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cells/well, MDA-MB-231 1.5 x 10* cells/well, Hs578T 1.2x10* cells/well). For
protein evaluation by IB or for mRNA quantitation by Real-Time PCR, cells
were plated in 6-well plates (MDA-MB-468 1.5x10° cells/well, HelLa 1.0 x
10° cells/well). For the IB of Fig. 8B, cells were starved in medium without
serum for 16 h.

For RNAseq, total cellular RNA was extracted from MDA-MB-468 silenced
cells using the Maxwell RSC miRNA Tissue kit (AS1460, Promega) with the
Maxwell RSC Instrument (AS4500, Promega) and the quality was assessed
using the BioAnalyzer 2100 (Agilent, Santa Clara, CA, USA). Total RNA was
depleted of ribosomal RNA and the RNAseq libraries were prepared with
the TruSeq Stranded Total RNA kit from Illumina (San Diego, CA, USA).
Following adapter ligation, libraries were amplified by PCR, checked on a
Bioanalyzer 2100 (Agilent), quantified with picogreen reagent (P11495,
Invitrogen, Thermo Fisher Scientific), and sequenced for 50 bases in the
paired-end mode with 35 million reads coverage on a Novaseq
6000 sequencer (lllumina). Raw data were acquired for all datasets, and
the human reference genome (hg38) was employed as the alignment
template for mapping the reads through Bowtie2 (version 2.4.5) [67]. The
estimation of gene expression abundance was carried out using RSEM
(version 1.3.3) with default parameters [68].

Lactate and glucose measurements

Intracellular lactate was extracted from the silenced cells and evaluated
using the Lactate-Glo Assay (J5022, Promega), according to the
manufacturer's instruction. Briefly, culture medium was removed, and
cells were washed with PBS. Inactivation solution (0.6 N HCl) and
neutralization buffer (1 M Tris Base) were sequentially added to the cells
before adding the detection reagent. Samples were incubated for 1 h at RT.
The luminescent signal was recorded by GloMax Discover (Promega). The
intracellular lactate concentration was obtained from a calibration curve,
after background subtraction, and normalized over the number of cells in
each well. For the normalization, after lactate extraction, cells were fixed
with paraformaldehyde 4% for 10 min at room temperature and nuclei
were counterstained with DAPI. Images were acquired using the LIPSI
automated workstation (Nikon, Minato, Tokyo, Japan) and the number of
cells were counted using the Image)J software.

Glucose uptake was measured with the Glucose Uptake-Glo Assay
(Promega) following the manufacturer's instruction. MDA-MB-468 cells
were plated and silenced in 24 well plates (3.0 x 10* cells/well) as
described above. Seventy-two h after the second silencing transfection,
cells were incubated in glucose free medium for 4 h then incubated for
10 minutes in glucose free medium supplemented with 1 mmol/L 2-Deoxy-
D-Glucose (2DG). Rate of glucose uptake (fmol/cell/min) was calculated as
follows: ([2DG6P]Ix(volume of sample))/((number of cells)x(time of uptake)).

Seahorse measurements

Real-time measurements of oxygen consumption rate (OCR) and extracellular
acidification rate (ECAR) on MDA-MB-468 cells silenced with siRNA oligos
against TBC1D7, TBC1D22B, TBC1D31 or control (CTRL), were performed with
the XFe96 Extracellular Flux Analyzer (Agilent). MDA-MB-468 cells were
silenced in 6-well plates (2.0 x 10° cells/well) as described above and, 24 h
after the second silencing transfection, they were seeded in the XF Cell
Culture Microplate (1.2 x 10% cells/well). Forty-two h later, cells were
incubated for OCR detection in Seahorse XF DMEM (Agilent, 103575-100)
containing 25 mM glucose (Agilent, 103577-100), 2 mM pyruvate (Agilent,
103578-100) and 2 mM glutamine (Agilent, 103579-100). OCR was measured
using the Mito Stress Test Kit (Agilent, 103015-100) following the
manufacturer’s protocol in basal conditions and in response to oligomycin
(1 M), carbonylcyanide-4-(trifluoromethoxy)-phenylhydrazone (FCCP, 1 M)
and Rotenone/Antimycin A (0.5 M). ECAR detection was carried out in
Seahorse XF DMEM containing only 2 mM pyruvate and 1 mM glutamine.
ECAR was measured using the Glycolysis Stress Test kit (Agilent, 103020-100)
following the manufacturer’s protocol in basal conditions and in response to
glucose (10 mM), oligomycin (1 M) and 2-Deoxy-D-glucose (2-DG, 50 mM).
All reagents were from Agilent. Measurements were recorded using the
WAVE software (version 2.6.1, Agilent), normalized on the number of cells in
each well, and analyzed through the Mito Stress Test Report Generator,
Glycolysis Stress Test Report Generator and Cell Energy phenotype Test
Report Generator (Agilent) to obtain the metabolic parameters.

