ATF5 Function in Regulating Cell Stress and Survival | Encyclopedia.pub

ATF5 Function in Regulating Cell Stress and
Survival

Subjects: Biochemistry & Molecular Biology
Contributor: Pameila Paerhati , Jing Liu , Zhedong Jin , Tanja JakosS , Shunyin Zhu , Lan Qian , Jianwei Zhu ,

Yunsheng Yuan

Activating transcription factor 5 (ATF5) belongs to the activating transcription factor/cyclic adenosine
monophosphate (CAMP) response element-binding protein family of basic region leucine zipper transcription
factors. ATF5 plays an important role in cell stress regulation and is involved in cell differentiation and survival, as

well as centrosome maintenance and development.
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| 1. Biological ATF5 Functions
1.1. Cell Differentiation and Tissue Development

Activating transcription factor 5 (ATF5) regulates stem cell differentiation and is essential for tissue development. In
the development of cerebral neurons, ATF5 inhibits the differentiation and maintains the proliferative state of neural
progenitor cells into neurons, astrocytes, and oligodendroglia 2B, ATF5 also regulates cerebellar granule neuron
development by increasing the sonic hedgehog protein-mediated proliferation and neuronal differentiation .
Several studies on ATF5 knockout mice revealed that ATF5 deficiency leads to neonatal death, olfactory defects,
olfactory bulb hypogenesis, behavioral abnormalities, and the abnormal development of the cerebral cortex BEI
[ In addition to neural development, ATF5 is involved in the regulation of non-neural differentiation. ATF5
mediates the promotion of adipocyte differentiation, hepatocyte differentiation, and the inhibition of osteogenic
differentiation, RILIILL A recent study revealed that ATF5 is enriched in odontoblast-related nucleosome-free
regions and promotes odontoblast terminal differentiation by increasing the enhancer activity of dentin matrix
protein 1 (DMP1), which is mainly expressed in the odontoblast layer and important for bone development 12,
Another study demonstrated that the knockdown of ATF5 in murine erythroid progenitor cells significantly reduced

the proliferation of fetal liver erythroid progenitors and inhibited erythroid differentiation 131,

1.2. Centrosome Maturation

ATF5 acts as a structural protein that regulates and maintains centrosome integrity. During the centrosome
duplication cycle, ATF5 regulates the pericentriolar material-dependent centriole formation by interacting with
pericentrin and polyglutamylated tubulin 24, ATF5 SUMOylation occurs in a cell-cycle-dependent manner, and the
highest and lowest levels of SUMOylation take place at the G1 and M phases, respectively. The SUMOylation of
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ATF5 interferes with its association with centrosome proteins at the molecular level. The mutation of SUMOylation
sites in ATF5 can improve its accumulation on the centrosomes at the G1 phase and block its dissociation of
centrosomes 13, The centrosome cycle changes usually result in centrosome abnormalities that induce genome
instability and tumorigenesis. This mechanism can partially explain ATF5’s regulation of centrosome maturation

and its high expression in many types of tumor cells.

1.3. Responses to Cellular Stress

ATF5 participates in the cellular stress response to ER stress, mitochondria dysfunction, arsenite exposure, and
proteasome inhibition 287 Abundant evidence exists proving that ATF5 is involved in pro-survival pathways
activated under cellular stress, such as the ER unfolded protein response (UPR), mitochondrial UPR (UPRmt), and
heat-shock response (HSR). ATF5 over-expression can protect neural, retinal ganglion, chondrocyte, and
pancreatic B cells from apoptosis under ER stress 181120211 ATF5 also promotes cardiomyocyte survival by
activating heat-shock protein 27 (HSP27) under hyperthermia-induced heat-shock stress in cardiomyocytes 22,
Meanwhile, up-regulated levels of ATF5 in mitochondrial dysfunction promote mitochondrial oxidative
phosphorylation (OXPHOS) recovery and induce UPRmt by mediating the transcription of mitochondrial
chaperones (heat-shock protein 60 (HSP60) and mitochondrial heat-shock protein 70 (mtHSP70)) and proteases
(mitochondrial Lon peptidase 1 (LONP1)) to promote survival and recovery through maintaining protein
homeostasis under mitochondrial stress 231241 Among these, HSP60 and mtHSP70 conjointly promote the correct
folding of denatured and newly synthesized polypeptides. LONP1 enhances the degradation of irreversibly
damaged proteins by cleaving them and mediates the remodeling of OXPHOS complexes, which are needed for

