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Intellectual disability and abnormal cortical neuron phenotypes
in patients with Bloom syndrome

Hideo Kaneko@®"

Zg, Chizuru Kawase?, Junko Seki?, Yasuhiro Ikawa®, Akihiro Yachie* and Michinori Funato?

© The Author(s), under exclusive licence to The Japan Society of Human Genetics 2023

Bloom syndrome (BS) is a rare autosomal recessive disorder characterized by genomic instability that leads to various
complications, including cancer. Given the low prevalence of BS in Japan, we conducted a nationwide survey. We recruited eight
patients with BS, three of whom exhibited intellectual disability. The 631delCAA mutation in the BLM gene was detected in 9 out of
16 alleles. To investigate neuronal development in patients with BS, we generated induced pluripotent stem cells derived from one
of these patients (BS-iPSCs). We examined the phenotypes of the induced cortical neurons derived from the generated BS-iPSCs
using a previously reported protocol; the generated BS-iPSCs showed an approximately 10-times higher frequency of sister-
chromatid exchange (SCE) than the control iPSCs. Immunocytochemistry revealed shorter axons and higher proliferative potential
in BS-iPSC-derived cortical neurons compared with control iPSCs. To our knowledge, our study is the first to clarify the abnormality
of the cortical neuron phenotypes derived from patients with BS. Our findings may help identify the pathogenesis of neuronal
differentiation in BS and aid in the development of novel therapeutic agents.

Journal of Human Genetics (2023) 68:321-327; https://doi.org/10.1038/s10038-023-01121-9

INTRODUCTION

Bloom syndrome (BS) is an autosomal recessive disease caused by
loss-of-function mutations in BLM, a subfamily of DExH boxes
containing DNA and RNA helicases [1]. The absence of a functional
BLM protein causes chromosome instability, excessive homologous
recombination, and a greatly increased number of sister-chromatid
exchanges (SCE), which have been used for diagnosing BS, because
SCE was considered to be a characteristic feature of BS [2, 3]. BLM
helicases constitute a multiprotein complex called the BTRR (BLM-
TOP3A- a- RMI2) complex, which also includes topoisomerase I
alpha (TOP3A) and RecQ-mediated genome instability protein 1
(RMI1) and 2 (RMI2) [4-6]. Recently, homozygous frameshift
mutations in TOP3A and RMI1 as well as loss of the RMI2 gene as
a result of a large homozygous deletion have been associated with a
BS phenotype, including the elevated frequency of SCE [7, 8].

BS is characterized by dermatologic complications, growth
deficiency, immune deficiency, reduced glucose tolerance, a
significantly increased risk of early-onset cancer and the develop-
ment of multiple cancers, which is a major medical concern
for BS [9].

Some individuals with BS exhibit intellectual disabilities [10, 11].
Single-cell transcription profiles in patients with BS reveal
significant deregulation of genes that cause inherited forms of
primary microcephaly associated with intellectual disability [12].
Although the hypomorphic BLM mouse model exhibits tumor
formation similar to that associated with BS and may be a
preclinical model for BS [13, 14], only one BS-iPSC line has been
established [15]; no human cell model of BS for studying cortical
neurons has been reported. Owing to the rarity of BS, the actual

condition of patients with BS has not been elucidated. In the
current study, we initially investigated the clinical features of
patients with BS, those with intellectual disabilities, via a nation-
wide survey in Japan. Finally, we derived induced pluripotent stem
cells (iPSCs) from one patient, and thereon differentiated into
cortical neurons to analyze their phenotype.

MATERIAL AND METHODS

Investigation of patients with BS in Japan

Following the administration of the first questionnaire in 2010, a second
questionnaire was administered. In the survey, 515, 515, and 377 first
questionnaires were sent to the relevant specialist departments of training
hospitals for pediatrics, dermatology, and hospitals with a cancer center,
respectively. The first 15 questionnaires were returned as no destination
was found. After the first questionnaire, 12 answers were returned from
attending physicians for patients with suspected BS. Eight of the 12 patients
in this study were recruited as patients with BS if they exhibited one or
more of the following inclusion criteria: short stature; skin lesions such as
sun-sensitive erythema, pigmentation or café-au-lait spots; immunodefi-
ciency; together with either a confirmed elevated frequency of SCE or BLM
gene mutation. We sent a second questionnaire to attending physicians for
eight patients with BS. The contents of the questionnaire were as follows:
sex; age; dead or alive; family history; consanguineous marriage; height and
body weight; initial symptoms; chromosomal abnormality; SCEs; analysis of
BLM gene mutation; white blood cell count; T cell count; B cell count; serum
lIgG, IgM, IgA, and IgE levels; antibiotic prophylaxis; gamma globulin
replacement; and hematopoietic cell transplantation. In addition, we asked
about the presence or absence of the following diseases: (1) Skin disease,
(2) Malignancy, (3) Autoimmune disease, (4) Muscle/Bone/Joint disease, (5)
Allergy, (6) Neurological disease, (7) Intellectual disability/central nervous
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system malformation: 1Q or DQ, (8) Cardiovascular disease, (9) Respiratory
disease, (10) Kidney/urinary disease, (11) Gastrointestinal disease, (12) Liver/
biliary/pancreatic disease, (13) Eye disease, (14) Otolaryngological disease,
and (15) Metabolic and endocrine diseases.

Establishment of BS-iPSCs

Initially, a dermal fibroblast cell line from a patient with BS (Case 3) was
generated in our laboratory. Informed consent was obtained from the patient.
These fibroblasts were cultured in a growth medium containing Dulbecco'’s
modified Eagle medium (DMEM)/F12 1:1 (Thermo Fisher Scientific, Rockford,
IL, United States), 10% fetal bovine serum (Thermo Fisher Scientific), and
500 U/mL  penicillin/streptomycin  (Thermo Fisher Scientific), and were
maintained in 5% CO, at 37°C and passaged every seven days. Thereafter,
iPSCs were generated via electroporation with the episomal vector
reprogramming factors (OCT3/4, SOX2, KLF4, LIN28, L-MYC, and p53 shRNA)
[16, 17]; the procedure was performed using a Nucleofector Il Device (Lonza,
Basel, Switzerland). We used iPSCs derived from a control individual as wild-
type (WT) iPSCs; which was the 201B7 line [18].

Cortical neuron differentiation

In the first stage, we used a serum-free floating culture of embryoid body
(EB)-like aggregates via the quick reaggregation (SFEBg) method, as
previously described [19]. We treated 5000 single iPSCs with 2 pM
dorsomorphin (Sigma-Aldrich, St. Louis, MO) and 10 uM SB431542 (SB;
Cayman Chemicals, San Diego, CA) in a differentiation medium, based on a
Dulbecco’s modified Eagle’s medium (DMEM)/F12 (Life Technologies), 5%
knockout serum replacement (Life Technologies), and 500 U/ml PS for the
first 2 days. After two days the medium was refreshed, using the same
media formulation, and this was repeated every 2-3 days. Seven days later,
EB aggregates were plated onto Matrigel-coated 96-well plates (Becton,
Dickinson and Company, Franklin Lakes, NJ) and treated with 2 puM
dorsomorphin and 10 uM SB in the first differentiation medium for an
additional 7 days. After induction, the neural precursor cells were cultured
in a second differentiation medium containing 10 ng/mL brain-derived
neurotrophic factor (BDNF; R&D Systems, Minneapolis, MN), 10 ng/mL glial
cell line-derived neurotrophic factor (GDNF; R&D Systems), 1 uM cyclic
adenosine monophosphate (cAMP; Wako), and 200 ng/mL ascorbic acid
(AA; Sigma-Aldrich). The medium was changed every 2-3 days.

Karyotyping and SCE assays

Karyotyping via chromosomal G-band analysis and SCE assays of BS-iPSCs
was performed by the Nihon Gene Research Laboratories (Miyagi-ken,
Japan, http://www.ngrl-japan.com) and Chromosome Science Labo Inc.
(Sapporo, Japan, http://www.chromoscience.jp).

Immunocytochemistry

After washing the plated cells with PBS, they were fixed in 4%
paraformaldehyde (Nacalai Tesque, Kyoto, Japan) for 20 min at 4°C and
then washed again with PBS. The cells were then blocked against
nonspecific labeling with 5% donkey serum and 0.1% Triton X-100 (Nacalai
Tesque) in PBS for 30 min at 4°C. Cells were washed with PBS and
incubated with primary antibodies overnight at 4 °C, followed by labeling
with the appropriate fluorescent dye-labeled secondary antibody. The
nuclei were stained with Hoechst 33342 (Life Technologies). The primary
antibodies used in this study are listed in Supplementary Table 1. The
secondary Alexa Fluor-labeled antibodies included: 594 donkey anti-rabbit,
594 donkey anti-goat, 594 donkey anti-mouse, 488 donkey anti-mouse,
488 donkey anti-rabbit, and 488 donkey anti-goat IgGs (Life Technologies,
secondary antibody dilution was 1:1000).

Statistical analysis

SCE data are presented as the mean + SD. Data related to cortical neurons
are presented as the mean + SEM. Statistical significance was evaluated
using a two-tailed Student’s t-test or two-way analysis of variance, followed
by a two-tailed Student’s t-test using the Statistical Package for the Social
Sciences 16.0J (SPSS Japan, Inc., Tokyo, Japan).

RESULTS

Nationwide survey of BS in Japan

In the survey, 427, 342, and 136 replies were obtained from the
relevant specialist departments of training hospitals for pediatrics,

SPRINGER NATURE

Clinical features and gene mutations of BLM in Bloom syndrome investigated by a nationwide survey in Japan

Table 1.

SCE BLM

IgA IgM

l9G

malignancy (age) miscellaneous

intellectual
disability

BW (age) skin lesion

height (age)

age

sex

Case No

mutation

631delCAA/

+
ND

21

103

461

B cell
lymphoma (8)
Burkitt

139cm (25) 29 Kg (25)

26 (alive)

631delCAA/

66 27 +

600

DM (type II)

café au lait spot

125cm (13) 24 Kg (13)

13 (alive)
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Fig. 1

Establishment of induced pluripotent stem cells (iPSCs) derived from patients with Bloom syndrome (BS). A Newly generated iPSCs fully

H. Kaneko et al.

SOX2

TRA-1-60 TRA-1-81

reprogrammed from the fibroblasts of a patient with BS. Embryoid bodies formation of BS-iPSCs. Scale bar =200 um. B Expression of TUJ1,
SOX17, and SOX2 in BS-iPSCs. C Expression of ectoderm, endoderm, mesoderm, and pluripotent markers including OCT3/4, NANOG, SOX2,
SSEA4, TRA-1-60, and TRA-1-81. SSEA1 was the negative control. Scale bars = 100 pm

dermatology, and hospitals with a cancer center respectively. In
the first questionnaire, twelve answers from attending physicians
for suspected patients with BS were returned. Eight of the twelve
patients in this study were recruited as patients with BS according
to the criteria as described in “Material and Methods".

Table 1 presents the clinical features of this study from second
questionnaires as documented by the attending physicians. Clinical
features of Case 6 were not described in detail. Three patients died.
Five of the eight patients had skin lesions, such as sun-sensitive
erythema. Three of the seven patients had intellectual disabilities,
and there were three cases of malignant B-cell lymphoma.
Additionally, diabetes mellitus was observed in three patients.

No obvious susceptibility to infection was reported in any
patient. All patients had low serum IgM levels (<50 mg/dL) and
elevated frequencies of SCE. The BLM gene was investigated in
eight patients, and the 631delCAA mutation of the BLM gene was
detected in 9 of the 16 alleles.

Establishment of iPSCs derived from patients with BS
(BS-iPSCs)

We established BS-iPSCs from a patient with homozygous
631delCAA BLM (Case 3). Dermal fibroblasts derived from a
patient with BS (BS-FbCs) were generated. For the first time, we
generated iPSCs derived from BS-FbCs using episomal vector
reprogramming factors (OCT3/4, SOX2, KLF4, LIN28, L-MYC, and
p53 shRNA) [17]. We confirmed the pluripotency of BS-iPSCs using
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embryoid body formation (Fig. 1A), which stained the ectoderm,
endoderm, and mesoderm with markers, anti-B-lll tubulin (TUJ1),
SOX17, and SOX2, respectively (Fig. 1B). Thereafter, we examined
whether the generated BS-iPSCs had characteristics similar to
those of human ES cells. We performed immunostaining using
undifferentiated markers and confirmed that OCT3/4, SOX2, and
NANOG were expressed in the nuclei of the generated BS-iPSC; in
contrast, SSEA4, TRA-1-60, and TRA-1-81 were all expressed in the
cytoplasm (Fig. 1C). The generated iPSCs did not express SSEAT, a
mouse undifferentiated marker (Fig. 1C). BS-iPSCs may have the
potential to acquire additional chromosomal abnormalities due to
genomic instability. Therefore, we compared the chromosomal
profiles of the cultured BS-iPSCs using karyotype analysis. The
chromosomal profiles of BS-iPSCs showed mosaicism with the
following karyotypes: 18 of 20 cells had normal karyotype 46, XY,
one cell was 46, XY with a deletion in 8g, and one cell was 46, XY
with a deletion in 8q together with reciprocal translocations
between 1p and 14q, and 4p and 7q.

SCE in peripheral blood and iPSCs derived from a healthy
control and BS patient

BS is characterized by genomic instability, while gene transloca-
tion events such as SCEs have been observed in patients with BS.
Therefore, to confirm the high SCE frequency in BS-iPSCs and
peripheral blood, we compared the SCE frequency of peripheral
blood and iPSCs of control individuals with that of a patient with
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Fig. 2 Sister-chromatid exchange (SCE) of the peripheral blood and induced pluripotent stem cells (iPSCs) derived from patients with Bloom
syndrome (BS). The regions of SCE were indicated by arrows. A The SCE of BS peripheral blood showed a 10-times higher frequency than that
of the normal control. B The SCE of BS-iPSC showed a 10-times higher frequency than that of the normal control. The mean frequency and
standard deviation of SCE in normal iPSCs and BS-iPSCs were 5.4 +2.2 and 57.8 + 14.2, respectively (n = 20)

BS. The mean frequency and standard deviation of SCE in normal
iPS and BS-iPS cells were 5.4 +2.2 and 57.8 £ 14.2, respectively.
Our results show that the SCE frequency of the peripheral blood
(Fig. 2A) and BS-iPSCs (Fig. 2B) of patients with BS were ten times
higher than that of normal controls, suggesting that the
generated BS-iPSCs reflected the genome instability of BS.

Axon elongation and proliferation of cortical neurons derived
from WT- or BS-iPSCs

Cortical neurons were induced from BS-iPSCs, using a previously
reported protocol (Fig. 3A) [19]. To investigate whether any
differences could be observed, such as dendrite and axon
development of cortical neurons derived from WT- and BS-iPSCs,
we performed co-immunostaining using TUJ1, which is a dendritic
marker protein, and anti-TBR1. BS-iPSCs showed no changes in
TBR1-positive cortical neuron differentiation in WT- or BS-iPSCs
(WT-iPSCs:77.58 + 6.403%; BS-iPSCs:73.7 +3.44%) (Fig. 3B, Q).
Cortical neurons derived from BS-iPSCs showed shortened axons
in our culture system (Fig. 3B, D). Mutations in BLM are expected to
cause abnormal cell proliferation. Therefore, to investigate
whether cortical neurons derived from BS-iPSCs have high
proliferation potential, we performed immunostaining using
anti-Ki-67 (a marker protein of proliferative cells). The results
showed that Ki-67-positive cells were increased in cortical neurons
derived from BS-iPSCs at day 72, but there was no change at day
50 (Fig. 3E, F).
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DISCUSSION

We conducted a national survey to elucidate the clinical features
of patients with BS in Japan. Consistent with a previous report, no
obvious susceptibility to infection was reported in every patient
[20], but all patients showed a serum IgM level of <50 mg/dL. As
we previously reported, the 631delCAA mutation in the BLM gene
is relatively common in Japan [21]. Four of the twelve patients did
not meet the criteria for BS. One patient without SCE elevation
was identified as AMeD syndrome (designated as N1037) [22].

One minor observation was that three of the seven patients
showed intellectual disabilities. The attending physicians of the
recruited patients with BS were asked about the presence or
absence of intellectual disability, including IQ or DQ; though these
were not documented in any of the three patients. Therefore, we
were unable to determine details on intellectual disability. This is a
major limitation of this study. Intellectual disability was caused by
various etiologies such as mental retardation or autism spectrum
disorder. Microcephaly, a complication of BS [23], also caused
intellectual disability. We intend to clarify the characteristics of
intellectual disability in BS in detail in future studies. To focus on
BS-associated intellectual disability, we generated iPSCs derived
from a patient with BS recruited in a nationwide survey.

We demonstrated that BS-FbCs could be reprogrammed into
iPSCs using Yamanaka factors, and the resulting iPSCs showed
undifferentiated states and the potential to differentiate into three
germ layers. These results indicate that the generated BS-iPSCs
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Fig. 3 Cortical neurons from induced pluripotent stem cells derived from patients with Bloom syndrome (BS-iPSCs). A Protocol for the
induction of cortical neurons from BS-iPSCs (15). B Typical image of neurite length in cortical neurons derived from wild type (WT)- or BS-
iPSCs. Scale bar = 100 pm. C The ratio of TBR1-positive cells in WT- or BS-iPSCs. D Quantitative analysis of neurite length and the TBR1 + cell
rate. The neurite length of BS-iPSC-derived cortical neurons (TBR1+) was significantly shorter than that of induced iPSCs derived from WT
(n = 3). E Representative image of Ki67+ cells from WT- or BS-iPSC-derived culture systems. F Quantitative analysis of Ki67+ cells in WT- or BS-
iPSCs. The Ki67+ cell rate increased on day 63, although it did not change on day 50 (n=5-6 or 3). **P < 0.01. *P < 0.05 versus WT-iPSCs
(Student’s t-test)

Journal of Human Genetics (2023) 68:321-327 SPRINGER NATURE

325



H. Kaneko et al.

326

had ES-like features. A high frequency of SCE showed the
hyperrecombinability of BS-iPSCs, which indicates genomic
instability. Finally, we induced cortical neurons from the BS-iPSC.
Most induced neuronal cells express TBR1, which is specifically
expressed in the olfactory bulb, cerebral cortex, hippocampus, and
amygdala [24-27], thus indicating that the generated TBR1-
positive cortical neurons were induced with high efficiency.
Furthermore, the generated cortical neurons derived from BS-
iPSCs showed shorter axons and greater proliferation than those
observed in cells derived from WT-iPSCs, suggesting that the BLM
mutation drives the proliferation of immature neurons which fail
to differentiate into mature cortical neurons. These findings
provide evidence of intellectual disability found in some patients
with BS. However, it is difficult to conclude whether the defects in
cortical neurons derived from BS-iPSC, such as shortened axons
and upregulated proliferation, are due to BLM mutations or
chromosomal abnormalities observed in BS-iPSC. Only one iPSC
cell line from each of BS and WT have been compared, and
therefore gross generalizations cannot be made about the role
played by BLM in neuronal differentiation.

It was previously reported that cerebellar Purkinje cells showed
positive BLM immunoreactivity at 21 weeks of gestation, which
transiently increased at 40 weeks. Further, neurons in the brain
pons showed immunoreactivity during the early embryonic stages
[28]. Therefore, BLM may be involved in the development of the
central nervous system. The present study’s data suggests that the
BLM mutation at the fetal stage drives the proliferation of
immature neurons which fail to differentiate into mature cortical
neurons. Further investigation will be needed to determine
whether control iPS cell-derived neurons that have a CRISPR-
Cas9-induced nonsense mutation in the BLM gene, which may
minimize chromosomal aberrations induced by the BLM gene
mutation, show neuronal abnormalities as described above.

In conclusion, we established a human stem cell model system
using BS-iPSCs and elucidated the phenotypes of cortical neurons
derived from these cells. Consequently, we will be able to identify
some aspects of the BS pathomechanism. These in vitro BS models
may be useful for identifying novel therapeutic agents for the
treatment of BS.
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ABSTRACT

Werner syndrome is an adult-onset progeria syndrome that results in various complications. This study aimed
to clarify the profile and secular variation of the disease. Fifty-one patients were enrolled and registered in the
Werner Syndrome Registry. Their data were collected annually following registration. A cross-sectional analysis
at registration and a longitudinal analysis between the baseline and each subsequent year was performed.
Pearson's chi-squared and Wilcoxon signed-rank tests were used. Malignant neoplasms were observed from
the fifth decade of life (mean onset: 49.7 years) and were observed in approximately 30% of patients during the
3-year survey period. Regarding renal function, the mean estimated glomerular filtration rate calculated from
serum creatinine (eGFRcre) and eGFRcys, which were calculated from cystatin C in the first year, were 98.3 and
83.2 mL/min/1.73 m?, respectively, and differed depending on the index used. In longitudinal analysis, the
average eGFRcre for the first and fourth years was 74.8 and 63.4 mL/min/1.73 m?, showing a rapid decline.
Secular changes in Werner syndrome in multiple patients were identified. The prevalence of malighant
neoplasms is high, and renal function may decline rapidly. It is, therefore, necessary to carry out active and
detailed examinations and pay attention to the type and dose of the drugs used.

INTRODUCTION status and natural course in patients with Werner
syndrome.
Werner syndrome is an autosomal recessive adult-onset
progeroid disorder that affects approximately 700- RESULTS
2,000 individuals in Japan [1-4]. Patients with Werner
syndrome present with various aging phenotypes from Werner Syndrome Registry cross-sectional analysis
a young age. Graying and/or loss of hair presents in
their third decade of life; bilateral cataracts and Twelve facilities and fifty-one diagnosed patients were
diabetes, around their fourth decade of life; and enrolled in the registry. Table 1 shows the patients’
atherosclerotic diseases and malignant neoplasms, characteristics; the percentage of baseline major signs,
around their fifth decade of life [5]. These patients also clinical symptoms, and comorbidities in patients with
develop a high proportion of skin ulcers, often Werner syndrome; the drugs administered for diabetes,
requiring amputation of the lower extremities. dyslipidemia, and hypertension; and the blood
Although it was previously reported that patients with examination results at the point of enrollment to the
Werner syndrome die at 46 years of age on average [6], registry. The patients’ mean registered age was 49.0
recent evidence indicates the average age of death is 59 7.2 years. Although the mean age of onset, inferred
years [7]. In Werner syndrome, quality of life (QOL) from the interviews or medical histories, was 25.8 £ 9.2
and activities of daily living (ADL) decline due to the years, the mean age at diagnosis was 41.8 + 8.2 years.
various symptoms [8]. Patients with Werner syndrome were lower in height,
weight, and body mass index (BMI) than the average
Since it is a rare disease, there is often a long period Japanese adults [10, 11]. Despite having a low BMI, the
between the disease onset and the diagnosis [9]. mean waist circumference was 77.2 + 11.1 cm, and the
Therefore, early detection and therapeutic intervention mean visceral fat area measured by computed
are important. Recently, the number of long-term tomography was 97.5 + 57.5 cm?. The mean skeletal
survivors has increased due to therapeutic advances; muscle index (SMI) on dual-energy X-ray
however, new complications have also been observed. absorptiometry was 5.36 + 1.61 kg/m? for men and
Although detailed and long-term involvement in 3.99 + 0.98 kg/m? for women, the grip strength (in the
medical care is essential for maintaining QOL and right hand) was 22.8 + 8.6 kg for men and 12.9 + 5.5 kg
ADL, few reports have followed the changes over time for women, and the average gait speed was 0.96 *
in patients with Werner syndrome. 0.56 m/sec. The grip strength and SMI met the
diagnostic criteria for sarcopenia. Approximately 30%
The Werner Syndrome Registry was established in 2017 of patients’ parents had consanguineous marriages.
to investigate the disease, recruit participants for clinical
trials, and provide information to patients and Regarding comorbidities, the malignant neoplasm was
physicians. In this report, the updated cross-sectional found in about 25% of the patients. The specific types
and longitudinal analyses of the Werner Syndrome identified were as follows: breast cancer, thyroid cancer
Registry database were performed to reveal the current (follicular and papillary), colon cancer, bladder cancer,
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Table 1. Patients’ characteristics at baseline.

