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A MASTER REGULATOR OF LYSOSOMAL
BIOGENESIS AND AUTOPHAGY

Science 325: 473-476, 2009 Science 332: 1429-1433, 2011




and the MiT-TFE family

A subfamily of the Helix-Loop-Helix Leucine Zipper family of
transcription factors (Hamesath et al. Genes Dev. 8: 2770-2780, 1994)

It includes 4 members (MITF, TFEB, TFE3 and TFEC), which can
both homo- and hetero-dimerize, bind to a similar set of promoters,
and are post-translationally regulated in a similar manner.
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MTORC1 activity can be substrate-specific

Two distinct TORC1 signaling pathways

Gennaro
Napolitano

CANONICAL

v-ATPase

Napolitano et al., Nature, 585: 597-602, 2020

LYSOSOME



~4a0D/a10¥0CYH-0

36 polypeptides!

Cui et al., Nature, 614:572-579, 2023

Active site
in collaboration with Jim Hurley (Berkeley) and Lukas Huber (Innsbruck)
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MIT-TFE genes In cancer



MiT-TFE family Translocation Renal Cell Carcinoma

TFE3

TFEB

RCC chromosomal rearrangement RCC chromosomal rearrangements
A](J involving TFE3

GTF?EF? Fusion gene Chromosomal
Peie rearrangement

PRCC-TFE3 (X 1)(p11.2,g217)
Setomic s, SFPQ-TFE3  t(X;1)(p11.2,p34)

region

: ASPL-TFE3 {X;17)(p11.2,g25)
Alternative

Y Drcakpoint NONO-TFE3  inuX)(p11.2.g12)
mi— ———

T L

MALAT 1-TFEB gene fusion

Strong AD bHLH LZ
promo

CTLC-TFE3 {X;17)(p11.2,g23)

Alternative
deleted region

I'FE3 hyperactivation

Napolitano and Ballabio, J. of Cell Sci. (2016) 129, 2475-2481



Kidney-specific cadherin 16 (Ksp-CDH16)-CRE Tcfeb overexpressing
conditional mouse lines (Constitutive and Inducible)

loxP loxP
1) KSPcdhl6 CRE

2) indKSPcdhl16 CRE

Calcagni’ et al. eLife 2016;5:e17047.



Kidney-specific TFEB-overexpressing mice develop renal cysts and cancer

KSPcdh16/wt  KSPcdhl16/Tcfeb indKSPedhl6/Tcfeb

0d

P90 Tam P12 P90

KSPcdhl16/wt

KSPcdh16/Tcfeb

Calcagni’ et al. eLife 2016;5:€17047.



Striking similarities between TFEB
overexpressing mice and FLCN KO mice

KSPcdh16/wt  KSPcdh16/Tcfeb indKSPcdh16/Tcfeb

TFEB overexpressing

ONCOGENE
Calcagni’ t eLife 01 6,5:e1 77.
TUMOR
SUPPRESSOR
FLCN KO

Wu M. et al. Oncotarget. 2015; 6: 32761-32773.



TFEB PHOSPHORYLATION (UNLIKE S6K AND 4E-BP1)
REQUIRES FLCN

Torin: -
aa. -

TFEB p211

GFP-TFEB Ctrl FLCN-KO

pS6K

S6K

p4E-BP1

4E-BP1

GAPDH

Napolitano®, Di Malta* et al., Nature, 585: 597-602, 2020



Birt-Hogg-Dubé (BHD) syndrome

. ooIIi,cvuI ‘ Pulmonary cysts

c.1387deIC . 4 ff‘l LOH
€.841-842delTG — -}“/ “'—v . ——C.653-654delGG
Autosomal dominant, caused by mutations | TJ Y e

in the FLCN gene. LOH in tumors. o X309 @ v?*

¢.1005-1007delAAC
€.497delC

¢.875delC

Chromophobe RCC
Oncocytic hybrid RCC
@ Oncocytoma

Schmidt et al., Gene 2018




HYPOTHESIS

Chiara Di Malta

Is BHD syndrome driven by TFEB activation
(due to loss of FLCN, a TFEB inhibitor)?

