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Abstract  

Chronic kidney disease (CKD), acute kidney injury (AKI), and IgA nephropathy (IgAN) are kidney disorders that lead 

to progressive impairment of filtration. Standard diagnostic markers (creatinine, urea, and eGFR) remain the cornerstone of 

clinical detection, but they are still insufficient for early diagnosis. Recent studies highlight the potential role of genetic 

indicators such as CCL2, which are involved in inflammatory signaling and renal tissue injury by attracting monocytes and 

macrophages into the damaged kidney. This study was designed as a cross-sectional case-control investigation aimed at 

assessing fold-change expression of CCL2 in the peripheral blood of patients with CKD (n = 30), AKI (n = 10) and IgAN (n 

= 14), compared with healthy controls (n = 30) after clinical diagnosis of patients with physiological markers. Creatinine, urea 

and eGFR exhibited highly significant differences between patients and controls, demonstrating strong diagnostic ability (AUC 

> 0.90 for all markers). Conversely, CCL2 expression showed no significant difference between patient groups and controls, 

and no significant correlation with physiological markers. Mean CCL2 fold-change were 1.707 in AKI, 1.795 in CKD, and 

1.378 in IgAN, indicating only mild elevation without statistical significance. These findings contribute to the evaluation of 

inflammatory molecular biomarkers in renal diseases by indicating that circulating CCL2 mRNA expression in peripheral 

blood does not offer additional diagnostic value beyond established physiological markers within this cohort. The results 

indicate that physiological markers such as creatinine, urea, and eGFR are still good indicators and highlight the limitations of 

blood-based transcriptional assessment of CCL2 for reflecting renal inflammatory activity, suggesting that tissue-specific or 

urinary biomarkers may better represent the underlying renal pathological processes. Therefore, blood-based CCL2 in this 

cohort lacks diagnostic utility, whereas tissue-based or urinary biomarkers could provide enhanced distinction.  
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1.  Introduction 

The kidneys are complex organs that play a 

central role in homeostasis through the regulation of 

body fluids (Osborn et al., 2021). Kidney disease 

includes a diverse array of pathological conditions  

that affect kidney structure and function, encompassing 

both acute and possibly reversible abnormalities  

as well as chronic and progressive impairments 

(Siribamrungwong & Chaikomon, 2025). These 

conditions include acute kidney injury (AKI), chronic 

kidney disease (CKD) and IgA nephropathy (IgAN), 

which involve immune-mediated injury and chronic 

inflammation (Al-Razak et al., 2025; Lameire et al., 2021). 

These diseases cause physiological and 

biochemical changes that can be measured with 

several biomarkers. Progressive glomerular damage 

results in weakened renal filtration and is indicated by 

increasing serum creatinine, blood urea levels, and 

decreased estimated glomerular filtration rate (eGFR) 

compared with healthy individuals (Al-Razak et al., 

2024; Lateef et al., 2024; Alani & Al-Lami, 2024; 

Barratt et al., 2025; Pattrapornpisut et al., 2021). 
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Unlike CKD and AKI, serum or urine biomarkers for 

IgAN are suggestive but nonspecific and support 

clinical suspicion, and renal biopsy is the only 

definitive diagnostic method, which is considered 

invasive; therefore, genetic markers are of great 

interest (Habas et al., 2022; Liu et al., 2023; Obrișcă 

et al., 2024; Tan et al., 2025; Bakdash et al., 2019; 

Luciano & Moeckel, 2019). In summary, patients with 

kidney disease usually exhibit a range of abnormal 

laboratory findings, including elevated creatinine, and 

urea levels with reduced eGFR, all of which reveal the 

effect of disease on renal function.  

