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Objective: To explore the changes in serum Monocyte chemoattractant protein-1 (MCP-1) and Osteopontin (OPN) in gout patients
and their diagnostic value for early renal injury.

Methods: In this research, 174 gout patients (January 2022—October 2024) were divided into the early renal injury group (50 cases)
and non-early renal injury group (124 cases). Additionally, 169 healthy individuals were included as controls. Clinical indicators such
as serum creatinine, cystatin C (CysC), and GFR were recorded. MCP-1 and OPN levels were measured using ELISA. Pearson’s
correlation was used to analyze relationships; Logit regression was applied to identify influencing factors, and ROC curves assessed
diagnostic value, with AUC comparisons via Z-test.

Results: Serum MCP-1 and OPN levels were significantly higher in the gout group compared to controls (P<0.05) and further
elevated in the early renal injury group (P<0.05). MCP-1 and OPN correlated positively with creatinine and CysC and negatively with
GFR (P<0.05). Logit regression identified MCP-1 (OR: 2.765, 95% CI: 1.308-5.846) and OPN (OR: 3.019, 95% CI: 1.468-6.210) as
independent risk factors (P<0.05). The AUC for diagnosing early renal injury was 0.775 (MCP-1), 0.827 (OPN), and 0.938
(combined), with the combination significantly outperforming either marker alone (Z=3.075, 2.273, P<0.05).

Conclusion: The combination of serum MCP-1 and OPN in gout patients has a higher diagnostic value for early renal injury, it is
obviously higher than the individual diagnosis of each indicator, and demonstrates significant clinical implications.
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Introduction

Gout, the most common inflammatory arthritis, is becoming increasingly prevalent worldwide. It is linked to higher risks of
diabetes, cardiovascular issues, and kidney disease.' Kidney damage in gout patients often goes unnoticed early on,
complicating diagnosis. Renal function declines without obvious proteinuria, highlighting the need for more sensitive
detection methods.” A major challenge remains the absence of diagnostic standards for early kidney injury. While some
studies have identified renal changes in gout, such as tubular dilation and fibrosis, they lack specificity.” Thus, developing
new methods to improve the screening and diagnosis of early kidney injury related to gout is crucial. Monocyte
chemoattractant protein-1 (MCP-1), known as CCL2, is a member of CC chemokine family. In arthritis and bone diseases,
MCP-1 serves as a major regulator for monocyte recruitment to inflammatory sites®. Furthermore, Zheng et al® found that
activation of tubular Yes-associated protein and maladaptive repair may exacerbate renal inflammation by promoting MCP-
1 production. This promotes the progression from acute to chronic kidney disease. Osteopontin (OPN) is a phosphorylated
glycoprotein involved in immune regulation in chronic inflammatory conditions like autoimmune diseases, atherosclerosis,
and cirrhosis. It is also involved in the progression of arthritis.® Peng et al” discovered that excessive activation of OPN is
closely associated with the development of hypercalciuria, with elevated levels potentially causing renal damage. This work
includes 174 gout patients and aims to analyze the diagnostic efficacy of combined serum MCP-1 and OPN testing for early
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kidney injury in gout patients, intending to improve the accuracy of clinical diagnosis for early kidney injury and provide
a reference for reducing the incidence of renal injury in gout patients in the future.

Materials and Methods

General Information
From January 2022 to October 2024, 174 gout patients (62.82+11.05 years, 127 males, 47 females) were included, divided
into two groups: no early kidney injury (124 cases) and early kidney injury (50 cases). A control group of 169 healthy
individuals (61.54£11.68 years, 116 males, 53 females) was also included. Early renal injury groupearly renal injury group.
The criteria for gout® and early kidney injury” include: (1) Serum creatinine increase >0.3 mg/dL or >50%, or urine
output <0.5 mL/kg/h for >6 hours; (2) First-time gout patients; (3) The study was approved by the ethics committee, and
informed consent was obtained from patients and families.; (4) Complete case data. Exclusion criteria: (1) Kidney
dysfunction caused by other reasons; (2) Patients with organ failure such as liver, heart, or lung failure; (3) Hematologic
disorders; (4) Pseudo-gout or secondary gout; (5) Diabetic ketoacidosis; (6) Pregnant or breastfeeding women. The case
collection flowchart is shown in Figure 1.

