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Dear participants,

We are happy to welcome you to the 2nd edition of the 

“TOR de France” meeting, a unique conference in the world 

entirely devoted to the TOR-signaling pathway, and TOR-

related diseases. The TOR de France is the ideal event for 

students, postdocs, researchers and clinicians to exchange 

and foster national and international collaborations.

“TOR de France” 2021 meeting will cover the following areas 

of research on TOR: 

• Molecular mechanisms of cell growth control

• Genetic alterations of TOR pathway in human diseases

• Therapeutic strategies to modulate TOR pathway in 

cancer, neurologic, metabolic and other diseases  

      

Four international keynote speakers on TOR biology, 

8 invited speakers, 19 selected talks, and a session of 

20 posters. In this edition the TOR de France goes 

live and is broadcasted online with interactive 

sessions.

welcome
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ADDRESS 
OF THE CONFERENCE VENUE

Le Saint Paul Hotel 
29 boulevard Franck Pilatte 
06300 Nice - France

HOW TO GET TO LE SAINT PAUL HOTEL

> By car:
A8. Exit 50 Promenade des Anglais – towards the port
A8. Exit 55 Nice Est – towards the port

> From the train station:
Bus n° 30 (Direction Riquier). Stop La Réserve.

> From the airport:
Tramway to the terminus (Port), then 10min walk till the hotel

SANITARY REQUIREMENTS

Proof of vaccination or recovering from COVID 
(“pass sanitaire” for french participants) will be mandatory. 
Wearing a mask is required during all conference sessions.

Location 
 AND PRACTICAL INFORMATION
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REGISTRATION

The registration desk at the 
entrance of the hotel where 
you can pick up your badge, 
conference booklet and 
goodies will open on October 
14-th at 11:00. 

INTERNET ACCESS

> Wi-Fi network: 
LE SAINT PAUL network 
> Password: 
SUMMER 

CATERING

> Thursday, October 14-th: 
Coffee break, wine and cheese 
during poster session is 
offered. Lunch and dinner are 
not provided.

> Friday, October 15-th: 
Lunch and coffee breaks will 
be provided at the hotel.  
Gala dinner will be offered 
in Le Boccaccio restaurant 
(7 Rue Massena, 06000 
Nice). The vegetarian menu 
will be available, but we can 
not guarantee the possibility 
to adjust to other dietary 
restrictions.
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Schedule 
11:00 - 14:00 Registration opening

14:00 - 14:15
Welcome and introduction 

Members of organizing committee

MOLECULAR MECHANISMS OF mTOR REGULATION

14:15 - 14:55 Claudio de Virgilio • Keynote Lecture

14:55 - 15:10 Kathrin Thedieck

15:10 - 15:20 Anders Mutvei

15:20 - 15:30 Christian Meyer

15:30 - 15:40 Bruno André

15:40 - 16:05 Svetlana Dokudovskaya

Coffee break

mTOR PATHWAY, INTRACELLULAR TRAFFICKING AND AUTOPHAGY

16:30 - 17:10 Volcker Haucke • Keynote Lecture

17:10 - 17:25 Philippe Chavrier

17:25 - 17:35 Jacques Montagne

17:35 - 17:45 Constantinos Demetriades

17:45 - 18:10 Thierry Galli

18:10 - 21:00 Poster Session, Wine and cheese

21:00 Free evening
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mTOR, CANCER AND IMMUNITY (sponsored by ARC)

09:30 - 10:10 Alejo Efeyan • Keynote Lecture

10:10 - 10:25 Andrea Ballabio

10:25 - 10:35 Lucie Fallone

10:35 - 11:00 Thierry Walzer

Coffee break

mTOR, DEVELOPMENT AND RARE DISEASES

11:30 - 11:55 Guillaume Canaud 

11:55 - 12:10 Sara Baldassari

12:10 - 12:20 Alexander Heberle

12:20 - 12:30 Camille Allard

12:30 - 12:55 Mario Pende

Lunch

NEUROBIOLOGY OF mTOR AND NEUROLOGIC DISEASES

14:15 - 14:55 Steve Danzer • Keynote Lecture

14:55 - 15:10 Alfonso Represa

15:10 - 15:20 Marina Maletic

15:20 - 15:30 Alexandre Bacq

15:30 - 15:55 Natalie Spassky

Coffee break

mTOR, CELL SIZE CONTROL AND TRANSLATION

16:30 - 16:55 Morgan Delarue

16:55 - 17:05 Yihan Dong

17:05 - 17:30 Julia Morales

17:30 - 17:40 Yann Cormerais (online)

17:40 - 17:50 Manoël Prouteau (online)

17:50 - 18:00 Geoffrey Hesketh (online)

18:00 - 18:30 Conference closing, Poster awards

20:00 Gala Dinner
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Keynote
     SPEAKERS

STEVE DANZER

is associate professor at the Department of Anesthesia at 

Cincinnati Children’s Hospital (USA). The main research of 

Danzer’s group is focused on the elucidation of the molecu-

lar mechanisms of neurodevelopmental diseases, especially 

epilepsy and autism.  

CLAUDIO DE VIRGILIO

is a head of the laboratory « Nutrient Signal Transduction 

and Control of Quiescence in Yeast » at the Department 

of Biology in the University of Fribourg (Switzerland). De 

Virgilio group studies the mechanisms controlling entry into, 

survival in, and exit from quiescence in yeast S.cerevisiae and 

study both the mechanisms that regulate TORC1 activity and 

the nature of the effectors that are regulated by TORC1.

ALEJO EFEYAN

is a group leader at Spanish National Cancer Research Cen-

ter (CNIO) in Madrid (Spain), which he joined in 2016 to study 

the interplay of nutrients, hormones and human disease. His 

recent work demonstrates that oncogenic Rag GTPase signa-

ling enhances B cell activation and drives follicular lymphoma 

sensitive to pharmacological inhibition of mTOR.

VOLKER HAUCKE

works at the Department of Molecular Pharmacology and 

Cell Biology at Leibniz- Forschungsinstitut fur Moleculare 

Pharmakologie im Forschungsverbund (FMP) in Berlin 

(Germany). The focus of research in the Haucke laboratory is 

the dissection of the molecular mechanisms of endocytosis 

and endolysosomal membrane dynamics and its role in cell 

signaling and neurotransmission. 
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Talks
     ABSTRACTS

METABOLIC CONTROL OF TORC1

• Claudio De Virgilio | Department of Biology, University of Fribourg, Switzerland

The eukaryotic target of rapamycin com-
plex 1 (TORC1) couples nutrient, energy, 
and hormonal signals with cell growth, 
division, and metabolism, and aberrant 
TORC1 signaling contributes to the pro-
gression of human diseases such as can-
cer and diabetes. Amino acids are im-
portant and primeval cues that stimulate 
TORC1 to promote anabolic processes 
(such as ribosome biogenesis and 
protein translation initiation) and inhibit 
catabolic processes (such as macroau-
tophagy) via the conserved heterodime-
ric Rag family GTPases. The current-
ly known amino-acid sensitive events 
upstream of the Rag GTPases, which 
include vacuolar/lysosomal amino acid 
transporters and cytosolic leucine, ar-
ginine, and S-adenosyl-methionine sen-
sors, all directly or indirectly impinge on 
GTPase activating (GAP) complexes that 
control the GTP-loading state of the Rag 

GTPase heterodimers. Whether intracel-
lular metabolites other than amino acids 
may be able to control TORC1 through 
Rag GTPase-independent mechanisms 
is currently largely unknown. In this 
context, we recently discovered two me-
tabolites, indole-3-acetic acid and malo-
nyl-CoA, that directly inhibit the TORC1 
kinase activity within mammalian and/
or yeast cells. Here, we will discuss the 
underlying molecular mechanisms and 
implications of these findings for our un-
derstanding of how TORC1 adjusts cellu-
lar growth in response to fluctuations in 
nutrient levels.
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STRESS GRANULE PROTEINS MEET TSC-mTOR SIGNALING: 

AN UNEXPECTED MECHANISM OF LYSOSOMAL TSC TETHERING

• Kathrin Thedieck | Institute of Biochemistry, University of Innsbruck, Austria; Uni-
versity Medical Center Groningen, The Netherlands; Department for Neuroscience, 
University of Oldenburg, Germany

The tuberous sclerosis protein (TSC) 
complex acts as a tumor suppressor by 
restricting signaling through the meta-
bolic master regulator mTORC1 (mecha-
nistic target of rapamycin complex 1). 
Mutations in the TSC1 or TSC2 genes 
frequently occur in cancer and heredita-
ry TSC disorder, characterized by tumor 
formation in multiple organs. The TSC 
complex senses anabolic signals, and 
suppresses pro-tumorigenic processes 
by inhibiting mTORC1 at its central si-
gnaling platform – the lysosomes. We 
conducted a detailed biochemical and 
cell biological studyof a novel mecha-
nism that drives breast cancer cell migra-
tion. We report that G3BP1 and G3BP2 
(Ras GTPase-activating protein-binding 
proteins, G3BPs) act in a non-redundant 
manner to anchor the TSC complex to 
lysosomes and suppress activation of 

mTORC1 by nutritional signals. Like the 
TSC complex, deficiency of G3BP1 elicits 
phenotypes related to mTORC1 hyperac-
tivity in the context of breast cancer and 
neuronal dysfunction. G3BP1 prevents 
mTORC1-driven cancer cell motility, and 
in agreement, low G3BP1 expression 
correlates with poor outcome in metasta-
tic breast cancer. G3BP1 levels in cancer 
may therefore serve as predictors of cli-
nical outcome and response to mTORC1 
inhibitors.

Reference including full list of coauthors:
Cell. 2021 Feb 4;184(3):655-674.e27. 
doi: 10.1016/j.cell.2020.12.024.

This project has received funding from 
the European Union’s Horizon 2020 re-
search and innovation programme under 
grant agreement No 754688.

RAP1-GTPASES CONTROL mTORC1 ACTIVITY BY COORDINATING 

LYSOSOME ORGANIZATION WITH AMINO ACID AVAILABILITY

• Anders Mutvei | Uppsala University, Sweden

The kinase mTOR complex 1 (mTORC1) 
promotes cellular growth and is frequent-
ly dysregulated in cancers. In response 
to nutrients, mTORC1 is activated on 
lysosomes by Rag and Rheb guanosine 
triphosphatases (GTPases) and drives 
biosynthetic processes. How limitations 
in nutrients suppress mTORC1 activity 
remains poorly understood. We find 
that when amino acids are limited, the 

Rap1-GTPases confine lysosomes to the 
perinuclear region and reduce lysosome 
abundance, which suppresses mTORC1 
signaling. Rap1 activation, which is inde-
pendent of known amino acid signaling 
factors, limits the lysosomal surface avai-
lable for mTORC1 activation. Conversely, 
Rap1 depletion expands the lysosome 
population, which markedly increases 
association between mTORC1 and its
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lysosome-borne activators, leading to 
mTORC1 hyperactivity. Taken together, 
we establish Rap1 as a critical coordi-
nator of the lysosomal system, and pro-

pose that aberrant changes in lysosomal 
surface availability can impact mTORC1 
signaling output.