% (n patients with

a

N this characteristic)
Major signs
Graying and/or loss of hair 51 98.0 (50)
Bilateral cataracts 51 100 (51)
Skin changes 51 98.0 (50)
Intractable skin ulcers 51 66.7 (34)
Soft tissue calcification 49 93.9 (46)
Bird-like face 51 92.2 (47)
High-pitched voice 51 82.4 (42)
Clinical symptoms
Diabetes, IGT 51 68.6 (35)
Dyslipidemia 51 66.7 (34)
Hypertension 48 39.6 (19)
Fatty liver 49 59.2 (29)
Cerebral bleeding 51 0(0)
Cerebral infarction 51 0(0)
AP or MI 51 2.0(1)
PAD 51 11.8 (6)
Malignant neoplasm 51 25.5 (13)
Amputation 51 11.8 (6)
Medications
(1) For diabetes
DPP-4 inhibitor 35 34.3(12)
Biguanide 35 34.3(12)
Thiazolidine 35 42.9 (15)
Alpha Gl 35 5.7(2)
Sulfonylurea 35 8.6 (3)
Glinide 35 0(0)
SGLT2 inhibitor 35 29(1)
GLP-1 analog 35 5.7 (2)
Insulin 35 14.3 (5)
(2) For dyslipidemia
Statin 34 58.8 (20)
Fibrate 34 29(1)
Ezetimibe 34 0(0)
EPA 34 14.7 (5)
lon exchange resin 34 0(0)
Nicotinic acids 34 14.7 (5)
(3) For hypertension, among others
Ca blocker 19 47.4 (9)
ARB 19 36.8 (7)
ACE inhibitor 19 0(0)
Alphal blocker 19 0(0)
Beta blocker 19 10.5 (2)
Diuretics 19 0(0)
Eplerenone 19 0(0)
Nitrate 48 0(0)
Aspirin 48 4.2 (2)
Antiplatelet 47 10.6 (5)
Warfarin 48 0(0)
Anticoagulant 47 21(1)

Total Male Female

N Mean £ SD N Mean + SD N Mean £ SD
Patients’ backgrounds
Registered age (years) 51 49.0+7.2 27 483+7.1 24 49.7+75
Onset age (years) 41 258+9.2 21 28.0+8.1 20 23.4+9.9
Diagnosed age (years) 50 41.8+8.2 26 41.8+6.0 24 41.8+10.3
Consanguineous marriage (%) 14/48 29.2 7124 29.2 724 29.2
Physical findings/function
Height (cm) 51 154.2 +10.5 27 160.1 +8.2 24 147.6 +8.7
Average 40s Japanese height (cm) 1715+538 158.1+5.4
Body weight (kg) 51 43.7£9.6 27 49.6 £ 8.6 24 37.1£55
Average 40s Japanese body weight (kg) 728+12.8 55.6 + 10.0
BMI (kg/m?) 51 183+3.1 27 194 +£32 24 171+£25
Average 40s Japanese BMI (kg/m?) 24740 223+40
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Systolic blood pressure (mmHg) 45 123+19 23 128 +19 22 118+ 18
Diastolic blood pressure (mmHg) 45 69 +13 23 73+11 22 65+ 13
Pulse (/min) 43 87+14 22 88 + 14 21 85+ 13
Waist circumference (cm) 30 772+11.1 17 80.2+11.3 13 73.2+9.9
Visceral fat area (cm?) 14 97.5+575 6 117.3 £ 63.6 8 82.7+51.7
Skeletal muscle mass index (kg/m?) 18 4.60+1.44 8 536 £1.61 10 3.99+£0.98
Grip strength (right) (kg) 32 18.1+8.8 17 22.8+8.6 15 129+55
Grip strength (left) (kg) 32 166+7.8 17 21.0+7.4 15 115146
Walking speed (m/sec) 16 0.96 = 0.56 8 1.03 £0.60 8 0.88 £ 0.55
Blood examinations

WBC (/uL) 50 7504 + 2268 27 7486 + 2605 23 7525 + 1855
RBC (x10%uL) 50 414 + 85 27 429+ 70 23 397 £ 99
Hb (g/dL) 50 126+2.1 27 13.2+21 23 120+1.9
Plt (x10%/uL) 50 28.6+9.1 27 260+7.2 23 31.7+10.2
AST (U/L) 51 31.6+175 27 349+19.6 24 27.8+14.4
ALT (U/L) 51 4124329 27 48.6 +38.2 24 33.0+23.9
yGTP (U/L) 49 98.3£103.6 27 95.1+96.4 22 102.2 +114.1
LDH (U/L) 48 223+ 161 27 234 + 208 21 210+ 65
ALP (U/L) 45 272+ 173 26 273 £ 149 19 271+ 205
ChE (U/L) 35 368+ 98 18 374+ 114 17 361 + 82
T-Bil (mg/dL) 44 0.55+0.25 25 0.57 £0.26 19 0.52+0.24
TP (g/dL) 47 7.77£0.57 26 7.78+0.51 21 7.74 £ 0.65
Alb (g/dL) 48 4.25+0.72 25 4.32+0.84 23 4.17 £ 0.59
UA (mg/dL) 46 539+1.32 25 559+1.24 21 5.15+1.40
BUN (mg/dL) 48 16.4+74 27 16.4+8.0 21 16.3+6.7
Cre (mg/dL) 50 0.77 £ 0.86 27 0.96 +1.13 23 0.54+0.19
eGFRcre (mL/min/1.73 m?) 50 98.3+36.3 27 92.3+28.5 23 105.3+43.3
BSA-uncorrected eGFRcre (mL/min) 50 77.8+27.0 27 79.6 £24.8 23 75.5£29.8
eGFRcys (mL/min/1.73 m?) 15 83.2+£29.5 10 86.1£30.3 5 77.4+30.3
Na (mEg/L) 48 140+ 3 26 139+3 22 140+ 3
K (mEg/L) 48 4.27+0.39 26 426 +0.43 22 4.27£0.36
Cl (mEg/L) 47 104 +3 25 104 +3 22 104+ 4
TC (mg/dL) 43 193 + 32 25 196 + 33 18 189+ 31
TG (mg/dL) 49 161+ 96 26 178+ 98 23 143+ 92
LDL-C (direct) (mg/dL) 39 119 £ 27 20 121+ 28 19 117 £ 26
HDL-C (mg/dL) 46 57+21 23 56 + 20 23 59 +21
HbAlc (%) 46 6.42 +1.25 23 6.29+0.98 23 6.55+1.49
FPG (mg/dL) 21 118 £ 29 10 123+ 36 1 112+21
PPG (mg/dL) 24 142 + 55 13 151+ 47 1 132 + 63

2N denotes the number of patients who had data. Regarding medications for diabetes, dyslipidemia, and hypertension, N means
the patients with diabetes, dyslipidemia, and hypertension. Abbreviations: IGT: Impaired glucose tolerance; AP: Angina pectoris;
MI: Myocardial infarction; PAD: peripheral artery disease; DPP-4: Dipeptidyl peptidase-4; alpha Gl: alpha glucosidase inhibitor;
SGLT2: Sodium-glucose cotransporter-2; GLP-1: Glucagon-like peptide-1; EPA: Eicosapentaenoic acid; Ca: Calcium; ARB:
Angiotensin- |l receptor blocker; ACE: Angiotensin-converting enzyme inhibitor; BMI: body mass index; SMI: skeletal muscle
mass index; WBC: white blood cell; RBC: red blood cell; Hgh: hemoglobin; PIt: platelet; AST: aspartate aminotransferase; ALT:
alanine aminotransferase; y-GTP: gamma-glutamyl transpeptidase; LDH: lactate dehydrogenase; ALP: alkaline phosphatase; ChE:
cholinesterase; T-Bil: total bilirubin; TP: total protein; Alb: albumin; UA: uric acid; BUN: blood urea nitrogen; Cre: creatinine; BSA:
body surface are; eGFR: estimated glomerular filtration rate; Na: natrium; K: potassium; Cl: chlorine; TC: total cholesterol; TG:
triglyceride; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; HbAlc: glycated
hemoglobin; FPG: fasting plasma glucose; PPG: postprandial plasma glucose; SD: standard deviation.

lung cancer, meningioma, malignant melanoma,
undifferentiated polymorphic sarcoma, osteosarcoma,
and soft tissue sarcoma.

angiotensin Il receptor blockers (ARBSs) were the two
most common types of drugs administered.

Regarding the blood examination, the gamma-glutamyl
transpeptidase (YGTP) level was twice higher than the
upper normal limit (for males 13-64, females 9-32 U/L).
As for lipid profile, the mean low-density lipoprotein
cholesterol (LDL-C) level was 121 + 28 mg/dL for men
and the mean triglyceride (TG) level was 161 + 96
mg/dL, which were both slightly higher values than the
normal range (for patients with diabetes, LDL-C

Regarding the drugs, the most commonly used drug for
diabetes mellitus was thiazolidine in 42.9% (15/35),
followed by dipeptidyl peptidase-4 inhibitor (DPP4i)
and metformin in 34.3% (12/35) of the patients with
diabetes. Approximately 58.8% (20/34) of the patients
with dyslipidemia were administered a statin. As for
hypertension, calcium channel blockers followed by
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120 mg/dL, TG 150 mg/dL). Concerning the glucose
profile, the mean glycated hemoglobin (HbAlc) was
6.42 £ 1.25%, the mean fasting plasma glucose was 118
+ 29 mg/dL, and the mean postprandial plasma glucose
was 142 + 55 mg/dL, which were all values within the
target range (HbAlc 6.5%, fasting plasma glucose 126
mg/dL, postprandial plasma glucose 200 mg/dL). As for
renal function, while the estimated glomerular filtration
rate calculated from serum creatinine (eGFRcre) was
98.3 + 36.3 mL/min/1.73 m?, the body surface area
(BSA)-uncorrected eGFRcre was 77.8 = 27.0 mL/min.
The GFR calculated from cystatin C (eGFRcys) was
83.2 £ 29.5 mL/min/1.73 m?. Dissociation was observed
between eGFRcre, BSA-uncorrected eGFRcre, and
eGFRcys (P = 0.0017).

Werner Syndrome Registry longitudinal analysis

Table 2 shows the comparison between the point of
registration and one year later. Although there were no
significant changes in physical examination findings
compared to the baseline regarding major signs, the
proportion of patients with intractable skin ulcers
tended to increase (62.5% vs. 75.0%, P = 0.350).
Regarding comorbidities, the percentage of patients
with malignant neoplasms tended to increase (20.8% vs.
25.0%, P = 1.000); four patients died from malignant
neoplasms (lung cancer and undifferentiated poly-
morphic sarcoma, osteosarcoma, soft tissue sarcoma,
and malignant melanoma), and one patient died from
renal failure.

Blood examinations showed significant decreases in the
white blood cell count (7266/uL vs. 6300/uL, P =
0.003), YGTP (96.6 mg/dL vs. 61.3 mg/dL, P = 0.010),
and total bilirubin (T-Bil; 0.57 mg/dL vs. 0.43 mg/dL, P
= 0.043). Significant decreases in total cholesterol (TC;
187.4 mg/dL vs. 164.1 mg/dL, P = 0.021), LDL-C
(118.4 mg/dL vs. 97.5 mg/dL, P = 0.033), and HbAlc
(6.43% vs. 6.08%, P = 0.030) were also observed.

Table 3 shows the comparison between the point of
registration and two years later. Due to the difference in
patients’ enrolled period, the number of observed
patients decreased by the end of the study. The mean
body weight decreased significantly (44.4 kg vs. 43.0
kg, P = 0.029). One patient died from brainstem
hemorrhage caused by a myelodysplastic syndrome
with overt acute myeloid leukemia infiltration to the
central nervous system.

The blood examination showed that glucose and lipid
metabolism were controlled within the target range, and
T-Bil decreased (0.55 mg/dL vs. 0.34 mg/dL, P =
0.039), while a new increase in the mean serum
potassium was observed (4.33 mEg/L vs. 5.48 mEq/L,

P = 0.022). Regarding therapeutic drugs, metformin
tended to increase, while thiazolidine tended to decrease
in association with diabetes, and the use of ARBs as
antihypertensive drugs were discontinued in two
patients using them.

Table 4 shows the comparison between the point of
registration and three years later. A significant decrease
in renal function was observed over time. At the point
of registration, the mean eGFRcre was 74.8
mL/min/1.73/m?, and the mean BSA-uncorrected
eGFRcre was 59.3 mL/min, whereas three years later,
the mean eGFRcre was 63.4 mL/min/1.73 m? (P =
0.078) and the mean BSA-uncorrected eGFRcre was
50.2 mL/min (P = 0.047), which correlated to a
decrease of approximately 3 mL/min (/1.73 m?) per a
year on average.

The results of the survey covering the entire period
regarding malignant neoplasms, renal function, and
aspiration pneumonia are described below.

Regarding malignant neoplasms, the morbidity due to
malignant neoplasms at baseline was 25.5% (out of 51
patients) and 31.4% in the entire survey period. Table 5
shows the type of malignant neoplasms and the age of
onset. The breakdown of the malignant neoplasm types
revealed epithelial neoplasms in eight patients (15.7%),
non-epithelial in four patients (7.8%), and both in three
patients (5.9%). Multiple neoplasms were found in 3/51
(5.9%) of all the patients enrolled, and 3/16 (18.8%) of
the patients with malignant neoplasms.

Regarding renal function, Figure 1 shows the age group
and the mean renal function during the entire survey
period. Of the three indices of renal function, there was
a discrepancy between eGFRcre and BSA-uncorrected
eGFRcre/eGFRcys. The mean eGFRcre, BSA-un-
corrected eGFRcre, and eGFRcys for each age decile
were as follows: 30s, 129.9/108.5/121.6; 40s,
93.7/74.5/69.0; 50s, 88.2/72.8/79.8; and 60s,
50.2/36.9/33.1.

Many patients with Werner syndrome have painful leg
ulcers and frequently use non-steroidal anti-inflammatory
drugs (NSAIDs). Frequent use of NSAIDs is connected
with an observed decrease in renal function. Table 6
shows that in the relationship between the presence of leg
ulcers and renal function, renal function tended to be low
in patients with leg ulcers, and eGFRcre, BSA-
uncorrected eGFRcre, and eGFRcys were as follows:
patients with leg ulcers, 91.5 + 30.5 mL/min/1.73 m? vs.
without leg ulcers, 112.9 + 43.9 mL/min/1.73 m?, P =
0.121; 73.7 £ 25.2 mL/min vs. 86.3 + 29.4 mL/min, P =
0.228; and 77.0 = 27.5 mL/min/1.73 m2 vs. 100.1 + 32.2
mL/min/1.73 m?, P = 0.240, respectively. In relation to

wWww.aging-us.com

3277

AGING



Table 2. Comparison between the point of registration and one year later.

% (n patients with this characteristic)

N - - P-value
at registration one year later
Major signs
Graying and/or loss of hair 24 100 (24) 100 (24) -
Bilateral cataracts 24 100 (24) 100 (24) -
Skin changes 24 95.8 (23) 95.8 (23) 1.000
Intractable skin ulcers 24 62.5 (15) 75.0 (18) 0.350
Soft tissue calcification 22 86.4 (19) 90.9 (20) 0.635
Bird-like face 24 83.3 (20) 87.5 (21) 0.683
High-pitched voice 24 83.3 (20) 83.3 (20) 1.000
Clinical symptoms
Diabetes, IGT 24 70.8 (17) 79.2 (19) 0.505
Dyslipidemia 24 79.2 (19) 83.3 (20) 0.712
Hypertension 22 45.5 (10) 36.4 (8) 0.540
Fatty liver 22 54.5 (12) 50.0 (11) 0.763
AP or Ml 24 4.2 (1) 8.3(2) 0.551
PAD 24 4.2 (1) 4.2 (1) 1.000
Malignant neoplasm 24 20.8 (5) 25.0 (6) 1.000
Medications
(1) For diabetes
DPP-4 inhibitor 23 21.7 (5) 26.1 (6) 0.730
Biguanide 23 26.1 (6) 34.8 (8) 0.522
Thiazolidine 23 34.8 (8) 30.4 (7) 0.753
Alpha GI 24 8.3(2) 4.2 (1) 0.551
Sulfonylurea 24 8.3(2) 4.2 (1) 0.551
SGLT2 inhibitor 24 4.2 (1) 0 (0) 0.312
GLP-1 analog 24 4.2 (1) 8.3(2) 0.551
Insulin 24 12.5(3) 12.5(3) 1.000
(2) For dyslipidemia
Statin 23 21.7 (5) 26.1 (6) 0.730
Fibrate 23 26.1 (6) 34.8 (8) 0.522
Ezetimibe 23 34.8 (8) 30.4 (7) 0.753
EPA 24 8.3(2) 4.2(1) 0.551
lon exchange resin 24 8.3(2) 4.2 (1) 0.551
(3) For hypertension and others
Ca blocker 24 20.8 (5) 20.8 (5) 1.000
ARB 24 12.5(3) 8.3(2) 0.637
Beta blocker 24 8.3(2) 8.3(2) 1.000
Diuretics 24 0 (0) 4.2 (1) 0.312
Aspirin 24 4.2 (1) 4.2 (1) 1.000
Antiplatelet 23 8.7(2) 13.0 (3) 0.636
Anticoagulant 23 4.3 (1) 4.3 (1) 1.000
Mean = SD
N - - P-value
at registration one year later
Physical findings/function
Body weight (kg) 21 45.1 £9.7 449+10.0 0.383
BMI (kg/m?) 21 18.4+2.38 18.0+2.9 0.279
Systolic blood pressure (mmHg) 19 124.0 £16.7 127.0+ 18.0 0.628
Diastolic blood pressure (mmHg) 19 723+95 73.7+113 0.571
Pulse (/min) 13 87.1+14.3 88.7+13.4 0.570
Waist circumference (cm) 8 80.3 £15.6 79.4+153 0.500
Mean grip strength (right) (kg) 8 186738 19679 0.469
Mean grip strength (left) (kg) 7 173+74 174 +£6.9 1.000
Blood examinations
WBC (/uL) 19 7266 + 1838 6300 + 1988 0.003
RBC (x10%/uL) 19 455.2 +60.1 435.2+75.4 0.447
Hb (g/dL) 19 13.42 +1.88 13.05+2.27 0.574
PIt (x10%uL) 19 28.3+6.8 26.5+9.9 0.050
AST (U/L) 20 30.3+12.2 30.7+13.4 0.958
ALT (U/L) 20 444 £29.2 37+255 0.383
yGTP (U/L) 20 96.6 £ 141.9 61.3+80.3 0.010
LDH (U/L) 18 195.9 + 36.7 191.7 + 39.6 0.827
ALP (U/L) 17 269.9+197.8 207.9+67.4 0.289
ChE (U/L) 16 395.1+78.0 376.9+71.6 0.323
T-Bil (mg/dL) 13 0.57+0.14 0.43+0.25 0.043
TP (g/dL) 19 8.02+0.51 7.84+0.49 0.172
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Alb (g/dL) 18 454 +0.58 4.47+048 0.510

UA (mg/dL) 18 5.37+1.42 5.23+1.36 0.641
BUN (mg/dL) 20 172+75 16.5+6.9 0.595
Cre (mg/dL) 20 0.775 +0.284 0.801 £0.293 0.157
eGFRcre (mL/min/1.73 m?) 20 85.4+24.1 82.8£27.6 0.408
BSA-uncorrected eGFRcre (mL/min) 17 70.8+£23.2 69.4 +26.6 0.109
Na (mEq/L) 20 139.7+1.3 140+ 1.7 0.486
K (mEg/L) 20 4.39+0.31 4.37£0.39 0.624
Cl (mEg/L) 20 104522 104.9 £ 2.7 0.123
TC (mg/dL) 16 187.4+£29.1 164.1 £26.2 0.021
TG (mg/dL) 19 172.3+93.2 153+ 744 0.390
LDL-C (direct) (mg/dL) 13 118.4 +28.5 97.5+20.4 0.033
HDL-C (mg/dL) 18 54.0 £10.6 56.1+£13.1 0.424
HbAlc (%) 18 6.43£0.84 6.08 £ 0.63 0.030
FPG (mg/dL) 5 1154 +40.1 105.4£10.5 0.625
PPG (mg/dL) 8 142.9£29.9 152.4 £38.7 0.641

Abbreviations: IGT: Impaired glucose tolerance; AP: Angina pectoris; MIl: Myocardial infarction; PAD: peripheral artery
disease; DPP-4: Dipeptidyl peptidase-4; alpha Gl: alpha glucosidase inhibitor; SGLT2: Sodium-glucose cotransporter-2; GLP-1:
Glucagon-like peptide-1; EPA: Eicosapentaenoic acid; Ca: Calcium; ARB: Angiotensin- Il receptor blocker; ACE: Angiotensin-
converting enzyme inhibitor; BMI: body mass index; SMI: skeletal muscle mass index; WBC: white blood cell; RBC: red blood
cell; Hgb: hemoglobin; Plt: platelet; AST: aspartate aminotransferase; ALT: alanine aminotransferase; y-GTP: gamma-glutamyl
transpeptidase; LDH: lactate dehydrogenase; ALP: alkaline phosphatase; ChE: cholinesterase; T-Bil: total bilirubin; TP: total
protein; Alb: albumin; UA: uric acid; BUN: blood urea nitrogen; Cre: creatinine; BSA: body surface are; eGFR: estimated
glomerular filtration rate; Na: natrium; K: potassium; Cl: chlorine; TC: total cholesterol; TG: triglyceride; LDL-C: low-density
lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; HbAlc: glycated hemoglobin; FPG: fasting plasma
glucose; PPG: postprandial plasma glucose; SD: standard deviation.

Table 3. Comparison between the point of registration and two years later.

% (n patients with this characteristic)

N - - P-value
at registration two years later

Major signs
Graying and/or loss of hair 20 100 (20) 100 (20) -
Bilateral cataracts 20 100 (20) 100 (20) -
Skin changes 20 95 (19) 100 (20) 0.311
Intractable skin ulcers 20 60 (12) 75 (15) 0.311
Soft tissue calcification 20 85 (17) 85 (17) 1.000
Bird-like face 20 85 (17) 80 (16) 0.677
High-pitched voice 20 80 (16) 80 (16) 1.000
Clinical symptoms
Diabetes, IGT 20 75 (15) 80 (16) 0.705
Dyslipidemia 20 75 (15) 80 (16) 0.705
Hypertension 19 42.1 (8) 42.1(8) 1.000
Fatty liver 19 47.4 (9) 52.6 (10) 1.000
Cerebral bleeding 20 0 (0) 5(1) 0.311
Cerebral infarction 20 0 (0) 5(1) 0.311
AP or Ml 20 5(1) 5(1) 1.000
PAD 20 0 (0) 5(1) 0.311
Malignant neoplasm 20 25.0 (5) 35.0 (7) 0.731
Medications
(1) For diabetes
DPP-4 inhibitor 19 31.6 (6) 26.3 (5) 1.000
Biguanide 19 211 (4) 36..8 (7) 0.476
Thiazolidine 19 47.4 (9) 31.6 (6) 0.508
Alpha GI 19 53(1) 0(0) 1.000
Sulfonylurea 19 10.5(2) 5.3(1) 1.000
GLP-1 analog 19 53(1) 10.5 (2) 1.000
Insulin 19 15.8 (3) 15.8 (3) 1.000

(2) For dyslipidemia
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Statin 19 63.2 (12) 52.6 (10) 0.743
Fibrate 19 5.3(1) 105 (2) 1.000
EPA 19 53(1) 53(1) 1.000
Nicotinic acids 19 10.5(2) 53(1) 1.000
(3) For hypertension, and others
Ca blocker 19 21.1 (4) 31.6 (6) 0.714
ARB 19 15.8 (3) 53(1) 0.604
Beta blocker 19 10.5(2) 105 (2) 1.000
Aspirin 19 5.3(1) 53(1) 1.000
Antiplatelet 18 5.6 (1) 5.6 (1) 1.000
Anticoagulant 18 5.6 (1) 0 (0) 1.000
N - - Mean £ SD P-value
at registration two years later
Physical findings/function
Body weight (kg) 19 4441495 43.0+10.3 0.029
BMI (kg/m?) 18 18.0+2.9 175+3.3 0.056
Systolic blood pressure (mmHg) 15 123.9+15.9 119.1+17.3 0.482
Diastolic blood pressure (mmHg) 15 725+104 70.3+8.9 0.270
Pulse (/min) 6 84.7+17.3 815+17.2 0.719
Waist circumference (cm) 6 746 +11.0 749+10.2 0.625
Mean grip strength (right) (kg) 5 16.5%6.9 150+4.1 0.438
Mean grip strength (left) (kg) 4 135%6.5 121+£31 0.625
Blood examinations
WBC (/uL) 16 6859 + 1696 7186 + 2261 0.836
RBC (x10%/uL) 16 4426 +52.8 412.6 +89.3 0.298
Hb (g/dL) 16 13.05+1.79 12.66 +2.85 0.850
PIt (x10%/uL) 16 28.33 £ 6.64 64.53 + 106.3 0.744
AST (U/L) 17 26.4+9.6 28.3+9.9 0.551
ALT (U/L) 17 35.8+27.4 31.6+20.8 0.923
yGTP (U/L) 16 82.4+129.3 71.1+78.4 0.536
LDH (U/L) 14 195.9 £ 39.6 202.4 + 46.6 0.366
ALP (U/L) 13 248.8 £215.0 205.0+111.2 0.906
ChE (U/L) 12 374.7+70.8 373.8+90.5 0.733
T-Bil (mg/dL) 9 0.55+0.16 0.34+£0.29 0.039
TP (g/dL) 16 7.96 £ 0.54 7.78 £0.61 0.774
Alb (g/dL) 15 4.44 +0.59 4.27 +0.68 0.668
UA (mg/dL) 15 5.38 £1.45 4.72+0.88 0.089
BUN (mg/dL) 16 17.7+8.0 17.2+6.7 0.657
Cre (mg/dL) 17 0.766 + 0.311 0.788 + 0.386 0.451
eGFRcre (mL/min/1.73 m?) 17 84.5+25.6 87.6+41.6 0.644
BSA-uncorrected eGFRcre (mL/min) 15 68.5+22.8 70.6 +33.6 0.639
Na (mEg/L) 16 139.7+14 138.8+3.6 0.461
K (mEg/L) 16 4.33+0.33 5.48 + 3.65 0.022
Cl (mEg/L) 16 104.7+£2.2 97.9+£26.2 0.892
TC (mg/dL) 12 182.0 £23.6 173.6 £26.5 0.531
TG (mg/dL) 15 146.1 £ 79.1 141.2 +53.4 0.836
LDL-C (direct) (mg/dL) 11 113.2+27.9 101.4+27.3 0.182
HDL-C (mg/dL) 14 57.1+10.7 55.2+11.1 0.726
HbAlc (%) 16 6.26 £ 0.65 6.31+1.02 0.550
PPG (mg/dL) 7 137.0£26.9 148.1+34.3 0.375

Abbreviations: IGT: Impaired glucose tolerance; AP: Angina pectoris; MI: Myocardial infarction; PAD: peripheral artery
disease; DPP-4: Dipeptidyl peptidase-4; alpha Gl: alpha glucosidase inhibitor; SGLT2: Sodium-glucose cotransporter-2; GLP-1:
Glucagon-like peptide-1; EPA: Eicosapentaenoic acid; Ca: Calcium; ARB: Angiotensin- Il receptor blocker; ACE: Angiotensin-
converting enzyme inhibitor; BMI: body mass index; SMI: skeletal muscle mass index; WBC: white blood cell; RBC: red blood
cell; Hgb, hemoglobin; PIt: platelet; AST, aspartate aminotransferase; ALT: alanine aminotransferase; y-GTP: gamma-glutamyl
transpeptidase; LDH: lactate dehydrogenase; ALP: alkaline phosphatase; ChE: cholinesterase; T-Bil: total bilirubin; TP: total
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protein; Alb: albumin; UA: uric acid; BUN: blood urea nitrogen; Cre: creatinine; BSA: body surface are; eGFR: estimated
glomerular filtration rate; Na: natrium; K: potassium; Cl: chlorine; TC: total cholesterol; TG: triglyceride; LDL-C: low-density
lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; HbAlc: glycated hemoglobin; FPG: fasting plasma
glucose; PPG: postprandial plasma glucose; SD: standard deviation.

