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Abstract

Lupus nephritis (LN), occurs in up to 60% of SLE patients, and is a leading cause of disability and 

death. Current treatment of LN consists of a combination of high dose corticosteroids that non-

specifically decrease inflammation and cytotoxic medications that reduce autoantibody 

production. That combination of therapy is associated with significant side effects while remission 

rates remain inadequate. Since the introduction of biologics into the pharmacological 

armamentarium, there has been hope for less toxic and more effective therapies for LN. 

Unfortunately, after multiple clinical trials, no biologic has improved efficacy over standard of 

care therapies for LN. This is likely, in part, due to disease heterogeneity. The utilization of 

biomarkers in LN may provide a way to stratify patients and guide therapeutic options. In this 

review we summarize traditional and novel LN biomarkers and discuss how they may be used to 

diagnose, stratify, and guide therapy in patients with LN, bringing precision medicine to the 

forefront of LN therapy.
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Background

Systemic lupus erythematosus (SLE) is a complex autoimmune disease with genetic, 

environmental, immunoregulatory, hormonal, and epigenetic factors 1. Kidney involvement, 

termed lupus nephritis (LN) occurs in 50-60% of patients with SLE 2. After decades of 

research, non-specific immunosuppressive regimens remain the core of LN treatments. 

Current standard of care consists of corticosteroids combined with either cyclophosphamide 

or mycophenolate mofetil (MMF) 3. Achieving complete clinical remission strongly 

correlates with long term kidney survival, but the rate of complete remission remains 

40-60% at 2 years and is much lower at earlier time points 4, 5.
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While clinical outcomes have improved overall for LN, as many as 43% of patients with 

class IV LN and 20% with class V LN, will go on to develop End Stage Kidney Disease 

(ESKD) 6. Outcomes are worse among certain ethnic groups, notably African Americans 

and Hispanics 7–10. New therapies, with less toxicity and better efficacy, are needed. In 

recent years, several biologic agents have been tested, many of which target specific immune 

pathways. Unfortunately, after more than a decade of clinical trials, none have provided 

increased efficacy over standard of care 11. This is, to an extent, because of the heterogeneity 

of the disease. For an individual patient, one immune pathway may contribute more to the 

disease process than another. Biomarkers identifying upregulated immune pathways in an 

individual patient may help stratify therapies for that patient, making precision medicine a 

reality in the treatment of LN. Additionally, novel activity biomarkers may identify early 

therapeutic failures so that treatment regimens can be altered sooner, reducing the risk of 

chronic injury. Biomarkers also potentially provide a non-invasive picture of what is 

happening at the tissue level, limiting the need for repeat kidney biopsies.

Defining Biomarkers

Biomarkers have been defined as biological characteristics that can be objectively measured 

and evaluated as an indicator of normal biological processes, pathogenic processes, or 

response to intervention 12. Ideal LN biomarkers will identify those at risk for developing 

disease, determine risk of disease progression, distinguish between active and chronic 

disease, and help stratify choice and duration of therapy. A panel of genetic, serum, urine, 

and tissue biomarkers will need to be utilized since no individual biomarker can serve all of 

these functions.

Traditional LN Biomarkers

Clinical laboratory values such as elevated serum creatinine, proteinuria, and hematuria 

remain important biomarkers in LN and perturbations in these labs often lead to an initial or 

repeat diagnostic kidney biopsy. Of these labs, proteinuria appears to be the strongest 

predictor of long term renal outcome. Follow up of LN patients in two large European Trials 

demonstrated that proteinuria at one year was the best predictor of long term renal outcome 
13, 14. This finding was also observed in an ethnically diverse Brazilian Cohort 15. One year 

proteinuria levels of less than 0.7-0.8 g/day were found to be the best predictor of long term 

renal survival 13–15. Further studies are needed to evaluate whether proteinuria at one year 

may guide decisions on duration of immunosuppressive therapy.

