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Aging research in the era of -omics ~ experiences at the National Institute

on Aging

Toshiko Tanaka PhD
Longitudinal Study Section, Translational Gerontology Branch, National Institute on Aging,
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Abstract

Aging is a complex process that is influenced by various biological and environmental
factors. In the last few decades, advancements in high-throughput technologies have
enabled comprehensive assessment of biomarkers including genetic variation, DNA
methylation, gene expression, and protein and metabolite concentrations. This has
facilitated a rapid rise in -omics research aimed at identifying key molecular biomarkers
of aging and thus providing the foundation for identifying risk factors for age-related
diseases and developing effective preventative strategies. To date, most studies have
taken a reductionist approach and examined each layer of molecular data independently.
The future challenge in -omics studies is to implement methods that can simulataneously
examine different levels of molecular data to uncover the complex network of molecular

and cellular changes that occur with aging.

Keywords : genomics, epigenomics, transcriptomics, proteomics, molecular epidemiology,

aging phenotypes

Introduction

As the aging population grows worldwide,
identifying factors that promote prolonged life- and
health-span is an urgent public health priority [1]. One
fundamental goal of aging research is to deepen the
understanding of factors that contribute to healthy
aging and delay onset of functional decline and
disability. This is reflected in the mission statement
of the National Institute on Aging (NIA) Intramural
Research Program (IRP), National Institutes of Health
(NTHD:
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The central focus of our research is understanding
age-related changes in physiology and the ability to
adapt to environmental stress. This understanding
is then applied to developing insight about the
pathophysiology of age-related diseases. The NIA
IRP seeks to understand the changes associated with
healthy aging and to define the criteria for evaluating
when changes should be considered pathologic and
require treatment. Thus, in addition to studying
common age-related diseases, such as Alzheimer’s
Disease, Parkinson’s Disease, stroke, atherosclerosis,
osteoarthritis, diabetes and cancer, we also explore the
determinants of healthy aging as possible targets for
interventions aimed at improving health and quality of
life in the older population at large [2].

In our research group, epidemiolgocial studies
are one method by which we examine biological,
environmental and behavioral factors that contribute

_11_



to health span. Two longitudinal cohort studies of
aging drive the majority of epidemiological research in
our research unit. The first, the Baltimore Longitudinal
Study of Aging (BLSA) is a unique cohort study that
began in 1958 to understand the process of normal
aging [3]. Currently, over 1300 men and women aged
21 to over 100 years participate in the BLSA and are
assessed every 1 to 4 years depending on their age. At
each visit, participants come to the clinical research
unit of the NIA IRP for 3 to 4 days to perform a
battery of tests designed to measure biological,
behavioral, environmental and molecular changes
(https://www.blsa.nih.gov/) [3]. The second cohort is
the InCHIANTI study, an epidemiological study of
aging that aims to understand the factors that lead to

mobility problems in old age (http://inchiantistudy.
net/) [4]. InCHIANTI began in 1998 with 1453 subjects
recruited from two sites in the Tuscany region of Italy

(Greve in Chianti and Bagno a Ripold). To date, four
follow up visits approximately 3 years apart have been
coducted. Similar to the BLSA, the InCHIANTI study
collects a vast number of clinical, biological, behavioral
and molecular data at each visit. Both the BLSA
and InCHIANTI provide ideal platforms to not only
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describe the changes that occur with aging but also to
identify factors that contribute to these changes.

In recent years, development of -omics technology
has enabled the collection of molecular data such as
genetics, epigenetics (methylation), gene expression,
metabolomics and proteomics. Such data provides an
opportunity to analyze large numbers of biomarkers
in relation to aging and the potential to uncover some
of the important molecular mechanisms underlying
the aging process (Figure 1) . Here, I review the
research on aging conducted using ‘omics’ data in the
BLSA and InCHIANTTI studies with an emphasis on
genetics but also more recent endeavors focused on
methylation, gene expression and proteomics data.

1. Genetic association studies in aging
1.1 Genetics and Longevity

Longevity is a trait that aggregates in families,
where offspring of parents with a longer lifespan
tend to live longer than those whose parents are
short lived [5-7]. In addition, children of longer lived
parents have fewer disease risk factors and lower
risk of cardiovascular disease, cancer and cognitive
decline in midlife [5, 813]. These observations suggest

1\ \\\\\\\\\\\\\\

7 = TN
\\\\\\\\\\\\\\
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Proteomics

Aging Phenotypes
Chronological age
Lifespan
Morbidity
Parental lifespan
Muscle strength

Figure 1 Aging biomarker discovery using omics data.

Comprehensive assessment of molecular biomarkers allows large scale measurement of biomarkers
at different levels. The different levels of omics data are shown here, starting with genomics
where single nucleotide polymorphisms or other changes in DNA sequence are measured. Post
transcriptional changes such as DNA methylation are important controls of gene expression.
Transcriptomics is the comprehensive measurement of RNA in different tissues types. Finally, in
proteomics, the goal is to measure as many proteins within the target tissue as possible. These
omics data can be correlated with aging phenotypes to identify important molecular pathways that

change with age.
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that genetics contributes to longevity as well as other
important age-related phenotypes. Family based
studies can be used to estimate the heritability, or
the proportion of the phenotypic variability that can
be explained by genetic factors. Using this design,
many aging traits has been shown to have varying
levels of heritability [14]. For example, longevity has
low to moderate heritability ranging from 15-25% [14-
17]. Over the last few decades, rapid advancements
in genotyping technology have allowed high
throughput genotyping in population studies which
has enabled large scale genetic studies of complex
traits. International efforts to identify, catalog, and
understand patterns of human genetic variation such
as the International HapMap project [18] and the 1000
genome project consortium [19] have built a reference
genome that allows millions of unmeasured single
nucleotide polymorphisms (SNPs) to be imputed.
Using both genotyped and imputed data, genome-wide
association studies (GWAS) of complex diseases has
become one of the standard methods to investigate
the genetic architecture of human conditions including
aging. We have participated in many international
projects aimed at identifying genetic loci of aging
(described below). Overall, these efforts have revealed
the complexity of human aging and highlight the
challenges in studying the genetics of longevity and
healthy aging.

