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Abstract

Streszczenie

Kidney disease is a significant public health problem that is increasing worldwide. Tumour necrosis factor superfamily molecules
have recently been shown to be actively involved in renal pathophysiology. According to current reports, one of these molecules
has significant clinical implications: TWEAK, a tumour necrosis factor-like weak inducer of apoptosis. TWEAK is a cytokine
with important functions. By binding to induced fibroblast growth factor 14 (Fn14), its only receptor, TWEAK activates various
biological processes, including cell growth, migration or death, angiogenesis and production of proinflammatory cytokines.
TWEAK and Fn14 expression is relatively low in healthy tissues. Experimental studies have confirmed the important role of
TWEAK/Fn14 pathway activation in physiological tissue repair and regeneration, while its excessive activation leads to acute
and/or chronic damage. TWEAK production takes place in various inflammatory diseases of the kidneys with the participation
of immune cells. In the case of inflammatory diseases characterised by increased chemokine production, TWEAK presents with
apoptotic effects. In non-immune diseases, TWEAK stimulates renal tubular proliferation. The dualism of the TWEAK effect
is multifactorial. TWEAK was proliferative in healthy kidneys and in a compensatory overgrowth model after nephrectomy in
which inflammatory cytokine expression was low. Data obtained from experimental and clinical studies are useful for developing
future diagnostic and therapeutic strategies focused on the role of TWEAK in kidney damage.

Keywords: cytokines, kidney diseases, TWEAK, fibrosis

Choroby nerek to istotny problem zdrowia publicznego, ktérego wzrost wystepowania obserwuje si¢ na calym $wiecie. Ostatnio
wykazano, ze czasteczki nadrodziny czynnika martwicy nowotworéw (TNF) sg aktywnie zaangazowane w patofizjologie nerek.
Wedlug aktualnych doniesien jedna z tych czasteczek jest majacy istotne implikacje kliniczne TWEAK -
podobny do czynnika martwicy nowotworéw induktor apoptozy. TWEAK to cytokina pelniaca wazne funkcje. Poprzez wigzanie
z indukowanym czynnikiem wzrostu fibroblastéw 14 (Fnl4) - jego jedynym receptorem - TWEAK aktywuje rozne procesy
biologiczne, w tym wzrost, migracje lub $mier¢ komoérek, angiogeneze i wytwarzanie cytokin prozapalnych. W zdrowych
tkankach ekspresja TWEAK i Fn14 jest stosunkowo niska. Badania eksperymentalne potwierdzily istotna role aktywacji szlaku
TWEAK/Fn14 w fizjologicznej naprawie i regeneracji tkanek, podczas gdy jego nadmierna aktywacja prowadzi do ich ostrego
i/lub przewleklego uszkodzenia. Produkcja TWEAK ma miejsce w réznych stanach zapalnych nerki, przy udziale komoérek
odpornosciowych. W przypadku choréb zapalnych charakteryzujacych sie zwiekszong lokalng ekspresja TWEAK i cytokin
zapalnych TWEAK wykazuje dziatanie apoptotyczne. W chorobach o podlozu nieimmunologicznym TWEAK pobudza za$
proliferacje cewek nerkowych. Dualizm efektu dziatania TWEAK jest wieloczynnikowy. W zdrowych nerkach
i eksperymentalnym przeroscie kompensacyjnym po nefrektomii, w ktérym ekspresja cytokin zapalnych jest niska, TWEAK
wykazywal dzialanie proliferacyjne. Dane uzyskane z badan eksperymentalnych i klinicznych moga by¢ przydatne do
opracowania przysztych strategii diagnostycznych i terapeutycznych ukierunkowanych na role TWEAK w uszkodzeniu nerek.