Autoantibodies to double stranded DNA (dsDNA) and markers of complement activation are 

widely used in clinical practice in the diagnosis and surveillance of patients with LN. The 

predictability of anti-dsDNA in the development of nephritis is complicated by different 

testing methods (immunofluorescence, radioimmunoassay, enzyme linked immunosorbent 

assay), isotype, and variable cross reactivity of anti-dsDNA to glomerular antigens. Studies 

supporting the role of anti-dsDNA in LN include the observation that increased titers of anti-

dsDNA precede LN flare and anti-dsDNA antibodies have been eluted from LN kidneys 
16, 17. Conversely, many patients with anti-dsDNA never develop LN and some patients with 

LN do not have anti-dsDNA 18–20.
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Serum C3 and C4 measurements are readily available as clinical tests and are frequently 

utilized in the clinical surveillance of LN patients. C3 is a component of the alternative 

pathway while C4 is a component of the classical pathway, which is triggered when C1q 

binds to immune complexes. C1q is critical for opsonization and clearance of apoptotic 

bodies and immune complexes21. Auto-antibodies to C1q (anti-C1q) are present in a 

significant number of SLE patients and correlate strongly with renal involvement 18, 22–24. 

The role of anti-C1q in the pathogenesis of nephritis is not fully understood, but several 

potential mechanisms have been described. Anti-C1q may bind to C1q, and interfere with its 

clearance function, increasing exposure to nuclear antigens and enhancing anti-nuclear 

antibody formation 25. Additionally, anti-C1q may activate complement through direct and 

indirect mechanisms. Anti-C1q isolated from SLE patients activated both classical and lectin 

complement pathways 26. Anti-C1q bound to immobilized C1q increased C1q production by 

human monocyte-derived macrophages and subsequently, the secreted C1q activated the 

classical complement pathway 27. Finally, anti-C1q led to enhanced complement activation 

in the setting of immune complex glomerulonephritis in mice 28.

While it is clear that complement activation is critical in the pathogenesis of LN, studies to 

determine how changes in complement levels can predict SLE or LN flare have yielded 

variable results 19, 29–31. Esdaile et al. evaluated the sensitivity, specificity, and likelihood 

ratios of anti-dsDNA, C3, C4, and anti-C1q to predict future flares (renal and non-renal) in a 

cohort of 202 SLE patients 29. They found sensitivity of approximately 50% for all tests and 

specificity of less than 75% 29. Moroni et al. looked at these same variables to predict 

current flare and found that anti-dsDNA and C3/C4 were poor predictors of class V LN, but 

had sensitivities between 70-79% in proliferative LN 20. Interestingly, anti-c1q was the only 

marker that predicted flares in both class V and proliferative LN and it out-performed all 

other markers, with a sensitivity of 80.5% and specificity of 71% in proliferative LN 20. The 

timing of measurement may account for some discordance in the studies. Esdaile et al. 

evaluated samples 3-9 months preceding flare, while Moroni et al. evaluated samples at 

flare, suggesting that anti-C1q and C3/C4 are better at identifying current flares rather than 

predicting future flares20, 29. Birmingham et al. evaluated baseline, pre-flare (2 months), and 

at-flare C3/C4 levels in a longitudinal study. They found reduced C4 levels were predictive 

of a future flare, whereas reduced levels of C3 were seen at time of the flare 32. The 

combination of anti-C1q with anti-dsDNA and/or complement levels improved diagnostic 

performance over individual tests 20, 22, 23, 33. In a cross sectional study, the combination of 

anti-C1q, anti-dsDNA, and low complement levels was strongly associated with renal 

involvement (OR 14.9, p < 0.01) 22. In a prospective longitudinal study, anti-C1q combined 

with C3 and C4 provided the best performance for predicting renal flares with multivariate 

analysis (p<0.0005, p<0.0005, p<0.005 respectively) 20. Further, the combination of 4 

negative tests had a high negative predictive value (NPV) 20. In a prospective, nested case 

controlled study, the combination of anti-C1q with low C3 improved PPV of LN flare from 

35 to 60% and NPV from 93 to 96% 33. In a retrospective longitudinal study of LN patients, 

the presence of both anti-C1q and anti-dsDNA predicted higher activity and poorer 

prognosis 23.
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Novel Autoantibodies

Several glomerular antigens have been identified as potential targets of autoantibodies in 

LN. These include cell specific and glomerular basement membrane targets (table 1). 