Immuno uorescence
MDA-MB-468 cells were plated on coverslips coated with 0.5% gelatin in
six well plates (18x10* cells/well) and silenced as indicated above. Cells
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were fixed in 4% paraformaldehyde for 10 min and permeabilized with
0,1% Triton X-100 in PBS for 10 min. A blocking step of 30 min with 5%
BSA + 0,1% Triton X-100 was performed prior to incubation with primary
and secondary antibodies diluted in 5% BSA for 1 h at RT. Confocal Z-stacks
(8 sections, 0.1 m thickness) were acquired with a Leica SP8 AOBS
microscope (Leica Microsystems, Wetzlar, Germany) using a 63x objective.

Real-Time PCR
Total RNA was extracted from silenced cells as indicated above. cDNA
preparation was performed using the i-Script reverse transcription
Supermix RT-gPCR (1708841, Biorad, Hercules, CA, USA) according to
manufacturer’s instructions with the Veriti 96 well Thermal Cycler (Applied
Biosystems, Thermo Fisher Scientific). Quantitative Real-Time PCR was
performed on 30 ng cDNA/reaction by applying the iTaq Universal SYBR
Green Supermix (#1725121 Biorad) and 500 nM of the following primers:
TBP (Prime Time, Hs.PT.58v.39858774, Integrated DNA Technologies,
lowa, USA), GLUT1 F (5-GGCCATCTTTTCTGTTGGGG-3'), GLUT1 R (5'-
GCTGATGATGAACCTGCTGG-3'), (Thermo Fisher Scientific), and run in
QuantStudio 7 Pro Real-Time PCR system.

Protein studies

Deglycosylation of total lysates (Fig. 5B and Supplementary Fig. S4) was
performed using the Enzymatic deglycosylation kit for N-linked and simple
O-linked glycans from Agilent (GK80110). Briefly, cells were lysed in 60 pl of
ice-cold lysis buffer (50 mM Tris HCl pH 7.4, 300 mM NaCl, 2 mM EDTA pH 8,
2% NP-40, 10% glycerol) supplemented with protease inhibitors (P8340,
Sigma-Aldrich) and phosphatase inhibitors (04906837001, Roche, Basilea,
Switzerland) by scraping them on ice. Cell lysate was incubated on ice for
20min and then centrifuged (10,000 X g, 10 min, 4°C). Proteins were
quantified with BCA Protein Assay Kit (23225, Thermo Fisher Scientific).
One hundred g of proteins were dissolved in 30 pl of deionized water
plus 10 1 of 5% Incubation Buffer (0.25 M sodium phosphate, pH 7.0) and
2.5 pl of denaturation solution (4% sodium dodecyl sulfate and 1 M beta-
mercaptoethanol) and heated at 100 °C for 5 min. After addition of 2.5 | of
detergent solution (15% NP-40), the samples were incubated with 1 ul of
N-Glycanase (=5 U/ml), Sialidase A (=5 U/ml) and O-Glycanase (=5 U/ml) for
3hat 37 °C.

Immunoprecipitation experiments were performed by using Pierce
Magnetic HA-Tag IP/Co-IP Kit (88838, Thermo Fisher Scientific). MDA-MB-
468 were plated in 100 mm dishes (1.5 x 108 cells/plate) two days before
the experiment. Cells were washed twice with ice-cold PBS and lysed in
800 | of ice-cold lysis buffer (50 mM Tris HCl pH7.4, 300 mM NaCl, 2 mM
EDTA pH 8, 2% NP-40, 10% glycerol) supplemented with protease and
phosphatase inhibitors, by scraping on ice. The lysates were centrifuged at
13,000 x g for 10 min. For immunoprecipitation, 1 mg of total lysate was
incubated with 25 | of pre-washed Pierce Anti-HA Magnetic Beads for
30 min at RT with gentle shaking. Beads were collected using a magnetic
stand and washed three times with 500 | of lysis buffer. Protein
complexes were eluted by boiling the samples in LDS sample buffer
(B0007, Thermo Fisher Scientific, supplemented with 50 mM DTT) at 96 °C
for 10 min.