the survival and proliferation of tumor cells [221[28]127],

The protective role of ATF5 in cardiac mitochondrial dysfunction has become clearer with increasing research on
the function of ATF5-regulated UPRmt. ATF5 activates UPRmt-induced protection in cardiac ischemia—reperfusion
injury (I/R), and the global knockdown of ATF5 results in the failure of the cardioprotective effects of the UPRmt
inducers oligomycin or doxycycline in I/R 28, ATF5 also participates in the activation of the UPRmt-mediated
cardioprotective role of tetrahydrocurcumin (THC), a traditional treatment for cardiovascular disease, and in
pathological cardiac hypertrophy by forming a signaling axis with peroxisome proliferator-activated receptor-
gamma co-activator-1 a (PGC-1a), which is a regulator of mitochondrial quality control and energy metabolism 22!,
The aberrant expression of ATF5 has emerged as one of the biomarkers for increased UPRmt activity and
improved mitochondrial function. For instance, the significant up-regulation of ATF5 mRNA and protein levels might
reflect the UPRmt-enhanced mitochondrial resistance to early cocaine-induced cardiotoxicity. Additionally, a
decreased ATF5 expression indicates UPRmt inactivation and insufficient mitochondrial recovery in heart failure
with a preserved ejection fraction (HFpEF) [EA1],

2. Transcriptional Regulation and Down-Stream Targets of
ATF5
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ATF5 expression is regulated at both the transcriptional and translational levels in response to different stresses,
subsequently affecting the activation of ATF5 down-stream targets and the related signaling pathways that are
involved in cell survival. The translational ATF5 expression in response to environmental stress is regulated by
elF2a phosphorylation, which is in turn regulated by the kinases serine/threonine-protein kinase (GCN2), PERK, or
PKR 8. Along with ATF5, elF2a enhances ATF4 translation, which is necessary for increased ATF5 transcription.
In addition, several other up-stream transcriptional factors can activate ATF5 expression, thereby promoting the
expression of pro- and anti-survival target genes that regulate the cell survival pathways in cancer development

and during cellular stress, inflammation, and metabolic maintenance.

2.1. Survival Pathways in Cancer Development

Accumulating evidence indicates that ATF5 regulates tumor survival and development by mediating a myriad of
survival pathways, such as apoptosis, autophagy, tumorigenesis, migration, and invasion (Figure 1). In the anti-
apoptotic and anti-autophagy pathways, ATF5 transcription is enhanced by cAMP-responsive element-binding
protein 3-like 2 (CREB3L2), whose expression is up-regulated by the RAS/MAPK and phosphatidylinositol 3-kinase
(PI3K)/protein kinase B (AKT) signaling cascades, which are activated by fibroblast growth factor receptor
substrate 2 (FRS2) and p21-activated kinase 1 (PAK1) [32 ATF5 then activates the transcription of the anti-
apoptotic gene myeloid cell leukemia sequence 1 (MCL1) transcription by binding its promoter and increasing the
malignant glioma survival through the CREB3L2/ATF5/MCL1 anti-apoptotic pathway. ATF5 can also activate
another anti-apoptotic gene, B cell leukemia/lymphoma 2 (BCL2) transcription, therefore, increasing glioblastoma
and breast cancer survival. The oncoprotein BCR-ABL activates the PI3K/AKT signaling cascade, which inhibits
the ATF5 transcriptional repressor forkhead box O4 (FOXO4) transcription to increase ATF5 expression. Then, the
transcription of the anti-autophagy gene mammalian rapamycin target (mTOR) is triggered, resulting in the
suppression of autophagy in BCR-ABL-transformed myeloid leukemia cells 22, Moreover, ATF5 is a down-stream
effector of protein arginine methyltransferase 1 (PRMT1), which is an essential regulator of neuroblastoma cell
survival B4, ATF5 is significantly down-regulated in PRMT1-depleted cells, and the over-expression of ATF5 can

rescue the neuroblastoma cells from PRMT1 depletion-induced apoptosis.
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Figure 1. Survival pathways in cancer development. Depicted are up-stream activators of ATF5 and its down-
stream target genes that regulate diverse cellular processes, including anti-apoptosis, apoptosis, anti-autophagy,
tumorigenesis, migration, and invasion. The numbers represent the known connections between related elements

of the signaling pathways.