Table 4. Comparison between the point of registration and three years later.

% (n patients with this characteristic)

N - - P-value
at registration three years later
Major signs
Graying and/or loss of hair 9 100 (9) 100 (9) -
Bilateral cataracts 9 100 (9) 100 (9) -
Skin changes 9 88.9 (8) 100 (9) 1.000
Intractable skin ulcers 9 66.7 (6) 77.8 (7) 1.000
Soft tissue calcification 9 100 (9) 100 (9) -
Bird-like face 9 77.8 (7) 77.8 (7) 1.000
High-pitched voice 9 77.8 (7) 88.9 (8) 1.000
Clinical symptoms
Diabetes, IGT 9 55.6 (5) 66.7 (6) 1.000
Dyslipidemia 9 66.7 (6) 77.8 (7) 1.000
Hypertension 8 50.0 (4) 62.5 (5) 1.000
Fatty liver 9 55.6 (5) 66.7 (6) 1.000
PAD 9 0 (0) 11.1 (1) 1.000
Malignant neoplasm 9 44.4 (4) 44.4 (4) 1.000
Medications
(1) For diabetes
DPP-4 inhibitor 9 22.2(2) 33.3(3) 1.000
Biguanide 9 11.1 (1) 22.2(2) 1.000
Thiazolidine 9 22.2(2) 11.1 (1) 1.000
GLP-1 analog 9 11.1 (1) 11.1 (1) 1.000
Insulin 9 11.1 (1) 11.1 (1) 1.000
(2) For dyslipidemia
Statin 9 55.6 (5) 55.6 (5) 1.000
Fibrate 9 11.1 (1) 11.1 (1) 1.000
EPA 9 11.1 (1) 11.1 (1) 1.000
Nicotinic acids 9 22.2(2) 11.1 (1) 1.000
(3) For hypertension and others
Ca blocker 8 37.5(3) 50.0 (4) 1.000
ARB 8 125 (1) 0 (0) 1.000
Beta blocker 8 125(Q) 125 (1) 1.000
Antiplatelet 8 125 (1) 125 (1) 1.000
Anticoagulant 8 125(Q) 0(0) 1.000
N _ _ Mean £ SD P-value
at registration three years later
Physical findings/function
Body weight (kg) 7 45.29 +4.62 44.30 + 4.57 0.281
BMI (kg/m?) 3 18.06 £ 1.43 17.35+1.69 0.500
Systolic blood pressure (mmHg) 5 132.8 £21.6 138.4+ 15.8 0.625
Diastolic blood pressure (mmHg) 5 74.0+10.77 76.6 +12.54 0.875
Pulse (/min) 4 925+12.0 935+222 0.875
Blood examinations
WBC (/uL) 6 7517 + 1699 8550 + 2671 0.313
RBC (x10%uL) 6 424.8 +69.7 394.7 £63.2 0.156
Hb (g/dL) 6 12.05 £2.02 12.15+1.82 0.688
PIt (x10%/uL) 6 29.23+5.44 33.27+7.01 0.156
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AST (U/L)

ALT (U/L)

yGTP (U/L)

LDH (U/L)

ALP (U/L)

ChE (U/L)

TP (g/dL)

Alb (g/dL)

UA (mg/dL)

BUN (mg/dL)

Cre (mg/dL)

eGFRcre (mL/min/1.73 m?)
BSA-uncorrected eGFRcre (mL/min)
Na (mEq/L)

K (mEg/L)

Cl (mEq/L)

TC (mg/dL)

TG (mg/dL)

LDL-C (direct) (mg/dL)
HDL-C (mg/dL)

HbALc (%)

PPG (mg/dL)

24742
28.6+145
435+32.3
195.9+39.9
204.5+100.9
374.2+98.0
7.94+0.20
4.34 £ 0.69
5.56 +1.40
23.1+91
0.904 £ 0.425
748 +335
59.3+252
139.3+16
451+0.37
1046 £29
179.8 +16.7
1141 +25.8
115.0+17.9
52.3+8.38
6.20+0.70
1440+ 24.8

W NN NNNNNNNONNOO N 0N

243+9.6
278174
58.4 +55.9
194.9 +26.5
241.2+69.4
376.0 £102.2
8.14 +£0.59
4.36 £0.29
491+1.03
25.6+12.3
1.133 £0.747
63.4+31.9
50.2 +£26.9
139.7+£2.0
4.96 +0.82
105.0 £3.8
189.7£25.9
126.6 £ 55.6
103.3+11.9
542+89
6.17 £0.91
139.0+11.1

1.000
0.734
0.398
0.563
0.156
1.000
0.641
1.000
0.109
0.438
0.078
0.078
0.047
0.531
0.141
0.922
0.563
0.578
0.375
0.375
0.875
1.000

Abbreviations: IGT: Impaired glucose tolerance; AP: Angina pectoris; MIl: Myocardial infarction; PAD: peripheral artery
disease; DPP-4: Dipeptidyl peptidase-4; alpha Gl: alpha glucosidase inhibitor; SGLT2: Sodium-glucose cotransporter-2; GLP-1:
Glucagon-like peptide-1; EPA: Eicosapentaenoic acid; Ca: Calcium; ARB: Angiotensin- Il receptor blocker; ACE: Angiotensin-
converting enzyme inhibitor; BMI: body mass index; SMI: skeletal muscle mass index; WBC: white blood cell; RBC: red blood
cell; Hgb: hemoglobin; Plt: platelet; AST: aspartate aminotransferase; ALT: alanine aminotransferase; y-GTP: gamma-glutamyl
transpeptidase; LDH: lactate dehydrogenase; ALP: alkaline phosphatase; ChE: cholinesterase; T-Bil: total bilirubin; TP: total
protein; Alb: albumin; UA: uric acid; BUN: blood urea nitrogen; Cre: creatinine; BSA: body surface are; eGFR: estimated
glomerular filtration rate; Na: natrium; K: potassium; Cl: chlorine; TC: total cholesterol; TG: triglyceride; LDL-C: low-density
lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; HbAlc: glycated hemoglobin; FPG: fasting plasma
glucose; PPG: postprandial plasma glucose; SD: standard deviation.

Table 5. Type of malignant neoplasms and age of onset.

,F\)l%t_'ent Age of onset (years) Type of malignant neoplasm Age grugzgg(yreeaprc;;tmg Status
1 32 Bladder cancer 61 Alive
2 36 Breast cancer 44 Alive
3 42 Colon cancer 56 Alive
4 48, 49 Papillary thyroid cancer, meningioma? 49 Alive
Myelodysplastic syndrome?, acute myeloid
5 48 kot Y y 48 Dead
6 50 Papillary thyroid cancer 50 Alive
7 52 Lung adenocarcinoma 53 Alive
8 52 Breast cancer 55 Alive
9 56 Melanoma? 58 Dead
10 57, 60, 64 Meningioma?, breast cancer, lung cancer 65 Alive
11 Unknown Osteosarcoma? 45 Dead
12 Unknown Thyroid follicular carcinoma 53 Alive
13 Unknown, unknown  Lung cancer, undifferentiated pleomorphic sarcoma? 55 Dead
14 Unknown Soft tissue sarcoma? 56 Dead
15 Unknown Lung adenocarcinoma 64 Alive
16 Unknown Unknown 64 Dead
aShows non-epithelial neoplasm.
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Table 6. Relationship between renal function and the presence of leg ulcers/the usage of NSAIDs.

Patients with ulcer

Patients without ulcer

N (mean + SD) N (mean + SD) P-value
eGFR (mL/min/1.73 m?) 34 91.5+30.5 16 112.9 +43.9 0.121
BSA-uncorrected eGFRcre
(mL/min) 34 73.7+25.2 16 86.3+29.4 0.228
eGFRcys (mL/min/1.73 m?) 11 770+ 275 4 100.1 +32.2 0.240

Patients with NSAIDs Patients without NSAIDs

N (mean + SD) N (mean + SD) P-value
eGFR (mL/min/1.73 m?) 9 94.0 + 28.7 41 99.2 +38.0 0.830
BSA-uncorrected eGFRcre
(mL/min) 9 745+ 26.3 41 785+ 274 0.910
eGFRcys (mL/min/1.73 m?) 3 75.0+9.2 12 85.2 +32.7 0.471

Abbreviations: NSAIDs: non-steroidal anti-inflammatory drugs; eGFR: estimated glomerular filtration rate; BSA: body surface

area.

the usage of NSAIDs, there was no difference in renal
function between the users and non-users, as follows:
NSAIDs user 94.0 + 28.7 mL/min/1.73 m? vs. non-user
99.2 + 38.0 mL/min/1.73 m?, P = 0.830; 745 + 26.3
mL/min vs. 78.5 + 27.4 mL/min, P = 0.910, and 75.0 +
9.2 mL/min/1.73 m? vs. 85.2 + 32.7 mL/min/1.73 m2 P =
0.471, respectively.

Two patients (4.9%) were hospitalized with aspiration
pneumonia; the age at onset was 67 years and 63 years,
respectively.

During the four-year follow-up, deaths could be
confirmed in six patients, of whom five died from

malignant neoplasms and one from renal failure. The
average age of death was 54.2 years (52.4 years for
malignant neoplasms and 63.0 years for renal failure).

DISCUSSION

Data from the registry described in this study revealed
the occurrence of changes over time for up to four years
after registration in patients with Werner syndrome in
Japan. Notably, a novel finding was that the index of
renal function may greatly deviate from the actual state
of renal function and that the rate of decline in renal
function may be rapid. Although there were case reports
regarding declining renal function in a patient with
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Figure 1. Average renal function in each age group over the entire survey period. The blue bar shows the eGFRcre. The red bar

shows the BSA-uncorrected eGFRcre. The green bar shows the eGFRcys.
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Werner syndrome [12-15], there was no report with a
large sample size and long-term follow-up. Moreover, it
was clarified that the morbidity due to malignant
neoplasms is higher than that of the general population,
the age of onset is younger, and both epithelial and non-
epithelial neoplasms exist in similar ratios. In addition,
aspiration pneumonia was observed in patients in their
sixties.

The life expectancy of patients with Werner syndrome
is extending [7] due to improvements in understanding
the pathology of Werner syndrome and the development
of medical treatments for diabetes and dyslipidemia [9].
Therefore, longer-term, more detailed follow-ups and
medical interventions are needed. Atherosclerotic
cardiovascular ~ diseases ~ (ASCVD),  malignant
neoplasms, sarcopenia, and leg ulcers were mentioned
as the main pathological conditions affecting the
prognosis of patients with Werner syndrome. The
medical intervention seems to be effective for
improving life quality [16-18]. Each important
comorbidity is now discussed as follows.

Malignant neoplasms

In this study, the morbidity due to malignant neoplasms at
baseline was 25.5% (13/51 patients). The morbidity due to
malignant neoplasms in patients with Werner syndrome is
increasing, and aging is a possible contributing factor
[19]. In other words, patients with Werner syndrome are
no longer dying from cardiovascular diseases at a young
age; therefore, the morbidity due to malignant neoplasms
may be increasing as a result.

Moreover, the ratio of epithelial neoplasms to non-
epithelial neoplasms is generally approximately 10:1,
while patients with Werner syndrome have very high
morbidity associated with non-epithelial neoplasms [19,
20]. Similarly, the ratio of epithelial neoplasms to non-
epithelial neoplasms was 12:7 for the entire study period.

Although the prevalence of epithelial neoplasms has
been reported to be significantly higher in patients with
diabetes compared to patients without diabetes [19],
Lauper et al. reported no association between diabetes
and epithelial or non-epithelial neoplasms [21]. In our
study, the prevalence of epithelial neoplasms in patients
with diabetes was 18.9%, and that in patients without
diabetes was 28.6%.

Furthermore, reportedly, the age of onset for malignant
neoplasm was low in patients with Werner syndrome,
with the predominant onset age for malignant
neoplasms being 25-65 years. In particular, the
morbidity due to non-epithelial neoplasms, in other
words, those of mesenchymal origin (sarcoma), is

particularly high (20%) in patients with Werner
syndrome before the age of 41 years [22]. In other
reports, the average age of malignant neoplasm onset
was 47.2 years for epithelial neoplasms, 45.2 years for
non-epithelial neoplasms, and 45.8 years for all
malignant neoplasms [19]. Figure 2 shows the
percentage of malignant neoplasms by onset in each age
group. Epithelial neoplasms developed at a younger
age, and the incidence of non-epithelial neoplasms
increased during the late 40s. The average age of onset
was 48.4 years for epithelial neoplasms, 52.5 years for
non-epithelial neoplasms, and 49.7 years for all
malignant neoplasms. Therefore, the age of onset of
non-epithelial neoplasms is higher than in previous
reports as well. This may be due to the fact that the
patients’ lifespan has been prolonged by cardiovascular
disease prevention and epithelial neoplasm treatment.

The table in Figure 2 shows the age-specific incidence
risk of malignant neoplasms in the general population in
Japan. Since the probability of malignant neoplasms in
the 30s and 60s of the general population is 1.2-21.6%,
the morbidity due to malignant neoplasms is higher in
the same age group of patients with Werner syndrome.
Malignant neoplasms onset is approximately 10 years
earlier in patients with Werner syndrome than in the
general population [23].

A high percentage of multiple neoplasms is also
characteristic of patients with Werner syndrome. In
other reports, there were multiple neoplasms in 5.3% of
all patients and 15-20% of patients with malignant
neoplasms [19, 24]. A similar tendency was observed in
this study.

Reportedly, two-thirds of neoplasms in the Werner
syndrome population were thyroid neoplasms,
malignant melanomas, meningiomas, soft tissue
sarcomas, leukemia and preleukemic conditions, and
osteosarcoma and bone neoplasms; in our study, half of
the patients with malignant neoplasms had these
neoplasms, and the incidence of breast and lung cancers
in the epithelial neoplasm group was also high [25].
Regarding osteosarcoma, X-ray screening of long bones
may be useful. Therefore, screening of these neoplasms
should be prioritized.

Currently, the main cause of death in patients with
Werner syndrome is malignant neoplasms development,
and malignant neoplasms greatly influence prognosis;
therefore, early detection and treatment by regular
screening from a younger age are both very important to
ameliorate their prognosis.

There are some cautions to be considered regarding
cancer treatment for patients with Werner syndrome.
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Reportedly, a patient with a heterozygous mutation in
the WRN gene and a retroperitoneal liposarcoma had
dramatic renal and hematological toxicity after
cytotoxic chemotherapy [26]. For patients with a WRN
mutation, close monitoring of the hematologic profile
and renal function is needed to avoid severe toxicities.
Furthermore, it was reported that radiotherapy is
contraindicated in most homozygous patients with
recessive radiosensitivity syndromes, including Werner
syndrome [27]. Therefore, safer and more effective new
cancer treatments for patients with Werner syndrome
are needed.

Recently, the mechanism of high morbidity and
treatment strategies for malignant neoplasm in patients
with Werner syndrome have been getting clear. The
Werner syndrome ATP-dependent helicase (WRN) is a
RecQ enzyme involved in the maintenance of genome
integrity. WRN is associated with Werner syndrome
and a predisposition to multiple cancers, such as

—_

Percentage of malignant neoplasm onset

in each age decile (%)
> o

35
30 m Total
m Epithelial neoplasm
25 —
m Non-epithelial neoplasm
20

multiple myeloma [28], myelodysplastic syndrome/
acute myeloid leukemia [29], colorectal cancer [30],
breast cancer [31], and ovarian cancer [32]. WRN
contributes to chromosomal stability for survival in both
normal and cancer cells [33]. WRN is also required for
DNA damage repair and the survival of cancer cells
with microsatellite instability (MSI) [34]. WRN
depletion induces double-strand DNA breaks and
promotes apoptosis and cell cycle arrest selectively in
MSI models. Loss of WRN leads to synthetic lethality
in mismatch repair-deficient/high MSI cells [35].

Genome-wide screening studies have reported that
WRN inhibition induces massive chromosome
disruption [36] and synthetic lethality in cancer cells
with high MSI [37, 38]. The development possibility of
novel therapeutic agents that target WRN for MSI-
associated cancers by pharmacological inhibition of
WRN helicase function has been reported [35, 36, 38].
Reportedly, exposure to small-molecule compounds,

5 I
, N |
30-39 40-49 50-59 60-69
Age group (years)

Age-specific incidence risk of malignant neoplasms in the general population

in Japan based on reference 20.

_ 0-39 years 0-49 years 0-59 years 0-79 years

Male (%)

Female (%) 23 6.2

21.6
211

43.0

12.3 32.7

Figure 2. Percentage of malignant neoplasms onset in each age decile in the patients with Werner syndrome. The blue bar
shows the percentage of total malignant neoplasms in each age group. The green bar shows the percentage of epithelial neoplasms in each
age group. The red bar shows the percentage of non-epithelial neoplasms in each age group. Patients with thyroid follicular cancer,
osteosarcoma, lung cancer/undifferentiated polymorphic sarcoma, and soft tissue sarcoma were excluded because the exact age of onset

was unknown.
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such as NSC 19630 (N-(1-(4-((4-methoxyphenyl)
amino) quinazolin-6-yl) ethyl)-3-(pyridin-3-yl) acryl-
amide) and NSC 617145 (5-(4-chlorophenyl)-4-(4-
methylphenyl)-4,5-dihydro-1H-imidazol-2-amine N-(4-
methylphenyl) sulfonylacetamide), which inhibits WRN
helicase activity, sensitizes cancer cells to DNA-
damaging agents [39] and DNA cross-linking agents
[40]. Sublethal dosage of small-molecule compounds
and the chemotherapy drug act synergistically to inhibit
cell proliferation and induce DNA damage in cancer
cells. These studies are still in progress and thus the
results are highly awaited.

Renal function

According to the renal function index, the discrepancy
was observed in patients with Werner syndrome. It may
be because patients with Werner syndrome have a
smaller body size and less muscle mass than those
without Werner syndrome.

The calculation of eGFRcre (mL/min/1.73 m?) requires
the serum creatinine level, age, and sex. The calculation
of BSA-uncorrected eGFRcre (mL/min) requires five
items: serum creatinine level, age, sex, height, and
weight. In other words, it considers the physique. The
calculation of eGFRcys (mL/min/1.73 m?) requires
three items: serum cystatin C level, age, and sex.
Therefore, it is not affected by muscle mass.

Since creatinine is easily affected by muscle mass, diet,
and exercise, eGFRcre is often higher in older adults
with less muscle mass, and discrepancies are likely to
be observed. The situation is similar to that in patients
with Werner syndrome. Therefore, in the patients with
Werner syndrome, it is considered that eGFRcre

dissociates from BSA-uncorrected eGFRcre and
eGFRcys.
It can be observed from Figure 1 that the

eGFRcys/eGFRcre ratios are <1.0. Reportedly, the
presence of low eGFRcys/eGFRcre ratios (<1.0) is
associated with sarcopenia [41]. In Figure 1, the
eGFRcys/eGFRcre ratio is also low in non-elderly
people, which may reflect that patients with Werner
syndrome are small and have low muscle mass even at a
young age. Therefore, there are concerns due to the
dissociation of the renal function indices. Side effects
may likely occur when using medicines such as
antibiotics and NSAIDs for patients with poor renal
function. For patients with extremely small body size
and decreased renal function, the use of BSA-
uncorrected eGFRcre or eGFRcys is preferable to
eGFRcre. It is important to carefully consider which
renal function index to use before deciding the amount
of medicine to be used.

The other problem is that when there is a worse
eGFRcys than eGFRcre, it is associated with a higher
risk of death and end-stage renal disease [42, 43].
Therefore, it is necessary to carefully follow the course
of a patient’s renal function.

Renal function (eGFRcre, BSA-uncorrected eGFRcre)
tended to decrease over three years, and BSA-uncorrected
eGFRcre showed a significant decrease. The average rate
of decline in BSA-uncorrected eGFRcre in the patients
with Werner syndrome was 9.1 mL/min for three years,
that is, approximately 3 mL/min in a year. In addition, as
Figure 1 shows, the decrease in renal function is
remarkable in the 30s and after the 50s. The average rate of
decline in eGFR for general Japanese people aged 40 and
above is 0.36 mL/min/1.73 m? (males 40-49 years: 0.35
mL/min/1.73 m?; 50-59 years: 0.31 mL/min/1.73 m?; 60—
69 years: 0.37 mL/min/1.73 m? 70-79 years: 0.42
mL/min/1.73 m?; females 40-49 years: 0.41 mL/min/1.73
m2; 50-59 years: 0.31 mL/min/1.73 m?; 60-69 years: 0.32
mL/min/1.73 m?; and 70-79 years: 0.39 mL/min/1.73 m?)
[44]. Therefore, this suggests that the rate of renal function
decline was faster than that of the general population of the
same age.

While the management of diabetes and hypertension was
appropriate, the use of analgesics such as NSAIDs was
considered one of the reasons that the rate of renal function
decline was rapid. Approximately 70% of patients with
Werner syndrome develop painful intractable ulcers, and
NSAIDs are frequently used. Although there was no
relationship between leg ulcers or NSAIDs and renal
function in this three-year follow-up, various factors, such
as the presence of peripheral angiopathy, also affect the
results; therefore, it may be necessary to pay attention to
the dose of NSAIDs in patients with painful intractable
ulcers. The use of NSAIDs in older adults is often noted,
and similar caution is needed in patients with Werner
syndrome, even the non-elderly, whose renal dysfunction
cannot be predicted by eGFRcre alone. For other
medicines, such as antibiotics, anti-cancer drugs, and
ARBs, it is also necessary to care about drug-induced renal
damage or side effects due to overdose.

diseases and

Atherosclerotic  cardiovascular

metabolic diseases

ASCVDs, such as myocardial infarction, angina pectoris,
and atherothrombotic cerebral infarction, were not
common during the study period. The reduction of
ASCVD appears to be extending the life expectancy of
patients with Werner syndrome. This is presumed to be
associated with the improved management of metabolic
diseases such as diabetes, dyslipidemia, and hyper-
tension. Regarding diabetes treatments, similar to
findings in a previous report [9], pioglitazone, metformin,
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and insulin sensitizers were often wused. While,
longitudinally, the percentage of metformin use has
increased more than that of pioglitazone, suggesting that
the negative effects of pioglitazone on osteoporosis may
be considered. Among those with dyslipidemia, statins
were used in 58.8% of patients. Although the baseline
data were generally within the control target range over
four years, the LDL-C level decreased more from
baseline, suggesting suitable interventions took place.
Hypertriglyceridemia should also be noted. It was
reported that a 29-year-old patient with Werner syndrome
and hypertriglyceridemia (triglyceride level of 3900
mg/dL) had advanced three-vessel disease requiring
coronary artery bypass graft surgery [45]. Therefore, in
addition to statins, management of hypertriglyceridemia
may also be needed. Regarding antihypertensive
medications, the use of ARBs decreased in patients over
the four years, and eventually, there were no patients
using ARBs. Hyperkalemia was cited as one of the
reasons for medication discontinuation, suggesting a
relationship with impaired renal function. Although
metabolic diseases were sufficiently controlled overall, as
life expectancy prolongs, appropriate medications must
be selected to address potential side effects. Moreover,
patients with severe aortic stenosis [46, 47] and heart
failure due to impaired coronary microcirculation with no
coronary artery stenosis have been reported [48].
Therefore, a comprehensive evaluation of arteriosclerosis
in patients with Werner syndrome is still needed.

Sarcopenia

The sarcopenia diagnostic criteria by the Asian
Working Group for Sarcopenia 2019 [49] has three
indicators, of them, the following three indicators were
used in this survey: 1) grip strength (male/female) <28
kg/<18 kg, 2) walking speed <1.0 m/s, and 3) SMI dual-
energy X-ray absorptiometry <7.0 kg/m? (male) and
<5.4 kg/m? (female), SMI bioimpedance, <7.0 kg/m?
(male) and <5.7 kg/m? (female). As Table 1 shows, the
mean values of grip strength and SMI in the present
registry met the criteria of 1) and 3), and sarcopenia was
suspected. The patients with Werner syndrome tended
to have sarcopenia obesity (visceral fat increase despite
low BMI). It was reported that sarcopenia tended to
appear before visceral fat accumulation [50]. Moreover,
over the years, body weight, BMI, and grip strength
tended to decrease in this study. The adipogenic and
chondrogenic differentiation capacity was significantly
decreased in the foot fibroblasts of patients when
Werner syndrome in vitro. It may partially explain the
underlying mechanism of sarcopenia in patients with
Werner syndrome [51]. The presence of sarcopenia may
be related not only to QOL reduction but also to renal
function evaluation, as aforementioned, suggesting that
sarcopenia prevention is needed. Measures such as

leucine intake [52, 53] and strength training [54, 55],
which have general preventive effects on sarcopenia,
should be considered. Ghrelin receptor agonist has been
shown to increase body weight, muscle mass, and
appetite in patients with cancer cachexia [56, 57]. These
findings suggest that ghrelin receptor agonist also may
be effective in patients with Werner syndrome, in whom
skeletal muscle mass is significantly reduced.

