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Highlights: 

 Lupus nephritis (LN) contributes to morbidity and mortality in SLE 

 Biomarkers for LN are needed to guide treatment and monitor disease activity 

 A panel of urine proteins previously reported to predict response to rituximab treatment was 

used to analyze longitudinal samples in SLE patients 

 Urine MCP-1 and AGP-1 correlate with renal disease activity after rituximab treatment 

  



Abstract 

Approximately 30% of adult-onset systemic lupus erythematosus (SLE) patients develop lupus 

nephritis (LN). The gold standard for LN detection involves renal biopsies, invasive procedures not 

suitable for routine disease monitoring. 

A urinary biomarker panel comprised of lipocalin-like prostaglandin D synthase (LPGDS), transferrin, 

alpha-1-acid glycoprotein (AGP-1), ceruloplasmin, monocyte chemoattractant protein 1 (MCP-1) and 

soluble vascular cell adhesion molecule-1 (sVCAM-1) has shown promise to predict LN and response 

to rituximab at baseline. Whether these proteins predict LN during longitudinal sampling, however, 

remained unknown. 

Here, we quantified aforementioned urinary proteins at baseline (N=25), six and twelve months (N=17 

each) after rituximab treatment. Urine MCP-1 (at six and twelve months) and AGP-1 (at twelve 

months) levels varied between patients with active vs mildly active/inactive LN. 

Findings support the use of urinary proteins to detect active LN in ongoing disease monitoring in adult-

onset SLE patients, but need to be validated in larger cohorts. 
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1. Introduction 

Systemic lupus erythematosus (SLE) is a severe chronic autoimmune/inflammatory disease with a 

complex and inter-individually variable pathophysiology [1]. It can affect any organ of the body, and 

approximately 30% of adult-onset SLE patients develop lupus nephritis (LN) [2-4], a significant 

contributor to morbidity and mortality [5, 6]. As proteinuria is not a specific marker for active LN [7], 

and renal biopsies represent an invasive procedure not suitable for routine testing, there is a strong 

interest in identifying non-invasive assays capable of accurately predicting and monitoring the 

development and progression of LN. 

Rituximab is a chimeric monoclonal antibody that targets the transmembrane CD20 protein [8]. The 

CD20 co-receptor is expressed early during the B cell maturation process until the cells are fully 

differentiated into plasma cells [9]. While the exact biological functions of CD20 remain unclear [10], 

therapeutic targeting of CD20 with rituximab (and other anti-CD20 drugs, e.g. ofatumumab and 

obinutuzumab) results in depletion of B cells with wide implication for the immune system. As SLE is 

an autoimmune disorder associated with pathogenic overactive B cells and characterised by the 

presence of auto-antibodies, anti-CD20 and other B cell targeted therapies (e.g. belimumab) have 

been studied for their ability to treat refractory SLE. 

The MRC MASTERPLANS (Maximizing SLE therapeutic Potential by Application of Novel and Systemic 

Approaches) Consortium aims to stratify SLE patients towards individualized treatment options. 

Identifying specific biomarkers that predict treatment response to rituximab in LN patients is a first 

step. 

We previously demonstrated that a urinary panel of lipocalin-like prostaglandin D synthase (LPGDS), 

transferrin, alpha-1-acid glycoprotein (AGP-1), ceruloplasmin, soluble vascular cell adhesion molecule-

1 (sVCAM-1) and monocyte chemoattractant protein 1 (MCP-1) is able to distinguish between active 

and inactive LN in both juvenile- and adult-onset SLE patients [11-13]. Additionally, a combined model 

of LPGDS, transferrin, AGP-1, ceruloplasmin, MCP-1 and sVCAM-1 predicted response to rituximab 

treatment at twelve months (AUC 0.818) [11]. However, data were generated in samples collected at 

treatment initiation with rituximab. While the value of performing a snapshot analysis of urinary 

biomarkers at baseline has been demonstrated, an unanswered question that remained was whether 

biomarker levels would also reflect renal disease activity over time in patients in response to rituximab 

treatment. 

This study quantified urinary levels of biomarkers LPGDS, transferrin, AGP-1, ceruloplasmin, sVCAM-1 

and MCP-1 in adult-onset SLE patients at baseline, six and twelve months initiation of rituximab 

treatment for LN. 