NEW COMPONENTS OF THE PLANT TOR SIGNALLING PATHWAY

• Christian Meyer | IJPB INRAE Versailles, France

The plant TOR complex 1 (TORC1) 
contains the conserved RAPTOR and 
LST8 proteins.
We developed forward genetic screens 
in the model plant Arabidopsis to iden-
tify components of the plant TOR signal-
ling pathway. We first took advantage 
of the reduced size of lst8 mutants to 
search for suppressor mutations resto-
ring normal growth and development. 
Two suppressor lines carried mutations 
in the AtYAK1 gene encoding a member 
of the dual-specificity tyrosine phospho-
rylation-regulated kinase (DYRK) family. 
Atyak1 mutations improved growth and 
partly rescued the developmental de-
fects observed in lst8 mutants. Moreover, 
atyak1 mutations suppressed the trans-
criptomic and metabolic perturbations 

as well as the ABA (abscisic acid) hy-
persensitivity of the lst8 mutants.
 Second, by screening an EMS-mutage-
nized Arabidopsis population, we also 
identified a conditional mutant which pro-
duced ectopic cell clumps on the aerial 
part when TOR was inhibited. This mu-
tant was named loki (localised prolifera-
tion depending on TOR kinase inhibition) 
and the causal mutation was identified 
in a gene encoding a protein related to 
vacuolar transport. This TOR-dependent 
mutant phenotype was further charac-
terized at physiological, transcriptomic 
and cellular levels to understand the 
links between this ectopic cell growth, 
the LOKI protein, and the TOR signalling 
pathway.

TORC1 REGULATION VIA PLASMA MEMBRANE H+-ATPASES IN YEAST 

AND PLANT CELLS

• Bruno André | Université Libre de Bruxelles, Belgique

The core subunits of TORC1 (Target of 
Rapamycin Complex 1) are remarkably 
well conserved throughout eukaryotic 
species. Yet the signals and mechanisms 
controlling TORC1 differ among taxa, ac-
cording to their biological specificities. 
Fungal and plant species differ from ani-
mal cells in that their plasma membrane 
is energized by a H+-ATPase, which es-

tablishes an electrochemical H+ gradient 
driving active nutrient uptake. These H+ 
pumps are major ATP consuming en-
zymes and the activity of plant H+-AT-
Pases is regulated by virtually all factors 
known to control plant cells growth. We 
have found that in yeast, the signal pro-
moting initial TORC1 activation upon ac-
tive nutrient uptake into starved cells is
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the H+ influx coupled to transport via 
H+-symporters. Furthermore, the plasma 
membrane H+-ATPase, Pma1, known to 
be stimulated upon H+ increase, impor-
tantly contributes to this TORC1 activation 
in a manner that is not limited to its role 
in establishment of the H+ gradient. We 
have also shown that a plant H+-ATPase 
can substitute for Pma1 in yeast to pro-
mote H+‐elicited TORC1 activation and 

that this function is dependent on its cy-
tosolic C-terminal tail. Finally, the results 
of recent experiments on BY-2 plant cells 
support the view that plant H+‐ATPases 
importantly contribute to TOR signaling. 
Our result suggest that fungi and plants 
might share a common mechanism of 
TORC1 regulation that is orchestrated by 
plasma membrane H+-ATPases.

REGULATION OF mTORC1 PATHWAY BY THE SEA/GATOR COMPLEX

• Svetlana Dokudovskaya | CNRS UMR9018, Universite Paris-Saclay, Institut Gus-
tave Roussy, France

The SEA/GATOR complex is an es-
sential upstream regulator of mTORC1 
pathway, but it also participates in other 
processes, such as autophagy, DNA 
damage response, mitochondria quality 
control, cell cycle regulation and deve-
lopment. Mammalian GATOR complex 
contains a  number of tumor suppres-
sors, which are mutated in different can-
cers. In addition the whole brunch of 

epileptic diseases contains various mu-
tation of GATOR components. I will des-
cribe the recent achievements that allow 
to identify multiple functions of the SEA/
GATOR in nutrient responding, mTORC1 
pathway regulation and beyond. The 
consequences of GATOR mutations in 
cancer and neurodegenerative diseases 
will also be discussed.

LIPID REGULATION OF mTORC1-DEPENDENT NUTRIENT SIGNALING 

AT LYSOSOMES IN HEALTH AND DISEASE

• Volker Haucke | Leibniz-Forschungsinstitut für Molekulare Pharmakologie, Germany

Nutrient sensing by mechanistic target of 
rapamycin complex 1 (mTORC1) on late 
endosomes and lysosomes regulates cell 
growth and metabolism and its dysfunc-
tion is related to diseases from cancer to 
neurodegeneration. Many factors, inclu-
ding the insulin or growth factor triggered 
activation of class I phosphatidylinositol 
3-kinases at the plasma membrane sti-
mulate mTORC1 activity. In contrast, 
much less is known about the mecha-

nisms that control mTORC1 localization 
at late endosomes or lysosomes and that 
regulate the shutdown of its activity when 
insulin and growth factors are scarce.
In my talk I will discuss our recent ad-
vances in understanding the role of phos-
phoinositide (PI) lipids in the control of 
mTORC1 localization and activity. 
For example, I will cover our recent ad-
vances in the analysis of the metabolic 
pathways that regulate cellular synthesis
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and turnover of distinct PI phosphates at 
late endosomes or lysosomes, discuss 
the mechanisms by which these lipids 
regulate mTORC1 function, and provide 
examples of how dysregulation of these 
pathways may cause disease. Our data 

provide a framework for how PI phos-
phate metabolism is integrated into the 
cellular network and identify PI kinases 
as targets for future therapeutics for hu-
man diseases linked to altered mTOR 
activity.

ENDOLYSOSOMAL F-ACTIN REGULATES mTORC1 SIGNALING

• Philippe Chavrier | CNRS, Institut Curie, France

The mammalian target of rapamycin com-
plex 1 (mTorc1), including the mTor Ser/
Thr kinase, plays an essential role in cell 
growth and proliferation in response to 
the availability of nutrients, amino acids 
and growth factors. mTorc1 activation 
requires its association with the endo-ly-
sosomal surface under the control of the 
Rag GTPases and Ragulator complex 
acting as a Rag guanine exchange fac-
tor. WASH complex, upon activation of 
the Arp2/3 complex, generates branched 
actin patches on endo-lysosomes, which 
are involved in the formation of functional 
membrane subdomains implicated in en-
dosomal membrane tubulation and protein 
sorting and recycling. Here, using seve-
ral actin cytoskeleton drugs with distinct 
targets, we demonstrate that F-actin is 

essential for amino acid-mediated activa-
tion of mTorc1 signaling in several breast 
cancer cell line models. We identify an 
epistatic cascade including the retromer 
complex acting upstream of the WASH/
Arp2/3 complex to control endo-lysoso-
mal F-actin and mTorc1 signaling. This 
pathway is required for mTor localization 
and activity by maintaining Rag-Ragulator 
localization on the endo-lysosomal sur-
face. In addition, our work based on RagC 
immunoprecipitation and mass spectro-
metry analysis reveals several interactions 
between RagC and F-actin cytoskeleton 
regulatory components. Taken together, 
we establish that endo-lysosomal F-actin 
domain organization serves as a platform 
to co-ordinate mTOR signaling in nutrient 
sensing.

DIFFERENTIAL METABOLIC SENSITIVITY OF INSULIN-LIKE-RESPONSE- 

AND mTORC1-DEPENDENT OVERGROWTH IN DROSOPHILA FAT CELLS

• Jacques Montagne | I2BC, CEA CNRS Universite Paris-Saclay, Gif-sur-Yvette, France

We have investigated the requirement 
of the glycolytic/lipogenic axis to sus-
tain TOR dependent overgrowth in Dro-
sophila fat body cells that fulfill hepatic 
functions. TOR is present in two distinct 
complexes, TORC1 that responds to 
nutrients and TORC2 that sustains Insu-

lin-like-peptide (Ilp) response. Both com-
plexes are conserved in Drosophila, but 
can be can be independently modulated 
in this model. We show that ubiquitous 
over-activation of TORC1 or Ilp/TORC2 
signaling affects carbohydrate and lipid 
metabolism, supporting the use of 
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Drosophila as a powerful model to study 
the link between growth and metabolism. 
We show that cell-autonomous restriction 
of glycolysis or lipogenesis in fat cells im-
pedes overgrowth dependent on Ilp- but 
not mTORC1-signaling. These findings 
thus, reveal differential metabolic sensiti-
vity of mTORC1- and Ilp-dependent over-
growth. Furthermore, they suggest that 

local metabolic defects may elicit com-
pensatory pathways between neighbo-
ring cells, whereas enzyme knockdown 
in the whole organism results in animal 
death. in summary, our study weakens 
the use of single inhibitors to fight 
TOR-related diseases and strengthens 
the use of drug combination and selec-
tive tissue-targeting.

AN mTORC1-GRASP55 SIGNALING AXIS CONTROLS UNCONVENTIONAL 

SECRETION TO RESHAPE THE EXTRACELLULAR PROTEOME UPON STRESS

• Constantinos Demetriades | Max Planck Institute for Biology of Ageing, Germany 

Cells communicate with their environment 
via surface proteins and secreted factors. 
Unconventional protein secretion (UPS) is 
an evolutionarily conserved process, via 
which distinct cargo proteins are secre-
ted upon stress. Most UPS types depend 
upon the Golgi-associated GRASP55 
protein. However, its regulation and bio-
logical role remain poorly understood. 
Here, we show that the mechanistic target 
of rapamycin complex 1 (mTORC1) di-
rectly phosphorylates GRASP55 to main-
tain its Golgi localization, thus revealing 
a physiolog- ical role for mTORC1 at this 
organelle. Stimuli that inhibit mTORC1 

cause GRASP55 dephosphorylation and 
relocalization to UPS compartments. 
Through multiple, unbiased, proteomic 
analyses, we identify numerous cargoes 
that follow this unconventional secretory 
route to reshape the cellular secretome 
and surfactome. Using MMP2 secretion 
as a proxy for UPS, we provide important 
insights on its regulation and physiologi-
cal role. Collectively, our findings reveal 
the mTORC1-GRASP55 signaling hub as 
the integration point in stress signaling 
upstream of UPS and as a key coordinator 
of the cellular adaptation to stress.