One of our initial projects in genetics of aging was
the GWAS meta-analysis of longevity as part of the
Cohorts for Heart and Aging Research in Genomic
Epidemiology (CHARGE) consortium [20]. In this study,
participants were drawn from 11 cohorts of European
descent where 6036 long-long lived individuals were
compared with 3757 control subjects. Longevity was
defined as survival beyond the age of 90 years and
controls were subjects who died between 55 to 80
years of age. In the initial meta-analysis of ~2.5
million genotyped and imputed SNPs, no variants
reached the genome-wide significance threshold of
p<5x10®, however 7 loci in or near GRIK2, CADM2,
RGS7, SOX6, MBOATI, PFKM, and LIMCHI genes
showed suggestive associations at the p<1x10°. A look-
up of these seven loci along with a SNP in the FOXO3
gene that nearly reached the threshold (p=856x10%)
was conducted in other studies of aging with similar
phenotypes [21]. Although none of the associations
reached the Bonferroni corrected threshold (p<0.006),
the FOXOJ3 SNP showed a consistent direction of
association with marginal significance (p~0.02). In
addition to the GWAS approach, candidate loci look-
up of previously identified loci from a GWAS of
centenarians [22] and linkage analysis of longevity sib-

pairs [23] provided a replication of the APOE locus
(OR=1.20; P=4.8x10™).

Several promising novel genetic loci have been
identified through GWAS of longevity, however, the
majority of these have not been replicated across
studies [21, 24-28]. The two loci that have had the most
consistent associations with longevity are the APOE
and FOXOJ3. The APOE locus with three isoforms e2,
e3 and e4 defined by two SNPs (rs429358 and rs7412)
is the most widely studied. This locus was first
described in association with longevity in a candidate
gene association study of 338 centenarians from
France where the e4 allele was found less frequently
in centenarian compared to control adults aged 20 to
70 years [29]. Similar associations were subsequently
described in other centenarian and nonagenarians
[14]. This e4 isoform is also a risk factor for other
aging traits including dyslipidemia, cardiovascular
disease, and cognitive impairment. The two SNPs that
define the APOE isoforms are not tagged well in the
genotyping chip. Therefore, it is unclear whether the
APOE locus identified through GWAS is the same
signal. Whether there is one or multiple loci within the
APOE gene region, this genetic region appears to be
important in aging.

1.2 Genetics and Parental longevity

Another strong proxy phenotype of longevity and
health span is parental longevity. In the Health and
Retirement study (HRS), a representative multiethnic
sample of Americans aged 51 to 61 years [30], with
every decade of maternal and paternal survival beyond
65 years of age was associated with a decline of all-
cause mortality by 19% and 14% respectively. In
addition, offspring with one or both long-lived parents
had a lower incidence of cancer (HR=0.76, P=0.001),
diabetes (HR=0.89, P=0.002), heart disease (HR=0.88,
P<0.001) and stroke (HR=0.86, P=0.002). Subjects
with two long-lived parents had a 40% slower rate of
cognitive decline and were less likely to be diagnosed
with memory disorder compared to those with no long-
lived parents [9]. These associations between parental
longevity and favorable health outcomes have been
reported in other cohorts [8, 10-13]. One advantage of
using parental lifespan as the phenotype for a genetics
study is the increased power attained by larger
sample sizes as data on parental age of death is more
likely to be available than data on the age of death
of the participant, particularly for younger or middle
age cohorts. There have been a few GWAS studies of
parental lifespan with interesting observations [31-33].
Two notable studies in the UK biobank simultaneously
reported a genome-wide significant signal in the
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nicotine receptor locus (CHRNAJ3) [31, 32]. This locus
was previously linked with smoking behavior and lung
cancer. The allele associated with greater smoking was
also linked with younger parental age of death and
this effect was sex-dependent where the association
was stronger or specific to paternal age of death. In
addition to the CHRNAS3 locus, the APOE locus was
also associated with parental lifespan. An interesting
observation was made where assessment of genetic
risk scores for common age-related traits showed that
offspring of long lived parents had an enrichment of
protective alleles for coronary artery disease, systolic
blood pressure, body mass index, total cholesterol,
triglycerides, type 1 diabetes, inflammatory bowel
disease and Alzheimer’s disease [31].

1.3. Genetics and Muscle function

In addition to longevity, other age-related
phenotypes have been evaluated in GWAS studies
including muscle function using grip strength as a
proxy measure. Epidemiological studies have shown
that grip strength in mid-life is a strong predictor
of survival as well as other important measures of
aging such as mobility disability[34, 35]. Although
decline in muscle strength with age is determined
by multiple factors such as physical activity and
hormonal changes with age, family studies have shown
that genetic factors also contribute to grip strength
variability with heritability estimates ranging from 40
to 65% [36-40]. We therefore sought to identify genetic
loci associated with grip strength through a GWAS
in 27,581 individuals of European descent from 14
cohorts in the CHARGE consortium [41]. All cohorts
measured grip strength using a hand dynamometer.
Two genome-wide significant associations were
discovered on chromosomes 8 (rs752045, p=3.09x10%)
and 10 (rs3121278, p=2.68x10®). In addition to these
two loci, 3 other SNPs that had suggestive associations
on chromosomes 7, 8, and 11 were tested in an
independent replication sample of 6393 individuals
from three cohort studies. The SNP rs752045 on
chromosome 8 was consistently associated with grip
strength in the replication samples (P anaysis=5.2x10™").
This variant is in an intergenic region of chromosome
8, where the closest gene is over 500kb away. While
functional annotation suggests that this region may
be important for myotube differentiation and muscle
repair, the exact function underlying this association
is unclear. Further studies are needed to confirm
this association as well as to understand the biology
underlying the signal.

2. DNA Methylation and chronological age and

aging

Epigenetics describes post-transcriptional
modification of DNA and DNA packaging that
influences gene expression without changing DNA
sequence [42]. As epigenetics is modifiable, it is
one of the ways in which the genome can respond
to the environment. One such epigenetic marker,
DNA methylation, is quickly becoming a promising
biomarkers of aging. It has been shown that there is
an overall decrease in genomic DNA methylation with
age but an increase in DNA methylation variability
[43, 44]. DNA methylation occurs on the cytosine of the
DNA and is frequently found on CpG dinucleotides [45].
These DNA methylation patterns can be measured
using an array or through bisulfite sequencing
methods.