Glomerular cell protein targets include alpha actinin, alpha enolase, annexin A1, and 

annexin A2 34–40.

Glomerular basement membrane protein targets include heparan sulfate and laminin 41–44. 

Cross-reactive anti-dsDNA targets glomerular alpha-actinin and multiple studies have 

identified antibodies to alpha-actinin in patients with LN 34–36, 45, 46. Animal studies 

demonstrated that lupus prone (MRL/lpr) mice have high levels of circulating anti-alpha-

actinin and that nonlupus prone (BALB/c) mice immunized with alpha actinin develop anti-

alpha-actinin and immune complex glomerulonephritis47, 48. One group demonstrated that 

anti-alpha-actinin levels decrease with treatment, thus anti-alpha-actinin may be useful as 

both a diagnostic and disease activity biomarker 49. However, other studies failed to 

demonstrate the association of anti-alpha-actinin with LN 50, 51.

Antibodies targeting Annexin A1 and A2 have been identified in human LN 38–40, 52. 

Bruschi et al. identified IgG2 antibodies to annexin A1 in nephritic glomeruli and identified 

the same isoform in the sera of LN patients 37. Anti-annexin A1 levels decreased after 12 

months of therapy, suggesting a role as both a diagnostic and disease activity biomarker 52. 

Annexin A1 is a ubiquitous protein, present in immune cells and resident glomerular cells. 

In immune cells, annexin A1 helps regulate innate and adaptive immune responses 53, 54. 

Multiple groups have independently identified annexin A2 as a target for autoantibodies in 

LN 38–40. Annexin A2 is expressed in glomerular mesangial cells, endothelial cells, and 

epithelial cells 38, 55. Annexin A2 co-localizes with glomerular IgG and C3 deposits in LN 
38. Our group demonstrated that autoantibodies to annexin A2 are seen in LN class III and 

IV, but not class V LN 39. Anti-annexin A2 decreased after disease remission 38. Thus, anti-

annexin A2 may be useful as a diagnostic and disease activity biomarker for proliferative 

LN.

Auto-antibodies targeting alpha-enolase have been identified in several immune mediated 

glomerular diseases including LN, mixed cryoglobulinemia, and primary membranous 

nephropathy 37, 56, 57. In LN, antibodies to alpha-enolase were initially described as specific 

to IgG2 in an Italian cohort 52. However, IgG1 and IgG3 isotypes were identified in a 

Japanese cohort 58. The receiver operating characteristic curve (ROC) area under the curve 

(AUC) for anti-alpha-enolase IgG2 was 0.87 (p<0.001) in LN compared to normal controls 

and 0.70 (p<0.001) in LN compared to SLE controls52. Additionally, anti-alpha enolase 

levels decreased after 12 months of therapy, suggesting it may be useful as both a diagnostic 

and disease activity biomarker 52. The role anti-alpha-enolase plays in the pathogenesis of 

LN is unclear. Alpha-enolase is a multifunctional protein and its function is determined by 

cellular location: intracellularly it serves as a glycolytic enzyme while it acts as a 

plasminogen receptor on the cell surface 59. Antibodies to alpha-enolase may interfere with 

the plasminogen receptor function, leading to an increased risk of thrombosis. Li et al 

demonstrated that antibodies to alpha enolase positively correlated with proteinuria and 

negatively correlated with D-Dimer in an SLE cohort 60. Additionally, alpha enolase may be 
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released from neutrophil extracellular traps (NETs) during NETosis which may trigger auto-

antibody formation 54.

Autoantibodies may bind to components of the glomerular basement membrane (GBM) 

directly or to nucleosomes which have become “planted antigens” bound to GBM 
42, 43, 61, 62. Nucleosomes have a high affinity for negatively charged GBM proteins 

including laminin, heparan sulfate, and collagen IV 43, 44, 63. Autoantibodies binding 

heparan sulfate have been identified in animal models and human LN 41, 42.

While some glomerular antibodies appear to be nephritogenic, the pathogenic contribution 

of others remains elusive. Additionally, some SLE autoantibodies appear to protect against 

nephritis. Anti-pentraxin 3 reduces risk of LN in SLE patients 64–66. This protective effect 

was recapitulated in an animal model of LN 67. The exact mechanism is still under 

investigation, but anti-pentraxin 3 appears to decrease complement activation 67.

