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A B S T R A C T

Systemic lupus erythematosus (SLE) is the prototypical autoimmune disease that can affect any organ of the body.
Multiple mechanisms may contribute to the pathophysiology of systemic lupus, including failure to remove
apoptotic bodies, hyperactivity of self-reactive B and T lymphocytes, abnormal exposure to autoantigens, and
increased levels of B-cell stimulatory cytokines. The involvement of the kidney, called lupus nephritis (LN), during
the course of the disease affects between 30% and 60% of adult SLE patients, and up to 70% of children. LN is an
immune-mediated glomerulonephritis that is a common and serious finding in patients with SLE. Nowadays, renal
biopsy is considered the gold standard for classifying LN, besides its degree of activity or chronicity. Nevertheless,
renal biopsy lacks the ability to predict which patients will respond to immunosuppressive therapy and is a costly
and risky procedure that is not practical in the monitoring of LN because serial repetitions would be necessary.
Consequently, many serum and urinary biomarkers have been studied in SLE patients for the complementary
study of LN, existing conventional biomarkers like proteinuria, protein/creatinine ratio in spot urine, 24 h urine
proteinuria, creatinine clearance, among others and non-conventional biomarkers, like Monocyte chemoattractant
protein-1 (MCP-1), have been correlated with the histological findings of the different types of LN. In this article,
we review the advances in lupus nephritis urinary biomarkers. Such markers ideally should be capable of pre-
dicting early sub-clinical flares and could be used to follow response to therapy. In addition, some of these
markers have been found to be involved in the pathogenesis of lupus nephritis.
1. Systemic lupus erythematosus and lupus nephritis

Systemic lupus erythematosus (SLE) is the prototypical autoimmune
disease that can affect any organ of the body. The involvement of the
kidney, called lupus nephritis (LN), during the course of the disease af-
fects between 30% and 60% of adult SLE patients, and up to 70% of
children. Hence, the kidney is one of the main organs affected by SLE and
the cause of the greater burden of morbidity and lower survival in these
patients [1].

Despite management guidelines and established immunosuppressive
treatments, approximately 10%–20% of SLE patients will progress to
end-stage renal disease within 5 years after diagnosis, whereas 40% of
patients with LN III-V will develop some degree of chronic kidney disease
(CKD)[2].

Renal biopsy is considered the gold standard for classifying and
determine the degree of activity or chronicity of LN. It can serve as a
guide for immunosuppressive therapy selection. However, the current LN
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classification system that is based on renal biopsy is difficult to repro-
duce, resulting in doubts about its clinical application [3]. Furthermore,
the current classification of LN does not include certain histological
findings—thrombotic microangiopathy, vasculitic lesions, and lupus
vasculopathy—that can modify the management decision and be asso-
ciated with a worse renal prognosis. In addition to this limitation, renal
biopsy lacks the ability to predict which patients will respond to immu-
nosuppressive therapy and is a costly and risky procedure that is not
practical in the monitoring of LN because serial repetitions would be
necessary [4].

Consequently, many serum and urinary biomarkers have been studied
in SLE patients for the complementary study of LN. Thus, conventional
biomarkers for the determination of LN—proteinuria, protein/creatinine
ratio in spot urine, 24 h urine proteinuria, creatinine clearance, double-
chain anti-DNA levels, and serum complement, among others—have
been extensively researched in LN. Nevertheless, these biomarkers may
not be useful enough to appropriately predict relapse, accurately monitor
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response to treatment, or identify the degree of disease activity and
chronic damage. Also, non-conventional biomarkers have been corre-
lated with the histological findings of the different types of LN. For this
reason, the investigation of new potential biomarkers that overcome
these obstacles are clearly necessary [5].

2. Biomarker definition

A biomarker refers to a biological, genetic or chemical, characteristic
that is objectively measured and evaluated as an indicator of normal
biological processes, pathological processes, or pharmacological re-
sponses to a therapeutic intervention [6]. Biomarkers can be: 1) prog-
nostic, identifying individuals at risk of developing the disease or those
likely to experience an outbreak; 2) diagnostic, confirming the presence
or subtype of a disease; 3) predictive of the response to treatment; 4)
pharmacodynamic, determining the optimal therapeutic doses; and 5)
surrogate endpoint, which is defined as a biomarker intended to substi-
tute for a clinical endpoint, the latter being a characteristic or variable
that reflects how a patient feels, functions, or survives [7].

The ideal biomarker in SLE patients with suspicion or confirmation of
LN should have the following properties: 1) be specific for renal
involvement, 2) have a good correlation with kidney activity or damage,
3) be useful for serial monitoring, 4) be superior to conventional clinical
or laboratory parameters, 5) possess the ability to assess the severity of
renal involvement, 6) be cost-effective, and 7) easy to perform and
available in most clinical laboratories [8]. Fig. 1 summarizes these
characteristics.

3. Urinary biomarkers

Unlike other sample sources (serum or tissue), obtaining urine is not
an invasive procedure, and it can be easily collected, allowing for
sequential sampling. In the case of LN, the urine is physically close to the
Fig. 1. Characteristics of
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site of activity of the disease, being an interesting sample for monitoring
of patients with LN [9]. Therefore, proteins, such as cytokines, chemo-
kines, complement proteins, adhesion molecules, and autoantibodies,
have been identified as possible biomarkers of disease activity in
cross-sectional studies. In most of the studies, this disease activity is
measured by the Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI), which is an index that allows identify the level of systemic
activity the patient [classifying the patient as follows: no activity (SLE-
DAI ¼ 0), mild activity (SLEDAI ¼ 1–5), moderate activity (SLEDAI ¼
6–10), high activity (SLEDAI ¼ 11–19), very high activity (SLEDAI ¼
20)], and thus correlate it with the urinary biomarker studied [10].
However, few candidate biomarkers have been validated in longitudinal
cohorts, and none have been used successfully even in the context of a
clinical trial (see Fig. 2). Tables 1 and 2 summarize the most important
biomarkers and the types of clinical study designs in which they have
been described.

We will present an update of the main urinary biomarkers, grouped
by their biological characteristics or functions, which until now have
demonstrated a potential role in LN. Additionally, we will describe the
techniques used to identify them and their validation in clinical practice.
It should be emphasized that none of the biomarkers described below
have an approval for commercial use in clinical practice.

3.1. Urinary cytokines

Several cytokines that are involved in the adaptive and innate im-
mune responses, and potentially play a role in the pathophysiology of LN,
have been studied. We will summarize the cytokines most described in
the literature.

3.1.1. Urinary TNF-like weak inducer of apoptosis (TWEAK)
This cytokine is a part of the tumor necrosis factor (TNF) superfamily

[11]. Its mRNA is expressed in a large number of tissues, primarily the
an ideal biomarker.



