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Role of tumor necrosis factor-like weak inducer of apoptosis/
fibroblast growth factor-inducible molecule 14 pathway in lupus
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Objectives
To evaluate urinary tumor necrosis factor-like weak inducer of apoptosis (uTWEAK)
levels aswell as renal fibroblast growth factor-induciblemolecule 14 (Fn14) expression
by immunohistochemistry in patients with systemic lupus erythematosus (SLE) to
assess the possible role of TWEAK level as an indicator of lupus nephritis (LN) and
its relation to disease activity as well as pathological LN classification.
Patients and methods
Urinary levels of TWEAK using enzyme-linked immunosorbent assay and chemical
and immunological markers of SLE were measured in 30 patients with SLE and 15
age-matched and sex-matched apparently healthy controls. Patients with SLEwere
divided into two subgroups: 15 patients with LN and 15 without LN. Disease activity
was assessed using systemic lupus erythematosus disease activity index SLE
disease activity index (SLEDAI). Fn14 was examined in renal biopsies from LN
group by immunohistochemistry.
Results
A significantly higher uTWEAK level was found in patients having SLE with LN
compared with those without LN and controls (F=149.2, P<0.001). uTWEAK had a
highly significant positive correlation with proteinuria (r=0.755, P<0.001) and a
significant positive correlation with tSLEDAI and rSLEDAI (r=0.217, P<0.037 and
r=0.476, P<0.024, respectively). uTWEAK had a significant negative correlation
with anti-dsDNA titer, C3, and C4 (r=−0.579, P<0.008; r=−0.456, P<0.011; and
r=−0.552, P<0.002, respectively). Fn14 expression was detected in mesangial and
tubular cells, mainly proximal tubular cells, in patients with LN.
Conclusion
uTWEAK is a specific and sensitive biomarker for detection of active LN.
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Introduction
Systemic lupus erythematosus (SLE) is arguably the
most serologically and clinically diverse multisystem
autoimmune disease characterized by autoantibody
production, immune complex formation, and
immunologically mediated tissue injury [1].

Renal involvement is the most common and serious
manifestation of SLE. Approximately 60% of the
patients with SLE have renal abnormalities and
25–50% of the patients manifest clinical renal
disease at the time of diagnosis [2].

The cytokine tumor necrosis factor (TNF)-like weak
inducer of apoptosis (TWEAK), also known as TNF
ligand superfamily member 12, is a pleiotropic and
multifunctional cytokine member of the TNF
superfamily that regulates inflammatory pathways by
inducing multiple cellular responses depending on the
hed by Wolters Kluwer - Me
cell type and its microenvironment. It binds to its
receptor, fibroblast growth factor-inducible molecule
14 (Fn14), stimulating a wide array of physiological
processes, such as cellular proliferation, migration,
survival, differentiation, and induction of apoptosis [3].

The role of TWEAK in promoting an inflammatory
response, renal cell proliferation, apoptosis, vascular
changes, and fibrosis suggests that TWEAK may play
an active role in the kidney in the context of lupus
nephritis (LN) [4].

Subsequent clinical studies have indicated the utility of
urinary levels of TWEAK in the diagnosis of active LN
dknow DOI: 10.4103/err.err_14_18
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[5] However, in these studies, the quantification of
TWEAK was performed in patients who had already
received immunosuppressive treatment, which implies
a high possibility that the urinary expression of
TWEAK in these patients was modified. As a
result, the objective of our study was to determine
the utility of urinary levels of TWEAK as a
biomarker of lupus renal activity in recently
diagnosed, previously untreated patients with SLE
and its correlation as well as Fn14 expression with
disease activity and pathological LN classification.
Patients and methods
The present study is a case–control one that included
30 patients who were recently diagnosed with SLE
according to the Systemic Lupus International
Collaborating Clinics criteria [6]. A written
consent was taken from the patients to participate
in this study according to the ethics committee
recommendations (REC 270/2015). They were
selected from inpatients and outpatients in
University Hospitals. Moreover, 15 age-matched
and sex-matched apparently healthy individuals
were also included in the study and served as a
control group. Written consent was obtained from
all patients and controls after a full explanation of the
study was provided. The selected patients were
divided into two groups as follows: patients with
SLE with renal involvement who also underwent
kidney biopsy according to American College of
Rheumatology criteria [7] and patients with SLE
without any evidence of renal affection.
Exclusion criteria
Patients with diabetes mellitus, those with
malignancies, those with other autoimmune diseases,
or those with end-stage renal disease whether on
hemodialysis or not, were excluded from the study.