Multiple auto-antibodies targeting glomerular antigens have been proposed as biomarkers 

for LN, but no standardized approach has been utilized for identifying these auto-antibodies. 

Some centers have measured cross reactive anti-dsDNA while others have looked at 

reactivity alone. Isotype specificity may be critical for some autoantibodies 54. The 

utilization of anti-glomerular antigens as LN biomarkers is limited further by lack of 

uniform assays and evaluation in multicenter cohorts. With improved standardization, an 

autoantibody panel of glomerular antigens might help in the diagnosis, surveillance, 

treatment of LN.

Urinary Biomarkers in LN

Urine is easily obtained and potentially provides a snapshot of what is going on in the 

kidney at the tissue level, making it an ideal source for biomarkers in LN. However, the 

development of urinary biomarkers in LN has been limited by inconsistent assays, 

processing differences, and lack of agreement regarding a normalization step. Several 

individual biomarkers have been identified (table 2), but more recent studies have moved 

away from individual markers to biomarker panels.

Neutrophil Gelatinase-Associated Lipicalin (NGAL)

NGAL is a 25 kDa glycosylated protein initially identified in neutrophils, but present in 

other tissues, including renal tubular cells. Urine and serum NGAL has been extensively 

studied as a biomarker in acute kidney injury (AKI) 68. Urinary NGAL levels, with or 

without normalization for urine creatinine, correlated with LN activity in a pediatric SLE 

cohort 69. Urine NGAL predicted LN flare better than anti-dsDNA in a cohort of adult SLE 

patients 70. Further, urine NGAL at baseline predicted response to treatment in an Asian LN 

cohort 71.

Kidney injury molecule 1 (KIM-1)

KIM-1 is a transmembrane glycoprotein that is usually expressed in low levels in the kidney. 

It is highly upregulated in AKI and, similar to NGAL, has been studied extensively in AKI. 
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Nozaki and colleagues demonstrated that urinary KIM-1 levels were elevated in patients 

with active LN 72. They also showed KIM-1 levels correlated with proteinuria and tubular 

infiltration and injury 72.

Monocyte chemoattractant protein 1 (MCP-1)

MCP-1 is a leukocyte chemokine that mediates inflammatory responses 73. In an animal 

model of LN, blockade of MCP-1 attenuated renal damage 74. In multiple single center 

studies, urinary MCP-1 corresponded to LN activity and treatment non-responders had 

persistently elevated urinary MCP-1 75–77. A meta-analysis including 399 patients from 8 

centers demonstrated that urine MCP-1 levels were significantly higher in patients with 

active LN than inactive LN and control subjects 78.

Tumor Necrosis Factor-Like Inducer of Apoptosis (TWEAK)

Tweak is a multifunctional cytokine that is involved in inflammatory, fibrotic, and apoptotic 

pathways 79, 80. Tweak is thought to play a role in the pathogenesis of LN through increased 

burden of apoptotic materials and upregulation of inflammatory pathways 79, 80. Urinary 

tweak levels correlated better with LN disease activity than anti-dsDNA and complement 

levels in multicenter cohort study 81. Combining urinary TWEAK and urinary MCP levels to 

predict LN improved sensitivity and specificity over individual markers and improved the 

receiver operating characteristic curve (ROC) area under the curve (AUC) to 0.887 82.

Urine Biomarker Panels

The renal activity index for lupus (RAIL) score combines 6 urinary biomarkers (NGAL, 

MCP-1, ceruloplasmin, adiponectin, hemopexin, and KIM-1) to predict LN activity in a 

pediatric cohort 83. The combination of these 6 biomarkers (each normalized for urine 

creatinine and individually weighted to create a RAIL score) highly correlated with renal 

histology (NIH LN activity index) with an AUC of 0.92 83. When applying an identical 

algorithm to adult LN patients, the results were not as predictive and resulted in an AUC of 

0.62 84. However, after adjusting the weight of individual biomarkers, the AUC improved to 

0.88 84 Both studies highlight the predictive potential of urinary biomarker panels in 

assessing LN activity, but require further optimization and validation in larger cohorts.