Methods

Collection of Serum Samples and Detection of MCP-1 and OPN Levels

On the second day (before medication) of hospitalization for the patients and on the day of the physical examination for
the healthy controls. 5 mL of fasting venous blood was collected in the morning, centrifuged at —4°C, 3500 rpm for
15 minutes, and the serum was carefully extracted, aliquoted, and stored at —80°C. MCP-1 and OPN levels were
measured using the ELISA method according to the manufacturer’s instructions. The kits were obtained from Wuhan
Baiyixin Biotechnology Co., Ltd. (Catalog number: TD711364) and Shanghai Walan Biotechnology Co., Ltd. (Catalog
number: ABE10080).

Clinical Data Collection

Clinical data collected included age, gender, diabetes, hypertension, coronary heart disease, hemoglobin, albumin, serum
creatinine, blood uric acid, 24-hour uric acid excretion in urine, urine pH, cystatin C (CysC), glomerular filtration rate
(GFR), and homocysteine (Hcy) levels. GFR was calculated using the Cockcroft-Gault equation: 24-hour uric acid
excretion in urine GFR = (140 — age) x weight / (72 X serum creatinine) % 0.85 (0.84 for males.

Statistical Analysis
IBM-SPSS 25.0 software was adopted. Categorical data and measurement data were expressed as [n (%)], and means +
standard deviations (¥ +s) were used for comparison. Unpaired #-tests and x2 tests were carried out. Pearson’s
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Figure | The case collection flowchart.
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correlation was conducted, and Logit regression was used to analyze influencing factors. ROC curves were plotted to
analyze the diagnostic value of the indicators for early kidney injury in gout patients, and Z-tests were used to compare
AUCs. A p-value less than 0.05 was regarded as statistically significant.

Results
Comparison of Serum MCP-|, OPN Levels and Gender, Age Between the Control
Group and Gout Group

No significant differences in gender and age were found, but serum MCP-1 and OPN levels were higher in the gout group
(P<0.05). See Table 1.

Comparison of Serum MCP-I and OPN Levels in Different Kidney Injury Groups
Serum MCP-1 and OPN levels were higher in the early renal injury group compared to the no early renal injury group
(P<0.05). early renal injury groupearly renal injury group. See Table 2.

Comparison of Clinical Data in Different Kidney Injury Groups

There were no statistically significant differences between the no early renal injury group and the early renal injury group in
terms of age, gender, diabetes, hypertension, coronary heart disease, hemoglobin, albumin, blood uric acid, 24-hour uric acid
excretion in urine, urine pH, or Hey (P>0.05). However, compared with the no early renal injury group, the early renal injury
group had significantly higher levels of serum creatinine and CysC and significantly lower GFR levels (P<0.05). See Table 3.

Correlation Analysis of Serum MCP-1 and OPN Levels With Clinical Data

Pearson’s correlation analysis showed that serum MCP-1 and OPN levels in gout patients revealed a positive relationship
with serum creatinine and CysC levels, while exhibiting an inverse relationship with GFR (P<0.05). See Table 4.

Analysis of Influencing Factors for Early Kidney Injury

Multivariate logit regression of influencing factors for early kidney injury in gout patients was conducted. Independent
variables included MCP-1, OPN, serum creatinine, CysC, and GFR, while the dependent variable was early kidney injury
(assigned 1 for presence, 0 for absence). The results showed that MCP-1 (OR: 95% CI=2.765: 1.308-5.846) and OPN (OR:
95% CI=3.019: 1.468-6.210) were independent risk factors for early kidney injury in gout patients (P<0.05). See Table 5.

Table | Comparison of Serum MCP-I and OPN Levels
Between Control Group and Gout Group (X £ s)

Groups Number | MCP-1 (ng/mL) | OPN (ng/mL)
Control group 169 94.18+28.91 12.45+3.98
Gout group 174 459.26+127.30 27.84+6.87

t - 36.381 25.290

P - <0.001 <0.001

Table 2 Comparison of Serum MCP-I and OPN Levels Between Gout
Patients With Early Renal Injury Group and Those Non Early Renal Injury

Group (X £ )

Groups Number | MCP-I (ng/mL) | OPN (ng/mL)
Non early renal injury group 124 406.48+114.37 24.93+5.59
Early renal injury group 50 590.15%152.03 35.06+8.86
t - 8.684 9.043
P - <0.001 <0.001
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Table 3 Comparison of Clinical Data Between Gout Patients With Early Renal Injury Group and Those
Non Early Renal Injury Group[(X £ s)/n (%)]