Fig. 2. Approach for the assessment of urinary biomarkers in patients with lupus nephritis.
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kidneys, lungs, and placenta, and also in active monocytes and macro-
phages, which are the cells most closely related to its production [12].
One of the most relevant characteristics of TWEAK is the pro-apoptotic
function in several tumor lines, such as KYM-1 (rhabdomyosarcoma),
HSC3 (squamous cell carcinoma), HT-29 (colon cancer)[13,14], and
proinflammatory properties in fibroblasts and synoviocytes [15]. In
relation to SLE and LN, the main receptor of TWEAK, Fibroblast growth
factor-inducible 14 (Fn14), has been observed as expressed in mesangial
cells, podocytes, and tubular cells. Moreover, TWEAK stimulates the
expression of a large number of proinflammatory mediators, such as
Regulated on Activation, Normal T Cell Expressed and Secreted
(RANTES), Monocyte chemoattractant protein-1 (MCP-1), Interferon
gamma-induced protein-10 (IP-10), Matrix metalloproteinase-1
(MMP-1), MMP-9, vascular cell adhesion molecule-1 (VCAM-1), Inter-
cellular Adhesion Molecule-1 (ICAM-1), and macrophage inflammatory
protein-1 alpha (MIP-1a), conferring it as having an important role in the
pathogenesis of the disease [16].

For the above mentioned, the measurement of this cytokine in the
urine is interesting as a potential biomarker of LN. SLE patients with
active kidney disease have significantly higher urinary TWEAK levels
than SLE patients without active renal disease. These levels correlate very
significantly with Systemic Lupus Erythematosus Disease Activity Index
renal domain (SLEDAI-R) > 4[17]. Interestingly, urinary levels of
TWEAK are specifically characteristic of LN, showing substantially
elevated levels in nephritis comparedwith other systemic manifestations.
More strikingly, the levels of this cytokine rise at the beginning of the
renal flare, obtain its peak at the time of diagnosis, and progressively
decrease after the resolution of the flare [18], suggesting that the
monitoring of TWEAK levels may be useful for predicting flares or the
response to these [19]. Besides, it has been described that TWEAK is also
significantly related to anti-dsDNA levels and has a high specificity for
the proteinuria presence, notably together with the MCP-1 levels
(explained below)[20].

3.1.2. Urinary interleukin (IL-17)
Interleukin (IL)-17 is a transmembrane protein of 17 kDa. It has a

remarkable proinflammatory capacity, and through its effects on the
recruitment of monocytes and neutrophils, it increases the local pro-
duction of chemokines, such as MCP-1, IL-8, among others [21].
3

Although it is mostly produced by CD3⁺ Th17 lymphocytes, IL-17 can be
produced by a large number of cells, such as CD4⁺ T cells, CD8⁺ T cells, γδ
T cells, NK cells, and neutrophils [22]. This IL plays an important role in
the immune response against bacteria, such as Klebsiella pneumoniae, and
fungi, such as Candida albicans [23]. Further, IL-17 has also been
described in several autoimmune diseases, such as rheumatoid arthritis
[24], systemic sclerosis [25], inflammatory bowel disease [26], and SLE,
particularly in cutaneous involvement and serositis [27].

Regarding LN, it is known that IL-17 is associated with renal injury
and plays a role in the pathogenesis of SLE [28]. The levels of this
cytokine are characteristically elevated in the urine, to a greater extent in
patients with severe renal damage. This correlates with the histological
findings of class III/IV LN. Likewise, its diagnostic capacity is adequate,
with a high area under the curve (AUC 0.7)[29]. Another study found
elevated expression of IL-17 in the urinary sediment of patients with LN.
These levels correlated with an active SLEDAI [30]. On the other hand, a
more recent study reported high urinary levels of IL-17 in patients with
LN, as well as a correlation with lymphocyte count, proteinuria, eryth-
rocyte sedimentation rate, and blood urine nitrogen. The diagnostic ca-
pacity of IL-17 in urine and Th-17 in serum were evaluated and found to
be highly sensitive and very specific, respectively [31]. Despite the evi-
dence of the role of this protein in LN, more studies are still needed.

3.1.3. Urinary Interleukin-6
IL-6 is a pleiotropic cytokine produced by monocytes, T and B lym-

phocytes, fibroblasts, endothelial cells, and mesangial cells [32]. This
signaling molecule is related to multiple functions, such as the produc-
tion of plasma cells, differentiation and growth of T cells, megakaryocyte
maturation, osteoclast development, synthesis of acute phase proteins in
hepatocytes, and growth factor in myeloma/plasmacytoma [33]. Addi-
tionally, it is associated with other types of neoplasms, for example,
colorectal cancer [34].

The IL-6 production in mesangial cells, tubuloepithelial cells, endo-
thelial cells, and podocytes, have linked this cytokine to CKD, acute
kidney disease (AKD), IgA nephropathy, diabetic nephropathy (DN), and
LN [35]. Regarding LN, the involvement of IL-6 in the pathogenesis of
this disease and the production of anti-dsDNA has been demonstrated in
murine models [36]. One study reported the correlation between high
urinary levels of IL-6 with histological class IV and its decrease in the



Table 1
Urinary biomarkers in Lupus Nephritis.

Biomarker Specificity for renal
involvement in SLE
patients

Correlation with renal
disease activity

Correlation with
renal damage

Predictor of
LN flares

Decrease after
treatment

Main Detection
method

Correlation with
renal histology

Cytokines
TWEAK þ þ ns þ þ EIA ns
IL-17 þ þ þ ns ns EIA þ (class III/IV

nephritis)
IL-6 þ þ ns ns þ EIA þ (class IV

nephritis)
Adiponectin þ þ ns þ ns EIA ns
TGF-β þ þ – ns þ PCR/mRNA þ (class IV

nephritis)
Osteoprotegerin þ þ ns ns ns EIA ns
TNFR1 þ þ ns ns ns EIA ns
Chemokines
MCP-1 þ þ ns þ þ EIA þ (class III/IV

nephritis)
CCL5/RANTES þ þ – þ ns PCR/mRNA –

CXCL10/IP10 þ þ ns ns ns PCR/mRNA þ (class IV
nephritis)

CXCL16 þ þ – ns – EIA þ (class IV
nephritis)

IL-8 þ þ ns ns þ EIA ns
Urinary enzymes
NGAL þ þ ns þ þ EIA ns
NAG þ þ ns ns þ EIA ns
Injury proteins
KIM-1 þ þ þ ns ns EIA ns
HMGB1 þ þ ns ns ns EIA ns
Vascular molecules
Angiostatin þ þ þ ns ns EIA ns
VCAM – ICAM þ þ þ – ns EIA þ (class III/IV

nephritis)
Endothelin þ þ ns ns þ EIA ns
VEGF þ þ ns ns ns EIA ns
Others biomarkers
FOXP 3 þ þ ns þ þ PCR/mRNA ns
Ceruloplasmin þ þ ns ns ns EIA ns
Transferrin þ þ ns þ þ EIA ns
STAT-1 þ (biopsies) þ ns ns ns IHC ns
Th1/Th2 Factors þ (Th1) þ (Th1) ns ns ns PCR/EIA ns
LTh1 CD4 þ
CXCR3 þ

þ þ ns ns ns FCT ns

TWEAK: TNF-like weak inducer of apoptosis; TGF-β: transforming growth factor beta; TNFR1: Tumor necrosis factor receptor 1; MCP-1: monocyte chemoattractant
protein-1; RANTES: Regulated upon Activation, Normal T cell Expressed, and Secreted; IP-10: Interferon gamma-induced protein 10; NGAL: neutrophil gelatinase-
associated lipocallin; NAG: N-Acetyl-β-D Glucosaminidase; KIM-1: Urinary kidney injury molecule-1; HMGB1: High mobility group box 1; VCAM: vascular cell adhe-
sion molecule 1; ICAM: Intercellular Adhesion Molecule 1; VEGF: Vascular Endothelial Growth Factor; FOXP3: forkhead box protein P3; STAT-1: Signal transducer and
activator of transcription 1; Th1: T helper 1; Th2: T helper 2; EIA: Enzyme immunoassay; PCR: Polymerase chain reaction; mRNA: Messenger ribonucleic acid; IHC:
Immunohistochemistry; CT: Flow cytometry. (þ) indicates a positive and statistically significant relationship documented in at least one study; (�) indicate that there is
no statistically significant relationship; “ns” denotes “not studied”. It must be taken into account that, for several molecules, the data are only available in 1–2 studies,
and these findings should be updated as more validation tests are carried out.

