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Objective: Lupus nephritis (LN) affects almost half of all individuals with systemic lupus erythematosus (SLE). Overt LN (OLN) 
symptoms might vary from asymptomatic microscopic hematuria to renal failure. However, when there are no clinical or laboratory 
indicators of renal involvement, some people with silent LN (SLN) may have pathological evidence of renal involvement identified by 
renal biopsy. Monocyte Chemotactic Protein 1 (MCP-1) is a chemotactic factor that promotes leukocyte migration to the kidney. MCP- 
1 urine levels (uMCP-1) have been demonstrated to be high in individuals with active LN. The purpose of this study was to discover 
the occurrence of SLN, as well as the possible variations between overt LN (OLN) and SLN across SLE patients based on the 
histopathological assessment, as well as the role of uMCP-1 in the early detection of SLN.
Methods: An overall of 144 patients with SLE were included in the current research. Patients were subsequently divided into two 
groups: individuals who did not have clinical evidence of LN (84 patients) and those with OLN (60 patients). All the patients were 
subjected to the following investigations: uMCP-1, erythrocyte sedimentation rate (ESR), complement C3 (C3), complement C4 (C4), 
creatinine, albumin/creatinine ratio (uACR), creatinine clearance, quantitative assessment of proteinuria by 24-hour urine proteinuria 
(24hr UP) and percutaneous renal biopsy.
Results: Sixty patients from group I (71.4%) showed glomerular lesions on renal biopsy (SLN), and class II was the predominant 
class. uMCP-1 had a sensitivity of 95.2% and a specificity of 98% in the detection of SLN, and uMCP-1 values were markedly higher 
in patients with OLN in comparison to SLN.
Conclusion: The actual frequency of SLN may be higher than expected. High levels of uMCP-1 may have warranted the early 
activity of LN. uMCP-1 can be used as a non-invasive, useful tool for the prediction of LN.
Keywords: systemic lupus erythematosus, silent lupus-nephritis, overt lupus nephritis, urinary chemotactic protein 1, renal biopsy

Introduction
Systemic lupus erythematosus (SLE) is a chronic autoimmune disease that affects many organs and manifests clinically 
in an exacerbation and remission course. In contrast to other organ affections, renal dysfunction is a serious challenge in 
SLE patients.1

To date, lupus nephritis (LN) affects more than half of all SLE patients, with approximately 55% of Asians and 51% 
of Africans. Many different clinical and pathological features of SLE are present in LN.2 Overt LN (OLN) symptoms 
might vary from asymptomatic microscopic hematuria to renal failure.3 If there are no clinical or laboratory indicators of 
renal impairment, some people with silent LN (SLN) may have pathological evidence of renal involvement verified by 
a renal biopsy. Following that, the incidence of LN is likely to be higher than previously stated.4,5
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Pathological lesions in SLN patients are often modest. On the contrary, certain individuals may be diagnosed with 
diffuse proliferative glomerulonephritis, which is associated with a 60% fatality rate.6

Percutaneous renal biopsy is the gold standard approach for diagnosing and categorizing renal impairment, as well as 
measuring disease activity.7 Renal biopsy is required for individuals with SLN in order to get an accurate diagnosis and 
discover renal involvement in a timely manner.8 However, it is not routinely performed on SLE patients since some have 
normal renal findings while others have severe symptoms such as thrombocytopenia, infections, or neuropsychiatric 
involvement.9 Consequently, predictors of LN in SLE patients who do not have abnormal urine findings or renal impairment 
can assist clinicians in identifying cases where a renal biopsy should be done, allowing for early diagnosis of nephropathy, 
establishing a treatment strategy, and increased renal survival.10

Monocyte chemotactic protein-1 (MCP-1) is a chemotactic factor that promotes leukocyte migration to the kidney.11 

MCP-1 is secreted by mesangial, podocyte, and monocyte cells in response to proinflammatory factors such as tumor 
necrosis factor alpha (TNF- α).

In turn, these inflammatory cells and chemicals cause tissue damage and contribute to the development of renal 
dysfunction. Furthermore, MCP-1 binding has been demonstrated to lower levels of nephrin, a key protector of kidney cell 
function12 and, MCP-1 suppression has been demonstrated to improve several inflammatory renal disorders, including 
diabetic nephropathy and SLE.13

Despite no difference in serum MCP-1 levels, diabetic nephropathy patients had considerably greater MCP-1 urine 
levels (uMCP-1) than control patients.14 uMCP-1 values have been demonstrated to be high in individuals with active LN 
during a renal exacerbation, and these values appear to decrease with effective LN therapy. Moreover, higher MCP-1 
glomerular production appears to be indicative of worse renal outcomes in pediatric LN.11

Based on histopathological assessments, this study explored the potential distinction between OLN and SLN in SLE 
patients, as well as the role of uMCP-1 in the early diagnosis of SLN.

