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The kidney is one of the main organs affected by the autoimmune disease systemic lupus erythematosus (SLE). Lupus

nephritis (LN) concerns 30–60% of adult SLE patients and it is significantly associated with an increase in the morbidity

and mortality. The definitive diagnosis of LN can only be achieved by histological analysis of renal biopsies, but the

invasiveness of this technique is an obstacle for early diagnosis of renal involvement and a proper follow-up of LN patients

under treatment. The use of urine for the discovery of non-invasive biomarkers for renal disease in SLE patients is an

attractive alternative to repeated renal biopsies, as several studies have described surrogate urinary cells or analytes

reflecting the inflammatory state of the kidney, and/or the severity of the disease.
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1. Introduction

Kidney involvement affects between 30-60% of systemic lupus erythematosus (SLE) patients, leading to lupus nephritis

(LN). Pathogenesis of LN is mediated by leukocyte infiltration and autoantibody binding to nuclear and non-nuclear

autoantigens and/or formation of circulating immune complexes (IC) containing autoantibodies, deposed on different parts

of the glomeruli  (Figure 1). Pro-inflammatory cytokines and effector cells of the immune system lead to an inflammatory

organ disease, where a variety of cytokines are clearly associated with SLE activity . However, there is still a lack of

sufficient knowledge of the immune-pathological pathways involved .

Figure 1. Physiopathology of LN and urine biomarkers. Renal damage in LN is mediated by the infiltration of effector

leukocytes, autoantibody binding to nuclear and non-nuclear autoantigens, and generation of IC. These IC are deposed in

the glomeruli, affecting the kidney function and leading to an inflammatory cascade. Consequently, filtering of the blood is

hindered, and many immune-related cells and molecules involved in the inflammatory response may be excreted into

urine. Assessment of these molecules in urine may help to predict the development of LN, renal flares, as well as

response to treatment. GBM: Glomerular basement membrane; IC: immune complex; DC: dendritic cell; FLC free light

chains.

Kidney biopsy is the gold standard for establishing tissue diagnosis, prognosis and treatment in LN. However, it is a costly

and risky procedure, making it unsuitable for the early detection of renal pathology or to monitor the response to

treatment. Nowadays, standard laboratory markers of kidney involvement have been applied in the monitoring of LN

activity in daily clinical routines . Nonetheless, these analytical parameters lack sensitivity and specificity to reflect the
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real-time renal immunopathological activity and chronic tissue damage . Current treatment of LN patients involves

immunosuppressive therapy and glucocorticoids. However, they are neither uniformly effective nor specific of the disease,

and they have shown side effects . Therefore, novel biomarkers able to discriminate lupus renal activity and its severity,

predict renal flares, and monitor treatment response and disease progress are clearly necessary.

In contrast to other biological sample sources, urine sampling is non-invasive, allowing frequent monitoring, and can be

self-collected, transported, and stored easily. Furthermore, urinary biomarkers seem to be more promising than serum

markers in the study of LN, given that they derive from tissues of the urinary system , so that they can reflect its current

pathological status . Thus, urine is an attractive source for finding potential biomarkers in the study of LN.

2. Autoantibodies

SLE is an autoimmune disease characterized by production of autoantibodies against self-molecules present in the

nucleus, cytoplasm, and cell surface. There is evidence of the presence of IC deposition in renal biopsies of patients with

LN . IC formation and deposit in the kidneys are most likely involved in the mechanism for urinary excretion of

autoantibodies in SLE (Figure 1). However, there have been few reports of specific autoantibodies in the urine of SLE

patients (Table 1).

Autoantibodies anti-Sm, anti-RNP, anti-SSA and anti-dsDNA have been found in the urine of SLE patients, many of them

with signs of abnormal renal function such as proteinuria . Autoantibodies anti-SSB, anti-ribosomal P and anti-

RNAPI have also been observed in urine of SLE patients. In addition, the relative concentration of these urinary

autoantibodies correlated with disease activity .

