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Abstract
Objective This case-controlled study was designed to
correlate urinary biomarkers, TNF-like weak inducer of
apoptosis (TWEAK), osteoprotegerin (OPG), monocyte
chemoattractant protein-1 (MCP-1), and interleukin-8 (IL-
8) levels, with renal involvement in a cohort of systemic
lupus erythematosus (SLE) patients to examine their
diagnostic performance.
Patients and Methods In 73 SLE patients, and in 23 healthy
volunteers, urinary levels of TWEAK, OPG, MCP-1, and
IL-8 levels were measured. Disease activity was assessed
by total SLE disease activity index, and renal activity by
renal activity index (rSLEDAI), and both were correlated

with urinary biomarkers. Sensitivity, specificity, and pre-
dictive values of individual biomarkers to predict lupus
nephritis were also calculated.
Results Significantly higher levels of urinary biomarkers
were observed in SLE patients with lupus nephritis (LN)
compared with those without LN (TWEAK, p<0.001;
MCP-1, p<0.001; OPG, p<0.001; IL-8, p<0.032). Other
significantly higher levels were observed in SLE patients
with LN compared with control subjects (TWEAK, MCP-1,
OPG, and IL-8 p<0.001). Positive correlations were
observed between rSLEDAI and TWEAK (r=0.612 and p<
0.001), MCP-1 (r=0.635 and p<0.001), and OPG (r=0.505
and p<0.001).
Conclusions Urinary levels of TWEAK, OPG, and MCP-1
positively correlate with renal involvement as assessed by
rSLEDAI with reasonable sensitivity, specificity, and
predictive values to detect lupus nephritis while IL-8 was
not significantly associated with global or rSLEDAI.
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Introduction

Renal involvement in systemic lupus erythematosus
(SLE) is common with 50% of patients developing lupus
nephitis (LN) in the first year of diagnosis and is

A. El-shehaby : S. Marzouk
Department of Medical Biochemistry, Faculty of Medicine,
Cairo University,
Cairo, Egypt

H. Darweesh :Y. Emad (*)
Rheumatology and Rehabilitation Department,
Faculty of Medicine, Cairo University,
Cairo, Egypt
e-mail: yasseremad68@yahoo.com

M. El-Khatib :M. Momtaz
Internal Medicine Department,
Faculty of Medicine, Cairo University,
Cairo, Egypt

N. El-Shaarawy
Rheumatology and Rehabilitation Department,
Suez Canal University,
Ismailia, Egypt

J Clin Immunol (2011) 31:848–856
DOI 10.1007/s10875-011-9555-1



associated with an adverse outcome [1]. Despite treatment, it
has been reported that the 5-year renal survival rate ranges
from 46% to 95% [2]. A number of biochemical markers
are currently used to clinically assess SLE renal disease
activity, such as anti-double-stranded DNA antibodies
and complement component levels. Nevertheless, the
correlation between these markers and LN is imperfect,
and their utility in reflecting disease activity and
predicting outcome remains controversial [3].

TNF-like weak inducer of apoptosis (TWEAK) is a
member of the TNF ligand super family (TNFRSF) [4].
Similar to TNF, TWEAK is cleaved into a circulating
trimeric form that is thought to mediate its biologic effects.
The TNFRSF member Fn14 was, conclusively, identified
as a receptor for TWEAK in 2001 [5]. Binding of
TWEAK to the Fn14 receptor induces a strong proin-
flammatory response in various cell types, including
macrophages, fibroblasts, and synoviocytes. Interestingly,
several of the cytokines/chemokines induced by TWEAK
are major contributors to the pathogenesis of LN [6]. In a
mouse model of SLE, the absence of Fn14 or treatment
with an anti-TWEAK antibody reduces renal inflammation
and the severity of proteinuria [7]. In a recent report,
Schwartz et al. [8] supported a crucial role of TWEAK in
the pathogenesis of LN and provided strong evidence for
urinary TWEAK (uTWEAK) as a candidate clinical
biomarker for LN. Preliminary studies showed that
uTWEAK is a novel and accurate method used to
repeatedly assess kidney disease in SLE [9] and can
induce mesangial cells, podocytes, and endothelial cells to
secrete proinflammatory chemokines, which are crucial in
the pathogenesis of LN [10]. Recently, higher levels of
uTWEAK are indicative of LN, as opposed to non-LN
SLE, with better reflection of renal disease activity in
longitudinal follow-up [8].