For the IB shown in Figs. 7A and 8D, total lysates were obtained by
scraping cells in hot lysis buffer (125 mM Tris HCl pH 6.8 and 2.5% SDS) and
boiled for 10 min at 96 °C. Samples were sonicated and centrifuged at 14
000 rpm for 5 min. For the IB shown in Fig. 8A, B, F cells were lysed in ice-
cold RIPA buffer containing 50 mM Tris HCl pH 7.4, 150 mM NaCl, 1 mM
EDTA, 1% NP-40, 0.5% sodium deoxycholate 0.1% SDS supplemented with
protease and phosphatase inhibitors. Proteins were separated on 4-12%
NuPAGE Bis-Tris or 4-12% Novex Tris Glycine or 12% Novex Tris Glycine
gels (Thermo Fisher Scientific), transferred to nitrocellulose membrane with
Trans-Blot Turbo 0.2 um Nitrocellulose Transfer Packs (#1704158, Biorad)
and revealed with the indicated antibodies.

Uncropped version of the IB shown in this study are in Supplementary
Fig. S6.

Immunohistochemistry

For TBC1D7 IHC, we employed samples arrayed on tissue microarrays. The
rabbit monoclonal antibody anti-TBC1D7 (D8K1Y) (#14949S from Cell
Signaling) was used at a final dilution of 1:100 and was unmasked with
EDTA pH 9.0 (Bond Epitope Retrieval Sol2, Leica Biosystems, Nussloch,
Germany, AR9640). IHC were performed using Bond Il IHC auto-stainer
(Leica Biosystems) and were acquired with an Aperio ScanScope XT
instrument. Samples were scored on a semi-quantitative scale from 0 to 3
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(Supplementary Fig. S2), and classified as TBC1D7-HIGH (IHC score > 1) and
TBC1D7-LOW (IHC score < 1). IHC data were available for 82 normal breast
and 1398 breast cancers.

Publicly available datasets

The METABRIC dataset (1904 samples) was obtained through the
cBioPortal (2019 freeze, available at https://github.com/cBioPortal/
datahub/tree/master/public/brca_metabric) [69, 70]. Data were available
as normalized log;, intensity values.

BC cell lines RNASeq and metabolomics data were obtained from the
Cancer Cell Line Encyclopedia (CCLE) collection  (https://
sites.broadinstitute.org/ccle/datasets) [55] and from [54]. Cell line meta-
bolomics data were available as log,o transformed data.

When raw RNASeq data were available, they were processed with RSEM
(version 1.3.3) using Bowtie2 (version 2.4.5) as aligner and the human
genome (hg38) as reference.

Data analysis and statistical methods

Data presented in Fig. 1A and Supplementary Table 1 were obtained via
the non-parametric Wilcoxon test using JMP to calculate FC and p-values.
The Volcano plot (Fig. 1A) was generated using the ggplot() function in R
with the package ggplot2 v. 3.4.4.

Kaplan-Meier analyses depicted in Fig. 1D-F, Fig. 6C, and in
Supplementary Fig. S1 were performed within JMP, utilizing the Survival
platform. Univariable and multivariable HR and p-values were obtained
employing the Cox proportional hazards model, as appropriate within JMP.

The Monte Carlo simulation presented in Fig. 1C was conducted
employing the R function replicate().

Hierarchical clustering and Distance-based Dendrograms (Fig. 2) were
created using the Ward's method in cluster analysis within JMP.

In Supplementary Fig. S3A, B, RNAseq data were analyzed with EdgeR
package within the R software (version3.40.2). Using default parameters,
after filtering for not expressed or low expressed genes, library sizes were
normalized and statistical analyses between groups were performed with
the quasi-likelihood F-tests (QLF). Differentially expressed genes were
obtained and the p-value adjusted with the Benjamini and Hochberg
methodology to obtain the FDR (False Discovery Rate). Volcano plots were
generated using the ggplot() function in R with the package ggplot2 v.
3.4.4. Data provided in Supplementary Tables 2 and 3 were analyzed using
the ‘coxph’ function to ascertain HR (Hazard ratio) and p-values for
univariate analysis, utilizing the ‘survival’ package in R, version 3.5-5.