Table 2
Different urinary biomarkers in relation to the activity of lupus nephritis.

Biomarkers that correlate
with activity in
longitudinal studies

Biomarkers that correlate
with activity in cross-
sectional studies

Biomarkers that
correlate with
prognosis

MCP-1 Urine Osteoprotegerin MCP-1
NGAL Urine CXCR3⁺-CD4⁺ T cells VEGF
TWEAK Urine FoxP3 mRNA expression STAT-1

Urine endothelin-1 IP-10
VCAM-1 CXCR3
TGF-β TGF-β

AbbreviationsMCP-1: monocyte chemoattractant protein-1; NGAL: neutrophil
gelatinase-associated lipocallin; TWEAK: TNF-like weak inducer of apoptosis;
FOXP3: forkhead box protein P3; VCAM: vascular cell adhesion molecule 1; TGF-
β: transforming growth factor beta; VEGF: Vascular Endothelial Growth Factor;;
STAT-1: Signal transducer and activator of transcription; IP-10: Interferon
gamma-induced protein 10.
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urine levels after treatment [37]. Tsai et al. found significantly elevated
levels of IL-6 in the urinary sediment in patients with active LN and also
described a decrease of this cytokine in conjunction with IL-8 after the
6-month therapy with cyclophosphamide, raising the possible utility of
the measurement of this molecule to monitor response to treatment [38].

However, a research that was conducted in 2006 and included 143
SLE patients did not find a significant difference in the urinary levels of
IL-6 in patients with LN compared with patients without LN. This study
has the largest number of patients compared with previous publications,
causing some controversy about the clinical usefulness of this cytokine.

3.1.4. Urinary Adiponectin
Adiponectin is produced almost entirely by adipocytes and performs

various homeostatic functions, mostly in immunomodulation [39,40]. It
is known that adiponectin participates in insulin sensitivity, and the
serum levels of this molecule are diminished in pathologies, such as type
II diabetes mellitus and obesity [41]. Additionally, it has been linked as a
protective factor in osteoarthritis and atherosclerosis [42]. In spite of the
above, adiponectin has proinflammatory activity [43].
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The Ohio SLE Study identified urinary levels of this cytokine in SLE
patients with renal flare compared with SLE patients without renal
involvement, describing that adiponectin levels began to increase 2
months before renal manifestations [44]. Moreover, in the same study, a
correlation was found between proteinuria and an increase in serum
creatinine. A more recent paper measured the adiponectin ability, along
with other molecules, to correlate with activity index in kidney biopsies
and finding positive results [45]. They also described that adiponectin
has a high AUC to determine the activity of the LN. Furthermore, pedi-
atric studies have reported a correlation between adiponectin and albu-
minuria [46].

3.1.5. Transforming growth factor-beta
Transforming growth factor-beta (TGF-β) is a dimeric peptide with a

wide spectrum of physiological activities, such as morphogenic func-
tions, modulation of the immune system, regulation of tissue remodeling,
and wound repair [47]. It is a key factor in the inflammatory response,
participating both in the early response through the recruitment of
monocytes and in the repair phase, favoring the production of angiogenic
factors and fibrosis [48,49]. As mentioned, TGF-β is expressed in repair
processes and has been observed to induce the production of collagen
types I, III, IV, and V in cell cultures. It also increases the transcription of
collagen genes types I and IV [50,51]. For this reason, TGF-β has been
related to several pathological processes, performing important roles in
the pathogenesis of hepatic fibrosis [52], remodeling in respiratory pa-
thologies, such as Chronic Obstructive Pulmonary Disease and asthma
[53], and its participation in renal fibrosis [54], regulating the accu-
mulation of proteins and other components in the extracellular matrix
[49,54].

TGF-β is expressed in the glomerulus [55] and in the renal inter-
stitium during inflammation, where it decreases the production of MCP-1
in proximal tubular epithelial cells [56] and promotes the production of
Vascular Endothelial Growth Factor (VEGF) and IL-8, causing greater
recruitment of proinflammatory cells and proteinuria due to increased
vascular permeability [57]. The three isoforms of this cytokine (TBRI, II,
and III) have been associated with renal pathologies because of their
expression in the glomerulus and interstitium of patients with IgA ne-
phropathy, focal and segmental glomerulosclerosis, membranoprolifer-
ative glomerulonephritis, ANCA glomerulonephritis, and LN [58].

Studies have been conducted on the expression of TGF-β in patients
with LN and its association with the disease activity. Avihingsanon et al.
demonstrated that the measurement of mRNA levels of TGF-β in urine by
real-time PCR is associated with a high level of specificity to class IV LN
[59]. In addition, they reported that TGF-β levels were reduced after
treatment but remained high in patients who did not respond to immu-
nosuppressive therapy [59]. An Indian series described a correlation
between TGF-β urine levels with the disease activity and the biopsy ac-
tivity indexes (BAIs), but no correlation with the chronicity indexes [60].
In pediatric patients, it has been observed that urinary TGF-β levels are
significantly higher in those with active LN and are positively associated
with anti-dsDNA titers [61]. Interestingly, the plasma levels of TGF-β in
these pediatric patients were decreased compared with the levels in the
urine. Finally, recent research described a relationship between high
levels of TGF-β and severe LN. In the same study, the diagnostic capacity
of this cytokine was measured together with neutrophil
gelatinase-associated lipocalin (NGAL), IL-17, and MCP-1, and it was
found that TGF-β was the weakest in the group. However, AUC was
greater than 50% [62].

3.1.6. Osteoprotegerin
Osteoprotegerin (OPG) belongs to the superfamily of TNF receptors

whose main function is the regulation of bone resorption, by decreasing
osteoclastogenesis [63]. This protein is expressed in various body tissues
including the lung, kidney, liver, cardiovascular system, and in immune
tissues, such as the spleen, bone marrow, thymus, and to a large extent B
lymphocytes [63,64]. For several years it has been known that the OPG
5

regulation is linked to different cytokines, such as IL-1α, IL-1β, IL-6,
IL-11, IL-17, TNF-α, hormones such as PTH, and other substances such
as PGE2[65].