There is growing interest in using DNA methylation
based age prediction score referred to as the
“epigenetic clock” or “epigenetic age” to study the
relationship between epigenetics and aging [46-49].
Epigenetic age can predict chronological age using
as few as three CpG with high accuracy with mean
average deviation of less than 5 years [46, 47]. The
epigenetic clock developed by Horvath using 353
CpG sites predicted chronological age with an overall
correlation of 0.96 with an error of 3.6 years. Most
interestingly, this association was robust across several
tissues including peripheral blood mononuclear cells,
whole blood, brain, breast, liver and adipose tissue [49].
Although the epigenetic clock is highly correlated with
age, methylation age appears to be an important risk
factor for aging traits independent of chronological age.
Our group and others have shown that those with
higher epigenetic age than their chronological age, or
accelerated methylation age, had increased risk of all-
cause mortality [50-53]. Accelerated methylation aging
was also associated with other aging conditions such
as frailty [54], cancer [55], and physical and cognitive
function [56]. Taken together, these results suggest
accelerated aging based on DNA methylation captures
an aspect of biological aging that has a measurable
effect of aging phenotypes.

3. Gene expression

Transciptomics is the comprehensive assessment of
RNA transcripts in cells. Similar to DNA methylation,
gene expression is dynamic and can change over time.
It is estimated that there are ~19,000 protein coding
human genes [57]. Gene expression profiles can be
measured in different tissues using gene expression
arrays or through RNAseq. There are multiple
reports of age-related expression differences in tissues
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including the brain, skin, adipose and kidney. There
appears to be little consistency in gene expression
changes across different tissues which would suggest
that tissue specificity may be important depending
on the phenotype of interest. Ideally, investigating
gene expression changes in all tissues would provide a
comprehensive assessment of transcriptomic changes
with aging, but in epidemiological studies, the most
widely available data is gene expression in whole
blood.

The InCHIANTI study was among the most
comprehensive transcriptomics studies of age
conducted in whole blood which involved 14,983
individuals from 13 cohorts [58]. In this study,
approximately half of the genes (n=11,908) in the
human genome were assessed for differential
expression with age. There were 1495 age-associated
genes of which 897 were negatively and 600 were
positively associated with age. Many of the genes
identified represented known aging pathways
including immune and mitochondrial related pathways.
In addition, novel pathways not previously been
described in human aging such as glycosaminoglycan
degradation and actin remodeling were highlighted.
Using all the genes that were measured, a
transcriptomic age predictor was developed that was
highly correlated with chronological age. Similar to
the DNA methylation clock, the deviation between
the transcriptomic age and chronological age (mean
difference was 7.8 years) was used as a measure of
biological aging. Transcriptomic age was significantly
but modestly correlated with two epigenetic age
measures with correlations ranging from 0.1 to 0.33
suggesting that biological aging measured by DNA
methylation and transcription show some consistency
but may reflect different biological phenomenon. In
addition, higher transcriptomic age was associated
with higher systolic blood pressure, waist-hip ratio and
higher prevalence of smoking. Thus, similar to the
epigenetic clock, transcriptomic age correlates with
age-related risk factors.

4. Proteomics

In proteomics research, various assays including
immunoassays and mass spectrometry are used to
create a comprehensive catalog of proteins in various
tissues [59]. While the number of proteins that can
be measured have steadily increased, performing
discovery proteomics in serum, plasma, urine and in
tissues such as skin, skeletal muscle and adipose tissue
remains a challenge. Some of the main obstacles are
the large numbers of proteins present, the extremely
wide range of concentration, and the presence of

highly abundant proteins that mask those with low
concentration [60-62]. One unique multiplex method for
relative protein quantification of up to ~1300 proteins
utilizes single-stranded DNA oligonucleotides that
can bind to protein with high affinity and specificity
[63]. This technology utilizes DNA microarrays and
allows high throughput measurements in different
tissues. Recently, this methodology was used in two
studies to evaluate the association of protein levels
with chronological age. In the first study, 800 proteins
were assessed in cerebrospinal fluid of 90 cognitive
normal adults aged 21 to 85 years. Eighy-one proteins
were associated with age and the most significant
gene ontologies enriched in these proteins were those
involved in inflammation and response to injury [64].
In a second study, 1129 proteins were assessed in
plasma samples from 202 females from the Twins
UK cohort [65]. Thirteen proteins were found to be
associated with age, of which 10 were confirmed in
an independent replication sample of 677 individuals.
Prelimary analysis in BLSA confirmed these
finding (unpublished results). The most significant
protein, chordin-like protein 1 was also found to be
significantly associated with higher birthweight and
lower Framingham 10-year cardiovascular risk score.
Other notable proteins associated with age in plasma
include insulin-like growth factor-binding protein 6 and
matrix metalloproteinase-12 both of which have been
implicated in the aging process [65]. These studies
provide promising results and support the use of
proteomics in discovery studies of important molecular
pathways of aging.

Conclusions

In this rapidly expanding field of omics,
comprehensive molecular data are being collected in
a large number of studies. One of the next exciting
new chapters of genetics is the ability to capture
greater detail of the genome through whole genome
sequencing. This will improve the ability to accurately
capture rare variants that may explain portions of
the “missing heritability” or the portion of genetic
variance that is not explained by common variants
(with minor allele frequencies >5%) [66]. Methods
to identify personal variants that are unique to
an individual are being developed and may have
important implications in understanding genetics of
longevity. Aging studies using DNA methylation and
gene expression data clearly show that there are
epigenetic and transcriptomic signatures of aging that
identify individuals at increased risk for premature
aging outcomes. It is clear that one major lesson
learned from the early omics studies is that no single
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set of molecular biomarkers can be used to fully

explain the process of aging. The future challenge will

be to implement methods where the different omics

data can be examined simultaneously. This multi-

omics approach to build complex networks will likely

improve our undersanding of the aging process and

contribute to the development of effective methods to

prolong both life and health span in humans.
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A View from the Front Line of the Sigma-1 Receptor Research

- Multipotent roles of Sigma-1 Receptors in Neurodegenerative Disorders -

Yoki Nakamura

Cellular Pathobiology Section, Integrative Neuroscience Research Branch, National Institute on
Drug Abuse IRP, National Institute of Health

Abstract

The sigma-1 receptor (SiglR), which was discovered about 40 years ago, is now known to

be involved in many central nervous system disorders such as neurodegenerative diseases,
psychiatric disorders, chronic pain, and drug addiction. However, the underlying molecular
mechanisms are just beginning to be fully unveiled. We reported that the SiglR localizes
mainly at the Mitochondria-Associated endoplasmic reticulum (ER) Membrane (MAM) which
is an interface between ER and mitochondria. We revealed that the Sig-1R agonist induces
the translocation of Sig-1Rs to plasma and nuclear membranes where Sig-1Rs interact with
several membrane proteins such as G-protein coupled receptors and ion channels and regulate
their functionalities thereof. Thus, the SiglR acts as a ligand-operated multipotent chaperon
receptor. Furthermore, it has been reported that SiglR agonists improved the symptoms

and the histological characters in the animal models of Alzheimer’s disease and Parkinson’s

disease. These reports suggested that SiglR ligands could be a potential therapeutic target for

neurodegenerative diseases. Here, I propose from recent studies several unique mechanisms

underlying the action of SiglRs on neurodegenerative diseases.

