 vs 22 ± 7 IU/L, P<0.05; creatinine 107 ± 24 vs 81 ± 12 µmol/L, 
P<0.001; urea 10 ± 5 vs 4.8 ± 1.2 mmol/L, P<0.01). In table 2, CVD exhibited a pro-inflammatory blood 
profile with higher WBC (10.6 ± 5.0 vs 7.0 ± 1.6 ×10³/µL; P<0.001), neutrophilia (65 ± 11% vs 47 ± 11%; 
P<0.0001) and relative lymphopenia (22 ± 11% vs 40 ± 10%; P<0.0001). Red-cell indices differed (MCV, 
MCH higher; MCHC lower; all P ≤ 0.01), and MPV was reduced (8.0 ± 1.2 vs 10 ± 0.6 fL; P<0.001). 

3.3. Inflammatory and oxidative biomarkers  

In table 3, across the full biomarker panel, CVD patients had higher IL-6 (74 ± 17 vs 
40 ± 17 ng/mL; P<0.0001), higher TNF-α (4.3 ± 0.9 vs 3.6 ± 0.8 ng/mL; P<0.0001), higher ox-LDL 
(430 ± 147 vs 242 ± 66 nmol/mL; P< 0.0001), higher Lp(a) (134 ± 31 vs 90 ± 33 nmol/L; P< 0.0001), and 
markedly higher Lp-PLA₂ (419 ± 185 vs 101 ± 31 ng/mL; P< 0.0001). FABP3 trended higher without 
statistical significance (3.4 ± 1.0 vs 3.1 ± 0.1 ng/mL; p = 0.073). 

3.4. Paired protein–mRNA analyses  

Using the per-sample files (30 CVD; 30 healthy), we observed concordant differences at both the 
protein and transcript levels: Lp-PLA₂: protein 419 ± 185 vs 101 ± 31 ng/mL (P<0.0001); mRNA 
1.243 ± 0.102 vs 1.021 ± 0.130 (P<0.0001). Within CVD, protein–mRNA correlation was significant 
(r = 0.627; P<0.001); no correlation in healthy (r = 0.197; P<0.297) (Fig 1-A). IL-6: protein 74 ± 17 vs 
40 ± 17 ng/mL (P<0.0001); mRNA 1.920 ± 0.340 vs 1.213 ± 0.381 (P< 0.0001). Strong protein–mRNA 
coupling in CVD (r = 0.778; P< 0.0001), not in healthy (r = 0.249; p = 0.185) (Fig 1-B). TNF-α: protein 
4.3 ± 0.9 vs 3.6 ± 0.8 ng/mL (P<0.01); mRNA 1.25 ± 0.10 vs 1.05 ± 0.15 (P< 0.0001). Protein–mRNA 
correlation in CVD was significant (r = 0.612; P<0.001) (Fig 1-C). The results of this study suggest that 
the alignment of transcription with circulating protein for IL 6, TNF α, and Lp-PLA₂ is dependent on 
the disease (Fig1). 

3.5. Associations between Lp-PLA2 concentration and circulating lipid profiles, inflammatory, and oxidative 
biomarkers  
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In pooled biochemical data (Fig. 2), Lp-PLA₂ correlated strongly and positively with TNF-α 
(r = 0.36; p = 0.004) (Fig 2-A), IL-6 (r = 0.75; p = 2.24×10⁻¹²) (Fig 2-B), LP-a (r = 0.71; p = 1.04×10⁻¹⁰) (Fig 2-
C), ox-LDL (r = 0.85; p = 2.60×10⁻¹⁸) (Fig 2-D), TC (r = 0.64; p = 2.09×10⁻⁸) (Fig 2-E), LDL (r = 0.80; 
p = 1.48×10⁻¹⁴) (Fig 2-F), TG (r = 0.19; p = 0.146) (Fig 2-G), and inversely with HDL (r = –0.44; 
p = 4.21×10⁻⁴) (Fig 2-H); no association with. This pattern links Lp-PLA₂ to both atherogenic 
lipoproteins and inflammatory activation. 