Elevated levels of OPG have been associated with CDK, polycystic
kidney disease, IgA nephropathy, and increased cardiovascular risk
because of its probable relationship with arteriosclerosis [66]. The kid-
ney plays an important role in the excretion of this protein; thus, one
hypothesis proposes that OPG concentration can be increased in active
LN because of the rise in production and excretion of this molecule by the
endothelial cells of the renal microvasculature [67]. In several reports,
elevated urinary OPG levels correlated significantly with active nephritis,
specifically in the presence of hematuria, elevated proteinur-
ia/creatinuria index, and anti-dsDNA [67]. One study found an associa-
tion between elevated urinary levels of OPG and rSLEDAI. Also, the
diagnostic capacity of OPG markedly increased with the measured in
conjunction with TWEAK, MCP-1, and IL-8[68]. In addition, it was found
that urinary measurement of this cytokine had a better AUC to detect
renal active disease compared with conventional serum markers, such as
C3, C4, and anti-dsDNA [69].

3.1.7. Urinary Tumor necrosis factor receptor 1
Tumor necrosis factor receptor (TNFR) is part of the superfamily of

TNF receptors which regulate the signaling of survival, proliferation,
differentiation, and action of the immune and non-immune system cells
[70]. This molecule is a pleiotropic receptor with the main function of
activating the signaling pathways in apoptotic processes through the
caspase pathway and programmed cell necrosis [71]. This protein is
expressed in the peritubular capillaries in the endothelium of the kidney,
and its elevated serum levels have been linked to the progressive dete-
rioration of renal function [72]. Additionally, TNFR-1 is expressed in the
glomerulus and distal and collecting tubules. High urinary levels corre-
late significantly in patients with active LN (according to elevated pro-
teinuria/creatinuria index and SLEDAI)[73]. Although the usefulness of
TNFR-1 as a urinary biomarker for LN has been confirmed, it has only
been described in one study, which is why more evidence is required to
support this finding.

3.2. Urinary chemokines

The main functions of chemokines are the regulation of cellular
traffic, as well as selectively recruiting monocytes, neutrophils, and
lymphocytes that are involved in the inflammatory response [74].
Because of their relevant role in the immune response, chemokines have
been evaluated as potential biomarkers of LN.

3.2.1. Monocyte chemoattractant protein-1 (MCP-1)
MCP-1 has been one of the most investigated urinary biomarkers for

LN. MCP-1 belongs to the CC-chemokine family, is encoded on chro-
mosome 17, and is composed of 76 amino acids [75]. In the kidney, it is
produced by mesangial, tubular, epithelial cells, and in smooth muscle
[76]. It is mainly expressed by monocytes, activated macrophages, T
cells, and NK cells [74].

MCP-1 levels are significantly higher in patients with LN compared
with healthy controls [77]. In experimental murine models, MCP-1 par-
ticipates in the pathogenesis of tubulointerstitial damage, recruiting
monocytes, and producing fibrosis in the interstitium [78]. This elevation
in urinary concentration has also been related to the decrease in renal
function [79]. Moreover, this cytokine has been associated with disease
activity and evaluated with tools, such as rSLEDAI, suggesting that high
levels of MCP-1 indicate active LN, chiefly in classes III and IV nephritis
[80]. In fact, MCP-1 levels dramatically increase in renal exacerbation
and decrease in conjunction with the resolution of this condition [81].
Furthermore, urinary levels may increase between 2 and 4 months before
renal relapse and may be an interesting predictive factor [81].

Despite the well-known correlation between MCP-1 function and LN,
high urinary levels of this protein are not exclusive for LN. For instance, it
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has been observed that MCP-1 is an important promoter of inflammation,
renal injury, and fibrosis in DN [82]. It has also been associated with IgA
nephropathy, membranous glomerulonephritis, focal and segmental
glomerulosclerosis, polycystic kidney disease, and renal allograft rejec-
tion [83]. All the same, recent studies have shown that urinary mea-
surement of MCP-1, in combination with TWEAK (described above),
correlated more precisely with BAI and the rSLEDAI, being even more
accurate than the measurement of C3 and C4 in serum [84].

Currently, therapeutic alternatives using MCP-1 antagonist molecules
are being explored in murine models, observing a decrease in the inci-
dence and progression of renal lesions in LN [85].

3.2.2. Chemokine ligand 5/RANTES
RANTES is a beta-chemokine that promotes the attraction and transit

of T lymphocytes and plays an important role in the recruitment of leu-
kocytes to the area of inflammation [86]. This molecule has been
observed as expressed in the kidney of murine models [87], in relation to
kidney injury processes, such as ischemia, and rejection of kidney
transplantation [88]. Additionally, elevated serum levels of circulating
RANTES have been described in SLE patients[89], and it has been found
that the expression of RANTES mRNA in the urinary sediment is elevated
in patients with active LN.

One study reported that RANTES correlates with proteinuria and
SLEDAI levels, but it is not a good predictor of renal flare and has no
correlation with the activity index, chronicity index, or with any histo-
pathological characteristics [90]. In contrast to a subsequent study
including a larger number of patients who were followed for approxi-
mately 24 months, it was found that persistently high levels of RANTES
and macrophage colony stimulating factor (M-CSF) measured by ELISA,
were predictors of renal flare [91]. Lastly, a more recent research using
ELISA measured urinary CCL2, CXCL10, RANTES, CCL2, CCL4, and IL-10
and concluded that the first three had a good ability to detect disease
activity; however, CCL2 and CXCL10 were better than RANTES [92].

3.2.3. Interferon gamma-induced protein 10 or C-x-C motif chemokine 10
Interferon gamma-induced protein 10 (IP-10) or C-X-C motif che-

mokine 10 (CXCL10) is part of the CXC chemokine family. The chemo-
kines of this family have proinflammatory properties and act as
modulators of angiogenesis in conditions of scarring, ischemia, and
neoplasia. For this reason, they share specific receptors on leukocytes and
endothelial cells [93]. Therefore, CXC chemokines play an essential role
in the control of homeostatic and inflammatory basal movement of leu-
kocytes and have strong antiangiogenic activity [94]. IP-10 is inducible
by IFN-γ, TNF-α, viruses, and microbial components directly or indirectly
by the activation of the NF-kB pathway [93]. It has been proposed that
this chemokine is also involved in the recruitment and enhancement of
Th1 cells and is also involved in the pathogenesis of different types of
diseases, such as certain infectious, inflammatory, and autoimmune
diseases including multiple sclerosis, Grave’s disease, autoimmune
thyroiditis, type I diabetes mellitus, and SLE93 95.

Serum levels of CXCL10 in SLE patients are significantly elevated and
correlate with the SLEDAI. Additionally, the expression of CXCL10
mRNA and its receptor CXCR3 in urine is related to patients with LN and
is undetectable in control patients [96]. Moreover, in a cross-sectional
study by Marie et al., a statistically significant positive correlation of
CXCL10was foundwith the level of proteins excreted in the urine in 24 h,
SLEDAI, activity index, and the LN class in renal biopsy [95]. The
aforementioned refers to the fact that the CXCL10 elevated levels in urine
are related to LN, in SLE patients with high SLEDAI in general and
particularly with renal involvement. Also, this chemokine has a
remarkable sensitivity (100%) and specificity (98%) when levels are
positive (�93 pg/dL)[95].

