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ABSTRACT

Systemic lupus erythematosus (SLE) is a chronic inflammatory autoimmune disease with a wide range of clinical presentations. 
Lupus nephritis (LN) is a frequent complication of SLE, representing a significant cause of morbidity and mortality in these 
patients. In addition, LN diagnosis remains suboptimal in most clinical contexts. The current gold standard for LN clinical diag-
nosis is a renal biopsy. Still, the invasiveness of this technique is an obstacle to the early detection of renal involvement and 
further monitoring of treatment results. Consequently, there are different areas for improvement in the field of LN, such as the 
search for novel non-invasive clinical biomarkers with an adequate correlation between clinical manifestations and actual histo-
logical damage. Although urine component-related studies are promising, the more robust blood/serum biomarkers may still 
be helpful in developing point-of-care systems that can be adapted to most clinical scenarios. Therefore, this brief review aims 
to highlight and summarize some of the most recently reported non-classical serum/blood potential LN biomarkers. (REV INVEST 

CLIN. 2022;74(5):227-31)
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INTRODUCTION

Systemic lupus erythematosus (SLE) is a heteroge-
neous and multifactorial autoimmune disease, re-
vealed by autoantibody production and dysregulated 
high expression of Type I interferon (IFN)-stimulated 
genes, causing a wide variety of clinical manifesta-
tions1. About 50-80% of SLE patients will develop 
lupus nephritis (LN), which represents a significant 
cause of morbidity and mortality in these patients2,3. 
In the last decade, therapeutic approaches for LN 

have remained essentially unchanged, with a probabil-
ity of achieving complete or partial remission not be-
yond 60-70%; unfortunately, the rest of the patients 
usually progresses to end-stage renal disease within 
5 years after the onset4,5. Moreover, LN diagnosis 
and/or monitoring remain suboptimal in most clinical 
contexts. Besides the low possibility of causing kidney 
damage and being an invasive procedure, renal biopsy 
represents the gold standard for LN diagnosis and to 
determine the degree of tissue involvement5; further-
more, its usefulness in directing the choice of one 
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therapeutic approach over another is still limited2,4,6,7. 
Consequently, there are different areas for improve-
ment in the field of LN, such as the optimization of 
long-standing treatment strategies and the search for 
novel therapeutic agents to improve outcomes such 
as mortality or development of end-stage renal dis-
ease. Among these issues, one of the most relevant 
is the search for new clinical biomarkers with a good 
correlation between clinical manifestations and ac-
tual histological damage that allow the follow-up of 
patients with LN to guide personalized treatments.

In recent years, the investigation of LN biomarkers has 
produced many publications; however, the same serum 
and urinary measurements have continued to be used 
in clinical practice for over three decades. These con-
ventional diagnostic and prognostic LN biomarkers in-
clude proteinuria, hematuria, urinary casts, serum cre-
atinine levels, anti-double-stranded DNA autoantibodies, 
and complement levels5,7. Given the heterogenetic na-
ture of LN patients and the not-yet reached needs in 
precision diagnosis and classification of these individuals 
in terms of personalized therapy, identification of novel 
biomarkers would be helpful to provide auxiliary infor-
mation about the disease activity, the early recognition 
of renal flares, treatment selection, and responsiveness 
to a particular medication scheme. Although urine com-
ponent-related studies are promising, the more robust 
blood/serum biomarkers may still be useful in develop-
ing point-of-care systems that can be adapted to most 
clinical settings or even home testing of LN.

NOVEL BLOOD/SERUM BIOMARKERS 
FOR LUPUS NEPHRITIS

A relatively large number of non-classical blood/se-
rum candidate biomarkers have been evaluated in LN 
cohorts. Most of these candidates have only been 
assessed in cross-sectional analyses, with few reports 
of markers prospectively evaluated. Limitations of 
most-recent studies also include the relatively small 
number of patients tested and the lack of confirma-
tion by independent research groups. Although fur-
ther validation must be performed in most cases, the 
following candidates, not yet incorporated into rou-
tine clinical practice, still represent promising alterna-
tives to enhance the diagnostic accuracy, prognostic 
stratification, and monitoring of treatment response 
in LN patients. Detailed information will be next 

presented for these potential LN biomarkers, while 
these and some of the most recently reported candi-
dates are enumerated in table 1.

MONOCYTE CHEMOATTRACTANT 
PROTEIN-1 (MCP-1 OR CCL2)

Monocyte chemoattractant protein 1 (MCP-1 or 
CCL2) belongs to the C-C chemokine family8. In-
creased expression of this chemokine on epithelial or 
endothelial cells and infiltrating mononuclear leuko-
cytes in the tubulointerstitial regions can be demon-
strated in kidney biopsies of LN patients8,9. In addi-
tion, different studies have found a potential 
diagnostic or prognostic value for this molecule in the 
context of LN; some reported an association between 
increased levels of MCP-1/CCL2 and LN, while others 
looked at its prognostic role through renal disease 
activity as an outcome, showing significant correla-
tions with the chemokine circulating levels7,8.

SURROGATE MARKERS OF TYPE I  
INTERFERON SIGNATURE

SLE patients are characterized by an increased ex-
pression of type I IFN-regulated genes10, indicated as 
an IFN gene signature that comprises some LN bio-
marker candidates, including SIGLEC-1, CXCL10, and 
Galectin-9. The sialic acid-binding Ig-like lectin 1 (SI-
GLEC-1) is a cell-adhesion molecule involved in the 
initial contact of phagocytic cells with sialylated 
pathogens11. It could also be found in its soluble form 
in serum, where elevated concentrations have been 
associated with increased frequency of renal compli-
cations but not with SLE disease activity index7,12.

