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Abstract

This study aims to elucidate the mechanisms of myocardial cell aging due to aging from the
perspectives of proteostasis (PS) and PERK signaling. PERK signaling has been previously
reported to maintain PS and have cardioprotective effects. In this study, particular focus was
placed on the expression of aging markers PD-L.1 and SGLT2. By comparing young and aged
PERK knockout (KO) mice with control mice, it was found that only in aged PERK KO mice,
the expression of PD-L1 and SGLT2 was significantly increased. Furthermore, in PD-L1+
cardiomyocytes, the expression of protein translation initiation factors and the PERK-binding
protein FLNA was enhanced at both RNA and protein levels. Future studies will need to clarify
how the expression of aging markers PD-L1 and SGLT2 is regulated by these factors. The
research findings are planned to be published in academic journals and presented at

conferences.

1. Aim of Research

In cardiomyocytes, proteostasis (PS), which
maintains protein homeostasis, becomes
disrupted with aging. Accumulation of
aberrant proteins, which serve as the basis
for protein aggregates, occurs within the
endoplasmic reticulum (ER), leading to the
induction of the unfolded protein response
(UPR). It is known that a UPR branch called
PERK signaling helps maintain PS and
suppress cellular aging. The applicant has
previously reported that PERK signaling has
a cardioprotective effect (iScience, 2020).
Therefore, the purpose of this study is to
elucidate the molecular mechanisms
underlying cardiac aging from the
perspectives of PERK and PS. Specifically,
the study aims to investigate differences in
the expression of recently recognized aging
markers such as PD-L1 and SGLT2.

2. Method of Research & Progression
2-1 Expression Analysis of Aging Markers
in the Heart
Immunostaining was performed on heart
sections from young (2 months old) and aged
(1828 months old) PERK control
(WT)/knockout (KO) mice using PD-L1 and
SGLT2 antibodies. Interestingly, only aged
PERK KO mice exhibited expression of PD-

L1 and SGLT2 (Figure 1). Additionally, flow
cytometry analysis of isolated
cardiomyocytes from these mice revealed an
upregulation of PD-L1+ and PD-
L1+/SGLT2+ cells in aged PERK KO mice
compared to aged PERK WT mice (Figure 2).

2-2 Transcriptome Analysis

Transcriptome profiling was conducted on
PD-L1+ 1isolated cardiomyocytes derived
aged PERK WT/KO mice. The
expression of protein translation initiation
factors (such as Eif5) was enhanced, while
genes related to mitochondrial function (such
as Slc25a4) showed decreased expression
(Figure 3).
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2-3 Proteome Analysis:

Proteome analysis of membrane fractions
from isolated cardiomyocytes of aged PERK
WT/KO mice revealed elevated expression of
FLNA, a protein known to interact with
PERK (Figure 4).

3. Results of Research
3-1 Immunostaining:
In aged PERK knockout (KO) mice, the
expression of aging markers (PD-L1, SGLT2)
was upregulated.

3-2 Results of Transcriptome Analysis



In PD-L1+ 1isolated cardiomyocytes
derived from aged PERK KO mice, the
expression of protein translation initiation
factors was elevated at the RNA level.

3-3 Results of Proteome Analysis

In membrane fractions of
cardiomyocytes from aged PERK KO mice,
the expression of FLNA was increased at the

isolated

protein level.

4. Future Area to Take Note of, and Going
Forward

It 1s necessary to elucidate how the

expression of PD-Ll and SGLT2 is regulated

Young Young

PD-L1

SGLT2

by protein translation initiation factors and
FLNA.

5. Means of Official Announcement of
Research Results

We plan to publish our research findings in

conferences (such as the Japanese

Circulation Society or the American Heart

Association) and  academic  journals

(including Nature-affiliated journals).
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Figure 1. Immunostaining of Hearts from Young and Aged PERK Control (WT)/Knockout

(KO) Mice:

Heart sections from young (2 months old) and aged (18-28 months old) PERK WT/KO mice
were immunostained using PD-L1 and SGLT2 antibodies. Enhanced expression was

observed at the indicated sites (arrows).
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Figure 2. Flow Cytometry on Isolated Cardiomyocytes from Young and

Aged PERK Control (flx)/Knockout (cko) Mice:
Flow cytometry analysis was performed on isolated cardiomyocytes
derived from young (young) and aged (old) PERK control (flx)/knockout

(cko) mice.
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Figure 3. Transcriptome Analysis of PD-L1+
Cardiomyocytes from Aged PERK WT/KO Mice:
Transcriptome analysis was conducted on PD-L1+
cardiomyocytes isolated from aged PERK WT/KO

mice.
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Figure 4. Proteome Analysis of Membrane
Fractions from Cardiomyocytes of Aged
PERK Control (+)/Knockout (-) Mice:
Proteome analysis was carried out on
membrane fractions from cardiomyocytes
of aged PERK +/- mice.



Research to elucidate the pathophysiology of proteostasis
failure in age-related heart failure

Primary Researcher: Takashi Shimizu
Lecturer, Showa University
Co-researchers: Takeshi Kawamura

Associate Professor, University of Tokyo

This study aims to elucidate the mechanisms of myocardial cell aging due to aging from the
perspectives of proteostasis (PS) and PERK signaling. PERK signaling has been previously
reported to maintain PS and have cardioprotective effects. In this study, particular focus was
placed on the expression of aging markers PD-L1 and SGLT2. By comparing young and aged
PERK knockout (KO) mice with control mice, it was found that only in aged PERK KO mice,
the expression of PD-L1 and SGLT2 was significantly increased. Furthermore, in PD-L1+
cardiomyocytes, the expression of protein translation initiation factors and the PERK-binding
protein FLNA was enhanced at both RNA and protein levels. Future studies will need to clarify
how the expression of aging markers PD-L1 and SGLT2 is regulated by these factors. The
research findings are planned to be published in academic journals and presented at
conferences.