Keywords : Endoplasmic reticulum, Chaperone, Mitochondria-associated membrane,

Neurodegenerative disorder, Sigma-1 receptor
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5 A F A L R WAL (R D < TR 60 mV)
B, 08D TR L b B LB Al S
FEL, WEEMAREDEURET 5, 2hE [
WA (Diastolic depolarization, DD) | & TN,
TEEHMBABSROREE shd (k2A). LEM
RLERHMIE R TRE LF Ik REMZ RS (B
90mV)., WEEREE - F SRR OB EMN 2 TED
ZUTVL0LABHTHL (R2A). ZofkE5H
OB FTEAEAANEEOEND D 5, 7oL 21F
L - DEFHOEL TRE LI IEEEN 2 /350
. BELRIK Fra )V EEIHMEECHEIIL A v
LA T PRSI SANTH S 5) 12k -
TN Z A ) 7 A OFHEMTH 28 -90mV i < 12

A 307 B 2007
_ '&)tgi;?
20 {'_\T 160 \
o I3y
B = 120
10 2 PEEEE
2 804 R B
04 T = U “’\ T T = T - s ] iy . [
60 70 80 90 100 110 120 130 140 40 ‘ﬁ% ‘EM'L ; ; ‘
NEMEDAS (BH) 20 40 E?ﬁg 80 100
n
N 250 ¢z
¢ :\\ 200 ® Eﬁo% b E
A~ % 3%
SETOIAE 25
’tg 1007 ' 180 &g .
#r 50 R20 — W
H 0 | T T T @ fg %
20 40 60 80 i3
2 2000- 81 510 | g
+ 1600 : o vk
Y g | ﬁ 10 ';' %
2 E1200 il ; 5. 5
N2 800 =5 028-35% 100 T ZHvom
J O 400- @ 62-807% %
'M,IIE 0 T T T T ("\ T T T T 1 T T T T
g 20 40 60 80 255 1 3 4 5 20 30 40 50
Fiih 47851/ —I (ug) Fis
®1 @EADDHKICSITDMEEZ. (A) REELHEE (HR) HMET © 93, (B) REFMAMIFEETBUTKE
<EEULEL () —AT. EBEEHOMERIEERICHA T2 @E - s . EFariko DR Z0n

TR T2 (- S U, (C) ERAaFICRHL THMEN2MEHNT IS VOSFMEIc&biEmsT3 'Y, (D)
BEATIASZIVUTHBAVIOTL ./ —ILEEEICHT 20AMDO LERIGEMEHE EBICETTZ 'Y, (B) EFanE
BORADENE L5 HR [EEA S BIMEBICK > TREL TS B9 E&lE (6, 10, 11, 60] Kbh—HXZE L T5IH,

IS5—N\—(FEERE.
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AR baard Do |
(SAN) ﬂzéﬁﬁﬁﬁiﬁﬁ (DD) IS
\ AEGEman |\ v e O (7o
(SANC) : \
& | CaMKIl e
| LS ‘#

LN

D mRmEREL (AP)

ABLE (c:)
BOE - EOE

DEFHHER (VM)

B RURHEE RS — U iE

K2 (A) EE#EET (sinoatrial node, SAN) [FAEDEICEEL. ABRICIFEZ < DREEEHE (SAN cell, SANC) H'E#

£ LTV, AEEEMEEFENICOEREEZNICEOEHMIE (ventricular myocyte, VM) &(&EH S, (B)
SEAEAEEAIED [coupled-clock system] (&, MREREICOTWU CREREEIT DA AV F v RIVEHNSED M
s0v o] & BEAERDICHER Ca® o U VI BRI [Ca® s0v o] BMERKRENICERLE 1 DD
KELVATLTH D, AEGEMIEOERNEEBAORERSHE. MIEEAN CAMPEES, MOV IICET Y
VINOBEDY VEEDEREICEASND. BEIC. B VEBEEREEIE cAMP KUY VE{EDSERICESHTEVEK
SEESHENFITND, BEBEIDSDVITFIUIFE. LWFNHE cAMP-PKA 2% U TMARICHKERZ S X %, beta
AR B7 RUFUVEAMF, ChR: QUVEEF, AC: PTFZIVBEY o S5—1, PDE : RAKIIRTS—t, PKA: ¥
VKU VB EEESR A, CaMKIl: Ca®/ DILEY 2 U VikTFD VEsEEESR ||, Pase : 9 VINIBY VEELEER, RyR:
U7 I USEE, SERCA : f/\Bafk Ca®*-ATPase, PLB : IkRhS/\V, ICaLl: LB Ca®* Fv )L, ICaT: T
B Ca®" Fv I, If : BOERLAA A4 VFvxIb, IKACh :: PEFILIU VRS K FvRIb, IKr: RESEMH(L
BIEETME K F v )L, NCX : Na™-Ca®'- 3cifsgix{k

T B 727N ARG S Az 2,

RO HEfRIC BT, B4+ v F v %
VIS X 2R E b TEETH L PP, 1+ Fx
ANHORAENEE % —H L <IM 27 v v 7 (Membrane
clock) | & BPRR 2 B0 [ B G B M K o> F1 By Bk 1d M
70y 7k o THBISNS ] EwHiEZL Mzay
Al WBIEL ZTANSNTze Z O HULE 2 RILAS,
1980 4E R #2258 W S /2 T, it (funny current) TH
2 TR RS ER o — 1 2 NI X R R T
FrRVERZY, BOMICL o T LTS P 2k
756, #E (funny - peculiar) R & M Sz L
Titid HON 7 v A V2K Db, Ml Tid L, &
e BMIEN S, [EmRIE. WEREHMESZhZID
P& DB OFEO R IEBE B X - Tl S
T ONHBREMHICHR S D ZFiVTWwWS & & [29],
E 512DD #4H 9 [the pacemaker current] T® 5.
rEzZoN P, Lo, (1) LF % f V@RI R E
3£ (#l : ivabradine) % {WBERSEIICH W T b IGEI R
KBPEDPMET 5 22 TRAeICEMEILIZ L 2w (2)
LT v A VEBIRESEY (3) WERE AR
PRI E AL (60 ~ -40mV BifE) O, FFICET
& reversal potential IZ¥T >, B 512 (4) L AEAK
HFECa™ F v ANV O—HTH B Cavld GEEIEM LD
LAY THUG R BE 7 B 729 Cavl2 (TR
EAME < o FRARBL /8 12 Cavl2 W4T LCRIO3 4)
LDDICEMT S 2L abaY, DD ##H ) [the
pacemaker current] (ZHE—F ¥ AL Tid% <L, #HE®
ANZALDNHEbYERINLEEZONDL L H IR
7= [28]c