 

  



2. Materials and Methods 

2.1. Patients and healthy controls -- Urine samples were collected from adult-onset SLE patients 

(n=25) in the UK through centres involved in the British Isles Lupus Assessment Group (BILAG) Biologics 

Register (BR). The BILAG BR received ethical approval from the Health Research Authority dated 

11/09/2009 (IRAS ref. 24407) and written informed consent was obtained in accordance with the 

declaration of Helsinki. Urine samples were collected at the point of changing to rituximab for 

insufficiently controlled disease activity, and at six months and twelve months follow-up. Renal 

disease activity was classified using the BILAG2004 grading system as follows: A (severe disease), B 

(moderate disease), C (mild or improving disease), D (inactive disease but previous system 

involvement) and E (system has never been involved) [14]. 

2.2. Detection and quantification of proteins by multiplex Luminex assay -- Patients’ baseline 

concentrations of urinary proteins LPGDS, transferrin, AGP-1, ceruloplasmin, MCP-1 and sVCAM-1 

have previously been published [11]. Longitudinal samples from the same patients were quantified by 

MILLIPLEX® Multiplex Assays using MAGPIX Luminex xMAP technology as previously described [12, 

15]. Briefly, urine was clarified by centrifugation at 2000 rpm 10 min and stored at -80°C, and again 

for 5 min after thawing before analysis. Each urine was diluted 1:400 for detection of LPGDS, 

transferrin and ceruloplasmin and used neat for AGP-1, MCP-1 and sVCAM-1. Analyte levels were 

normalised against creatinine (Cr) and are presented as ng/mmol Cr. Cr levels were determined by the 

routine clinical chemistry lab at Alder Hey Children’s NHS Foundation Trust Hospital with the Abbott 

Enzymatic Creatinine assay using an Abbott Architect Ci8200. 

2.3. Statistical analysis -- Patients were grouped based on renal disease activity at six and twelve 

months, and protein levels were compared between groups. For cross-sectional analysis between two 

groups, Mann-Whitney U test was used, and across more than two groups Kruskal-Wallis test with 

Dunn’s multiple comparison post hoc test was applied. Statistical analysis was performed in Graphpad 

Prism version 8. All p values were considered significant at p<0.05. Boxplots show medians with 

individual values as black dots. 

 

  



3. Results 

3.1. Study population -- The study cohort included 25 patients, with urine samples available at 

baseline (N=25), six (N=17) and twelve (N=17) months follow-up. Patients’ demographic and clinical 

information are detailed in Table 1. The group starting with active renal disease (BILAG A or B; n=16) 

had significantly higher SLEDAI-2k scores at the start of the study when compared to patients with 

mildly active (BILAG C), inactive (BILAG D) or no (BILAG E) renal disease (n=9). Patients with active 

renal disease also had a significantly higher proportion of patients positive for anti-dsDNA (75% vs 

11%), typically considered a marker for “classic” SLE [16]. As expected, patients with active renal 

disease had significantly higher overall urinary protein levels, as measured by dipstick. All patients 

were treated with rituximab due to insufficiently controlled disease activity. For patients without 

active renal disease, domains contributing to overall disease included mucocutaneous (n=5), 

neuropsychiatric (n=3), musculoskeletal (n=6), cardiorespiratory (n=2), gastrointestinal (n=1), 

ophthalmic (n=2), and hematological (n=1) involvement. 

 

Table 1: Demographic and clinical information. 

Variable 
 

Baseline BILAG A/B 
(n=16) 

Baseline BILAG C/D/E 
(n=9) 