In addition to predicting LN activity, urine biomarker panels may also predict renal function 

decline. A prospective observational study found that a combination of 4 urinary biomarkers 

(liver-type fatty acid binding protein (LFABP), albumin, MCP-1, and transferrin) had good 

predictive accuracy of renal function decline in both pediatric (AUC=0.82) and adult (AUC= 

0.79) cohorts 85. All samples were normalized to urine creatinine levels and the combination 

of biomarkers performed better than any individual markers 85. While promising, the study 

was carried out at a limited number of medical centers and needs to be further validated 

among larger cohorts.

The use of biomarker panels may help guide treatment decisions in LN. Current guidelines 

(KDIGO and ACR) recommend changing induction therapy if there is no response after 3-6 

months, but there is no consensus on the definition of treatment failure 86, 87. Wolf et al 
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utilized biomarker panels combined with machine learning to develop algorithms to stratify 

treatment responders and non-responders88. They assessed both traditional and novel 

biomarkers, including 46 urinary biomarkers. Univariate analyses by ROC were used to 

assess individual markers for response to therapy. The AUCs for individual biomarkers 

range from 0.42-0.67. AUC improved when they combined novel and traditional biomarkers 

(AUC= 0.79) rather than using traditional markers alone (AUC= 0.61) 88.

Genetic Biomarkers in LN

Genetic biomarkers in LN include genomic biomarkers and gene expression biomarkers. 

Genomic biomarkers include both rare mutations that follow Mendelian inheritance patterns 

and more common gene variants that confer increased genetic susceptibility. Gene 

expression biomarkers include molecular signatures found in the tissue, blood, and urine of 

patients and often correspond with disease activity. Both genomic and gene expression 

biomarkers may provide insights into key pathways to target and monitor in a personalized 

approach to therapy.

Genomic Biomarkers

Monogenic forms of SLE are extremely rare, but their identification has led to invaluable 

insights into the pathogenesis of disease. Many mutations are in pathways responsible for 

clearing immune complexes, removing cellular debris, or apoptosis89. Of the monogenic 

mutations, C1q mutations resulting in C1q deficiency are best described. C1q is crucial for 

opsonization and clearance of apoptotic bodies and immune complexes 21. Genetic C1q 

deficiencies lead to SLE like autoimmunity and LN, highlighting the importance of this 

pathway in the development of disease 21, 90.

The investigation of genetic variants contributing to SLE goes back two decades, linking 

polymorphisms in major histocompatibility complex (MHC) to LN 91. The completion of 

the human Genome Project in 2003 combined with more efficient technology for gene 

sequencing launched an era of genome-wide-association studies (GWAS) to identify genetic 

variants in specific disease cohorts. Munroe and James published a comprehensive review of 

the genetic risks for LN and possible clinical applications in 2015 and Iwamoto and Niewold 

more recently updated this topic in 2017 92, 93. The 2015 review lists over 50-candidate 

susceptibility genes associated with LN and grouped them into five regulatory systems 

(program cell death, immune complex clearance, intrarenal pathogenesis, innate immunity, 

and adaptive immunity). The 2017 review narrowed this list to 10 susceptibility loci with 

replicated, confirmed associated with LN (Table 2) 92, 93. These genes include HLA-DR, 

ITGAM, FCGR3A, IRF5, TNIP1, STAT4, TNFSF4, APOL1, PDGFRA, and HAS2.

The majority of known LN susceptibility genes have functions that mediate inflammation 

via cytokine production and activation of leukocytes. The known cellular pathways mediated 

by these variant gene products also provide valuable mechanistic insight for development of 

personalized therapeutics. Defining genetic variants that reliably predict disease 

susceptibility, risk of progression, and response to treatment carries tremendous potential to 

improve and personalize patient care.
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Gene Expression Biomarkers

Interferon Signature—In recent years, activation of the type I interferon (IFN) pathway 

has been identified as key component of SLE 94. IFNs are a family of cytokines that are part 

of the antiviral immune response and viral nucleic acids are potent inducers of type I IFN 95. 