Stowa kluczowe: cytokiny, choroby nerek, TWEAK, wiéknienie
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INTRODUCTION

idney disease is a significant public health prob-
B lem that is increasing worldwide. It is associated
with population ageing and an increasing preva-
lence of lifestyle diseases such as diabetes, hypertension,
obesity and concomitant immune disorders. Chronic
kidney disease (CKD) is an independent risk factor for
cardiovascular disease, which additionally increases
morbidity and mortality among individuals with CKD.
Tumour necrosis factor (TNF) superfamily molecules
have recently been shown to play an important role in
kidney disease pathogenesis. One of these molecules is
tumour necrosis factor-like weak inducer of apoptosis
(TWEAK), which has been investigated and discussed
in detail in recent years. TWEAK is able to activate key
pathways associated with the development and progres-
sion of kidney disease by affecting the processes of cell
proliferation, differentiation, apoptosis, necrosis, inflam-
mation, angiogenesis and fibrosis. Tab. 1 summarises the
influence of TWEAK on different renal cells in vitro by
affecting the processes of cell proliferation, inflamma-
tion, fibrosis and deatht-'>.
TWEAK was first described in 1997 by Chicheportiche
et al., who found that one of the TNF family particles is
able to induce apoptosis"®. TWEAK is a multifunction-
al cytokine which mediates many processes with a po-
tential pathophysiological significance dependent on the
microenvironment, type and activation status of the cell.
By binding to fibroblast growth factor-inducible 14 (Fn14),
which is the only TWEAK receptor, TWEAK stimulates
various biological processes such as cell proliferation, mi-
gration, apoptosis and angiogenic activity, and can lead to
inflammatory cytokine overexpression and impaired cel-
lular differentiation pathways"”. On a molecular level,
TWEAK/Fn14 signalling initiates the binding of TWEAK
with the extracellular domain of its receptor; subsequent-
ly, the signal is transmitted by factors associated with the

TNF receptor, which mediate the activation of canonical
and non-canonical nuclear factor kappa B (NF-kB) path-
ways(®-2Y. Through the activation of NF-kB, TWEAK stim-
ulates mesangial cells, podocytes and tubular cells to ex-
press many inflammatory mediators, including cytokines/
chemokines (regulated on activation, normal T cell ex-
pressed and secreted, RANTES; monocyte chemoattrac-
tant protein-1, MCP-1)®2.

Opposite effects of TWEAK activity were also discov-
ered: on the one hand, it leads to the processes of re-
pair and regeneration; on the other hand, excessive,
chronic activation of TWEAK causes tissue damage and
neoplasia®-2),

Under normal conditions, TWEAK and Fnl4 expres-
sion is low; however, it increases with tissue damage®”.
Numerous experimental studies and research papers
demonstrated the lack of Fnl4 expression in a healthy
kidney. However, a significant increase in the expression
of Fn14 with TWEAK was observed in various forms of
acute and chronic kidney injury, proteinuric and non-
proteinuric kidney diseases, and in immune®, inflam-
matory and neoplastic diseases@”?®.

An increasing body of evidence confirms that the acti-
vation of the TWEAK/Fn14 pathway plays a key role in
the pathophysiology of many kidney diseases. Clinical
symptoms, laboratory tests and invasive procedures (kid-
ney biopsy, cystoscopy) do not meet the requirements
of modern diagnostic investigation. Recent publications
have shed a new light on the role of TWEAK in kidney
inflammation and fibrosis and in neoplastic diseases of
the urinary tract. For this reason, a search is under way
for new biomarkers for determining and monitoring the
course of disease.

This article summarises the findings made to date,
with a focus on predictive and therapeutic implica-
tions of the assessment of TWEAK/Fn14 pathway ex-
pression and TWEAK concentration in selected kid-
ney diseases.

