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Abstract

Lupus is an autoimmune disease that has various manifestations in various organs. One of the manifestations of lupus is lupus
nephritis (LN), which often causes kidney failure and death. Cytokines play an essential role in the pathogenesis of LN and
might be helpful for LN biomarkers. This study aimed to evaluate urine TNF-like weak inducer of apoptosis (TWEAK) for
detecting LN since this is not an invasive procedure and is more cost-effective. The gold standard procedure for diagnosing
LN needs a biopsy of the kidney. However, the procedure is invasive, high cost, and takes time. Thus, a biomarker from urine
is needed for early diagnosis of LN. This research conducted was cross-sectional. The total participants were 57, consisting
of 29 lupus nephritis and 28 lupus without nephritis. TWEAK levels were determined by ELISA method; urine protein,
urine erythrocyte, and leukocyte were examined by a urine autoanalyzer. Statistical analysis using Mann—Whitney, Spearman
correlation, Kruskal-Wallis, ROC curve analysis, and a 2 X2 contingency table. This study showed a significant difference
in TWEAK levels between lupus nephritis and lupus without nephritis (p < 0.05), but no significant difference between
TWEAK level and renal domain scores of SLEDAI. There were significant correlations between TWEAK level and urine
erythrocyte and urine protein, but there was no significant correlation with urine leukocytes. The sensitivity and specificity
of TWEAK for determining LN were 72.4% and 72.5%, respectively, with AUC 0.77. TWEAK had a good diagnostic test
for detecting lupus nephritis and substantially correlated with urine erythrocyte and urine protein.
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Introduction involvement, predict the clinical manifestations that will

develop, and provide the most appropriate therapy. So, it

Lupus is an autoimmune disease that has various manifesta-
tions in various organs. One of the manifestations of lupus
is lupus nephritis (LN), which occurs in about 60% of lupus
patients and often results in kidney failure and death. This
condition requires LN early diagnosis to make treatment
faster and the response to therapy more profitable (Wu et al.
2018).

The complex etiopathogenesis and heterogeneous clini-
cal manifestations make lupus often misdiagnosed. Iden-
tifying early LN biomarkers helps assess the risk of organ
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requires an early and accurate biomarker of LN diagnosis
for better disease management (Stypinska and Paradowska-
Gorycka 2015; Reyes-Thomas et al. 2011).

TWEAK is a multifunctional protein and a member
of the TNF cytokine superfamily (TNFSF). TWEAK is
synthesized as a 249-amino acid protein consisting of a
C-terminal extracellular domain, a transmembrane domain,
and an N-terminal intracellular domain. TWEAK binds to
the Fnl4 receptor (fibroblast growth factor-inducible 14),
a type I transmembrane protein and is a member of the
TNF receptor superfamily (TNFRSF). The TWEAK-Fn14
axis regulates various physiological responses, including
cell survival, proliferation, differentiation, angiogenesis,
migration, and apoptosis. However, aberrant expression of
TWEAK and Fnl14 is associated with harmful pathogenic
effects in autoimmune disorders, kidney damage, and
dysfunction (Khairwa 2018; Bekhit et al. 2018).
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TWEAK also has a role as a proinflammatory molecule
that plays a vital role in the active inflammation of lupus
nephritis (Xuejing et al. 2012). TWEAK is predicted to be a
biomarker for the early detection of LN. The currently exist-
ing LN biomarkers such as complement and anti-dsDNA
are considered less sensitive or specific. Almost half of LN
patients who clinically respond well to therapy still have
active lesions when a kidney biopsy is performed (Lu et al.
2012; Suttichet et al. 2019). Based on the data above, there is
an opportunity to examine TWEAK levels that may be used
as biomarkers to early detect lupus nephritis.

Method

We conducted a cross-sectional study. The inclusion crite-
ria were patients with lupus, based on the SLICC criteria,
female, age 18 to 65 years old. The exclusion criteria were
suffering from active infectious disease, diabetes, or kid-
ney failure. The requirements of lupus nephritis were lupus
patients with persistent proteinuria or greater than 0.5 g/day
(or on dipstick examination 3 +) or urine sediment abnor-
malities, or the kidney biopsy result indicated the lupus
nephritis.

The urine samples were obtained by collecting urine
from the midstream method to examine TWEAK lev-
els using ELISA Kit. This study used TWEAK Thermo
Fisher Scientific Inc. ELISA kit with catalogue number:
BMS2006INNST, analytical sensitivity 9.7 pg/mL, assay
range 15.6-1,000 pg/mL, interassay CV 9.2%, and intraas-
say CV 7.9%. Briefly, the well of the ELISA kit coated with
anti-human TWEAK antibody was incubated with a diluted
urine sample. After incubation for 2 h at room temperature,
a peroxide-conjugated polyclonal anti-human TWEAK anti-
body and substrate were added. The reaction was stopped by
adding acid, then read with a spectrophotometer at 450 nm.