p value 

Female gender (%) 14 (88%) 7 (78%) ns 

Age, years (range) 44 (32.5-51) 32 (22-44) ns 

Male (%) 2 (13%) 2 (22%) ns 

Age, years (range) 36.5 (29.25-43.75) 34 (30.5-37.5) ns 

Ethnic composition1    

   White Caucasian (%) 9 (56%) 8 (89%) ns 

   Asian (%) 2 (13%) 0 - 

   Black (African/Caribbean) (%) 4 (25%) 1 (11%) ns 

   Other (%) 1 (6%) 0 - 

Disease duration, years (range) 8 (5-17.75) 4 (3-14) ns 

SLEDAI-2K score (range) 12 (10-18.25) 7 (4-8) 0.005 

Global BILAG-BR score (range) 22.5 (20.75-29) 22 (20-29) ns 

SLICC damage score (range) 0 (0-1.5) 0 (0-1) ns 

Anti-ds-DNA positivity (%) 12 (75%) 1 (11%) 0.002 

Low C3 and/or C4 (%) 10 (63%) 4 (44%) ns 

Treatments    

   Antimalarial drug treatment (%) 15 (94%) 8 (89%) ns 

   Oral corticosteroid dose, mg (range) 10 (7.5-20) 10 (10-20) ns 

   Immunosuppressants/immune- 
   modulators2 (%) 

7 (44%) 4 (44%) ns 

Urinary dipstick value 2.5 (1-3) 0 (0-0) 0.006 

Data are presented as total and fractions (%) for categorical variables. Median values with 

interquartile ranges [25-75 IQR] are presented for continuous variables. Continuous variables were 

analysed using Mann Whitney U tests; categorical variables were tested using Pearson’s Chi-square 

tests. ns = not significant. 1Ethnicity groups include White Caucasian: White British, white Irish and 

“white other”; Asian: Bangladeshi, Chinese, Indian, Pakistani and “other Asian”; and Black African, 

Caribbean and “other Black”. 2Immunosuppressants/immunomodulators include azathioprine, 

cyclophosphamide, tacrolimus, methotrexate, mycophenolate mofetil and cyclosporin. 



 

3.2. Longitudinal analysis of selected urinary proteins -- To answer the question of whether a panel 

of urine proteins can be used to monitor response to rituximab treatment longitudinally, patients were 

grouped according to whether they had seen a change in renal BILAG scores during the study period. 

Patients were grouped based on subsequent changes in BILAG renal scores over the study period. 

“Improved renal score” was defined as a drop from a BILAG score of A/B to C/D at the last available 

timepoint. Patients who remained at a level of A/B scores were considered to have demonstrated “no 

improvement”. 

Notably, some patients showed fluctuating biomarker levels throughout the study period. Given the 

relative low sample numbers, it was difficult to identify conclusive trends in these discrete patient 

groups. No statistically significant differences could be seen in these different groups between time 

points (Figures 1 A, B). 

The concentrations of LPGDS, transferrin, AGP-1, ceruloplasmin, MCP-1 and sVCAM-1 were quantified 

to determine how they varied between patient groups at six and twelve months follow-up after 

change in treatment regimen. Levels of MCP-1 were significantly elevated in urine samples collected 

from SLE patients with active renal disease at six months, and MCP-1 and AGP-1 at 12 months, when 

compared to the time of starting rituximab treatment (Figures 1 C, D, E). 

 

  



4. Discussion 

Management of LN and disease outcomes associated depend on accurate and early diagnosis, 

appropriate treatment choice and timely initiation, as well as reliable disease monitoring. The gold 

standard diagnostic test for LN is renal biopsy [7]. However, this is an invasive procedure with 

associated potential risks including infections, thromboembolisms, and bleeds [17]. It is therefore not 

suitable for routine longitudinal disease monitoring. Thus, quantification of proteinuria is commonly 

used to estimate renal inflammation. However, proteinuria can also be the result of tissue damage 

[7], and even in the presence of cell casts, proteinuria does not always reliably predict LN disease 

activity. This highlights the need for new easily accessible and reliable biomarkers (e.g. in serum 

and/or urine) that specifically predict and quantify LN. 

Previous studies from our group demonstrated that urinary proteins LPGDS, transferrin, AGP-1, 

ceruloplasmin, MCP-1 and sVCAM-1 measured in a panel format comprise a promising method for 

predicting LN in both children [12, 13] and adults [11]. In juvenile-onset SLE patients, AGP-1 was 

predictive of active LN flares, while normal ceruloplasmin levels associated with remission [18]. 