The CCL2 gene, known as monocyte 

chemoattractant protein-1 (MCP-1), is a chemokine 

that attracts monocytes and macrophages into the 

damaged kidney. It is secreted by multiple cell types, 

such as glomerular mesangial cells, podocytes and tubular 

epithelial cells, in response to injury or immune 

stimuli. In IgAN, the accumulation of IgA immune 

complexes in glomeruli triggers an inflammatory 

condition in which CCL2 has a significant role (Guo 

et al., 2025; Eardley et al., 2008). Recent transcriptomic 

analyses have shown CCL2 to be a prospective 

biomarker in IgAN. The study conducted by (Zhou et 

al., 2022) concluded that CCL2 may serve as a 

potential biomarker for IgAN diagnosis instead of 

invasive renal biopsy. Numerous investigations have 

examined CCL2 protein levels (MCP-1) in urine or 

even renal tissue, but there are limitations in data 

regarding CCL2 mRNA in peripheral blood as a 

prospective biomarker for renal injury. Peripheral 

blood gene expression analysis has advantages related 

to its minimal invasiveness, easier sample collection 

and may offer indirect insight into inflammatory 

pathways associated with renal disease (Baran et al., 

2022). However, it remains unclear whether blood-

based CCL2 expression can reflect renal pathological 

processes or provide additional diagnostic value 

beyond established clinical markers. In this context, 

the present research aimed to evaluate the mRNA 

levels of CCL2 in CKD, AKI, and IgAN patients 

compared with healthy controls, using fold change 

analysis of RNA expression. This study, by focusing 

on peripheral blood CCL2 transcripts, tries to fill the 

current knowledge gap regarding whether circulating 

gene expression patterns can serve as a non-invasive 

biomarker for renal disease. 

 

2.  Objectives 

2.  Objectives 

1. To evaluate the serum creatinine, blood urea, 

and eGFR levels in CKD, AKI, and IgAN patients, 

compared with healthy control subjects, to assess their 

diagnostic performance in kidney disease. 

2. To investigate the relative expression (fold-

change) of the CCL2 gene in the peripheral blood of 

patients with CKD, AKI, and IgAN compared with 

healthy controls using quantitative gene-expression 

analysis. 

3. To investigate the clinical relevance of 

circulating CCL2 expression by examining its 

differences among renal disease groups and its 

association with established renal function markers, 

with the aim of determining its potential utility as non-

invasive biomarker for renal dysfunction.  

 

3.  Materials and Methods 

Blood samples from 110 suspected patients 

with CKD, AKI, and IgAN, and 40 blood samples 

from healthy individuals were collected after primary 

diagnosis by a specialized doctor in Medicine City / 

Kidney Diseases and Transplant Center during the 

period from November 2024 to April 2025. Patients 

were classified based on clinical diagnostic criteria by 

analysis of serum creatinine, blood urea, and eGFR 

using the CKD-EPI (Chronic Kidney Disease 

Epidemiology Collaboration) equation, while IgAN 

was confirmed by renal biopsy. IgAN demonstrated 

dominant or co-dominant IgA deposition in the 

glomerular mesangium using immunofluorescence 

microscopy and was classified according to the 

Oxford classification system (MEST-C score). These 

pathological parameters were used to confirm the 

diagnosis and assess disease activity and chronicity in 

IgAN. Blood samples of (n = 30) CKD, (n = 14) IgAN, 

(n = 10) AKI, and (n = 30) healthy controls were 

confirmed and used in this study. The age range for all 

subjects is from 13 − 73 years. All participants 

(females and males) had no alcoholism, smoking, 

family history of kidney disease, thyroidal disorder, 

dermal problems, pregnancy, or contraceptive use for 

females, with the note that information was obtained 

through medical history interviews and review of 

patient medical records during clinical evaluation to 

ensure that participants met the exclusion criteria 

(Table 1). 
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Table 1 Baseline characteristics of the study participants by study group 

Variable AKI (n = 10) CKD (n = 30) IgAN (n = 14) Control (n = 30) 

Age (years), mean ± SD 50.7 ± 16.9 52.4 ± 17.4 33.8 ± 12.2 28.8 ± 6.5 

Sex (Male), n (%) 7 (70%) 16 (53.3%) 7 (50%) 18 (60%) 

Sex (Female), n (%) 3 (30%) 14 (46.7%) 7 (50%) 12 (40%) 

Hypertension, n (%) 6 (60%) 18 (60%) 9 (64.3%) 0 (0%) 

Diabetes mellitus, n (%) 1 (10%) 7 (23.3%) 2 (14.3%) 0 (0%) 

 

