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Regulation of endogenous brakes to kidney fibrosis: turning
the view upside down
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It is common knowledge that kidney injury mostly results in a
self-perpetuating and sustaining disease with poor outcome.
The nephrology community is notorious for the lack of effi-
cient interventions to combat this relentless process character-
ized by kidney fibrosis and diminished excretion of nitroge-
nous wastes. At this point, one may change the point of view
and ask the question whether the kidney itself is the answer for
this failure of treatment options and the epicentrum of
dysbalance. The study by Yu et al. [1] provides compelling
evidence that this altered perspective holds true and provides
novel answers. Impaired kidney function goes along with ris-
ing levels of uremic toxins, of which there are more than 120
substances that mediate adverse effects on cognition and or-
gan functions, such as digestion in the bowels and muscle
weakness, appetite, and bone metabolism. Two uremic toxins
have been analyzed in detail, indoxyl sulfate as well as p-
cresyl sulfate [2]. Both are already elevated at early stages of
kidney impairment, importantly, the serum levels of indoxyl
sulfate are up to fivefold elevated with chronic kidney disease
and highly correlate with tubulointerstitial kidney fibrosis
(r > 0.9). This is the starting point for Yu et al. [1] to link
uremia toxins with kidney fibrosis and to dissect the underly-
ing molecular pathways. Given such a strong association, it is

astonishing how many nodes are involved in this process. A
brief summary includes NADPH oxidase, reactive oxygen
species, mitogen-activated protein kinase ERK1/2, DNA
methyltransferases, secreted frizzled-related proteins (sFRP),
klotho, Wnt/β-catenin signaling, α-smooth-muscle actin, col-
lagens, and matrix metalloproteinase-7. Confused by this long
list? Most players are notorious for their participation in organ
fibrosis (overview in Fig. 1). Yu et al. elucidate that indoxyl
sulfate application induces epigenetic phenomena, which in-
volve the methylation of CpG islands within target genes,
such as klotho and secreted frizzled-related protein-5. These
methylation steps are performed by DNA methyltransferases
(DNMTs) that are upregulated in tubular cells due to oxidative
stress and MAP kinase signaling. Among the family of secret-
ed frizzled-related proteins denoted 1 through 5, only one is
upregulated following indoxyl sulfate application, sFRP-5.
This protein acts extracellularly and sequesters Wnt-5a, there-
by preventing its binding to frizzled receptors and inducingβ-
catenin signaling (see Fig. 2). In other words, less sFRP-5
results in increased Wnt/β-catenin signaling. Other studies
revealed a similar downregulation of sFRP-4 in unilateral ure-
teral obstruction [3]. An analogous inhibitory activity has
been described for the secreted klotho protein. For the Wnt/
β-catenin signaling, ample evidence and mechanisms are
known on how this promotes organ fibrosis and destruction
of tissue architecture, e.g., in the kidney with tubulointerstitial
fibrosis [4].

To confirm all the described steps and determine the rela-
tive contribution of the proponents, Yu et al. [1] applied dif-
ferent interventions with immortalized tubular cell lines in
murine models of kidney disease following uninephrectomy
and intraperitoneal application of indoxyl sulfate. As schemat-
ically summarized in Fig. 1, the interventions encompassed
the ROS scavenger N-acetylcysteine (NAC), MEK inhibition
(U0126), DNA methyltransferase inhibitor decitabine (5-aza-
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2′-deoxycytidine), and intraperitoneal application of recombi-
nant sFRP-5 protein to sequester Wnt ligands. All these

interventions abrogated Wnt/β-catenin signaling, the last
two interventions proved to protect from kidney fibrosis me-
diated by indoxyl sulfate application in murine kidney disease
models.

The findings are convincing and seemingly make an inter-
vention to kidney fibrosis easy. What is the missing link for
translation into clinic?

Some applied interventions seem to be easy to perform,
however, have not been successful. N-acetylcysteine (NAC)
has been applied to prevent contrast media toxicity, however,
only for a few days. For patients with chronic kidney disease,
short-term treatment with NAC (4 × 1200 mg/12 h) showed
no improvement in kidney function [5]. Thus, a long-term trial
would be required to answer the question whether this com-
pound may be suitable for a renaissance. Highly selective
MAPK inhibitors (trametinib, selumetinib) are in clinical trials
at different stages, mostly for melanoma and thyroid cancer.
Common side-effects reported for these substances include
rashes and diarrhea. As ERK signaling is implicated in a num-
ber of pro-fibrotic signaling pathways, these drugs may also
hold promise for kidney diseases; however, until now no clin-
ical trials have been registered for kidney diseases at either the
EU Clinical Trials Register or ClinicalTrials.gov. DNA
methyltransferase inhibitor decitabine is an FDA-approved
treatment since 2006 for myelodysplastic syndrome and most-
ly applied to elderly patients. However, for the kidney, testing
of its efficacy has so far been limited to prospective studies on
renal cell carcinoma.

Application of recombinant proteins, such as klotho and
sFRP-5 seems feasible. The chosen dosages in the animal
experiments (10 μg/kg/day) are reasonable; however, exten-
sive analyses will be required on the pharmacokinetics, phar-
macodynamics, as well as immunogenicity. The data so far
suggest that both proteins are effective treatments for reducing
renal fibrosis [1, 6]. Although a number of clinical trials are
investigating klotho as a potential biomarker as well as its role
in regulating phosphate and vitamin D metabolism, no study
has been registered to investigate its anti-fibrotic activity.