Other complications associated with aging

As lifespans prolong, complications such as aspiration
pneumonia, which are often seen in late older adults, are
increasing. Two patients with aspiration pneumonia were
reported in this survey. They were aged in their 60s and
were thus younger than the average age group that
generally experienced aspiration pneumonia. Vaccinations
to prevent pneumonia in those aged in their early 60s and
oral care may be useful preventive measures. Further, the
use of benzodiazepine should be avoided.

This study is limited because the evaluated registry does
not cover all patients with Werner syndrome in Japan.
However, almost half of the patients confirmed in a
previous national survey registered; therefore, the
clinical evidence was established based on a highly
universal (and the largest) database of Werner
syndrome in Japan.

Although the overall prognosis of patients with Werner
syndrome is improving, new opportunities for early
diagnosis and treatment intervention are still needed. It
has been suggested that the inclusion of the WRN gene
in genetic analyses for early-onset diabetes,
lipodystrophy, or dyslipidemia may offer an opportunity
to diagnose patients with Werner syndrome long before
the presentation of the full spectrum of symptoms and
complications, enabling earlier interventions, including
malignant neoplasm screenings and prevention of
diseases listed in the clinical criteria [58]. Recently,
novel senescent markers, ATP6VVOD1 and RTN4, were
shown to be increased in cells derived from patients
with Werner syndrome, raising a possibility that they
may serve as markers of disease progression [59].
Similarly, ribonuclease H2 subunit A (RNaseH2A) was
shown to be downregulated in Werner syndrome cells
as well as selected cancer cells [60]. Therefore, it may
also be used as a diagnosis and severity marker. It was
reported that patients with Werner syndrome have
thinning of the retinal nerve fiber layer, ganglion cell
complex, and choroidal thickness and the loss of visual
field [61]. It may be useful for early diagnosis to have
retinal and choroidal check-ups with the optical
coherence tomography images when patients present
with juvenile cataracts of unknown cause. For early
detection of complications, genetic testing for
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complications, such as malignant neoplasms, may also
be useful, when Werner syndrome is diagnosed. Early
detection makes it possible to reduce risk factors such
as smoking and to do early prevention and treatment.

Regarding renal protection, renin-angiotensin system
inhibitors are hard to use, since many patients stopped
their usage due to hyperkalemia. Additionally, sodium-
glucose cotransporter 2 inhibitors are also difficult to
use due to concern of sarcopenia in patients with
Werner syndrome. However, a mineralocorticoid
receptor antagonist, finerenone, may be a good
candidate, since it is less likely to cause hyperkalemia.

Regarding intractable skin ulcers, treatment with a
functional peptide SR-0379 was found to be safe, well-
tolerated, and effective for leg ulcers in patients with
Werner syndrome in clinical trials [62, 63].

Reportedly, p38 inhibitors reduced the accelerated cell
senescence in primary fibroblasts from patients with
Werner syndrome [64]. It is believed that in the near
future, p38 inhibitors may be used in in vivo studies.
Nicotinamide adenine dinucleotide (NAD) is important
for the activation of sirtuin, a type of protein involved in
regulating cellular processes including the aging and
death of cells. NAD levels decrease in patients with
Werner syndrome [65], therefore supplementation with
NAD precursors may be effective. A clinical trial with
nicotinamide riboside, a precursor of NAD, which may
be effective for intractable ulcers, sarcopenia, and
ASCVD, is investigating the safety and efficacy in
patients with Werner syndrome [66]. Using state-of-the-
art technologies, such as genome, transcriptome, and
epigenome analyses [67], study of the generation of iPS
cells from patients with Werner syndrome and the
correction of the WRN gene by the CRISPR/Cas9-
mediated methods [68] will create new treatments for
patients with Werner syndrome.

In conclusion, this study clarified secular changes in
multiple patients with Werner syndrome. The morbidity
due to malignant neoplasms is high even in those of
young age; therefore, it is necessary to carry out active
and detailed screening examinations for malignant
neoplasms. Renal function declines rapidly; therefore,
evaluation based on BSA-uncorrected eGFRcre or
eGFRcys and attention to the type and amount of drugs
used are needed.

MATERIALS AND METHODS
Werner Syndrome Registry (patient registration system)

To reveal the disease profile and prognosis and to seek
suitable medical intervention methods, the Werner

Syndrome Registry was established. Based on the
results of a nationwide primary survey, the patients
were recruited to the registry from facilities with
patients definitively diagnosed with Werner syndrome
according to the diagnostic criteria [20].

The study complied with the ethical rules for human
experimentation as specified in the Declaration of
Helsinki. The study received approval from the Ethics
Board of Chiba University on 27th July 2016 (approval
number: 278) and from the Ethics Board of Kyoto
University on 29th January 2020 (approval number:
R2370). The study was registered at the UMIN Clinical
Trial Registry (https://upload.umin.ac.jp/cgi-open-bin/ctr
e/ctr_view.cgi?recptno=R000034058) on 3rd November
2017 (ID: UMINO000029812). Written informed consent
was obtained from patients before registration.

The key inclusion criteria for the registry were as
follows: 1) patients with confirmed Werner syndrome
based on the diagnostic criteria [20], and 2) patients
who provided written informed consent prior to their
participation in the registry. There were no exclusion
criteria. The registry data included patient background
(age at the time of onset, diagnosis, and registration;
height, weight, BMI, abdominal circumference, and
presence of consanguineous marriage), characteristic
major signs and clinical symptoms, comorbidities
(diabetes mellitus, impaired glucose tolerance,
dyslipidemia, hypertension, fatty liver, cerebrovascular
diseases, cardiovascular diseases, peripheral artery
disease, foot amputation, and malignant neoplasms), the
pattern of gene mutation, blood examination (blood cell
count, biochemistry, liver and renal functions, and
glucose and lipid profiles), visceral fat area, SMI,
physical function (grip strength and walking speed), and
treatment content. Renal function was evaluated using
the following three indices: eGFRcre, BSA-uncorrected
eGFRcre, and eGFRcys.

The calculation formula of each eGFR index was as
follows:

(1) eGFRcre (mL/min/1.73 m?)

Male: eGFRcre (mL/min/1.73 m?) = 194 x Cr10% x
Agef0.287

Female: eGFRcre (mL/min/1.73 m?) = 194 x Cr 0% x
Age 9287 x 0.739

(2) BSA-uncorrected eGFRcre (mL/min) = eGFRcre x
(BSA/1.73)

BSA can be calculated using the Du Bois method.
BSA (m?) = Height (cm)®725 x Weight (kg)°4% x
0.007184.
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(3) eGFRcys (mL/min/1.73 m?)

Male: eGFRcys (mL/min/1.73 m?) = {104 x CysC 1019
x 0.996%%} -8

Female: eGFRcys (mL/min/1.73 m?) = {104 x CysC 102
x 0.996¢ x 0.929} -8

The datasheets were collected from the facilities
annually. The collected data were subsequently inputted
into the registration system Fountayn (previously named
DATATRACK ONE) (NTT DATA, Tokyo, Japan) [9].

Cross-sectional analysis and longitudinal analysis

The data were extracted on May 12, 2022. Data
obtained at the registration time of each patient were
analyzed through a cross-sectional analysis study
model. For longitudinal analysis of the data in the
Werner Syndrome Registry, the data at the time of
initial registration and after one, two, and three years
were compared in the patients with such data. For
continuous variables, the paired t-test was used for
items with a normal distribution, and the Wilcoxon
signed-rank test was used for items with a non-normal
distribution. For binary variables, Pearson’s chi-squared
test was used for items with 20 patients and more, and
Fisher’s exact test was used for items with less than 20
patients included. All data were analyzed with JMP pro
15 (SAS Institute, Cary, NC, USA). A p-value less than
0.05 was considered statistically significant.

The prevalence of malignant neoplasms and aspiration
pneumonia was also investigated for the entire period
from registration to three years later. Regarding
malignant neoplasms, the presence or absence of
malignant neoplasms, categorization of epithelial or
non-epithelial neoplasms, and type of neoplasms were
investigated.

Moreover, the association between renal function and
leg ulcers/INSAIDs was also investigated. The
relationship between renal function (eGFRcre, BSA-
uncorrected eGFRcre, and eGFRcys) and both the
presence or absence of leg ulcers and the use of
NSAIDs were investigated using the baseline data.
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ABSTRACT

Werner syndrome (WS) is a hereditary premature aging disorder characterized by visceral fat accumulation and
subcutaneous lipoatrophy, resulting in severe insulin resistance. However, its underlying mechanism remains
unclear. In this study, we show that senescence-associated inflammation and suppressed adipogenesis play a
role in subcutaneous adipose tissue reduction and dysfunction in WS. Clinical data from four Japanese patients
with WS revealed significant associations between the decrease of areas of subcutaneous fat and increased
insulin resistance measured by the glucose clamp. Adipose-derived stem cells from the stromal vascular
fraction derived from WS subcutaneous adipose tissues (WSVF) showed early replicative senescence and a
significant increase in the expression of senescence-associated secretory phenotype (SASP) markers.
Additionally, adipogenesis and insulin signaling were suppressed in WSVF, and the expression of adipogenesis
suppressor genes and SASP-related genes was increased. Rapamycin, an inhibitor of the mammalian target of
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rapamycin (mTOR), alleviated premature cellular senescence, rescued the decrease in insulin signaling, and
extended the lifespan of WS model of C. elegans. To the best of our knowledge, this study is the first to reveal
the critical role of cellular senescence in subcutaneous lipoatrophy and severe insulin resistance in WS,
highlighting the therapeutic potential of rapamycin for this disease.

INTRODUCTION

Werner syndrome (WS) is a rare monogenic premature
aging disorder caused by WRN, a gene that encodes a
RecQ-type DNA helicase which is involved in DNA
replication and repair [1]. The first symptoms of WS-
associated premature aging appear after puberty [2] and
include age-related diseases such as diabetes mellitus,
dyslipidemia, cardiovascular diseases, and malignant
neoplasms [3, 4]. Therefore, research on WS is important
as it can provide insights into the pathogenesis and
development of treatments not only for WS but also for
general age-related diseases [5].

Visceral fat accumulation induces diabetes and other
metabolic diseases [6]. Moreover, obesity induces
chronic inflammation, leading to insulin resistance [7-9].
However, the role of subcutaneous fat in insulin
resistance remains unclear. Lipodystrophy, characterized
by the loss of adipose tissues, is often accompanied and
aggravated by insulin-resistant diabetes mellitus [10].
WS is characterized by the accumulation of visceral fat
and loss of subcutaneous fat (lipodystrophy) in the
extremities [11] and is often associated with insulin-
resistant diabetes [12], which suggests an association
between subcutaneous fat atrophy and insulin resistance.
However, the pathogenesis of subcutaneous fat atrophy
in WS is not clear. Therefore, this study aimed to reveal
the pathogenesis of subcutaneous fat atrophy in the
extremities of patients with WS.

RESULTS

A decrease in subcutaneous fat is associated with
aggravated insulin resistance in patients with WS

In this study, the hyperinsulinemic-euglycemic clamp
technique was used to assess insulin resistance in four
patients with WS attending our hospital. The
characteristics of the four patients are listed in Table 1.
Two of the four patients were female, and the median
age of the patients was 46 years old (Table 1). The
median values of the body mass index (BMI) and
skeletal muscle mass index (SMI) were 19.5 and 4.7,
respectively, indicating sarcopenia with a relatively
small body weight (Table 1). Moreover, we assessed
visceral and subcutaneous fat areas using abdominal
computed tomography (CT), which showed visceral fat
area (VFA) accumulation and a low percentage of the
subcutaneous fat area (SFA) (Table 1). The median

value of glucose infusion rate (GIR) was 3.8
mg/kg/min, indicating insulin resistance (normal range
> 6.0 mg/kg/min; Table 1). Additionally, to investigate
the association between lipodystrophy and insulin
resistance, we compared subcutaneous fat area/total fat
area (SFA/TFA) to the GIR and found a significant
positive correlation (R? = 0.95, p = 0.024; Figure 1).
These results suggest that subcutaneous fat loss in
patients with WS may be associated with aggravated
insulin resistance.

The stromal vascular fraction of patients with WS
exhibits premature cellular senescence with increased
expression of senescence-associated inflammatory
genes

Next, we assessed adipose-derived stem cells from
the stromal vascular fraction (SVF) obtained from
subcutaneous adipose tissues of a patient with WS in
vitro. The SVF derived from the subcutaneous fat of a
64-year-old healthy individual (HSVF) was compared
to that of a 47-year-old patient with WS (WSVF), and
both individuals were women. Analysis of the cell
growth curve showed that WSVF exhibited premature
cell proliferation arrest (Figure 2A). WSVF cells also
exhibited senescence-like morphology with enlarged
and flattened cell shape at an early passage (population
doubling level: PDL 10; Figure 2B). Additionally,
quantitative polymerase chain reaction (qPCR) analysis
revealed that the telomere length was significantly
shortened in WSVF (p < 0.0001; Figure 2C). The
number of senescence-associated PB-galactosidase (SA-
B-gal) positive cells was increased in WSVF compared
to HSVF (indicated by black arrows, Figure 2D).
Furthermore, WSVF showed increased expression
levels of senescence-associated inflammatory cytokines,
SASP genes, such as IL6 (p < 0.001) and CXCL8
(p < 0.0001). The expression of CDKN1A (p < 0.0001)
and CDKN2A (p < 0.001), major cyclin-dependent kinase
inhibitors, also increased in WSVF compared to HSVF
(Figure 2E). These results indicate that the SVF of
patients with WS exhibits premature cellular senescence
with increased expression levels of SASP genes.

WSFV exhibits distinct gene expression

To investigate the gene expression and pathways
involved in cellular senescence in WSVF, we performed
a transcriptome analysis of WSVF and HSVF. We
analyzed the data using k-means clustering and
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Table 1. Characteristics of the four patients with WS in our study.

Case Normal range #1 #2 #3 #4 Median
Age [years old] 48 44 44 64 46
Sex Man Woman Man Woman

BMI [kg/m?] 19.6 20.3 19.4 15.1 19.5
SMI [kg/m?] M: > 6.87 F: > 5.46 4.7 5.7 4.6 2.7 4.7
TFA [cm?] 238.0 248.8 329.0 191.3 2434
VFA [cm?] <100 108.9 128.3 205.8 97.4 118.6
SFA [cm?] 129.2 120.6 123.2 93.9 121.9
V/S ratio 0.84 1.06 1.67 1.04 1.05
S/T ratio 0.54 0.48 0.37 0.49 0.49
GIR [mg/kg/min] >6 4.9 4.1 1.7 3.5 3.8

conducted a pathway analysis using gene ontology (GO)

senescence-related cell cycle

regulators, such as

biological processes. The top 2000 genes with the largest
changes in expression were analyzed; 821 genes were
upregulated and 1179 genes were downregulated in
WSVF compared to HSVF (Figure 3A, 3B). Pathway
analysis using GO biological processes revealed that
genes related to cell adhesion and cell structure were
upregulated in WSVF whereas those related to
chromosome organization and segregation, nuclear
division, and cell cycle were downregulated (Figure 3B).
These results were consistent with premature cellular
senescence.

Adipogenesis is suppressed in WS

We subsequently performed adipogenesis experiments
to evaluate the adipogenic potential of WSVF. The
protocol for adipogenic differentiation is shown in
Figure 4A. During adipogenesis, the number of cells
with lipid droplets increased in HSVF (Figure 4A). Oil
Red O staining showed that the stained areas were
reduced in WSVF on both days 9 and 15 (Figure 4B).
Moreover, quantification of the Oil Red O-stained area
showed that the number of cells positive for Oil Red O
staining was significantly decreased in WSVF
compared to that in HSVF on both days 9 and 15,
indicating suppressed adipogenesis in WSVF (p < 0.01;
Figure 4C). During adipogenesis, WSVF exhibited
decreased expression levels of PPARG (p < 0.0001) and
FABP4 (p < 0.0001), adipogenesis-related genes, and
ADIPOQ (p < 0.001) and LEP (p < 0.01) compared to
HSVF (Figure 4D). In contrast, WSVF exhibited
increased expression levels of TIMP1 (p < 0.01) and
YAP1 (p < 0.05), which are suppressors of adipogenesis
[13, 14] but decreased expression levels of NAMPT
(p < 0.001), which is a gene related to mitochondrial
function, compared to HSVF (Figure 4D). Furthermore,
during adipogenesis, the expression levels of the
inflammatory molecules SASP, such as IL6 (p < 0.001),
CXCL8 (p < 0.01), and IL1B (p < 0.05), and those of

CDKN1A (p < 0.01) and CDKN2A (p < 0.01), were
increased in WSVF compared to HSVF (Figure 4D).
Interestingly, TCF21, whose expression is usually
increased in visceral fat [15, 16], was also increased (p
< 0.01) in WSVF compared to HSVF (Figure 4D).
These results suggest that adipogenesis is suppressed
and inflammatory genes are increased in WS.

Insulin signaling is suppressed in WS

We investigated insulin-related pathways in WSVF
using western blotting. After stimulation with insulin,
the protein expression levels of p-Akt compared to Akt
in WSVF were lower than those in HSVF (Figure 5A).
The p-Akt/Akt ratio was reduced to 68.6% in WSVF
compared to that in HSVF (Figure 5B). IRS1 and PI3K
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Figure 1. The SFA/TFA ratio is correlated with the GIR.
Four patients with WS patients were included. The correlation
coefficient between the SFA/TFA and GIR; R2 = 0.95, p = 0.024;
for statistical analysis, simple linear regression analysis was
performed. WS: Werner syndrome; TFA: total fat area; SFA:
subcutaneous fat area; GIR: glucose infusion rate.
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Figure 2. WSVF exhibits cellular senescence and increased expression levels of inflammatory genes. (A) Growth curves of SVF
derived from a healthy individual and a patient with WS. (B) Comparison of the morphological features of the SVFs. Scale bar, 300 pum.
(C) Quantification of the telomere length analyzed by quantitative real-time polymerase chain reaction. Data are presented as means + S.E.M.
of three technical replicates. For statistical analysis, student t-test was performed (****p < 0.0001). (D) Representative images of SA-B-gal
staining of SVF. Black arrows indicate SA-B-gal-positive cells. Scale bar, 300 um. (E) Quantitative real-time polymerase chain reaction of the
relative expression of senescence-related genes. Data are presented as means * S.E.M. of three technical replicates. For statistical analysis,
student t-test was performed (ns, not significant; ***p < 0.001; ****p < 0.0001). WS: Werner syndrome; SVF: stromal vascular fraction; SA-B-
gal: senescence-associated B-galactosidase.
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were decreased in WSVF (Supplementary Figure 3).
Moreover, similar results were obtained for WS
fibroblasts where the p-Akt/Akt ratio was reduced in
WS fibroblasts compared to that in normal fibroblasts
(Supplementary Figures 1, 2). These in vitro results
suggest aggravated insulin resistance in WS.

Rapamycin ameliorates cellular senescence in
SVF and extends the life span of WRN-knockout
Caenorhabditis elegans

Rapamycin extends the lifespan of many species by
inhibiting the mTOR pathway [17]. Therefore, we used
rapamycin as an agent to inhibit cellular senescence.
Treatment with rapamycin prolonged the final PDL
attained in both HSVF and WSVF (Figure 6A).
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Moreover, rapamycin rescued the altered morphology
of WSVF from swollen and flattened senescent cells to
spindle-shaped cells (Figure 6B). In addition, treatment
with rapamycin resulted in a significant decrease in SA-
B-gal-positive or senescent cells in both HSVF and
WSVF (p < 0.0001; Figure 6C, 6D).

To investigate the effect of rapamycin on autophagy, we
investigated LC3 using western blotting and found that
LC3-1I/LC3-I [18] expression levels were increased in
WSVF (Figure 6E, 6F), suggesting that autophagosome
excessively accumulates in WSVF. Treatment with
rapamycin further increased LC3-I1/I ratio in WSVF.
The mTOR and S6K phosphorylation were decreased
with the addition of rapamycin in SVF, confirming the
general effect of rapamycin (Supplementary Figure 3).

Up-regulated pathways
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Figure 3. Transcriptome analysis reveals distinct gene expression in WSVF. (A) k-means clustering of HSVF and WSVF. (B) List of the
top ten gene ontology terms and corresponding p values related to Figure 3A. Pathway analysis of the top 2000 transcriptome using GO
biological process. WS: Werner syndrome; SVF: stromal vascular fraction; HSVF: SVF derived from a healthy individual; WSVF: SVF derived

from a patient with WS.
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Figure 4. Adipogenesis is suppressed in WS. (A) Schematic illustration of the adipogenesis experiment. Representative images on days
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performed (ns, not significant; *p < 0.05; **p < 0.01; ***p <0.001). WS: Werner syndrome; SVF: stromal vascular fraction; HSVF: SVF derived
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Rapamycin also restored the p-Akt (S473)/Akt ratio
from 55.1% to 191.2% and p-Akt (T308)/Akt ratio from
45.0% to 387.2% in WSVF compared to HSVF under
stimulation with insulin (Figure 6G-6l). Moreover,
similar results were obtained for WS fibroblasts
(Supplementary Figure 2). Furthermore, in vivo, 1 uM
(p < 0.01) and 10 pM (p < 0.05) of rapamycin
significantly prolonged the life span of WRN-knockout
C. elegans (gk99) (Figure 6J). Moreover, the expression
of daf-16, a gene repressed by mammalian target of
rapamycin complex 1 (mTORC1), increased in gk99
treated with 1 pM and 10 uM of rapamycin on days 4
and 11 (p < 0.01) (Figure 6K, 6L). These results suggest
that rapamycin rescues cellular senescence and insulin
resistance in WSVF, and extends the lifespan of the WS
model in vivo.

DISCUSSION

The present study revealed for the first time, that a
decrease in subcutaneous fat mass to total fat mass ratio
was associated with aggravated insulin resistance in
patients with WS. We revealed that SVF derived from
subcutaneous fat tissues of patients with WS exhibited
premature cellular senescence, accompanied by elevated
SASP and suppression of adipogenic differentiation in
vitro. Furthermore, we demonstrated that rapamycin
rescues cellular senescence in WSVF and extended the
life span of WRN-knockout C. elegans (gk99) in vivo.

Adipose tissue is an insulin-sensitive organ that is
important for metabolic homeostasis [19]. Lipodystrophy
causes atrophy of the subcutaneous fat in the extremities
and is accompanied by severe insulin-resistant diabetes
[10]. Patients with WS develop sarcopenic obesity, in
which visceral fat accumulates, subcutaneous tissue

A HSVF  WSVF
Insulin - + - +
p-Akt

(S473) e R
Akt C— s —

atrophies, and skeletal muscle loss progresses at a young
age [20]. These patients tend to have high blood insulin
levels before the onset of diabetes and higher insulin
resistance than their peers [12]. Hutchinson-Gilford
progeria syndrome, a hereditary premature aging
syndrome similar to WS, is also characterized by lipo-
dystrophy in the extremities [21]. Additionally, the
general older adult population also exhibits subcutaneous
tissue and skeletal muscle loss with age, as well as
aggravated insulin resistance [22, 23]. The present study
suggests that subcutaneous fat loss, which progresses
with age, plays a major role in insulin resistance.

The association between subcutaneous fat atrophy in the
extremities and aging is unknown. In the present study,
our results suggest that cellular senescence-induced
SASP leads to suppressed adipogenesis, ultimately
playing a role in subcutaneous fat mass loss. Cellular
senescence has been previously demonstrated in
fibroblasts derived from patients with WS [24] and in
mesenchymal stem cells derived from WRN-knockout
embryonic stem (ES) cells [25]. In this study, we
demonstrated for the first time that cellular senescence
also occurs in SVF derived from the subcutaneous fat of
patients with WS. Senescent cells secrete inflammatory
cytokines and SASPs [26-28], which induce chronic
inflammation, promote aging, and contribute to the
progression of age-related diseases [29, 30]. Cellular
senescence suppresses adipogenesis [31], and SASP acts
on adipogenic progenitor cells to inhibit adipogenesis
[32], suggesting that WSVF may inhibit its adipogenic
differentiation by the autocrine effect of its secreted
SASP. Additionally, SVF homogenizes into adipose-
derived stem cells by passaging culture [33]; therefore,
the cellular senescence of WSVF may reflect aging at the
stem cell level. In this study, we observed upregulated
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Figure 5. Insulin signaling is decreased in WS. (A) Western blotting of p-Akt (5473) and Akt for HSVF and WSVF. (B) Quantitative analysis
of p-Akt/Akt. WS: Werner syndrome; SVF: stromal vascular fraction; HSVF: SVF derived from a healthy patient; WSVF: SVF derived from a

patient with WS.
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Figure 6. Rapamycin alleviates cellular senescence in SVF. (A) Growth curves of HSVF and WSVF treated with rapamycin. (B)
Morphological changes of the SVFs treated with rapamycin. Scale bar, 100 um. (C) Representative images of SA-B-gal staining of the SVFs
treated with rapamycin. Black arrows indicate SA-B-gal-positive cells. Scale bar, 100 um. (D) Quantification of SA-B-gal-positive cells. Data are
presented as means + S.E.M. from nine different microscopic views. For statistical analysis, student t-test was performed (****p < 0.0001).
(E) Western blotting of the protein expression of LC3-I and LC3-Il in HSVF and WSVF. (F) Quantification of (E). (G) Western blotting of p-Akt
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expression levels of YAP1 and TIMP1, which are
known to suppress adipogenesis [13, 14]. Telomere
dysfunction activates YAP and induces inflammation
[34]. Moreover, nucleotide excision repair-deficient
mice develop adipose loss due to chronic inflammation
[35], and WRN-deficient ES cells exhibit suppressed
adipogenesis [36]. Collectively, these findings suggest
that SASP induced by a defective DNA damage
response suppresses subcutaneous fat differentiation in
the extremities, causing lipodystrophy in WS.