However, endogenous nucleic acids, which are increased in SLE patients, are also able to 

induce type I IFN 95. Administration of IFN α (a type I IFN) exacerbated LN while IFN α 
blockade attenuated disease in animal models 96. 50-75% of patients with SLE over express 

type I IFN regulated genes 97. This over-expression can be objectively measured and 

quantified and is often termed the “IFN signature” 94. Patients with increased expression of 

IFN genes are categorized as having a “high IFN signature,” and those with normal 

expression are categorized as having “low IFN signature.” The cutoffs have not been 

standardized, but some groups use the 95th percentile of healthy controls as the cutoff for 

high vs. low 98. Cross sectional studies correlated high IFN signature in SLE with increased 

disease activity, including LN99. However, a longitudinal study failed to show that IFN 

signature predicted flare100. Over 100 genes have been identified as part of the type I IFN 

signature, but several groups have utilized more streamlined panels, consisting of 3 or 4 

genes 98, 100, 101. Yao and colleagues developed a 21 gene panel that was later simplified to a 

4 gene (IFI27, IFI44, IFI44L, RSAD2) biomarker panel that has been used to stratify 

patients into “high” and “low” IFN signature groups in SLE clinical trials 101, 102.

Several drugs targeting type I IFN pathway are being studied in SLE and LN. These include 

anti-IFN monoclonal antibodies (sifalimumab, rontalizumab) and, anifrolumab, a 

monoclonal antibody targeting the type I IFN receptor 102–104. Many clinical trials have 

incorporated measurements of the interferon signature into their studies 102–104. Patients 

treated with anti-IFN agents have a decrease in IFN signature compared to those treated with 

placebo, supporting the validity of IFN signature 98. In the phase II anifrolumab trial, that 

included mostly SLE patients without significant renal disease, a larger percentage of 

subjects with high IFN signature met the primary endpoint compared to patients with a low 

IFN signature, although both groups met the primary endpoint 102. These results highlight 

how the use of gene expression biomarkers, might be utilized to tailor therapy, bringing 

precision medicine to the treatment of SLE and LN.

Neutrophil Phenotype and Expression Signature—Neutrophils are the most 

abundant leukocyte in human circulation and are critical for innate immune responses. 

Neutrophils have long been observed in LN kidney biopsies and the presence of neutrophils 

corresponds to disease activity 105, 106. In recent years, the identification of neutrophil 

extracellular traps (NETs) and a subset of low–density granulocytes (LDG) has expanded 

our understanding of the role of neutrophils in LN 107. NET formation occurs following a 

unique form of cell death, termed NETosis, in which the nuclear content decondenses into 

the cytoplasm, and the plasma membrane ruptures releasing strands of chromatin decorated 

with granular proteins 108. Neutrophils isolated from SLE patients are more likely to form 

NETs which contain antigens (dsDNA, histones) recognized by lupus autoantibodies 
109–112. NETs also stimulate dendritic cells to release type I IFN and enhance T cell 

activation 110–113. SLE patients with impaired degradation of NETs were significantly more 

likely to have LN 114. A subpopulation of neutrophils, LDGs, are found in patients with SLE 
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and are more likely to form NETs, damage endothelial cells, and increase type I IFN 

production 112. Low density granulocytes are primarily described under inflammatory 

conditions, but may be present in low quantities under normal conditions 115, 116. They have 

a unique gene expression profile compared with normal density neutrophils 112. The top 

upregulated genes in lupus LDGs included genes for bactericidal molecules and enzymes 

found in neutrophil granules 112. Additionally, patients with increased LDG were found to 

have increased IFN signature 116.

The upregulation of neutrophil related transcripts, termed the blood neutrophil signature, is 

observed in SLE and associated with LN 117–119. Banchereau et al. conducted a longitudinal 

study of 158 patients and examined clinical and transcriptional profiling to identify immune 

correlates of disease activity and found neutrophil expression signatures were associated 

with progression to LN 119. A modular neutrophil signature was strongly associated with LN 

and LN flares (88 vs. 17%) in another study 117. Neutrophil related gene expression was 

increased in the transcriptomic profile of active SLE patients with LN compared to those 

without renal involvement 118.