VAMP7-DEPENDENT SECRETORY RETICULOPHAGY: 

ROLE IN NEURITE GROWTH

• Thierry Galli | Institute of Psychiatry and Neurosciences of Paris, INSERM U1266

VAMP7 is involved in autophagy and 
in exocytosis-mediated neurite growth, 
two yet unconnected cellular pathways. 
Recent work by our group showed that 
nutrient restriction and activation of au-
tophagy stimulate axonal growth, while 
autophagy inhibition leads to loss of neu-

ronal polarity. VAMP7 KO neuronal cells 
showed impaired neurite growth, whe-
reas this process was increased in au-
tophagy-null ATG5 KO cells. We further 
found that endoplasmic reticulum (ER)-
phagy-related LC3-interacting-region 
-containing proteins Reticulon 3 (RTN3)
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was more abundant in ATG5 KO and less 
abundant in VAMP7 KO secretomes. A 
nanobody directed against VAMP7 inhi-
bits axonal overgrowth induced by nu-
trient restriction. Expression of the inhibi-
tory Longin domain of VAMP7 impaired 
the subcellular localization of RTN3 in 
neurons. This work thus suggests that ER 
elements could be incorporated into late 
endosomes and  be released by a secre-
tory mechanism which we refer to as se-

cretory reticulophagy/ER-phagy (SERP). 
In the absence of macroautophagy, such 
as by knocking out ATG5, SERP is more 
efficient, neurites grow longer and neuro-
nal polarity is altered. In the absence of 
SERP, such as by knocking out VAMP7, 
neurite growth is severely inhibited. We 
argue that SERP might be a main secreto-
ry mechanism bypassing the Golgi appa-
ratus, and that it is particularly active and 
important in neurite growth.

RAG GTPASE SIGNALING – METABOLIC DRIVER OF CANCER 

AND AGING

• Alejo Efeyan | CNIO, Madrid, Spain

The identification of the Rag GTPases as 
direct activators of mTORC1 in response 
to nutrient sufficiency initiated the deci-
phering of the whole molecular puzzle 
of nutrient signaling to mTORC1 within a 
decade. In contrast, the understanding 
of the impact of nutrient signaling and 
the integration of convergent signals to 
mTORC1 in physiological settings has 
been limited. Gain- and loss-of-function 
alleles engineered in mice are revealing 

the importance of physiological and pa-
thological Rag GTPase signaling. I will 
present mouse genetic studies conduc-
ted in my lab, which are providing on Rag 
GTPase signaling in the metabolic control 
of B cell lymphomas and in the process 
of aging. These genetic approaches also 
point to potential indications for pharma-
cological inhibitors of the Rag GTPase 
pathway.

SUBSTRATE-SPECIFIC mTORC1 SIGNALING IN INHERITED CANCER 

SYNDROMES

• Andrea Ballabio | Telethon Institute of Genetics and Medicine (TIGEM), Naples Italy

Lysosomal biogenesis and autophagy 
are controlled by Transcription factor EB 
(TFEB). The activity of TFEB is regulated 
by the mTORC1 kinase complex through 
a lysosomal signaling pathway that en-
ables lysosomal function to adapt to en-
vironmental cues. We showed that TFEB 
is phosphorylated by mTORC1 via a 
substrate-specific mechanism mediated 

by RagGTPases. TFEB phosphorylation 
is strictly dependent on amino acid-me-
diated activation of RagC/D GTPase 
but, unlike other mTORC1 substrates 
such as S6K and 4E-BP1, insensitive to 
growth factor-induced Rheb activity. This 
mTORC1 substrate-specific mechanism 
plays a crucial role in Birt-Hogg-Dubé 
(BHD) syndrome, a disorder caused by
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mutations of the RagC/D activator folli-
culin (FLCN) and characterized by be-
nign skin tumors, lung and kidney cysts 
and renal cell carcinoma. We found that 
constitutive activation of TFEB is the main 
driver of the kidney abnormalities and 
paradoxical mTORC1 hyperactivity ob-
served in BHD syndrome. Remarkably, 
depletion of TFEB in a kidney-specific 
mouse model of BHD syndrome fully res-

cued the disease phenotype and asso-
ciated lethality and normalized mTORC1 
activity. Together, these findings identify 
a specific lysosomal signaling pathway 
that selectively controls cell metabolism 
in response to different stimuli and whose 
dysregulation leads to kidney cystogene-
sis and tumorigenesis (Nature 585:597-
602, 2020).

DECIPHERING THE IL-18 PATHWAY TOWARD mTORC1 

ACTIVATION IN NK CELLS.

• Lucie Fallone | CIRI, France

Natural killer (NK) cells are cytotoxic in-
nate lymphocytes with a crucial role in tu-
mor response and intracellular pathogen 
clearance. IL-18 in synergy with IL-12 is 
known to induce both strong IFNg pro-
duction and sustained proliferation. More 
recently, these properties have been 
used to generate large quantity of acti-
vated NK cells for cancer immunotherapy 
treatment. Indeed, NK cell treatment with 
IL-18 in combination with IL-12/15 in-
duces “memory-like” NK cells (CIML). 
These cells show enhanced cytotoxic 
functions, proliferation and superior per-

sistence in vivo resulting in a better anti-
tumor response. However, the molecular 
basis of IL-18 action remains elusive. We 
confirm the impact of IL-18 on NK cell 
biology, showing that IL-18 in synergy 
with IL-15 strongly induces NK cell proli-
feration, protein translation and nutrients 
uptake. At the molecular level, IL-18 ac-
tivates several signaling cascades inclu-
ding the mTOR pathway. We are now in 
the process to further characterize the 
protein partners involved using a combi-
nation of CRISPR and mass spectrometry 
approaches.  

REGULATION OF mTOR ACTIVITY DURING NK CELL ACTIVATION 

AND EXHAUSTION

• Thierry Walzer | INSERM U1111/ Centre International de recherche en infectiologie, 

Univ Lyon, France

Natural Killer (NK) cells are innate lympho-
cytes capable to recognize and lyze diffe-
rent types of tumor cells. We previously 
discovered that mTOR was a central 
rheostat of NK cell activity, tuning their ca-
pacity to kill tumor cells and produce IFNg 

upon stimulation through ITAM-based ac-
tivating NK cell receptors, and that IL-15 
stimulated mTOR activity in NK cells. We 
monitored NK cell phenotype and func-
tions during the growth of an NK-sensitive 
lymphoma line in a mouse model.



TALKS ABSTRACTS 17

We found that following an early anti-tu-
mor response, NK cells became progres-
sively refractory to stimulation, which cor-
related with a decrease in TOR activity. 
We screened various chemical libraries to 
understand how mTOR was regulated in 
NK cells. We found that adenosine was a 

very potent inhibitor of NK cells and inves-
tigated its mode of action. Moreover, we 
found that CD73 an ecto-enzyme conver-
ting AMP into adenosine was highly up re-
gulated in exhausted NK cells, suggesting 
the relevance of the adenosine pathway in 
NK cell exhaustion.

NEW DEVELOPMENTS FOR PIK3CA-RELATED OVERGROWTH 

SPECTRUM

• Guillaume Canaud | Hôpital Necker Enfants Malades, France

We recently generated a mouse model of 
PIK3CA-Related Overgrowth Spectrum 
(PROS) that, for the 1st time, recapitu-
lates the patient phenotype. We identified 
BYL719 (alpelisib), a PIK3CA inhibitor 
undergoing development in oncology, as 
a potential therapeutic for PROS and de-
monstrated the efficacy of this drug in our 

pre-clinical mouse model of PROS. We 
then demonstrated its efficacy in a prelimi-
nary report of 19 patients. At this meeting, 
I will give an update on the new pre clini-
cal mouse models that we have recently 
generated to decipher the physiopatholo-
gy of PROS.

mTOR PATHWAY SOMATIC MUTATIONS IN NEUROGLIAL 

PROGENITORS UNDERLY FOCAL CORTICAL DYSPLASIA TYPE 2

• Sara Baldassari | Paris Brain Institute - ICM, France

Focal cortical dysplasias (FCDs), are lo-
calized brain malformations and impor-
tant causes of severe pediatric drug-re-
sistant epilepsies subjected to surgery. 
FCD2 tissues hallmarks are the mTOR 
pathway hyperactivated dysmorphic 
neurons (DNs) and balloon cells (BCs). 
FCD2 pathology is also observed in pa-
tients with hemimegalencephaly (HME), 
affecting an entire cerebral hemisphere.

We performed ultra-deep gene sequen-
cing on matched blood-brain resected 
samples to search for low allele frequen-
cy variants in a panel of mTOR pathway 
genes in 91 FCD2/HME patients. In 60% 

of FCD2 and 70% of HME cases we iden-
tified somatic gain-of-function mutations 
in MTOR, AKT3, PIK3CA and RHEB ge-
nes (mTOR pathway activators), or two-
hit, germline and somatic loss-of-function 
mutations in DEPDC5, NPRL3, TSC1 and 
TSC2 (mTOR pathway inhibitors). Variant 
allele frequencies of somatic mutations 
correlate with the size of the lesion (from 
0.4% in FCD2 to 34% in HME). The most 
frequently mutated genes are MTOR 
among FCD2 (53%) and PIK3CA among 
HME (57%) cases. By sequencing micro-
dissected cells we also found that both 
DNs (manifesting neuronal features) and 
BCs (expressing glial markers) are
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mutated, and that somatic loss-of-hete-
rozygosity in DEPDC5 or TSC1 mutated 
cases represents a mutational mecha-
nism in FCD2.

Our study shows that mTOR pathway so-
matic mutations play a fundamental role 
FCD2/HME pathogenesis, causing the 
emergence of different pathological cells 
sharing a common neuroglial progenitor.

mTORC1 SIGNALING IN HYPOTHALAMIC ASTROCYTES IS REQUIRED 

FOR GLUCOSE MANAGEMENT

• Camille Allard | Neurocentre Magendie, INSERM U1215, Université de Bordeaux, France

The hypothalamus controls behavioral 
and metabolic responses to nutrient avai-
lability. Consumption of a high fat diet 
(HFD) causes hypothalamic inflammation 
that leads to obesity. Hypothalamic as-
trocytes actively respond to caloric over-
load, leading to inflammation. By sensing 

changes in energy availability, the mecha-
nistic target of rapamycin complex 1 
(mTORC1) pathway is a master regulator 
of cell function and growth. This pathway 
is expressed in astrocytes but has been 
poorly studied in this cell population.
We have previously shown that whole-body

MODELING THE mTOR NETWORK IN TUMORS:  THE PI3K AND MAPK/

P38 PATHWAYS CONTROL STRESS GRANULE ASSEMBLY IN A 

HIERARCHICAL MANNER

• Alexander Heberle | Institute of Biochemistry, University of Innsbruck, Austria.

All cells and organisms exhibit stress-co-
ping mechanisms to ensure survival. 
Cytoplasmic protein-RNA assemblies 
termed stress granules are increasingly 
recognized to promote cellular survival 
under stress. Thus, they might represent 
tumor vulnerabilities that are currently 
poorly explored. The translation-inhibito-
ry eIF2α kinases are established as main 
drivers of stress granule assembly. Using 
a systems approach, we identify the 
translation enhancers PI3K and MAPK/
p38 as pro-stress-granule-kinases. They 
act through the metabolic master regu-
lator mammalian target of rapamycin 
complex 1 (mTORC1) to promote stress 
granule assembly. When highly active, 
PI3K is the main driver of stress granules; 

however, the impact of p38 becomes ap-
parent as PI3K activity declines. PI3K 
and p38 thus act in a hierarchical man-
ner to drive mTORC1 activity and stress 
granule assembly. Of note, this signaling 
hierarchy is also present in human breast 
cancer tissue. Importantly, only the reco-
gnition of the PI3K-p38 hierarchy under 
stress enabled the discovery of p38’s 
role in stress granule formation. In sum-
mary, we assign a new pro-survival func-
tion to the key oncogenic kinases PI3K 
and p38, as they hierarchically promote 
stress granule formation.