In the tumorigenesis and migration pathways, ATF5 transcription can be activated by the tumor cell growth and
migration promoter E74-like E26 transforming sequence (ETS) transcription factor (ELF1), increasing the
malignancy of gliomas [22l. ATF5 directly activates the transcription of the disheveled segment polarity protein gene
(DVL1), an essential regulator of the Wnt/B-catenin down-stream effectors (e.g., proto-oncogenes basic helix—
loop—helix (bHLH) transcription factor MYC and activating protein (AP-1) transcription factor subunit JUN, cell cycle
control gene cyclin D1, as well as non-kinase transmembrane proteoglycan gene CD44), which then mediates the
Wnt/B-catenin pathway in bladder cancer and promotes tumorigenesis 38 ATF5 also increases the hypoxia-
inducible factor 1 (HIF1) transcriptional complex activity by binding to HIF1a and promoting the transcription of
HIF1 target genes, including 3-phosphoinositide-dependent protein kinase gene (PDK1), carbonic anhydrase
(CA9), plasminogen activator inhibitor (PAI1), and vascular endothelial growth factor (VEGFA) genes. This further

activates HIF1-mediated tumorigenic signaling and tumor angiogenesis, which can be inhibited by d/nATF5 in vivo
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esophageal cancer models B, Furthermore, ATF5 initiates expression of its pro-invasion down-stream targets, the
collagen receptor integrin a2p1 genes ITGa2 and ITGB1, which can bind to collagen type |, E-cadherin, and matrix
metalloproteinase to induce tumor invasion in several human cancer cell lines, such as lung, breast, cervical,

gastric, fibrosarcoma, and pancreatic cancers 3839,

ATF5 can stimulate the proapoptotic pathways in cancer (Figure 1). It can bind to the inhibitor of DNA-binding
helix—loop—helix (HLH) protein gene (ID1) promoters at the CRE site and inactivate ID1 transcription, repressing
cell proliferation and leading to a G2-M cell cycle arrest during hepatocellular carcinoma (HCC) development 49,
ATF5 can also bind to the cyclin D3 gene promoter and increase its transcription via an interaction with early two-
factor family transcription factor 1 (E2F1), resulting in increased cisplatin-induced apoptosis in human cervical
cancer cells 1. ATF5 and cyclin D3 interact in those tumor cells through a positive feedback loop in which cyclin
D3 enhances the ATF5 transcription 42,

2.2. Survival Pathways during Cell Stress and Inflammation

ATF5 transcription is also associated with pro- and anti-survival pathways during ER, mitochondrial, and other
types of cellular stresses (Figure 2). ATF5 represses ER stress-induced apoptosis through the BBF2H7
(CREB3L2)/ATF5/MCL1 anti-apoptotic pathway in chondrocyte differentiation 2. Conversely, ATF5 maintains
protein homeostasis by co-stimulating BCL2 homology 3 (BH3)-only proapoptotic protein (NOXA)-regulated
proapoptotic pathways with ATF4 and DNA damage-inducible transcript 3 (CHOP) ¥3l. During different stress
conditions (e.g., ER unfolded protein, nutrient deprivation, and oxidative damage), the translation of ATF4 and
CHORP is enhanced by the phosphorylation of elF2, and then both bind to the ATF5 promoter and enhance ATF5
transcription. Then, CHOP and ATF5 jointly stimulate the NOXA, thus, resulting in increased cell apoptosis in order
to maintain protein homeostasis. ATF5 is also activated by mitochondrial nuclear retrograde regulator 1 (MNRR1),
a regulator of mitochondrial metabolism, and induces mitophagy and autophagy to maintain mitochondrial
homeostasis during ER stress-induced UPRmt in a MNRR1/ATF5-dependent manner [24],
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Figure 2. Pro- and anti-survival pathways during cellular stress and inflammation. The up-stream activators of
ATF5 are shown, along with target genes that respond to diverse cellular stressors through the induction of anti-
apoptotic or apoptotic signals and pathways that promote cell survival, regulate metabolism, chronic inflammation,

and mitophagy, and maintain mitochondrial proteostasis.