Monocyte chemoattractant protein-1 (MCP-1) is a
leukocyte chemotactic factor that is involved in mediating
inflammation and injury in LN [11]. In patients with SLE,
urine monocyte chemoattractant protein-1 (uMCP-1) levels
are elevated in those with active nephritis and reduced after
immunosuppressive treatment [12, 13]. Nevertheless intra-
renal expression of other proinflammatory mediators, such
as MCP-1, interleukin-8 (IL-8), and ostoprotegrin (OPG)
has been shown to play an important role in the
pathogenesis of chemokine-mediated renal injury in SLE
[8, 14–18].

These new lines of evidence inspired us to measure these
novel urinary biomarkers (uTWEAK, uMCP-1, uOPG, and
uIL-8) in a cohort of SLE patients, with and without LN, in
order to correlate findings with other disease variables,
laboratory investigations, and global and renal disease
activity indices to examine their diagnostic performance in
relation to LN.

Subjects and Methods

The study comprised 73 patients with systemic lupus
erythematosus (70 females and three males). All patients
fulfilled the 1982 revised criteria of the American Rheu-
matism Association for the classification of SLE [19]. Their
mean age was 28.54±8.1 years, and the mean disease
duration was 5.8±3.8 years. The patients’ group was
further divided into two groups: group I (those with active
lupus nephritis, n=50) and group II (those with inactive or
nonrenal patients, n=23). The control group, group III,
consisted of 23 healthy volunteers (22 females and one
male), with a mean age of 31.57±9.2 years. All subjects
were recruited from the Rheumatology and Rehabilitation
Department and the Internal Medicine Department, Faculty
of Medicine, Cairo University. All participants gave
informed written consent in accordance with the Declaration
of Helsinki.

SLE Disease Activity Index Assessment

The global disease activity was assessed by total SLEDAI
(tSLEDAI). A SLEDAI score of ≥4 was taken as an
indicator of high levels of disease activity [20].

For renal involvement, renal SLEDAI (rSLEDAI) was
used to assess kidney disease activity. The score consists of
the four kidney-related parameters: hematuria, pyuria,
proteinuria, and urinary casts. Scores for the renal SLEDAI
can range from 0 (inactive renal disease) to a maximum of
16. Active lupus nephritis was those with an rSLEDAI
score of 4 or more [21].

Renal biopsy specimens were classified according to the
World Health Organization (WHO) criteria: minimal
changes (class I), mesangial alterations (class II), focal
proliferative (class III), diffuse proliferative (class IV), and
membranous (class V) glomerulonephritis [22].

Laboratory investigations included CBC, serum chemis-
try, ESR, serum C3, C4, and anti-dsDNA, complete urine
analysis, 24-h urinary proteins excretion, and urinary
biomarkers of nephritis (uTWEAK, uMCP-1, uOPG, and
uIL8). All available laboratory values were used in further
analysis.

Urinary Biomarkers Measurements

Freshly voided urine specimens were collected early in the
morning from patients and controls. Urine samples were
placed at 4°C and transported directly to the laboratory
where they were centrifuged to remove sediment and frozen
in aliquots at −80°C for further analysis. No other
manipulations were done as urinary chemokines are stable
in long-term frozen storage [10]. The levels of urinary
markers (TWEAK, OPG, MCP-1, and IL-8) were measured
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by specific ELISA, according to the manufacturer’s directions
(BenderMedSystems, Vienna, Austria; Biovendor Laboratory
Medicine, Brno, Czech Republic; Quantikine; R&D systems,
Minneapolis; USA, Pierce Endogen, Rockford, USA, respec-
tively). Urinary TWEAK levels were determined by ELISA,
as described previously [10], with the intra- and inter-assay
coefficients of variation being 7.9% and 9.2%, respectively,
and an average urine recovery of 88%. The lower range of
the uTWEAK assay is 15.6 pg/ml [23]. Urinary MCP-1 had
intra- and inter-assay coefficients of variation of 5.9% and an
average urine recovery of 92%. The lower range of the
uMCP-1 assay is 5 pg/ml. The intra- and inter-assay
coefficients of variation for uOPG were 4.9% and 9%,
respectively. The lower range of the OPG assay is 0.1 pg/ml.
The IL-8 had intra- and inter-assay coefficients of variation
of 10% and an average urine recovery of 120%. The lower
range of the IL-8 ELISA is 25 pg/ml. Urine values below
this were considered undetectable. Urinary biomarkers levels
were standardized to urine creatinine measured in the same
spot urine and expressed as pg/mg Cr.