In Fig. 6B, the odds ratio and confidence interval were calculated using
the JMP software; p-value was evaluated by Pearson’s Chi Squared test.

Quantification of GLUT1 localization shown in Fig. 5E, F was performed on
average Z- stack projections using the Cellpose software which identifies
single cells (https://github.com/MouselLand/cellpose) [71]. To calculate the
average GLUT1 signal present on the membrane, a 600 nm thick “corona”
was created starting from the edge of the cell, cell edges were identified
based on the actin staining revealed by phalloidin. The ratio between the
average signal in the membrane and in the entire cell was calculated. The
intensity analyses were performed using the ImageJ software.

For the L-lactate measurements (Figs. 3A, 7B and 8E), Seahorse
experiments (Fig. 4A, B), GLUT1 localization (Fig. 5D) by immunofluores-
cence and glucose uptake experiments (Fig. 5A), statistical analyses were
performed using the Mann-Whitney test, for Real-Time PCR (Fig. 5C) the
two-tailed t-test was employed. Unless, otherwise indicated, the results are
expressed as mean + standard deviation (SD).

Supplementary information is available at Cell Death and Disease’s website.

DATA AVAILABILITY

All data generated or analyzed during this study are included in this published article
(and its supplementary information files). Raw RNA-seq data of MDA-MB-468 cells
silenced for TBC1D7 have been deposited at GEO under accession number
GSE273321.

REFERENCES

1. Hanahan D. Hallmarks of cancer: new dimensions. Cancer Discov. 2022;12:31-46.

2. Koppenol WH, Bounds PL, Dang CV. Otto Warburg's contributions to current
concepts of cancer metabolism. Nat Rev Cancer. 2011;11:325-37.

3. DeBerardinis RJ, Chandel NS. We need to talk about the Warburg effect. Nat
Metab. 2020;2:127-29.

SPRINGER NATURE

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

. Kim J, DeBerardinis RJ. Mechanisms and implications of metabolic heterogeneity

in cancer. Cell Metab. 2019;30:434-46.

. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et al.

Global Cancer Statistics 2020: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71:209-49.

. Burstein HJ, Curigliano G, Thurlimann B, Weber WP, Poortmans P, Regan MM,

et al. Customizing local and systemic therapies for women with early breast
cancer: the St. Gallen International Consensus Guidelines for treatment of early
breast cancer 2021. Ann Oncol. 2021;32:1216-35.

. Yin L, Duan JJ, Bian XW, Yu SC. Triple-negative breast cancer molecular subtyping

and treatment progress. Breast Cancer Res. 2020;22:61.

. Dent R, Trudeau M, Pritchard Kl, Hanna WM, Kahn HK, Sawka CA, et al. Triple-

negative breast cancer: clinical features and patterns of recurrence. Clin Cancer
Res. 2007;13:4429-34.

. Reddy SM, Barcenas CH, Sinha AK, Hsu L, Moulder SL, Tripathy D, et al. Long-term

survival outcomes of triple-receptor negative breast cancer survivors who are
disease free at 5 years and relationship with low hormone receptor positivity. Br J
Cancer. 2018;118:17-23.

. Martino F, Lupi M, Giraudo E, Lanzetti L. Breast cancers as ecosystems: a meta-

bolic perspective. Cell Mol Life Sci. 2023;80:244.

. Gong Y, Ji P, Yang YS, Xie S, Yu TJ, Xiao Y, et al. Metabolic-pathway-based

subtyping of triple-negative breast cancer reveals potential therapeutic targets.
Cell Metab. 2021;33:51-64.

. Antonescu CN. The intricate relationship between metabolism and endocytic

membrane traffic. Traffic. 2019;20:887-88.

. Pavlova NN, Zhu J, Thompson CB. The hallmarks of cancer metabolism: still

emerging. Cell Metab. 2022;34:355-77.

. Pavlova NN, Thompson CB. The emerging hallmarks of cancer metabolism. Cell

Metab. 2016;23:27-47.

. Shin HR, Zoncu R. The lysosome at the intersection of cellular growth and

destruction. Dev Cell. 2020;54:226-38.