3.6. Discrimination of CVD from healthy 

All analyses indicate that CVD is defined by an athero-inflammatory profile, which includes 
elevated body mass index (BMI) and glucose levels; a pro-atherogenic lipid profile characterized by 
increased TC and LDL, alongside decreased HDL; leukocytosis with neutrophilia; significant 
elevations in Lp-PLA₂, IL-6, TNF-α, ox-LDL, and LP-a; as well as a corresponding upregulation of IL-
6, TNF-α, and Lp-PLA₂ mRNA. The correlations indicate a strong correlation between Lp-PLA₂ and 
atherogenic lipoproteins, as well as inflammatory mediators. 

 
Figure 1. Concordant protein–mRNA changes and within-group coupling for Lp-PLA₂, IL-6, and TNF-α.(A) 
Lp-PLA₂. Protein: 419 ± 185 vs 101 ± 31 ng/mL (CVD vs healthy; P < 0.0001). mRNA: 1.243 ± 0.102 vs 1.021 ± 0.130 
(P < 0.0001), correlation: CVD r = 0.627; P < 0.001. (B) IL-6. Protein: 74 ± 17 vs 40 ± 17 pg/mL (P < 0.0001). mRNA: 
1.920 ± 0.340 vs 1.213 ± 0.381 (P < 0.0001), correlation: CVD r = 0.778; P < 0.0001. (C) TNF-α. Protein: 4.3 ± 0.9 vs 
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3.6 ± 0.8 ng/mL (P < 0.01). mRNA: 1.25 ± 0.10 vs 1.05 ± 0.15 (P < 0.0001), correlation: CVD r = 0.612; P < 0.001. All P 
values two-sided; values shown as mean ± SD. 

 
Figure 2. Correlation of Lp-PLA₂ with inflammatory and lipid markers in pooled biochemical data. Panels show 
scatter plots of Lp-PLA₂ (x-axis) versus each marker (y-axis) with a least-squares regression line. Numbers on 
each panel are Pearson’s r and two-sided p-values. (A) TNF-α: r = 0.36; p<0.01, (B) IL-6: r = 0.75; p<0.0001 (C) LP-
a: r = 0.71; p<0.0001, (D) ox-LDL: r = 0.85; p<0.0001, (E) TC: r = 0.64; p<0.0001, (F) LDL: r = 0.80; p<0.0001, (G) TG: 
r = 0.19; p = 0.146 (not significant), (H) HDL: r = −0.44; p<0.001 (inverse association). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 December 2025 doi:10.20944/preprints202511.0562.v2

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202511.0562.v2
http://creativecommons.org/licenses/by/4.0/


 8 of 11 

 

4. Discussion 

The present study provides biochemical and molecular evidence that cardiovascular disease 
(CVD) is characterized by a coordinated upregulation of inflammatory and oxidative pathways. 
Patients with CVD showed markedly elevated plasma levels and mRNA expression of lipoprotein-
associated phospholipase A₂ (Lp-PLA₂), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-
α) compared with healthy controls. These findings suggest that inflammatory cytokine activation and 
lipid oxidation act in synergy to promote vascular dysfunction and atherogenesis [19-21]. 

These findings are consistent with prior research indicating increased levels of Lp-PLA₂ and 
proinflammatory cytokines in individuals with coronary artery disease and metabolic syndrome [22-
24]. Consistent with previous observations, Lp-PLA2 exhibited a robust correlation with ox-LDL and 
LDL-C, thereby reinforcing the notion that enzymatic activity serves as an indicator of oxidative 
stress associated with lipoproteins. Nevertheless, our investigation further corroborates these 
findings by demonstrating concordant transcriptional upregulation (PLA2G7, IL6, TNF), thereby 
indicating that systemic alterations are associated with activation at the gene expression level. 

The ramifications of these findings are extensive. Elevated levels of Lp-PLA2 may serve not only 
as a biomarker indicative of atherosclerotic inflammation but also as a plausible mediator of vascular 
damage through its production of lysophosphatidylcholine and oxidized fatty acids. The 
incorporation of Lp-PLA₂ quantification alongside cytokine and oxidized lipid profiles may 
consequently enhance risk stratification and facilitate the identification of therapeutic targets within 
populations possessing diverse metabolic profiles, such as Middle Eastern cohorts. 

