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1.  A novel senolytic strategy targeting glutami-
nolysis ameliorates various age-associated 
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Removal of senescent cells (senolysis) has been 
proposed to be beneficial for improving age-associat-
ed pathologies, but the molecular pathways for such 
senolytic activity have not yet emerged. In order to 
address this question, we performed genome wide 
screening to identify genes essential for senescence 
survival. We then identified glutaminase 1 (GLS1) as 
an essential gene for the survival of senescent cells. 
The intracellular pH in senescent cells was lowered 
by lysosomal membrane damage, and this lowered 
pH induced kidney-type glutaminase (KGA) expres-
sion. The resulting enhanced glutaminolysis induced 
the ammonia production, which neutralized the low-
er pH and improved survival of the senescent cells. 
Inhibition of KGA dependent glutaminolysis in aged 
mice eliminated senescent cells specifically and ame-
liorated age-associated organ dysfunction. Our re-
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Several lines of evidence have underpinned the prominent role of senescent cells 
in aging and healthspan although a general understanding of molecular basis 
underlying senescence-associated pathogenesis is still in its early stages. Our 
research interests are to understand the common pathological basis underlying 
various age-associated disorders. We are currently focusing on in vivo dynamics of 
p16-positive senescent cells. To address this issue, we have analyzed in vivo p16-
positive cells at a single cell level using a mouse model in which p16-positive 
senescent cells are visualized by fluorescent labelling. In addition, we are interested 
in elucidating the mechanisms underlying age-dependent accumulation of 
senescent cells in vivo. A molecular link between DNA methylation and genomic 
integrity is also under investigation. 
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sults suggest that senescent cells rely on glutaminoly-
sis, and its inhibition offers a promising strategy for 
inducing senolysis in vivo.

2.  p53-Fbxo22-TFEB controls basal autophagy to 
govern hormesis

Narumi Suzuki, Yoshikazu Johmura, Chieko Koni-
shi, Sayaka Yamane, Yoshie Chiba, Dan Li, Wang 
Tehwei, Takehiro Yamanaka, Harris Alexander Ste-
phen, Satotaka Ohmori, Liu Xianuyang, Yue Zhang, 
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Preconditioning with a mild stressor such as fast-
ing is a promising way to reduce severe side effects 
from subsequent chemo- or radio-therapy. However, 
the underlying mechanisms have been largely unex-
plored. In order to address this question, we exam-
ined the role of p53 in hermetic responses to a 
mild-stressor. We found that the p53-Fbxo22-TFEB 
axis played an essential role in this process through 
upregulating basal autophagy. Mild stress-activated 
p53 transcriptionally induced Fbxo22, which in turn 
ubiquitylated KDM4B complexed with Myc-N-CoR 
suppressors for degradation, leading to transcription-
al induction of TFEB. Upregulation of autophagy re-
lated genes by increased TFEB dramatically enhanced 
autophagic activity and cell survival upon following 
severe stressor. Mitogen-induced AKT activation 
counteracted this process through phosphorylation of 
KDM4B, which inhibited Fbxo22-mediated ubiquityl-
ation. Fbxo22-/- mice died within 10 hours of birth and 
their MEFs showed a lowered basal autophagy, 
whereas Fbxo22 overexpressing mice were resistant 
to chemotherapy. Taken together, these results sug-
gest that p53 upregulates basal autophagy through 
the Fbxo22-TFEB axis, which governs the hormetic 
effect in chemotherapy.
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Several lines of evidence have suggested that se-
nescent cells accumulate in various tissues with age, 
which causes excess inflammation and a consequent 
imbalance in tissue homeostasis. A simple explana-
tion for this accumulation might be the age-depend-
ent increase in senescence-inducing stimuli such as 
telomere shortening and DNA damage. An impaired 
immune system might also be involved because onco-
gene-induced senescent hepatocytes and injury-in-
duced senescent stellate cells have been recently re-
ported to be eliminated by activated T cells and 
natural killer cells, respectively. However, precisely 
how the immune system surveils cellular senescence 
during natural aging is largely unknown.

we demonstrated that senescent cells expressed 
immune checkpoint PD-L1 in a heterogeneous man-
ner. PD-L1+ senescent cells selectively accumulated 
with age in vivo. The heterogeneous expression of PD-
L1 was at least in part due to impaired proteasomal 
activity in individual senescent cells. Although PD-
L1- cells were sensitive to T cell surveillance, PD-L1+ 
cells were resistant even in the presence of SASP. In-
triguingly, single-cell analyses of in vivo 16high cells 
revealed that PD-L1 expression was correlated with a 
high level of senescence-associated secretory pheno-
types. Consistent with this, administration of mono-
clonal anti-PD-1 antibody to naturally aged and 
NASH-induced mice reduced the total number as 
well as the PD-L1+ population of p16high cells in vivo 
and ameliorated various age- and senescence-associ-
ated disorders. Taken together, heterogeneous ex-
pression of PD-L1 appeared to play a key role in the 
age-dependent accumulation of senescent cells and 
inflammation. Specific elimination of PD-L1+ senes-
cent cells by immune checkpoint blockade might pro-
vide a promising strategy for senolytic therapies.

4.  The termination of UHRF1-dependent PAF15 
ubiquitin signaling is regulated by USP7 and 
ATAD5
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UHRF1-dependent ubiquitin signaling plays an 
integral role in the regulation of maintenance DNA 
methylation. UHRF1 catalyzes transient dual mo-
no-ubiquitylation of PAF15 (PAF15Ub2), which regu-
lates the localization and activation of DNMT1 at 
DNA methylation sites during DNA replication. Al-
though the initiation of UHRF1-mediated PAF15 
ubiquitin signaling has been relatively well character-
ized, mechanisms underlying its termination and 
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how they are coordinated with the completion of 
maintenance DNA methylation have not yet been 
clarified.

To address this issue, we set out to study the mo-
lecular mechanism of PAF15 chromatin unloading to 
understand how the termination of maintenance 
DNA methylation is regulated. Using a cell-free sys-
tem derived from Xenopus egg extracts that recapitu-
late the processes of maintenance DNA methylation, 
we demonstrated that the unloading of PAF15Ub2 is 
regulated by two regulatory mechanisms, namely 

USP7-dependent deubiquitylation and unloading of 
PAF15 by ATPase family AAA domain-containing 
protein 5 (ATAD5). We also found that PAF15 unload-
ing is tightly coordinated with the completion of 
maintenance DNA methylation and requires the re-
lease of UHRF1 from chromatin. Finally, co-depletion 
of USP7 and ATAD5 from egg extracts results in an 
elevated global DNA methylation. We propose that 
timely inactivation of PAF15 is critical for the faithful 
inheritance of DNA methylation patterns. 
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