A decrease in the quality of the remaining subcutaneous
adipocytes might occur in patients with WS. Cellular
senescence leads to insulin resistance in adipocytes
[37], and suppression of senescent cells accumulated in
adipose tissues by blocking TP53 improves insulin
resistance [38]. In the present study, we observed
reduced insulin signaling in both WF fibroblasts and
WSVF, which is consistent with a previous study
reporting reduced insulin signaling in WS fibroblasts
[39]. We also observed decreased expression of
adipokine genes such as leptin and adiponectin.
Leptin is decreased in lipoatrophy, and leptin
supplementation improves insulin resistance [40]. A
recent case report reported the efficacy of leptin
supplementation in WS [41]. In addition, subcutaneous
fat has been reported to increase with improved glucose
tolerance when troglitazone is administered to patients
with type 2 diabetes [42]. Pioglitazone also improves
insulin resistance, fat distribution, and adipokine
abnormalities in WS [43, 44] and Cockayne syndrome,

another form of premature aging [45]. Therefore, in
addition to the control of subcutaneous fat mass,
improvement of the quality or function of subcutaneous
adipocytes is important to treat insulin resistance in WS
(Figure 7).

The mTOR pathway is one of the pathways involved in
the molecular pathogenesis of premature aging [46].
Rapamycin has been reported to extend the lifespan of
various organisms by inhibiting the mTOR pathway [17,
47, 48], and its effectiveness has also been demonstrated
in WRN-deficient human fibroblasts [49]. The previous
report also showed that rapamycin treatment reduced the
accumulation of DNA damage due to the clearance of
damaged proteins in WRN-deficient human fibroblasts
[49]. Our results may suggest that autophagosome
excessively accumulates in WSVF and that treatment
with rapamycin alleviates this state. We also revealed for
the first time that rapamycin extends the lifespan of
WRN-knockout C. elegans (gk99), demonstrating its
potential therapeutic application in WS. daf-16 is a gene
corresponding to human FOXO, which is repressed by
MTORC1. daf-16 is activated by rapamycin which
suppresses MTORC1. Activated daf-16 is involved in life
span extension [50]. In this study, the gene expression of
daf-16 was upregulated in gk99 treated with 1 uM and 10
MM of rapamycin on days 4 and 11, supporting that
treatment with rapamycin contributed to the prolongation
of the lifespan in WS model of C. elegans. Additionally,
rapamycin not only alleviates senescence but also
improves adipogenic differentiation [51, 52] and insulin
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Figure 7. Schematic illustration of the lipodystrophy and insulin resistance exhibited by patients with WS. The genomic repair
defect caused by pathogenic variants of the WRN gene leads to chronic inflammation and cellular senescence, resulting in inhibition of
adipogenesis and dysfunction of adipocytes, leading to subcutaneous fat mass and quality loss, which in turn leads to subcutaneous fat
atrophy and insulin resistance in patients with WS. WS: Werner syndrome; SVF: stromal vascular fraction; SASP: senescence-associated

secretory phenotypes.
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resistance [53]. Therefore, regulation of the mTOR
pathway is a promising therapeutic target for cellular
senescence, subcutaneous fat atrophy, and dysfunction in
WS (Figure 7).

The Akt-mediated insulin signaling pathway and the
mTOR pathway may be depicted as a series of pathways,
but they may be complexly related by interactive cross-
talk and feedback effects [54-56]. While there is a report
that rapamycin extended the life span of C. elegans by
activating daf-16 [50], some reports indicates that
rapamycin increases insulin signaling [57-59], and the
increased insulin signaling may assumingly suppress daf-
16 and its orthologs [56]. Moreover, a previous report
suggested that rapamycin directly activates lysosomal
function independent of mTOR [60]. It is speculated that
rapamycin may have multiple points of effect on multiple
pathways via mTOR inhibition or in mTOR-independent
manner.

This study has several limitations. First, although WS is
a rare disease, the number of cases in which insulin
resistance was assessed using glucose clamping was
limited. Moreover, WSVF was difficult to obtain, which
restricted the amount of data and experiments that could
be performed. However, only factors with robust changes
of 2-fold or more were analyzed using RNA-seq. Future
studies using patient-derived iPS-driven differentiated
adipocytes are needed to validate our results. Moreover,
visceral adipose-derived SVF was not analyzed because
of the unavailability of samples. Further studies
comparing visceral fat-derived SVF and subcutaneous
SVF are needed to reveal the cause of insulin-resistant
diabetes in WS to determine the phenotypic differences
based on the regions of the adipose tissue.

MATERIALS AND METHODS

Clinical patient data and hyperinsulinemic-euglycemic
clamp test

Physical examination, fat distribution, and insulin
resistance were evaluated in four patients with WS.
Physical examination included BMI and SMI.
Abdominal CT was used to assess fat distribution,
including visceral, and subcutaneous fat areas. The
hyperinsulinemic-euglycemic clamp test was used to
assess insulin resistance. The insulin infusion rate was
maintained at 1.25 mU/kg/min, and the glucose infusion
rate was measured.

Establishment of SVF and cell culture
Subcutaneous adipose tissue was obtained from one

healthy individual (a 64-year-old woman) and one
patient with WS (a 47-year-old woman). The adipose

tissue derived from the patient with WS was transplanted
from the abdominal subcutaneous fat to the lower
extremities, and the remainder was used for this study.
The adipose tissue derived from the healthy individual
was used for fat reduction surgery, and the remainder
was used in this study. SVF was isolated and established
from adipose tissues. Cell culture was performed with
DMEM (043-30085, Wako Pure Chemical, Osaka,
Japan) supplemented with 10% fetal bovine serum (FBS,
10270106; Gibco, Thermo Fisher Scientific, Waltham,
MA, USA) and antibiotic-antimycotic (15240062,
Gibco) in humidified 5% CO; air. Collagen-type I-
coated cell culture plates (4810-010; AGC TECHNO
GLASS Co., Ltd., Shizuoka, Japan) were used. The
medium was changed every two days. When sub-
confluency was reached, cells were passaged at a 1:4
split ratio until growth arrest, and population doubling
level was calculated as previously described [24].

Quantitative polymerase chain reaction

RNA was extracted and reverse-transcribed as previously
described [61]. TagMan Gene Expression Assays
for IL6 (Hs00174131_m1), CXCL8 (Hs00174103_
ml), CDKN1A (Hs00355782_m1l), CDKN2A
(Hs00923894_m1), FABP4 (Hs01086177_m1), CEBPA
(Hs00269972_s1), ADIPOQ (Hs00605917_m1), LEP
(Hs00174877_m1), TIMP1 (Hs00171558 _m1), YAP1
(Hs00902712_gl1), LATS1 (Hs01125524 ml), IL1B
(Hs01555410_m1), NFKB1 (Hs00765730_m1), NAMPT
(Hs00237184_m1), TCF21 (Hs00162646_ml), daf-16
(Ce02422838_m1), GAPDH (Hs02786624_g1), and rps-
23 (Ce02465854 g1) were purchased from Applied
Biosystems (Thermo Fisher Scientific). Quantification
was performed using the Ct method with GAPDH and
rps-23 as an internal control. Telomere length analysis
was performed by qPCR using SYBR Green PCR Master
Mix (Applied Biosystems).

SA-B-gal staining

The Senescence B-Galactosidase Activity Assay Kit
(fluorescence, plate-based; #23833; Cell Signaling
Technology, Danvers, MA, USA) was used for SAPBgal
staining according to the manufacturer’s protocol. Cells
were stained overnight at 37° C in a room CO;
incubator air. The cells were washed with phosphate-
buffered saline (PBS) (—) and stained with Hoechst
33342 (H342; Dojindo, Kumamoto, Japan). Imaging
and quantification of stains were performed using a BZ-
X700 microscope (Keyence, Osaka, Japan).

Transcriptomic analysis

For transcriptomic analysis, mRNA was extracted
from the SVF at PDL 10. RNA sequencing was
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performed at the Kazusa DNA Research Institute. The
obtained CSV file data were analyzed using iDEP
(http://bioinformatics.sdstate.edu/idep/) as previously
described [62]. Gene clustering was performed by
analyzing the top 2,000 genes with variable expression
using k-means.

Adipose differentiation and Oil Red O staining

SVF was cultured in DMEM (043-30085, Wako)
supplemented with 10% FBS (10270106, Gibco) and
antibiotic-antimycotic (15240062, Gibco) to full
confluency. The day the medium was changed to
adipogenic  differentiation  medium  (A10070-01,
StemPro® Adipogenesis Differentiation Kit; Gibco) was
designated day 0. SVF at PDL 10 was used. Oil Red O
staining (Sigma-Aldrich, St. Louis, MO, USA) was
performed on days 9 and 15 of cell differentiation. The
staining was quantified using a BZ-X700 microscope
(Keyence).

Western blotting

Cultured cells were collected in Laemmli buffer, heated
to 95° C, and proteins were extracted. Western blotting
was performed according to standard protocols, and
images were captured using ChemiDoc (Bio-Rad
Laboratories, Hercules, CA, USA). Primary antibodies
against GAPDH (D16H11, XP® Rabbit mAb, CST,
#5174), phospho-Akt (Ser473, D9E XP® Rabbit mADb,
CST, #4060), Akt (Antibody Rabbit, CST, #9272),
LC3A/B (Antibody Rabbit, CST, #4108), phospho-Akt
(Thr308, C31E5E Rabbit mAb, CST, #2965), IRS-1
(Antibody Rabbit, CST, #2382), P13 Kinase p85 (19H8,
Rabbit mAb, CST, #4257), phospho-mTOR (Ser2448,
Antibody Rabbit, CST, #2971), mTOR (Antibody
Rabbit, CST, #2972), phospho-p70 S6 Kinase
(Thrd21/Ser424, Antibody Rabbit, CST, #9204), and
p70 S6 Kinase (49D7, Rabbit mAb, CST, #2708) were
purchased from Cell Signaling Technology. The
primary antibodies were diluted to 1:1000. GAPDH and
Ponceau-S staining solutions (BCL-PSS-01, Beacle,
Inc., Kyoto, Japan) were used as the internal standards.

The secondary antibody, anti-rabbit 1gG, HRP-linked
whole antibody donkey (#NA934), was purchased
from GE Healthcare (Chicago, IL, USA) and diluted to
1:2500. Band quantification was performed using
ImageJ Macro, Band/Peak Quantification Tool
(https://dx.doi.org/10.17504/protocols.io.7vghn3w).

Insulin stimulation experiments

The SVF of PDL 7 was used for the insulin stimulation
experiments. Serum starvation was performed for 24 h,
followed by insulin stimulation for 15 min. The cells

were immediately washed twice with PBS on ice and
then collected in Laemmli buffer heated to 95° C.

Treatment with rapamycin

Rapamycin (100 nM; LC Laboratories, Woburn, MA,
USA) with DMSO (Wako Pure Chemicals) as the
solvent was added to DMEM (043-30085, Wako Pure
Chemicals) supplemented with 10% FBS (10270106,
Gibco) and antibiotic-antimycotic (15240062, Gibco).
The control was a medium supplemented with DMSO
diluted to the equivalent concentration. The medium
was changed every two days. Cells were subjected to
SAPgal staining and RNA analysis using the methods
described above.

Life span of C. elegans treated with rapamycin

WRN-knockout C. elegans, wrn-1 (gk99), was provided
as a gift from Dr. Bohr (Biomedical Research Center,
Lab. of Molecular Gerontology, National Institute of
Aging, Baltimore, MD, USA) [63]. Gk99 was
maintained at 23° C as previously described [64].

Age-synchronized nematodes were prepared as
previously described [65]. Nematodes were placed on
nematode growth media (NGM) plates seeded with
Escherichia coli OP50 previously described protocols
[50]. The day of hatching was set as day 1, and 100 uM
5-fluoro-2'-deoxyuridine (FudR) was added on days 3
and 4, which corresponded to the L4 stage to suppress
reproductive function. Rapamycin (LC Laboratories)
dissolved in DMSO (Wako Pure Chemicals) was added
to the nematode culture medium at final concentrations
of 1 uM and 10 pM, and nematodes were reared from
day 1, according to previously described protocols [50].
The control plates contained an equivalent concentration
of DMSO. The probability of survival of approximately
60 nematodes in a rapamycin-supplemented medium
was compared to that of 60 nematodes in the equivalent
DMSO-supplemented medium.
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Supplementary Figure 1. Insulin signaling is decreased in WF. (A) Western blotting of p-Akt (S473) and Akt in NF and WF.
(B) Quantitative analysis of p-Akt/Akt. NF: fibroblasts from a normal individual; WF: fibroblasts from a patient with WS; WS: Werner
syndrome.
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Supplementary Figure 2. Rapamycin alleviates decreased insulin signaling in WF. (A) Western blotting of p-Akt (5473) and Akt
in NF-1 and WF-1 treated with rapamycin. (B) Quantitative analysis of p-Akt/Akt in NF-1 and WF-1. (C) Western blotting of p-Akt (S473)
and Akt in NF-2, WF-2, and WF-3 treated with rapamycin. (D) Quantitative analysis of p-Akt/Akt in NF-2, WF-2, and WF-3. NF: fibroblasts
from a normal individual; WF: fibroblasts from a patient with WS; WS: Werner syndrome.
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Introduction

As the world population ages, the interest in age-related diseases

Hisaya Kato' ® and Koutaro Yokote'

Aim: Whether sex differences exist in hereditary progeroid syndromes remains unclear. In
this study, we investigated sex differences in patients with Werner syndrome (WS), a model of
human aging, using patient data at the time of diagnosis.

Methods: The presence of six cardinal signs in the diagnostic criteria was retrospectively
evaluated.
Results: We found that the percentage of patients with all cardinal signs was higher in

males than in females (54.2% vs. 21.2%). By the age of 40 years, 57.1% of male patients with
WS presented with all the cardinal signs, whereas none of the female patients developed all of
them. In particular, the frequency of having a high-pitched, hoarse voice, a characteristic of
WS, was lower in female patients. The positive and negative predictive values for clinical diag-
nosis were 100% for males and females, indicating the helpfulness of diagnostic criteria
regardless of sex. More female patients than male (86.7% vs. 64%) required genetic testing
for their diagnosis because their clinical symptoms were insufficient, suggesting the impor-
tance of genetic testing for females even if they do not show typical symptoms of WS. Finally,
the frequency of abnormal voice was lower in patients with WS harboring the ¢.3139-1G > C
homozygous mutation.

Conclusion: These results indicate, for the first time, that there are sex differences in the
phenotypes of hereditary progeroid syndromes. The analysis of this mechanism in this human
model of aging may lead to the elucidation of sex differences in the various symptoms of nor-
mal human aging. Geriatr Gerontol Int 2024; 24: 161-167.

Keywords: abnormal voice, clinical diagnosis, diagnostic criteria, sex differences, Werner

syndrome.

8. The pathogenesis of this syndrome involves reduced DNA
damage repair, telomere shortening, chronic inflammation, mito-
chondrial dysfunction, and epigenetic changes.‘“’ However, it
remains unclear whether sex differences are observed in WS.

is growing. In recent years, it has become evident that age-
related diseases such as atherosclerotic, metabolic, and neurode-
generative diseases exhibit sex differences.’” Sex differences in
life expectancy and healthy life expectancy have been recognized
worldwide.’

Werner syndrome (WS) is a typical progeroid syndrome in
which various signs of aging appear after puberty. It has attracted
attention as a model of human aging. It is inherited as an autoso-
mal recessive trait, and various aging phenomena, such as gray
hair, bilateral cataracts, diabetes, arteriosclerosis, and skin ulcers,
develop at an early age. The number of patients with WS in Japan
is estimated to be 700-2000, and 60% of the world’s patients have
been reported in Japan. The syndrome is caused by a mutation in
the WRN gene, which encodes a RecQ helicase on chromosome

© 2023 The Authors. Geriatrics & Gerontology International

The main “cardinal” signs of WS are progeroid changes in the
hair; bilateral cataracts; skin changes; intractable skin ulcers; calcifi-
cation of the Achilles tendon; a birdlike face; and a high-pitched,
hoarse voice. According to the 2012 Japanese WS Diagnostic
Criteria, the syndrome can be diagnosed on the basis of clinical
symptoms alone when all six “cardinal” signs are present. When
some of the six signs are not present, a genetic diagnosis is required
(Table 1).” However, whether sex differences exist in the frequency
and timing of these aging symptoms remains unclear. Moreover,
the usefulness of these diagnostic criteria and whether they are use-
ful for both male and female patients have not been verified.
Recently, the recognition of WS has increased, and the life expec-
tancy of patients has increased from 40 to 59 years.*® Accordingly,
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Table 1 Diagnostic criteria for Werner syndrome 2012

L. Cardinal signs and symptoms (onset occurring after the age of
10 years until 40 years)

—_

. Progeroid changes of hair

2. Cataract

3. Changes of skin, intractable
skin ulcers

4. Soft-tissue calcification

Birdlike face

6. Abnormal voice

Gray hair, baldness, etc.

Bilateral

Atrophic skin, tight skin,
clavus, callus

Achilles tendon, etc.

©

High-pitched, squeaky,
hoarse voice

II. Other signs and symptoms

—_

. Abnormal glucose and/or lipid
metabolism
2. Deformation and abnormality
of the bone
3. Malignant tumors
4. Parental consanguinity
5. Premature atherosclerosis

Osteoporosis, etc.
Nonepithelial tumors

Angina pectoris, myocardial
infarction

6. Hypogonadism

7. Short stature and low body
weight

III. Genetic testing

Addendum: Mental retardation is seldom observed in patients with
Werner syndrome, and their cognitive function is often appropriate
for their age. Confirmed: Presence of all cardinal signs or confirmation
of biallelic WRN mutations and at least three cardinal signs.
Suspected: Presence of both I-1 (progeroid changes in hair) and I-2
(cataracts) in conjunction with at least two signs or symptoms other
than I or II.

it is assumed that the age and symptoms of patients are more
diverse than when the diagnostic criteria were established.

Therefore, we investigated whether there are sex differences in
the aging progression of WS by examining the positivity ratio and
timing of the appearance of the cardinal signs. We also investi-
gated the validity of the current diagnostic criteria in both male
and female patients.

Methods

We evaluated the clinical symptoms described in the referral letters
of patients whose primary physicians suspected WS and requested
genetic diagnosis at Chiba University Hospital. A total of
170 patients whose requests were received from 2009 to January
2022 were included, and a genetic diagnosis was performed for all
patients. Clinical manifestations, especially the cardinal signs of WS
and age, were evaluated on the basis of the time when the genetic
diagnosis was performed. Clinical symptoms were independently
reviewed by two physicians with experience in treating patients with
WS. We excluded 78 patients for whom the clinical classification
could not be determined because of insufficient information about
symptoms in the referral letters. Ultimately, we analyzed the symp-
toms and genetic results of 92 patients.

Analysis was performed using Pearson’s chi-squared test, and
a P-value of <0.05 was considered statistically significant. This
study was approved by the Ethics Committee of Chiba University
Hospital (approval no. 1145 on October 21, 2021) and conducted
in accordance with the Declaration of Helsinki.
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Results

Of the 170 patients with suspected WS who were referred to our
hospital between 2009 and 2022, 92 with detailed clinical data
available were included. Of the 92 patients in the study, 48 (52.2%)
were men and 44 (47.8%) were women. They had a median age
at genetic diagnosis of 44.5years (interquartile range [IQR],
40-51 years), with a median age at genetic diagnosis for men of
43.5 years (IQR, 39.8-50 years) and 45.5 years (IQR, 40-52.3 years)
for women. The patients were divided into three categories
according to the clinical components of the diagnostic criteria. The
“definite” category included patients with all the cardinal signs. The
“probable” category included those with three cardinal signs or
those who had hair changes and cataracts plus at least two more
signs. The “excluded” category consisted of patients who did not
meet the criteria for the first two categories. All the patients with
positive genetic test results were diagnosed with WS.

First, we examined the categories of clinical diagnoses according
to the sex of the patients who had a positive genetic test. The pro-
portion of clinically definite was 19 of 35 (54.2%) men and 7 of
33 (21.2%) women, indicating that male patients with WS were sig-
nificantly more likely to have all the cardinal signs than female
patients (Xz[l] =7.867; P = 0.0050; ¢ = 0.340; Fig. 1a). When com-
paring patients with WS who were aged < 40 years, 4 of 7 (57.1%)
men were definite, whereas none of the six women were definite
((*[1] =4.952; P = 0.026; ¢ = 0.617; Fig. 1b). Furthermore, we eval-
uated the age distribution of definite and probable male and female
patients (Fig. 1c). The histogram shows that male patients with WS
tend to develop all the cardinal signs in their 40th year, whereas
many female patients lacked some of the cardinal signs and were cat-
egorized as probable until their 5S0s. These results suggest that men
with WS are more likely to develop all the cardinal signs earlier than
women.

We examined the positivity ratio (number of patients with clini-
cal symptoms/number of patients who underwent the examination)
and inspection ratio (number of patients who underwent the exam-
ination/total number of patients) for each cardinal sign in patients
with WS (Table 2). The positivity ratio for abnormal voice was as
low as 73.2% among the patients with definite WS and only 50%
for clinically probable patients. In addition, the positivity ratio for
abnormal voice was lower in female patients (15/26 [57.7%]) than
in male patients (26/30 [86.7%]; ¥*[1] = 5.963; P=0.015;
¢ = 0.326). The positivity ratio of abnormal voice in male patients
in their 20s, 30s, and 40s was 100%, 100%, and 92.3%, respec-
tively. In comparison, the positivity ratio for female patients in their
20s, 30s, and 40s was 0%, S50%, and 69.2%, respectively
(XZ[H =4.690; P =0.016; ¢ = 0.685; Fig. 2a; Table S1.). Compari-
son of male and female patients aged <40 years showed that seven
of seven male patients and only one of three female patients were
positive for abnormal voice (Fig. 2b). Thus, female patients with
WS showed delayed development of abnormal voice.

To validate the accuracy of diagnostic criteria for both sexes,
we compared the categories of clinical diagnoses, with a positive
genetic test as a confirmed diagnosis (Table 3). Of the 26 patients
categorized as definite, all 26 were confirmed to have WS on
genetic testing. For the 11 excluded patients, the genetic test was
negative in all, demonstrating remarkable concordance between
the clinical category and genetic test. Two of the excluded patients
had a non-Werner genetic progeroid disease. One patient had
atypical WS with generalized lipodystrophy and a de novo hetero-
zygous LMNA p.T10I mutation.'® One patient harbored a POLD1
mutation. Both patients were diagnosed as non-WS because of
the absence of cataracts.

© 2023 The Authors. Geriatrics & Gerontology International
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Sex differences in Werner syndrome

(a) Categories of clinical diagnosis in patients
with positive genetic test
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Figure 1 (a) Categories of clinical diagnosis in patients with positive genetic test. (b) Categories of clinical diagnosis in patients
with positive genetic test <40 years of age. (c) Age distribution of definite and probable patients by sex in genetically positive

patients.

Table 2 Positivity ratios and inspection ratios for each cardinal sign of genetic test-positive patients

Progeroid Cataracts Changes of Achilles tendon Birdlike Abnormal

changes skin, intractable calcification face voice

of hair skin ulcers

Overall Positivity ratio 98.4 (60/61) 98.5 (64/65) 94 (63/67) 96.4 (53/55) 93.1 (54/58) 73.2 (42/56)
Inspection ratio 89.7 (61/68) 95.6 (65/68) 98.5 (67/68) 80.9 (55/68) 85.3 (58/68) 82 4 (56/68)
Probable Positivity ratio 97.1 (34/35) 97.4 (38/39) 88.1 (37/42) 78.1 (25/32) 87.5 (28/32) 0 (15/30)
Inspection ratio 83.7 (36/43) 92.9 (39/42) 97.6 (41/42) 76.2 (32/42) 76.2 (32/42) 71 4 (30/42)
Male Positivity ratio 96.9 (31/32) 100 (34/34) 94.1 (32/34) 96.6 (28/29) 96.7 (29/30) 86.7 (26/30)
Inspection ratio 91.4 (32/35) 97.1 (34/35) 97.1 (34/35) 82.9 (29/35) 85.7 (30/35) 85.7 (30/35)
Female Positivity ratio 100 (29/29) 96.8 (30/31) 93.9 (31/33) 96.2 (25/26) 89.3 (25/28) 57.7 (15/26)
Inspection ratio 87.9 (29/33) 93.9 (31/33) 100 (33/33) 78.8 (26/33) 84.8 (28/33) 78.8 (26/33)

Positivity ratio % (number of patients with clinical symptoms/number of patients who underwent the examination).

Inspection ratio % (number of patients who underwent the examination/total number of patients).