The results obtained were then plotted on a standard curve
to obtain urine TWEAK levels.

The data were analyzed using SPSS version 18.0
software. The normality data was carried out using the
Kolmogorov—Smirnov. Mann—Whitney tested differences
in urine biomarker levels in the two groups. P-value < 0.05
indicated a significant difference. Spearman’s test analyzed the
correlation of TWEAK with leukocyturia and erythrocyturia,
and the correlation was significant if the p-value <0.05.The
comparison of the TWEAK level in renal domain scores of
SLEDALI (Systemic Lupus Erythematosus Disease Activity
Index) were analyzed by the Kruskal-Wallis test. We
used ROC curve analysis and a 2 X2 contingency table for
diagnostic test of TWEAK level in LN. The ethical committee
approved this study of Saiful Anwar General Hospital,
Malang, Indonesia (ethical number 400/247/K.3/302/2020).
This study was approved by the ethical committee of Saiful
Anwar General Hospital, Malang, Indonesia (ethical number
400/247/K.3/302/2020). All the patients included in this study
were asked to sign an informed consent.

Result

A total of 57 study subjects consisted of 29 lupus nephri-
tis and 28 lupus patients without nephritis. Subjects aged
18-70 years old, and the results of statistical tests stated that
there was no significant difference in age between LN and
lupus without nephritis participants, with p-value =0.257
(Table 1). The gender of all research subjects was female
because hormonal factors influence the pathogenesis of
lupus, so the gender of all research subjects is made the
same.

This study showed that the urine TWEAK levels of
patients in the lupus nephritis group increased significantly
compared to those in the lupus group (p <0.05). Table 2

Table 1 Characteristics data of

participants Parameters Lupus (n =28) Lupus nephritis (n=29) p-value
Age (year) 25 (22-33) 28 (24-30) 0.257
(median, range)
Hemoglobin (g/dL) 12.05 11.62 0.273
(median, range) (11.33-12.77) (10.87-12.36)
Leukocyte count (X 10%/uL) 6.950 8.562 0.045
(median, range) (5.999-7.902) (7.114-10.010)
Thrombocyte count (X 10%/uL) 248.821 272.000 0.270
(Median, range) (205.324-292.318) (239.002-304.997)
Urine erythrocyte (/HPF) 4.40 22.61 0.001
(median, range) (0.86-9.66) (—=0.93-46.15)
Urine leukocyte (/HPF) 9.07 13.71 0.008
(median, range) (4.27-22.42) (4.35-23.08)
Urine TWEAK (pg/mL) 224 102.9 0.005
(median, range) (13.1-31.8) (35.5-170.3)
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Table 2 Correlation between TWEAK Levels and Urinalysis Exami-
nation

Urine
erythrocyte

Urine leukocyte Urine protein

TWEAK Level r=0.385
p=0.003

r=0.073
p=0.594

r=0.536
p=0.001

indicates the correlation between TWEAK with urine pro-
tein, erythrocyte, and leukocyte. We assessed the flare status
of lupus nephritis patients in this study by adding up the
SLEDALI (Systemic Lupus Erythematosus Disease Activity
Index) scores in the renal domain, namely the presence of
urine casts, urine erythrocytes, proteinuria, and urine leu-
kocytes. According to the SLEDATI score, the highest score
for the renal domain was 16. SLEDAI scores for the renal
domain 4, 8, and 12 were obtained in 10, 8, and 11 patients,
respectively (Table 3). The diagnostic performance (ROC,
sensitivity value, specificity, cut-off point value) urine
TWEAK for detecting LN is listed in Fig. 1. The ROC curve
of the urine TWEAK levels for detecting lupus nephritis
had an AUC of 0.77. Urine TWEAK had a sensitivity value
of 72.4%, specificity of 72.5%, PPV of 65.6%, and NPV of
78.4%.

Discussion

Our study showed that the age range of non-nephritis
lupus patients was 22—-33 years old, and in nephritis lupus
24-30 years old; there was no significant difference between
the ages of two groups. Many studies state that lupus often
occurs in women aged 15-50 years. Rees et al. (2017) men-
tioned that the peak lifespan of lupus patients ranges from
the third to the seventh decade of life in women. The age
variations in some studies may be due to differences in
research methods, diagnostic criteria, access to health facili-
ties, access to immunological laboratory examinations, and
different cut-offs for positive laboratory results, etc. (Rees
et al. 2017).