. Homma Y, Hiragi S, Fukuda M. Rab family of small GTPases: an updated view on

their regulation and functions. FEBS J. 2021;288:36-55.

. Barr FA. Review series: Rab GTPases and membrane identity: causal or incon-

sequential? J Cell Biol. 2013;202:191-99.

. Goody RS, Muller MP, Wu YW. Mechanisms of action of Rab proteins, key reg-

ulators of intracellular vesicular transport. Biol Chem. 2017;398:565-75.

. Hutagalung AH, Novick PJ. Role of Rab GTPases in membrane traffic and cell

physiology. Physiol Rev. 2011;91:119-49.

Frasa MA, Koessmeier KT, Ahmadian MR, Braga VM. llluminating the functional
and structural repertoire of human TBC/RABGAPs. Nat Rev Mol Cell Biol.
2012;13:67-73.

Huang Y, Xiong Z, Wang J, Gao Y, Cao Q, Wang D, et al. TBC1D5 reverses the
capability of HIF-2alpha in tumor progression and lipid metabolism in clear cell
renal cell carcinoma by regulating the autophagy. J Transl Med. 2024;22:212.
Tu Y, Yang Q, Tang M, Gao L, Wang Y, Wang J, et al. TBC1D23 mediates Golgi-
specific LKB1 signaling. Nat Commun. 2024;15:1785.

Cahn A, Mor-Shaked H, Rosenberg-Fogler H, Pollack R, Tolhuis B, Sharma G, et al.
Complex rearrangement in TBC1D4 in an individual with diabetes due to severe
insulin resistance syndrome. Eur J Hum Genet. 2024;32:232-37.

Peng W, Schroder LF, Song P, Wong YC, Krainc D. Parkin regulates amino acid
homeostasis at mitochondria-lysosome (M/L) contact sites in Parkinson’s disease.
Sci Adv. 2023;9:eadh3347.

Bhattacharya A, Mukherjee R, Kuncha SK, Brunstein ME, Rathore R, Junek S, et al.
A lysosome membrane regeneration pathway depends on TBC1D15 and
autophagic lysosomal reformation proteins. Nat Cell Biol. 2023;25:685-98.
Binsch C, Barbosa DM, Hansen-Dille G, Hubert M, Hodge SM, Kolasa M, et al.
Deletion of Tbc1d4/As160 abrogates cardiac glucose uptake and increases
myocardial damage after ischemia/reperfusion. Cardiovasc Diabetol. 2023;22:17.
Chen ZY, Sun YT, Wang ZM, Hong J, Xu M, Zhang FT, et al. Rab2A regulates the
progression of nonalcoholic fatty liver disease downstream of AMPK-TBC1D1 axis
by stabilizing PPARgamma. PLoS Biol. 2022;20:e3001522.

Rao XS, Cong XX, Gao XK, Shi YP, Shi LJ, Wang JF, et al. AMPK-mediated phos-
phorylation enhances the auto-inhibition of TBC1D17 to promote Rab5-
dependent glucose uptake. Cell Death Differ. 2021,;28:3214-34.

Benninghoff T, Espelage L, Eickelschulte S, Zeinert I, Sinowenka |, Muller F, et al. The
RabGAPs TBC1D1 and TBC1D4 control uptake of long-chain fatty acids into skeletal
muscle via fatty acid transporter SLC27A4/FATP4. Diabetes. 2020;69:2281-93.
Nozawa T, Sano S, Minowa-Nozawa A, Toh H, Nakajima S, Murase K, et al. TBC1D9
regulates TBK1 activation through Ca(2+) signaling in selective autophagy. Nat
Commun. 2020;11:770.

Kvainickas A, Nagele H, Qi W, Dokladal L, Jimenez-Orgaz A, Stehl L, et al. Retromer
and TBC1D5 maintain late endosomal RAB7 domains to enable amino acid-
induced mTORC1 signaling. J Cell Biol. 2019;218:3019-38.

Cell Death and Disease (2024)15:647


https://github.com/cBioPortal/datahub/tree/master/public/brca_metabric
https://github.com/cBioPortal/datahub/tree/master/public/brca_metabric
https://sites.broadinstitute.org/ccle/datasets
https://sites.broadinstitute.org/ccle/datasets
https://github.com/MouseLand/cellpose

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43,

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

Chen M, Sheng XJ, Qin YY, Zhu S, Wu QX, Jia L, et al. TBC1D8 amplification drives
tumorigenesis through metabolism reprogramming in ovarian cancer. Ther-
anostics. 2019;9:676-90.