Of the SS clinically probable patients, 42 (76.4%) were positive
on genetic testing (Table 3A). When examined by sex, the
positive and negative predictive values for “definite” and
“excluded” by clinical symptoms were 100.0% for both men and
women (Table 3B,C). Among the probable patients, the positivity
ratio of the genetic test was 64.0% in men (16/25 patients) and
86.7% in women (26/30 patients) (Table 3B,C) (*[1] =3.882;
P =10.049; ¢ =0.071). Given that the current diagnostic criteria
were revised in 2012, we selected 81 patients who were diagnosed

© 2023 The Authors. Geriatrics & Gerontology International

after establishment of the current diagnosis and examined the
validity of the diagnostic criteria (Table S2A-C). We found posi-
tive and negative predictive values were 100%, even when
restricted from 2012 to 2022.

An abnormal voice and a “birdlike face” can be a subjective
sign. Therefore, we examined the accuracy of the diagnoses when
either an abnormal voice (Table S3A) or a birdlike face
(Table S3B) was deleted from the cardinal signs and when both
were deleted (Table S3C). First, when the abnormal voice was
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(a) Age distribution in patients positive for abnormal voice
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Figure 2 (a) Age distribution in patients positive for abnormal voice. (b) Positivity ratio of abnormal voice <40 years. (c) Positivity
ratio of abnormal voice with and without the ¢.3139-1G mutation homozygous for ¢.3139-1G.

deleted from the cardinal signs, the positive predictive value
was 100%; however, the negative predictive value was reduced to
91.7%. Similarly, when the birdlike face was deleted, the positive
predictive value was 100%, but the negative predictive value was
reduced to 85.7%. Finally, when both were deleted, the positive
predictive value was 100%, and the negative predictive value was
reduced to 78.9% (Table S3A-C). These results indicate the
necessity of including the birdlike face and abnormal voice for the
accuracy of the criteria.

Finally, we examined other factors that affect the frequency of
abnormal voices and found that the site of the gene mutation was
associated with its presence. More than 80 WRN mutations have
been reported, of which ¢.3139-1G > C is the most frequent in
Japanese patients with WS.'! In this study, of the 68 patients with a
positive genetic test, clinical data on abnormal voice were available
for 56. We analyzed the association between homozygosity for the
¢.3139-1G > C mutation and the presence of an abnormal voice.
The results showed that patients homozygous for ¢.3139-1G > C
exhibited an abnormal voice less frequently (¢°[1]= 5.482;
P =0.019; x = 0.313) (Fig. 2c), and the proportion of homozygosity
did not differ between sexes (x*[1] = 0.249; P = 0.618; y = 0.067).
The actual number of patients is shown in Table S4. Therefore,
the site of the genetic mutation influences the occurrence of abnor-
mal voices.

Discussion

In this study, we demonstrated that the main symptoms of WS
appear earlier and more frequently in males. In addition, we
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showed that the characteristic high-pitched, hoarse voice is less
frequent in women, especially in patients with the ¢.3139-1G > C
homozygous founder mutation. This is the first report of sex dif-
ferences in hereditary progeroid syndromes caused by a single
gene mutation and provides a new perspective on the similarities
between general aging and genetic progeroid syndromes. We also
revealed, for the first time, that the phenotype of WS differs
depending on genetic mutations. This provides new insight into
the partial functionality of the WRN mutant protein, contrary to
the conventional view that the symptoms of WS are the same
regardless of the genetic mutation.

As average life expectancy increases, interest in sex differences
in longevity and age-related diseases, such as metabolic syndrome
and atherosclerosis, is increasing.lz'13 However, Goto et al., in their
1966 to 2004 study of 1019 Japanese patients with WS, reported an
average life expectancy of 51.9years for women compared to
53.6 years for men, with no sex difference."* However, in that
study, most patients were diagnosed only clinically, and a genetic
confirmation was not obtained.'* There have been no reports con-
cerning sex differences in other progeroid syndromes, including
Hutchinson-Gilford progeria and Cockayne syndromes.'>'® This
study shows, for the first time, the sex differences in hereditary
progeroid syndromes using patient data with a genetically con-
firmed diagnosis.

In general, women live longer than men. Mitochondrial dys-
function and shortened telomeres have been reported as hallmarks
of aging,'” and women have longer telomeres and greater amounts
of mitochondrial DNA.'® In addition, postmenopausal women
who receive estrogen supplementation have lower epigenetic age
and reduced cardiac disease and total mortality.” Furthermore,

© 2023 The Authors. Geriatrics & Gerontology International
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Table 3 Definite cutoff.

Sex differences in Werner syndrome

A. Results of genetic testing for each clinical diagnosis group

Positive Negative
Clinical symptoms Definite 26 0
Probable 42 13
Excluded 0 11

Positive predictive value

Negative predictive value

Definite cutoff (%) 100 36.4
Number of patients 26/26 13 +11/42 + 13 + 11
Probable cutoff (%) 84 100
Number of patients 26 + 42/24 + 42 + 13 11/11
B. Results of genetic testing for each male clinical diagnosis group
Positive Negative
Clinical symptoms Definite 19 0
Probable 16 9
Excluded 0 4

Positive predictive value (%)

Negative predictive value (%)

Definite cutoff

Probable cutoff

(%) 100 448
Number of patients 19/19 9+4/16 +9+4
(%) 79.5 100
Number of patients 19 +16/19+ 16 + 9 4/4

C. Results of genetic testing for each female clinical diagnosis group

Positive Negative

Clinical symptoms Definite 7 0

Probable 26 4

Excluded 0 7

Positive predictive value (%) Negative predictive value (%)

Definite cutoff (%) 100 29.7

Number of patients 717 4+726+44+7
Probable cutoff (%) 89.2 100
Number of patients 7+ 26/7+26+4 717

When the cutoff is set between “Definite” and “Probable,” positive predictive value includes Definite, and negative predictive value includes
Probable and “Excluded.” Probable cutoff: When the cutoff is set between Probable and Excluded, positive predictive value includes Definite and

Probable, and negative predictive value includes Excluded.

telomere length and epigenetic age correlate with cardiovascular
disease and metabolic disease.?®?! Thus, in women, there are
estrogen-dependent and -independent, cellular, and individual
suppression mechanisms on aging. Telomere shortening, mito-
chondrial dysfunction, and increased epigenomic age are also crit-
ical in WS. The presence of premature menopause in patients
with WS suggests that the protective effect of estrogen is lost in
the 30s. On the other hand, delayed symptoms in the current
study suggest a protective effect on aging that persists even after
menopause.

Estrogen potentially has a protective effect on hair loss, skin
atrophy, and cataracts.*>** Estrogen levels affect subcutaneous fat
deposition in women, and visceral fat accumulation and insulin
resistance occur more frequently in men.*** The frequency of
cardiovascular disease is low in women before menopause.?*’
Age-related decrease in estimated glomerular filtration rate is
greater in men.?®® Refractory skin ulcers are often observed in
patients with WS, and a microarray study of skin wound healing
in older men reported that 76% of the identified aging-related
genes were estrogen regulated.’’ At the molecular level, age-
related reductions in double-strand break repair and increased

© 2023 The Authors. Geriatrics & Gerontology International

telomere uncapping, which are also characteristic of WS, are more
severe in postmenopausal women than in men.***® These find-
ings suggest that estrogen may contribute to delayed aging symp-
toms of WS in women. However, the effect of estrogen on birdlike
face and abnormal voice may not be likely because it is spe-
cific to WS.

Interestingly, WRN expression is upregulated following estro-
gen administration,®® suggesting that WRN upregulation by
estrogen contributes to double-strand break repair and telomere
maintenance in women. However, Imura et al. reported that
follicle-stimulating hormone and luteinizing hormone are elevated
in patients with WS in their 30s and 40s, suggesting primary hyp-
ogonadism at an early age. Serum testosterone levels were lower
than in age-matched controls, and testicular biopsies showed pro-
nounced atrophy. Therefore, it may be difficult to attribute the
delay of WS manifestations in women only to sex hormones.*
Various factors, including chromosome structure, mitochondrial
genetic format, and mitochondrial DNA content, also influence
sex differences in aging other than estrogen.**?” Taken together,
these results suggest that estrogen-independent mechanisms may
also be involved.

| 165

published by John Wiley & Sons Australia, Ltd on behalf of Japan Geriatrics Society.

85UB017 SUOWILLIOD SAIERID 8 |qeo!jdde ayp Aq pausenob a1e sapiie O 88N JO'S|n1 1oy AkeiqiT8ulUO A3 UO (SUOIPUOD-pUR-SLLBY/W0D" A 1M Afe1q 1 [ou1UO//SRY) SUORIPUOD Pue SWwis | 8U} 835 *[7202/50/62] U Ariqi auliuo A|Im ‘Aiseaun eqiyd Aq 26T IB6/TTTT 0T/10p/woo Ao M Ariq1eul|uc//sdny wody papeojumod ‘T ¥20Z ‘veS0LrYT



H Kaneko et al.

A high-pitched, hoarse voice is a characteristic clinical finding
of WS.%8 In normal aging, the voice tends to become hoarse as
vocal cord atrophy progresses.”” While men acquire a high-
pitched voice due to the hardening of the vocal muscles by aging,
women acquire a low-pitched voice due to edema and thickening
of the vocal folds caused by a decrease in the female hormones.*
Therefore, the less frequent high-pitched voices in women with
WS are consistent with age-related changes. Also, our data (Fig. 2)
suggest that abnormal voice increases with age, and it occurs the
latest among the various manifestations of WS. Among the cardi-
nal signs, high-pitched, hoarse voices and birdlike faces are spe-
cific to WS rather than normal aging, yet they still appear
according to age.

In this study, the positive and negative predictive values for
the definite and excluded categories were 100% for both sexes,
suggesting that these diagnostic criteria are helpful regardless of
sex. On the other hand, the positivity ratio of genetic diagnosis
in the probable category was 76.4%, suggesting the importance
of genetic diagnosis when clinical symptoms are insufficient. In
addition, more female patients required genetic testing, indicat-
ing the importance of genetic testing in females even if they do
not show typical symptoms. These criteria could not detect
atypical WS or POLDI mutations, suggesting that an additional
strategy is required to detect rare non-Werner progeroid
patients.

This study had some limitations. First, this was a retrospective
cohort study; therefore, a prospective study is needed to confirm
these results. Additionally, the number of participating patients
was small because WS is a rare disease. Moreover, the present
study focused only on the occurrence of the six cardinal signs
because it is based on the information in the referral letter for
request of genetic diagnosis; we could not describe the detailed
clinical data such as comorbidities, body composition, or onset
and progression of diabetes or atherosclerosis.

In conclusion, this study, for the first time, showed that sex
differences exist in WS symptoms. In addition, sex differences
were found for occurrence of abnormal voices in the cardinal
signs and were influenced by genotype. Further detailed studies
are required to clarify whether the sex differences observed in this
study are specific to WS or applicable to general aging.
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R, 4 Y AY ¥ ¥ 7 FIET 28 L, WRN knockoul
B A AEICERE L7 (p < 001). Rapamycin Zi#IL %
WRN knockout it Tl daf16 0 ERFEHR EAH Y (p
001). HaAEEIC mTOR EHOM AU 2 hrz. [#iR] WS )%
THaIE S & WEED 4 ¥ A ) VG HIREL WD B 2 L 2]
572 L. mTOR &#&EME Lz WS OEFOFREZRL/

08-2

B Wemer SEEEL Y X MU EAVAERBOFREICSTS =]
ERFO&E

FBE kA B SR e B A - L - AR PIRHE

FHEFFIA, @ﬁfit. SF0 LY, BIHEMHEER, L,
RIS, wn%, HTaKE

[E#9] Werner SEfERE (WS) & WRN % BEEET & § 238 (1Y
i Ch ), BEN LB IR L, EAENES % &) Wig
TA. HFNIARZTHAZVICEMDbLT, 41 YR VR FE IR
L Rm AR Th 5. WSICBI 2MRBOFEDTR &




AAEEERSLME 60 % BEFNTIS (FERREHEIIERI) - 2023 F 151

HMILZ [HEI WS LY Z M) IZBHEENL51 %0 WS BE»
WIRIFOATIET 2 BEIZH, WRIFOAIE L M4 2 RAEFICW
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BAX G ZFE L. S 612 48% KIIRGIERA~OEE KTk
£, MRFNRT) 23T L 72 $ 72, KIBIR T Matri xmetallopro-
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Western blot # AV THGET L7c. [#5R) 8 MM D NYT #5512 AAA
TETORILRL 2 A3 T L 2o, MEEFENHEHICB VT, AAA D
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Clinical and radiological outcomes of total hip arthroplasty in octogenarian
patients using a three-dimensional porous titanium cup

Taizo Kaneko, Hiroshi Hamaji, Kentaro Hayakawa, Fumiaki Tokimura, Tsuyoshi
Miyazaki

Severe Orthostatic Hypotension after Acute Levodopa Challenge in Patients with
Early Multiple System Atrophy

Pan Jing, Pro Chan Piu*

Role of endoplasmic reticulum stress on accelerated aging in the progeroid
Werner syndrome

Hiyori Kaneko*, Hisaya Kato, Yoshiro Maezawa, Yasuo Ouchi, Naoya Takayama,
Atsushi lwama, Koji Eto, Koutaro Yokote

Analysis of traditional medicine concept: Qi deficiency and Qi depression scores
— Relationship with the factors evaluated in Brain Doc test

Atsushi Nagai*, A Garu, Masahiro Takamura, Yukie Kanai, Kosuke Asayama, Satoshi
Asayama

Combined effect of depressive symptoms and low dietary diversity on incident
disability in community-dwelling older adults with sarcopenia

Yuto Kiuchi*, Takehiko Doi, Kota Tsutsumimoto, Sho Nakakubo, Satoshi Kurita,
Kazuhei Nishimoto, Hyuma Makizako, Hiroyuki Shimada

Development of a secure dashboard to monitor progress of data collection
efforts for stepped wedge cluster randomised trial using REDCap API
Noriko Sato*, Kenji Fujita, Timothy Chen

Caring for our wisdom bearers: Pacific Matua (Elder) care

Siautu Alefaio*, Tracie Mafile’o, Sione Vaka, Kotalo Leau

The effect of pharmacotherapy on the changes of social networks in outpatients
visiting frailty clinic
Sho Hasegawa*, Fumihiro Mizokami, Yuji Hayakawa, Yasumoto Matsui

The atrophy rate of ventral striatum is greater in spinocerebellar ataxia type 2
patients than in healthy controls

Kenjiro Nakayama*, Kiyotaka Nemoto, Tetsuaki Arai
Delivering care through Telemedicine during the COVID-19 pandemic reduce the
risk of unplanned hospital visit, a study from a large medical school in Thailand

Unchana Sura-amonrattana, Chairat Permpikul, Varalak Srinonprasert®

The effectiveness of long-term periodical pharmaceutical care to manage drug-
related problems in community-dwelling older adults in Taiwan —A cluster
randomized controlled trial

Chen-Yu Wang*, Shau-Huai Fu
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The NYOS3 5t NO-Age/AD meeting and
the 15t Norway-UK joint meeting on ageing and dementia

18-19 Sep. 2023
On-line zoom with free registration here https://uio.zoom.us/webinar/reqgister/WN_XBxzUISQTEOGwnYawHH7BOQ
Room: Domus Medica, Auditorium L-200
Address: Sognsvannsveien 9, 0372 Oslo, Norway

Organizers: More details
Evandro F. Fang (Oslo, Norway)
Lynne Cox (Oxford, UK) EI""i'ﬂE
Richard Siow (KCL, UK) E ﬁ
{oa)

Special co-organizers EI

Linda Dahlberg (British Embassy Oslo)

He-Ling Wang (Oslo, Norway)



https://uio.zoom.us/webinar/register/WN_XBxzUlSqTEOGwnYawHH7BQ

Introduction

Ageing is emerging as a ‘pandemic’ worldwide, including in Norway and the UK. The
increase in numbers of people reaching old age brings formidable healthcare and
socioeconomic pressure globally. Dementia is one of the most common age- predisposed
diseases, putting substantial pressure on the family and society as a whole. Scientists
have shown that if we can slow down the ageing process, we may be able to reduce the
chances of getting different diseases, including dementia, while we are ageing. In
response to the ‘ageing pandemic’, collaborative work among stakeholders and countries
is in urgent demand.

Both Norway and the UK are in the forefront of agieng and dementia research, and there
is a great opportunity to boost the collaborations between the two countries.
Correspondingly, UK Research and Innovation (UKRI) and Research Council of Norway
(RCN) have signed a Money Follows Cooperation agreement to reduce barriers to cross-
border collaboration. This 1%t joint meeting will nourish research collaborations, initiate
new joint grant opportunities, and propose ideas for preparation of the impending aging
burden; our final goal is to nurture an environment conducive to healthy aging in
Norway, the UK, and beyond.



The Events

Associate Prof. Evandro Fang (coordinator of the NO-Age and NO-AD networks; UiO and
Ahus), Prof. Richard Siow (director of the ageing research at KCL, London, UK), Prof.
Lynne Cox (coordinator of the ageing research networks at Oxford, Oriel, Oxford, UK)
welcome you to attend a two-day event in Olso entitled ‘The 5th NYO3 NO- Age/AD
meeting and the 1st Norway-UK joint meeting on ageing and dementia’.

The event will cover the broad topics of ageing and dementia (especially Alzheimer’s and
Parkinson’s diseases) at molecular, individual, and societal levels. Please see the
programme for details. In addition, there will be an open-to-the-public event at Domus
Bibliotheca from 19:00-21:00 on the 18th Sep 2023. For the evening event, our
confirmed speakers are Dame Linda Partridge DBE FMedSci FRS, Biological Secretary and
Vice-President, The Royal Society (UK), and Prof. Ole Petter Ottersen, Neuroscientist and
former president/rector of UiO (Norway) and the Karolinska Institute (Sweden), among
others.

Registration is not required and attendance at all events will be free of charge.

On-line attendance
https://uio.zoom.us/webinar/register/WN_XBxzUISQTEOGwnYawHH7BQ)



The NYO3 5t NO-Age/AD meeting cum the 15t Norway-UK joint meeting on ageing and dementia
18-19 Sep. 2023
Venue: Domus Medica, Auditorium L-200 (Address: Sognsvannsveien 9, 0372 Oslo), University of Oslo, Norway
Organizers: Evandro F. Fang (Oslo, Norway), Lynne Cox (Oxford, UK), Richard Siow (KCL, UK)
On-site and zoom (zoom registration). All welcome, registration free and mandatory (see page 1)
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Day 1 (18 Sep. 2023)

08:00-08:15 Oslo time

Opening by

UiO vice Rector Prof. Per Morten Sandset

Clare Filshie, Deputy Head of Mission, The British Embassy, Oslo
» Dr. @ystein Lund, Counsellor for Research and Education, Royal Norwegian Embassy in London

PART 1: Mechanisms of ageing and dementia. Chairs: David Rubinsztein (from 08:15) and Ole Petter Ottersen (from 10:45)

08:15-09:00 Oslo time
09:00-09:30 Oslo time
09:30-10:00 Oslo time
10:00-10:15 Oslo time
10:15-10:45 Oslo time
10:45-11:15 Oslo time
11:15-11:35

11:35-11:55

11:55-12:30 Oslo time

Linda Partridge (UCL)
Linda Bergersen (UiO)
Richard Siow (KCL)
Break

Lynne Cox (Oxford)

Lene J. Rasmussen (Copenhagen)

Konstantinos Palikaras (Athens)

loannis Sotiropoulos

A summary of the ageing and neuroscience
activities in Norway and the UK

Talks from Sponsors

Ageing: a gut feeling
Exercise in neuroprotection

Healthy brain ageing — from cell to society

Developing therapeutics to treat cell senescence

FOXO-regulated OSERL1 reduces oxidative stress and extends lifespan in multiple species
The yin and yang of mitophagy in neuronal physiology

Exosomes & Chronic Stress: key players in progression and diagnosis of AD brain pathology
Prof. Jon Storm-Mathisen to introduce the Norwegian ageing and neuroscience activities
Prof. David Rubinsztein to introduce the UK neuroscience activities

Prof. Lynne Cox to introduce the UK ageing activities
Talks from sponsors

PART 2: Mechanisms of ageing and dementia. Chairs: Lynne Cox and Jon Storm-Mathisen

13:30-14:15 Oslo time
14:15-14:45 Oslo time
14:45-15:15 Oslo time
15:15-15:30 Oslo time

15:30-16:00 Oslo time

16:00-16:15 Oslo time
16:15-16:30 Oslo time
16:30-17:15 Oslo time

19:00-21:00

Maria G. Spillantini (Cambridge)
Chris I. De Zeeuw (ErasmusMC)

Leiv Otto Watne
Break

Katerina Veverova, Martin Vyhnalek

(Charles)

Kristian Xiao Liang (UiB)

He-Ling Wang

Nektarios Tavernarakis (Crete)

Tau, microglia, and neurodegeneration (tentative)
A linkage between cerebellum and AD? (tentative)

Delirium and AD (tentative)

Alterations of human CSF and serum-based mitophagy biomarkers patients
from Czech Brain Aging Study (CBAS)

iPSC models for neurodegenerative disease (tentative)
The synergistic role of physical excise and NAD" in treating AD

Autophagy and ageing (tentative)

Evening event: Domus Bibliotheca (Karl Johans gate 47, 0162 Oslo, Norway), room booked
Key speakers: Ole Petter Ottersen, Linda Partridge



Panel debate on anti-ageing strategies and a
happy ageing society

19:00-21:00 CEST, 18t Sep. 2023
Address: Domus Bibliotheca (Karl Johans gate 47, 0162 Oslo, Norway)

Evening event

18.30-19.00 Light dinner at Domus Bibliotheca for speakers only
18.50 Doors open to the audience
19.00 Opening of event by Sofie Lautrup (moderator) Welcome in Norwegian and English
Section 1: Ageing Science
19.10 Panel members:
: Linda Partridge, Vilhelm A. Bohr, Maria G. Spillantini, David Rubinsztein, Nektarios Tavernarakis,
Richard Siow, Katina Handeland
19.55 Coffee-break and networking
Section 2: Ageing Society
20.10 Panel members:
‘ Ole Petter Ottesen, Lynne Cox, Evandro Fei Fang, Geir Selbaek, Erik Borge Skei, Jon Storm-
Mathisen
20.50 Ending remarks by Sofie Lautrup
21.00 Evening event closes

Practical information:
During each section Sofie Lautrup will be the moderator of discussion and ensure to keep the time schedule. The last 15 min of each section will be Q&As
from the audience.

A photographer will document the event (please let us know if you do not want photos to be taken of you) Dress-code: Semiformal/formal (audience casual)
Section 1: Ageing Research. Topics: why studying ageing, Popular topics in ageing science, ethical considerations, animal models and humans and more.

Section 2: Ageing Society. Topics: How are we preparing for an ageing society? How is it going? How are interactions between scientists and politicians and
clinicians? And the general population?



Day 2 (19 Sep. 2023)

08:10-08:15 Oslo time  Coffee

PART 1: Mechanisms of ageing (Chairs: Linda Partridge and Richard Siow)

08:15-09:00 Oslo time  Vilhelm Bohr (Copenhagen) DNA damage signaling to mitochondria in neurodegeneration and aging
09:00-09:30 Oslo time  Koutaro Yokote (Chiba) Werner syndrome: a model of accelerated aging in human
09:30-10:00 Oslo time  Janna Saija Saarela (UiO) SNP and ageing (tentative)

DNA damage response as a driver of progressive neurodegenerative diseases

10:00-10:30 Oslo time  Hilde Nilsen (UiO and OUS) _ trom mechanisms to clinical intervention.

10:30-10:45 Oslo time  Break

Proteasome activation delays aging and progression of neurodegenerative

10:45-11:15 Oslo time  Stathis Gonos (Athens) diseases (tentative)

11:15-11:45 Oslo time ~ Morten Scheibye-Knudsen (Copenhagen) DNA repair and Al in healthy ageing (tentative)
11:45-12:15 Oslo time  Guobing Chen (Ji-nan U.) Immune ageing and its application on ageing related diseases (tentative)
12:15-12:30 Oslo time  Hisaya Kato (Chiba) NAD+-based clinical trials in Werner syndrome (tentative)

PART 2: Targeting ageing at population and societal levels (Chairs: Maria Spillantini and Vilhelm Bohr )

13:30-14:00 Oslo time  Geir Selbaek (UiO) Lifetime risk factors of dementia in the Ageing in Trgndelag cohort study
14:00-14:30 Oslo time  Tormod Fladby (AHUS and UiO) AD biomarkers (tentative)

14:30-15:00 Oslo time  Per Nilsson (Karolinska) Autophagy and Alzheimer’s disease (tentative)

15:00-15:30 Oslo time  Anne Simonsen Mitophagy and disease (tentative)

15:30-15:45 Oslo time  Break

15:45-16:15 Oslo time  Dag Arsland (KCl/Stavanger) Dementia treatment

16:15-16:30 Oslo time  Miguel G. Borda (Stavanger) The Crossroads of Dementia, Neurodegeneration, frailty, and sarcopenia
16:30-16:45 Oslo time  Sofie Lautrup (UiO) Spatiotemporal quantification of mitophagy in AD brain samples (tentative)
16:45-17:30 Oslo time  David C. Rubinsztein (Cambridge) Autophagy and neurodegenerative disease (tentative)

17:45 Departure/Dinner



Evandro F. Fang
UiO/Ahus, Norway

Lynne Cox
Oxford, UK

Richard Siow
KCL, UK

Organizers

Dr. Evandro Fei Fang is a molecular gerontologist whose research focuses on understanding the molecular mechanisms of human
ageing and age-related diseases. His team uses bench-top knowledge to guide the development of novel interventional strategies
towards human ageing, with a final goal of improving the quality of life in all older people. After finishing his PhD at the Chinese
Universtiy of Hong Kong, he completed a 6-year postdoc with Prof. Vilhelm Bohr on molecular gerontology and Prof. Mark Mattson on
neuronal resilience in Alzheimer’s disease at the National Institute on Ageing, Baltimore; he opened his lab in Oslo in the fall of 2017.
He is the founding (co)coordinator of the Norwegian Centre on Healthy Ageing network (NO-Age, www.noagel00.com), the
Norwegian National anti-Alzheimer’s disease Network (NO-AD, www.noad100.com), and the Hong Kong-Nordic Research Network.