Statistics

Data were coded and summarized using SPSS version
12.0 for Windows. Quantitative variables were described
using mean±standard deviation and categorical data by
using frequency and percentage. Nonparametric testing
was performed by Mann–Whitney U test and used to
compare uTWEAK and other urinary biomarker levels

among the studied groups of patients and normal control
subjects. Spearman’s rho correlation test was used to
correlate urinary biomarkers with other disease variables.
In all tests, p value of <0.05 was inferred as statistically
significant. Regression analysis was performed to examine
the cumulative effect of all urinary biomarkers (uTWEAK,
uMCP1, uOPG, and uIL-8) in the occurrence of LN, and
one-way ANOVA was used to examine the differences of
individual urinary biomarker values among different
classes of renal biopsy. Receiver operating characteristic
curves were used to identify the ability of the measured
biomarkers in order to distinguish between patients' group
and to obtain sensitivity, specificity, positive, and negative
predictive values.

Results

SLE patients (n=73) were recruited into two groups: SLE
patients with active lupus nephritis (group I) and those
patients with inactive or nonrenal involvement (group II).
Statistically, significant differences were found between both
groups in the following variables; systolic blood pressure
(mmHg) (SBP), diastolic blood pressure (mmHg) (DBP),
tSLEDAI, rSLEDAI, serum creatinine level (mg/dl), 24-
h urinary proteins (g/24 h), C3 (u/ml), and C4 (u/ml). Detailed
comparisons between both groups are presented in Table I.

Regarding urinary biomarkers measured, a significant
difference was observed in uTWEAK (pg/mg Cr),

Table 1 Comparison between groups I and II in terms of demographic, disease activity indices, important clinical and laboratory findings

Variable Group I (n=50) Group II (n=23) Mann–Whitney U test
Mean±SD Mean±SD p value

Age (year) 29.10±7.929 29.74±8.781 0.816

Age of onset (year) 21.91±7.083 25.88±9.093 0.129

Disease duration (year) 6.09±4.171 5±3.18 0.66

SBP (mmHg) 127.8±21 112.17±12.7 0.002**

DPB (mmHg) 81.1±14.26 71.5±7.89 0.004**

tSLEDAI 11.08±5.201 5.70±3.1 0.0002**

rSLEDAI 6±3.8 0.096±1.61 0.0002**

Hemoglobin (g/dl) 11.14±1.83 11.187±1.5331 0.748

Total WBC (103/μL) 7.61±3.06 6.7±2.57 0.396

Platelet count (103/μL) 289.80±99.431 292.6±94.8 0.541

ESR (mm/min) 53.62±32.11 59.48±38.123 0.541

Cr (mg/dl) 0.797±0.298 0.556±0.199 0.001**

24-h urinary proteins 1.37±1.02 0.168±0.15 <0.001**

C3 (u/ml) 0.604±0.49 1.14±0.33 <0.001**

C4 (u/ml) 0.15±0.134 0.23±0.13 0.005*

SD standard deviation, SBP systolic blood pressure, DBP diastolic blood pressure, tSLEDAI total SLE disease activity index, rSLEDAI renal SLE
disease activity index, ESR erythrocyte sedimentation rate

*p<0.05; **p<0.001
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uMCP-1(pg/mg Cr), and uOPG (pg/mg Cr) levels, being
higher in SLE patients with LN (group I) compared with
those without (group II) and normal control (p<0.001).
Other detailed results are presented in Table II while
statistical differences, median and interquartile ranges of
individual urinary biomarkers are presented in Table II and
Fig. 1.

