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Keywords The non-canonical functions of the transcription factor STAT3 have been
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STATS sion activation. Here, Kohler et al. put the spotlight on a novel unconven-
tional repressing mechanism of STAT3 over the REDDI1 gene, named
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STAT3 canonical and non-canonical
functions in health and disease

Janus kinases (JAKs) are activated upon cytokine stim- of STAT to the nucleus. Once in the nucleus, these
ulation and phosphorylate signal transducers and acti- transcription factors activate gene expression. Specifi-
vators of transcription (STATs) at tyrosine (Y) cally, STAT3 is mainly known as an activator of gene
residues which results in dimerisation and translocation transcription that requires the phosphorylation of its Y
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Fig. 1. The JAK/STAT3 pathway canonical function as a coactivator (left) and the novel mechanism as a transcriptional repressor over DDIT4
described by Kohler et al. (right). The canonical function of STAT3 requires phosphorylation of Y705 via JAKs and phosphorylation of serine
727 (S727) to dimerise and translocate into the nucleus and bind specific regions within the promoter of the target gene. It then requires
the recruitment of specific activating cofactors (CoFs) to show maximal activation of transcription. As reported by Kohler et al., the
phosphorylation of Y705 is also necessary for its function as a repressor of DDIT4 expression. Moreover, one possibility is that STAT3 could
bind non-canonically to the promoter of DDIT4 via its N-terminal domain, which is necessary for the reduction of REDD1 expression.
Nonetheless, it can also be that STAT3 interacts and blocks other transcription factors via its N-terminal domain. Created in Biorender.com.

residue 705 via JAKs to dimerise and translocate into
the nucleus, where it binds to acute phase response ele-
ments (APREs) within the promoters of its target
genes, such as suppressor of cytokine signaling 3
(SOCS3) (Fig. 1) (reviewed in Ref. [1]).

However, STAT3 has also non-canonical functions
that are numerous and diverse but much less studied.
In line with this, STAT3 has been shown to regulate
the mitochondrial OXPHOS via direct interactions
with components of the system [2]. Moreover, STAT3
negatively regulates the expression of some genes, such
as inducible nitric oxide synthase (iNOS) by directly
binding to nuclear factor kappa B (NF«B) [3]. Kohler
et al. not only show that STAT3 can repress the
expression of REDDI1 but also elegantly dissect the
elements of this novel gene repression function [4].
They identified the phosphorylation of residue Y705
and the N-terminal domain of STAT3 as essential for
REDDI gene repression (Fig. 1).

The importance of this novel non-canonical regulation
of STAT3 upon REDDI gene expression resides in the
fact that REDD1 protein inactivates mechanistic target of
rapamycin kinase (mMTOR) kinase activities, a crucial hub
that orchestrates many cellular responses to extracellular
signals, such as nutrient levels, cytokine release or stress.

STAT3 is upregulated in carcinogenic processes [2].
As pointed out by Kohler et al., the link of this novel
mechanism of REDDI1 expression via STAT3 in can-
cer appears to be obvious since the upregulation of
STAT3 may explain the described downregulation of
REDDI in such tumorigenic processes.

Interestingly, in neurodegenerative processes, the exact
status of JAK/STATS3 signalling is still not fully under-
stood. Some studies describe a reduction of STATS3
expression and Y705 phosphorylation in hippocampal
neurons of AD patients, and STAT3 inversely correlates
with AP levels in this context (reviewed in Ref. [1]). On
the other hand, abnormal activation of STAT3 was also
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associated with AD, due to its role in the induction of
astrocyte reactivity [S]. Therefore, the relevance of this
new non-canonical regulation of REDDI via STAT3 is
not yet elucidated. Some studies have pointed to the
specific inhibition of STATS3 signalling as a therapeutic
target in neurodegeneration [6], whereas others suggest
diametrically opposite approaches (i.e. to activate JAK/
STAT3 signalling) [1]. In addition, other regulations may
apply to possibly explain this apparent contradiction in
the mechanism discovered by Kohler et al. For instance,
STATS3 phosphorylation at Y705 is upregulated in sev-
eral tauopathies, pathologies composed by an accumula-
tion of hyperphosphorylated protein Tau, which include
Alzheimer’s Disease (AD) or frontotemporal dementia.
Indeed, overexpressing human P30IL mutant tau
(P301L-hTau) increased the phosphorylated level of
STATS3 at Y705 by JAK2. Notably, STAT3 could not
translocate into the nucleus; rather, it was located mainly
in the cytoplasm via P301L-htau acetylation of STATI,
which causes it to bind to STAT3 and sequester it in the
cytoplasm, thus disabling it from gene regulatory func-
tions [7]. In addition, even though the role of STAT3 in
astrocytes and neuroinflammation has been extensively
described, less work has been done on the regulation of
STAT3 in neurons. For instance, inactivation of the
JAK2/STATS3 axis causes cholinergic neuronal dysfunc-
tion, and it is linked to memory impairment in AD. This
suggests a differential regulation of the STAT3 phospho-
rylation in distinct cell types [1].