The beneficial outcome following application of these dis-
tinct compounds in experimental models of kidney disease
may make patients and caring physicians optimistic; however,
kidney diseases do not progress rapidly and most require pa-
tience on both sides before one may assess the outcome.

One intriguing option to interfere in the kidney disease
progress resides in the elimination of protein-bound uremia
toxins such as indoxyl sulfate and p-cresyl sulfate. Such an
intervention has been tested in clinical trials with the charcoal-
based drug AST-120; however, the amount one needs to con-
sume (30 × 300 mg capsules/day) are a challenge and impairs
patient compliance, with only ∼40% of each group complet-
ing the study [7]. Alternate strategies would be to reduce the
generation of uremia toxins. Dietary protein is broken down
into amino acids within the gut. Of these, the aromatic amino

Fig. 1 Interacting nodes from the uremic toxin indoxyl sulfate to kidney
fibrosis. Dietary tryptophan is broken down by commensal bacteria
within the gut, leading to the production of indoxyl sulfate. Within the
plasma, this protein-bound toxin eludes excretion and serum levels
increase over time. Indoxyl sulfate activates signaling cascades, e.g.,
MAP kinases and ROS, thereby inducing the expression of DNA
methyltransferases. These, in turn, methylate CpG islands found within
the genes for klotho and secreted frizzled-related protein (sFRP), thereby
suppressing their expression. Reduced levels of extracellular klotho and
sFRP lead to an enhanced activation of the Wnt/β-catenin signaling
pathway, which induces a number of pro-fibrotic genes, e.g., collagen I,
α-smooth muscle actin, matrix metalloproteinase-7, snail, RAAS; all of
which contribute to kidney fibrosis. Fibrosis diminishes kidney function,
resulting in increased levels of indoxyl sulfate within the serum, which
aggravates the situation by increasing inflammation and reinforcing organ
fibrosis. Uninterrupted, this self-perpetuating cycle will ultimately result
in organ failure

Fig. 2 Inhibition of Wnt/β-catenin signaling by klotho and secreted
frizzled-related protein. In healthy individuals, klotho and fizzled-
related proteins are secreted from the cell to prevent Wnt signaling
(induced via binding to its receptor frizzled and the co-receptor
lipoprotein receptor-related protein). In CKD patients, the accumulation
of indoxyl sulfate in serum induces the expression of DNA
methyltransferases (DNMTs) within cells, which methylate CpG islands
within the klotho and sFRP genes, thereby turning the genes OFF. This
allows Wnt to bind its receptor(s) and induce the expression of fibrosis-
related genes, thereby causing organ fibrosis
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acids, tryptophan, tyrosine, and phenylalanine are converted
to indole or p-cresol by commensal bacteria. These com-
pounds are then absorbed into the blood/plasma and, in the
liver, conjugated with sulfuric acid to form indoxyl sulfate and
p-cresyl sulfate, which then bind to albumin and circulate as
protein-bound toxins. Putatively, the intake of these amino
acids may be restricted, which contradicts nutritional supple-
mentation recommendations that advertise and market these
amino acids as safe natural health products. Numerous alleged
benefits have been described for tryptophan, presenting it as a
remedy against mood disorders and natural sleeping aid.
Given the accumulation of indoxyl sulfate following increased
tryptophan ingestion and along this line expected additional
kidney fibrosis, a closer look should be taken on a patient’s
diet and nutrient supplements. This is of particular impor-
tance, as circulating uremic toxins increase permeability with-
in the gut, thereby enhancing inflammation and inducing
dysbiosis, a disturbance in the normal gut microbiota, which
has been implicated in a number of diseases including obesity,
diabetes, inflammatory bowel, cardiovascular, and kidney dis-
eases. Alterations in the intestinal microbial flora have been
identified in patients with end-stage renal disease and have
been induced in animal models of uremia within 8 weeks.
Application of probiotics to correct the dysbiosis may prove
beneficial [2].

Finally, epigenetics strongly affects organ fibrosis. There are
someknowndrugs harboring epigenetic “side-effects” and that
inadvertentlyhavethepotential tohaltkidneydisease.Onesuch
example is hydralazine, a compound known for its blood pres-
sure lowering effects [8]. Thus, epigenetics holds the promise
that this longknowndrugexperiences a renaissance.Keepyour
eyes open. Another important message from the study by Yu
et al. [1] relates to endogenous anti-fibrotic mechanisms.
Klotho and secreted frizzled-related proteins function as Wnt
antagonists, thus acting as endogenous brakes to combat organ
fibrosis. Suppressing the expression of these proteins enhances
organ fibrosis. This is not only true for the kidney, but similar
mechanisms exist also in the liver and skin [9, 10].

Finally, the idea of a serum marker for uremia, other than
urea and creatinine, with relevance for organ fibrosis is com-
pelling. One may envision that treatment adjustments may be
guided according to the serum levels of indoxyl sulfate and p-
cresyl sulfate, as an example. However, these are at the mo-
ment only quantified by fluorescence liquid chromatography.

As a consequence, risk for organ fibrosis would be quantifi-
able, similar to autoimmune disorders (autoantibody titers) or
cancer diseases (tumor markers) and treatment options may be
adjustable. What a nice visionary aspect, for patients and car-
ing doctors alike—a personalized fibrosis medicine 1.0.
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