Full history taking and thorough clinical examination
were carried out for all patients. Laboratory
investigations, including complete blood picture,
erythrocyte sedimentation rate, C-reactive protein
using the latex agglutination method, urine analysis,
serum creatinine, blood urea nitrogen, serum albumin,
serum complement factors C3 and C4, antinuclear
antibody by immunofluorescence technique, anti-
dsDNA, and protein quantification in 24 h urine,
were performed for all patients.

Urinary TWEAK (uTWEAK) levels were measured
by human TWEAK enzyme-linked immunosorbent
assay kits (R&D Systems, Minneapolis, MN, USA).
Assessment of the disease activity was done using
the systemic lupus erythematosus disease activity
index SLE disease activity index (SLEDAI),
which is a validated model among experienced
clinicians for global assessments of disease activity
in patients with SLE [8].

Renal pathology was classified according to the revised
InternationalSocietyofNephrologyandRenalPathology
Society classification [7], and immunohistochemistrywas
performed on formalin-fixed paraffin-embedded renal
sections, visualized with antibody for human anti-
human Fn14 polyclonal antibody, supplied by R&D
Systems.
Statistical analysis
The statistical analysis was carried out by IBM SPSS
statistics (version 17.0, 2010; IBM Corp., USA). The
means and SDs or the medians and interquartile ranges
were used to summarize the characteristics of the
samples. Categorical variables were summarized with
frequencies and percentages. Spearman’s correlation
coefficients were established with the continual
values of TWEAK, histological findings, and the
SLEDAI score, depending on the distribution of the
variables. Receiver operating characteristic curves were
calculated to establish sensitivity and specificity for
diagnosis of renal activity owing to LN. P value less
than 0.05 was considered significant.
Results
This study included 30 patients with SLE, who were
classified into two subgroups according towhether ornot
they had LN: group I and group II. Group I included 15
patients with LN, comprising 11 (73.33%) females and
four (26.67%)males.Their ages ranged from18.0 to43.0
years, with a mean age of 29.7±8.8 years. Their disease
duration ranged from1 to14.0months,with amedian of
5months.TheuTWEAKlevel ranged from40 to75 pg/
ml (mean±SD, 51.0±8.9 pg/ml). SLEDAI ranged
from 19 to 35.

Group II included 15 patients without LN, and they
were all females (100%). Their ages ranged from 21.0
to 45.0 years, with a mean age of 30.0±10.1 years. Their
disease duration ranged from 2 to 16.0 months, with a
median of 4 months. The uTWEAK level ranged from
10 to 30 pg/ml (mean±SD, 16.7±5.2 pg/ml). SLEDAI
ranged from 4 to 21.

All patients with LN (group I) underwent renal biopsy,
and grading was done according to International
Society of Nephrology and Renal Pathology Society



Fig. 1

Tubular Fn14 expression in a renal specimen from a patient with LN. Different fields from the same specimen ISN/RPS class IV-G (A/C), AI 18/
24, and CI 1/12 showing mild to moderate Fn14 expression intensity, mainly PCT ×200. Fn14, fibroblast growth factor-inducible molecule 14;
ISN/RPS, International Society of Nephrology and Renal Pathology Society; LN, lupus nephritis.
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classification. It was observed that three (20%) were
grade II glomerulonephritis (GN), three (20%) were
grade III GN, and nine (60%) were grade IVGN. Fn14
expression was detected in mesangial and tubular cells,
mainly proximal tubular cells, and it was associated
with tubular atrophy and areas of interstitial fibrosis
(Figs 1 and 2).

The clinical and laboratory data of the patients are
shown in Tables 1 and 2. A significant difference was
observed among the groups regarding uTWEAK
(P<0.001) (Table 3).
Correlation of uTWEAK with different studied
parameters revealed a directly proportional correlation
between the levels of uTWEAKand the tSLEDAI score
and rSLEDAI score (r=0.217, P=0.037, and r=0.476,
P=0.024, respectively); however, no correlation was
observed between the levels of uTWEAK and
extrarenal SLEDAI score (r=0.340, P=0.389).
Additionally, a direct inverse correlation was
documented between the levels of uTWEAK and the
C3 (r=−0.456, P=0.011) and C4 complement fractions
(r=−0.552, P=0.002) as well as anti-dsDNA titer
(r=−0.579, P=0.008). In contrast, the levels of



Fig. 2

Mesangial Fn14 expression in a renal specimen from a patient with LN. A specimen from ISN/RPS class II, AI 3/24, and CI 3/12, showing
mesangial moderate Fn14 expression ×400. Fn14, fibroblast growth factor-inducible molecule 14; ISN/RPS, International Society of Nephrology
and Renal Pathology Society; LN, lupus nephritis.