All in all, the specific contribution of the non-
canonical regulation of STAT3 upon DDIT4 transcrip-
tion needs to be addressed in other scenarios such as
tumorigenesis or neurological disorders to unravel its
physiopathological importance.

REDD1 role in physiological and
pathological conditions

Regulated in development and DNA damage response
1 (REDDI), also known as RTP80I, is a stress-
responsive protein expressed at low levels in many tis-
sues, including neurons and astrocytes. It is encoded
by the stress-responsive gene DNA-damage-inducible
transcript 4 (DDIT4), whose transcription increases in
cases of hypoxia [8], DNA damage [9] and exposure to
dopaminergic neurotoxins such as 6-hydroxydopamine,
MPTP or rotenone [10]. Others manifest threats to cell
integrity as increased reactive oxygen species produc-
tion [8] or sustained ER stress [11] notably increases
DDIT4 expression. Nonetheless, REDD1 gene expres-
sion is upregulated when cells are exposed to mild
stresses related to the metabolic status, for instance,
under fasting [12] or glucose deprivation [13]

Commentary

conditions. Overall, this suggests that REDDI is not
only a stress-regulated protein but also a key regulator
of organism homeostasis.

REDDI inhibits mTOR via the tuberous sclerosis
complex 1/2 (TSC1/TSC2) [14]. Even though it was
first proposed that REDDI interacts with 14-3-3 pro-
tein to exert its function, crystallographic and func-
tional analysis of the protein revealed that mTORCI1
inhibition via REDDI is not dependent on 14-3-3 [13].
Nonetheless, the exact mechanism by which REDDI1
acts has not been yet fully elucidated.

REDDI is also an interesting target from a pathogenic
point of view. Expression of REDDI1 is altered in a vast
range of pathologies, from inflammatory diseases to can-
cer and neurodegenerative disorders. For instance, we
have described that REDDI is upregulated in post-
mortem brains of patients with Parkinson’s (PD) [9],
Huntington’s (HD) [15] and AD [16], and it has been
linked to increased neuroinflammation and cognitive def-
icits in both HD [17] and AD [16] mice models. Interest-
ingly, selective knockdown of REDDI1 in hippocampal
neurons with ShARNA-containing AAV particles amelio-
rates cognitive deficits as well as diminishes astrocytes-
and microglia-mediated neuroinflammation in a murine
model of HD [16] and AD [15].

Regarding cancer, it has been proposed that REDDI
constitutive and sustained expression may benefit tumour
cell survival and metastasis in hypoxic conditions as well
as resistance to chemotherapy or ionising radiation via
decreased energy consumption [18].

REDDI is thereby an interesting target regarding the
control of cell growth, proliferation and survival via the
mTOR signalling pathway, arguably one of the central
cascades in cell biology. Remarkably, REDDI stands out
among other negative mTOR regulators due to its ability
to efficiently shut down protein synthesis — a high energy-
consuming process under the control of mMTORCI1 — quite
early during acute metabolic stress.

To the best of our knowledge, only one publication
has shown a similar regulation on REDDI1 expression
hitherto. YAP/TAZ oncogenic transcriptional co-
activators were shown to act as transcriptional co-
repressors of DDIT4, thereby promoting cell growth
and survival [19]. Therefore, the non-canonical role of
STATS3 in the negative regulation of REDDI1 appears
not to be uncommon, and other non-canonical regula-
tions of the DDIT4 gene — whether reducing or not
REDDI transcription — are also perfectly feasible.

Concluding remarks

The work presented by Kohler et al. opens a new
paradigm regarding the expression of REDDI and its
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modulation. Given the pivotal role of REDDI in neu-
rodegenerative diseases as well as carcinogenesis, it is a
piece of worthwhile information that points to a speci-
fic regulatory target. This opens several research lines
linking the specific contribution of the STAT3/REDDI
axis in the regulation of pathogenic mechanisms in
neurodegenerative diseases, among others. Hence, this
novel mechanism paves the way for further studies
aimed at the discovery of novel regulatory pathways
for STAT3/REDDI inhibition as potential disease-
modifying treatments.