The venous blood sample was collected via 

vein puncture using five mL disposable syringe. 
Whole blood was put into EDTA tubes and serum-

separator (gel) tubes. About 2 − 3 mL of EDTA-

anticoagulated whole blood was used for RNA 

extraction. EDTA tubes were immediately stored at 

−80°C until processing. For gene-expression analysis, 

total RNA was extracted from EDTA-preserved blood 

using a commercial RNA extraction regent 

(GENEzol™ reagent-based RNA extraction system) 

and was then purified through binding, washing, and 

elution steps using spin columns according to the 

manufacturer’s protocol. The concentration of the 

isolated RNA was measured using the QuantiFluor® 

RNA system with a Quantus™ fluorometer according 

to the manufacturer's protocol. Primers used were 

synthesized by Macrogen and prepared as working 

solution in nuclease-free water. The complementary 

DNA (cDNA) was synthesized from the extracted 

RNA using the RevertAid First Strand cDNA 

Synthesis Kit then Quantitative real-time PCR (qRT-

PCR) was then performed using a two-step qRT-PCR 

protocol. The reaction mixture contained Luna 

Universal two-step reaction mix, forward and reverse 

primers, cDNA template and nuclease-free water  
in a final reaction volume of 20 µL. The primer 

sequences were used for CCL2 forward (5'-

AGCCACCTTCATTCCCCAAG-3') and reverse (5'-

GGAGCTGGATTTGGGGTTCA-3'), producing an 

amplicon size 248 bp, while beta-actin forward (5'-

TCGAGTCGCGTCCACC-3') and reverse (5'-

GGGAGCATCGTCGCCC-3'), producing an amplicon 

size 103 bp. Thermal cycling conditions included an 

initial denaturation at 95°C for 1 minute, followed by 

40 cycles of denaturation at 95°C for 10 seconds and 

extension at 60°C for 30 seconds. Amplification 

specificity was assessed using melting curve analysis 

(60 − 95°C). Gene expression levels were normalized 

using beta-actin housekeeping gene as an internal 

reference. Subsequently, gene expression levels were 

quantified as fold changes using the ΔΔCT method 

described by Livak and Schmittgen (2001). Relative 

gene expression was calculated using the 2−ΔΔCT 

method, where ΔCT = CT target gene – CT reference 

gene, ΔΔCT = ΔCT sample – ΔCT Calibrator, and final 

fold change was expressed as 2−ΔΔCT. Gel tubes were 

allowed to clot for 10 min at room temperature, after 

which serum was separated by centrifugation at 3,000 

rpm for 10 min. The resulting serum was aliquoted 

into three plain tubes and stored at −20°C for 

creatinine and urea analysis. By following standard 

biochemical procedures concentration of creatinine 

and urea was measured using an automated clinical 

chemistry Analyzer. The kinetic Jaffe method was 

used for serum creatinine test. In this method, 

creatinine reacts with alkaline solution to create a red-

orange chromophore, and increase in absorbance was 

recorded photometrically at 510 − 520 nm. Reagent 

packs (R1/R2) were loaded into the Analyzer, and 

samples, calibrators, and quality controls were 

automatically processed through dispensing, mixing, 

incubation, and absorbance reading steps. Creatinine 

concentrations were calculated automatically using 

calibration curve generated based on the kinetic 

method. Serum urea concentration was measured 

using enzymatic urease-glutamate dehydrogenase 

method. Urea is hydrolyzed by urease to create 

ammonia and carbon dioxide. The released ammonia 

reacts with α-ketoglutarate and NADH in the presence 

of glutamate dehydrogenase, leading to conversion of 

NADH to NAD⁺. The decrease in absorbance at 340 

nm is proportional to the urea level in the sample. The 

automatic analyzer performed reagent dispensing, 

incubation, and photometric detection after loading 

the reagent pack, calibrator, control sera, and patient 

samples. Urea concentrations were automatically 

calculated based on the calibration curve, and the 

results were reported in mg/dL. It should be noted that 

all patients received treatment according to disease 

severity, accompanied by supportive care.  

Kolmogorov-Smirnov and Shapiro-Wilk tests 

were performed to test the normality of the data 

distribution. Categorical data were expressed as 

numbers and percentage, the parametric data were 

expressed as mean  standard deviation, whereas the 

nonparametric variables were expressed as median 

and interquartile range (IQR: 25th percentile – 75th 

percentile). Kruskal-Wallis H followed by Dunn's 
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multiple comparisons test as post hoc test was 

performed for non-parametric data; meanwhile, one-

way ANOVA followed by Tukey’s test as post hoc 

test was employed for parametric data. The 

differences were considered significant when p-value 

was ≤ 0.05. To evaluate the adequacy of the sample 

size, a post hoc statistical power analysis was 

performed based on the observed effect sizes for 

CCL2 fold-change expression among study groups. 