The pro-inflammatory cytokines IL-6 and TNF-α were significantly increased in both plasma 
concentration and mRNA expression among CVD patients, indicating transcriptional activation of 
these genes in circulating immune cells. Plasma IL-6 levels were nearly two-fold higher in CVD than 
in healthy subjects, whereas TNF-α levels were also elevated. Concurrent increases in IL-6 and TNF-
α transcripts provide evidence of ongoing inflammatory activation caused by oxidative and 
metabolic stress [25,26]. According to research [27-29], these two cytokines have the following effects: 
they increase the expression of endothelial adhesion molecules, which in turn promotes the 
recruitment of leukocytes, and they activate the NF-κB and JAK/STAT pathways. These pathways 
accelerate future transcription of inflammatory genes and endothelial damage. 

A dramatic rise in plasma Lp-PLA₂ levels compared to healthy controls and a corresponding 
upregulation of Lp-PLA₂ mRNA expression suggests that this increase is due to improved gene 
transcription rather than just post-translational modification for CVD patients. Lp-PLA₂ showed 
strong correlations with LDL cholesterol (r = 0.80; P< 0.001) and IL-6 (r = 0.75; P< 0.001), supporting 
its cytokine-driven induction [30,31]. Lysophosphatidylcholine and oxidized fatty acids are 
byproducts of the enzyme breakdown of ox-LDL; these substances have cytotoxic and pro-
inflammatory effects on the endothelium lining the blood vessels [32]. Our findings support previous 
mechanistic investigations that found a reciprocal amplification loop between cytokine signaling and 
phospholipid degradation, as shown by the observed correlation between Lp-PLA₂ and TNF-α (r = 
0.36; P< 0.01) [33,34]. 

The findings of ox-LDL levels of CVD patients were significantly higher than those of health 
controls, suggesting that oxidative stress was exacerbated. Lp-PLA₂ correlated strongly with ox-LDL 
(r = 0.85; P< 0.001), confirming their functional relationship [35]. Elevated LP-a concentrations (134 ± 
31 nmol/L vs. 90 ± 33 nmol/L; P< 0.001) further reinforce the oxidative environment, as LP-a carries 
oxidized phospholipids that serve as substrates for Lp-PLA₂ [36]. In conjunction, these results 
indicate that lipid peroxidation not only enhances the availability of substrate for Lp-PLA₂ but also 
induces the expression of cytokines, thereby establishing a self-perpetuating inflammatory–oxidative 
cycle [37]. 

The pathogenic mechanism that is described by the combined biochemical and gene expression 
data is that oxidative stress triggers the release of cytokines (IL-6, TNF-α), which in turn upregulates 
Lp-PLA₂ transcriptionally. Enzymatic hydrolysis of oxidized phospholipids produces lipid 
mediators that stimulate inflammation and cytokine production, which in turn increases vascular 
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inflammation [38,39]. Atherosclerotic illness is characterized by continuous inflammatory activation, 
which seems to be driven by this feed-forward loop [40]. The cycle is controlled by redox-sensitive 
transcription factors including NF-κB and STAT3. 

The biochemical and transcriptional activation of Lp-PLA₂ underscores its promise as a 
biomarker for diagnosis and a target for treatment. Reduced lysophosphatidylcholine production 
and limited growth of the plaque necrotic core were seen after pharmacological inhibition with 
darapladib, a specific Lp-PLA₂ inhibitor [41,42]. While large-scale studies (STABILITY, SOLID-TIMI 
52) found only small impacts on outcomes, targeting Lp-PLA₂ may provide a synergistic strategy by 
decreasing oxidative stress and inflammatory signaling at the same time, especially when combined 
with lipid-lowering or cytokine-directed therapy [43-45]. 

Furthermore, the close interaction between lipid metabolism and inflammation in the 
pathophysiology of cardiovascular disease underscores the concurrent increase in plasma and 
mRNA expression of Lp-PLA₂, IL-6, and TNF-α. The simultaneous measurement of these markers 
could improve cardiovascular risk prediction and early disease detection [46]. 

5. Conclusions 

Essentially, this research demonstrates that CVD is characterized by an inflammatory-oxidative 
pathway, as evidenced by the mRNA and protein levels of Lp-PLA₂, IL-6, and TNF-α.  Given the 
significant correlations between oxidized lipids and these markers, it is evident that Lp-PLA₂ is a 
critical mediator that links lipid oxidation to inflammation mediated by cytokines.  An approach 
that directly inhibits Lp-PLA₂ or blocks cytokines may be a viable method to reduce inflammation in 
the blood vessels and delay the progression of atherosclerosis. 
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