TWEAK - in vitro effect Target renal cell Mechanism of action and cofactors References
Mesangium 1 TGF-B1, fibronectin 0]
Fibrosis Tubules NF-kB-mediated epithelial-mesenchymal (3)
transition
Tubules 1t MCP-1, RANTES, CXCL16 (NF-kB pathway) | (4-9)
1 CCL21 (non-canonical NF-kB pathway)
Inflammation Podocytes 1 MCP-1, RANTES, CCL19 (NF-kB pathway) (10,11)
1 (CL21 (non-canonical NF-kB pathway)
Mesangium t MCP-1, IL-6, IL-8 (NF-KB pathway) (12)
Tubules Increase in cell numbers (NF-kB pathway) (13)
iy "
Fibroblasts Increased mitotic index (4)
Cell death Tubules Apoptosis induction (14,15)

CCL19 — chemokine ligand 19; CCL21 — chemokine ligand 21; CXCL16 — chemokine ligand 16, IL-6 — interleukin 6; IL-8 — interleukin 8; MCP-1 — monocyte
chemoattractant protein-1; NF-kB — nuclear factor kappa-light-chain-enhancer of activated B cells; RANTES — requlated on activation, normal T cell expressed and secreted;
TGF-B1 — transforming growth factor beta 1; TWEAK — tumour necrosis factor-related weak inducer of apoptosis.
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TWEAK IN EXPERIMENTAL RESEARCH

The first study on the impact of TWEAK and its receptor
on renal tubular cells was conducted on a murine model.
In the mice, acute kidney injury (AKI) was induced by ad-
ministering folic acid. It was found that in the presence of
proinflammatory cytokines (TNF-q, interferon y - IFN-y)
TWEAK activation leads to renal tubular damage. Cell
death is associated with the activation of caspase-8 and the
mitochondrial apoptosis pathway. Caspase inhibitors pre-
vent apoptosis; however, they promote oxidative stress and
tubular tissue necrosis®>*".

In a non-inflammatory microenvironment, for example in
the presence of growth factors, TWEAK promotes NF-kB
and mitogen-activated protein kinases (MAPK), which
leads to the proliferation of renal tubular epithelium.

In an AKI model associated with tubular damage, prolif-
eration and inflammation, TWEAK deficiency or the ad-
ministration of anti-TWEAK antibodies limited kidney
apoptosis and inflammation®??, resulting in functional im-
provement*3). Similar results were obtained for an isch-
aemia-reperfusion AKI model in which blocking the Fn14
receptor reduced kidney apoptosis and fibrosis®?. In these
observations, the administration of anti-TWEAK antibod-
ies significantly reduced the inflammatory process in the
kidney®. In a chronic graft-versus-host disease (GvHD)
nephritis model, anti-TWEAK antibodies significantly re-
duced the expression of proinflammatory cytokines, macro-
phage infiltration and proteinuria®?. In addition, TWEAK
deficiency significantly reduced kidney apoptosis, inflam-
mation and fibrosis in a model with a ligated ureter®.

In experimental animals devoid of the Fn14 receptor, mac-
rophage and T cell infiltration in the kidney was observed
to be reduced. Thus, it may be concluded that the activa-
tion of TWEAK/Fn14 increases inflammatory reactions
by promoting cytokine production and inflammatory cell
infiltration .

The proliferative effect of TWEAK was also assessed for uni-
lateral nephrectomy. Tubular cell proliferation and kidney
hypertrophy were found despite the lack of signs of kidney
injury. It was demonstrated that in the remaining kidney, tu-
bular Fn14 expression increases within several days, with-
out changes in the numbers of proinflammatory cytokines,
which sensitises tubular cells to TWEAK and increases cell
proliferation®. TWEAK knock-out mice displayed an im-
paired response to unilateral nephrectomy, which suggests
that the TWEAK/Fn14 pathway also mediates compensato-
ry hypertrophy in unilateral nephrectomy.

TWEAK IN LUPUS NEPHRITIS

Lupus nephritis (LN) is one of the more common clinical
manifestations of systemic lupus erythematosus. The high-
ly diverse course of LN requires quick and thorough diag-
nostic investigation. The markers that have been used to
date to diagnose LN, such as: proteinuria, erythrocyturia,
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urine albumin/creatinine index, creatinine clearance,
anti-dsDNA antibodies and complement component lev-
els are highly insufficient®. Kidney biopsy, which remains
the diagnostic gold standard, is an invasive method that is
not always possible to perform and which is of little use for
treatment monitoring. Therefore, there is an urgent need
to determine reliable biomarkers assessed qualitatively and
quantitatively in blood and/or urine.