The post hoc analysis indicated that, while the AKI 

and IgAN groups were of relatively small size, they 

were sufficient to identify clinically relevant 

differences in CCL2 expression within the constraints 

of this exploratory study. The statistical analysis was 

performed using GraphPad Prism 10.3.1.  

This study was approved by the College of 

Science/ Department of Biology/ research ethics 

committee under the Ref.: CSEC/1124/0095. Written 

informed consent was obtained from all adult 

participants, and from all participants under 18 years, 

consent was provided by their legal guardians. All 

study procedures were performed in accordance with 

the principles of the Declaration of Helsinki and 

applicable national regulations. Participant 

confidentiality was rigorously safeguarded, and all 

data were anonymized prior to analysis.  

 

4.  Results and Discussion  

4.1 The Change in the Creatinine Levels  

Patients with renal dysfunction showed 

significant increase in serum creatinine levels (Figure 

1 and Table 2). The creatinine median in patients was 

2.65 mg/dL (IQR: 1.545–5.255 mg/dL) compared 

with 0.755 mg/dL (IQR: 0.4975–0.985 mg/dL) in 

healthy controls (p < 0.0001). Patient groups showed 

the highest creatinine levels for acute cases (median 

4.95 mg/dL), intermediate levels in CKD (median 

2.93 mg/dL), and the lowest elevation in IgAN 

(median 0.895 mg/dL), compared with controls 

(median 0.755 mg/dL) (Figure 2 and Table 3). 

Receiver-operating characteristic (ROC) analysis 

showed excellent discrimination: AUC = 0.9102 (p < 

0.0001), with 81.48% sensitivity and 100% specificity 

at a 1.20 mg/dL cutoff (Figure 3 and Table 4). These 

data demonstrate that serum creatinine differentiates 

between unhealthy and healthy kidneys in these 

groups. 

 

 
Figure 1 Serum creatinine levels in patients and control 

groups. Statistical significance was assessed using the 

Mann-Whitney test. Asterisks indicate significance levels 

(****p < 0.0001) 

 

Table 2 Serum creatinine levels in patients and control 

groups 

Creatinine Control Patients 

25% Percentile 0.4975 1.545 

Median 0.7550 2.650 

75% Percentile 0.9850 5.255 

 

Table 3 Serum creatinine levels across study groups 

Creatinine Control Acute CKD IgAN 

25% Percentile 0.4975 3.065 1.983 0.6375 

Median 0.7550 4.950 2.930 0.8950 

75% Percentile 0.9850 7.150 5.255 2.123 

 

 
Figure 2 Serum creatinine levels across study groups. 

Statistical significance was assessed using the Kruskal–Wallis 

test followed by Dunn’s multiple comparisons test. Error bars 

represent the median with interquartile range. Asterisks 

indicate significance levels (**p < 0.01, ****p < 0.0001) 
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Figure 3 Receiver operating characteristic (ROC) curve 

showing the diagnostic accuracy of serum creatinine levels 

in patients with kidney disease in the study. The analysis 

demonstrated excellent performance with an AUC of 0.9102 

(p < 0.0001), at a cutoff value > 1.2 mg/dL, achieving 

81.48% sensitivity and 100% specificity 

 
Table 4 Receiver operating characteristic (ROC) curve 

showing the diagnostic accuracy of serum creatinine levels 

in patients with kidney disease in the study. 

Area under the ROC curve Creatinine 

Area 0.9102 

Std. Error 0.03083 

95% confidence interval 0.8498 to 0.9706 

p-value <0.0001 

Cut off value >1.200 

Sensitivity 81.48% 

Specificity 100.00% 

 

This result is aligned with accepted renal 

physiology. Progressive kidney disease increases 

creatinine and urea and decreases eGFR (Al-Musawi 

et al., 2021; Brookes & Power, 2022; Provenzano et 

al., 2024). Creatinine remains a highly sensitive 

indicator of renal dysfunction, and this is confirmed 

by a high and statistically significant AUC (Kahindo 

et al., 2022). For AKI, increases ≥ 0.3 mg/dL (≥ 26.5 

µmol/L) within 48 hours or an increase in serum 

creatinine to ≥ 1.5 times over the baseline level are 

necessary. Ávila et al. (2025) explained that creatinine 

has limitations, and its level can be affected with 

factors such as muscle mass, hydration, advanced age, 

physical activity and medications (Ávila et al., 2025). 