Apart from anti-nuclear autoantibodies, anti-IFNa have been detected in urine of SLE patients. Specifically, autoantibodies

against both IFNα1 and IFNα6 were observed in urine but not in serum of SLE patients, suggesting that local immune

responses in kidney would be distinct from those in serum .

Table 1. Summary of immune-related urinary biomarkers of LN.

Urinary
Biomarker Class Diagnostic Value Prognostic Utility Response to

Treatment

Autoantibodies
Anti-RNAPI, anti-dsDNA, anti-La, and anti-
ribosomal P, levels correlated with disease

activity 
   

FLC
FLC discriminate patients with severe forms of

LN 

FLC increase before the onset
of acute SLE relapses and
reach normal values after

remission 

λ and κ FLC
decrease after
treatment 

Complement
components

C3d levels correlate with SLEDAI discriminate
between active LN and inactive LN or non-renal

SLE 

C3d decreased levels can
predict treatment response at
6 months and non-response

or flare 

C3d levels fall after
therapy 
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Urinary
Biomarker Class Diagnostic Value Prognostic Utility Response to

Treatment

Soluble immune
mediators

IL-6 higher in active LN  corroborated by renal
biopsy 

No differences between active
or inactive LN .

Decreased
significantly after

treatment 

MCP-1 correlates with LN activity . Higher in
patients with inactive LN (Meta-analysis) .
Increased also in serum of SLE patients 

MCP-1, KIM-1, and NGAL higher in patients with
active LN 

   

IP-10 positively correlated with renal SLEDAI but
not significantly higher in LN    

EGF lower in patients with active LN 
Decreased overtime in

adverse long-term kidney
damage 

 

VCAM-1 higher in active renal disease .
Presence of LN, clinical and histological activity

indexes severe renal lesions 
VCAM-1 and ALCAM elevated in active LN 

ICAM-1 elevated in SLE patients 
VCAM-1, cystatin C, and KIM-1 discrimination
between proliferative versus membranous LN.

Non-specific for SLE 
NGAL; higher in LN than in non-LN patients 

Increased in active LN . It
may indicate patients at

increased risk for long-term
renal function loss .

ALCAM levels correlated
positively with activity index

Effective LN therapy
reduced uVCAM-1

levels over the time

Leukocytes

Monocytes/macrophages in proliferative LN 

Higher eosinophils numbers in LN 
CD4 CD25 Foxp3  T cells in active LN 
CD4  and CD8  T cells in active LN 

Th17 associated with less severe disease 
pDC and PB/PC in severe LN 

 
Lower numbers of

CD8  T cells in
remission 

Soluble
leukocyte
markers

sCD163 in active LN  , mostly in
proliferative classes 

sCD11b correlates with histological activity 
T-bet mRNA in higher in active LN 

sCD163 increases from 6
months before flare 

Higher T-bet mRNA gives
higher risk of severe flare 

sCD163 decreases
after treatment in

drug responders 
 

sCD11b decreases
with clinical

remission 

In summary, although there are very few studies reporting the clinical significance of urine autoantibodies, the analysis of

their distinct specificities in urine and serum has the potential to become a useful tool for the diagnosis and monitoring of

the renal disease activity in SLE patients. Nevertheless, this should be confirmed in larger and serial sampling studies.

3. Free Light Chains

B cell activation has an important role in the pathogenesis of SLE. During the flares, an extensive polyclonal B cell

hyperactivity is observed, followed by an exacerbated synthesis of immunoglobulins, made of two heavy chains and two

free light chains (FLC):  κ and λ . In chronic inflammatory diseases such as SLE, elevated levels of urine FLC can be

found as a result of increased production overcoming the renal clearance capacity or renal tubule impairment .

The increase in FLC in the urine of patients with SLE has been described during active renal disease . Later studies

reported a significant increase in urinary FLC 4–8 weeks prior to the onset of acute SLE relapses, suggesting that a time

frame may exist between the occurrence of immunopathologic B-cell stimulation and the resultant symptoms and tissue

damage mediated by IC-induced acute inflammation . Urinary FLC were increased during active phases of SLE,

whereas they reached normal values after remission . Similar to increased levels of soluble interleukin-2 receptors,

FLC and the presence of cytokine-like molecules in urine can directly reflect the severity of inflammatory and

immunological reactions in patients with LN  (Table 1).