Wong YC, Ysselstein D, Krainc D. Mitochondria-lysosome contacts regulate
mitochondrial fission via RAB7 GTP hydrolysis. Nature. 2018;554:382-86.

Ren S, Huang Z, Jiang Y, Wang T. dTBC1D7 regulates systemic growth inde-
pendently of TSC through insulin signaling. J Cell Biol. 2018;217:517-26.

Roy S, Leidal AM, Ye J, Ronen SM, Debnath J. Autophagy-dependent shuttling of
TBC1D5 controls plasma membrane translocation of GLUT1 and glucose uptake.
Mol Cell. 2017;67:84-95.

Chen L, Chen Q, Xie B, Quan C, Sheng Y, Zhu S, et al. Disruption of the AMPK-
TBC1D1 nexus increases lipogenic gene expression and causes obesity in mice
via promoting IGF1 secretion. Proc Natl Acad Sci USA. 2016;113:7219-24.

Lamb CA, Nuhlen S, Judith D, Frith D, Snijders AP, Behrends C, et al. TBC1D14
regulates autophagy via the TRAPP complex and ATG9 traffic. EMBO J.
2016;35:281-301.

Chadt A, Immisch A, de Wendt C, Springer C, Zhou Z, Stermann T, et al. Deletion
of both Rab-GTPase-activating proteins TBC1D1 and TBC1D4 in mice eliminates
insulin- and AICAR-stimulated glucose transport. Diabetes. 2015;64:746-59.
Moltke I, Grarup N, Jorgensen ME, Bjerregaard P, Treebak JT, Fumagalli M, et al. A
common Greenlandic TBC1D4 variant confers muscle insulin resistance and type
2 diabetes. Nature. 2014;512:190-93.

Carroll B, Mohd-Naim N, Maximiano F, Frasa MA, McCormack J, Finelli M, et al. The
TBC/RabGAP Armus coordinates Rac1 and Rab7 functions during autophagy. Dev
Cell. 2013;25:15-28.

Dibble CC, Elis W, Menon S, Qin W, Klekota J, Asara JM, et al. TBC1D7 is a third subunit
of the TSC1-TSC2 complex upstream of mTORC1. Mol Cell. 2012;47:535-46.

Davey JR, Humphrey SJ, Junutula JR, Mishra AK, Lambright DG, James DE, et al.
TBC1D13 is a RAB35 specific GAP that plays an important role in GLUT4 traf-
ficking in adipocytes. Traffic. 2012;13:1429-41.

Chen S, Wasserman DH, MacKintosh C, Sakamoto K. Mice with AS160/TBC1D4-
Thr649Ala knockin mutation are glucose intolerant with reduced insulin sensi-
tivity and altered GLUT4 trafficking. Cell Metab. 2011;13:68-79.

Chadt A, Leicht K, Deshmukh A, Jiang LQ, Scherneck S, Bernhardt U, et al. Tbc1d1
mutation in lean mouse strain confers leanness and protects from diet-induced
obesity. Nat Genet. 2008;40:1354-59.

Frittoli E, Palamidessi A, Pizzigoni A, Lanzetti L, Garre M, Troglio F, et al. The
primate-specific protein TBC1D3 is required for optimal macropinocytosis in a
novel ARF6-dependent pathway. Mol Biol Cell. 2008;19:1304-16.

Sano H, Eguez L, Teruel MN, Fukuda M, Chuang TD, Chavez JA, et al. Rab10, a
target of the AS160 Rab GAP, is required for insulin-stimulated translocation of
GLUT4 to the adipocyte plasma membrane. Cell Metab. 2007;5:293-303.
Avanzato D, Pupo E, Ducano N, Isella C, Bertalot G, Luise C, et al. High USP6NL
levels in breast cancer sustain chronic AKT phosphorylation and GLUT1 stability
fueling aerobic glycolysis. Cancer Res. 2018;78:3432-44.