In the early stages of the kidney disease, the increase 

in creatinine may be delayed, while our results explain 

the role of creatinine in renal dysfunction, it is 

necessary to find newer biomarkers for earlier 

detection. Therefore, creatinine must be assessed with 

an understanding of its limitations (Pradeep et al., 

2024). 

4.2 The Change in the Blood Urea Levels 

Urea, like creatinine, showed a significant 

increase in patients. The median for patients was 

74.00 mg/dL (IQR: 48.75 – 133.0) versus 30.00 

mg/dL (IQR: 27.50 – 36.25) in controls (p < 0.0001) 

(Figure 4 and Table 5). 
 

 
Figure 4 Blood urea levels in patients and control groups. 

Statistical significance was assessed using the Mann-

Whitney test. Asterisks indicate significance levels  

(****p < 0.0001) 
 

Table 5 Blood urea levels in patients and control groups 
Urea  Control Patients 

25% Percentile 27.50 48.75 

Median 30.00 74.00 

75% Percentile 36.25 133.0 
 

The analysis of ROC showed AUC = 0.9247  

(p < 0.0001), at a cutoff value > 42.00 mg/dL, with 

sensitivity 87.04% and specificity 100% (Figure 5 and 

Table 6). 
 

 
Figure 5 Receiver operating characteristic (ROC) curve 

showing the diagnostic accuracy of blood urea levels in 

patients with kidney disease in the study. The analysis 

demonstrated excellent performance with an AUC of 

0.9247 (p < 0.0001), at a cutoff value > 42.00 mg/dL, 

achieving 87.04% sensitivity and 100% specificity. 
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Table 6 Receiver operating characteristic (ROC) curve 

showing the diagnostic accuracy of blood urea levels in 

patients with kidney disease in the study 

Area under the ROC curve Urea 

Area 0.9247 

Std. Error 0.03180 

95% confidence interval 0.8624 to 0.9870 

p-value <0.0001 

Cut off value > 42.00 

Sensitivity 87.04% 

Specificity 100% 

 

This demonstrates that blood urea has high 

diagnostic accuracy in distinguishing patients from 

healthy controls. The subgroups showed that AKI had 

the highest urea level (median 125.0 mg/dL), followed 

by CKD, which had an intermediate urea level 

(median 91.50 mg/dL), and finally, IgAN patients had 

the lowest level (median 50.0 mg/dL) compared with 

the control group (median 30.00 mg/dL) (Figure 6 and 

Table 7). 

 

 
Figure 6 Blood urea levels across study groups. Statistical 

significance was assessed using the Kruskal–Wallis test 

followed by Dunn’s multiple comparisons test. Error bars 

represent the median with interquartile range. Asterisks 

indicate significance levels (*p < 0.05, ****p < 0.0001). 

 

Table 7 Blood urea levels across study groups 

Urea Control Acute CKD IgAN 

25% Percentile 27.50 57.00 60.00 33.50 

Median 30.00 125.0 91.50 50.00 

75% Percentile 36.25 149.3 134.0 74.75 

 

In a clinical context, high blood urea confirms 

renal impairment. Like creatinine, urea is considered 

a classical marker of kidney function. Increasing 

blood urea is mainly correlated with worse outcomes, 

such as cardiac and renal dysfunction, which reflect 

its sensitivity to filtration and catabolism (Alani & Al-

Mayaly, 2022; Younes-Ibrahim & Younes-Ibrahim, 

2022). Our findings indicate that urea distinguishes 

patients with a sensitivity similar to creatinine, which 

contributes to the diagnostic value in renal injury. 

Blood urea can be affected by factors such as protein 

intake or catabolic state. It is also noted that both 

creatinine and urea levels increase together, as 

expected for patients with kidney disease. In 

conclusion, the results indicate that urea functions as 

a reliable classical indicator of renal dysfunction 

(Salih & Yenzeel, 2020; Lateef et al., 2024). 