Our study obtained that the urine TWEAK levels of the
lupus nephritis (LN) increased significantly compared to
those in the non-nephritis lupus group (p <0.05). These
results are similar to those shown by Schwartz et al. that the
uTWEAK levels in the LN patient and the control group had

Table 3 Comparison of TWEAK levels in renal domain scores of SLEDAI

ROC Curve
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Fig.1 ROC curve of urine TWEAK levels

a significant difference (p =0.039). In addition, Schwartz
et al. in the USA found that high uTWEAK levels were a
specific characteristic of LN and not a general feature of SLE
because the uTWEAK levels of non-nephritis lupus patients
were not significantly different from the controls (Schwartz
et al. 2009). The urine TWEAK levels in the lupus nephritis
and the lupus group in our study are similar to studies con-
ducted by Xuejing et al. (2012) and Sun et al. (2018). In our
research, lupus nephritis patients had significantly higher
urinary TWEAK levels than the lupus group. The results
of our study and others support the statement that TWEAK
plays an important role also in lupus nephritis occurring in
Asia (Xuejing et al. 2012; Sun et al. 2018).

The results of our study showed that there were signifi-
cant correlations between the TWEAK levels with urine
erythroctyte and urine protein; however, there was no signifi-
cant difference of the TWEAK level with the renal domain
scores of SLEDAI (Systemic Lupus Erythematosus Disease
Activity Index). The clinical manifestations of LN vary from
asymptomatic urinalysis to nephrotic syndrome or medical
emergencies (such as rapidly progressive glomerulonephri-
tis syndrome). Symptoms of LN usually correlate with the
degree of glomerular involvement (Almaani et al. 2017). In
addition, the widely accepted criteria for the diagnosis of
LN by the American College of Rheumatology (ACR) stated
that kidney disorders in LN will show persistent proteinuria

Parameter Renal domain scores of SLEDAI p-value
Score 4 (n=10) Score 8 (n=8) Score 12 (n=12)
Urine TWEAK (pg/mL) (median, range) 36.20 (9.01-229.09) 13.32 (12.35-85.76) 68.72 (12.10-343.99) 0.074
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(greater than 0.5 g/day) or urine sediment abnormalities
such as an increase in red blood cells, hemoglobin, granular
cast, and renal tubular cells (Farah et al. 2019; Hahn 2018).
The significant correlation between the TWEAK levels with
urine erythrocytes and proteinuria in our study suggests a
role for TWEAK in the pathogenesis of LN; however, the
TWEAK levels do not have an association with the disease
activity of LN.

The role of TWEAK in LN pathogenesis induces the
expression of several inflammatory mediators, including
RANTES, monocyte chemoattractant protein (MCP)-1,
IP-10, MIP-1a, ICAM-1, VCAM-1, MMP-1, and MMP-9.
TWEAK-stimulated renal mesangial cells induce migration
of peripheral blood mononuclear cells. In addition, TWEAK
significantly stimulated the proliferation of renal mesangial
and podocyte cells. TWEAK binding to its receptor (Fn14)
can activate Ix-B and increase the expression of MCP-1,
RANTES, and IL-6, causing inflammatory cell infiltration.
The investigators also reported that TWEAK/Fn14 induces
apoptosis of glomerular mesangial cells and tubular epi-
thelial cells, thereby causing glomerular and tubular injury
(Khairwa 2018; Salem et al. 2018).

Our study showed that urine TWEAK had a sensitivity
value of 72.4% and specificity of 72.5%, with PPV 65.6%
and NPV 78.4% for detecting LN. These results are consist-
ent with a meta-analysis by Lee and Song, which showed
the sensitivity and specificity of urine TWEAK for the diag-
nosis of LN were 81.3% and 76.0%, respectively, and the
AUC of urinary TWEAK was 0.836. These meta-analytical
data suggest that urine TWEAK may be a valuable potential
biomarker for assessing LN activity and diagnosis (Lee and
Song 2017).

Our study’s limitation was the small number of partici-
pants. It was challenging to get lupus patients in the COVID-
19 pandemic. Further studies need to be carried out by con-
sidering differences in LN activity and longitudinally to
evaluate biomarkers with multiple measurements.

The present study found that TWEAK had better diagnos-
tic testing for detecting lupus nephritis. There is a signifi-
cant correlation between the TWEAK level with erythrocyte
urine and protein urine.
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