A study comparing serum and urinary FLC in SLE patients revealed patients presented high urinary FLC in the absence of

detectable serum FLC . Levels of urinary FLC in LN patients with class III/IV were higher than in non-class III/IV LN

patients. Levels of FLC in urine showed a strong correlation with proteinuria and plasma cell infiltration of the kidney.

Furthermore, both urinary and serum FLC were lower after treatment, thus providing evidence for a possible direct

biomarker of renal inflammations and local pathogenesis  (Table 1).
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FLC play an important role in the renal pathogenesis of SLE. All these studies showed significant findings in the field of

urinary FLC as biomarkers for LN. However, urinary FLC are not specific for LN . Therefore, more studies of FLC in

urine may help to understand their role in different diseases, and provide a useful parameter to monitor disease

progression. Furthermore, larger longitudinal studies are needed to determine the predictive value of urinary FLC as

biomarkers of disease activity and relapse, as well as treatment response.

4. Complement

The involvement of the complement in the pathogenesis of SLE is well accepted, although its exact role is still not clear.

Hereditary deficiencies of complement components are associated with an increased risk for the disease . The

deposition in the kidney of IC formed by autoantibodies directed against self-antigens, and the subsequent activation of

the classical pathway are considered major mechanisms mediating tissue injury in LN . Moreover, the involvement of

the alternative or lectin pathways has also been suggested in several studies .

It has long been recognized that serum C3 and C4 levels generally are lower in SLE patients . However, serum low

complement levels have proven disappointing as disease activity markers in SLE due to their persistency at low or normal

levels, independently of disease activity, and their low sensitivity at predicting flares . Thus, urine detection of

complement products in urine is still an attractive option.

It has been described that complement components can be found in the urine of LN patients, particularly in patients with

active kidney disease. These studies have reported the presence of different complement proteins in the urine of patients

with LN . The most studied has been urine levels of fragmented C3d. Detection of urinary excretion of C3d

fragments among SLE patients was variable among SLE patients with non-renal manifestations . Other studies found

C3d in urine of patients with LN, but also in patients with no evidence of renal disease or proteinuria, suggesting a non-

renal origin of C3d. Nevertheless, urine C3d levels were better than plasma C3, C4, C4d, C5b-9, and anti-dsDNA to

differentiate acute from chronic LN . C3d were elevated in urine of patients with active LN compared to inactive LN and

non-renal SLE. Moreover, urine C3d showed a stronger correlation with the Systemic Lupus Erythematosus Disease

Activity Index (SLEDAI) than serum C3, C3d, C4, or anti-dsDNA antibodies (Table 1) . Finally, in a longitudinal study,

LN patients showed high levels of urinary C3d at onset of the disease and a significant fall after 3 months of treatment. In

addition, levels of urinary C3d correlated with SLEDAI, but there was no significant correlation with plasma C3 and C4,

suggesting an intra-renal production of C3d (Table 1). Urinary C3d/creatinine values could discriminate between active

and inactive nephritis .

In summary, complement fragments indicative of complement activation can be found in the urine of LN patients,

particularly in patients with active kidney disease. These studies support the idea that urinary C3d levels correlate more

tightly than other markers with LN disease activity, so that they can be used as biomarkers to determine response to

treatment, identify non-responders or relapses. However, larger studies are required to further validate the use of urinary

C3d as a biomarker of LN.

5. Soluble Immune Mediators

Most of the soluble immune-related molecules present in urine includes cytokines and chemokines, growth factors and

others (Figure 1). They are easy to detect and their increase can be indicative of inflammation .

Urine IL-6 was described as a potential marker to follow the disease as it was higher in patients with LN class IV.