Indicators Non Early Renal Injury | Early Renal Injury tly? P
Group (n=124) Group (n=50)
Age (years) 62.55+10.78 63.48+12.17 0.496 0.621
Gender [n (%)] 0.323 0.570
Male 89 (71.77) 38 (76.00)
Female 35 (28.23) 12 (24.00)
Diabetes [n (%)] Il (8.87) 6 (12.00) 0.120 0.729
Hypertension [n (%)] 54 (43.55) 26 (52.00) 1.025 0.311
Coronary heart disease [n (%)] 9 (7.26) 5 (10.00) 0.086 0.769
Hemoglobin (g/L) 129.67+22.56 123.02+26.95 1.661 0.098
Albumin (g/L) 41.02+5.38 39.47+4.68 1.783 0.076
Serum uric acid (umol/L) 486.96+121.05 512.78+114.65 1.292 0.198
Serum creatinine (umol/L) 92.45+22.57 130.14+39.71 7.888 | <0.001
24-hour uric acid excretion (umol/L) 2286.34+526.09 2397.61+626.10 1.194 0.234
Urine pH value 5.82+0.78 5.79+0.64 0.241 0.810
CysC (mg/L) 0.95+0.23 1.24+0.27 7.151 | <0.001
GFR (mL/min) 94.57+26.38 70.62+15.47 6.010 | <0.001
Hcy (umol/L) 5.48+1.59 5.99+1.76 1.856 0.065
Table 4 Correlation Between Serum MCP-1, OPN
Levels and Clinical Data in Gout Patients
Indicators MCP-1 OPN
r P r P
Serum creatinine | 0.502 | <0.001 0.538 | <0.001
CysC 0.513 | <0.001 | 0514 | <0.001
GFR —0.489 | <0.001 | —0.526 | <0.001
Table 5 Multivariate Logistic Regression Analysis
Influence factor p SE Waldy? | OR 95% ClI P
MCP-1| 1.017 | 0.382 | 7.088 | 2.765 | 1.308~5.846 | 0.008
OPN 1.105 | 0.368 | 9.015 | 3.019 | 1.468~6.210 | 0.003
Serum creatinine 0.070 | 0.128 | 0.295 1.072 | 0.834~1.378 | 0.587
CysC 0.126 | 0.121 1.080 1.134 | 0.895~1.438 | 0.299
GFR —0.094 | 0.105 | 0.807 | 0.910 | 0.741~1.118 | 0.369

Diagnostic Value of Serum MCP-1 and OPN Levels for Early Kidney Injury

Receiver operating characteristic analysis evaluated the diagnostic value of serum MCP-1 and OPN for early kidney
injury in gout. The AUCs for MCP-1, OPN, and their combination were 0.775, 0.827, and 0.938, respectively, with the
combined AUC significantly higher (Z=3.075, 2.273, P<0.05). See Figure 2 and Table 6.

Discussion
Primary gout is a metabolic disorder caused by purine metabolism dysfunction, with prevalence varying by race and
region.' Previous studies have found that hyperuricemia and gout patients are most likely to experience kidney damage,
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Figure 2 ROC curve of serum MCP-| and OPN levels for diagnosing early renal injury in gout patients.

leading to uric acid kidney stone formation and decreased renal function.'' Kidney dysfunction can further result in
hyperuricemia and gout attacks, forming a causal relationship with close interdependence. Many gout patients show
varying degrees of kidney damage upon autopsy, with 18% to 30% dying from end-stage renal disease.'”

MCP-1 drives inflammation by recruiting inflammatory cells and cytokines, promoting disease progression through
monocyte/macrophage migration and infiltration.'> MCP-1 is involved in the pathogenesis of diseases like COVID-19,
cancer, neuroinflammation, cardiovascular diseases, and rheumatoid arthritis.'* Additionally, MCP-1 is involved in
inflammation-dependent diseases such as hypertension, atherosclerosis, and kidney damage.'”> Hu et al'® found that
mangiferin could treat renal inflammatory damage in hypertensive rats. Liu et al'” suggested that MCP-1 could serve as
a biomarker of inflammatory kidney diseases, with increased expression directly correlating with the severity of kidney
damage. Serum MCP-1 levels were higher in gout patients, especially in those with early kidney injury. These findings
align with previous studies showing similar trends of MCP-1 expression in kidney-injured rats and patients. It is
hypothesized that metabolic disorders and abnormal inflammatory immune states in gout patients lead to increased
synthesis and secretion of MCP-1. The production of MCP-1 enhances its binding to specific receptors, promoting
monocyte migration to local inflammatory sites and increasing the risk of early kidney injury.