Materials and Methods
Study Design, Site, Population
This was a cross-sectional study that was performed at the Nephrology and Rheumatology Departments at Al-Azhar 
University Hospitals in Egypt between October 2020 and September 2021.

Eligibility Criteria
The present research included 144 individuals over the age of 18 who met at least four of the American College of 
Rheumatology (ACR) diagnostic criteria for SLE.15 After a thorough description of the research methodology and 
potential side effects, all participants provided informed consent.

Further, patients were categorized into two groups based on their clinical and laboratory findings: Group I, those who 
had no clinical signs of LN (84 patients), and group II, those with OLN (60 patients). Group I patients had normal 
creatinine levels (0.6–1.4 mg/dL), creatinine clearance (70–120 mL/minute/1.73 m2 body surface), with no urinary 
sediment, or proteinuria (<300 mg/day in 24-hour urine collection).

Group II patients with OLN had one or more of the following symptoms: hypertension (> 140/90 mmHg); edema; high 
creatinine levels (> 1.4 mg/dL); low creatinine clearance (70 mL/minute/1.73 m2 body surface); abnormal urinary sediment (> 5 
leucocytes and/or > 5 red cells per 40x power field); and proteinuria (> 300 mg/day in 24-hour urine collection).

Exclusion Criteria
Patients who declined to have a renal biopsy, had an active infection, were pregnant, had substantial hypertension with 
a DBP > 120 mm Hg, diabetes, advanced renal failure as having a glomerular filtration rate (GFR) < 15 mL/min, or had 
abnormal coagulation profiles were all excluded from the study. Patients who had used glucocorticoids or immunosup-
pressive medicines in the previous three months, as well as those with drug-induced nephropathy, congenital renal, or 
urological disorders, were also excluded from the study.
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Methods
Evaluation of Clinical Measurements
All patients had a detailed history and clinical assessment to determine their age, gender, weight, the duration of the 
disease, clinical signs of SLE, and comorbidities, as well as a general examination.

The SLE Disease Activity Index was used to measure SLE activity (SLEDAI). Patients were submitted for laboratory 
evaluation, including complete blood count (CBC), erythrocyte sedimentation rate (ESR), complement C3 (C3) and comple-
ment C4 (C4), anti-double-stranded DNA (anti-dsDNA) antibodies, serum albumin, creatinine, urine albumin/creatinine ratio 
(uACR), creatinine clearance (CCr), estimated glomerular filtration rate (eGFR), liver function tests, coagulation profile, urine 
analysis to exclude infection, and quantitative assessment of proteinuria by 24-hour urine proteinuria (24hr UP). All samples 
and corresponding laboratory examinations were collected before the renal biopsy and were performed in accordance with 
standard protocols.

Detection of uMCP-1
Urine samples were taken at 9 am and centrifuged for 10 minutes at 1000 rpm in the first 4 hours after they were taken. They 
were then stored at −80° until they were tested by an enzyme-linked immunosorbent assay (ELISA). Before the renal biopsy, 
uMCP-1 was measured in urine samples using the Human (CCL2/MCP-1 Quantikine ELISA kit, R & D Systems, USA). All 
reagents were generated in accordance with the manufacturer’s instructions, which included washing the samples before 
incubating them for 30 minutes at room temperature with the addition of 200 L of substrate into each well.

Finally, a stop solution was added to each well, and the optical density was measured using a 450 nm microplate 
reader. All samples were tested in duplicate, and values were recorded as pg/mg creatinine.

Evaluation of Renal Biopsy
All patients underwent percutaneous renal biopsy under local anesthesia and following ultrasonography localization of 
the left renal pole.

Immunofluorescent and optical microscopy were performed on the acquired tissues.
Hematoxylin-Eosin, PAS, Gomori trichrome, and silver methenamine-hematoxylin stains were used to stain paraffin 

slices in detail.
Human IgG, IgA, IgM, and complement (C3/C4) levels were measured using immunofluorescent microscopy 

following fluorescent antiserum treatment of kidney sections. The renal samples that were acquired were categorized 
using the International Society of Nephrology (ISN)/Renal Pathology Society (RPS) criteria. Aside from that, the activity 
and chronicity indices were computed.16

Statistical Analysis
For statistical analysis, SPSS software version 23 for Windows was used (SPSS Inc., Chicago, IL, USA). GraphPad 
Prism (GraphPad Software, Inc., San Diego) software version 7 was used to update the figures. The mean and standard 
deviation of continuous, normally distributed data were presented (SD). The median and range were used to represent 
continuous, non-normally distributed data, and the Mann–Whitney U-test was used to compare them. Following that, 
categorical variables were represented numerically and as percentages, and their respective groups were compared using 
the chi-square test. A correlation study was done on categorical data using Spearman’s rank correlation coefficient. The 
overall statistically significant difference was determined to be a P value of 0.001. To examine the contributions of age, 
sex, creatinine, urea, proteinuria, anti-DNA, C3, C4, AI and CI as predictors in explaining the variance in ISN/RPS renal 
biopsy Classification, a linear regression analysis was performed.