TWEAK is produced in various inflammatory kidney con-
ditions, with a significant contribution from immune cells
such as macrophages. As mentioned previously, under nor-
mal conditions the activation and production of TWEAK
and Fn14 in the kidney are relatively low. However, in pa-
tients with lupus, both glomeruli and tubules display a high
TWEAK and Fnl14 expression®®. In an experimental mu-
rine lupus model, TWEAK expression was elevated al-
ready at an early stage of the disease®”. In addition, an-
imals with experimentally induced LN had significantly
higher TWEAK/Fn14 levels in the glomeruli compared to
the group with no renal involvement(®®),

TWEAK/Fnl14 activation in the kidneys promotes the
production of many proinflammatory cytokines that ini-
tiate disease progression in systemic lupus. As a result of
TWEAK/Fn14 activation, proinflammatory cytokines, in-
cluding RANTES, MCP-1 and IFN-y-induced protein 10,
are expressed by human renal cells or renal cells of mice
with LN©®. Due to TWEAK, in renal tubular cells, addi-
tional inflammatory cytokines are expressed, such as che-
mokine ligand 19 (CCL19), 21 (CCL21) and 16 (CXCL16)
(Fig. 1)¢>0. Inflammatory cytokine overexpression exacer-
bates local inflammation in LN. RANTES and MCP-1 lead
to the infiltration of the kidneys by macrophages, mono-
cytes and activated T cells, which are instrumental in the
pathogenesis of renal impairment in LN“Y. The RANTES
cytokine significantly accelerated the progression of LN in
mice, while experimentally induced lack of MCP-1 signifi-
cantly reduced T cell and macrophage infiltration, thus lim-
iting glomerular sclerosis and crescent formation?.

It was demonstrated that RANTES plays a role in the de-
velopment of glomerulonephritis. Studies in which urine
TWEAK concentration was assessed in patients with LN
demonstrated that it correlates with LN activity and can
be useful in making therapeutic decisions'%**¥. Schwartz
et al.® also confirmed that urine TWEAK concentration
was significantly higher in patients with LN and correlated
with SLEDATI score (Systemic Lupus Erythematosus Disease
Activity Index).

With regard to renal proinflammatory effects of TWEAK,
based on numerous observations of a murine lupus model
and preliminary clinical studies in which TWEAK and Fn14
expression in the kidneys increased with disease progres-
sion®¥, a hypothesis was put forward that TWEAK/Fn14
interactions play a fundamental role in LN pathogenesis.
Furthermore, an ability to modify the cellular pathway
mentioned above can constitute a new therapeutic target.
In order to clarify this matter, intravenous administration
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Fig. 1. TWEAK/Fn14 pathway in activation and modulation of proinflammatory cytokine production

of anti-TWEAK antibodies was started in systemic inflam-
matory diseases, which caused serum TWEAK concentra-
tion to drop down to indeterminate values and the levels
of circulating inflammatory markers to be significantly re-
duced in patients with rheumatoid arthritis“>. However, in
the ATLAS study (Anti-Tweak in Lupus Nephritis Patients),
which assessed the efficacy, safety and tolerability of
anti-TWEAK antibodies as an add-on therapy in patients
with advanced LN in whom standard of care did not pro-
duce remission®), anti-TWEAK antibodies were not found
to be sufficiently effective in comparison to routinely used
steroids and mycophenolate mofetil.

Apart from the potential of anti-TWEAK therapy in inflam-
matory diseases with renal involvement, there is abundant
evidence suggesting that TWEAK can also serve as a bio-
marker of renal impairment.

While serum TWEAK levels did not make it possible to
identify patients with LN“**?, TWEAK excretion with
urine was indeed significantly higher in them. This made
it possible to differentiate these patients from those with
other autoimmune diseases and from healthy controls“®.
As a result, urine TWEAK concentration started to be in-
vestigated as a possible non-invasive tool for monitoring
the disease®*),

TWEAK AND CKD

Chronic kidney disease is associated with accelerated
ageing and premature death®”. It is also an independent
risk factor for the development of cardiovascular diseas-
es, which, in turn, impair kidney function even further®".
For this reason, early diagnosis and identification of fac-
tors that increase susceptibility to kidney damage are
very important.