Reference including full list of coauthors:
Heberle and Razquin Navas et al.: LSA, 
doi: 10.26508/lsa.201800257
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deletion of the S6 kinase 1 (S6K1), a 
downstream target of mTORC1, prevents 
hypothalamic neuroinflammation during 
HFD consumption. Moreover, S6K1 sup-
pression in the mediobasal hypothalamus 
(MBH) limits HFD-induced hypothalamic 
insulin resistance. We therefore hypothe-
sized that S6K1 activation in hypothalamic 
astroglial cells participate to the HFD-in-
duced neuroinflammatory response and 
consequently to body weight gain. We 
investigated the impact of the genetic 

downregulation of S6K1, obtained via a 
viral-based approach specifically in MBH 
astrocytes. We showed that MBH astro-
glial S6K1 knock-down does not induce 
major changes in energy balance in ani-
mals fed either a standard chow or HFD. 
Interestingly, however, we observed a bet-
ter glucose handling in chow-fed astroglial 
S6K1 knock-down mice during a glucose 
tolerance test. Molecular studies are on-
going to determine the specific underlying 
mechanisms involved in this response.

S6K1 IS REQUIRED FOR SEIZURES AND POLYCYSTIC KIDNEY 

IN TUBEROUS SCLEROSIS COMPLEX

• Mario Pende | Inserm, Institut Necker, Université de Paris, France

The mammalian Target Of Rapamycin is 
a master regulator of growth. During the 
past ten years we have generated and 
characterized a wide panel of mouse 
mutants in the mTOR pathway. We were 
involved in revealing specific and inte-
resting phenotypes that increased our 
knowledge of mTOR roles in pathophy-
siology: mutants with small cells, mutants 
resistant to tumorigenesis in specific tis-
sues and after specific oncogenic, mu-

tants with muscle dystrophy, mutants mi-
micking caloric restriction and promoting 
longevity, mutants with altered insulin 
action.
I will present our progress on the mo-
lecular mechanisms of aberrant mTOR 
activity in Tuberous Sclerosis Complex 
disease. In particular, I will detail the role 
of S6K1 in oriented cell division during 
polycystic kidney formation and in neural 
cell plasticity at the onset of seizures.

mTOR-MEDIATED REGULATION OF EPILEPTOGENESIS

• Steve Danzer | Cincinnati Children’s Hospital, USA

Mutations in the mTOR signaling pathway 
can cause epilepsy and cognitive dys-
function in humans. mTOR signaling is 
also disrupted in non-genetic epilepsies, 
suggesting it may be a common mediator 
of epileptogenesis. Exactly how mTOR 
signaling alters neuronal function to pro-
duce disease, however, has yet to be 
fully elucidated. For my keynote seminar, 

I will review evidence linking the mTOR 
pathway to neurological disease and 
discuss research from my lab examining 
the impact of mosaic deletion of mTOR 
pathway genes (Pten, Raptor, Rictor) 
from key brain regions implicated in epi-
lepsy. Findings show that mTOR signa-
ling regulates critical aspects of neuronal 
function, including fine cell structure, 
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neuronal activity and network connec-
tivity. Studies highlight the importance 
of mTOR signaling in regulating normal 

brain function and in driving neurological 
disease.

mTOR-RELATED NEURONAL DYSPLASIA INVOLVES INTERNEURONS

• Alfonso Represa | INSERM, Aix-Marseille University, APHP, Hopital Trousseau, France

Different data demonstrate that mTOR 
related cortical lesions involve cortical 
projection (glutamatergic) neurons:  but 
these observations do not exclude howe-
ver the contribution of interneurons to 
the phenotype and this particularly for 
conditions associated with germ-line mu-
tations, that likely result in an increased 
activation of mTORC1 in ventral progeni-
tors and their descendants.
We recently investigated this issue by 
analyzing the contribution of interneurons 
to the genesis of tuberal lesions using 
different markers like GABA, reelin, cal-
bindin and parvalbumin, in 16 TSC cases 
from 19GW to the 8th postnatal month 
(brain collection “Hôpitaux Universitaires 

de l’Est Parisien – Neuropathologie du 
développement”.

Our data (Gelot and Represa 2020) indi-
cate that giant cells follow two different 
roads to invade the cortical plate: from 
the subpial granule cell layer and mar-
ginal zone (after 21GW) and from the 
subplate (after 24GW). Our data also 
show the presence of both Giant cells 
and dysmorphic neurons immunopositive 
for interneuron markers calbindin and 
parvalbumin; they were observed in both 
subcortical nodules and cortical tubers. 
These data support the notion that TSC 
lesions are mosaic lesions generated 
from dorsal and ventral progenitors.

MOSAIC mTORC1 HYPERACTIVITY IN HUMAN CORTICAL SPHEROIDS: 

A MODEL OF EPILEPSY-RELATED FOCAL CORTICAL DYSPLASIA

• Marina Maletic | Paris Brain Institute, Sorbonne University, France

Mutations of the mTOR pathway genes 
leading to mTORC1 hyperactivity are 
one of the major causes of genetic focal 
epilepsies with or without focal cortical 
dysplasia type II (FCD), a malformation of 
cortical development. The occurrence of 
brain-specific somatic mutations leading 
to mosaic mTORC1 hyperactivity has been 
reported in a number of FCD II cases. 
Here we ask whether variable proportions 
of mutated cells reflect the phenotypic 
spectrum between patients.

To assess the effect of mTORC1 hyperac-
tivity on human neurodevelopment, we ge-
nerated mosaic cortical spheroids (CSs) 
from patient-derived hiPSCs in different pro-
portions to model small or larger FCD, such 
as hemimegalencephaly. First, we demons-
trated mTORC1 hyperactivity by assessing 
the levels of phosphorylated ribosomal 
protein S6, one of the main downstream 
mTORC1 targets. Moreover, we found a 
defect in the formation of neuroectodermal 
rosettes in high mosaic rate CSs.
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Strikingly, single-cell transcriptomic pro-
filing and immunohistological assays of 
these CSs showed a cell fate shift. Last-
ly, we observed increased neuronal ac-

tivity in mutated organoids compared to 
controls using MEA recordings. These fin-
dings validate our model as an FCD and 
an epilepsy model.

CARDIAC INVESTIGATIONS IN SUDDEN UNEXPECTED DEATH IN 

EPILEPSY RELATED TO THE mTOR REPRESSOR DEPDC5

• Alexandre Bacq | Paris Brain Institute, Sorbonne University, France

Germline loss-of-function mutations in 
DEPDC5, and in its binding partners 
(NPRL2/3) of the mTOR repressor GA-
TOR1 complex, cause focal epilepsies 
and increase the risk of sudden unexpec-
ted death in epilepsy (SUDEP). Here, we 
asked whether DEPDC5 haploinsufficien-
cy predisposes to primary cardiac de-
fects that could contribute to SUDEP and 
therefore impact the clinical management 
of patients at high risk of SUDEP.
Holter, echocardiography and ECG exams 
were performed in sixteen patients with 
pathogenic variants in DEPDC5, NPRL2 
or NPRL3 and provided no evidence for 
altered clinical cardiac function in the pa-
tient cohort, of whom three DEPDC5-pa-
tients succumbed to a SUDEP and six 
had a family history of SUDEP. There was 
no cardiac injury at autopsy in a postmor-

tem DEPDC5-SUDEP case.
Two novel Depdc5 mouse strains, a 
HA-tagged Depdc5 mouse strain and a 
Depdc5 heterozygous knockout with a 
neuron-specific deletion of the second 
allele (Depdc5c/-) were generated to in-
vestigate the role of Depdc5 in SUDEP 
and cardiac activity during seizures. The 
HA-tagged Depdc5 mouse revealed ex-
pression of Depdc5 in the brain, heart 
and lungs. Simultaneous EEG-ECG re-
cords on Depdc5c/- mice showed that 
spontaneous epileptic seizures resulting 
in a SUDEP-like event, are not preceded 
by cardiac arrhythmia. Altogether, mouse 
and human data show neither structural 
nor functional cardiac damage that might 
underlie a primary contribution to SUDEP 
in the spectrum of DEPDC5-related epi-
lepsies.

mTOR REGULATES EPENDYMAL CELL DEVELOPMENT

• Nathalie Spassky | INSERM, France

Multiciliated ependymal cells are glial 
cells positioned at a strategic location 
at the interface between brain ventricles 
and parenchyma. The coordinated bea-
ting of their motile cilia is required for 
the flow of cerebrospinal fluid through 
the ventricles. These cells also provide 
physical and trophic support that creates 

a permissive neurogenic environment 
in the adult. Defects in the generation 
of these cells are associated with a va-
riety of severe neurological disorders. 
My lab studies the cellular and molecular 
mechanisms of their development. I will 
present our recent results showing that 
mTORC1 and downstream effectors are 
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MACROMOLECULAR CROWDING IS CONTROLLED BY mTORC 

AND LIMITS CONFINED GROWTH

• Morgan Delarue | LAAS-CNRS, France

Intracellular macromolecular crowding 
relates to the high packing fraction of mo-
lecules in cells. It acts on different size-
scales, and has the potential to decrease 
biochemical reaction rates by limiting 
substrate diffusion. As ubiquitous and im-
portant as it is, we are still at a loss when it 
comes to what sets crowding in cells and 
which basic consequences it can have on 
cell physiology. These knowledge gaps 
stem in part from our inability to correctly 
assess crowding in living cells.

We recently developed genetically-enco-
ded fluorescent nanoparticles of defined 
size which can be tracked in living cells. 
Measuring their diffusion allows for the 
estimation of crowdedness at the subcel-
lular level. Using these particles, we have 
unraveled that crowding is set at the tens 

of nanometer size-scale by the concen-
tration of ribosomes. This concentration is 
partly controlled by the mTORC pathway, 
which, by modulating ribosome amount, 
tunes crowding in a predictive manner.

To get insight on the consequences of 
modulating intracellular crowding, we 
grew multicellular assemblies in a spatial-
ly constrained environment, which limits 
cell expansion and leads to increased 
intracellular crowding. We observed that 
increased crowding is associated with 
a decreased rate of protein production, 
eventually decreasing cell growth.

Crowding is a ubiquitous property of the li-
ving, experienced by every organism. We 
are only beginning to unveil its multiple 
consequences on cell physiology.

DISCOVERY OF A NON-CANONICAL EIF4E-BINDING PROTEINS IN 

PLANTA

• Yihan Dong | Institut de biologie moléculaire des plantes, CNRS, Université de 

Strasbourg, Strasbourg, France.

In mammals, TOR regulates translation 
via phosphorylation of two main substrate 
classes: 4EBPs and S6Ks. Although TOR 
inactivation decreases overall translation 
in all eukaryotic systems, 4EBP-like fac-
tors are considered as metazoan inven-
tions and remain obscure in plants.