CXCL10 is a chemokine that has shown a high cor-
relation with SLE activity and the best predictive abil-
ity for flares among chemokines regulated by IFN-
I8,13. Remarkably, renal flares are accurately 
predicted by CXCL10 serum levels but not by classi-
cal biomarkers such as complement levels or anti-
double-stranded DNA autoantibodies7,8. Further-
more, the β-galactoside-binding lectin Galectin-9 has 
shown a higher correlation with SLE activity than 
CXCL10 levels. Interestingly, in the context of LN, 
serum levels of Galectin-9 also reflect kidney damage 
and not only SLE activity7,14.
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Table 1. Blood/serum novel biomarkers for LN

Response/prognosis/ 
diagnosis

Biomarker tested LN patients Activity score used

Diagnosis HMGB-1 37 SLEDAI

Anti-ENO1 combined with β2 
microglobulin

29 SLEDAI 2K

Expression of circRNAs 30 SLEDAI 2K, rSLEDAI

IL-35 80 SLEDAI 2K

HE4 44 SLEDAI

Diagnosis/prognosis miR-203 109 UK

NETs; Nox2 35 SLEDAI, rSLEDAI, SLICC/ACR DI

miR family 30 SLEDAI 2K, ACR

Anti-MDA Ab 148 SLEDAI 2K, SLAM, SLICC/ACR DI, 
BILAG

IL-1β and IL-18 58 SLEDAI 2K, rSLEDAI

microRNA-200 family 101 SLEDAI

Prognosis MCP-1 67 SLEDAI

Galectin-9 97 SLEDAI, SLICC, SLEDAI 2k

IL-17A 85 SLEDAI 2K, BILAG 2004

Anti-ribosomal P antibody 79 SLEDAI 2K, AI + CI

a-PLA2R 98 SLEDAI 2K, rSLEDAI, SLICC/ACR 
DI, AI + CI

Osteopontin 75 SLEDAI 2K, SLEDAI, SLICC/ ACR 
DI

sMer, sAxl, and GAS6 68 SLEDAI, AI + CI

CD25 34 SLEDAI

C4d 45 SLEDAI, SLEDAI 2K

Response Aged-associated B cells 
(ABCs), CD21hi B cells

26 SLEDAI, SLICC/ ACR

Galectin-3 33 rSLEDAI, SLEDAI

Axl 52 SLEDAI 2K, AI + CI

Response/prognosis Glycoproteinacetylation 36 SLEDAI 2K

Sclerostin 50 SLICC/ACR DI, SLEDAI,  
AI + CI

CXCL10 and Vitamin D 25 SLEDAI, AI

IL17, IL-23 80 SLEDAI, AI + CI

Lupus nephritis potential blood/serum biomarkers. All biomarkers were reported from 2018 to 20226-8,18,22. LN: lupus nephritis; Activity Scores 
- SLEDAI: systemic lupus erythematosus activity index; rSLEDAI: renal SLEDAI; ACR: American College of Rheumatology; AI: activity index;  
CI: chronicity index; SLICC: systemic lupus international collaborating clinics; BILAG: British Isles lupus assessment group; Biomarkers -  
Anti-ENO1: anti-α-enolase antibody; Anti-MDA: IgG anti-malondialdehyde protein; GAS6: growth arrest specific protein 6; HE4: human 
epididymis protein; HMGB-1: high-mobility group box-1; MCP-1: monocyte chemoattractant protein-1; NETs: neutrophil extracellular traps assay; 
Nox2: NADPH oxidase.
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INTERLEUKIN-18

Interleukin-18 (IL-18) is a member of the IL-1 fam-
ily of cytokines constitutively present (as a precur-
sor) in nearly all human cells15. The activity of IL-18 
is balanced by the presence of a high affinity, natu-
rally-occurring IL-18 binding protein (IL-18BP)15. 
These molecules have been extensively investigated 
in SLE and proposed as a biomarker of disease activ-
ity that correlates with other serological markers 
(anti-dsDNA and complement levels)16,17. Interest-
ingly, active nephritis is the primary SLE manifestation 
associated with elevated IL-18 and IL-18BP levels7,18.

LYMPHOCYTE POPULATIONS

Although several circulating lymphocyte subsets have 
been reported to act as SLE markers, including plas-
mablasts (CD19lo CD27hi CD38hi)19, transitional B 
cells (CD24hi CD38hi)20, and follicular helper T cells 
(CD4+ CXCR5+)21, none of them are currently linked 
to nephritis complication6.

Interestingly, our group recently confirmed the poten-
tial utility of the CD11c+ T-bet+ CD21lo/– B lympho-
cytes (known as age-associated B cells or ABCs) to 
assess lupus nephritis; however, we also reported the 
finding of a related cell subset CD11c+ T-bet+ CD21hi 

B cells that are almost absent when renal manifesta-
tions arise22. Importantly, this CD21hi subset could be 
used as a prognostic factor as their numbers strong-
ly correlate with a lower SLE activity. In addition, we 
found that either ABCs or CD21hi B cell subsets could 
be considered to evaluate the response to induction 
therapy in LN22.

CONCLUSIONS

Despite the large quantity of recently published data 
that have validated new serum markers for lupus ne-
phritis (Table 1), several research groups keep work-
ing to identify novel molecules or cells that account 
for the diagnosis, prognosis, and management of 
these patients. We believe that exploratory efforts 
regarding serum biomarker searching should now be 
focused on generating prospective randomized high-
scale clinical trials including patients with different 
ethnic backgrounds. These approaches will probably 

deliver schemes that include combining these novel 
LN markers with conventional clinical parameters to 
enhance sensitivity and specificity regarding the pre-
diction of renal flares, staging, and therapeutical man-
agement of LN patients.
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