We tested this hypothesis by generating
kidney-specific FLCN/TFEB double KO mice




TFEB KO rescues the kidney phenotype of Flcn KO mice

- Flcn-KO Flcn-Tfeb-DKO

Napolitano®, Di Malta* et al., Nature, 585: 597-602, 2020



TFEB DEPLETION RESCUES KIDNEY DYSFUNCTION AND LETHALITY IN FLCN KO MICE
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Napolitano®, Di Malta* et al., Nature, 585: 597-602, 2020



TFEB KO RESCUES mTORC1 HYPERACTIVITY ASSOCIATED WITH LOSS OF FLCN

Ctrl-Flcn Flen-KO __ Ctrl-Flen-Tfeb Flen-Tfeb-DKO

Napolitano®, Di Malta* et al., Nature, 585: 597-602, 2020



BOTH TFEB AND TFE3 PROMOTE TUMORIGENESIS IN BHD SYNDROME

TFE

2
e
S

shLuc, shTFEB
p=0.0002 ***

s
S 50

shLuc, shTFE3

Di Malta et al. EMBO Mol Med (2023) 15: e16877

Silencing of TFEB and
TFE3 in mouse xenografts
generated using a cell line
(UOK-257) from a kidney
tumor of a patient with BHD
syndrome (collaboration
with L. Schmidt and M.
Linehan, NIH).



TFEB KO rescues the kidney phenotype of Tsc2 KO mice

(collaboration with Lisa Henske's group, Harvard)

KspCre’; KspCre*; KspCre*; KspCre*;
Tsc2™n TfebfM Tsc 2 Tsc2Mfl: Tfebfi

rx

Alesi et al. Nat Commun. 15: 406. doi: 10.1038/s41467-023-44229-4



The phenotype of commonly used mouse models of BHD
syndrome is too aggressive and too diffuse,
not mimicking the human disease

A new mouse modelto mimicthe = .
multi-focal nature of the kidney |
phenotype of BHD syndrome

Alessia Calcagni’



A new mouse model for BHD syndrome
Flcn™f;,LOW TAM indKSP-CRE®"t mice

mT/mG CRE reporter

Tamoxifen
(low-dose)

25vg/g \
for 3 days

+ Cre |

loxP loxP loxP
o (o |

Muzumdar et al. Genesis 45: 5693—-605 (2007)

Experimental design

30 days post-injection 60 days post-injection
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Tam End (Early End (Late
injection disease stage) disease stage)
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TFEB nuclear localization in GFP+ cells
GFP (CRE pos)

Nuclear TFEB in GFP+
neoplastic nodules
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Fibrosisin lom+ cells

Cancer Associated Fibroblasts (CAFs)

unpublished data



FIBROSIS IN NORMAL TISSUE ADJACENT TO BHD-ASSOCIATED KIDNEY TUMOURS

Patient 1 Patient 2 Patient 3

GPNMB

SMA

unpublished
data




FACS allows isolation of and cell
populations from BHD mice

FACS-sorted
mTom+ and GFP+ cells

Mosaic Flcn
recombination

@ Low-dose Tamoxifen

Flenfl/fl; nT/mG-indKSP-CRE mice GFP+ Tom+ -
———




RNAseq analysis of sorted

GO analysis:

Positive regulation of inflammatory response
Regulation of inflammatory response
Positive regulation of defense response
Positive regulation of lymphocyte differentiation
Cellular response to cytokine stimulus
Positive regulation of cell migration
Positive regulation of lipid transport

Positive regulation of response to external stim
Positive regulation of leukocyte chemotaxis

Positive regulation of response to wounding

—PpLytic vacuole

Lamellar body

=P Autophagosome
—pp Lysosome

Lipid droplet

Basolateral plasma membrane
Multivesicular body

Sodium channel complex
Melanosome

Endocytic vesicle
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GO analysis:

=P Positive regulation of cell migration
Positive regulation of endothelial cell migration
Positive regulation of vacuole organization
=P Positive regulation of cell motility

Skin development

= Collagen fibril organization

Regulation of erk1 and erk2 cascade

Negative regulation of cytokine production
Regulation of cell migration

Leukocyte cell-cell adhesion

Actin-based cell projection

Focal adhesion

Cell-substrate junction

Secretory granule lumen

Filopodium

Cell-cell junction

Actin cytoskeleton

=P Collagen-containing extracellular matrix
Actin filament

Microvillus

unpublished data
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FLCN KO cells Secreted
factor(s)?
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Fibrosis, CAFs
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Epithelial-Mesenchimal
Transition (EMT)?
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TUMOR MICROENVIRONMENT
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