— 05 DS TR ILRIN SR A 5 B FEIY Ca®*
AR ETVWAEZERHLNIIRD, SHIZFOER
DPGERERE DI TR DB ENR & BT 5 2 L AUR S
gz BUE @ T I LR IR B B LRk 2 1 b 2
2 DNARGTH B0 T ML E SR Ca
OWMABREABEE TR LW MR P cEMe 2
. BRI BT O MBI E S Ca™ fi g A B
B EBRE-DD OEEIC R, T5[C 7 ay 73]
P F Nz R A U T A AT P T b SR T - B -
F 3819 7 Ca® Jit 1 (Spontaneous Local Ca®* releases,
LCR) #HLTwA Ik, LCR 7= & X EBRIWIZM 2
Oy 7 ORBETRELTL BB LM~ S 2
SHFBHNCHB A EST 2 2R LA B LCR I
FEASHNER OB /NEr ) 7 ) Y v 2E5 Ak (RyR) %
FlH L TR E AR, Zo%—E3 5/ Mok Ca®
K7 (SERCA) 12 &) F/MaA~FORGE L, —#
1 Na - Ca®" ZZHuifiéfk (NCX) 12 & » THIRB A~ S
WM E NS, ZOBENCXIZ120Ca 4+ > ok
BEFIEHZIZ3I DD Na A 4 v Z#MBANED AL
72OFEH M NN X B E A L. M Z o S & %
(P11 & NCX Bt Iyex) ™o Iyex ZEMARINEA D Y
FASHEER (M) (IS PE L C DD ICHERT 5 &
Zbhb,

(AR EBEZIES DI M- 72y 7 Ca™ 2
Ty rh) Lvdwms ™ 2T BTz o22o0
AHZANFHARTTIE R L, AN E—D2DOKRE LY
AFAELTHVTWSE #2515 (coupled-clock
system 3i - @2B) ®7, Ca¥ 7 u v 7 - LCRs H 3k ®
Inex BINERATACEEM 2 oM sEeTM oz ay 7
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BT B BN Ca® F v RV OB (-35 ~ -40
mV) [SELTIhZRHISE, MEsn»s Ca™ 2itA
KD, TOHITHA L7z Ca® 13RI LUK 0T B
RyR Z I &® (LEFHTWH L2 AD [Ca™-induced-
Ca” release, CICR] ZHI2445), A THlfas B X O
/N A S M A RIC Ca® 2% AT 5 (Ca® tran-
sient) o WHEIBEMIZE — 27 1E L, B/AED Ca® Bk
BEEZDE, C'ray i) ky bERS, BAK
K F ¥ ANV X - TRBVEM I L. M 7 3 v
7\ EROEFH B AL A - T DD % FB$ %, SERCA
1XZ212 7% o 72/ /MK Ca™* # LY A dre Ca™ DM AS
ENd e, H/ARERIEETROY A4 2 VIZmi)y T LCR
R LIED S, SOLH I Mray e Ca zay
ZIEHVOEERZTITICWON VI DOKRER Y R
FAT, Y507 uy 7 b IEHHBREICEETHL

37]
o

Coupled-clock system D HliktE

RS TIET T2 VY 7 59— (AC, &(¢
12 AC1 & AC8) X # & 6% % £ B, coupled-clock
system THOMZREEEZR-ZLTWS (F2B) 5%,
AC (7 5 45 BiM L I8 1C € cAMP 2 WA L, %
Yoy U LEEHE A (PKA) ZIEMEILL T, BB
) F VR EHO) VBLORRE 2 WL LA
VPS> TW2, F/2, Ca i) Y BLECTH
% CaMKII & [ #kIC ) » Bfb 4 3 U C O A% i 12 B
b2 M EBIC, PO RyR O YL ()
VAL RyR/ 4X RyR) 1Z0EFH L 0 b v " £ 512,
cAMP (213 ) Y BRLD M 3 HCN F v R VIS EER A
LCLERZHMSC2EBEEHS H 5 W,

LZAT, MEMHMBTIEC 2L TSY ¥
DY VRALLEES S SICMEL, FOMBEE I
Ca” AP T B &Ry ZOF FTIRAMBEAD
Ca" BB b —H il bo ZNEHS [TL—
F | TN % DA cAMP % 7k 5% 3 % phosphodi-
esterase (PDE) &. % ¥ 87 i) v ERILEEZ protein
phosphatase T& % B, Rl 22 Bl i (3K & fh e
W 7EF VY RIS 1XG Y o8y AN AC
DUGEZ I U TRk L7z & > % 7 ERE 2 AR B Y
VLS L THRER KT S, SHICTeF VT
) VEZYER ) Y AT ROV BTG LR A % 85
SIGEE A AHE & IR S8 5 (R
Bz BT R U 25RO AN cAMP i
xRSeI ETY YBILL NV E Ca¥ B4 2
7R A S S ERER 2 b 2 59 MY

EREBYOZBLEMARZLITEEBA T T /514 TZ8
"I dh

Tk L7z B0, #EANTIEMEGE & DI THR 2K
T L. EBRR KGR T 2 T, EBRBmEe
DIEHENTOBBEZHBT L7257 ?