Lynne Cox heads the lab of Ageing and Cell Senescence at the University of Oxford. She studied at the University of Cambridge (MA,
PhD) and held a Royal Society of Edinburgh fellowship at the University of Dundee, developing initial IP for spin-out Cyclacel. She has
served on the UK’s All Party Parliamentary Group for Longevity, co-authoring ‘Health of the Nation — a strategy for healthier longer
lives’ launched in 2020 by the UK Secretary of State for Health and Social Care. She is a recipient of the US Glenn Award for research
on ageing, and the British Society for Research on Ageing Lord Cohen medal for contributions to ageing science. She co-chairs the
European Geriatric Medicine Society Ageing Biology group, co-directs the UK Ageing Research Networks (https://www.ukanet.org.uk/)
and is Program Director of Dynamic Resilience, a $60m global healthy longevity program funded by Wellcome Leap and Temasek
Trust (https://wellcomeleap.org/dr/).

Richard is a graduate of King’'s College London (BSc Nutrition, PhD Cardiovascular Physiology) and followed his degrees with
postdoctoral research in the Department of Medicine, University of Cambridge. Since 2015 he has been the Director of Ageing
Research at King’s (ARK), a cross-university consortium of researchers taking a multidisciplinary approach to better understand the
mechanisms of ageing, improving health-span and the social and economic impact of ageing. He is currently a visiting senior
academic in the Department of Physiology, Anatomy and Genetics, University of Oxford. He is the Secretary General of the European
Society of Preventive Medicine. His research team focuses on the role of nutrigenomics and ageing on redox signalling in
cardiovascular and cerebrovascular health and disease. He has numerous international collaborations including University of Oxford,
University of Zurich, National University of Singapore, Harvard Medical School, Charite Berlin, Technical University of Dresden and
University of Tsukuba.
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David Rubinsztein FRS FMedSci is Professor of Molecular Neurogenetics and a UK Dementia Research Institute Group Leader at the
University of Cambridge. His research is focused in the field of autophagy, particularly in the context of neurodegenerative diseases.
His laboratory pioneered the strategy of autophagy upregulation as a possible therapeutic approach in various neurodegenerative
diseases, and has identified drugs and novel pathways that may be exploited for this objective. He has made contributions that reveal
the relevance of autophagy defects as a disease mechanism and to the basic cell biology of this important catabolic process.

Ole Petter Ottersen is a highly accomplished professor of medicine at UiO, holding numerous leadership roles throughout his career.
He has been involved in various academic and research initiatives, both nationally and internationally, and has contributed significantly
to the field of neuroscience. With extensive teaching experience, Ottersen has prioritized study quality, internationalization, innovation,
and communication. He has received prestigious awards and holds honorary doctorates from esteemed institutions. His scholarly work
has made a significant impact, with a high citation count and an h-factor of 113.

Professor Dame Linda Partridge DBE FRS is a renowned geneticist and the founding Director of the Max Planck Institute for Biology of
Ageing. Her groundbreaking research focuses on aging, lifespan extension, and age-related disorders like Alzheimer's and
Parkinson's. Linda's work has applications in developing treatments for these diseases and promoting healthy aging. She studies the
evolution of aging rates, mechanisms of lifespan extension in model organisms, and the role of nutrient-sensing pathways. Currently,
she focuses on pharmacological treatments for improving health during aging.

The research group of Dr. Linda Bergersen investigates the role of lactate in pathogenic brain as we age. Dr. Bergersen obtained her
PhD from the University of Oslo, and she is now a professor at the University of Oslo, holding multiple roles, including Head of
Electron Microscopy Laboratory and Leader of the Brain and Muscle Energy Group, Institute of Oral Biology (IOB), Department of Oral
Biology (UiO), Professor in Physiology at the Faculty of Dentistry (UiO), and Professor of Neurobiology of Aging at the Center of
Healthy Aging (CEHA), University of Copenhagen, Denmark.

Dr. Rasmussen’s research focuses on understanding a central challenge of modern biomedicine, namely the genetic origins of
complex diseases and the contribution of environmental factors. Her particular research interests include the role of deoxynucleoside
kinases in maintaining genomic integrity, interaction between dNTP pools and mitochondrial function, basic research into aging, the
molecular mechanisms underlying mitochondrial-mediated mutagenesis, and identification of proteins involved in maintaining integrity
of the mitochondrial genome.
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Dr. loannis Sotiropoulos is a researcher and group leader at the Institute of Biosciences & Applications, NCSR "Demokritos", Greece.
His research work focuses on understanding the orchestrating role of environmental risk factors (e.g., chronic, lifetime stress) on the
onset of Alzheimer’s disease (AD) with a specific focus on the relationship between AD and depression, a stress-related disorder.
Combining cell-, animal- and human-based studies, Dr. Sotiropoulos' innovative work aims to clarify the diverse factors that regulate
the cellular role of Tau as a key molecule of neuroplasticity and neuropathology while his recent work focuses on exosomes as both
mediators of brain pathology and potent biomarkers. He has received different prizes & awards including the Hirnliga Alzheimer Award
2009, AD/PD Young Faculty 2014 Award, Jerome Lejeune 2017 Award, Janssen Innovation Award 2017, Alzheimer Association
Award for Best Mentor in Neuroscience 2021.

Konstantinos Palikaras is Assistant Professor of Experimental Physiology at the Medical School of the National and Kapodistrian
University of Athens, in Athens, Greece. His research focuses on studies of autophagy, mitophagy, and cellular homeostasis
investigating the role of energy metabolism in neuronal physiology and survival. His main interests are the molecular mechanisms of
necrotic and mitophagic cell death and their interplay between cellular metabolism and ageing, and the development of novel genetic
tools for biomedical research. For his scientific accomplishments, Konstantinos Palikaras has received several notable scientific prizes
including the “Fotis Kafatos” Award for excellence in biology from Hellenic Society of Bioscientists and ERC Starting Grant (2022)
among others. He is also a member of Genetics Society of America (GSA), the Hellenic Society of Biochemistry and Molecular Biology
(HSBMB), the Hellenic Society for Neuroscience (HSfN) and the Hellenic Initiative Against Alzheimer’s Disease (HIAAD).

Jon Storm-Mathisen is a Norwegian brain researcher and is professor emeritus of medicine at the University of Oslo. Retiring officially
in 2011, Storm-Mathisen was previously deputy head of the Center for Molecular Biology and Neuroscience. He received the Anders
Jahres medical prize in 2006 for his pioneering research on signaling substances in the brain. He received UiO's research prize in
2004. He was also awarded the Nansen Medal and the Lundbeck Prize, and elected member of the Norwegian Academy of Science
and Letters. He chaired the inaugural Kavli Prize Committee for Neuroscience.

Maria Grazia Spillantini is Professor of Molecular Neurology at the University of Cambridge. She received a Laurea in Biological
Sciences from the University of Florence. In 1987 she obtained a PhD in Molecular Biology from Cambridge University. In 1996 she
moved to the Department of Clinical Neurosciences at Cambridge. With her collaborators, she identified alpha-synuclein as the major
component of the filaments that form the Lewy bodies in PD and described one of the first mutations in the MAPT gene causing FTDP-
17T. She has received the Potamkin Prize of the American Academy of Neurology, the Cotzias Prize of the Spanish Neurological
Society and the Jay Van Andel Award for achievements in PD. She is Fellow of the Academy of Medical Sciences, and of the Royal
Society, and has received a Knighthood from the President of Italy.

Chris I. De Zeeuw is Chairman of the Department of Neuroscience at Erasmus MC in Rotterdam, Vice-Director of the Netherlands
Institute for Neuroscience in Amsterdam, and Director of Neurasmus BV. Soon after receiving the Fellowship Award from de Royal
Dutch Academy of Sciences (KNAW) he became visiting professor at NYU Med School in New York. When he returned to the
Netherlands he became Professor and Chair of the department that he founded in Rotterdam around the turn of the new millennium.
He has been Principal Coordinator of the EU Robotics program (SENSOPAC) and President of Neuro-Bsik Mouse- and Pharma-
Phenomics consortia. De Zeeuw has received over 100 grants, including the PIONIER Award from ZonMw and the ERC advanced
grant. In 2006 he received the Beatrix Award for Brain Research from her Majesty the Queen, in 2014 he became elected member of
the Dutch Academy of Arts & Science, and in 2018 he received the international Casella Prize for Physiology.
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Professor Leiv Otto Watne is a geriatrician at the Department of Geriatric Medicine, Akershus University Hospital, Norway. He is the
President of the European Delirium Association and the leader of Oslo Delirium Research Group. The group has carried out
pharmacological and non-pharmacological intervention studies, as well as studies on delirium pathophysiology and epidemiology. The
group has comprehensive experience in sampling biological and clinical data from patient cohorts. Their biobank of CSF and blood
samples from delirious patients is a valuable source of information on pathophysiological mechanisms in delirium.

Dr. Katerina Veverova (Cechova) is a cognitive neuroscientist at the Second Faculty of Medicine, Charles University in Prague and
University Hospital Motol. In 2021, she completed her Ph.D. focusing on BDNF as a marker of prediction, follow-up, and intervention in
neurodegenerative diseases in the Czech Brain Aging Study (www.cbas.cz). She is an Assistant Professor at the Department of
Psychology, Charles University, and deputy chairperson of the Neuropsychological section of the Czech-Moravian Psychological
Society. Currently, her main research interest is the interaction of biofluid biomarkers of Alzheimer's disease and cognition, with a
particular focus on mitophagy as a promising molecular mechanism underlying the pathogenesis of AD (www.mitophagyeu.cz).

Associate Professor Martin Vyhnalek is a cognitive neurologist based in Motol University Hospital, Charles University in Prague, Czech
Republic. After his medical studies, he completed a degree in clinical neuropsychology at Montpellier University in France. After
returning to Prague, he co-founded the Czech Brain Aging Study — the only Czech longitudinal, observational study on aging and
dementia. He is responsible for neuropsychological core and biobanking. His research focuses mainly on early cognitive and
neuropsychiatric markers of neurodegeneration and the role of subjective cognitive complaints in early AD diagnostics.

Dr. Kristina Xiao Liang is the Principal Investigator and Group Leader of the Mitochondrial Stem Cell Group at the University of Bergen
(UiB) Faculty of Medicine. She is an expert in using stem cell models, especially induced pluripotent stem cells (iPSCs), to identify
mechanisms underlying mitochondrial diseases and to develop iPSC-based platforms to test therapeutics. Her research group is
based in the UiB's Department of Clinical Medicine (K1) and is part of Neuro-SysMed, the Center of Excellence for Clinical Research
in Neurological Diseases, Department of Neurology, Haukland University Hospital. Her research group has established the capabilities
and facilities required for iPSC reprogramming and differentiation, enabling the study of neuronal cells from patients and healthy
controls. The group has also recently developed 3D brain organoids to study disease mechanisms and test treatments, including NR.

He-Ling Wang is a DPhil candidate in the Evandro Fang Laboratory at the University of Oslo, Norway. She holds a Bachelor's degree
in Medicine and a Master's degree in Oral Medicine from Jilin University, China. During her Master programme, she completed a one-
year internship program at Okayama University, Japan, where she received training in microbiota. In the Fang laboratory, she is
studying three major research topics: 1) mechanistic studies of Alzheimer's disease (AD) with a particular emphasis on roles of
reduced NAD+ and compromised autophagy/mitophagy in AD progression; b) investigating potential synergistic benefits of exercise
plus NAD+ in slowing AD; and c¢) conducting research on the connection between malfunctioned and imbalanced microbiota profile
and AD. Her final goal is to identify effective and publicly accessible therapeutic interventions.
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Nektarios Tavernarakis is Professor of Molecular Systems Biology at the Medical School of the University of Crete, Chairman of the
Board of Directors at the Foundation for Research and Technology-Hellas, and Research Director at the Institute of Molecular Biology
and Biotechnology, in Heraklion, Greece, where he is heading the Neurogenetics and Ageing laboratory. He is the Founder and first
Director of the Graduate Program on Biolnformatics at the University of Crete, Chairman of the European Institute of Innovation and
Technology (EIT) Governing Board, and has served as Vice President of the Scientific Council of the European Research Council
(ERC), and Director of IMBB. He is a member of AAAS, EMBO, Leopoldina, EASA, Academia Europaea, the European Academy of
Sciences (EurASc) and the Academy of Athens. He earned his Ph.D. degree at the University of Crete and trained as a postdoctoral
researcher at Rutgers University in New Jersey, USA. His work focuses on the molecular mechanisms of necrotic cell death and
neurodegeneration, the interplay between cellular metabolism and ageing, the mechanisms of sensory transduction and integration by
the nervous system, and the development of novel genetic tools for biomedical research.

Prof. Bohr's main contributions to science have been in the area of DNA repair. He has worked on many aspects of DNA damage and
its processing in mammalian cells. He developed a widely used method for the analysis of DNA repair in individual genes and found
that active genes are preferentially repaired. This observation was a major advance in the clarification of the tight interaction between
DNA repair and transcription, a process termed transcription-coupled repair. In recent years numerous papers from his laboratory
have focused on mechanisms of DNA damage processing, particularly on nucleotide excision repair and transcription coupling. A main
interest now is to elucidate how these processes change in relation to aging.

Koutaro Yokote, a graduate of Chiba University, is a physician scientist in the field of Endocrinology, Diabetology, and Geriatrics. He
received Ph.D from Uppsala University for the study of PDGF receptor signaling, under Dr. Carl-Henrik Heldin the former Chairman of
the Nobel Foundation. Dr. Yokote developed interest in pathogenesis of atherosclerosis in relation to aging, which led to studies of the
progeroid Werner syndrome in Japan. He organized the Werner syndrome registry in Japan and played a central role in establishing
management guidelines for the syndrome. He is engaged in both clinical and basic studies on Werner syndrome, with a belief that the
efforts would facilitate not only the research of the specific disease, but also the understanding of common age-related disorders such
as atherosclerosis and diabetes. He has published more than 360 papers in peer-review journals including NEJM and Nature, and is
currently the president of Japan Society for the Study of Obesity.

The Saarela group’s research focuses on improving the understanding of biological pathways and pathogenic mechanisms behind
rare and common immune diseases. They especially focus on primary immune deficiencies and multiple sclerosis and utilising the
new knowledge to the benefit of the patients. They use rare immune diseases as models for autoimmunity and focus on identifying
novel causative genes for the rare disorders in the founder population of Finns and study the functional consequences of the identified
gene defects.

Hilde Loge Nilsen is a researcher and professor at the University of Oslo. Her work focuses on studying DNA and RNA quality control
mechanisms in human disease, particularly in relation to cancer, aging, and neurodegenerative disorders. With extensive experience
and notable contributions in the field, Nilsen investigates the role of DNA repair enzymes and their impact on preventing mutations and
maintaining cellular function. Her research also highlights the involvement of DNA repair proteins in RNA quality control. Nilsen's work

aims to advance our understanding of tumorigenesis, age-related diseases, and the intricate interplay between DNA and RNA
maintenance.
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Stathis Gonos graduated from the University of Athens, Greece, and obtained his Ph.D. at the University of Glasgow and was a
Docent at the Orebro University Medical School, Sweden. He worked at the Ludwig Institute for Cancer Research/University College in
London and at the National Hellenic Research Foundation/ICB. Since 2021, he has been the General Director of the Hellenic Pasteur
Institute. His research focuses on the genetic and environmental factors that are linked to human aging and longevity. He has
published more than 150 research articles and holds patents that have resulted in the development of novel anti-aging products. Dr.
Gonos has been a "Senior expert” for the EU in "Human development and the aging process" and is a past member of the Executive
Committee of International Union of Biochemistry and Molecular Biology (IUBMB). He is Editor-in-Chief of “Mechanisms of Ageing &
Development” and “IUBMB Life”.

Dr. Scheibye-Knudsen’s lab focuses on trying to understand the cellular and organismal consequences of DNA damage in ageing
with the aim of developing interventions to treat this damage, and thus ageing. His team discovered that DNA damage leads to
changes in certain metabolites and that replenishment of these molecules may alter the rate of ageing in model organisms. These
findings suggest that normal ageing and age-associated diseases may be amenable to similar interventions. The hope is to develop
interventions that will allow everyone to live healthier, happier and more productive lives.

Guobing Chen is Professor of Immunology, Director of Institute of Geriatric Immunology and Deputy Dean of the School of Medicine,
Jinan University in China. His group is working on how the immune system changes during aging, to identify the biomarkers of
immune aging, explore the immunological factors relevant to geriatric diseases, such as infectious, autoimmune and
neurodegenerative diseases, and finally to develop the efficient treatment to prevent aging and aging related diseases.

Dr. Hisaya Kato is committed to revealing the mechanisms of aging through the study of the progeroid Werner syndrome. He has
developed disease-specific induced pluripotent stem (iPS) cells and gene repair methods using CRISPR/Cas9, along with techniques
for inducing differentiation into mesenchymal stem cells and adipocytes. Dr. Kato is also engaged in omics analysis using patient-
derived fibroblasts and liquid biopsy samples. Additionally, he is involved in the EMPOWER clinical trial, which examines the effects of
nicotinamide riboside on Werner syndrome patients.

Geir Selbak is a professor at the University of Oslo and research director at the Norwegian Centre for Ageing and Health. He is a
medical doctor (1991), and psychiatrist (2001). He completed his PhD on neuropsychiatric symptoms and medication use in nursing
home patients with dementia in 2008. He leads the Norwegian registry for persons with cognitive symptoms, at present including
24,000 persons from 47 outpatient departments in Norway. He is also leader of the population-based study of cognition in old age,
HUNT4 70+, including 12,000 persons 70 years of age or older, and the 4-year follow-up study of this cohort, Ageing in Trgndelag. He
is a member of the Lancet Commission on Dementia Prevention, Treatment and Care. His research covers several aspects of ageing,
with a particular focus on cognitive impairment and dementia.
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Werner syndrome (WS) is an autosomal recessive premature aging disorder caused by mutations

in the WRN gene. It is characterized by the development of age-related diseases, such as

juvenile bilateral cataracts, gray hair, hair loss, insulin-resistant diabetes mellitus,

atherosclerosis, and cancer after adolescence. The leading causes of death in patients with WS

are coronary heart disease and cancer. Due to improvements in the management of diabetes and

dyslipidemia, deaths from atherosclerotic disease have decreased dramatically, and life

expectancy has increased to 59 years.!

The average age of cancer onset has increased in patients with WS, from 36.9 years in 1966 to

49.7 years in 2023.2* However, since the average age at the onset of cancer is younger in

patients with WS than in healthy individuals, early detection and treatment are critical.?

In patients with WS, the morbidity of non-epithelial tumors, such as malignant melanoma,

meningioma, soft tissue sarcomas, osteosarcomas, and hematologic tumors (myelodysplastic

syndrome and multiple myeloma), is higher than that in the general population, and the

frequency of multiple primary cancers is higher.>*3 The ratio of epithelial to non-epithelial

tumors is 1:1.5 in patients with WS, compared with 10:1 in the general population.’ However,

recent reports indicate that the incidence of epithelial tumors, such as thyroid, lung, and breast

cancers, is increasing, and the ratio of epithelial to non-epithelial tumors is 1.6:1. This change

may reflect the increased life expectancy of patients with WS. 2



Guidelines of cancer screening in patients with WS are insufficient. Ultrasound screening for
thyroid cancer and annual full-body skin examinations are recommended for malignant
melanomas.® The most common types of malignant melanoma in patients with WS are acral
lentiginous melanoma and mucosal melanoma, particularly in nasal mucosa, palms, and soles.*

Neurological evaluations of signs and symptoms are also important to screen for intracranial

tumors.’

Recently, we have received many inquiries regarding cancer screening and treatment in patients

with WS. Based on the types of cancers commonly observed in patients with WS and the

specific problems with screening tests, we proposed a strategy for cancer screening and

surveillance in patients with WS, as shown in Table 1.

In general, recommendations for cancer screening in Japan include radiography or endoscopy

for gastric cancer, fecal occult blood tests for colorectal cancer, radiography or sputum cytology

for lung cancer, mammography and palpation for breast cancer, and cytology or human

papillomavirus (HPV) tests for cervical cancer. World Health Organization also strongly

recommends HPV tests for cervical cancer.® However, because WS is caused by a defect in the

WRN protein, which is involved in DNA metabolism, radiation that can cause DNA damage

may be carcinogenic. WS cells are susceptible to X-ray-induced chromosomal aberrations;

therefore, excessive irradiation should be avoided.’ Interview and physical examination should



also be performed assuming non-epithelial tumors, which are more common in WS.

For cancer screening in young-onset progeria syndromes, such as Bloom syndrome,

characterized by abnormal DNA repair mechanisms arise from mutations in the BLM gene,

ultrasound and MRI are preferred over X-rays and CT scans.!® Blood cell counts to screen for

hematologic tumors and routine skin examinations with minimal UV exposure to screen for skin

cancers are also recommended. The benefits of routine screening for osteosarcoma have yet to

be established, and imaging should be considered as necessary, with attention to signs and

symptoms. Therefore, the proposed cancer screening for WS includes the use of ultrasound and

MRI, rather than X-rays.

Patients with WS can receive chemotherapy and surgery, similar to other patients with cancer.

Treatments for cancer are advancing, and early detection may prolong survival. Although we

have recommendations for cancer screening in WS for the first time, there is a lack of

information on the effectiveness of the screening program, including the age of initiation, the

appropriateness of the intervals, and the cost-effectiveness. Therefore, further studies are

warranted.

We expect that the newly proposed malignancy screening strategy will improve the quality of

life and prognosis of patients with WS.
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Table 1. Recommendations for Cancer Screening and Surveillance in Patients with

Werner Syndrome (2024)
Cancer type Frequency Screening type Interval/timing | Notes
Thyroid cancer High Palpation, Annual
ultrasound
Lung cancer Less Chest X-ray Annual Avoid
smoking
Breast cancer Less Breast ultrasound Every 2 years Avoid
excessive
alcohol intake
Meningioma High Interviews for Every 6 months
headache, dizziness,
and neurological MRI, if
symptoms necessary
Brain MRI
Soft tissue High Soft tissue visual Annual
sarcoma, inspection and




osteosarcoma palpation
Interviews for Bone
pain
Malignant High Skin visual Annual Avoid
melanoma inspection excessive
exposure to
ultraviolet
light. Use of
sunscreen is
recommended
Leukemia, High Blood cell counts every 3 months
myelodysplastic
syndromes
Pancreatic cancer | Less Abdominal If diabetes
ultrasound develops or

there's sudden

glycemic control

deterioration




Gastric and

colorectal cancer

Less

Fecal occult blood

tests.

Annual

Upper

gastrointestinal

endoscopy is

preferred over

gastric

fluoroscopy
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@ ~ Whatis werner syndrome.

Werner syndrome is said to be a disease of "premature aging" = a progeroid syndrome
because aging seems to progress rapidly after puberty. The patient looks older than their
actual age.

People with Werner syndrome starts to develop .

symptoms such as gray hair/hair loss, cataracts in Main Symptomms

both eyes, and a high-pitched hoarse voice in
their 30s. In addition, muscle atrophy in the

S

arms and legs, formation of calluses due to skin 7"\ Gray hair/hair loss
hardening, and hard-to-heal foot/elbow wounds / \ A

(intractable skin ulcers) may be observed. Patients

usually have short stature, and X-rays may Cataracts in both eyes
reveal subcutaneous calcification (accumulation

of calcium components) of the Achilles ;

tendons and subcutaneous tissue.

Diabetes and dyslipidemia (abnormal cholesterol %

and triglyceride levels) are also common among

these patients. Therefore, they are at risk of

developing arteriosclerosis and cancer; hence,

careful follow-up is required. Skin care is Calcification of the Achilles tendon
necessary as repeated infections from ulcers can and subcutaneous calcifications
cause bacteria to enter the bone marrow.

The number of Werner syndrome patients in Japan is estimated to be 700~2,000. The disease is prevalent in
Japan, with 60% of the patients reported worldwide being Japanese. In the past, most of the reported cases
were from areas with many consanguineous marriages, which leads to closely related kinship; in recent years,
the number of patients whose disease is not related to consanguinity is dramatically increasing. Lifestyle
habits such as daily diet and exercise are unrelated to the onset of this disease.

Werner syndrome is caused by an abnormality in the WRN gene. The disease only occurs when both WRN
genes are defective. Each of the patient’s parents only has one causative gene and does not develop the
disease. About 1 in 4 of the patient’s siblings will develop the disease; however, the probability that the
patient’s children or their children will develop the disease like their parent or grandparent is extremely
low.

There is no fundamental cure for Werner syndrome. However, early detection and treatment are important
for diseases such as cancer, cataracts, diabetes, dyslipidemia, etc., because surgery and medications are
effective and they improve the patients’ prognosis.

In the past, many patients died from cancer and arteriosclerotic diseases such as myocardial infarction in
their mid-40s. However, a recent study shows that the average life expectancy has increased by more than
10 years, and the number of Werner syndrome patients in their 60s is significantly increasing: the oldest
patient was aged 77 years.