Table 1 Frequency of the clinical data in patients with
systemic lupus erythematosus

Clinical manifestations Group I (N=15)
[n (%)]

Group II (N=15)
[n (%)]

Fever 4 (26.67) 5 (33.33)

Fatigue 7 (46.67) 10 (66.67)

Arthralgia 12 (80.00) 10 (66.67)

Malar rash 12 (80.00) 11 (73.33)

Photosensitivity 10 (66.67) 10 (66.67)

Alopecia 8 (53.33) 11 (73.33)

Mucosal ulcers 10 (66.67) 12 (80.00)

Headache 2 (46.67) 3 (20.00)

Cerebrovascular stroke 0 (0.00) 2 (13.33)

Pleurisy 4 (26.67) 2 (13.33)

Pleural effusion 3 (20.00) 2 (13.33)

Pericardial effusion 2 (13.33) 1 (6.67)

Raynaud’s phenomenon 7 (46.67) 5 (33.33)

Recurrent abortions 2 (13.33) 1 (6.67)
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proteinuria showed a directly proportional correlation
with the values of uTWEAK (r=0.755, P<0.001).

Using uTWEAK levels above 20 pg/mg as a cutoff
point, the receiver operating characteristic curve
analysis showed a sensitivity of 53.33% and a
specificity of 100%, with an area under the curve
of 0.789 (95% confidence interval, 0.642–0.896)
(Fig. 3).
Discussion
Renal affection owing to SLE is a severe complication
that has a direct effect on patient survival. The
diagnosis of lupus nephropathy is based on clinical
features, biochemical parameters, and immunological
markers; however, no specific biomarker correctly
defines renal activity for lupus [9].

In recent years, several studies have found that a
disorder of the regulation of apoptosis is an
important factor in SLE progress, such as TWEAK,
andmight play an important role in the pathogenesis of
LN [10]. In this study, we analyzed the relationship
between TWEAK and the renal activity of lupus to
prove TWEAK as a marker of LN.

In our study, LN group showed a statistically
significant higher uTWEAK levels compared with
non-LN SLE group and normal healthy controls.
Similar results were found by Schwartz et al. [11],
Xuejing et al. [12], and El-Shehaby et al. [13].

We also found that uTWEAK levels were significantly
positively correlated with tSLEDAI and rSLEDAI
(P<0.05). These findings suggest that the
association of uTWEAK with active lupus is
primarily dependent on the renal component of the
score and does not depend on other systemic



Fig. 3

ROC curve analysis showing the diagnostic performance of urinary
TWEAK. ROC, receiver operating characteristic; TWEAK, tumor
necrosis factor-like weak inducer of apoptosis.

Table 3 Comparison between studied groups regarding
urinary tumor necrosis factor-like weak inducer of apoptosis
levels

Groups Urine TWEAK (pg/ml) ANOVA

Range Mean±SD F P value

Group I 40–75 51.000±8.904 149.222 <0.001

Group II 10–30 16.667±5.233

Control 10–20 15.000±4.226

Tukey’s test

Group I and group II Group I and control Group II and
control

<0.001 <0.001 0.760

ANOVA, analysis of variance; TWEAK, tumor necrosis factor-like
weak inducer of apoptosis.