Furthermore, urinary proteins predicted response to rituximab treatment in adult-onset LN [11]. As 

diagnosis is typically followed by a change in treatment that may result in modulation of immune-

related proteins, and may be associated with the presence of existing renal damage, it is not clear 

whether the same panel of proteins will continue to be effective as a tool for disease monitoring. Thus, 

it is crucially important to understand temporal patterns of biomarker candidates and how they 

associate with changing disease activity. Some urinary proteins may be elevated as a result of renal 

damage, while others may be markers of biological processes/active inflammation (e.g. kidney 

infiltration of cytokine secreting immune cells) [19]. How urinary protein levels fluctuate over time in 

response to successful (or unsuccessful) treatment may furthermore differ depending on the class of 

drug used [20]. 

As rituximab is a B cell depleting antibody, treatment may disrupt systemic cytokine profiles without 

necessarily reflecting improved clinical outcomes. While B cells are implicated in autoantibody 

production in SLE, they also serve important purposes for processing and presenting lupus auto-

antigens to activate a T cell response [21], complicating the expected impact on inflammatory 

markers.  

Results from this pilot study indicate that selected urinary proteins do predict active LN, not only at 

treatment initiation (Figure 1C), but also following rituximab treatment (Figure 1D, E). While this study 

was performed in a small cohort of 25 patients, significant differences between patients with active 

versus inactive LN were seen at six (MCP-1) and twelve (MCP-1 and AGP-1) months following rituximab 

treatment. 

MCP-1 is a chemokine that regulates monocyte migration during inflammation [22], directing 

recruitment of monocytes into renal tissues [23]. This is of particular interest, as both monocyte 

infiltration [24] and elevated MCP-1 glomerular expression correlate with poor renal prognosis in SLE 

[25]. The acute phase protein AGP-1 is released from the liver in response to inflammation, and 

associates with microalbuminuria in type 2 diabetes patients [26]. In juvenile-onset SLE, urine 

concentrations of AGP-1 demonstrates potential to predict LN flares three months before clinical 

diagnosis of worsening LN was made [27]. It remains unclear whether this increase is due to an overall 

increase in AGP-1, or whether AGP-1 producing cells are infiltrating the kidneys. 

When tracking individual patients over time and grouping them based on changes in renal disease 

status, no statistically significant differences were detected for individual urinary proteins between 



baseline, 6 and 12 months. These comparisons included those patients who improved their renal 

BILAG score from A/B to C/D and those who maintained a score of A/B (Figure 1 A, B). As breaking 

down the study group into further subgroups reduced sample sizes notably, this may be an effect of 

insufficient sample size and warrants further study in larger cohorts. As expected, a general trend of 

decreasing levels of some inflammatory biomarkers, for example transferrin, was seen following B cell 

depletion, but this was not directly tied to an individual’s change in renal disease status in all cases. 

Notably, small differences may have been missed because of the relatively small number of patients 

enrolled in this pilot study, and limiting to just two follow-up time periods. 

This pilot study is limited by a relatively small study cohort. As longitudinal collection of clinical patient 

samples is logistically complicated, the study was limited to those samples already available through 

the existing BILAG-BR cohort that comprised a relatively small cohort of patients. In addition, not all 

patients had samples available at the six and  twelve month follow-up timepoints. While findings are 

encouraging, the use of urine protein panels to help inform diagnosis and follow-up of LN needs to be 

validated in larger independent cohorts. 

 

5. Conclusions 

Elevated urinary MCP-1 (at 6 and 12 months) and AGP-1 (at 12 months) predict active LN in adult-

onset SLE patients after initiation of rituximab treatment. Findings require confirmation in larger 

independent studies before clinical application can be recommended. 
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Figure legends 

Figure 1: Protein levels in the urine of SLE patients with active renal disease. Analysis of 

concentrations of AGP-1, ceruloplasmin (CP), LPGDS, MCP-1, sVCAM-1 and transferrin (TF) in patients 

grouped by changes in active disease over time. Patients were classified as either improved renal 

disease (A), or no improvement (B). Analysis of concentrations of AGP-1, ceruloplasmin (CP), LPGDS, 

MCP-1, sVCAM-1 and transferrin (TF) in SLE patients treated with rituximab based on presence of 

active renal disease at baseline (C) 6 (D) and 12 (E) months follow-up. Boxplots show median with 

individual results as black dots. Baseline values are adapted from [11] and shown for context. 

 

 


