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* Why NRF2 biomarkers in blood
* NRF2 target genes and the NRF2 interactome

 Blood NRF2 biomarkers in Alzheimer’s disease

* NRF2 blood biomarkers in clinical trials

* NRFZ biomarkers in serum and plasma
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Organ-specific immune niches
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Masaru Ishii. Intravital imaging technology reveals immune system dynamics in vivo. Allergology International 2016.
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Metabolic R Roxi ;
Oxidative stress Lo Epdyees xidant enzyme transformation
stress i.e, CYPIBI, NQOT,
AKR1C3

_ Autophagy
A i.e, SQSTMI1, ATGS,
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Many genes have NRFZ "W _ BenBedPhar
binding sites in thei -

NRF2 binding profile _7 .- - Niouse. mbry broblasts from

5 2 L - and WT mice
£1- % * : .
= - = ptegration of ChiP-Seq and microarray data:
i NREIBinding sites i £45 basal and inducibl
¥ N oinding sites ik asal and 654 inducible genes
O w TR - S (244 genes at the intersection)

A [278 0 0 410 14 52 26

cC [23 2 0 0287 11 315 2

G [103 0400 0 74 11 30

T [ 6408 10. 0 .35 336 39 32
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NRF2 selects the genes 0 be activaied by binding as
a heterocdimer with sMaf to the ARE in promoter
regions of the target genes;

NRFZ recruits co-activators, components of the
transcription machinery and nucleosome-
remodelling complexes that make the chromatin
structiure accessible to the Pol Il machinery;

General transcription factors and Pol Il are recruited;

Dol Il is phosphorylated,-and transcription starts.

Tonelli C, Chio IIC and Tuveson DA. Antioxid Redox Signal 2018 doi:
10.1089/ars.2017.7342.
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Examples:
The HMOX1 gene. is at the intarference of several
redox-sensitive transcription factors such as NREZ, NFkB, HIF1a and AP1.

The bZip transcription factors NRF2 and AP1 regulate each other
as the AP1-binding site 12-0O-tetradecanoylpharbol-13-acetate response element
(TRE, TGA(C/G)TCA) is often embedded into the NRF2-binding ARE.
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NRF2 - Systems medicine-based analysis
https://sbi.imim.es/data/nrf2/.

Locating the NRF2 regulatory pathway in the human interactome
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Interactome-based proximity of

NRF2 to disease genes

aseas|p Areuow|nd aAONJISGO 21U0IYD

tory

By,

fi @

SHiLvEEo ...n.,.._n._mo onegeiq a8 £
u A..-.Ohm w mm.
sl e 41
(£10010]00 g5 Og3°S

MM ose

b &4 ..&ﬁ?&ﬁ? o
dleqelp g adA | :T.%x |

siuydau snsojewayifig ﬁ%ﬁ&; g
ewasAydwsa Areuowng - i
BwolD

aSeas|p S JawIsyz|y
9SBas|p uosunied

SI1S013|9s [esale| oiydosjoAwy
BLIISY »

metabolism

K ;
AEN -
RS o

e p¢%WLMiﬁmﬁwwrn.h.o °
Sl
.. d-:.m-_ 4 K

il

S
o

chEes
PhEEE
i

L

e
SEE
R

jiii

3

(z) Aywixoid 21234N -

awoseasip pale|ai-z4YN @

Cuadrado A et al. Pharmacol Rev. 2018, doi: 10.1124/pr.117.014753.
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38 mild AD patients

Case-control study design

Age-matched
38 controls
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Patients were not treated with AD-specific medication

SirnHar comorbidities

Zene expression study in blood v P

* “84 redox genas: ROS producers, genes
reiated t6 ROS metabolism and redox-
responsive genas.

¢ 136 infiammation genes: NFKB signaling and
transcription of its target genes.

Housekeepisig genes=HPRTE and RPLPO
{RefFinider: analysis whick =integrates: 4::computational
programs {BestKeeper, NormFinder, -Gerigrm and the

comparative delta-Ct methad).
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Over-expressed redox genes (FC > 2, p < 0.001)
in the blood of patients vs controls.........
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Over-expressed inflammation genes (FC > 2, p < 0.001)
in the blood of AD patients vs controls

NFkB activation pathway

Apoptosis

NFkB-related signaiinig pathways

Soluble factors and receptors

Coagulation

Ligands: CFB*, LTB!
Receptors: I[L2RA*, CSF2RB*

F8*, PLAU*

* Validated NFkB targets

Bold: FC >3
A Computed NFKB targets
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Receiver Operating Curve

Inflammation genes Redox genes
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Genes (FC> 2, p < 0.001, AUC: 0.9)
discriminating between
mild AD ania age-maizhed controls

NFkB-related signaling pathways:
AKT1, STAT5B, TBK1

Immunity genes:

Genes thatare rélevant also-in:the AD brain
(GSE122063)
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The animal model
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How much do these AD mice mimic the human disease
in terms of NRF2, inflammmation and redox biomarkers
in the hippocampus and blood?”
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The NRF2 pathway as biomarker for dimethyl fumarate treatment
in relapsing — remitting multiple sclerosis
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Phase 3 CONFIRM and DEFINE studies on DMF-treated MS patients vs placebo

qRT-PCR on blood samples collected in PAXgene tubes; B2M - reference gene
i =i =
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Additional proof on NRF2 activation in
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DMF induces transiently an early transcriptional activity of NRF2
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Ross D & Siegel D
The diverse functionality of NQO1 and its roles in redox control.

: Hatdatoe M M "::ﬁ;"& .
Redox Biol. 2021 May;41:181350:doi: 10.1016/j.redox .181950.
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Highlight A new player in the NRF2 pharmaceutics

&maveloxolone (Skyclarys, Reata’s Pharmaceutical’s),
a semisynthetic oleanane triterpenoid that potently activates NRF2
wias approved by FDA in February 2023
as the first treatment of Friedreich’s ataxia,

a rare autosomal recessive degenerative disorder

characterized by an abnormai form of the frataxin gene and protein

shutterstock.com + 2024553095

l that leads to important mitochondrial dysfunction, oxidative stress and

KEAP1 - Cys 151 defective antioxidant defence due.to the suppression of NRF2 signaling.
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Where does serum/plasma NRF2 come from?
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