3.2.4. C-X-C motif chemokine 16
CXCL16 is a cytokine expressed in dendritic cells and macrophages,

which participates in the recruitment of inflammatory cells, such as NK
6

cells and T lymphocytes, and the intracellular adhesion is mediated by
interactions with CXC 6 receptor (CXCR6) [97,98]. Despite its role as an
inflammatory chemokine, CXCL16 is described in the development of
atherosclerosis, phagocytosis of gram-positive and gram-negative bac-
teria, and as an inducer of NF-kB activation [99–101]. CXCL16 has been
postulated as a chemokine implicated in the pathophysiology of LN since
several studies have reported its major expression in the urine of patients
with LN compared with SLE patients without LN [102].

One of the first groups to postulate this chemokine as a biomarker of
renal involvement in SLE was Teramoto et al. They used microarray
techniques to analyze the mRNA and found that in murine kidneys with
LN, the expression of several chemokines was increased—including
CXCL16 and its receptor CXCR6—involving them as recruiters of T
lymphocytes polarized to the Th1 profile [103]. Taking this into account,
in recent years, the role of CXCL16 as a urinary biomarker has been
studied. It has been found that its expression is associated with higher
rates of disease activity (elevated SLEDAI, high values of 24 h proteinuria
[104], and high anti-DNA titers [105]). Also, CXCL16 is histologically
correlated with class IV LN and with higher activity indexes, whereas it
does not correlate with the chronicity indexes [106].

3.2.5. Interleukin-8
IL-8 belongs to the family of proinflammatory chemokines. Its syn-

thesis is carried out in fibroblasts, endothelial cells, monocytes, macro-
phages, and dendritic cells. It is a potent neutrophil chemotactic factor,
regulates the production of adhesion proteins, and amplifies the local
inflammatory response [107].

Wada et al. were the first to study the role of this cytokine as a urinary
biomarker for LN. They measured IL-8 levels in patients with polycausal
glomerular disease and found that 11/15 patients with LN had increased
IL-8 levels in the urine [108]. To date, few studies have evaluated the
effectiveness of IL-8 as a urinary biomarker. However, polymorphisms of
this cytokine have been studied as a risk factor for the development of
severe LN because the polymorphism of IL-8-845C predisposes Afri-
can–American patients to a higher risk of severe LN [109]. Similarly, it is
known that the levels of IL-8 in urine are higher in patients with active LN
compared with inactive LN, and these values decrease after the admin-
istration of pharmacological therapy, such as cyclophosphamide [38].
Although this chemokine has evidence as a biomarker of LN activity,
more studies are still required to postulate IL-8 as a useful biomarker in
clinical practice.

3.3. Urinary enzymes

3.3.1. Neutrophil gelatinase-associated lipocalin (NGAL)
NGAL is a 25 kDa molecule that belongs to the lipocalins superfamily.

It is highly expressed in activated leukocytes and tubular epithelial cells
[110]. Increased levels of this molecule have been reported in various
renal diseases, such as AKD, after cardiovascular surgery in the pediatric
population, renal failure after transplantation, hemolytic uremic syn-
drome, contrast-induced nephropathy [111], cisplatin-induced nephro-
toxicity [112], and CKD [113]. With regards to LN, urinary levels of
NGAL are significantly high in SLE patients with active renal disease
(rSLEDAI > 4), unlike in patients with SLE without renal manifestations
[114]. A significant increase in the uNGAL1/creatinuria ratio (up to
104%) can be detected up to 3 months before the LN exacerbation.

Interestingly, some studies have reported that urinary levels of NGAL
increase very early during renal flare, raising the possibility of its use as
an early biomarker of LN [77]. It has been seen that urinary levels of
NGAL in patients with LN decrease after the administration of immu-
nosuppressants, such as cyclosporine and mycophenolate mofetil. During
follow-up at 6 months in these patients, NGAL level decreases signifi-
cantly with a complete response, thereby showing even greater utility
than conventional markers, such as proteinuria [115]. Additionally, high
urinary levels of NGAL in conjunction with kidney injury molecule–1
(KIM-1) (described below) have been considered as risk factors for poor
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renal prognosis [77].

3.3.2. N-acetyl-b-D-glucosaminidase (NAG)
NAG is a hydrolase-class enzyme, found abundantly in the lysosomes

of cells located in the proximal tubules [116]. Normally it is not filtered
through the glomerulus and is only excreted in the urine when there is
dysfunction in the tubular epithelial cells [117]. The urinary measure-
ment of NAG has been useful to detect tubular damage in several cases. It
has been observed that high urinary levels of this enzyme are predictors
of micro and macroalbuminuria in individuals with type 1 diabetes
mellitus [118]. These elevated levels can also be observed in the urine of
patients with glomerulonephritis of any cause but mainly secondary to
primary glomerular disease [119]. It has also been linked to proteinuria
and CKD (particularly stage 3) [116].

Elevated urinary levels of NAG have been found in patients with LN
compared with healthy individuals [120]. Additionally, high levels of
this enzyme correlate with proteinuria but not with SLEDAI [121]. In
addition, after 7 days of oral prednisolone treatment, NAG levels
decreased after 30 days [122]. However, this evidence of improvement
occurs long after the proteinuria decreases and renal function improves;
therefore, it is not considered a useful tool in the monitoring of optimal
response to treatment. Albeit, more studies should be conducted.

3.4. Urinary protein biomarkers of kidney injury

3.4.1. Kidney injury molecule–1(KIM-1)
KIM-1 is a transmembrane protein with an immunoglobulin-like

domain, as well as a mucin domain in the extracellular portion. KIM-1
is expressed at high levels in the proximal tubular epithelial cells in
regeneration and is responsible for repairing and regenerating the
damaged regions of the nephron after kidney injury [123], specifically in
post-ischemic states and in response to nephrotoxicity. The usefulness of
this protein has been reported as a biomarker of kidney damage
considering that is not expressed in healthy kidneys [124]. Additionally,
it has been related to acute tubular necrosis and renal cell carcinoma
[125,126].

Regarding LN, KIM-1 levels are significantly higher in SLE patients
with active kidney disease, compared with patients without renal activ-
ity. Elevated levels of this protein are significantly associated with
tubular impairment and proteinuria. It is also very sensitive at detecting
cellular glomerular crescents and is highly specific for detecting inter-
stitial infiltration [127]. In addition, other researchers have described a
significant correlation between high urinary levels of KIM-1 with AKD,
nephrotic syndrome, and hematuria in SLE patients [77]. As previously
mentioned, the combination of different molecules can increase their
clinical utility. In this case, the combined measurement of KIM-1, NGAL,
and MCP-1 has an optimal diagnostic capacity (AUC 0.796) to predict
active or chronic tubulointerstitial lesions in SLE patients [77].