OPN, a phosphoglycoprotein, plays a role in tissue repair, angiogenesis, bone homeostasis, wound healing, cell
adhesion, and immune responses. It aids osteoclast adhesion, bone resorption, and mechanosensory stimulation of tumor,
endothelial, and vascular smooth muscle cells.'® Additionally, OPN acts as a pro-inflammatory molecule that, in certain
contexts, induces dendritic cell and macrophage migration to inflammatory areas, elevating inflammation levels.'® Xu
et al’” reported that serum OPN levels in patients experiencing acute renal transplant rejection were higher both pre- and
post-operatively compared to those with stable renal function post-transplantation. Serum OPN levels were higher in
early kidney injury. It is hypothesized that the biological mechanism of OPN in gout and early kidney injury may be

Table 6 ROC Curve Analysis Results

Diagnostic Indicators | Sensitivity (%) | Specificity (%) Cutoff AUC 95% ClI Youden Index
MCP-1 60.04 81.45 503.26 ng/mL | 0.775 | 0.687~0.863 0.41
OPN 72.64 86.59 29.12 ng/mL | 0.827 | 0.748~0.907 0.59
Combination 85.62 99.84 - 0.938 | 0.883~0.994 0.85
International Journal of General Medicine 2025:18 htps: 1427
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related to its pro-inflammatory effects. Elevated serum OPN levels promote macrophage migration and stimulate the
production of other inflammatory cytokines, increasing renal inflammation levels and the risk of early kidney injury.

Untreated gout-related kidney damage may cause uric acid stones, chronic UTIs, and accelerated kidney deterioration.
Multiple previous studies have shown that the persistent deposition of urate crystals in kidney tissues caused by gout is
the main cause of kidney damage. Serum creatinine, cystatin C (CysC), and glomerular filtration rate (GFR) are
recognized as accurate diagnostic markers for assessing kidney damage, and they have diagnostic value for gout-
related kidney damage?'"*, but early-stage cases show normal lab results. By the time abnormalities appear, patients
may already have developed irreversible kidney damage. Furthermore, these indicators are easily influenced by other
factors, which is why further exploration of other early indicators of kidney damage related to gout is still necessary. This
study found higher serum creatinine and CysC and lower GFR in gout patients with early kidney damage, aligning with
previous studies.?'*? Correlation analysis showed MCP-1 and OPN were significantly linked to kidney damage markers,
suggesting their close association with kidney damage in gout Since all the patients with kidney damage included in this
study were in the early stages, it indicates that serum MCP-1 and OPN levels were already abnormal at the early stage of
kidney damage, with a diagnostic sensitivity higher than that of the above kidney damage markers.

The results indicated that MCP-1 and OPN are independent influencing factors for early kidney damage in gout
patients. Additionally, the ROC curve results for combined diagnosis showed that MCP-1 and OPN combined can
effectively predict early kidney damage. When the critical values for MCP-1 and OPN were 503.26 ng/mL and 29.12 ng/
mL, respectively, the combined diagnostic sensitivity and specificity reached 85.62% and 99.84%, with an AUC of 0.938.
This indicates that the combined diagnostic efficacy of MCP-1 and OPN is relatively high. This is beneficial for
clinicians to promptly formulate and adjust effective targeted treatment plans. Based on the trends in MCP-1 and OPN
expression, it is hypothesized that with the progression of treatment, serum MCP-1 and OPN levels may further decrease.
However, this study has not yet completed follow-up for all patients, and therefore, the role of MCP-1 and OPN in
treatment response could not be observed. The comorbidities included in this study, such as diabetes, hypertension, and
coronary heart disease, as well as clinical indicators, may act as confounding factors that could affect the occurrence of
early renal injury in gout patients. However, through univariate and multivariate analyses, the results indicate that these
factors were not significant influences in this study, thus somewhat ruling out the impact of confounding factors on the
study’s results. This study has limitations, including a single-center design, small sample size, selection bias, and lack of
follow-up, limiting generalizability and renal prognosis data. In conclusion, serum MCP-1 and OPN levels detected in
gout patients are independently associated with early kidney damage, and their combined detection can effectively
diagnose early kidney damage with diagnostic efficacy higher than that of either marker alone. MCP-1 and OPN may aid
early kidney damage diagnosis and prognosis in gout, offering potential targets for new treatments. Larger-scale and
more carefully designed clinical studies will be conducted in the future to provide more universally applicable results.
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