Acknowledgements

This work was supported by grant PID2020-
119236RB-100 from Ministerio de Ciencia e Inno-
vacion from CM. PG-S was supported by FPU grant
FPU21/02928 from Ministerio de Universidades. The
authors want to thank Genis Campoy-Campos, Julia
Solana-Balaguer and Almudena Chicote-Gonzalez for
helpful discussion and comments on the manuscript.

Conflict of interest

The authors declare no conflict of interest.

Author contributions

PG-S and CM wrote, reviewed and edited the manu-
script.

References

1 Chiba T, Yamada M & Aiso S (2009) Targeting the
JAK2/STATS3 axis in Alzheimer’s disease. Expert Opin
Ther Targets 13, 1155-1167.

2 Srivastava J & DiGiovanni J (2016) Non-canonical
Stat3 signaling in cancer. Mol Carcinog 55, 1889—-1898.

3 YuZ, Zhang W & Kone BC (2002) Signal transducers and
activators of transcription 3 (STAT3) inhibits transcription
of the inducible nitric oxide synthase gene by interacting
with nuclear factor kB. Biochem J 367, 97-105.

4 Kohler N, Wundrack N, Schulz S, Bartonitz F, Schaper
F & Dittrich A (2022) Non-canonical STAT3 function
reduces REDDI1 transcription. FEBS J 290, 1765-1781.

5 Ben Haim L, Ceyzeriat K, Carrillo-de Sauvage MA,
Aubry F, Auregan G, Guillermier M, Ruiz M, Petit F,
Houitte D, Faivre E et al. (2015) The JAK/STAT3
pathway is a common inducer of astrocyte reactivity in
Alzheimer’s and Huntington’s diseases. J Neurosci 35,
2817-2829.

6 Millot P, San C, Bennana E, Porte B, Vignal N, Hugon
J, Paquet C, Hosten B & Mouton-Liger F (2020)

10

—_—

14

15

16

17

STATS3 inhibition protects against neuroinflammation
and BACE]1 upregulation induced by systemic
inflammation. Immunol Lett 228, 129-134.

Hong X-Y, Wan H-L, Li T, Zhang B-G, Li X-G, Wang
X, Li X, Liu Q, Chen CY, Yang Y ef al. (2020) STAT3
ameliorates cognitive deficits by positively regulating the
expression of NMDARs in a mouse model of FTDP-17.
Signal Transduct Target Ther 5, 295.

Brugarolas J, Lei K, Hurley RL, Manning BD, Reiling
JH, Hafen E, Witters LA, Ellisen LW & Kaelin WG JIr
(2004) Regulation of mTOR function in response to
hypoxia by REDD1 and the TSC1/TSC2 tumor
suppressor complex. Genes Dev 18, 2893-2904.

Ellisen LW, Ramsayer KD, Johannessen CM, Yang
A, Beppu H, Minda K, Oliner JD, McKeon F &
Haber DA (2002) REDDI, a developmentally
regulated transcriptional target of p63 and p53, links
p63 to regulation of reactive oxygen species. Mol Cell
10, 995-1005.

Malagelada C, Ryu EJ, Biswas SC, Jackson-Lewis V &
Greene LA (2006) RTP801 is elevated in Parkinson
brain substantia nigral neurons and mediates death in
cellular models of Parkinson’s disease by a mechanism
involving mammalian target of rapamycin inactivation.
J Neurosci 26, 9996-10005.

Whitney ML, Jefferson LS & Kimball SR (2009) ATF4
is necessary and sufficient for ER stress-induced
upregulation of REDDI1 expression. Biochem Biophys
Res Commun 379, 451-455.

McGhee NK, Jefferson LS & Kimball SR (2009) Elevated
corticosterone associated with food deprivation
upregulates expression in rat skeletal muscle of the
mTORCI repressor, REDDI1. J Nutr 139, 828-834.

Sofer A, Lei K, Johannessen CM & Ellisen LW
(2005) Regulation of mTOR and cell growth in
response to energy stress by REDDI. Mol Cell Biol
25, 5834-5845.