Here, we discover Arabidopsis 4EBPs 
whose primary structure differs from mam-
malian 4EBPs, while retaining the canoni-
cal eIF4E-binding site at the N-terminus. 
All At4EBPs contain an N-rich motif similar 
to that of m4EBP2 but lack the TOS-motif 
at the C-terminus—this is replaced by a

strongly activated in differentiating epen-
dymal cells. I will describe the gain- and 
loss of function models we generated to 

unravel its mechanisms and evaluate the 
consequences of mTOR deficiencies du-
ring mammalian brain development.
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conserved W-rich sequence which is es 
sential for TOR binding in the Y2H sys-
tem. At 4EBPs are able to interact with 
human eIF4E1, AteIF4E/AteIFiso4E and 
are phosphorylated at multiple sites in 
a TOR-dependent manner. Interaction 
between AteIF4E and At4EBP1 is under 
the control of TOR-dependent phospho-
rylation. Importantly, in normal TOR ac-
tivation conditions, At4EBP1/2 present 
in polysomes somewhat phosphorylated 
and can be pulled down together with the 
60S ribosomal subunits. We propose that 
polysomes/ 60S can serve as a platform 
to silence At4EBPs. When TOR is inacti-

vated by its kinase inhibitor, At4EBP1/2 
together with AteIFiso4E dissociate from 
polysomes. Finally At4EBP2 over-ex-
pression strongly impaired plant growth 
and development by tuning translation 
efficiency of different cyclin genes. The 
non-canonical plant 4EBPs might help us 
to discover new regulatory pathways and 
hints to engineer mammalian 4EBPs for 
cancer therapy.

TRANSLATIONAL CONTROL BY THE mTOR PATHWAY 

AT THE EGG-TO-EMBRYO TRANSITION

• Julia Morales | CNRS, Sorbonne Université, Station Biologique de Roscoff, France

Translation of proteins in the sea urchin 
embryo is stimulated upon fertilization, 
and is necessary for cell cycle progres-
sion and development. The rise in trans-
lation activity depends on the mTOR 
pathway and involves the assembly of 
the canonical eIF4 complex on the cap 
structure of maternally stored mRNAs. 
The translatome describing the full spec-
trum of translated mRNAs provides a 
complete picture of polysomal recruit-
ment dynamics. We showed that only a 
subset of maternal mRNAs is selectively 
recruited onto polysomes following ferti-
lization, with over-represented functional 
categories in the translated set, such 
as cell cycle control genes or RNA-bin-
ding proteins. To gain insights on the 
mTOR-dependent and independent 
translation at a genome-wide level, we 
performed a polysome profiling in the 

presence of the mTOR inhibitor PP242. 
Interestingly, while translation of most 
mRNAs showed sensitivity to the inhi-
bitor, indicative of recruitment via the 
canonical initiation step, other mRNAs 
are still addressed to the polysomes in 
the presence of mTOR inhibitor PP242, 
suggesting that they could be translated 
through a non-canonical initiation route. 
Implication of this alternative translation 
for cell cycle progression following fertili-
zation will be discussed.
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EGOC COMPETES WITH TOROID FORMATION  

TO REGULATE TORC1 ACTIVITY

• Manoël Prouteau (online) | University of Geneva, Switzerland

Target Of Rapamycin Complex 1 
(TORC1) is a protein kinase that controls 
cell homeostasis and growth in response 
to nutrients and stress. In rapidly growing 
budding yeast, TORC1 is active and lo-
calises diffusely over the vacuole sur-
face. Here, we exploited orthogonal ap-
proaches to query the specific role of the 
EGO Complex (EGOC; Ragulator / Rag 
GTPases in mammals) in glucose-deple-
tion-mediated condensation of TORC1 

into an inactive helical polymer called a 
TOROID. Inducing acute removal from 
and return to the vacuole membrane 
demonstrated that the EGOC is direct-
ly involved in TOROID dynamics, inde-
pendently of other nutrient-signalling 
pathways. A 3.8 Å-resolution 3D recons-
truction of TORC1 from TOROID cryo-
EM data provided insights into TORC1-
TORC1 and TORC1-EGOC interaction 

THE TSC2-5A MOUSE: A PRECISION GENETIC TOOL TO DEFINE THE 

ROLE OF PI3K-mTOR SIGNALING IN MAMMALIAN GROWTH AND 

METABOLISM

• Yann Cormerais (online) | Department of Molecular Metabolism, Harvard T.H. 
Chan School of Public Health, Boston, MA, USA

Hormones and growth factors activate 
mTORC1, in part, via the Akt-mediated 
phosphorylation of TSC2, which to-
gether with TSC1 and TBC1D7 comprise 
the tuberous sclerosis complex (TSC) 
protein complex, an essential inhibitor of 
mTORC1. Akt-dependent phosphorylation 
of TSC2 inhibits the TSC complex to acti-
vate mTORC1. Previous in vivo studies on 
mTORC1 signaling have relied on gene-
tic models with complete loss of essential 
TSC or mTORC1 complex components. 
However, these complexes are highly in-
terconnected signaling hubs that integrate 
other Akt-independent signals. Thus, more 
precise models are needed to genetically 
dissect mTORC1 signaling. We have ge-
nerated a new conditional mouse model 
that expresses a TSC2 mutant lacking the 

5 known Akt-regulatory sites (TSC2-5A) to 
specifically disconnect PI3K-Akt signaling 
from mTORC1 regulation. Surprisingly, 
whole-body expression of the TSC2-5A 
allele fully rescues the embryonic letha-
lity of Tsc2-/- mice, indicating that these 
phosphorylation sites are dispensable for 
normal mammalian development. Howe-
ver, relative to their WT littermates, TSC2-
5A mice display various defects in growth 
and metabolism including reduced body 
weight and lean mass, microcephaly, and 
glucose intolerance accompanying an at-
tenuation of mTORC1 signaling in multiple 
tissues. I will discuss our latest unpubli-
shed data on phenotypic characterization 
of the TSC2-5A mice and the broader im-
plications for physiological regulation and 
function of mTOR signaling.
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THE GATOR-RAG GTPASE PATHWAY INHIBITS mTORC1 ACTIVATION BY 

LYSOSOME-DERIVED AMINO ACIDS

• Geoffrey Hesketh (online) | Lunenfeld-Tanenbaum Research Institute, Canada

In highly lethal Ras-driven cancers, 
macropinocytosis and lysosomal degra-
dation of exogenous protein has been 
shown to fuel cancer growth. The resul-
ting lysosome-derived amino acids (AAs) 
activate the mechanistic Target of Ra-
pamycin Complex 1 (mTORC1) on the ly-
sosome surface, though the mechanism 
of activation and its impact on cancer 
biology are poorly understood.

Using proximity-dependent biotinyla-
tion and mass spectrometry (BioID) we 
characterized the surface proteomes of 
lysosomal system organelles. By com-
bining BioID with systematic gene abla-
tion using CRISPR-Cas9 (a technique we 
call KO-BioID) we were able to define the 
functional organization of key proteins 
and complexes within the lysosomal sys-
tem.

Our results demonstrated that mTORC1 
regulatory machinery is targeted to a 
specific subdomain of the lysosomal 
system that is defined by the HOPS com-
plex, a lysosomal tether. Functionally, we 
demonstrated that mTORC1 activation by 
lysosome-derived AAs operates through 
a novel Rag GTPase-independent 
pathway that is dependent on the HOPS 
complex. Further, we demonstrated that 
this novel pathway is inhibited by acti-
vation of the canonical GATOR-Rag GT-
Pase AA-sensing pathway.

In summary, our work shows that distinct 
but functionally opposed mechanisms 
exist to activate mTORC1 in response 
to different AA sources. These results 
may reveal important mechanistic insight 
into how lysosome-derived nutrients fuel 
growth of Ras-driven cancers.

interfaces, the importance of which were 
validated in vivo. These data support 
a model in which glucose-dependent 
activation of EGOC triggers binding to 

TORC1 at an interface required for TO-
ROID assembly, resulting in depolymeri-
sation and release of active TORC1.
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THE S6K1 AXIS IN THE REGULATION OF SYNAPTIC PLASTICITY 

IN mTOR-HYPERACTIVATION MODELS

• Francesco Avanzi, Alexia Bakole, Delphine De Villenueve, Setafno Fumagalli, 

Mario Pende | INEM - Institut Necker Enfants Malades

Somatic gain-of-function mutations in the 
PI3K, Akt, Rheb and mTOR genes are 
commonly associated to a group of mo-
nogenic disorders known as Overgrowth 
Syndromes. These mutations induce the 
constitutive hyperactivation of the enco-
ded factors, resulting in different growth 
abnormalities in the vascular, skeletal 
and nervous systems, the latter leading 
to neurological manifestations such as 
autism and epilepsy. In order to investi-
gate the role played by the PI3K-mTOR 
downstream target S6K in the CNS, we 
compared the phosphoproteome of 
mouse brains with constitutively active 
mTOR to that of brains with constitu-
tively active mTOR and knockout for S6K. 
This approach led to the identification of 
proteins that are differentially phospho-
rylated at sites that are embedded in 
consensus motifs for S6K. Among those 

we focused on a group of proteins invol-
ved in presynaptic plasticity, such as Sy-
napsin1, CaMKII, GAP43, ERC2, WDR7, 
and intracellular signalling regulation 
such as GPR158, PDE1A, ADCY1 and 
TMEM24. In order to validate them as 
putative S6K targets, we are undertaking 
different approaches including western 
blot with phosphospecific antibodies and 
radioisotope labelling with 32P in N2A 
cells maintained under serum starvation 
condition or stimulated with serum with 
or without the mTOR inhibitor rapamycin. 
Overall these studies will open new pos-
sibilities for the development of therapeu-
tic strategies for the treatment of patients 
affected by overgrowth syndromes.  
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THE MOLECULAR MECHANISMS OF THE mTOR PATHWAY 

NEURONAL AND GLIAL DEVELOPMENT

• Alexia Bankolé, Delphine De Villeneuve, Francesco Avanzi, Mario Pende, 

Nathalie Spassky | Institut Necker Enfants Malades

The mammalian Target Of Rapamycin 
(mTOR) kinase is a master regulator of 
cell growth present in every eukaryo-
tic cell. Through the phosphorylation of 
different substrates, mTOR coordinates 
growth and metabolism depending on 
nutrient availability. Genetic mutations 
in Tuberous Sclerosis Complex (TSC) 
upregulate the mTOR activity and predis-
pose to malformations of cortical deve-
lopment, which are associated with epi-
lepsy as well as intellectual disability and 
autism. However, little is known on the 
molecular targets downstream of mTOR 
that transduce the aberrant signals in 
disease conditions.  Furthermore, the 
perturbations of the neural cell develop-
ment in TSC is still enigmatic. The aim 

is to understand how mTOR signaling 
perturbations lead to seizures and alter 
neuronal plasticity. We have preliminary 
data revealing that S6 kinase 1 (S6K1) is 
the mTOR target required for the cortical 
malformations and seizures in a mouse 
model of TSC. In neurosphere cultures 
of neural progenitor cells, we show that 
TSC mutations promote an S6K1 de-
pendent senescent program. In collabo-
ration with Nathalie Spassky’s Team at 
the Ecole Normale Superieure, we also 
demonstrate that mTOR and S6K1 favor 
the differentiation of ependymal cells.  
These results could have implications in 
the understanding and treatment of TSC 
brain manifestations, such as subepend-
mal giant cell astrocytomas. 

