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Diversidade da Estrutura ciliar
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Primary cilia signaling pathways
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Ciliopathies

e Group of genetic disorders associated with cilia
absence/dysfunction

* They are incapacitating chronic diseases and can,
in several cases, lead to death

* Several systems can be affected, and ciliopathies
can lead to:
* Deafness
* Chronic respiratory infections
* Renal diseases
e Cardiac diseases
e Skeleton disorders
* Infertility
* Cognitive impairement
* Obesity
e Blindness




Ciliopathies

Bardet-Biedl Syndrome
e Obesity and deficiencies in leptin and leptin receptor

Although ciliopathies are rare (from a
prevalence <1/1000000 - Jeune Asphyxiating

Thoracic Dysplasia to a prevalence 1 to 2/1000 - Alstrom Syndrome

* Obesity and diabetes

Autosomal dominant polycystic kidney disease), - Retinal dysfunction
some of the ciliopathies' phenotypes are very
common in the general population Joubert Syndrome

e Retinal dystrophy

the onset of more common disorders

' Mild defects in cilia may play a role on




Obesity and Cilia
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Aims

Determine the functional relevance of
cilia in the cellular response to high
glucose levels

Using Retinal Pigment Epithelium Cells:
* Assess the impact of high glucose levels on cilia assembly and morphology
e Study the role of cilia in the celullar response to glucose-induced stress

* Understand how the cilia-associated signaling pathways can be involved




Experimental setup

Time 0Oh 24 h 48 h 72 h
Cell plating Medium supplementation
2
3 Cell plating Cilia assembly Medium supplementation
(U]

Medium supplementation:

-0 mM Glucose

-5 mM Glucose

-25 mM Glucose

-5 mM Glucose + 20 mM Mannitol

Cilia assembly:

- Serum removal
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Acetylated tubulin/
Pericentrin/DAPI

High glucose levels decrease cilia length
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Acetylated tubulin/
Pericentrin/DAPI
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Acetylated tubulin/
Pericentrin/DAPI

5 mM Glucose

Supplementation + Cilia
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Short Conclusions (1)

High glucose levels lead to a
decrease in cilia length
without affecting the number
of ciliated cells

$

Is the ciliary signaling
compromised?




Thioredoxin reductase 1 (TRXR1)

* Increase in glucose levels leads to reactive oxygen species (ROS) production in retina (Chen et. al., 2019)

* In diabetic retinopathy there is an increase in ROS production.

Thioredoxin reductase 1 (TRXR1)

* is a selenoprotein that protects cells against oxidative

Thioredoxin reductase (TrxR)
damage
¥ .

* localizes in cytoplasm, nucleus and membranes and WADEHR T;?\SeH o TS, Frokes (81,

has as substrate thioredoxin 1 (TRX1)
* is essential to elimination of glucose-derived H,0, \ ks

NADP FADH T R Trx-(SH in-
(Peng et. al., 2014) 2 ('2;) (rid) )2 Pro(t;n)n S5

* hasincreased levels in response to high levels of
glucose in endotelial cells (Patel et. al., 2013)

e supresses insulin responsiveness, anabolic metabolism
and adipocyte differentiation (Peng et. al., 2016)

TRXR1/TRX1 :> Cancer, neurodegenerative, cardiovascular
impairment and metabolic disorders (Tinkov et.al., 2018)




TRXR1 levels maintain in response to high glucose
in the presence/absence of cilia
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High glucose decreases TRXR1 nuclear levels
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Short Conclusions (2)

Thioredoxin Reductase 1 levels are not affected by high
glucose levels

Thioredoxin Reductase 1 has lower levels in the cell’s
nucleus in response to high glucose levels

When cells present cilia, either before or after glucose

supplementation, Thioredoxin Reductase 1 translocates
to the nucleus in high glucose levels




In fact... (2)

“Thioredoxin reductase 1 suppresses adipocyte
differentiation and insulin responsiveness” Peng et al.,
2016




Hippo Pathway - YAP

Hippo pathway has a major role in regulating many fundamental biological processes, namely cell proliferation

and apoptosis

a Hippo OFF b Hippo ON
YAP T T
* Transcriptional regulator that does not contain DNA-binding -.
. el  MAP4Ks SAV
domains. — \ /
* Once activated, the Hippo pathway limits tissue growth and - J_ _MoB1 |
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YAP Nucleus Merge
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Short Conclusions 3

YAP has lower levels in the cell’s nucleus in response to
high glucose levels

When cells present cilia after glucose supplementation
YAP translocates to the nucleus




In fact... (3)

“Adipogenesis was attenuated in 3T3-L1 cells stably
expressing Bcl-2 or YAP” Chang et al., 2017

“Overexpression of YAP remarkably induced 8 cell
proliferation...” & “The small redox proteins thioredoxin-
1 and thioredoxin-2 (Trx1/2) were upregulated by YAP...”

Yuan et al., 2016




In Summary

The presence of cilia modulates cells’ response to high glucose levels by shifting TRXR1
and YAP localization to the nucleus

R

("glucose

/ o

What are TRXR1 and YAP doing in the nucleus?




y-H2AX
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Nucleus Merge
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In fact... (4)

“Inhibition of thioredoxin reductase 1 by caveolin 1
promotes stress-induced premature senescence” Volonte
et al., 2009

“Overexpression of YAP partially ameliorated PCAF-
induced endothelial senescence...” Kong et al., 2022

“Obesity and hyperinsulinemia drive adipocytes to
activate a cell cycle program and senesce” Li et al., 2021




Current hypothesis

Cilia assembly delays cellular senescence by translocating
TRXR1 and YAP to the cell nucleus

!

Potential impact on obesity development and
progression by controlling cellular differentiation and
regeneration, e.g., adipocytes
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