Spearman’s rho test was used to measure possible linear
relationships between urinary biomarkers measured and
other diseases variables in terms of demographic, clinical,
and important laboratory investigations used to assess renal
involvement in SLE groups of patients. Positive correla-
tions were observed between uTWEAK (pg/mg Cr.) vs.
SBP (r=0.255 and p=0.029), hematuria (r=0.254 and P=
0.03), pyuria (r=0.281 and p=0.01), urinary casts (r=0.552
and p<0.001), 24-h urinary proteins (r=0.247 and p=0.03),
tSLEDAI (r=0.577 and p<0.001), and rSLEDAI (r=0.612
and p<0.001). Other important details of correlations are
presented in Table III and Fig. 2.

Relative to renal involvement, uTWEAK showed sensi-
tivity of 89%, specificity of 56%, a positive predictive
value of 93%, and a negative predictive value of 66.7%.
Other detailed sensitivity, specificity, positive predictive,
and negative predictive values for other urinary biomarkers
are presented in Table IV.

Renal biopsies grading were available for 44 patients, all in
group I, with LN. According to the WHO classification, four
patients classified as class I, 12 patients classified as class II,
14 patients with class III, six patients with class V, and eight
patients with class IV. No statistical differences were observed
regarding urinary biomarkers levels among different classes of

renal biopsies by one-way ANOVA (TWEAK, F=0.521;
MCP-1, F=0.696; OPG, F=1.178; IL-8, F=0.289).

Furthermore, multivariate analysis was carried out to
examine the power of all urinary biomarkers together
(TWEAK, MCP-1, OPG, and IL-8), in the occurrence of
LN as a dependent variable, and results showed a highly
significant effect on LN combined together (F=33.462).

Discussion

The current cross-sectional study was designed to evaluate
the diagnostic performance of uTWEAK and other urinary
biomarkers (uOPG, uMCP-1 and uIL-8), in a cohort of SLE
patients with and without LN, as well as to correlate
findings with other disease variables, and standard labora-
tory investigations were used to assess renal function and
disease activity indices.

Although many novel biomarkers have been studied in
lupus nephritis, none have been rigorously validated in
large-scale longitudinal cohorts of patients. It was recom-
mended that future directions in SLE biomarker research
should focus on a combination of novel markers with
conventional clinical parameters in order to enhance the
sensitivity and specificity for the prediction of renal flares
and prognosis in LN [24].

Our findings clearly show that urinary levels of TWEAK
were significantly higher in SLE patients with LN com-
pared to those without or with inactive renal disease and
normal healthy subjects (p<0.001). Moreover, uTWEAK
levels positively correlate with tSLEDAI and rSLEDAI

Table II The median and IQR of urinary biomarkers in group I, group II, and healthy control subjects

Parameter Group I Group II Group III Mann–Whitney U test

Median (IQR) Median (IQR) Median (IQR) p value

TWEAK (pg/mg Cr) 12.21 (5.23) 6.59 (3.74) 5.67 (3.10) Group I vs. II <0.001**

Group I vs. III <0.001**

Group II vs. III 0.147

MCP-1 (pg/mg Cr) 22.285 (11.65) 2.74 (2.03) 0.97 (0.26) Group I vs. II <0.001**

Group I vs. III <0.001**

Group II vs. III <0.001**

OPG (pg/mg Cr) 6.28 (5.45) 3.16 (2.45) 0.87 (0.73) Group I vs. II <0.001**

Group I vs. III <0.001**

Group II vs. III <0.001**

IL-8 (pg/mg Cr) 240.25 (153.55) 203.10 (159.30) 30.10 (23.00) Group I vs. II 0.032*

Group I vs. III <0.001**

Group II vs. III <0.001**

IQR interquartile range, TWEAK TNF-like weak inducer of apoptosis, OPG osteoprotegerin, MCP-1 monocyte chemoattractant protein-1, IL-
8 interleukin-8