E4F1, A KEY COMPONENT OF THE P53 PATHWAY, REGULATES 

mTOR PATHWAY BY PROMOTING SESN1 EXPRESSION

• Carlo De Blasio, Lindsay Peyriga, Maud Heuillet, Floriant Bellvert, Matthieu 

Lacroix, Pierre-Francois Roux, Fabien Jourdan, Jean-Charles Portais, Nathalie 

Poupin; Laurent Le Cam | IRCM - Inserm U1194 (France)

The TP53 gene is the most commonly 
inactivated tumor suppressor in cancer. 
Beyond his canonical functions in cell 
proliferation, senescence, DNA repair 
and cell death, several laboratories have 
also highlighted a major role of p53 in 
metabolism and showed that p53-asso-
ciated metabolic functions contribute to 
its tumor suppressive activities.
Our project aims at further understan-
ding the metabolic functions of the 

p53 pathway using system biology ap-
proaches. To build the first computatio-
nal model of p53-associated metabolic 
networks, we extensively profiled primary 
mouse embryonic fibroblasts (Mefs) har-
boring single or combined genetic altera-
tions of genes encoding key components 
of the p53 pathway (p53, MDM2, MDM4, 
E4F1) using a combination of different 
“omics” approaches (RNAseq, Proteo-
mics, and Exometabolomics).
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These large datasets are integrated 
into Genome Scale Metabolic Networks 
(GSMN) that we use to predict new 
connections between the p53 pathway 
and metabolism and develop new an-
ti-cancer strategies. This strategy 
highlighted an unexpected genetic inte-
raction between E4f1 and p53 in the re-
gulation of branched-chain-amino-acids 

(BCAAs) and the mTOR pathway. The 
antagonistic functions of E4F1 and p53 
in the control of the mTOR pathway are 
multiple but included the control of Ses-
trin1, a key repressor of mTOR pathway. 
Our data illustrate the central role of the 
mTOR pathway in p53-associated meta-
bolic networks.

RESOLVING THE FUNCTIONAL CONSEQUENCES OF 

MUTATIONS IN THE KICSTOR COMPLEX

• L.G.Rabaneda, G. Novarino | Institute of Science and Technology Austria (IST 
Austria), Am Campus 1, 3400 Klosterneuburg Austria.

During the last decade, the mTOR 
pathway has been unravelled as a cri-
tical biological pathway, which its dys-
function has been observed in an im-
portant number of neurodevelopmental 
disorders. mTOR signalling regulates 
cell shape, migration and differentiation 
during brain development in response 
to diverse environmental stimuli. Recent 
studies of the group have implicated 
changes in amino acid homeostasis in 
the brain with ASD and epilepsy1, 2. 
Three signalling pathways converge to 
regulate mTOR pathway; 1. The growth 
factor pathway, which comprises PI3K-

AKT-TSC pathway; 2. The energy-sen-
sing arm, which responds to low concen-
trations of ATP through AMPK and TSC 
complex; 3. The amino acid-sensing arm, 
which is the most unknown regulator of 
mTOR pathway in the nervous system. 
Currently, we are studying the functional 
consequences of mutations in one of the 
principal complex of the amino acid-sen-
sing arm, KICSTOR, specifically using 
Kptn KO mice in the developing and 
adult mouse brain.

YEAST TORC1 ACTIVATION VIA THE PLASMA MEMBRANE H+-

ATPASE: ROLE OF PTK KINASES

• Nadia Guarini, Elie Saliba, and Bruno André | Molecular Physiology of the Cell, 
Université Libre de Bruxelles (ULB), 6041 Biopark, Gosselies, Belgium.

TORC1 is a highly conserved kinase 
complex playing a pivotal role in coordi-
nating cell growth and metabolism in pro-
bably all eukaryotic species. The activity 

of TORC1 is typically low in amino-acid 
deprived cells and rapidly increases 
upon uptake of external amino acids. In 
human cells, this TORC1 activation
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involves cytosolic sensors directly bin-
ding to amino acids. These proteins, 
however, are not conserved in fungi and 
plants, suggesting that other mechanisms 
mediate TORC1 activation in response to 
amino-acid transport. We previously re-
ported that in yeast, the signal triggering 
initial TORC1 activation upon amino-acid 
uptake is the H+ influx coupled with 
the transport reaction by amino-acid/
H+ symporters. Additional observa-
tions provided evidence that the plasma 
membrane Pma1 H+-ATPase, known to 

be stimulated upon H+ increase, is a key 
actor in this TORC1 activation pathway. 
To further investigate the mechanisms 
through which Pma1 controls TOR signa-
ling in yeast, we further investigated the 
role of the self-inhibitory carboxy-termi-
nal tail of the H+ pump. We will present 
data showing that phosphorylation of this 
cytosolic region, overcoming its self-inhi-
bitory effect, involves the redundant Ptk1 
and Ptk2 kinases and is important for 
proper H+-influx TORC1 activation.

THE TARGET OF RAPAMYCIN (TOR) SIGNALLING PATHWAY 

REGULATES AMMONIUM ASSIMILATION AND GLUTAMINE 

METABOLISM IN ARABIDOPSIS THALIANA

• Camille Ingargiola(1), Isabelle Jéhanno(1), Justine Broutin(1), Anne Marmagne(1), 

Gilles Clément(1), Céline Forzani(1), Anne-Sophie Leprince(1,2) and Christian 

Meyer(1) | (1) Institut Jean-Pierre Bourgin (IJPB), INRAE, AgroParisTech, Université 
Paris-Saclay, 78000 Versailles, France  (2) Faculté des Sciences et d’Ingénierie, 
Sorbonne Université, UFR 927, 4 Place Jussieu, 75252 Paris, France

In a context of changing environment, 
plants need to finely tune their growth 
and development in accordance with 
available nutrients. The TOR pathway 
is an important central regulatory hub 
between growth and signals like nu-
trients. For plants, nutrients such as ni-
trogen (N) are not only the substrates but 
also the signals for growth. N is an essen-
tial macro-element for plant growth, and 
is taken up as inorganic N source (nitrate 
or ammonium). Therefore, its availability 
can largely vary and has a strong effect 
on plant growth and crop yield. The links 
between TOR, N metabolism and amino 
acids (AA) are far better documented 
in yeast and mammals than in plants. 
However, it is known that inhibition of 
plant TOR activity triggers a strong accu-

mulation of glutamine and other AA. We 
have addressed the links between TOR 
and N metabolism in Arabidopsis by per-
forming metabolomic studies and inves-
tigating the role of glutamine synthetase 
(GS) in this glutamine accumulation. We 
have found  that TORC1 mutants are hy-
persensitive to glutamine and consistent-
ly are resistant to GS inhibition caused 
by glufosinate ammonium. Furthermore, 
TOR inhibition led to deregulations of GS 
activity and protein level. Surprisingly, 
TOR inhibition repressed ammonium but 
not nitrate uptake. In conclusion, we will 
illustrate by this study how the TOR signa-
ling pathway is involved in the regulation 
of N metabolism at different levels by tar-
geting particularly the ammonium and glu-
tamine metabolic pathways.



LE TOR DE FRANCE 202130

GDF11 ACTS AS A CALORIE RESTRICTION MIMETIC TO 

ATTENUATE ORGANISMAL AND BRAIN AGING

• Carine Moigneu, Soumia Abdellaoui, Mariana Ramos Brossier, Aurélie Chiche, 

Han Li, Nicolas Kuperwasser, Franck Oury, Mario Pende, Pierre-Marie Lledo 

and Lida Katsimpardi | Institut Pasteur and Institut Necker Enfants Malades

The brain plays a crucial role in regulating 
organism homeostasis. However, during 
aging, it progressively loses its functions 
thereby affecting not only cognitive func-
tions, but also general physiology. As we 
previously showed, changes in the sys-
temic environment through calorie res-
triction, exercise or exposure of the aged 
organism to young systemic factors have 
been shown to slow down aging and re-
juvenate brain functions. Because of the 
complexity of the systemic environment 
very little is known on rejuvenating fac-
tors and their mechanism of action to 
restore brain functions. Here we show 
that GDF11 is a systemic factor that acts 

peripherally in the organism, but not in 
the brain, to reverse aging. It acts as a 
calorie restriction mimetic by inducing 
changes in organismal metabolism, brain 
autophagy and senescence as early as 
nine days. Respectively, GDF11 is upre-
gulated in the serum of calorie restricted 
mice. Its very rapid systemic effect corre-
lates with a restoration of the age-related 
depressive phenotype, making GDF11 
a powerful mediator between systemic 
level and the central nervous system. 
These findings confirm the pleiotropic ac-
tion of rejuvenating systemic factors and 
uncover new roles for their mechanism of 
action in the aged organism.

USING CRISPR/CAS9 TO INVESTIGATE THE LOCALIZATION 

AND THE ROLE OF P70/P85 S6K 1 AND S6K2

• Vonda Koka, Kahina Boumendil, Orestes Lopez Ortega, Nicolas Kuperwasser, 

Susan Kane, Mario Pende | Institut Necker Enfants Malades, INSERM U1151, Paris , 
France. Université de Paris, Paris , France. Cell Signaling Technology, Danvers, MA, USA.

mTOR (mammalian Target of Rapamycin) 
is a serine/threonine kinase activated by 
nutrients and is a master regulator of cell 
growth, proliferation, senescence, and 
cell metabolism.

The deletion of one of the major subs-
trates of mTOR, S6 kinase 1 (S6K1) leads 
to a cell size defect. The S6K1 gene 
encodes two distinct isoforms, p70 and 
p85, by alternative translational start co-
dons. S6K1 phosphorylates proteins in-

volved in protein and nucleotide synthe-
sis, RNA splicing, insulin sensitivity and 
metabolism. 

The objective of our study is to better un-
derstand the functional role of S6K1, its 
isoforms and also, to determine their in-
tracellular localization.

For this purpose, we generated by ge-
nome editing using CRISPR/Cas9 tech-
nology in MCF7 cells, KO cells for S6K1 
and the homologous protein S6K2.
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In order to dissect the role of the two iso-
forms p70 and p85 we also generated 
mutants expressing only one of the two 
isoforms. I will present the data on immu-
nofluorescence localization and phospho-
rylation of substrates in the different S6K1 

mutant cell lines.
These new tools are also part of a colla-
boration with Cell Signaling Technology in 
order to develop and produce novel and 
specific antibodies for the mTOR pathway.

