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A Strong ATF4/Integrated Stress Response Signal in Human Clear Cell Renal Cell Carcinoma vs. Normal Kidney
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What is ATF4? A transcription factor that is involved in the Integrated Stress

Response (ISR).

The integrated stress response (ISR) is an elaborate signaling pathway present in eukaryotic cells
which is activated in response to a range of physiological changes and
different pathological conditions.
Such stresses commonly include cell extrinsic factors such
as hypoxia, amino acid deprivation, glucose deprivation, and viral infection. The ISR can also be
activated by oncogene activation...
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mammals
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M Check for updates

Lipid synthesis increases during the cell cycle to ensure sufficient membrane
mass, but how insufficient synthesis restricts cell-cycle entry is not under-
stood. Here, we identify a lipid checkpoint in G1 phase of the mammalian cell
cycle by using live single-cell imaging, lipidome, and transcriptome analysis of
a non-transformed cell. We show that synthesis of fatty acids in G1 not only
increases lipid mass but extensively shifts the lipid composition to unsaturated
phospholipids and neutral lipids. Strikingly, acute lowering of lipid synthesis
rapidly activates the PERK/ATF4 endoplasmic reticulum (ER) stress pathway
that blocks cell-cycle entry by increasing p21 levels, decreasing Cyclin D levels,
and suppressing Retinoblastoma protein phosphorylation. Together, our
study identifies a rapid anticipatory ER lipid checkpoint in G1 that prevents
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cells from starting the cell cycle as long as lipid synthesis is low, thereby
preventing mitotic defects, which are triggered by low lipid synthesis much
later in mitosis.

Fig. 3. The ISR in brain disorders. The ISR is a causative mechanism underlying the cognitive deficits and
neurodegeneration in a wide broad range of brain disorders.
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Stress-Mediated Reprogramming of Prostate Cancer
One-Carbon Cycle Drives Disease Progression
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Abstract

One-carbon (1C) metabolism has a key role in metabolic programming with both mitochondrial
(m1C) and cytoplasmic (c1C) components. Here we show that activating transcription factor 4
(ATF4) exclusively activates gene expression involved in m1C, but not the c1C cycle in prostate
cancer cells. This includes activation of methylenetetrahydrofolate dehydrogenase 2 (MTHFD2)
expression, the central player in the m1C cycle. Consistent with the key role of m1C cycle in
prostate cancer, MTHFD2 knockdown inhibited prostate cancer cell growth, prostatosphere
formation, and growth of patient-derived xenograft organoids. In addition, therapeutic silencing of
MTHFD2 by systemically administered nanoliposomal siRNA profoundly inhibited tumor growth in
preclinical prostate cancer mouse models. Consistently, MTHFD2 expression is significantly
increased in human prostate cancer, and a gene expression signature based on the m1C cycle has
significant prognostic value. Furthermore, MTHFD2 expression is coordinately regulated by ATF4
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ER stress-mediated autophagy promotes Myc-
dependent transformation and tumor growth
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Abstract

The proto-oncogene c-Myc i i both proli ion and is. In the
pathogenic state, c-Myc-induced apoptosis is bypassed via a critical, yet poorly understood
escape mechanism that promotes cellular transformation and tumorigenesis. The accumulation of
unfolded proteins in the ER initiates a cellular stress program termed the unfolded protein
response (UPR) to support cell survival. Analysis of spontaneous mouse and human lymphomas
demonstrated significantly higher levels of UPR activation compared with normal tissues. Using
multiple genetic models, we demonstrated that c-Myc and N-Myc activated the PERK/elF2a/ATF4
arm of the UPR, leading to increased cell survival via the induction of cytoprotective autophagy.
Inhibition of PERK significantly reduced Myc-induced autophagy, colony formation, and tumor
formation. Moreover, pharmacologic or genetic inhibition of autophagy resulted in increased Myc-
dependent apoptosis. Mechanistically, we demonstrated an important link between Myc-
dependent increases in protein hesis and UPR activation. ifi by amouse
minute (L24+/-) mutant, which resulted in wild-type levels of protein synthesis and attenuation of
Myc-induced lymphomagenesis, we showed that Myc-induced UPR activation was reversed. Our
findings establish a role for UPR as an enhancer of c-Myc-induced transformation and suggest
that UPR inhibition may be particularly effective against malignancies characterized by c-Myc
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ATF4 couples MYC-dependent translational activity
to bioenergetic demands during tumour progression
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Highlights
e Tumoral SLC6AG is associated with unfavorable clinical
outcomes in multiple cancers

e Tumor cells that overexpress SLC6A6 outcompete CD8*
T cells for taurine

e Taurine deficiency in CD8* T cells increases ER stress and
ATF4 transcription

e ATF4 transactivates immune checkpoint genes and induces
CD8* T cell exhaustion

Cao et al., 2024, Cell 187, 1-17
April 25, 2024 © 2024 Elsevier Inc.
https://doi.org/10.1016/j.cell.2024.03.011

Cancer SLC6A6-mediated taurine uptake
transactivates immune checkpoint genes and
induces exhaustion in CD8* T cells
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In brief

Through SLC6A6-mediated taurine
uptake, cancer cells become more
aggressive and induce CD8* T cell
exhaustion by increasing ER stress and
ATF4 transcription, resulting in immune
evasion and tumor progression.

¢ CellPress

ATF4 is involved in Tumor Progression
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Expression of Early ccRCC markers in y-HIF1a-M3-43 TRACK kidneys
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ATF4 Target Genes are Also Highly Expressed in TRACK Mouse Kidneys vs. Wt Kidneys
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Metabolic isotope tracing demonstrates that ATF4 controls GSH (glutathione)
biosynthesis through the mitochondrial one-carbon metabolism pathway.
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INACTIVATION OF VHL in ccRCC
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We next explored the effects of ATF4 in the normal kidney
and in our murine model of ccRCC by
knocking out ATF4 specifically in proximal tubule cells
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We then crossed ggt/CreER;ATF4"/fl mice with TRACK mice to assess how loss of
ATF4 in kidney proximal tubule cells influenced the TRACK Tumorigenic Phenotype
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Genome-wide mRNA-seq of Wi, TRACK, and Ggt/creER;ATF4ko
(GCERAAT) kidney cortices
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Conclusions

1) More ATF4/Integrated Stress Response (ISR) Gene Expression Occurs in
Human ccRCC than in Normal Kidney and in Human ccRCC High ISR
Transcript Levels are Correlated with a Worse Prognosis

2) This ATF4/ISR phenotype is Recapitulated in our TRACK Murine ccRCC
Model in which the Early Tumorigenic Phenotype is Generated by a
Constitutively Active HIFlalpha

3) Specific Knockout of ATF4 in Proximal Tubules of Mice Results in Major
Changes in Transporters of Amino Acids and other Metabolites

4) In the TRACK ccRCC Model the Lipid =R
Phenotype is Reduced, mRNAs in Fatty e
Acid Metabolism, & some Transcripts PERT—
associated with ccRCC are reduced when ?:‘i?i‘iﬁﬁiif anserpton fctor ATF4 na model of clercell enal
ATF4 is also Knocked out in Kidney Tubules. | o sies cian., o s s, o e, s e,
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