**p<0.001, highly significant; *p<0.05, significant
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scoring systems. Similar to our findings, Schwartz et al.
[10] showed that in SLE patients, uTWEAK levels were
higher in patients with active compared with never or
nonactive nephritis (p=0.001) and levels of uTWEAK
correlated with the rSLEDAI (p<0.001). In this study,
uTWEAK levels were higher in patients undergoing a flare
as compared with patients with chronic stable disease (p=
0.036), and uTWEAK levels were significantly higher in
patients undergoing a renal flare, as opposed to a nonrenal
flare. In their most recent work, Schwartz et al. [8]
observed that uTWEAK was better at distinguishing
between LN and non-LN SLE patients than anti-DNA
antibodies and complement levels. In another work, El-
Gendi and El-Sherif [25] reported that TWEAK correlated

with traditional disease activity parameters (C3, C4, anti-
dsDNA, and tSLEDAI) as well as rSLEDAI.

In our study, uTWEAK positively correlated with SBP (p=
0.029), and descriptors of rSLEDAI, e.g., hematuria (p=
0.03), pyuria (p=0.01), urinary casts (p<0.001), 24-h urinary
proteins (p=0.03), and negatively correlated C3 (p<0.001)
and C4 (p<0.001). In our opinion, the later findings have
important clinical implications, although complement com-
ponents (C3 and C4), known to be consumed in SLE
patients with LN, yet in SLE complement components can
be consumed in other immune-complex-mediated lesions,
such as vasculitis with a stable renal function. Given that,
uTWEAK could be the novel and more specific biomarker of
potential diagnostic and prognostic roles to assess LN. In our

Fig. 1 Boxplot showing individual urinary biomarkers evaluated
(TWEAK, MCP-1, OPG, and IL-8). The lines inside the boxes indicate
the median; the outer borders of the boxes indicate 25th and 75th
percentiles; the bars extending from the boxes indicate the 10th and

90th percentiles. TWEAK, MCP-1, and OPG in group I vs. group II
and normal control (p<0.001). IL-8 in group I vs. group II (p=0.032);
IL-8 in group I vs. normal control (p<0.001)
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study of relative to renal involvement, uTWEAK showed
sensitivity of 89%%, specificity of 56%, a positive predictive
value of 93%, and a negative predictive value of 66.7%
(95% CI=0.7–0.9).

In animal models, Molano et al. [26] have shown that the
interaction of TWEAK with its receptor Fn14 is instrumental
in the pathogenesis of nephritis in the chronic graft-versus-
host-induced model of lupus. Using a different approach,

Fig. 2 a The positive correlations between urinary TWEAK and renal
disease activity index (rSLEDAI; r=0.612 and p=<0.001). b The
negative correlation between urinary TWEAK levels in SLE patients

(n=73) and renal biopsy grading (r=−0.06 and p>0.05). c, d The
negative correlation between TWEAK levels vs. C3 (r=−0.544 and
p<0.001) and C4 (r=−0.409 and p<0.001)

Table III Showing the correlations between urinary biomarkers and other disease variable in terms of demographic, laboratory investigations
done to evaluate renal function, disease activity indices

Spearman’s rho uTWEAK uMCP-1 uOPG uIL-8
Variable r (p value) r (p value) r (p value) r (p value)

Age (year) 0.014 (0.909) −0.047 (0.696) 0.031 (0.794) 0.046 (0.701)

Disease duration (year) 0.151 (0.203) 0.087(0.464) −0.097 (0.416) 0.041 (0.729)

SBP (mmHg) 0.255 (0.029*) 0.337 (0.004*) 0.232 (0.048*) 0.069 (0.562)

DBP (mmHg) 0.199 (0.091) 0.278 (0.017*) 0.146 (0.218) 0.123 (0.299)

Creatinine (mg/dl) 0.146 (0.217) 0.373 (0.001**) 0.357 (0.002*) 0.054 (0.651)

Hematuria 0.254 (0.03*) 0.204 (0.083) 0.203 (0.085) 0.085 (0.476)