 

4.3 Estimated Glomerular Filtration Rate (eGFR) 

Estimated GFR was significantly decreased in 

patients as compared with controls. The median eGFR 

in patients was 28.0 mL/min/1.73 m² (IQR: 12.33–

53.88), versus the control group median of 128.0 

mL/min/1.73 m² (IQR: 104.5–142.0) (p < 0.0001) 

(Figure 7 and Table 8). The analysis of ROC showed 

AUC = 0.9099 (p < 0.0001), at a cutoff value <78.65 

mL/min/1.73m², with sensitivity 81.48% and 

specificity 100% (Figure 8 and Table 9). The 

subgroups showed that AKI had the lowest eGFR 

(median 12.9), followed by CKD, which had an 

intermediate eGFR level (median 25.95), whereas 

IgAN patients had a median eGFR of 108.5 

mL/min/1.73 m² compared with the control group 

(median 128.0) (Figure 9 and Table 10). These data 

indicate that AKI causes substantial eGFR decline, 

whereas chronic conditions have higher eGFR. 

 

 
Figure 7 eGFR levels in patients and control groups. 

Statistical significance was assessed using the Mann-

Whitney test. Asterisks indicate significance levels  

(****p < 0.0001) 

 

Table 8 eGFR levels in patients and control groups 
eGFR Control Patients 

25% Percentile 104.5 12.33 

Median 128.0 28.00 

75% Percentile 142.0 53.88 
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Figure 8 Receiver operating characteristic (ROC) curve 

showing the diagnostic accuracy of eGFR levels in patients 

with kidney disease. The analysis demonstrated excellent 

performance with an AUC of 0.9099 (p < 0.0001), at a 

cutoff value < 78.65 mL/min./1.73 m2, achieving 81.48% 

sensitivity and 100% specificity 

 

Table 9 Receiver operating characteristic (ROC) curve 

showing the diagnostic accuracy of eGFR levels in patients 

with kidney disease 

Area under the ROC curve eGFR 

Area 0.9099 

Std. Error 0.03151 

95% confidence interval 0.8481 to 0.9716 

p-value <0.0001 

Cut off value <78.65 

Sensitivity 81.48 

Specificity 100 

 

 
Figure 9 eGFR levels across study groups. Statistical 

significance was assessed using the Kruskal–Wallis test 

followed by Dunn’s multiple comparisons test. Error bars 

represent the median with the interquartile range. Asterisks 

indicate significance levels (**p < 0.01, ****p < 0.0001) 

 

 

Table 10 eGFR levels across study groups 

eGFR Control Acute CKD IgAN 

Minimum 87.00 7.000 2.600 10.30 

25% Percentile 104.5 9.350 11.98 41.18 

Median 128.0 12.90 25.95 108.5 

75% Percentile 142.0 27.08 35.40 132.8 

 

The reduction of GFR is the hallmark of kidney 

dysfunction and is considered a classical indicator of 

renal impairment, and eGFR is often used to 

determine the stage of CKD. Most research indicates 

that lower eGFR is related to poor outcomes, for 

example, a reduction in eGFR can predict 

cardiovascular problems, end-stage renal disease, and 

mortality (Ibrahim et al., 2024; Ling et al., 2023; 

Zsom et al., 2022; Choi et al., 2022). Our findings 

were consistent with most relevant research. The high 

AUC (0.9099) shows that calculated eGFR, even 

though it is derived from creatinine, is still a powerful 

indicator of disease (Al-Jewari et al., 2021; Gao et al., 

2022). In this study, eGFR and like creatinine and 

urea, gives expected results for patients, confirming 

its clinical role as a comprehensive indicator of 

filtration.  

 

4.4 CCL2 Fold Change  

The CCL2 fold change showed a non-

significant difference by sex and group. The median 

fold change for females was 1.84, greater than that of 

males at 0.86 (p = 0.1334) but still non-significant 

(Figure 10 and Table 11). Also, mean CCL2 fold 

changes were 1.707 (AKI), 1.795 (CKD), and 1.378 

(IgAN), showing no significant difference across 

groups (Figure 11 and Table 12).  

 

 
Figure 10 Fold change of CCL2 expression stratified by 

sex. Statistical significance was assessed using the Mann-

Whitney test. ns denotes non-significant differences 
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Table 11 Fold change of CCL2 expression stratified by sex 

CCL2 Female Male 

25% Percentile 0.7000 0.2450 

Median 1.840 0.8600 

75% Percentile 2.635 1.860 

 

 
Figure 11 Fold change of CCL2 expression across study 

groups. Statistical significance was assessed using one-way 

ANOVA test followed by Tukey’s multiple comparisons 

test. Error bars represent mean ± standard deviation. 