The features of urine MCP-1 levels that make them good at detecting and predicting LN activity were found by 
looking at receiver operating characteristic (ROC) curves.
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Results
The current study recruited a total of 144 participants with SLE. Among them, 84 patients (group I) had no abnormal 
urinalysis or renal impairment. Whereas 60 patients had OLN (group II). Sixty patients from group I (71.4%) showed 
glomerular lesions on renal biopsy (SLN).

There were no statistically significant differences between the SLN and OLN groups considering age, sex, disease 
duration, and prebiopsy treatment history. In terms of the frequency of hypertensive patients, there was a significant 
difference (P < 0.001) between the SLN and OLN groups.

In the OLN group, 38 individuals had hypertension, while only six patients in the SLN group had hypertension 
(Table 1).

Following the laboratory test, the mean creatinine and urea levels in the OLN groups were considerably higher (P < 
0.001) than in the SLN patients. In particular, the mean creatinine levels in the SLN and OLN groups were 1.010.23 mg/ 
dL and 3.240.97 mg/dL, respectively. Following that, the mean value of urea in the SLN group was 27.659.04 mg/dL, 
while it was 105.7527.31 mg/dL in the OLN group. When compared to the SLN group, the median values of 24hr UP in 
the OLN group were statistically (P > 0.001) higher. In this regard, the median value of 24-hour urine collection in the 
SLN and OLN groups was 72.5 mL and 300 mL, respectively. Similarly, the mean values of proteinuria in the SLN group 
were 85 mg, while it was 2000 mg in the OLN group. Also, there was a significant (P<0.001) difference between both 
groups regarding uMCP-1, where its mean +SD was higher in OLN patients 386.27 +124.52 than in SLN patients 270.67 
+113.04. Only seven patients in the OLN group had red blood cells (RBCs) and granular casts in their urine. There was 
a statistically significant difference in the pattern of urine sediments between the two groups. Patients in the SLN group 
showed significantly lower levels of C3 and C4 (P<0.001), whereas 21 patients had lower levels of both C3 and C4. 
uMCP-1 correlated significantly with patients’ SLEDAI, 24hr UP, and anti-dsDNA antibodies (Table 2).

According to the ISN/RPS Classification, class II was the most common (34 patients) among SLN patients, whereas 
class V was the most common (22 patients) among OLN patients.

Furthermore, twenty-two and six patients in the SLN and OLN groups, respectively, were in class III. Eventually, no 
patients in the SLN group reached class VI (Table 3).

In terms of activity index (AI), there was no significant difference between SLN and OLN patients (P=0.202), with 
a mean of 14.54.09 and 12.84.17 in the SLN and OLN groups, respectively.

In contrast, both groups exhibited statistically significant variations in the chronicity index (CI), with OLN patients 
experiencing considerably (P0.001) greater CI points than SLN patients (Table 4).

The presence of RBCs Cast (r=0.479, P=0.032) in urine and lower levels of C3, and C4 (r=0.676, P=0.001), on the 
other hand, revealed a strong positive correlation with the high LN grades among the SLN group. There is also 
a significant positive correlation between lupus nephritis classes and uMCP-1 (r=0.769, p0.001) (Table 5), (Figure 1). 
While lower levels of C4 (beta=−1.921, p=0.009) was negatively associated with renal biopsy classing (Table 6).

The ROC curve of uMCP-1 for the prediction of SLN showed that AUC was 0.958 and the cutoff value > 148.5 had 
a sensitivity of 95.2% and a specificity of 98% (Figure 2).