ATF5 might be involved in the developmental pathway of diabetes by regulating pancreatic (3 cell survival during
cellular stresses and metabolic homeostasis. During ER stress, the human diabetes gene pancreatic and duodenal
homeobox 1 (PDX1)-induced ATF4 and ATF5 activation restores the cellular homeostasis and the survival of
pancreatic 3 cells by activating the expression of the protein translation suppressor gene eukaryotic translation
initiation factor 4E-binding protein 1 (4EBP1) through the PDX1-ATF transcriptional complex 29431 On the other
hand, ATF5 mediates B cell apoptosis by activating the transcription of the proapoptotic glutathione-degrading
enzymes cation transport regulator 1 (CHAC1) and glutamate pyruvate transaminase 2 (GPT2), also through the
PDX1-ATF axis, by up-regulating the expression of the thioredoxin interacting protein (TXNIP), which can trigger
the inflammasome into producing proinflammatory cytokines (e.g., IL-1B) and inducing inflammation under ER
stress 4311481 Furthermore, ATF5 also participates in insulin resistance and increases lipogenesis through the B-
catenin signal activator compound 21 (CP21)-induced Wnt/B-catenin pathway in hepatocytes, as well as influences
chronic inflammation and lipid metabolism by down-regulating the expression of serum amyloid genes SAA1 and

SAA2, which are overproduced in response to IL-1B-induced inflammatory stress 4748l

Additionally, ATF5 can promote metabolic maintenance. ATF5’s transcription is stimulated by the mitochondrial
fission 1 (FIS1)-triggered accumulation of the tricarboxylic acid cycle (TCA) intermediate under high-fat diet-

induced mitochondrial stress in liver cells 2. The over-expression of ATF5 causes the inhibited transcription of
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interferon regulatory factor 3 (IRF3), a regulator of type | interferons (IFN-Is), including interferon alpha (IFNa) and
beta (IFNP), further increasing the mitophagy activity and suppressing the IFN-I-mediated metabolic inflammation
pathway. Meanwhile, ATF5 is translationally expressed by GCN2-dependent elF2a phosphorylation and regulates
metabolism, cell growth with ATF4 by conjointly activating fibroblast growth factor 21 (FGF21), and a pressure
sensor in the liver that regulates metabolism via binding to its promoter amino acid response elements site during
periods of nutrient restriction B2, All indicate that ATF5 participates in the restoration of hepatic metabolic

homeostasis in liver cells.

2.3. Reverse ATF5 Regulation

In addition to factors that enhance the transcriptional activities of ATF5, several known repressors of ATF5 exist
(Figure 3). The ATF5-nucleophosmin 1 (NPM1) protein interaction promotes ATF5 degradation through
proteasome- and caspase-dependent pathways in HCC cells. This replaces the interaction of the ATF5 protein with
heat-shock protein 70 (HSP70), which maintains high levels of ATF5 expression by preventing its degradation in

glioma cells [2152],
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Figure 3. Reverse regulation of ATF5 expression. ATF5 can be degraded by cell division cycle 34 (CDC34),
nucleophosmin 1 (NPM1), and miRNAs (miR-141-3p, miR-520b-3p, and miR-134-5p), resulting in inhibition of cell

proliferation, induction of apoptosis, and decreased survival of cancer cells.

ATF5 post-transcriptional expression can also be suppressed by miRNAs, including miR-141-3p, miR-520b-3p, and
miR-134-5p, which bind to the 3' UTR site of ATF5 mRNA and regulate ATF5 expression. In this process, the down-
regulation of ATF5 expression by miR-141-3p inhibits cell proliferation and promotes cell apoptosis in gliomas (23!,
miR-520b-3p can suppress ATF5 expression levels and play a positive role in tumor inhibition during diverse stress

conditions in ATF5-oncogenic cancer cells; however, the specific mechanisms of miR-520b-3p-induced ATF5
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inhibition are not fully understood and require further investigation 4. Furthermore, HCMV infection can trigger

miR-134-5p down-regulation, which is the negative regulator of ATF5 expression, thus, resulting in high levels of

ATF5 and increased glioma cell survival 52!,
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