As numerous studies suggest, the pathomechanism of re-
nal impairment in CKD is a multifactorial process in which
inflammation may play an important role; this is support-
ed by elevated inflammatory marker levels in patients with
a more severe course of the disease®>*?.

DOI: 10.15557/PiMR.2020.0046

Chronic kidney disease is considered to be a state of Klotho
protein deficiency which may contribute to accelerated
ageing®”. Klotho protein has profibrotic, anti-ageing
and anti-inflammatory properties®>", while TWEAK
is a key factor in reducing Klotho expression through
the canonical activation of the NF-kB pathway®®. It was
proven that, on the one hand, the TWEAK/Fn14 system
activates proinflammatory pathways via NF-kB, and, on
the other hand, it attenuates anti-inflammatory and an-
ti-ageing pathways; as such, TWEAK/Fn14 is a poten-
tial factor affecting the ageing process associated with
inflammation®®.

Research on CKD patients demonstrated that TWEAK
may serve as a biomarker of renal impairment and con-
comitant organ complications®”. Sasaki et al. demonstrat-
ed the existence of a relationship between urine TWEAK
level and clinical symptoms suggesting that the TWEAK/
Fn14 system affects crescent formation and proteinuria
in patients with IgA nephropathy®. Studies on haemo-
dialysis patients demonstrated significantly lower se-
rum TWEAK levels in relation to the control group®"?.
However, an increase in serum TWEAK levels in certain
haemodialysis patients was associated with elevated car-
diovascular risk and higher mortality®". Based on this,
Carrero et al. found that TWEAK may also be a mark-
er of high mortality in haemodialysis patients®". In re-
nal transplant patients, an increase in TWEAK concen-
tration was observed as well®?. Based on research to date,
TWEAK can be considered a potential biomarker of the
development and progression of CKD and diabetic ne-
phropathy, and a biomarker of cardiovascular risk in kid-

ney diseases8664),

TWEAK AND KIDNEY FIBROSIS

There is also evidence for a profibrotic role of TWEAK
and Fnl14 in the kidney. Experimental research demon-
strated that TWEAK can contribute to kidney fibrosis by
modifying and stimulating such processes as fibroblast
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proliferation, activation of tubular cells to synthesise pro-
inflammatory mediators or reduction of antifibrotic mol-
ecule levels©?.

It has been proven that TWEAK activates the proin-
flammatory response via NF-kB in fibroblasts. By af-
fecting renal fibroblasts, TWEAK induces the process
of kidney fibrosis. This was confirmed in an experi-
mental study on mice with unilateral ureteral obstruc-
tion. The mice which were not able to produce TWEAK
had a decreased renal fibrosis®. In addition, a lower de-
gree of tubulointerstitial tissue damage was observed
in the kidney with obstructed urine outflow and no
TWEAK. These observations are important due to the
fact that eliminating TWEAK reduced the process of
kidney fibrosis in a chronic, non-immune model of kid-
ney injury. Based on in vivo study results, it is suggest-
ed that TWEAK/Fn14 blockade can protect against kid-
ney injury/disease.

Experimental and clinical studies have produced evidence
for the indisputably important role of TWEAK in kidney in-
jury prevention therapy. Promising results of clinical stud-
ies on anti-TWEAK antibodies provide a chance for fur-
ther exploration of other kidney diseases in which TWEAK
might constitute a therapeutic target. The potential role of
TWEAK in kidney regeneration also seems important.

In conclusion, despite the lack of advanced clinical trials,
there is a body of preclinical evidence linking TWEAK with
kidney injury. Knowledge building and further studies us-
ing new techniques to assess the role of TWEAK as an im-
portant factor in the pathomechanism, course and method
of treatment of kidney diseases with various aetiology will
be of key importance.
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