Table 1 Demographic Features of the Included Patients

Variables SLN (N=60) OLN (N=60) P-value

Age (year), mean ± SD 29.1±8.43 27.65±8.15 0.583

Sex, n (%)

Female 42 (70%) 34 (56.7%) 0.342

Male 18 (30%) 26 (43.3%)

Disease duration (months), mean (SD) 17 (22) 22 (38) 0.455
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Discussion
LN is one of the most common and severe consequences of SLE. However, early identification of nephritis combined 
with the use of current therapeutic guidelines may greatly improve long-term outcomes. As a result, for effective therapy 
and follow-up of the glomerular lesion in SLN, a definite histologic diagnosis is essential.17

In the present work, Surprisingly, SLN was observed in 71.4% of SLE patients who did not have abnormal urinalysis 
or renal impairment prior to the renal biopsy. All paraclinical parameters, including S. creatinine, S. urea, and 24hr UP, 
were within their normal range in the SLN group. In contrast to the OLN group, renal lesions were detected in the SLN 
group despite the absence of renal symptoms, regardless of how long it had been since the diagnosis, patient age, or 

Table 3 ISN/RPS Classification of LN Among the Studied Groups

Renal Biopsy SLN (N=60), n (%) OLN (N=60), n (%) P-value

Class II 34 (56.6%) 18 (30%) <0.001

Class III 22 (36.6%) 6 (10%)

Class IV 2 (3.3%) 12 (20%)

Class V 2 (3.3%) 22 (36.7%)

Class VI 0 (0%) 2 (3.3%)

Table 4 The Pattern of Chronicity and Activity Indexes Among the 
Studied Groups

Variables SLN OLN P-value

AI (0–24), mean ± SD 14.5±4.09 12.8±4.17 0.202

CI (0–12), median (range) 4 (0–8) 7 (4–12) <0.001

Abbreviations: AI, activity index; CI, chronicity index.

Table 2 uMCP-1 Levels, Laboratory Characteristics and Disease Activity in Patients with SLN and OLN

Variables SLN (N=60) OLN (N=60) P-value

ESR (mm/1st h), mean ± SD 45.50±27.95 101.3±17.6 <0.001

Creatinine (mg/dL), mean ± SD 1.01±0.23 3.24±0.97 <0.001

Urea (mg/dL), mean ± SD 27.65±9.04 105.75±27.31 <0.001

Proteinuria (mg/24 h), median (range) 85 (0–300) 2200 (1500–4200) <0.001

C3 (mg/dL), n (%) 21 (70%) 9 (30%) <0.001

C4 (mg/dL), n (%) 21 (70%) 9 (30%) <0.001

Anti-dsDNA (IU/mL), mean ± SD 45.2±9.2 101.1±14.3 <0.001

SLEDAI, mean ± SD 13.8±4.3 31.1±2.9 <0.001

uMCP-1 (pg/mg creatinine), mean ± SD 270.67±113.04 386.27±124.52 <0.001

Urine Sediment

RBCs Cast (LPF), n (%) 0 7 (23.3%) <0.001

Granular cast (LPF), n (%) 0 7 (23.3%)
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gender. These data matched the criteria of SLN, which specifies that “silent nephritis” is a substantial renal impairment 
that manifests in certain SLE patients in the absence of abnormal urinalysis findings or other clinical indications such as 
high blood creatinine and hypertension.18

Likewise, in an early report by Wakasugi et al,9 SLN was found to be present in 73% of SLE patients without clinical 
renal involvement. In addition, Ishizaki et al3 found that 75% of SLE patients who did not have an abnormal urinalysis 
had a SLN that was histopathologically proven.

Because the emergence of OLN is considered to be accelerated in SLN, our findings imply that SLN is a moderate 
type of LN. In our study, there was no significant difference between the SLN and OLN groups regarding the AI, despite 
the fact that the AI was relatively high among the OLN group. These findings show that it is hard to distinguish between 
SLE individuals who will develop OLN and those whose renal disease will remain quiet.

Figure 1 Scatter plot describing the correlation between ISN/RPS renal biopsy classification and uMCP-1 levels.

Table 5 Correlations Between the Grading of Renal Biopsy and 
Other Parameters Among the Studied Groups

r P-value

Age 0.047 0.84

Sex −0.35 0.11

Creatinine (mg/dL) 0.017 0.94

Urea (mg/dL) 0.3 0.1

Proteinuria (g/24hrs) 0.33 0.15

uMCP-1 (pg/mg creatinine) 0.769 < 0.001

RBCs Cast (LPF) 0.479 0.032

C3 (mg/dL) 0.676 0.001

C4 (mg/dL) 0.676 0.001

Note: r, correlation coefficient.
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In terms of histological results, the current study found that the majority of patients in the SLN group showed 
intermediate histological staging (classes II and III) compared to the OLN group (classes IV and V).