Asterisks indicate significance levels (**p < 0.01,  

****p < 0.0001) 
 

Table 12 Fold change of CCL2 expression across study groups 
CCL2 Acute CKD IgAN 

Mean 1.707 1.795 1.378 

Std. Deviation 1.305 1.712 1.206 

Std. Error of Mean 0.4932 0.5413 0.3344 

 

The CCL2 expression was slightly elevated 

above baseline in all patients, but it did not 

differentiate between kidney disease groups, 

suggesting that systemic CCL2 was not highly altered 

by disease status. The wide standard deviation 

observed reflects substantial inter-patient variability 

in circulating CCL2 mRNA levels, which limits the 

ability to detect significant differences. Possible 

sources of this variability may include heterogeneity 

in disease severity, duration of illness, ongoing 

treatment, genetic background and individual 

differences in immune responses. This result indicated 

that peripheral blood CCL2 mRNA expression did not 

provide discriminatory diagnostic value and 

highlights the potential limitations of using circulating 

transcriptional measurements of inflammatory 

chemokines as biomarkers for renal disease. These 

findings are considered remarkable due to the role of 

CCL2 in renal inflammation. Zhou et al. (2022), using 

a bioinformatics study, indicated that CCL2 was one 

of the top three downregulated immune-related hub 

genes that differentiated IgAN patients from the 

control group with high diagnostic accuracy. 

However, tissue-based transcriptome analyses in 

IgAN and CKD have consistently reported 

upregulation of CCL2 (MCP-1) in the kidney, often 

correlated with damage (Delrue & Speeckaert, 2025; 

Zheng et al., 2020). For example, Feng et al. (2018) 

found that mRNA for CCL2 was markedly induced in 

urinary exosomes from IgAN patients as compared 

with control groups, and since tubulointerstitial damage 

is a significant histopathological risk factor for decline 

in renal function, urinary exosomal CCL2 may be a 

useful predictive biomarker for IgAN progression 

(Feng et al., 2018). Several studies have shown that 

urinary MCP-1 protein levels strongly correlate with 

renal inflammation, disease severity, and progression 

in renal injury (Saitoh et al., 1998). This finding 

suggests that urinary MCP-1 protein, rather than 

peripheral blood mRNA, is a more informative 

biomarker for monitoring renal injury and prognosis. 

It is important to note that CCL2 expression is closely 

associated with the molecular interaction between 

innate immune cells and endothelial cells during 

inflammatory responses, which facilitates leukocyte 

recruitment to sites of tissue injury. Therefore, the 

stable expression of circulating CCL2 found in this 

study may reflect the localized nature of inflammatory 

processes within renal tissue rather than being 

reflected in peripheral blood. Moreover, circulating 

mRNA molecules generally exhibit a relatively short 

half-life in the blood stream due to rapid degradation 

by plasma ribonuclease, which may limit the stability 

and detectability of specific transcripts such as CCL2 

in peripheral samples (Wang & Liu, 2022). Another 

possible explanation is the dilution effect in peripheral 

blood, where transcripts derived from renal tissue may 

be substantially diluted by RNA derived from the 

larger population of circulating blood cells, thereby 

masking disease-specific signals. Also, CCL2 

detected in peripheral blood may primarily reflect 

transcriptional activity in circulating immune cells, 

particularly monocytes, rather than renal tissue itself. 

Despite no diagnostic utility being observed in this 

study, CCL2 expressions could have prognostic value, 

particularly in tracking disease progression or 

therapeutic responses. Future investigations may 

benefit from evaluating additional pro-inflammatory 

mediators, particularly cytokines, to better distinguish 

between CKD and various types of renal failure. 

Overall, the results are conflicting, and our blood-

based data did not show such changes. The gene 

expression pattern can differ between tissue and blood 

or vary by disease context, and this discrepancy likely 
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reflects compartmentalization, intrarenal CCL2 may 

not translate into a measurable circulating mRNA 

signal. Furthermore, it is important to note that a 

substantial proportion of patients in this study were 

receiving clinical treatment according to disease 

severity, which may influence inflammatory gene 

expression levels and lead to detectable differences in 

circulating CCL2 expression. 