Additionally, IL-6 levels decreased significantly after treatment . In a more recent study, urinary levels of IL-6 were

higher in SLE patients with LN, corroborated by biopsy . Levels of urinary IL-6 were able to discriminate between active

or inactive LN  (Table 1).

Urine levels of monocyte chemoattractant protein 1 (MCP-1) have been proposed to correlate with LN activity . Urinary

level of MCP-1 was higher when comparing active LN with inactive LN patients, or with healthy controls. Level of MCP-1

was higher in patients with inactive LN than in healthy controls . Other studies have evaluated the levels of MCP-1

together with other chemokines. Levels of MCP-1, kidney injury molecule (KIM-1) and neutrophil gelatinase-associated

lipocalin (NGAL) were higher in patients with active nephritis, compared to LN patients in remission and normal controls

. In a recent study, a significant increase in MCP-1 was detected in serum and urine of all SLE patients .

Another study found significant differences between active LN and non-renal SLE for vascular endothelial growth factor

(VEGF), and levels of soluble tumor necrosis factor receptor 1 (sTNF-R1) and interferon-inducible protein 10 (IP-10) in

urine and serum correlated with SLEDAI scores. sTNF-R1 and VEGF have also been proposed as markers of disease
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activity in SLE and LN . Urine level of IP-10 showed a non-significant trend to be higher in patients with active LN, even

though IP-10 level showed a positive correlation with renal SLEDAI .

Urinary Epidermal Growth Factor (EGF) has also been evaluated as a possible LN biomarker (Table 1). Its urinary level

was lower in patients with active LN compared to patients with active non-renal SLE, patients with inactive SLE and

healthy kidney donors. Follow-up of the patients corroborated that urinary EGF were lower at flare and were decreasing

over time in the case of adverse long-term kidney damage .

Vascular cell adhesion molecule 1 (VCAM-1) has been widely studied in LN (Table 1). VCAM-1 was significantly higher in

urine from patients with active renal disease compared to patients with active non-renal disease . Soluble urine VCAM-

1 showed a strong association with the presence of LN, with clinical and histological activity indexes and with more severe

renal lesions . Urine levels of VCAM-1 and ALCAM were elevated in patients with active LN compared to healthy

controls and with quiescent nephritis. A positive correlation was established between urine ALCAM and SLEDAI. ALCAM

level was higher in proliferative the classes III and IV. Of both, higher levels of VCAM-1 in urine could be indicative of a

long-term renal function loss, while ALCAM could be used as a potential biomarker of kidney disease .

Another molecule with a relevant role in LN is the intercellular cell adhesion molecule ICAM-1. ICAM-1 level was higher in

SLE patients (Table 1). Similarly, ICAM-1 was increased in the blood, but did not allow the discrimination between active

and inactive SLE . Study of VCAM-1 along with other urinary biomarkers revealed that values of VCAM-1, cystatin C,

and KIM-1 allowed to discriminate between proliferative versus membranous LN. However, these markers are not specific

for SLE .

Finally, there are other immune-related enzymes or molecules present in urine from SLE patients that could be used as

biomarkers. NGAL appeared increased in urine after renal injury  and its urinary levels in LN patients were significantly

higher than in non-LN patients .

In conclusion, there are several cytokines, chemokines and other soluble immune mediators present in urine that could be

used as biomarkers of kidney damage in SLE. However, we still do not have a definitive panel of molecules allowing a

precise diagnosis of renal damage in SLE or to differentiate the stages of renal disease.

6. Cell-Associated Biomarkers

Urine leukocytes and erythrocytes are often present in the urine of LN patients (Figure 1). Urine cells can be collected by

urine centrifugation and analyzed by flow cytometry or RNAseq [19,70]. Thus, at this regard, urine leukocytes can be

potentially used as a surrogate for leukocyte infiltration in the kidney biopsies.