3.4.2. High-mobility group box 1 proteins (HMGB1)
HMGB1 are members of the High-Mobility Group proteins located in

the nucleus of eukaryotic cells [128,129]. These proteins bind to several
types of DNA—double-stranded DNA (dsDNA), single-stranded DNA,
distorted DNA, and nucleosomes—and participate in their transcriptional
regulation [130]. HMGB1 is encoded in human chromosome 13q12-13
and is composed of three distinct domains: box A, box B, and an acid
C-terminal tail. The latter contains a stretch of approximately 30
continuous residues of glutamic and aspartic acid [131]. One of the
best-characterized functions of this protein is its role as
damage-associated molecular patterns that are released passively by cells
during necrosis or immunogenic apoptosis, being recognized by Toll-like
receptors (TLRs) 2 and 4, and activating the inflammatory response [132,
133].

As an LN biomarker, HMGB1 serum levels are high in SLE patients
with renal involvement compared with SLE patients without renal
manifestations [134,135]. Certainly, the cytoplasmic and extracellular
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presence of HMGB1 has been found in kidney biopsies of patients with
LN [136,137]. HMGB1 can be detected in the urine of patients with LN
compared with that of patients without active LN. Additionally, it is
positively correlated with serum levels of HMGB1, proteinuria, and
SLEDAI. It is inversely correlatedwith C3 complement levels [138]. Thus,
it is possible that HMGB1 can be used as a biomarker of SLE activity and
severity, particularly in renal compromise. However, more studies are
needed to support this association.

3.5. Vascular molecules

3.5.1. Angiostatin
Angiostatin is an internal proteolytic fragment plasminogen of 38 kDa

with antiangiogenic and antitumor properties. It inhibits the prolifera-
tion of endothelial cells by regulating the expression of cyclin-dependent
kinase 5 (CDK5) [139]. Recently, this molecule has been linked to the
immune system. It has been demonstrated that it inhibits the activation
and migration of neutrophils [140]. It has been described, even in pro-
teomics studies, that angiostatin levels are elevated in SLE patients, but
the molecular mechanism is not yet known. One study reported that high
levels of angiostatin are significantly correlated with the SLEDAI, rSLE-
DAI, renal SLICC (Systemic Lupus International Collaborating Clinical
damage index for systemic Lupus erythematous), and the chronicity and
activity indexes used in kidney biopsies. The most remarkable finding is
that angiostatin levels are higher in SLE patients in remission with a
previous LN history, in comparison with SLE patients in remission
without prior LN [106]. Mok et al. evaluated the urinary levels of
angiostatin, VCAM, and CXCL4 and found that angiostatin has the best
AUC of the three markers to discriminate SLE with disease activity and
renal involvement vs. SLE patients with active disease but no renal
compromise, although there was no correlation with the chronicity in-
dexes in the kidney biopsies [141]. To conclude, angiostatin may be
useful in discriminating SLE patients with kidney injury; nevertheless, it
is necessary to conduct further studies to determine its utility as a
possible biomarker of progression and chronicity of the disease.

3.5.2. Adhesion molecules (VCAM and ICAM)
VCAM-1 or CD106 is an adhesion molecule expressed by endothelial

cells that is involved in the migration and recruitment of inflammatory
cells through its interaction with integrin very late antigen 4 (VLA-4),
which is present in infiltrating leukocytes [142]. Leukocyte infiltration in
the kidney is distinctive of severe kidney disease and is one of the
morphological features that contribute to LN. Consequently, the pro-
duction and VCAM-1 urine concentration are elevated in patients with
SLE and LN. Singh et al. conducted a cross-sectional study, including 74
patients with LN, 13 controls, and other individuals with other renal
diseases. They identified that urinary VCAM-1 was significantly elevated
in patients with kidney disease compared with control patients [143]. It
is probable that VCAM-1 levels fall in patients with LN when activity
decreases and chronicity is established. This would be beneficial for the
long-term monitoring of LN; however, the findings indicate that VCAM-1
is not specific for SLE and that it is a more general marker of kidney injury
caused by other types of inflammatory nephritis [142]. This suggests that
VCAM-1 is potentially useful in LN associated with another biomarker.

3.5.3. Endothelin-1
Endothelin-1 (ET-1) is a peptide of 21 amino acids produced by

endothelial cells and renal cells [144]. It is considered as the most
powerful endogenous vasoconstrictor [145]. Nonetheless, other func-
tions at the renal and vascular levels—cell proliferation [146], inflam-
mation [147], and fibrosis—have been associated with ET-1[148]. Also,
ET-1 is implicated in the development and progression of CKD [144].

There are few studies that have evaluated ET-1 as a urinary
biomarker. Scotland et al. evaluated the levels of renal excretion of ET-1
in patients with renal impairment secondary to different etiology and
found that active renal damage secondary to SLE presented the highest
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values of ET-1, thereby postulating it as an activity biomarker. In addi-
tion, they described a reduction in ET-1 levels after immunomodulatory
therapy in patients with LN [149]. Certainly, more studies are needed to
substantiate the role of ET-1 as a useful LN activity biomarker.

3.5.4. Angiogenic cytokine vascular endothelial growth factor(VEGF)
Endothelial cell injury is a pathophysiological mechanism of LN [150,

151], characterized by an increase in the apoptosis of these cells [152],
endothelial dysfunction [153], and a persistent endothelial inflammatory
state [154].

VEGF is an angiogenic cytokine produced by endothelial cells,
monocytes, macrophages, activated T lymphocytes, and other cell types
[155]. This molecule achieves functions that promote the survival of
endothelial cells, as well as the maintenance of vascular homeostasis. Its
production increases in response to inflammatory stimuli [156]. Hence,
increased VEGF production has been associated with some pathologies
like SLE [157] and is considered a serum biomarker of lupus activity
[158].

Regarding LN, it has been seen that VEGF is elevated in the urine of
patients with active LN, compared with patients with inactive LN or
quiescent lupus [159]. Notwithstanding, the understanding of this
cytokine as an activity biomarker is not entirely clear because it has also
been found that higher levels of VEGF in kidney biopsies is associated
with a lower activity of LN. Its low levels could act as a glomerular
damage progression marker [160]. Therefore, in order to strengthen its
role as a biomarker, more studies are needed to understand the partici-
pation of VEGF in the pathogenesis of SLE.

3.6. Other urinary biomarkers

3.6.1. Forkhead box P3
Forkhead box P3 (FoxP3) is a crucial transcription factor in the

regulation of the development and function of Treg [161]. This molecule
is very important in the homeostasis of the immune system. Mutation of
the FoXP3 gene causes a complex multi-organ autoimmune disease called
immune dysregulation, polyendocrinopathy, enteropathy, X-linked syn-
drome (IPEX syndrome)[162]. The participation of Foxp3 in the patho-
genesis of SLE has been reported, and the expression of this transcription
factor in CD4⁺ T cells has been correlated with the disease activity [163].

Increased levels of FoXP3 mRNA in the urine have been described in
patients with proliferative LN, associated with high rSLEDAI and high
titers of anti-dsDNA. Additionally, FoXP3 has been correlated with the
histological activity index, and its levels decreased significantly in SLE
patients who received treatment with a complete posterior response
[164]. In fact, it is reported that FoXP3 starts to elevate approximately 8
weeks before the renal flare [165]. According to the results found in the
reviewed studies, the measurement of this transcription factor could be
useful for determining the activity of the disease, predicting relapses, and
monitoring the response to treatment.