ELUCIDATING THE MECHANISMS LEADING TO EPILEPSY IN A 

NEW mTOR MOUSE MODEL

• Laurène Layus, Alexandre Bacq, Stéphanie Baulac & Eric Le Guern | Paris 
Brain Institute (France)

Focal cortical dysplasias (FCD) are a ma-
jor cause of pediatric refractory epilep-
sies, requiring surgical resection. FCDs 
include a broad range of histological ab-
normalities such as cortical dyslamination 
and presence of dysmorphic neurons. 
Both germline and somatic mutations 
have been found in FCDs, the majority en-
coding genes in mTOR pathway. mTOR 
somatic variants represent the major ge-
netic cause of FCD type 2. In the brain, 
little is known about how and when mTOR 
activation is involved in epileptogenesis. 
To get further insights into pathophysio-
logical mechanisms, we generated a no-
vel mouse strain of mTOR expressing the 
p.Thr1977Lys gain-of-function variant. In 
order to introduce the mutation in exci-
tatory neurons during early development 

or postnatally, lox-stop-lox-mTORT1977K 
mice are being crossed with Emx1-Cre 
or Emx1-Cre-ERT2 mice, respectively (a 
single injection of tamoxifen at postna-
tal stage will enable recombination). 
Epilepsy phenotype will be investigated 
using video-EEG recordings. Since psy-
chiatric comorbidities are often found in 
FCD patients carrying a mTOR variant, a 
behavioral characterization will be per-
formed. According to seizure onset, we 
will determine if these potential behavio-
ral defects are linked to the mutation it-
self or if they are a direct consequence of 
recurrent seizures. Finally, RNA-sequen-
cing of cortical lysates will be performed 
at different developmental stages to elu-
cidate the transcriptomic mechanisms 
leading to seizures.

THE ROLE OF THE SEA/GATOR COMPLEX IN REGULATION OF 

MITOCHONDRIAL FUNCTION

• Loissell-Baltazar Yahir Alberto, Ma Yinxing, Dokudovskaya Svetlana | Institut 
Gustave Roussy

mTORC1 is important for mitochondrial 
biogenesis, dynamics and quality control 
via mitophagy, although many details of 

mechanisms of mTORC1 function in mito-
chondria fate remain elusive. The highly 
conserved multiprotein complex termed



LE TOR DE FRANCE 202132

SEA in yeast and GATOR in mam-
mals facts as an upstream regulator 
of mTORC1 pathway. Recently, it was 
demonstrated, that yeast SEA proteins 
co-precipitate with mitochondrial proteins 
and that deletion of SEA proteins impairs 
mitophagy and affects mitochondrial-va-
cuole contact sites, vCLAMPs. Whether 
GATOR proteins have the same role in 
mammalian cellsis unknown. Here, we 
studied subcellular localization of mam-
malian GATOR proteins and found that 

they can be found at mitochondria. Ex-
pression of GATOR proteins changed
upon treatment with the mitochondrial 
uncoupler agent carbonyl cyanide 
m-chlorophenyl hydrazone (CCCP). We 
also investigated the metabolic profile 
of mammalian cells with deletions of GA-
TOR proteins. Taken together, our results 
a function of GATOR proteins in the re-
gulation of mitochondrial processes and 
mitochondria quality control.

THE PI3K-S6K AXIS IN THE HUMORAL AND CELL 

AUTONOMOUS CONTROL OF CELL GROWTH

• Lopez-Ortega O, Boumendil K, Koka V, Nemazanyy I, Canaud G and Pende M | 
Institut Necker Enfants Malades, INSERM U1151, Université de Paris, Paris, France

Overgrowth syndromes are characterized 
by global or localized disproportionate 
growth associated with other anomalies 
like neurological and/or visceral disor-
ders. Somatic mutations in the gene PIK-
3CA, as well as in additional elements of 
the mTOR pathway, are responsible of 
this syndrome. As the lesions in the pa-
tients are often of mesenchymal origin, 
we transduce fibroblasts or differentiating 
myotubes, with hyperactive mutants as 
cellular models. The aims are: i) to iden-
tify the molecular targets responsible for 
cell overgrowth; ii) define the humoral 
cues that may explain the non-cell-au-
tonomous overgrowth observed in pa-
tients with low genetic mosaicism. Muta-
tions in PIK3CA induce a hypertrophy in 
WT myotubes, however this effect is not 

observed in S6K1-/-/S6K2-/- cells. The 
specific inhibitor of PIK3CA, BYL719, 
and Rapamycin reduce the PIK3CA-de-
pendent hypertrophy. These results show 
that PIK3CA-mTOR axis is essential to 
understand the mechanism of overgrowth 
syndrome in muscle cells. To study pa-
racrine signals, we treated fibroblasts with 
Ad-PI3KCA and tested the cell activation; 
we noted that Ad-PI3KCA produces an 
increase in p-S6 signal in nearest cells.
Immunofluorescence studies reveal that 
S6K1 is mainly localized in the nucleus of 
myotubes. To corroborate this data, we 
used MCF7 cells, noticing that S6K1 has 
a preference for lysosomes. Metabolomics 
studies will be presented to evaluate the 
metabolic adaptations and potential re-
lease of metabolites in mutant cells.
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USING PANGENOMIC CRISPR/CAS9 SCREENS TO IDENTIFY 

REGULATORS OF mTORC1 IN HUMAN NK CELLS

• Uzma Hasan, Quentin Sueur, Michelle Ainouze, Thierry Walzer, Antoine 

Marçais | CIRI, Centre International de Recherche en Infectiologie, (Equipe Activation 
et transduction du signal dans les lymphocytes), Univ. Lyon, Inserm, U1111, Université 
Claude Bernard Lyon 1, CNRS, UMR5308, ENS de Lyon, F-69007, Lyon, France.

Natural Killer (NK) cells are innate lym-
phoid cells that kill infected or tumour 
cells and secrete cytokines such as 
IFN-y. We showed that both functions are 
controlled by the mammalian Target of 
Rapamycine complex 1 (mTORC1). In-
deed, this complex controls both the ac-
quisition of effector functions during NK 
cell ontogeny and their expression upon 
encounter with a target cell. We further 
determined that mTORC1 is sensitive to a 
large range of external immunologic and 
metabolic cues affecting NK cells. Yet the 
molecular pathways that control mTORC1 
activity in NK cells are poorly defined. 
Here, we present a CRISPR screening 
strategy to identify the mTORC1 regula-
tors in NK cells. We engineered a human 
NK cell line (NK-92) to express the Cas9 

enzyme and infected it with a pooled 
genome-wide sgRNA lentiviral library. 
Two complementary strategies were 
devised to identify mTORC1 regulators. 
The first one monitored mTORC1 activity 
using the measurement of ribosomal S6 
phosphorylation (pS6). For our second 
method, we adopted cell size as a func-
tional read-out as it has been shown to 
correlate to mTORC1 activity. Following 
stimulation, we isolated cells that failed 
to fully induce pS6 or remained small as 
well as cells that had higher pS6 levels or 
were bigger. DNA was then extracted for 
sequencing. Identification of enriched vs 
depleted sgRNAs, identifying genes that 
regulate mTORC1 in NK cells, is currently 
ongoing.

IMPACT OF PIK3CA GAIN-OF-FUNCTION MUTATIONS IN RENAL 

PROXIMAL TUBULAR CELLS

• Morin G, Bayard C, Venot Q, Ladraa S, Zerbib L, Chapelle C, Hoguin C, Canaud G 
| INSERM U1151 - Institut Necker Enfants Malades - Paris, Université de Paris, Unité 
d’hypercroissance dysharmonieuse et centre d’anomalies vasculaires, hôpital Necker 
Enfants Malades - AP-HP

Somatic mosaic gain-of-function muta-
tions of PIK3CA are responsible for over-
growth syndromes of the PIK3CA-related 
overgrowth spectrum. Some patients 
display renal anomalies such as interstitial 
renal fibrosis and tubular atrophy resulting 
in chronic kidney disease (CKD), with va-

rying frequencies of the PIK3CA mutation 
in kidney samples. To decipher the impact 
of PIK3CA in renal tubular epithelial cells in 
the setting of CKD, we engineered a mouse 
model expressing a constitutively activated 
PIK3CA variant controlled by a Tamoxi-
fen-inducible Ksp-Cre recombinase.
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HOW TO ROT : 

A ROLE FOR TOR IN PHANEROCHAETE CHRYSOSPORIUM

• Delphine Noël, Duy Vuong Nguyen, Antonio Fernández-González, Thomas 

Roret, Eric Gelhaye , Mélanie Morel-Rouhier, Rodnay Sormani | Université de 
Lorraine, INRAE, UMR 1136 IAM, Interactions Arbres-Microorganismes, 54000 Nancy, 
France

The TOR signaling pathway is at the heart 
of cellular and metabolic processes re-
gulating growth through its perception 
of nutrients and environmental stresses. 
In this context, a model fungus of wood 
degradation, Phanerochaete chrysos-
porium, appears to be an organism of 
choice to study the TOR pathway. In-
deed, wood represents a carbon-rich, ni-
trogen-poor and highly toxic environment 
for fungi. Like most eukaryotic organisms, 
P. chrysosporium is sensitive to rapamy-
cin, an inhibitor of TORC1. A collection 
of rapamycin-resistant P. chrysosporium 
mutants was thus generated and the cau-
sative mutations were identified. Out of a 
collection of 10 mutants, one mutant was 
identified with a nonsens mutation in the 

gene coding for a putative FKBP12 ortho-
log. The recombinant protein encoded by 
the wild type allele has been produced, 
a rotamase activity was measured and 
this activity is impaired in the presence 
of rapamycin. Functional complementa-
tion of Saccharomyces cerevisiae fpr1-∆ 
with the wild type and mutant sequence 
of PcFKBP12 are being performed and 
will also be presented. The correspon-
ding P. chrysosporium mutant will be a 
powerful tool to decipher the TOR signa-
ling pathway in a context of wood degra-
dation.