Pyuria 0.281 (0.01*) 0.139 (0.240) 0.293 (0.01*) 0.005 (0.968)

Urinary casts 0.552 (<0.001**) 0.249 (0.03*) 0.349 (0.002*) −0.002 (0.984)

24 urinary proteins 0.247 (0.03*) 0.473 (<0.001**) 0.231 (0.04*) 0.262 (0.02*)

C3 (u/ml) −0.544 (<0.001**) −0.490 (<0.001**) −0.432 (<0.001**) −0.252 (0.032*)

C4(u/ml) −0.409 (<0.001**) −0.324 (0.005*) −0.309 (0.008*) −0.266 (0.023*)

tSLEDAI 0.577 (<0.001**) 0.507 (<0.001**) 0.473 (<0.001**) 0.154 (0.193)

rSLEDAI 0.612 (<0.001**) 0.635 (<0.001**) 0.505 (<0.001**) 0.180 (0.127)

TWEAK TNF-like weak inducer of apoptosis, OPG osteoprotegerin, MCP-1 monocyte chemoattractant protein-1, IL-8 interleukin-8, SBP systolic
blood pressure, DBP diastolic blood pressure, tSLEDAI total SLE disease activity index, rSLEDAI renal SLE disease activity index

*p<0.05; **p<0.01
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Zhao et al. [7] observed that kidney cells displayed the
TWEAK receptor Fn14 and TWEAK stimulation of mesan-
gial cells and podocytes induced a potent proinflammatory
response and upregualtion of several cytokines. In this study,
lupus-induced mice treated with an anti-TWEAK neutraliz-
ing mAb had a significantly diminished kidney expression of
IL-6, MCP-1, IL-10 as well as proteinuria. Given that, a
TWEAK blockade may be a novel therapeutic approach to
reduce renal damage in SLE [23].

OPG is produced by the heart, lungs, kidney, and bone
while MCP-1 is a chemotactic cytokine that is involved in
the progression of glomerular and tubulointerstitial injury
[17]. Several cross-sectional studies have confirmed that
levels of uMCP-1 are elevated in patients with active LN
compared with those with inactive renal disease or healthy
controls [17, 23, 27, 28]. In our study, urinary levels of
OPG and MCP-1 positively correlate with rSLEDAI (p<
0.001) and other descriptors of rSLEDAI. Consistent with
our findings, Alzawawy et al. [29] observed that uMCP-1
was significantly higher in SLE patients with active LN
compared with those with inactive LN, and normal healthy
controls positively correlate with proteinuria. In an early
report, Norris et al. [13] showed that in patients with active
LN, uMCP-1 was significantly higher than in lupus patients
in the inactive phase of the disease or in healthy volunteers,
and high doses of i.v. methylprednisolone significantly
lowered uMCP-1 in patients with active LN. Tucci et al.
[30] presented evidence that uMCP-1 promotes renal
disease in experimental glomerulonephritis while its in-
creased urinary levels reflect the severity of kidney disease
in humans. Nevertheless, Rovin et al. [27] have shown that
the mean uMCP-1 level at the time of renal flares was
significantly higher than that of healthy controls, patients
with inactive renal disease and patients with active or
inactive nonrenal SLE. In addition, uMCP-1 was also found
to be a sensitive indicator for renal flare, with 73% of the
flare values above the 95th percentile of disease controls.
uMCP-1 levels were higher in patients with proliferative
(WHO class III or IV) than membranous (class V) nephritis.
In our study, we did not observe a significant difference in
uMCP-1 levels among different classes of renal biopsy.
Moreover, Rovin et al. [27] in a longitudinal follow-up of

12 patients, uMCP-1 increased as early as 2 to 4 months
before renal flares and remained high for at least 4 months
after treatment of flares. In patients who improved
clinically, uMCP-1 levels fell to control levels, whereas in
patients who were refractory to treatment, uMCP-1
remained high. Similar findings of uMCP-1 in LN were
reported by Tian et al. [31]. In this study, 73 patients with
diffuse proliferative lupus nephritis were followed. After an
observation of 2 years, 22 patients experienced renal flares,
and those experiencing renal flares showed higher levels of
uMCP-1. Using a different approach, Chan et al. [32]
examined the expression of chemokine mRNAs in urinary
sediments of nine patients with active LN for 24 weeks.
The authors demonstrated that urinary mRNA expression of
MCP-1 and other chemokines correlated significantly with
SLE disease activity scores and anti-dsDNA titers during
the course of immunosuppressive treatment.