Schrotter S, Yuskaitis CJ, MacArthur MR, Mitchell SJ, Hosios AM, Osipovich M, et al.
The non-essential TSC complex component TBC1D7 restricts tissue
mTORC1 signaling and brain and neuron growth. Cell Rep. 2022;39:110824.
Menon S, Dibble CC, Talbott G, Hoxhaj G, Valvezan AJ, Takahashi H, et al. Spatial
control of the TSC complex integrates insulin and nutrient regulation of mTORC1
at the lysosome. Cell. 2014;156:771-85.

Derouane F, Desgres M, Moroni C, Ambroise J, Berliere M, Van Bockstal MR, et al.
Metabolic adaptation towards glycolysis supports resistance to neoadjuvant che-
motherapy in early triple negative breast cancers. Breast Cancer Res. 2024;26:29.
Zheng J, Zhang YF, Han GH, Fan MY, Du MH, Zhang GC, et al. Identification and
validation of a novel glycolysis-related gene signature for predicting the prognosis
and therapeutic response in triple-negative breast cancer. Adv Ther. 2023;40:310-30.
Sun X, Wang M, Wang M, Yu X, Guo J, Sun T, et al. Metabolic reprogramming in
triple-negative breast cancer. Front Oncol. 2020;10:428.

Jiang G, Zhang S, Yazdanparast A, Li M, Pawar AV, Liu Y, et al. Comprehensive
comparison of molecular portraits between cell lines and tumors in breast cancer.
BMC Genomics. 2016;17 Suppl 7:525.

Li H, Ning S, Ghandi M, Kryukov GV, Gopal S, Deik A, et al. The landscape of
cancer cell line metabolism. Nat Med. 2019;25:850-60.

Ghandi M, Huang FW, Jane-Valbuena J, Kryukov GV, Lo CC, McDonald ER, et al.
Next-generation characterization of the Cancer Cell Line Encyclopedia. Nature.
2019;569:503-08.

Pece S, Sestak I, Montani F, Tillhon M, Maisonneuve P, Freddi S, et al. Com-
parison of StemPrintER with Oncotype DX Recurrence Score for predicting risk
of breast cancer distant recurrence after endocrine therapy. Eur J Cancer.
2022;164:52-61.

Pece S, Disalvatore D, Tosoni D, Vecchi M, Confalonieri S, Bertalot G, et al.
Identification and clinical validation of a multigene assay that interrogates the
biology of cancer stem cells and predicts metastasis in breast cancer: a retro-
spective consecutive study. EBioMedicine. 2019;42:352-62.

Cell Death and Disease (2024)15:647

M. Lupi et al.

58. Schiano Lomoriello |, Giangreco G, lavarone C, Tordonato C, Caldieri G, Serio G, et al.
A self-sustaining endocytic-based loop promotes breast cancer plasticity leading to
aggressiveness and pro-metastatic behavior. Nat Commun. 2020;11:3020.

59. Gai Z, Chu W, Deng W, Li W, Li H, He A, et al. Structure of the TBC1D7-TSC1
complex reveals that TBC1D7 stabilizes dimerization of the TSC1 C-terminal
coiled coil region. J Mol Cell Biol. 2016;8:411-25.

60. Qin J, Wang Z, Hoogeveen-Westerveld M, Shen G, Gong W, Nellist M, et al. Struc-

tural basis of the interaction between tuberous sclerosis complex 1 (TSC1) and Tre2-

Bub2-Cdc16 domain family member 7 (TBC1D7). J Biol Chem. 2016;291:8591-601.

Senatore E, Chiuso F, Rinaldi L, Intartaglia D, Delle Donne R, Pedone E, et al. The

TBC1D31/praja2 complex controls primary ciliogenesis through PKA-directed

OFD1 ubiquitylation. EMBO J. 2021;40:e106503.

62. Yoshimura S, Egerer J, Fuchs E, Haas AK, Barr FA. Functional dissection of Rab
GTPases involved in primary cilium formation. J Cell Biol. 2007;178:363-69.

63. Nachury MV, Mick DU. Establishing and regulating the composition of cilia for
signal transduction. Nat Rev Mol Cell Biol. 2019;20:389-405.

64. Nishimura Y, Kasahara K, Shiromizu T, Watanabe M, Inagaki M. Primary Cilia as
Signaling Hubs in Health and Disease. Adv Sci. 2019;6:1801138.