CD14 /CD16  monocytes/macrophages are detected not only in the urine of LN patients, but also in other proliferative

glomerulonephritis. These cells were more abundant during the acute exacerbation of renal disease, while they

disappeared during remission . CD14  cells were more abundant in LN compared to non-renal SLE and healthy

controls, and associated with class IV but not in class III nephritis . More precisely, higher numbers of CD11c

macrophages in the urine of patients with proliferative LN were found, with a strong association with the serum anti-

dsDNA titers and chronicity indexes  (Table 1). The finding of monocytes/macrophages in urine showed a good

correlation with several descriptions of infiltrates of monocytes/macrophages in kidney biopsies of LN patients .

M2 macrophages express CD163, an endocytic receptor of haptoglobin-hemoglobin complexes. Soluble form of the

protein (sCD163) can be detected in the serum as a marker of macrophage activity . Urinary sCD163 was strongly

correlated with renal CD163 and histological scores . Moreover, urine sCD163 increases from 6 months before the

renal flare and improved the prediction of those LN patients that would achieve complete renal responses at 12 months

. sCD163 levels were much higher in urine than in plasma of active LN patients. After treatment, sCD163 decreased

more consistently in urine than in plasma, performing better than plasma complement or anti-dsDNA titers for the

differentiation between LN and non-renal SLE patients (Table 1). Urinary sCD163 concentration correlated with changes

in disease activity . Urine sCD163 was associated with proliferative histological classes and correlated with renal

SLEDAI, but not with chronicity parameters, demonstrating again its potential as a tool to predict renal pathology .

CD11b is expressed in the surface of neutrophils and macrophages. Urinary levels of soluble CD11b (sCD11b) were

correlated with the number of glomerular leukocytes and the histological activity (Table 1). Urinary sCD11b also

decreased after glucocorticoid treatment, and performed better than sCD163 for the prediction of LN . Thus, urine

sCD11b can be very useful for the monitoring of LN activity and therapeutic failure, as well as for the detection of

glomerular leukocyte accumulation.
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Eosinophils have also been described as enriched in the urine of LN patients, compared to non-nephritis SLE. This finding

was associated with higher urinary concentrations of eosinophil cationic protein (EPC) and IL-5, that could then be

surrogate as markers of eosinophiluria .

Regarding T lymphocytes, a higher number of CD3  cells has been reported in active LN, which correlated with SLEDAI

and renal scores . In a paired urine/blood cytometry study, urinary CD4  > 800/100 mL were found exclusively in active

LN patients, and their numbers normalized after treatment . Urine CD8  T cells showed a memory phenotype in active

LN patients , and were also detectable in LN biopsies . Type 1 helper (Th1) marker T-bet mRNA was found in active

LN urines and tubular expression of T-bet was associated with histological activity and predicted severe flare in a

longitudinal study . Urinary type 17 helper (Th17) were associated with a less severe nephritis, and they were

increased in blood after treatment . Concerning Treg, a population of urinary CD4 CD25 Foxp3  T cells showed a

positive correlation with proteinuria in active LN patients (Table 1) .

Kidney-infiltrating B cells is a common finding in LN biopsies . However, urine B cells have been described in LN

patients in very low quantities , with a phenotype of Ig-secreting plasmablasts or plasma cells (PB/PC) and associated

with proliferative nephritis. In addition, plasmacytoid dendritic cells (pDC) often accompanied B cells in the urine,

associated with detectable urinary IFNα/β  (Table 1). A histological analysis revealed an infiltrate of conventional

dendritic cells (cDC) and pDC with an immature phenotype in class III/IV LN patients , indicating a role in the

immunopathogenesis of LN .

7. Concluding Remarks

Urine is gaining interest as a non-invasive source of information about the inflammatory status of the kidney in SLE

patients. All the immune mediators of LN pathogenesis have been detected in the urine of LN patients, and in most of the

cases it has been shown their correlation with severity, activity, or response to treatment. Nowadays, high content

technologies, such as multiplexed immune assays, transcriptomics, proteomics, or mass cytometry, are giving a new

boost to this field, allowing a discovery strategy for the identification of promising molecules or populations. Therefore, it is

likely that new biomarkers will arrive in a near future, with a high positive impact in the quality of life of LN patients.
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