FEBR < 7 A OB 7 F Gk 27 - A MY, 50% 2
IR 24 B ™ Th oo, xZERI3 A

EHRERTR - EGh24 r QR T AL ARRLT,
ZAbd5in vivo {UHARL. in vivo THR. ex vivo THR (ZJ%
IFTBEMET Lz, EALFRIC LD IT, FEir~v T X
? in vivo DIABITEMRICE > THEL L v, ThUC
XL CTin vivo IHRIZH# 18 TA N HKT LD, H
W24 TELIZKTT 2 (B3A) % Coupled-clock
system 25 & LB ICED LD EILEZ LTV B 0%
X0 FERNCEIR T 2 72, DA D AVEH I HEL) B L
7oA AR OIS KE R ER 3 r H & Atk 24 7 A
<X ADOMTHE L7 (BB A S E Bh6E % R
He HHFEWTHIENIAE LD RS, AR AR
HRRD O DOFEEZ T v, ARTIIIN%E ex vivo
IHR E¥§ 5 )o ex vivo IHRIZ B 7 FLF Y VAR
FRBIRIC L > T hA. I3V YRS X - TTFRET %25
NS OEFNIZINEIC X - THAEMRSE S 5 O AJIH
32 B A ST o s SR L OV TR - IR W
TNHETT 5. FOMETIEMEE - TRIGTT 2 (H
WSO T 7 b CEERI R IR E ECy, O Bm)
ERABEOET - M3B) . vabb, MGk o
T HARER D & D A0S 5 BOGH: 2 5 5545 JiAL
LRV TRESZNY - KRR VThHE T T %,

T 257 B2 4% B MU coupled-clock system D¥EfREZ D
YOI R 5 BEWGET 57:%, PDEMERTH S
IBMX % H W CHIFEN cAMP i % F 5 S & HLRRAE A
DL E BT 5 FEBRE T 572, PDEZAY AT A0
[TV—%] &ThH., AL L7y —O T - M
fa THERES 5 728, BB 3 % BOG Tl 2 <Al
fa system OHEREZ R T2 -0 OFHREN L v
%o PDE B ol 55 G S AR 0t 3 2 B P28 RV
AR U 72 B AR mE Y & FAR IS IC X KT (R
3B) L. coupled-clock system 2 & hnuhid ke A 428
ELTWE PSPz ™,

CNOOFHIZHTR L7 AToOBGR E 53T %,
Tabb, 7 ACBWTHLNBOZT BRED
HlZz) €7 ¥ 7 Tid%e <, =7 2 TIEH 500 18 o
M2 & sz "B OB T 2 THR €
TIZo%s) . HEMRRICL D2 RMEICL > TOHL AR
VHHEFF SR Twa M g2 ohs,

Ca®" 70w JIEIEIC KD EEERS FRT T

TR EMEORELIHY Z Dy V7 HTEA
PEZALHHE Z B. RyR2 ® mRNA & ¥ > 8 7 S5 Hl 14
M. Na/lb -« Na, #1-Cal2 ® mRNA ¥ i, K15 &
HCN1 ® mRNA A »#E s hTwb ™ HCN ¥ ~
N EBUIKTL W, %75 4 FHEAZ L, HCN
EHBERA NT 5D 0T BT 55 W,
— 7\ TR Rk o Tl Bk 5 e o B kA L P
BAMBOY 4 X205 Mid & ) AR—12 s B2, x5
(2. MR - R PR O MR B - e
LB Fx v FHEEY 287 CxA3 WA ) i s
nTwna,

INSDERLELIMA T, Ca 7 a vy 7 g &
EH ISR R T, BN EEE#RO A
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A W invivo R—RX 54 >
O invivo BE#EIO v Y
m B - RERE (ex vivo BEME IOV Y)

600+ ¢ ¢
5 ol ¢
@ 500 .
: :
o 4004
3
300+
3 12 18 24 30
A
c 23
2< O A3 (59
Sm B A#24 (1)
S*

0.4 —~ » R
L R @
H 03 & =100 - 300 .
B3 2l |
8'—'0\-02 8 A 200
[l
€ Ho1 i % % 100
X3 o N
0 hic 0 < O
2.2 6
hiid ™ jiid
E = e -
T[‘ o= 4 *
i = >
||||I1&o 11 i &H
o & x L 2
(@) (@)
- 0 - 0
o M s~ L
8w £
w22 & E 45
" x &
o — (SIS
8 5g
0 0
2 H ~
NS m n>:‘31ooo
N £ 1T g4 1
PR =
AN 2 * #H (O 500 .
N -
x E . E:) -
2 o ﬁ 2 o

£100{ECs0=5.41M

= 801 D 2 80 o
£ 607 e & 60
404 4] ‘ 40
@204 ECs = 50 nM % 20 ECso =23 1M
a  of P W
-10 8 7 6 0 -6 5 -

log[PDEFEE]

9 K R
log[RE2 & AR

;\3100
< 80 ECsp = 128 nM
& 60
40| ECs=41nM 7 O A3 (BF)
o : m A#t24 (Eib)
2
% & 8 7 %
log[31 \) V2 EEFIH]
serca [I— N
R
Actin [— T W
Mo 24MO -iE A HE 75
=0 - *
MO 2400 =
. .
ol EEEEEINE «
acin [— W R
[o°]
O AN 9 SERCA NCX RyR

unigg

FiFe|
1.0

caffeine

Aged

=
3
29 1s
—_—
FiFo
1.0

caffeine

K3 YORICHIFDREBEGEE - RAEEEHEOELEZE, (A) BEAEBUL., RERMABIEEEZBEUTREELTL
% ¥, *p < 0.05 wA# 3, (B) XFBMHRFR (EL) - BIXBERR (ET) HEWEICHT 3 EEEREEEEZD
HERIGHIRIEEAY T T D, GEYEICHT2ZRTRDOERZIEETERIUKLD TRTD cAMP-PKA 18 (K25
B) [CBIFREENTEEIND [61]. (C) MMEGIEHIEA Ca®" transient DiFMEZ(LEE S, (D) SERCA. RyR.
NCX @ mRNA BKU T VINOFERDOZEL Y, (E) LCRIFUB KU (F) H/\iaik Ca® SHEDZEL Y, *p < 0.05
WEEYI R, TS—N\—IFV\WFNHIELERE, EiK(E [45, 46, 61] KO—HHRZELT3IH,

FERBEHUE I & & I T $ % —J7 T Ca® tran-
sient .5 LAY #EE (RyRIZE 2 SR 2250 Ca™ K
IR D FEIE) 3B < 2 0 [l- RN IER 3 5 (K
3C) [46]c € h & FEM1) % & 95 12 SERCA - RyR2 -
NCX &wo/zCa” 4 7)) v 7By ¥ 87 OFBIAS
WA (®3D) M