65. Jeong AL, Ka HI, Han S, Lee S, Lee EW, Soh SJ, et al. Oncoprotein CIP2A promotes
the disassembly of primary cilia and inhibits glycolytic metabolism. EMBO Rep.
2018;19:e45144.

66. Stine ZE, Schug ZT, Salvino JM, Dang CV. Targeting cancer metabolism in the era
of precision oncology. Nat Rev Drug Discov. 2022;21:141-62.

67. Langmead B, Trapnell C, Pop M, Salzberg SL. Ultrafast and memory-efficient align-
ment of short DNA sequences to the human genome. Genome Biol. 2009;10:R25.

68. Li B, Dewey CN. RSEM: accurate transcript quantification from RNA-Seq data with
or without a reference genome. BMC Bioinformatics. 2011;12:323.

69. Curtis C, Shah SP, Chin SF, Turashvili G, Rueda OM, Dunning MJ, et al. The
genomic and transcriptomic architecture of 2,000 breast tumours reveals novel
subgroups. Nature. 2012;486:346-52.

70. Pereira B, Chin SF, Rueda OM, Vollan HK, Provenzano E, Bardwell HA, et al. The
somatic mutation profiles of 2,433 breast cancers refines their genomic and
transcriptomic landscapes. Nat Commun. 2016;7:11479.

61.

71. Stringer C, Wang T, Michaelos M, Pachitariu M. Cellpose: a generalist algorithm for
cellular segmentation. Nat Methods. 2021;18:100-06.
ACKNOWLEDGEMENTS

We thank Rosalind Gunby for critically editing the manuscript. We thank the IEO
Biobank, the IEO Molecular Pathology Unit, the IEO Genomics Unit, and the Italian
Institute for Genomic Medicine (IIGM, Turin, Italy).

AUTHOR CONTRIBUTIONS

Conceptualization: LL, PPDF. Investigation and data analysis: ML, DA, SC, FM, RP, EP,
VA, SF, GB, FM, BM. Funding acquisition: LL, PPDF, SS, DA, VA. Supervision: LL, PPDF,
SS. Writing - original draft: LL, PPDF. Writing — review & editing: All authors.

FUNDING

PPDF: Associazione ltaliana per la Ricerca sul Cancro IG #23060; The Italian Ministry of
University and Scientific Research grant PRIN 2020 Prot. 2020R2BP2E; The Italian Ministry
of Health (Ricerca Finalizzata RF-2021-12373957, Ricerca Corrente 2023-2024 and 5 per
1000 funds). LL: Associazione Italiana per la Ricerca sul Cancro IG #22811; Fondazione
Piemontese per la Ricerca sul Cancro, FPRC 5xmille Ministero Salute 2017 PTCRC-INTRA
2020, project SEE-HER; The Italian Ministry of University and Scientific Research grant
PRIN 2020 Prot. 2020R2BP2E; The Italian Ministry of Health (Ricerca Corrente 2023-2024);
Ricerca Locale 2023, Dept. Oncology, University of Turin. VA: Associazione Italiana per la
Ricerca sul Cancro MFAG-2021 #26004. SS: Associazione Italiana per la Ricerca sul Cancro
IG #24415; European Research Council ERC-C0G2020 #101002280; The Italian Ministry of
University and Scientific Research grant PRIN 2022 Prot. 2022W93FTW; The Italian
Ministry of Health (Ricerca Corrente 2023-2024 and 5 per 1000 funds). DA: was the
recipient of the Veronesi Post-doctoral Fellowship and of the FPRC 5xmille Ministero
Salute 2017 PTCRC-INTRA 2020, Regeneration-YIG 2020 project.

COMPETING INTERESTS

The authors declare no competing interests.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
This study was performed in accordance with the Declaration of Helsinki. Studies
involving human samples were approved by the Institutional Ethical Board

SPRINGER NATURE

13



M. Lupi et al.

14

(reference: UID 2931), and informed consent was obtained for all tissue specimens
linked with clinical data.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541419-024-07037-2.

Correspondence and requests for materials should be addressed to
Pier Paolo Di Fiore or Letizia Lanzetti.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

SPRINGER NATURE

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Cell Death and Disease (2024)15:647


https://doi.org/10.1038/s41419-024-07037-2
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	TBC1 domain-containing proteins are frequently involved in triple-negative breast cancers in connection with the induction of a glycolytic phenotype