Table 2 Laboratory data in patients with systemic lupus erythematosus

Parameters Group I Group II

Range Mean±SD Range Mean±SD

Hb (g/dl) 7.1–13.7 9.9±2.0 7–12.1 9.0±1.3

RBC (106/mm3) 2.57–5.25 3.7±0.8 2.7–4.9 3.6±0.5

WBCs (103/mm3) 3.4–12 7.7±3.0 4.5–9.4 7.0±1.3

Platelets (103/mm3) 104–568 259.9±124.6 130–568 248.6±116.3

CRP (mg/l) 6–48 44.5±3 8.0 6–70 36.1±37.9

ESR (mm/h) 15–116 61.9±3 9.2 10–124 47.2±43. 6

RBG (mg/dl) 74–98 82.7±10.7 70–96 77.3±11.2

2hPP (mg/dl) 100–130 112.1±9.1 98–137 120.5±13.0

AST (IU/l) 8–22 15.1±4.4 8–23 14.5±4.5

ALT (IU/l) 7–21 14.1±4.5 1–23 12.5±6.8

C3 (g/l) 30–152 91.2±45.8 65–180 126.3±36.8

C4 (g/l) 5–40 24.7±12.2 27–60 36.7±8.4

BUN (mg/dl) 13–88 50.1±22.3 7–21 13.5±4.3

Creatinine (mg/dl) 0.6–3.8 1.9±0.8 0.6–0.9 0.7±0.1

GFR (ml/min) 30–126 72.9±30.9 115–170 136.8±17.5

Proteinuria (mg/24 h) 0.521–6.47 2.035±1.842 0.002–0.096 0.040±0.033

P/C ratio 0.35–12 4.6±4.5 0.026–0.18 0.1±0.50

2hPP, 2-hour postprandial glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CRP, C-
reactive protein; ESR, erythrocyte sedimentation rate; GFR, glomerular filtration rate; Hb, hemoglobin; RBC, red blood cell; RBG, random
blood glucose; WBC, white blood cell.

186 Egyptian Rheumatology & Rehabilitation, Vol. 45 No. 4, October-December 2018
parameters of the SLEDAI score. Similar results
were found by Schwartz et al. [11] and El-Shehaby
et al. [13].
Regarding 24-h urinary protein level, uTWEAK
levels were significantly positively correlated with it
(P<0.01). Similar results were found by El-Shehaby
et al. [13]. On the contrary, Schwartz et al. [11] did
not find a significant correlation between uTWEAK
and the degree of proteinuria. This may be owing to
the higher mean rSLEDAI in our study of 13.9
compared with the lower mean rSLEDAI in their
study of 4, and the mean value of the 24-h urinary
protein level in our study is 2.6 compared with the
mean value of the 24-h urinary protein level in their
study of 0.6, reflecting that our patients had more
active renal disease.
TheunderlyingmechanismswhyTWEAKrelates to the
development of proteinuria are unknown. However,
experimental studies have shown that TWEAK
activates the nuclear factor kappa-light-chain-
enhancer of activated B cells pathway to induce the
expression of both soluble and membrane-bound
inflammatory chemokines, including monocyte
chemoattractant protein-1 in podocytes, regulated on
activation, normal T cell expressed and secreted, and C-
X-C motif ligand 16 in a dose-dependent manner, and
podocyte-derived monocyte chemoattractant protein-1
has been reported to promote motility and actin
cytoskeleton rearrangement and decrease nephrin
expression [14].
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In an effort to explore the relationship between
uTWEAK levels and the renal histology, we found
that uTWEAK levels showed no differences between
classes of LN on renal biopsy (P=0.230). This indicates
that uTWEAK detection cannot replace renal biopsy
entirely in the diagnostic process. Similar results were
found by Schwartz et al. [11] andXuejing et al. [12]. This
probably relates to the small number of patients studied
who are further subgrouped into a number of histological
classes, the inherent sampling error associated with renal
biopsy, and the lack of a clear system to assess
inflammatory disease activity at the tissue level [15].

However, the uTWEAK levels showed significantly
positive correlations with the histological renal activity
index (P=0.007) but not the renal chronicity index
(P=0.644). This confirms that the elevation of
uTWEAK level shows a stronger association with
the renal disease activity. Similar results were found
by El-Shehaby et al. [13] and Xuejing et al. [12].

TWEAK actions are regulated by the amount of
receptor; a reduced Fn14 expression limits the
actions of TWEAK in healthy tissues; however,
under pathological conditions, the rapid and massive
upregulation of this receptor sensitizes it to TWEAK
actions [10]. In the present study, patients with LN
showed higher levels of uTWEAK levels than patients
without LN and controls (P<0.001), and their renal
biopsy showed Fn14 expression was detected in
mesangial and tubular cells, mainly proximal tubular
cells, and it was associated with tubular atrophy and
areas of interstitial fibrosis.

The activation of the TWEAK/Fn14 inflammatory
pathway contributes to the infiltration of macrophages
and lymphocytes at the glomerular and tubular levels,
direct cytotoxicity, and mesangial and tubular
apoptosis. All these changes, added to the activation
of the complement system and the deposit of immune
complexes, accelerate kidney damage [16].

Several studies have provided data demonstrating the
association of tissue mRNA expression of TWEAK
and Fn14 in different diseases in both mouse models
and human patients [17]. However, to our knowledge,
this is the first study to explore the Fn14 expression by
immunohistochemistry in renal biopsies from human
patients with LN. Our preliminary data should be
confirmed in a greater number of patients.
Conclusion
Our results demonstrated that uTWEAK is a sensitive
biomarker for detection of LN in a sample of Egyptian
patients, who were recently diagnosed and did not
receive prior immunosuppressive treatment.
However, performance of further studies on patients
with LN is recommended to define its possible role
in monitoring response to therapy as well as renal
activity relapses.
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