3.6.2. Transferrin
Transferrin weighs an average of 76–81 kDa and participates in the

homeostasis of the organism since it binds to two ferric iron molecules
and is responsible for transporting this metal to supply most of the body’s
needs [166]. Recently, transferrin was isolated in the urine of pediatric
patients with active LN, using proteomics studies [167]. It has been found
that transferrin levels are elevated in patients with active LN, correlate
with SLEDAI, and have an excellent diagnostic value for LN [168]. One
research reported that elevated levels of transferrin are associated with
capillary and mesangial proliferation and the formation of cellular
glomerular crescent [169].

An additional study reported that the urinary measurement of
transferrin, combined with the measurement of MCP-1 and liver-type
fatty acid binding protein, had a good prognostic utility for deteriora-
tion in renal function defined as a decrease in the GFR of at least 20% or
25% increase in creatinine compared with baseline [79]. It has been
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documented that the combined measurement of transferrin with
α1-acid-glycoprotein (AGP) and lipocalin-like prostaglandin D synthase
(L-PGDS) may have predictive utility for remission of LN, with persis-
tently elevated levels of these after treatment being a risk factor for
therapeutic failure [46].

3.6.3. Ceruloplasmin
Ceruloplasmin (CP) is a 122 kDa protein that contains the majority of

circulating copper. It has the function of iron oxidase and is associated
with transferrin because CP oxidizes Fe2þ (ferrous) to Fe3þ (ferric) so that
it can later bind to transferrin [170]. This is important since it has been
seen that molecules associated with iron metabolism (such as CP and
ferritin) are increased in SLE patients because their production can be
induced by proinflammatory cytokines such as IL-6 and IL-1[171].

So far there are few studies that have evaluated the role of urinary CP
as a biomarker for LN, although it has been reported that CP levels are
elevated in SLE patients with LN in comparison with SLE patients without
renal involvement [167]. Similarly, urinary CP levels are higher in pa-
tients with active LN and are related to a higher activity index. On the
contrary, no association was found between urinary CP levels with a high
SLEDAI value or with a particular LN class [168].

3.6.4. Th1/Th2 transcription factors
SLE is a disease physiologically characterized by aberrant activation

of the T lymphocytes. This leads to an increased production of proin-
flammatory cytokines [172]. The populations of Th1 and Th2 lympho-
cytes play an important role in abnormal cytokines production since it
has been seen that the imbalance between the cytokines produced by
lymphocytes Th1 (LTh1) and lymphocytes Th2 (LTh2) predisposes to an
inflammatory state characteristic of SLE [173]. To date, the reasons that
lead to this imbalance are unclear; however, it has been identified that
transcription factors T-bet and GATA-3 are essential for the differentia-
tion to the Th1 and Th2 profiles, respectively [173–175]. For this reason,
the alteration in the expression of T-bet and GATA-3 leads to an imbal-
ance between Th1 and Th2, which has been implicated in multiple
immunological diseases [176,177].

For the above mentioned, the urinary levels of these two transcription
factors have been studied in patients with active LN, compared with
patients with inactive LN, as well as the mRNA of each of them. It was
found that T-bet levels are raised in patients with active LN and are
associated with both higher SLEDAI and histological activity index. In
contrast, GATA-3 mRNA and protein levels are lower in the urine of SLE
patients with active LN in comparison with patients with remission or
quiescent LN. In conclusion, it appears that in patients with LN there is a
greater differentiation toward the Th1 profile because of the greater
expression of T-bet. The measurement of the mRNA of these transcription
factors could possibly be used as a urinary biomarker of disease activity
[178]. Nevertheless, more studies are required to support the clinical
utility of Th1/Th2 transcription factors.

3.6.5. CXCR3⁺ CD4⁺ T cells
Classically, LN has been associated with the deposition of immune

complexes and complement activation, which causes renal damage and
further progression of the disease [179]. However, some studies of renal
biopsies of patients with LN have revealed a leukocytic infiltrate (mainly
CD4⁺ T cells) that could contribute to kidney injury. Some relate the
extension of the infiltrate with kidney injury and a worse prognosis of LN
[180–182]. In murine SLE models with altered B-lymphocyte function
(incapable of producing antibodies), it has been observed that they also
develop LN. The presence of leukocyte infiltrate in the kidney biopsies of
these mice has also been described [183].

Understanding how CD4⁺ T cells are recruited to the renal tissue is
important because this may allow for the proposal of new therapeutic
targets or markers for renal injury. The CXCR3 receptor is a chemokine
receptor that is located chiefly in CD4⁺ T cells (producer of IFN-ɣ) and has
been identified as one of the key receptors for general leukocytic



Table 3
Proteomics studies (Adaptation of the results obtained by Rovin and collabora-
tors [206]).

Urinary samples

Proteomics Metabolomics
Prostaglandin D synthetase (PGDS) Citrate
Lipocalin-type Prostaglandin D
synthetase (L-PGDS)

Taurine

Serum amyloid-P (SAP) Discriminate between class III/IV LN vs.
Class V LN

Superoxide dismutase
Transferrin
Ceruloplasmin
Albumin
Hepcidin
A-1 antitrypsin
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infiltrate in LN. P. Enghard et al. evaluated, using immunohistochemistry
and immunofluorescence, the leukocytic infiltrate of 18 patients with LN.
In parallel, they studied by flow cytometry, the cell types (CD3⁺ T cells,
CXCR3⁺ cells, and CXCL10⁺ cells) in peripheral blood and urine and found
in renal biopsies that 63% of the cells of the infiltrate were CXCR3⁺ CD4⁺
T cells. In urine, the most frequent cell type was CXCR3⁺, which was
associated with greater activity of the disease (according to SLEDAI).
Therefore, they concluded that CXCR3⁺ CD4⁺ T cells represent an inter-
esting marker of LN activity and could be postulated as a possible ther-
apeutic target [184]. More studies are needed to further understand the
role of these cells as biomarkers of activity.

3.6.6. Signal transducer and activator of transcription(STAT)-1
STAT-1 is the main transcription factor that mediates the biological

effects of IFN-g [185,186]. The JAK-STATmolecular pathway is activated
by IFN-gamma in target cells, causing activated STAT-1 to bind to
ɣ-activated sequence (GAS) that is contained within the promoters of
inflammatory immune genes inducible by IFN-ɣ[187,188]. On the other
hand, STAT1 regulates the expression of proteins, such as Fas and Fas
ligand, that can trigger apoptosis and are known to be deregulated in SLE
[189].

L Martinez-Lostao et al. studied the biopsies of 15 patients with
diffuse proliferative LN and found that all patients expressed STAT-1, but
those with higher levels of this transcription factor had a higher disease
activity (measured by the SLEDAI) and higher creatinuria rates. This
suggested that one of the main mechanisms that IFN uses to mediate
renal injury in SLE patients is the STAT-1 activation; thus, its measure-
ment could be postulated with a marker of disease activity [190].