In summary, the lack of any significant 

alteration of CCL2 in this study may indicate that 

blood CCL2 expression does not possess diagnostic or 

prognostic capabilities in this context. Also, the 

sample size may limit the detection of subtle effects. 

In this investigation, CCL2 expression in blood did 

not demonstrate clinical utility in this study, unlike 

recognizing the role in tissue function.  

 

4.5 Spearman Correlation between CCL2 Gene 

Expression and Clinical Parameters 

Spearman analysis of CCL2 fold change versus 

physiological kidney markers revealed no significant 

correlations. The correlation coefficient was r = 0.12 

for creatinine (p = 0.54), r = 0.15 for urea (p = 0.44), 

and r = −0.14 for eGFR (p = 0.46). The investigation 

of the correlation coefficient between CCL2 and all 

research parameters indicated no statistically 

significant correlation (Table 13 and Figures 12 − 14). 

Practically, patients with elevated serum creatinine or 

reduced eGFR demonstrate no consistent variation in 

circulating CCL2 mRNA compared with those with 

milder dysfunction.  

 

 
Figure 12 Scatter plots showing Spearman’s correlation 

between fold change of CCL2 expression and blood urea 

 

Table 13 Spearman’s correlation between fold change of CCL2 expression and serum creatinine, urea, and eGFR 
 CCL2 vs. creatinine CCL2 vs. urea CCL2 vs. eGFR 

Spearman r    

r 0.12 0.15 −0.14 

95% confidence interval −0.26 to 0.46 −0.23 to 0.48 −0.48 to 0.24 

P value    

P (two-tailed) 0.54 0.44 0.46 

P value summary ns ns ns 

Equation Y = 0.02*X + 2.86 Y = 1.86*X + 84.33 Y = −6.007*X + 65.48 

 

 
Figure 13 Scatter plots showing Spearman’s correlation 

between fold change of CCL2 expression and serum 

creatinine 

 

 
Figure 14 Scatter plots showing Spearman’s correlation 

between fold change of CCL2 expression and eGFR 
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This result differs from some tissue-based 

observations. In kidney biopsies from IgAN patients, 

elevated intrarenal CCL2 expression is strongly 

associated with disease severity. For example, 

transcriptome information shows increased CCL2 

levels correlated with more severe proteinuria and 

reduced eGFR (Keskinis et al., 2025; Han et al., 2021; 

Feng et al., 2018).  

Urinary CCL2 (MCP-1) levels or exosomal 

CCL2 mRNA reflect kidney damage in IgAN. 

Numerous investigations have explained that IgAN 

patients show increased urine MCP-1 and elevated 

exosomal CCL2 mRNA, and that these markers 

correlate with histological activity and renal 

dysfunction (Lv et al., 2018; Keskinis et al., 2025; 

Feng et al., 2018; Duan et al., 2024). The lack of 

correlation in blood may indicate that systemic CCL2 

transcripts are disconnected from those intrarenal 

processes in the kidney. In other words, CCL2 may be 

an important marker within the kidney and urine, but 

its expression in peripheral blood did not reflect the 

clinical impairment. Our findings suggest that blood 

CCL2 may not be useful as an indicator for the 

detection of creatinine, urea, and eGFR status in all 

patient groups. 

 

5.  Conclusion 

This study shows that classical physiological 

markers such as creatinine, urea, and eGFR remain 

reliable indicators of renal disease and exhibit strong 

distinction between patients and healthy groups. 

Peripheral blood expression of CCL2 for CKD, AKI, 

and IgAN patients shows no significant difference 

compared with healthy control groups, nor did they 

correlate with renal function markers. Blood gene 

expression does not always reflect renal tissue 

expression, as CCL2 has a mediating role in 

inflammation and fibrosis. The absence of correlation 

supports the previous result that kidney tissue and 

urine biomarkers are more reflective of local 

inflammatory activity than circulating blood mRNA. 

Therefore, peripheral mRNA expression may not be a 

sensitive diagnostic biomarker in clinical assessment 

of kidney disease in this cohort. Future investigations 

should include paired assessment of CCL2 in blood, 

urine and kidney tissue, with concurrent 

validation at the protein levels using enzyme-linked 

immunosorbent assay (ELISA). In addition, a larger, 

multicenter cohort could help detect subtle effects and 

improve the generalization of findings, framing these 

negative results as a foundation for advancing 

biomarker discovery in renal disease.  
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