Ca®* 7 1 v 7 ®#&BE % coupled-clock system %5 4
DEELTHETT A 7201213 M 27 a vy 7 OFREZ AT 5 A
O ETEILSELUENH D, TDOOO—FLED
TR VR EOLFWE % A TR O - Bk
Wi X2 5 cell permeabilization Tdh b, Z D Jj ik
MOy 7 Z2ERESEEDHRL 5T, HEFHED Ca®
MEEELSEL L TN C” EEEZ LY b
O—LT&2%720, Ca 7 a vy 7 OWEFIC#EL T
Wh, Catruayro [BBIraEUE] BHRIEZHE
Ev oy ZHRAMIIE & AR I B L~ X RN T #EE
ENBH LCR D% A X - e it RyR Budm

RV 35 (IBE). 612, Ca ¥ 7 F o
i - SR o Ca” PRI~y 2 TR T 5 (K
3E- 3F) ", LI XY, coupledclock system @ —
HEZTC zuy 7iE, Mz ay 7 RMlio 2 h =
AL EEBIT ML VREAEZET DLV D

Coupled-clock system DiNEm4Z{bIE. DEHINKES
[CBEEELZS|IERTT

LEME. RS EHILTYvW 9 coupled-clock system
ZHMBAOETHA TS LEZz NS (B4), &/
VCBERETPHEKT S &, [LEMM - coupled-clock
system | ZEERIE . BIAKAE Na Bt - BAARST
P Ca™ i - CICR - MO X= Y OHELEIL - - Lo
72 8BRS % A6 TR IR 2 28 43 % (B 3 B -
EC coupling - B4 ) ", {5 ##i @ coupled-clock
system 2S04 XA L 7202V VER{LL NV
ERoTWDLDIZX L. LEFHO coupled-clock system
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BEMNEESEN

MEY A V2 IILDORE

HRaE

LECaF ¥+ IO

F—N—a—+

ikl

BEHH
RAEER

IMEDET

Ventricular myocyte

e

\ fraE

HRaRE

BN HEERS

X4 DEMEED [—HRIER] (general theory). SAEMGEIE DEHMETE. ZNZNOHEE (DAY 1 JILORKBE DA
DFET) ZRICTIODIVINIEIFHEL TV, JAEGEEIHEIED coupled-clock system h'ERIEEERZ4EU.
BERES XORBGERICE > CTEUCERSEMNLEFMEICEL & SERDESHMIEO coupled-clock sys-
tem WEXESEFEMNINEICERT 2 (BIINEEM). BERlE © Kb —EH%ZE L T3IA. INa: Voltage-gated

cardiac Na channel, CICR: Ca®*-induced-Ca®*-release

VA 5 6 50 2R 0 T AU LS & ARIRIRRE TR B 21T T
0. Z Y2 EO) VLY VIR, DEFLO
By vy o) YBLL NV EERINIC LRSS
&, HEEZE THROSEZ] 23 Tc& 2 [57]. L
o X 912, coupled-clock system 13 B2 #& Sifg & .0
FEHMMBEOM T IZBNT, ZORERIZB W THL 2R
d % B3 (LM O —# B3 | general theory ),

O[] 2B T L X911, LEFHTLE
FEE L WXy — v OB LS R S N D, i
TN T C OB IERERE (A S IUE R =
BB 3AEMEZE U CRE L CHERBT 5725 BEAL - R
JESEBYIRE - s RTEBYIE O U TR 1IN & & b I2EW
AT 5 (RBA). FEEBY O /L= HEEREA L Bk
DRI 72 ige i, B EA ORGSR X U087
B EATY HEE - FIGE ) - M Ca®™ RIE & v o 23R
HIZEEc L o TEL L o7 (B5B). <K,
AL SR TG B A R Rs [ S N IE R L,
FBRMMERZ D720 ET HHMAPER L7 (R5B A
) M CoBBE LT AL LEC F A
VOIHEGEERERIIER L, —#%shn & K &t 1)
134 L. Ca™ transient FFHilE IR, Zhi2E b
2w Tyex WA % "o F 720 LEBHOTH/NLIE
M o Ca”™ #HE E S Ca™ BLY AL fE I 23K
5, ZOMIBE Ca™ Y AAREE DT % LFT 5
X 91T SERCA : RyR : PLB ® mRNA + # ¥ 87 5
L AVIZINHGIC & - TIRF 52 U020 W L 72 wihl
AN WA OIE B AL & W Lk E 52 % (AP

25 0F) k. FORKREL B Ca® transient (X4 VA
fa & i U CIRIEADSK & CART LR MITIER T %
(B5C)s 9 L7z 2 & Bt O i M N o 15 B TE A7 #¢
BEREH OIERZ Ca™ 4 7 ) ¥ 75 %7 ORI
T A RIE TRV EEZ bR B

T i L 555 R T o0 B R AR T R B EE IS & - T &
DEEFE Do AP 2 5 Y 7R EWHB TR ELY
(APCL-S) &, Ewilor & (APCL-L) & HA~RTH;
Mtk Ca™ By IE AT §2 B F7, il
W (2 o DOBER % ERH W 2R A ISR 5%
54%) TIRLM Ca™ F v A VEROBED S O HIE
M D ZEH) |2 phase-dependent R Z LA SN D, & 51T,
steady state pacing T T/LyZ il OFEW GG - A% O
JEABEET 5 L Sl OHATR IS ORI & 3 IR
(RIS E ORI~ OBRYEME TS 5 (BB5D) B
O X HIT T X o TLER OB AN EEE AY 3 -
WA BT & 2 K 2 %0 2 OBIIZE R HiA
DHBE EATERL DI & RIS T 5. D
ERAR OB XS B MEARFDIT E BRI FHRA IS
2T B ROBSRFASTFE i HFRT 5 LA
#kx T 720TH %,
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E5 BLSA [CBMUIEEEA (A) BRUERS v b (B-D) (CHBIFZOEEHOMEEEL. (A) ERINFERABTEFRINE.
REIFCIIEEEBUCREL CHE TN, EHEERICIISHRE COERTIAZREICKS ", (B) SEBIERIS:
BRI MEIC KD ER L. e EHIEE Ca®' transient DEHEIEEH OB TRIET %, LWIFNHE—IEIFAEL
LWL B8, (C) LSy b SEBEUDESMRICEVNS v FOBEDEBEMENEFTD (APISVT) &
Ca®" transient DE—Z[FET L. HEIRHIGERT D ©¥, (D) R—YVIDEE#ENTE 2 &, BLOEEMRE
TIFIEIREE - IUBEEVLVTNOEBRICE T2 B, EfRIE[11, 58] KO —EHZELTEIH. ITS5—/\—(FEH8=,