In an early study, Kiani et al. [17] reported that uOPG
concentrations were strongly associated with tSLEDAI and
renal disease activity descriptors of the Safety of Estrogens
in Lupus Erythematosus-National Assessment (SELENA)
SLEDAI. Furthermore, in their study uMCP-1 was also
associated with the renal disease activity descriptors of
SELENA SLEDAI, including hematuria (p=0.027), and
with a positive anti-dsDNA (p=0.016).

IL-8 is a potent neutrophil chemokine that has been
implicated in the pathogenesis of renal inflammation in
human glomerulonephritis. In SLE, it was postulated that
the promoter region of the IL-8 gene contains polymorphic
residues that influence the level of IL-8 expression in
response to immune-complex deposition, and thereby
affects the severity of renal injury [33]. Moreover, the local
production of IL-8 in diseased glomeruli might be involved
in the pathogenesis of glomerular diseases, and a measure-
ment of IL-8 in the urine might be useful for monitoring the
glomerular diseases [34]. In our study, positive correlation
was observed between Il-8 vs. 24-h urinary proteins (p=
0.02) and negative correlation with both C3 (p=0.032) and
C4 (p=0.023). In a previous work, Tsai et al. [35] have
shown that proinflammatory cytokines IL-6 and IL-8 can
reflect the renal inflammatory activity in patients with lupus
tubulointerstitial nephritis as well as in those with lupus

Table IV Sensitivity, specificity, positive and negative predictive values of TWEAK,MCP-I, OPG, and IL8 of the whole group of SLE patients (n=73)

Biomarker
(pg/mg Cr)

Cut off 95% CI Area under the curve Sensitivity (%) Specificity (%) Positive
predictive value

Negative
predictive value

uTWEAK >9.1 0.7–0.9 0.816 89 56 93 66.7

uMCP-I >7.5 0.78–0.96 0.875 97 50 98 100

uOPG >4.2 0.7–0.9 0.819 74 78.3 88.1 58.1

uIL-8 >328.4 0.5–0.7 0.7 34 55.7 94.4 40

TWEAK TNF-like weak inducer of apoptosis, OPG osteoprotegerin, MCP-1 monocyte chemoattractant protein-1, IL-8 interleukin-8
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glomerulonephritis. In our study, uIL-8 was not associated
with either global disease activity or rSLEDAI compared
with other urinary biomarkers evaluated.

Importantly in our study, multivariate analysis was
carried out to examine the power of all urinary biomarkers
together (TWEAK, MCP-1, OPG, and IL-8) in the
occurrence of LN as a dependent variable, with results
showing a highly significant effect on LN when combined
(F=33.462). Furthermore, in our study all urinary bio-
markers except for IL-8 showed positive correlations with
tSLEDAI and rSLEDAI and negative correlation with C3
and C4, illustrating central roles and close association of
these urinary biomarkers in cytokines-mediated renal injury in
SLE. Although the strength of the association is weak, though
“statistically significant,” we recommended re-evaluating
such findings in large cohorts of SLE patients with different
disease severity to validate the clinical importance of these
urinary biomarkers in diagnosis and prognosis of renal disease
in SLE. These observations in our study, and in the previous
studies presented, give cumulative experience and more solid
evidence of important roles of urinary biomarkers, and this in
turn supports potential therapeutic target in chemokines-
mediated renal injury in SLE.

Conclusions

The current knowledge supports that urinary TWEAK and
other urinary biomarkers (OPG, MCP-1, and IL-8) play
central roles in the pathogenesis of LN. Adoption of new
therapeutic strategies such as monoclonal antibodies antag-
onizing the effects of these cytokines could be the missing
thread for a reasonable and appropriate approach for the
treatment of cytokine-dependent renal injury in SLE.
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