3.6.7. Renal Activity Index for Lupus (RAIL)
Each of the previously described biomarkers represents, by itself, a

useful tool that in the future may help the clinician to assess the activity
and severity of LN in a noninvasive manner. However, it is most likely
that a single biomarker is not enough to determine the activity and
severity of LN. Therefore, Brunner et al. performed an assessment of 16
urinary biomarkers to determine the performance of these and postulated
an index to predict the activity of LN. Of the 16 biomarkers evaluated, 6
(NGAL, MCP-1, CP, adiponectin, hemopexin, and KIM-1) were consid-
ered to construct the renal Activity Index for Lupus (RAIL). The activity
statuses of LN were calculated according to the National Institutes of
Health activity index (NIH-AI) and the tubulointerstitial activity index
(TIAI). These urinary biomarkers predicted the LN activity state (NIH-AI)
with over 92% accuracy and the LN activity state (TIAI) with up 80%
accuracy; therefore, RAIL represents an interesting tool that will allow
the clinician to determine, in a noninvasive way, the LN activity [191].

4. MicroRNA

MicroRNA are molecules of non-coding RNA, between 18 and 25
nucleotides and are part of one of the most abundant classes of regulatory
molecules in the genome. They intervene in gene expression at the post-
transcriptional level [192] and affect the expression of a large proportion
of the genome. This is reflected in several regulatory functions, such as
cell proliferation, apoptosis, and proliferation [193]. Recently, it has
been documented that the expression of specific microRNAs in renal
tissue is altered in several kidney diseases, including LN [193].

It has been reported that urinary levels of miR-146a and miR-155 are
elevated in patients with SLE. Additionally, miR-146a and miR-155
correlated with eGFR, proteinuria and SLEDAI, respectively. Also, the
levels of these two decreased after the administration of calcitriol [194].
In one study, urinary levels of miR-221, miR-222, miR-339–3P, and
miR-339–5P were measured since they have a key role in the regulation
of ICAM-1. It was found that urinary sediment levels of miR-339–3P are
significantly associated with proteinuria, and that miR-221 and miR-222
are inversely related to serum anti-dsDNA. Also, miR-221 specifically
correlated with serum C3 levels [195]. On the other hand, one study
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evaluated the urinary levels of miR-200a, miR-200c, miR-141, miR-429,
and miR-192. It described that these were significantly decreased in the
sediment of SLE patients and do not correlate with any clinical parameter
or serum levels. Regarding serum levels (miR-200a, miR-200c, miR-141,
miR-429, and miR-192), an association was found with some clinical
characteristics, raising the hypothesis that these could have a role in the
pathophysiology of LN that is not reflected in urinary sediment [196].

Studies of murine models have found that treatment with hydroxy-
chloroquine and prednisone decreases urinary levels of miR-let-7a and
miR-21[197]. Likewise, the identification of microRNA in urinary exo-
somes has also been conducted. One study described the presence of
miR-29c in exosomes of patients with LN showing a high predictive
power for a high chronicity index in kidney biopsies, acquiring a po-
tential function as an early predictor of progression to fibrosis in patients
with LN [198]. Moreover, a recent study identified that the expression of
miR-3135b, miR-654–5p, and miR-146a-5p in the exosomes correlated
with class IV LN with good diagnostic efficacy [199].

5. Urinary proteomic profiles

As mentioned in this review, the traditional approach for the deter-
mination of urinary biomarkers has been directed toward the detection of
specific molecules or proteins that are considered to be involved in the
pathogenesis of LN. Alternatively, another interesting approach for the
determination of urinary biomarkers is using proteomics techniques,
where multiple proteins can be detected simultaneously, allowing the
establishment of a profile according to the patient’s clinical condition.
Although separation and analysis of proteins in biological samples is a
technically complex task, especially with two-dimensional gel electro-
phoresis [19], there are alternatives, such as liquid chromatography
tandem-mass spectrometry (LC-MS/MS). In LC-MS/MS, proteins are
initially digested by a protease, then the peptides are separated using LC,
and subsequently—using mass spectrometry—the previously fragmented
proteins are identified, simplifying the entire process and improving the
specificity [200]. Finally, the use of surface-enhanced laser
desorption/ionization-time-of-flight-mass spectrometry (SELDI-TOF-MS)
has demonstrated the ability to analyze larger numbers of samples in less
time and also makes it possible to identify low molecular weight proteins
(<20,000 Da) [19].

With the use of SELDI-TOF-MS, one study detected that two protein
ions (3340 and 3980) were useful for distinguishing active from inactive
LN, with a specificity superior to traditional urinary biomarkers, as well
as being useful for predicting relapses or response to immunosuppressive
treatment [201]. Additionally, using electrospray ionization quadrupole
time-of-flight mass spectrometry (ESI-Q-TOF MS/MS), two potential
candidate proteins were identified: Zinc-alpha 2-glycoprotein (ZA2G)
and Prostaglandin H2D-isomerase (PGDS). ZA2Gwas elevated in both LN
and other glomerular diseases, whereas PGDSwas specifically elevated in
active LN, thereby the latter being interesting for further investigation
[202]. Using Matrix-Assisted Laser Desorption/Ionization Time-of-Flight
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Mass Spectrometry (MALDI-TOF-MS/MS), three urinary proteins have
been identified: alpha-1 antichemotrypsin (ACT), haptoglobin (Hp), and
retinol binding protein (RBP), which were subsequently validated by
ELISA. These proteins (ACT, Hp, RBP) showed a correlation with SLEDAI
and rSLEDAI, with a considerable capacity to detect disease activity,
especially with ACT. Furthermore, patients were followed for 12 months
after treatment, and the levels of these proteins were found to decrease
after the administration of immunosuppressive drugs. This could be used
as a marker of response to therapy [203].

Other investigations have been conducted in the pediatric population,
and eight potential markers have been determined as useful to effectively
discriminate active LN from inactive LN [204]. Subsequently,
MALDI-TOF-MS/MS was used to identify specific proteins such as AGP,
L-PGDS, transferrin, and PC. The first three were found to be useful
regarding predicting flares in pediatric patients with LN [205]. Table 3
summarizes some possible biomarkers obtained by proteomics based on
the study of Rovin and collaborators [206].

6. Limitations to the use of urine as a sample

Despite the ease of urine collection for the potential determination of
biomarkers, several aspects must be considered at the time of interpre-
tation. For example, changes in urinary pH, due to physiological or
pathological conditions, can modify the results. Also, daytime concen-
trations of urine may vary. Besides, the presence of bacteriuria or urinary
infections can alter the results. All these aspects must be considered at the
time of assessment.

7. Conclusions

Notwithstanding that there are many urinary biomarkers evaluated to
predict and assess the activity of LN, until now there is not enough evi-
dence in large-scale longitudinal studies in populations with different
ethnic groups to validate the usefulness of these biomarkers and their
possible use in clinical practice. On the other hand, the use of a single
biomarker is not strong enough for clinical follow-up. Instead, several
biomarkers are required to develop a useful index for the monitoring of
LN patients. Finally, although urinary biomarkers are interesting tools in
patients with LN, it should be remembered that similar serum and tissue
biomarkers exist and have equal weight in the study of these patients;
therefore, the development of an activity score will require the use of
both.
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