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Kidneys control inter-organ

homeostasis

Victor G. Puelles and Tobias B. Huber

Cockayne syndrome is a genetic disease characterized by impairment of
DNA repair mechanisms, premature ageing, cachexia and kidney dysfunc-
tion. New research in a mouse model of Cockayne syndrome demonstrates
that injury induces a subset of kidney proximal tubule cells to express the
anorexigenic peptide GDF15. These findings link kidney injury to cachexia
and highlight the role of the kidney in mediating inter-organ homeostasis.
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Cells of the kidney tubule have been the
focus of much attention in recent years
owing to the development of sodium-glucose
cotransporter-2 (SGLT2) inhibitors, which
target tubule epithelial cells to prevent glucose
reabsorption and improve kidney outcomes
in patients with type 2 diabetes'. Surprisingly,
the benefits of SGLT2 inhibitors extends
beyond diabetic kidney disease, with con-
siderable benefits demonstrated on overall
cardiovascular health and in patients with
non-diabetic chronic kidney disease (CKD)’.
Although proximal tubule cells are key play-
ers in the pathophysiology of both diabetic
and non-diabetic kidney diseases, the pro-
found cardiovascular effects induced by these
agents suggest that pharmacological modula-
tion of kidney health may also have notable
extra-renal and inter-organ roles. An ele-
gant set of experiments published in Nature’
now reveals a previously unrecognized link
between the kidney — through the production
of growth differentiation factor 15 (GDF15)
by injured proximal tubule cells — and
cachexia resulting from DNA damage, high-
lighting the role of the kidney as a homeostatic
regulator of extra-renal processes.

The study by Mulderrig and colleagues
aimed to dissect potential mechanisms under-
lying Cockayne syndrome, an autosomal rec-
essive neurodegenerative disorder caused by
mutations in ERCC6 and ERCCS8 and char-
acterized by degenerative features includ-
ing premature ageing, cachexia and kidney
impairment. The protein products of ERCC6
and ERCCS contribute to a DNA damage
response called transcription-coupled nucle-
otide excision repair. In addition to identifying
endogenous formaldehyde as the cause of tran-
scriptional stress and DNA damage, Mulderrig
et al. also identified kidney proximal tubule

cells as a target of formaldehyde-induced tran-
scriptional stress. They demonstrate that dam-
age of proximal tubule cells by endogenous
formaldehyde induces a p53 response that
stimulates expression of GDF15 — an ano-
rexic hormone that contributes to progres-
sive weight loss. Of interest, our own screen
for soluble pro-cachectic factors in genetic
and acquired models of CKD also detected
significant increases in the expression of
GDF15, along with other pro-cachectic fac-
tors such as activin A, which was produced
by a subset of fibroblasts and cells of the
juxtaglomerular apparatus®. Both studies
demonstrate that injured kidney cells can
induce profound effects beyond their regular
microenvironments — specifically, on the
central nervous system (CNS) and muscle —
showcasing the kidney as an active participant
in complex inter-organ signalling (FIG. 1).

The ability of the kidney to regulate homeo-
static processes, including bone and mineral,
acid-base, salt and water balance, has long
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been recognized. Perhaps the most notable
example is its role in erythropoiesis, which is
orchestrated by cortical interstitial fibroblasts
in the kidney in response to hypoxia-inducible
factor (HIF) — a process that relies on kidney
health’. In 2021 we proposed a CKD-mediated
pro-cachectic model in which the kidney
releases soluble pro-cachectic factors that
directly modulate muscle receptor signalling.
We proposed that modulation of these signal-
ling pathways disrupts muscle homeostasis by
reducing protein synthesis and increasing pro-
tein degradation®. The work of Mulderrig and
colleagues® now suggests that GDF15 might
also indirectly facilitate cachexia by modify-
ing appetite signals. This proposal is in line

Injured kidney cells can
induce profound effects beyond
their regular microenvironments
... showcasing the kidney as an
active participant in complex
inter-organ signalling

with a previous report showing that GDF15
triggers taste aversion in mice® and implies
that kidney-derived GDF15, perhaps together
with other factors, might act as a more general-
ized anorexic signal, for example, in patients on
dialysis. However, the precise mechanisms by
which GDF15 provokes cachexia through direct
effects on muscle or indirectly through CNS
signalling need to be further explored. Of note,
in both examples mentioned above, several fur-
ther transcriptional programs were identified
that might also contribute to kidney-mediated
cachexia, suggesting that simultaneous, inter-
acting and potentially redundant pathway
activity is likely, which may affect the develop-
ment of future therapeutic strategies that aim
to target the cachectic effects of CKD and
Cockayne syndrome.
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Fig. 1|Kidneys control organ homeostasis. Kidney injury can induce the production of anorexic
and muscle-wasting signals from various cell populations, resulting in cachexia.
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Specific pathological
changes in subpopulations
of kKidney cells may have notable
effects outside the kidney

Proximal tubular cell injury is a central fea-
ture of acute kidney injury (AKI), including
that resulting from drug-mediated toxicity’. For
example, chemotherapeutic agents can induce
kidney damage, with ones such as cisplatin in
particular affecting the tubular epithelium®.
Of note, cachexia is a well-documented com-
plication of cancer. The findings by Mulderrig
et al. and our group raise the possibility that
cancer-associated cachexia might have multi-
factorial causes, including direct effects of
the cancer itself and indirect ones from drug-
induced pro-anorexic factors, such as GDF15,
that are induced secondary to kidney injury.
Although oncological protocols may be inflex-
ible, the implementation of nephroprotective
strategies might prevent proximal tubule cell
damage during chemotherapy and mitigate
the pro-cachectic effects of kidney damage.
AKI is also frequent among hospitalized
patients, including those with COVID-19
(REF). The majority of patients seemingly
recover renal function, and consideration

of the potential long-term consequences of
AKI is often limited. However, beyond the
well-documented higher risk of CKD in
patients who have recovered from an episode
of AKI, these new findings also highlight the
need to consider possible extra-renal long-term
consequences of AKI. Current evidence clearly
shows that the kidney orchestrates inter-organ
communication hubs that may be unexpected
and difficult to dissect, highlighting the need
for further studies in this area.

GDF15 is well-known by the nephrology
community; it is considered to be a promis-
ing biomarker of cardiovascular disease and
diabetes-associated CKD, one that does not
seem to be affected by SGLT2 inhibitors'.
Thus, we can speculate that therapeutic tar-
geting of GDF15 and other pro-cachectic
factors released by the kidney might achieve
multiple objectives, including amelioration
of cell injury and modulation of inter-organ
signalling with benefits for overall health.
Furthermore, it is our hope that future stud-
ies may use the work of Mulderrig et al.” as
an example of how specific pathological
changes in subpopulations of kidney cells
may have notable effects outside the kidney,
highlighting the central role of the kidney as
a master conductor of inter-organ signalling
to preserve body homeostasis.
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