PIK3CA expression was induced in 
3-week-old mice. Ten weeks after induc-
tion, kidneys showed diffuse proximal 
tubular hypertrophy mimicking diabetic 
tubulopathy compared to controls, with 
progressive exacerbation up to 12 mon-
ths, without impact on overall survival. We 
observed a 2-fold increase in renal SL-
C5A2 (SGLT2) at 10 weeks with increased 
SGLT2 staining in proximal tubular cells. 
Such induction was sustained up to 12 

months, the latest follow up. We are cur-
rently conducting RNAseq experiments on 
renal tissue to address the role of the PI3K 
pathway in SGLT2 regulation. Together, 
the phenotypic resemblance of PIK3CA-in-
duced tubulopathy with diabetic tubulo-
pathy, along with the well-known role of the 
PI3K pathway in CKD progression, lead us 
to think that PI3K may play an early role in 
the onset of diabetic tubulopathy and thus 
become a therapeutic target of interest.
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PLASMA MEMBRANE H+-ATPASES PROMOTE TORC1 

ACTIVATION IN TOBACCO BY-2 SUSPENSION CELLS

• Cecilia Primo(1), Catherine Navarre 2), François Chaumont(2), Bruno André(1) | 
(1) Molecular Physiology of the Cell, Université Libre de Bruxelles (ULB), 6041 Biopark, 
Gosselies, Belgium. (2) Louvain Institute of Biomolecular Science and Technology, 
UCLouvain, B-1348 Louvain-la-Neuve, Belgium

The TORC1 (Target of Rapamycin Com-
plex 1) kinase complex plays a pivotal 
role in coordinating cell growth and me-
tabolism in probably all eukaryotes. Its 
regulation relies on mechanisms which 
have been well studied in mammals but 
are much less known in fungi and plants. 
A common feature of fungal and plant 
cells, distinguishing them from animal 
cells, is that their plasma membrane 
contains highly conserved H+-ATPases 
which establish a H+ gradient driving 
active nutrient uptake. We recently re-
ported that the yeast plasma membrane 
H+-ATPase Pma1 is required for TORC1 
activation upon H+-coupled amino-acid 
uptake, in a manner that goes beyond 
its role in establishing the H+ gradient. 
Furthermore, the PMA2 H+‐ATPase from 
the plant Nicotiana plumbaginifolia can 

substitute for Pma1 in yeast to promote 
TORC1 activation, raising the possibility 
that yeast and plants share a common 
TORC1 activation pathway under control 
of plasma membrane H+-ATPases. To 
further explore this hypothesis, we ge-
nerated a tobacco BY-2 cell line adap-
ted to detect TORC1 activation. Experi-
ments on these cells showed that TORC1 
is strongly influenced by the activity of 
plasma membrane H+-ATPases. Fur-
thermore, we obtained evidence that 
H+-ATPases influence TORC1 activity in 
a manner not solely due to their role in 
supporting active nutrient uptake. This 
suggests that plant H+-ATPases, known 
to be regulated by virtually all factors 
controlling plant cell growth, play an im-
portant role in TOR signaling.

ROLE OF PI3K/ AKT/ mTOR PATHWAY IN PROGRAMMED CELL 

DEATH OF CAJAL-RETZIUS CELLS

• Nasim Ramezanidoraki,  Alessandra Pierani,  Pierre Billuart | Institut de 
Psychiatrie et Neurosciences de Paris, 75014 Paris

Programmed cell death (PCD) is a criti-
cal contributor to nervous system deve-
lopment and its alterations are suggested 
to participate in the pathophysiolo-
gy of neurodevelopmental disorders. 
Cajal-Retzius cells (CRs) play key roles 
in cortical development and are one of 
the remarkable examples of PCD in the 

cerebral cortex. In mice, CRs under-
go almost complete PCD in the first two 
post-natal weeks. The persistence of CRs 
during postnatal life has been detected 
in pathological conditions related to epi-
lepsy. It has been shown that the PI3K/ 
AKT/ mTOR pathway plays an important 
role in cell survival and its dysregulation
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LIVER ORGANOIDS AS A MODEL 

FOR mTORC1 SIGNALLING IN NAFLD

• Kathrin Thedieck, Jose M Ramos-Pittol | Institute of Biochemistry and Center 
for Molecular Biosciences Innsbruck, University of Innsbruck (Austria)  Laboratory 
of Pediatrics, Section Systems Medicine of Metabolism and Signaling, University of 
Groningen, University Medical Center Groningen (The Netherlands) Department for 
Neuroscience, School of Medicine and Health Sciences, Carl von Ossietzky University 
Oldenburg (Germany)

Non-alcoholic fatty liver disease (NAFLD) 
is the most common liver disorder, affec-
ting 20% of the world population. NAFLD 
presents a strong sexual dimorphic pre-
valence (80% of patients are males), and 
complications include acute liver failure 
and liver cancer. Thus, there is a pressing 
need to develop interventions against 
the disease, with attention to sexual di-
morphisms. mTORC1 is a protein kinase 
involved in metabolic signalling, which 
promotes anabolism and supresses au-
tophagy. The livers of NAFLD patients 
present persistently activated mTORC1, 
which is considered a promotor of the 
lipid accumulation characteristic of the 
disease. However, the role of mTORC1 at 
the onset of NAFLD remains unclear, due 
to the lack of cell systems that reflect liver 
plasticity.

Organoids are 3D cultures derived from 
adult stem cells, which recapitulate 
functional aspects of the source organ 
such as gene expression and metabo-
lism. We report the generation of liver 
organoids from male and female mice 
where mTORC1 can be activated or in-
hibited (floxed Tsc1 or Rptor), and CRE 
recombinase can be induced after diffe-
rentiation into hepatocytes in vitro. We 
found the ablation of mTORC1 activity 
reflected published sexual dimorphisms 
in metabolic genes relevant to nutrient/
hormone sensing of NAFLD. These novel 
systems will help evaluate of mechanistic 
links between NAFLD and mTORC1, and 
enable sex-oriented drug-screenings for 
the prevention of NAFLD progression.

is implicated in malformation of cortical 
development (MCD) and epilepsy. In-
terestingly we found no evidence of S6 
kinase activation in mouse CRs during 
post-natal stages suggesting that the 
mTOR pathway is not active after birth. 
In order to activate it in these cells, we 
conditionally deleted Pten or Tsc1 genes, 
which encodes for two inhibitors of the 
PIK3/AKT/mTOR pathway. Loss of PTEN 
or TSC1 functions did not affect CRs ge-
neration and migration but their morpho-

logy at later post-natal stages.  In addi-
tion, we observed a stronger activation of 
S6 kinase in the PTEN mutant compared 
to the TSC1 probably due to parallel ac-
tivation of PDK1.  Finally, activation of 
mTOR pathway led to CRs persistence 
after two weeks.
Altogether, these results show that the 
mTOR pathway is strongly inhibited in 
CRs during post-natal stages priming 
these cells to death.
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INVESTIGATION OF SOMATIC MOSAICISM IN FOCAL CORTICAL 

DYSPLASIA TYPE 2 BY WHOLE EXOME SEQUENCING

• Lina Sami(1), Sara Baldassari(1), G. Dorfmüller(2), M. Chipaux(2), Stephanie 

Baulac(1) | (1) Sorbonne Université, Institut du Cerveau - Paris Brain Institute - ICM, 
Inserm, CNRS, APHP, Hôpital de la Pitié Salpêtrière, Paris, France ; (2) Department of 
Pediatric Neurosurgery, Rothschild Foundation Hospital, F-75019 Paris, France

Focal Cortical Dysplasias type 2 (FCD2) 
are focal developmental malformations 
of the brain cortex and a major cause of 
drug-resistant pediatric epilepsies sub-
jected to resective neurosurgery. The 
histopathological hallmarks of FCD2 are 
a cortical dyslamination and the pre-
sence of abnormal cells, dysmorphic 
neurons with or without balloon cells, 
displaying mTOR pathway hyperactiva-
tion. Targeted sequencing of a mTOR 
pathway gene panel allows identification 
of brain-specific pathogenic mutations in 
~60% of the cases.  Nevertheless, 40% 
of FCD2 remain genetically unsolved 
(panel-negative). We collected a cohort 
of 18 panel-negative FCD2 patients and 
searched for novel causative genes by 
whole exome sequencing on blood-brain 
matched samples. We prioritized 263 

brain-specific somatic variants (~14 per 
patient) in genes expressed in brain, of 
which 80 variants in genes with a known 
association with mTOR pathway or epi-
lepsy, and 183 variants in genes without 
such a priori knowledge. Technical and 
biological validation by deep amplicon 
sequencing of the candidate variants will 
allow their confirmation as possible di-
sease candidates, and functional assays 
in vitro and in vivo will be conducted to 
clarify their role in brain development and 
epilepsy. This study will help unveil the 
genetic mechanisms implicated in FCD2 
etiology and contribute to the identifica-
tion of brain-specific targets for the de-
velopment of more suitable therapies for 
these patients.

TARGETING CTGF : A NEW STRATEGY TO OVERCOME ANTI-

ANGIOGENIC RESISTANCE IN METASTATIC RCC ?

• Manon Teisseire, Sandy Giuliano, Gilles Pagès | IRCAN (Nice, France)

Sunitinib, an oral tyrosine kinase inhibi-
tor, is one of the first line treatment for 
metastatic renal cell carcinoma (mRCC). 
Sunitinib prolongs PFS in patients with 
mRCC. Unfortunatly, in most cases, pa-
tients relapse after one year of treatment. 
The anti-angiogenic role of sunitinib on 
endothelial cell is well described, but its 
role on tumor cells is poorly understood. 

We aim to investigate the mechanisms 
of resistance induced by sunitinib action 
on tumor cells. Previous results descri-
bed sunitinib as a lysosomotropic agent 
which disrupts autophagy pathway (Giu-
liano et al., Autophagy, 2015). In the li-
terature, autophagy inhibition creates a 
pro-inflammatory environment. Proteomic 
analysis of sunitinib treated and resistant
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METABOLIC ADAPTATIONS 

IN SENESCENT CELLS

• Khaled Tighanimine, Stefano Fumagalli, Mario Pende | Institut Necker Enfants 
Malades (France)

Cell senescence is an irreversible state 
of cell cycle arrest that can be triggered 
by different insults, such as DNA da-
mage, oncogenic activation, oxidative 
stress. In our work, we aim at the iden-
tification of a metabolic signature com-
mon to different senescence inducers. In 
this respect we were able to determine 
that senescent cells display an accumu-
lation of alpha-ketoglutarate (aKG) over 
succinate. Knowing the role of aKG as 
a co-factor for different dioxygenases 
involved in HIF1-alpha destabilization 
and epigenetic regulation, we treated 
oncogene-induced cells with dimethy-
loxalylglycine (DMOG), an analog of aKG 
that inhibits aKG-dependent dioxyge-
nases. In this way we could show that 
DMOG decreases many senescence 
features, such as induction of the cell cy-

cle inhibitor p16 and of the Senescence 
Associated Secretory Phenotype (SASP). 
We are currently working on deciphering 
the contribution to these effects of HIF1 
alpha-and epigenetic regulation. We 
also showed that inhibition of the mTOR 
pathway with rapamycin leads to a de-
crease in senescence  induced by DNA 
damage or oncogenic activation. We are 
currently performing transcriptomics and 
metabolomics analysis in order to identify 
the mechanism of senescence inhibition 
by rapamycin. Overall these studies will 
help defining the metabolic landscape 
that contributes to the establishment of 
senescence and offer the basis for the-
rapeutic approaches in pathologies as-
sociated with an aberrant expansion of 
senescent cells.

cells to this treatment showed an increase 
in pro-inflammatory proteins and secreted 
factors (Giuliano et al., Theranostics, 2019). 
Among them, we identified CTGF. CTGF is 
a signaling factor which can promotes can-
cer initiation, progression and metastasis 
by regulating cell proliferation, migration 
and drug resistance. We demonstrated 
an increase of i) CTGF mRNA levels (RT-
qPCR), and ii) CTGF secreted forms (ELI-

SA assay) in mRCC sunitinib treated and 
resistant cells. We also demonstrated that 
CTGF invalidation by siRNA decreases 
proliferation and migration of non-treated, 
sunitinib treated, and sunitinib resistant 
mRCC cells. Our preliminary results in-
dicate that CTGF may play a key role in 
mRCC sunitinib resistance, and need to be 
further investigate.











Event co-organized with the RHU



LE TOR DE FRANCE 202144

www.tor-de-france.fr