=)
gi=I=1=]

T Bt MRS % B SS9 % coupled-clock system (. il
fft b M 71y 7 ERIRENO Ca® 7 1 v 7 34k
U COWEEN AL & A A BRA D F2iik 72 Lol H B % SE 3
T %, EEHO HR & BAAEREICR 3 2 851
s e & BITHIMLT %o DI EELE L CHR T %
XA ZDDIEF. KT Lkl 5 THR % AR A
RIELTWB720TH B, THR L¥EAT LT, EEIr R
KD MEIZAE W IRA T %6 coupled-clock system
B E AL & VOO WIS S AEE L. 1
BRI e TEZECH M TG - il 2 il
g 52 ETy DA Y THEREOFEIU OIS 2 5
729 FNEFND coupled-clock (2 IXFEML L 72 1 4%
REZ LB s, DB ERERRE 720 ¢ 2 it 2
ILEZEZLBCODER BN LEEZONS,

i&lﬁ

p

¥ 1l oy S E N v B 0 TN & vy 12 R T D)
Intramural Research Program 8 & O°H ARZATRELE
7eBh i (JSPS Research Fellowship for Japanese Bio-
medical and Behavioral Researchers at NIH) % 5i} 7z
bDOTH b,
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Deterioration in coupled-clock system underlies age-associated functional

decline in heart rhythm and contractility
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Abstract

Sinus node dysfunction and chronic heart failure are major health issues in our
unprecedentedly aging society. The heartbeat originates from spontaneously firing sinoatrial
nodal (SAN) pacemaker cells. A coupled-clock system underlies the robust and flexible
automaticity in these cells. The basal action potential (AP) firing rate of SAN cells is
largely determined by the degree of phosphorylation of critical proteins in the coupled-
clock system. Autonomic neuronal signaling from the brain effects changes in AP firing
rate via modulation of cAMP and cAMP-mediated PKA-dependent phosphorylation. Age-
associated alterations in intrinsic SAN cell behavior and associated changes in brain-heart
communication play central roles in the development of SAN cell pacemaker failure. This
mini-review provides integrated insights into the molecular mechanisms underlying the
effects of aging on deterioration in beating rate and contractility of the heart in animal
models and in apparently healthy humans.

Keywords : Aging, sinoatrial node, pacemaker cell, phosphorylation, coupled-clock system
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MitoSOX & F i E 2 i 2 it
(ShaURYTHRO,T) AR 2518
ShaVRY TIREAME THlifa R 8 M 21518 m

DNABIZ IS &

yH2AX1 1) > B1Ep531 p531

yH2AX1 ) B p531 p53—

FTR—V R Caspase3iE ik EibHL
HHRa FE HA RERIT G2/IMEIE &
HERaE an biifiakla iR RS

O, :Superoxide, H,0, :Hydrogen peroxide, ONOO~ :Peroxinitrite
DHE: Dihydroethidium, CM-H,DCFDA: 5-(and-6)-chloromethyl-2', 7'-Dichlorodihydrofluorescin diacetate
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¥ 72, DNA BB EiRiE©d 5yH2AX &) V1L p53
AHEIN L. DNA #EI6 &AL S iz iz <.
p53 ¥ YN HEDWHFIIWINL T, & 512, pb3
D T AT caspase3 DUGEALIZ & A LT[ 22 H 58 S
FEINTWA (FF2), BREVWIEIZ, I +a v F
U 7I2SOD2 BIEH LRIV THEBELTWwW/A, 2 ba
YRYTRBMETEI P FY 7 0, ED 4 550
ML (K2), oI cidinlL 72 DCF
BPEROSICE A I bay N 7L EISI ba s’
U THERE AT SR, 2RINCAELAZI bV
V7O, AT EE Z BN, IS OMINE I ERRE
0 5. SODI R IEHMNE LI E B o ROS 7 pE 4 12
L7 RN = AWML R T LN E o7
(#2) %

—7J7v SOD2 KM LM KA T TH )5 fE T,
MRERICLKRELRAFTIIEDODON Lo, L
L. DNA ##E58EoyH2AX 1) ¥ BRAL p53 1&8#Ehn L.
DNA #FIEE > 7 F v S, Lo L. ps3 %
VOSZEIEMIM U o 7z (F£2). ML % R
72 ZAh, 3EURT L CWiz2s, SRR 7R b= A
iR IN o7z (F£2), EBIC, I ha vy FY 7T
RBEBMETEI Fa >y FY 7 0, DEATTEZFEREL
7o (#£2), F7z. SOD2 XA G2/M HIAEE L,
AlEMREZR L (F2). LLEOKEN, S SOD2
RARMINE XM Z AL DO RBIM 2R 2 L AW Hap &
otz (F2),

B IZ, SOD1 % 7213 SOD2 3L #f 4 5 0,7~ oIk
BEMESTHE, fIANO 0, FAHE Shb X0 &
Nox 12 H L., ZhooBREE*HET L2707
= WVROTRY = OG5 RBEE T o720 € DFER,
WENOMIFETH ROS #@F A X HFIHIHE R T (M 2),
BGERE D L L e o 720 S OREHRIE, MEHEEMIAA T
AT 50, REORHMEDHDOROSIZI P FY T

(A) SOD1
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g e L. XO % Nox OHFG-HFITMM W T & HURE X
nrz7,

4. BHDHIC

SOD1 K4HFEBI & SOD2 KIAFHE % i+ 5 & 4
TOMIBZEBA T SOD1 RO KB EETH 5 Z LA
ot horz (82)s SOD1I B LLIFSOD2 &8 5
PERBECTHMREEI P2y FYTHETO, ~
HHEIL. FOWIMIKREREZIROON Lo L
MLy O " ONHEMEAERIKE S RE-TBY, 2
@ ROS FEA R DENDS p53 & 78 7 F BB OE N IC
el MfRREAz b8/ % 2 b/, SOD1
RABIC & % ROS BEABIMASK & WEEN & LCHlIRE &
SPIVFRYTOEROENR, I FI YR THEH5E
950, DELHNI P FY THTIE R MY
B ERT VB EREREZONDL, 5HBDOIY
P 72 Omics M 22 L2 X D MBI G S5 O,
DIREAREN LR OMBIRE L 2 EHAHFI R
5o
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