Conclusions

Over the last decade, there has been hope that biologic agents will lead to more effective and 

less toxic treatments for LN. Unfortunately, no biologic to date has provided added efficacy 

when added to standard of care regimens. The use of biomarkers in LN is needed to better 

stratify patients and guide therapeutics. Several novel biomarkers for LN have been 

proposed, yet none have become incorporated into clinical use 120. Reevaluation of the role 

of current clinical biomarkers, such as proteinuria and complement markers, to inform 

intensity and duration of immunosuppression is needed. Novel biomarkers such as urine 

biomarkers and autoantibodies to glomerular antigens, require further validation and 

standardization, but have the potential to improve diagnosis, disease surveillance, and 

treatment. Finally, genomic and gene expression biomarkers, offer crucial insight into which 

immune pathways are upregulated in individual patients. The combination of these 

biomarkers has the potential to herald a new era of precision medicine in LN.
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Summary

• Standard of care treatment for lupus nephritis has significant toxicity and 

inadequate response rates.

• Identification of novel LN treatments has been difficult due to disease 

heterogeneity.

• Better utilization of biomarkers may help stratify patients and guide therapy.

Caster and Powell Page 17

Adv Chronic Kidney Dis. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Caster and Powell Page 18

Table 1.

Native Glomerular Antigens

Glomerular Antigen Location

Alpha Actinin 34–36 mesangial cells, podocytes

Alpha-enolase 37 mesangial cell, podocytes

Annexin A1 37 podocytes

Annexin A2 38–40 mesangial cells, podocytes, matrix

Heparan sulfate 41, 42 glomerular basement membrane

Laminin 43, 44 glomerular basement membrane
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Table 2.

Urine Biomarkers in Lupus Nephritis

Urine Biomarker Predicts Flare Correlates with Activity

NGAL +70 +69, 70, 121, 122

KIM-1 +72, 123

MCP-1 +76, 77 +78

TWEAK +81 +81
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Table 3.

Gene Variants Associated with LN 92, 93

Gene Name Variant in LN Function

ITGAM rs1143679 Integral membrane protein important in neutrophil and monocyte - endothelial cell transmigration and 
compliment phagocytosis.

IRF5 rs2004640, 
rs10954213

Transcription factor that regulates virus-mediated activation of interferon, and modulation of cell growth, 
differentiation, apoptosis, and immune system activity.

TNIP1 rs4958881, 
rs7708392

A polyubiquitin binding protein that is a physiological inhibitor of NF-κB and MAPK-mediated 
inflammatory activity.

STAT4 rs7574865 Regulates transcription in response cytokines and other inflammatory mediators.

TNFSF4 rs1234315 A TNF family cytokine that functions in T cell antigen-presenting cell (APC) interactions and mediates 
adhesion of activated T cells to endothelial cells.

APOL1 rs73885319, 
rs60910145

A secreted high-density lipoprotein which binds to apolipoprotein A-I and promotes efflux of cholesterol 
from cells.

PDGFRA rs1364989 A cell surface tyrosine kinase receptor for members of the platelet-derived growth factor family that plays a 
role in organ development, wound healing, and tumor progression.

HAS2 rs7834765 Mediates synthesis of hyaluronic acid (HA), a polysaccharide that is actively produced during wound 
healing and tissue repair to provide a framework for ingrowth of blood vessels and fibroblasts. The 
interaction of HA with the leukocyte receptor CD44 is important in tissue-specific homing by leukocytes 
and changes in the serum concentration of HA are associated with rheumatoid arthritis.

FCGR3A rs396991 A receptor for the Fc portion of immunoglobulin G, that is involved in the removal of antigen-antibody 
complexes from the circulation, as well as other antibody-dependent responses.

HLA-DR The primary function of HLA-DR is to present peptide antigens to the immune system that lead to the 
production of antibodies against the same peptide antigen.

PLA2R1 rs4664308 Receptor for secretory phospholipase A2 (sPLA2)-1B. Binding of sPLA2-IB induces various effects 
depending on the cell type, such as activation of the mitogen-activated protein kinase (MAPK) cascade to 
induce cell proliferation, the production of lipid mediators. In neutrophils, binding of sPLA2-iB can activate 
p38 MAPK to stimulate elastase release and cell adhesion and may be involved in responses in 
proinflammatory cytokine production.
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