Because of the large difference in the CI between the SLN and OLN groups, our findings imply that people with 
LN may have had a period of SLN before developing clinical and paraclinical symptoms. According to our findings, 
the majority of patients (63.3%) in the SLN group were in class II, whereas 37.5% and 25% of patients in the OLN 
group were in the IV and V classes, respectively.19 The locations of immune deposits in the mesangial, subendothelial, 
and/or sub-epithelial compartments of the glomerulus are generally associated with the types of glomerular damage 
found in SLE.20 Individuals with proliferative changes had shorter renal survival than those with mesangial lesions, 
according to a study examining kidney histopathological characteristics as significant markers of renal and patient 
survival in LN.21

Individuals with widespread proliferative LN may have a 60% mortality risk, with renal failure being a major cause of 
death despite treatment with glucocorticoids and immunosuppressive medications. Following that, it has been advocated 
that all lupus patients get a renal biopsy at the time of diagnosis in order to evaluate the prognosis and maybe the 
treatment strategy. This could be because reports suggest that clinical symptoms of renal involvement in the LN are 
nonspecific and can be found in different types of renal diseases.22

Clinical symptoms of SLE patients underestimate the degree of renal dysfunction. In our study, individuals with class 
III accounting for 25% of SLN had lower levels of creatinine, urea, and proteinuria compared to those with class II. 
According to pathophysiology, the occurrence of hematuria and proteinuria may be a sign of renal failure associated with 
SLE.23

In the current work, uMCP-1 showed a sensitivity of 95.2% and a specificity of 98% in detecting SLN, and uMCP-1 values 
were substantially higher in patients with OLN in comparison to SLN. Similarly, in an early report, El-Shahawy et al24 

revealed that the uMCP-1 values of active patients were substantially greater than in controls. Furthermore, Alharazy et al25 

found that uMCP-1 levels in patients with renal exacerbation were considerably greater than in non-renal exacerbation patients 
and controls. Singh et al26 discovered that uMCP-1 could tell the difference between people who had active LN and those who 
had inactive renal disease or stable SLE, while Torabinejad et al27 and Alharazy et al28 discovered that active LN patients had 
a higher value, which reduced in response to treatment.

Despite the data provided in the ongoing study, some limitations exist. The relatively small sample size, which 
addresses only a tiny proportion of patients with comparable environmental and demographic features, may limit our 

Table 6 Linear Regression Analysis Among the Studied Groups

Model Unstandardized 
Coefficients

Standardized 
Coefficients

t Sig.

Beta Std. Error Beta

(Constant) 3.970 1.342 2.957 0.007

Age 0.000 0.023 −0.002- −0.014- 0.989

Sex 0.219 0.410 0.076 0.534 0.598

Creatinine −0.336- 0.411 −0.346- −0.817- 0.422

Urea −0.007- 0.009 −0.251- −0.853- 0.403

24-hour urine collection 0.001 0.000 0.650 1.681 0.106

Anti-DNA 0.001 0.001 0.147 0.957 0.349

Pre CR 0.007 0.049 0.023 0.143 0.888

Pre CR −0.032- 0.060 −0.086- −0.537- 0.597

C4 −1.921- 0.673 −0.741- −2.855- 0.009

Note: The result shown in bold indicates that C4 (beta=−1.921, p=0.009) was negatively associated with renal biopsy classing.
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ability to generalize our findings. Furthermore, there is a lack of subsequent follow-up time, which restricts the capacity 
to recognize the development of SLN in both the short and long term to identify patients who would develop OLN within 
the SLN group. Larger and longer prospective research is recommended.

Conclusion
The actual frequency of SLN may be higher than expected. Although most cases among the SLN cases had moderate 
histopathological staging (ISN/RPS classes II and III), ISN/RPS classes III or IV were found in 6.6% of our study.

High levels of uMCP-1 may warrant early LN activity. We can use uMCP-1 with a cutoff value of > 148.5 pg/mg 
creatinine as a non-invasive useful tool for the prediction of LN. Early, accurate diagnosis and treatment are required to 
limit disease progression, morbidity, and death rates.

Abbreviations
AI, activity index; ACR, American College of Rheumatology; CI, chronicity index; C3, complement C3; C4, comple-
ment C4; CBC, complete blood count; ESR, erythrocyte sedimentation rate; ISN, International Society of Nephrology; 
LN, lupus nephritis; OLN, overt lupus nephritis; RBCs, red blood cells; RPS, Renal Pathology Society; SLN, Silent lupus 
nephritis; SLE, Systemic lupus erythematosus; uMCP-1, urinary Monocyte Chemotactic Protein 1.

Figure 2 Receiver operating characteristic (ROC) curves and corresponding areas under the curve (AUC) of uMCP-1 in prediction of SLN. 
Note: The AUC of uMCP-1 was 0.70 (95% CI 0.69–0.72).
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