Vega-Rubin-de-Celis S, Abdallah Z, Kinch L, Grishin
NV, Brugarolas J & Zhang X (2010) Structural analysis
and functional implications of the negative mTORCI1
regulator REDDI. Biochemistry 49, 2491-2501.
Martin-Flores N, Romani-Aumedes J, Rué L, Canal
M, Sanders P, Straccia M, Allen ND, Alberch I, Canals
JM, Pérez-Navarro E et al. (2016) RTP801 is involved
in mutant huntingtin-induced cell death. Mol Neurobiol
53, 2857-2868.

Pérez-Sisqués L, Sancho-Balsells A, Solana-Balaguer
J, Campoy-Campos G, Vives-Isern M, Soler-Palazén
F, Anglada-Huguet M, Loépez-Toledano MA,
Mandelkow EM, Alberch J et al. (2021) RTP801/
REDDI contributes to neuroinflammation severity
and memory impairments in Alzheimer’s disease. Cell
Death Dis 12, 616.

Pérez-Sisqués L, Solana-Balaguer J, Campoy-Campos
G, Martin-Flores N, Sancho-Balsells A, Vives-Isern

1738 The FEBS Journal 290 (2023) 1735-1739 © 2023 The Authors. The FEBS Journal published by John Wiley & Sons Ltd on behalf of

Federation of European Biochemical Societies.

858017 SUOWILLIOD 8AFe810 3(ealdde aup Aq pausenob ae sajoie YO ‘85N JO Sa|nJ oy A%eid18UlUO A8]IM UO (SUOTPUOO-PUB-SWLBY /WD A8 | 1M AeIq 1[BU1|UO//SANL) SUORIPUOD pUe SWLe | 8L 88S *[6202/70/Sz] Uo AriqiTauliuo &I ‘(-ouleAnde ) aqnopesy Aq £2/9T'SGRy/TTTT OT/I0P/W00 48| 1M AIq | Bul [UO'SGRY//:SdNY WOy pepeoiumoq . ‘€202 ‘859vZy.T



Commentary
M, Soler-Palazén F, Garcia-Forn M, Masana M, agent? Lessons from physiology and pathology.
Alberch J et al. (2021) RTP801/REDDI1 is involved American Journal of Physiology-Cell Physiology 319,
in Neuroinflammation and modulates cognitive C807-C824.
dysfunction in Huntington’s disease. Biomolecules 19 Kim M, Kim T, Johnson RL & Lim DS (2015)
12, 34. Transcriptional co-repressor function of the hippo
18 Britto FA, Dumas K, Giorgetti-Peraldi S, Ollendorff V pathway transducers YAP and TAZ. Cell Rep 11,
& Favier FB (2020) Is REDD1 a metabolic double 270-282.
The FEBS Journal 290 (2023) 1735-1739 © 2023 The Authors. The FEBS Journal published by John Wiley & Sons Ltd on behalf of 1739

Federation of European Biochemical Societies.

858017 SUOWILLIOD 8AFe810 3(ealdde aup Aq pausenob ae sajoie YO ‘85N JO Sa|nJ oy A%eid18UlUO A8]IM UO (SUOTPUOO-PUB-SWLBY /WD A8 | 1M AeIq 1[BU1|UO//SANL) SUORIPUOD pUe SWLe | 8L 88S *[6202/70/Sz] Uo AriqiTauliuo &I ‘(-ouleAnde ) aqnopesy Aq £2/9T'SGRy/TTTT OT/I0P/W00 48| 1M AIq | Bul [UO'SGRY//:SdNY WOy pepeoiumoq . ‘€202 ‘859vZy.T



	Outline placeholder
	febs16727-aff-0001
	febs16727-aff-0002
	febs16727-aff-0003

	 STAT3 canon�i�cal and non-canon�i�cal func�tions in health and dis�ease
	febs16727-fig-0001

	 REDD1 role in phys�i�o�log�i�cal and patho�log�i�cal con�di�tions
	 Con�clud�ing remarks
	 Acknowl�edge�ments
	 Con�flict of inter�est
	 Author con�tri�bu�tions
	febs16727-bib-0001
	febs16727-bib-0002
	febs16727-bib-0003
	febs16727-bib-0004
	febs16727-bib-0005
	febs16727-bib-0006
	febs16727-bib-0007
	febs16727-bib-0008
	febs16727-bib-0009
	febs16727-bib-0010
	febs16727-bib-0011
	febs16727-bib-0012
	febs16727-bib-0013
	febs16727-bib-0014
	febs16727-bib-0015
	febs16727-bib-0016
	febs16727-bib-0017
	febs16727-bib-0018
	febs16727-bib-0019