@ ~ Thimgsto"beaware ot m ife

Prevention and treatment of visceral fat obesity, diabetes, and dyslipidemia

Excessive carbohydrate and fat intake should be avoided as fat tends to accumulate in the abdomen
(visceral obesity), thus increasing the susceptibility to diabetes and dyslipidemia. Exercise should be
performed regularly. Treatment for general type 2 diabetes is recommended to manage diabetes;
medications that improve the sensitivity to insulin, a hormone that lowers the blood sugar levels, are also
used in many cases as the primary cause of Werner syndrome is decreased sensitivity to insulin.
Dyslipidemia is managed based on the treatment used for general dyslipidemia,

and low-density lipoprotein (LDL) cholesterol-lowering drugs called statins

are often used. Hypertension is treated by avoiding excessive salt intake and N /4 »
using general antihypertensive drugs as needed. Good control of these )
risk factors suppresses the progression of arteriosclerosis and prevents \

myocardial infarction.

Prevention of sarcopenia (muscle wasting)

Protein-rich foods such as soy products, fish, and meat should be consumed. Amino acid supplements
for leucine are said to be effective in preventing general sarcopenia and may also be effective for Werner
syndrome patient.

Prevention of Osteoporosis

Consumption of foods containing vitamin D, calcium intake \
are recommended to prevent osteoporosis. -

Prevention/treatment of skin wounds (intractable ulcers)

It is important to prevent foot blisters by choosing well-fitting shoes as foot wounds take long to heal
and greatly interfere with daily life. Thin and tough skin can break or tear easily due to the pressure
applied by the underlying bones. Such wounds are at risk of developing into deep ulcers. Special shoes
(orthoses) may be used to protect areas with high pressure or that will likely develop into wounds. Areas
prone to ulcers such as the Achilles tendon, heels, feet, and elbows should be protected and assessed on
a daily basis. If ulcers form, symptomatic treatment such as cleaning, disinfection, protection, and
moisture retention is the primary treatment. However, surgery to graft skin from other areas of the body
may be effective in some cases.

Early Detection of Cancer @

Early detection and treatment are important because cancer develops more .
[ ==

often than usual. Therefore, undergoing regular cancer screening is recommended.



@ ~ Drabetes

What is diabetes?

Diabetes 1s a disease that occurs when the insulin
levels are low or the insulin 1s ineffective,
resulting in high blood sugar levels (glucose
concentration in the blood).

Symptoms including “recently, my mouth is dry”; “I
go to the bathroom more often and pee more”; and “I
get tired easily” may appear. Meanwhile, other
patients may remain asymptomatic.

What is alarming about diabetes is that other diseases
may develop if it is left untreated.

In addition to problems such as “blindness,”
“accumulation of waste products in the body due to
the inability to urinate properly (uremia),”’and
“rotting of the foot,” it increases the risk of heart
disease, stroke, and even cancer and dementia.

Main symptoms

Recently, my mouth is dry
(Q /

w @ I go to the bathroom more often
" and pee more

"

I get tired easily.

F

Diabetes and Werner syndrome

According to a previous survey conducted in
Japan, 60% of patients with Werner syndrome,
regardless of gender, develop diabetes as a
complication. One of the causes is fat
accumulation around the abdomen, which
contributes to the patient’s metabolic
syndrome appearance. As a result, sensitivity
to insulin decreases.

dorsal

Visceral fat/

subcutaneous fat :278.7/ 110.9 cm* = 0.66

Computed tomography scan: the purple-colored area indicates
visceral fat.

Treatment for diabetes

The intake of snacks and juice drinks should be limited.

Eating until 70%-80% full is highly

plastic Dbottles, etc.) are effective.

encouraged.
Performing various exercises as tolerated (exercises using
Metformin and

Metformin

pioglitazone are known to be effective. Recently, incretin-
related drugs have also been shown to be effective.

Pioglitazone incretin



@ } Dyslipidemia

Dyslipidemia and arteriosclerosis

.o . . Lipids flowing in the blood
Fats (lipids) such as cholesterol and triglycerides e

circulate freely in the blood. W

Cholesterol is further divided into bad cholesterol ) | T cigi:::;:g;ﬂ@m
(LDL-C) and good cholesterol (high-density ‘ ) cholesterol: LDL-C)

lipoprotein cholesterol [HDL-C]). When the LDL-C ' Good cholesterol (HDL

or triglyceride levels are higher than the standard )

value or when the HDL-C levels are lower than the
standard value, it is referred to as dyslipidemia. ‘ , Triglycerides
Dyslipidemia increases the likelihood of developing ’~

arteriosclerosis and is a risk factor for heart diseases,

such as angina pectoris and myocardial infarction,

and stroke.

¥

‘When the LDL-C or triglyceride
levels are higher than the standard
value or when the HDL-C levels are
lower than the standard value, it is
referred to as dyslipidemia.

Dyslipidemia, arteriosclerosis, and Werner syndrome

According to a previous survey conducted in Japan, half B

of Werner syndrome patients develop dyslipidemia \‘ .
(70% with high LDL-C levels, 80% with i ‘ : ‘M n
hypertriglyceridemia, and 30% with low HDL-C

levels). ) J
Similar to diabetes, patients develop a metabolic | o
syndrome appearance, leading to insensitivity to
insulin, which is believed to be one of the causes of
dyslipidemia. Although angina pectoris and myocardial
infarction commonly develop in people with Werner
syndrome compared with that in the general population,
the incidence of stroke is relatively low.

About half of the patients have
dyslipidemia as a complication

@ Arterial wall thickens

© Formation of blood @ Fat accumulation on the wall

@ Clogging of the blood vessel

Treatment for dyslipidemia

Lifestyle modification, limited animal fat intake, and standard treatment such as the administration of
statin drugs are used to prevent arteriosclerosis.

@



@ ~ Fatty liver

About fatty liver

Fatty liver is defined as an abnormal accumulation
of triglycerides, a type of lipid, in the liver. ’ I ,

Alcoholic fatty liver

Alcoholic fatty liver due to alcohol consumption is due to alcohol

. . . consumption
well known; recently, non-alcoholic fatty liver, in p
which fat accumulates in the liver even with low
alcohol consumption, is drawing attention.
Both may progress to diseases such as cirrhosis and
liver cancer.
Non-alcoholic fatty liver
Fat accumulation in the liver
despite low alcohol
Fatty - consumption

liver

‘Abnormal

accumulation of
triglycerides
Fatty liver and Werner syndrome
Approximately 30% of patients with Werner syndrome Dark areas indicate {at accumulation.
develop fatty liver. (Usually appears as bright white)

In general, non-alcoholic fatty liver is more common in
obese people, whereas Werner syndrome patients develop
fatty liver even if their body weight is significantly below
normal.

No study has reported that cirrhosis or liver cancer is
common in Werner syndrome patients with fatty liver.

2ot o

Advanced fatty liver is visible

Abdominal computed tomography scan

Treatment for dyslipidemia

Fatty liver has no specific cure.
A previous study reported that the fatty liver in a Werner syndrome patient improved with the use
of astaxanthin.



@ ~ Infection

Infection of skin ulcers

Werner syndrome patients are prone to skin disorders and tend to develop corns (clavuses) on the
soles of the feet. The skin surface where the corn is located becomes inflamed and collapses, often
resulting in deep ulcers. This also occurs frequently in patients with diabetes. Since Werner
syndrome is often complicated by diabetes, patients with this syndrome are prone to developing
plantar ulcers. The ulcers develop not only on the soles of the feet but also on the knees and elbows.

Foot care is of utmost importance.
Patients should avoid developing corns.
Otherwise, immediate medical advice should

Aboid developing corns
If you develop corns

be sought. The attending physician should be Consult a doctor
consulted immediately if the skin becomes gouged immediately
and if an ulcer is suspected. At this point, the ulcer

is not yet infected. s +

The ulcer may be infected if the
surrounding area becomes red and
swollen, feels hot, or is painful. In such
cases, treatment is required.

The ulcer can be treated with oral antimicrobial drugs if the red and swollen area (redness)
surrounding the ulcer measures 2 cm in diameter, although the depth of the ulcer should also be taken
into consideration. In such case, the treatment will generally take two to four weeks. However, the
possibility of undergoing intravenous antimicrobial treatment is relatively high if the inflamed area is
not within 2 cm from the ulcer or the ulcer is deep. Hospitalization is often required in such cases,
and treatment will generally take two to four weeks. The doctor may decide to switch to oral
medication administration upon completion of intravenous treatment.

Not only the skin and subcutaneous tissue but also the joints and bones may also become infected as
the ulcer extends more deeply. Such cases are called arthritis or osteomyelitis. If this occurs,
hospitalization and treatment with intravenous antimicrobials are required. Surgical excision is often
necessary if antimicrobials alone do not alleviate the infection. In general, the treatment period will
take at least 4 weeks if the joints and bones are infected.

If repeated infection occurs, an infection caused by bacteria that are resistant to antimicrobials

(resistant bacteria) is suspected. Intravenous treatment is necessary in such cases even if the infection
is mild as it may not be possible to it treat with oral medications.

Other infections to look out for

Various infectious diseases can be prevented with vaccines such as pneumonia and
influenza. Immediate consultation with a doctor and vaccination are recommended.



@ ~ Diseases of the eye

Patients with Werner syndrome, also known as “progeria,” experience
premature aging. The eyes are no exception and tend to develop age-
related conditions. The most common eye condition associated with

The incidence of cataracts is 100%
in Werner syndrome

aging is cataract. Werner syndrome patients develop cataracts as early

as 20 years old. On average, they develop cataracts at the age of 30 years.

Approximately 10% of the general population develops cataracts at the
age of 50 years, and more than 80% by the age of 70 years. By contrast,

100% of Werner syndrome patients develop cataracts. Hence, some
patients are diagnosed with Werner syndrome after developing cataracts.

A cataract is a disease in which the lens becomes
cloudy and vision is reduced. Its symptoms include
reduced vision, glare, and blurred vision. Initial
symptoms may not only include decreased vision
but also sensitivity to headlights at night.

Myopia may also worsen as the cataracts progress.
The diagnosis can be easily made by a slit lamp
examination, which is commonly used in
ophthalmology clinics, and a general practitioner
can make the diagnosis. However, as early-onset
cataracts have various causes, Werner syndrome
will not be suspected based solely on these findings.

However, as a general rule, Werner syndrome is
suspected if bilateral nuclear cataracts are observed
at a young age as cataracts in Werner syndrome
patients are characterized by opacity and hardening
of the center (nucleus) at a younger-than-average
age.

Main symptoms

Reduced vision

! SensmVlty to headlights
! ‘ I at night

A
‘N
N
i

Glare/Blurring

Cataracts can be treated with small-incision (2-3 mm incision) lens reconstruction without serious

complications.

Phacoemulsification and aspiration are generally used to ultrasonically break up and suck out the
turbidity. An artificial lens is placed into the remaining pouch (lens capsule). In the case of Werner
syndrome, the hardened nucleus, which is observed in many patients, tends to pose challenges during
surgery. That said, serious complications such as incomplete wound closure do not occur as the incision
wound is smaller compared with that in previous surgical procedures.

One characteristic postoperative complication that may occur is cystoid macular edema (swelling in the
macula, the most important part of the retina, which causes symptoms such as blurred and distorted
vision). It improves with eyedrops alone in patients with cataract alone, thanks to advances in
postoperative eyedrops. However, care must be taken with Werner syndrome, as cystoid macular edema
may become intractable and lead to permanent vision loss. It is generally caused by inflammation, but the
factor that triggers the onset of cystoid macular edema in Werner syndrome patients remains unknown.
Therefore, the exact incidence is unknown, but it does not seem to be common. Overall, cataract surgery
can be safely performed on Werner syndrome patients, thanks to advances in cataract surgery techniques.



’ Sarcopenta and 0SteopoTrosts

What 1s sarcopenia

Sarcopenia is a condition characterized by reduction of

muscle mass with age, and decrease in muscle
strength and walking speed.

Sarcopenia may require long-term care in the future
and cause some difficulties in daily life. In other
words, sarcopenia prevents an individual from living a
long and healthy life.

The muscle mass of the hands and feet start to
decrease at a relatively young age (below the

age of 40 years) in Werner syndrome patients.
Although the cause is unclear, it may be attributed to the
patient’s limited mobility due to the presence of
contractures (impaired joint movement) and skin
ulcers on the soles of the feet, which are common
among Werner syndrome patients.

Main symptoms
ﬁ Decreased muscle mass
with age

—

Decreased muscle strength and
physical function

In fact, some Werner syndrome patients who engage in habitual resistance exercise (exercise that puts a
load on the muscles, so-called muscle training) do not experience a reduction in the skeletal muscle mass.
As such, sarcopenia may be preventable by performing appropriate exercise.

Prevention

Engaging in resistance exercise that does not put
too much strain on the soles of your feet and the
Achilles tendons is recommended, and sufficient
protein (ingredients for muscle) intake is highly
encouraged.

Each meal should contain at least 25g of protein.
However, if chronic kidney disease and other diseases
develop, a family doctor should be consulted.

Resistance exercise that is
not too taxing on the soles

and Achilles tendons

Sufficient protein
intake



What in osteoporosis

Osteoporosis is a disease in which the bone mass Main symptoms
decreases with age, making the bones brittle and prone to

fractures.

Osteoporosis is also a dangerous condition that may affect an Bone become brittle,
individual’s life expectancy as fractures can interfere with daily gﬁf ér;cf;ii:;rlgsthe
life and increase the probability of becoming bedridden.

Patients with Werner syndrome are prone to osteoporosis
at a young age.

Although it depends on the patient’s age, a previous
Japanese survey reported osteoporosis in 41% of
Werner syndrome patients, while an overseas study
reported osteoporosis in >90% of patients. In patients
with Werner syndrome, osteoporosis is more severe ‘ é

in the lower limbs than that in the vertebrae (spine).

Interferes with daily life ¢
may increase the probab
of becoming bedridden

Prevention and treatment

Conventional osteoporosis medications can be used for treatment.

Similar to sarcopenia, performing exercises is one of the preventive measures. Vitamin D intake
promotes the absorption of calcium from food and is important for the prevention of osteoporosis. As
with sarcopenia, adequate dietary protein intake is also important.

Exercise is important for the prevention of both sarcopenia and osteoporosis. It is important to avoid
excessive exercise and incorporate exercise that is not too taxing since some Werner syndrome patients
are prone to developing ulcers on the soles of their feet and some have joint contracture.



@ ‘ root ulcers (hard-to-heal wounds)

Werner syndrome causes hard-to-heal wounds on the skin. The most common areas are the
elbows and below the knees.

Hard-to-heal wounds on

the elbow form on the

lateral protruding

portion of the elbow

(olecranon).

If the wound may be

extended to the elbow with

thin skin, you need to

consult the dermatologist Olecranon

The areas where hard-to-heal wounds are likely to form include the Achilles tendon,
ankles, heels, soles, inner side of the big toe, and outer side of the small toe.
The wound may extend deeply into the joint or bone because the skin is thin.

Outer side of
the big toe
Achilles
Ankle tendon

Inner side of

the big toe

heel Sole




Prevention is important because once a wound
forms, it 1is difficult to heal. Moisture
retention and avoiding pressure are
important. A callus may form as a sign of
pressure. The callus should be treated as the
skin will be pressed further and a wound will
possibly form if it is left unattended.

Bacteria may accumulate inside the hard-to-heal
wounds. They should be removed to reduce the risk of
spread. The tissues infected with bacteria should also be
removed. Surgery may be performed to close the
wounds that do not heal easily.

One of the characteristics of Werner syndrome is that

. Wounds frequently develop in the

.In

addition, they are common in areas where
pressure is likely to be applied such as the

The wounds are difficult to heal in these areas
because the skin has thickened/toughened and the
amount of fat is relatively low. It is as if the cushion
has been removed, and the bone comes in direct
contact.

Moreover, poor blood flow due to narrowing of the
blood vessels, calcium oxide formation in the skin,
and deformation of the joints are also thought to cause
ulcer formation.




The callus should be treated as the skin will be pressed further and a wound will
possibly form if it is left unattended. Well-fitting shoes should be worn to prevent
the formation of calluses. Prevention is important because once a wound forms, it is
difficult to heal. Moisture retention and avoiding pressure are important. A callus may
form as a sign of pressure.

The areas where the bone

Well-fitting shoes should be An insole should be inserted protrudes and that are prone
worn to prevent the formation of to to wound development A
“Plisters” should be protected with special

orthoses(shoes).

X 123
bl 1=

The soles of the feet, Achilles tendons, and elbows should be
assessed for presence of scratches, calluses, and corns. An -
ointment or plaster (various dead-skin-softening topical agents
containing urea) that softens dead skin should be applied as soon Checklist
as possible if thickened dead skin such as calluses or corns begin Any wounds, calluses,
to form. Dead-skin-softening topical agents and plasters are sold or corns?
at pharmacies, but a specialist such as a dermatologist should be
consulted first. Scissors are used in some cases to remove calluses
and corns that do not come off with ointment or plasters alone.
However, a specialist such as a dermatologist should be consulted
as doing so on your own may lead to wound formation.

o Sole of the foot
O Achilles tendon
o Elbow, etc.

If a callus or corn is left unattended, a wound will form in the center and will take a long time to heal.
Care must be taken to prevent bacterial infection if a wound forms. It should be kept clean by washing
it with soap every day. Ointment should be applied for wound healing after rinsing thoroughly.

If necrotic areas are noted, a drug that dissolves them

should be wused. If red granulation occurs, an

appropriate medication should be applied to further q

raise the granulation tissue and eventually reduce the
wound size. If bacterial infection occurs, disinfectants, ' )
ointments that suppress infection, and oral antibiotics V
are needed. If bacterial infection is noted or if the 3
scratch increases in size, it will be difficult to heal;
hence, a dermatologist should be consulted as soon as
possible.

-

A dermatologist
should be consulted as
soon as possible.



What is a malignant tumor?

A malignant tumor is a tumor in which certain cells disregard the order established in the body and
proliferate, spread to the surrounding tissues, or cause metastasis. Malignant tumors include epithelial
tumors (cancer), non-epithelial tumors (such as sarcoma), and blood tumors such as leukemia. In general,
cancer is common, while non-epithelial tumors are rare. When the incidence of cancer and that of non-
epithelial tumors are compared, the ratio is about 10 to 1.

Malignant tumors and Werner syndrome.

According to a previous survey conducted in Japan, malignant tumors were found in approximately 30%
of people with Werner syndrome. They tend to develop at a relatively young age (40 years). Non-
epithelial tumors, which rarely develop, are common in Werner syndrome patients with a cancer to non-
epithelial tumors ratio of 1 to 2. Among them, malignant melanoma, malignant fibrous histiocytoma,
and meningeal tumors are common. With regard to cancer, thyroid cancer is commonly observed.
Moreover, it is not uncommon for a Werner syndrome patient to develop multiple cancers (multiple
tumors), in which several comorbid malignant tumors develop. Recently, the number of cancer cases
has dramatically increased as the life expectancy of people with Werner syndrome increases.

Screening and treatment for malignant tumors

Patients with Werner syndrome should be assessed - .

. . Characteristics of malignant mole melanoma
for presence of malignant tumors. Regular medical —
checkups and cancer screening lead to early detection
and treatment. Patients should undergo blood and
urine tests at least once every 3 months, and chest X- 1. Irregular shape
rays, thyroid ultrasound, abdominal ultrasound, fecal
occult blood tests, etc. every 6 months to 1 year. A 4. Diameter
whole body assessment should be performed daily. In >6 mm
particular, a doctor should be consulted if an
irregularly shaped “mole” develops on the skin or if a
“swelling” under the skin increases in size. \
The treatment for malignant tumors that develop in —
Werner syndrome patients is the same as that in the
general population. Some patients express concern
about undergoing surgery because the wounds that
form on their hands and feet do not easily heal.

Wounds caused by surgery (e.g., lung cancer) on the
central part of the body (trunk) easily heals, and the
patients undergo the same procedures that are usually 3. Uneven color

performed.
g - @

5. Gradually grows larger

2. Jagged margin



Ministry of Health, Labour and Welfare Research Grant
Intractable Disease Policy Research Project
Multidisciplinary research aimed at improving the medical standards and QOL for progeria

Koutaro Yokote, Endocrinologg{, Hemato_log%, and Gerontology, Graduate School of
Medicine and School of Medicine, Chiba University

Minoru Takemoto, Department of Diabetes, Metabolism, and Endocrinology, Faculty of
Medicine, International University of Health and Welfare

Hironori Nakagami, Department of Health and Developmental Medicine, Graduate
School of Medicine, Osaka University

Yoshitaka Kubota, Department of Plastic and Reconstructive Surgery, Graduate
School of Medicine and School of Medicine, Chiba University

Rika Kosaki, Department of Medical Genetics, Department of Biodefense Internal
Medicine, National Center for Child Health and Development

1S\./Ieiiic_hjro Motegi, Department of Dermatology, Gunma University Graduate School of
edicine

Toshibumi Taniguchi, Department of Infectious Diseases, Chiba
University Hospital

Kenji Thara, Department of Pediatrics, Oita University School of
Medicine

Hideo Kaneko, Department of Pediatrics, Gifu Prefectural General
Medical Center

Masafumi Kuzufa, Department of Geriatrics, Nagoya University
Graduate School of Medicine

Akira Taniguchi, Department of Orthopedic Surgery, Nara Medical University
Muneaki Matsuo, Department of Pediatrics, Faculty of Medicine, Saga University

Toshiyuki Oshitari, Department of Ophthalmology, Graduate School of Medicine and School of Medicine,
Chiba University

Seijiro Mori, Department of Diabetes, Metabolism and Endocrinology, Tokyo Metropolitan Geriatrics
Medical Center

%\(/Iaquh_isa Tsukamoto, Department of Internal Medicine, Teikyo University School of
edicine

oshiro Maezawa, Endocrinology, Hematology, and Gerontology, Graduate Schoo
icine and School of Medicine, Chiba University
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Medicine, Chiba University
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Werner syndrome

About our efforts to improve the prognosis of Werner syndrome Werner syndrome Q&A
Diagnostic criteria for Werner syndrome (revised in 2012) Clinical practice guidelines for Werner syndrome

A message from a patient with Werner syndrome: What I expect from medicine Werner syndrome national survey

About our efforts to improve the prognosis of Werner syndrome

A prospective, single-center study (EMPOWER study) to evaluate the safety and efficacy of nicotinamide riboside in
Werner syndrome

There is no definitive treatment for Werner syndrome. Symptomatic treatment is usually employed and focuses on treating intractable ulcers,
sarcopenia, arteriosclerotic diseases, etc. However, the effects are limited, and treatments with better efficacy are needed.

In recent years, geriatric research has discovered sirtuins. Sirtuins, also known as longevity genes or anti-aging genes, are said to extend the
lifespan when activated. Nicotinamide adenine dinucleotide (NAD) is important for the activation of sirtuins. Decreased NAD levels have been
observed in patients with Werner syndrome (Nat Commun. 2019 Nov 21;10(1):5284), thus suggesting that supplementation with NAD's
precursor may be effective for treating Werner syndrome.

Chiba University is conducting an EMPOWER study to investigate the safety and efficacy of nicotinamide riboside, a precursor of NAD, which is
said to be effective in suppressing the symptoms of aging such as intractable ulcers, sarcopenia, and arteriosclerotic diseases, in patients with
Werner syndrome. Recruitment of patients was performed until the end of September 2021.

For more information on the study, please refer to:
https://jrct.niph.go.jp/en-latest-detail /jRCTs031190141

Werner Syndrome Q&A

1. What is "Werner syndrome"?

Werner syndrome is a rare genetic disease initially reported in 1904 by German physician Otto Werner. This condition is classified a disease of
"premature aging" (progeria) because aging seems to progress rapidly after puberty. Gray hair, hair loss, and cataracts in both eyes appear when
the patient is in their 20s, while the muscles and skin of the hands and feet become thin and tough, making them look older than their actual
age. Diabetes and dyslipidemia (abnormalities in cholesterol and triglyceride levels) are also common, and, in the past, many patients died of
malignant tumors or myocardial infarction in their 40s. Life expectancy has been extended, thanks to the advances in treatment; nowadays,
some Werner syndrome patients reached the age of 50 years and 60 years. On the contrary, some patients develop deep wounds on the toes or
elbow that do not heal (intractable skin ulcers) leading to amputation of the foot due to repeated infection; even today, many patients experience
extreme difficulties in their day-to-day life.

2. How many individuals have been diagnosed with Werner syndrome?



According to some studies, there are an estimated up to 2,000 people with Werner syndrome in Japan, with a prevalence of 1 in approximately
50,000 to 60,000 people.

3. What kind of people are most prone to Werner syndrome?

Regionally, the disease is prevalent in Japan, with 60% of the patients reported worldwide being Japanese. In the past, the patients reported
were from areas with many consanguineous marriages (cousin marriages and second-cousin marriages); in recent years, the number of patients
whose disease onset is not related to consanguinity is relatively increasing. Lifestyle habits such as daily diet and exercise are thought to be
unrelated to the onset of this disease.

4. Is the cause of Werner syndrome known?

It is thought to be caused by an abnormality in the WRN gene. WRN (also known as deoxyribonucleic acid (DNA) helicase) plays a role in
repairing DNA *1, which is the blueprint of our body, when it is damaged. However, the reason why abnormalities in WRN accelerate aging
remains unknown.

5. Is Werner syndrome hereditary?

Humans have a pair (two) of genes inherited from each parent. Werner syndrome only occurs when both WRN genes are defective, In most
cases, each of the patient’s parents only has one causative gene and does not develop the disease. About 1 in 4 of the patient’s siblings will
develop the disease, but the probability that the patient’s children or their children will develop the disease like their parent or grandparent is less
than 1 in 200 to 400. In conclusion, the possibility is extremely low.

6. What are the symptoms of Werner syndrome?

After the age of 20 years, symptoms such as gray hair and hair loss, cataracts (often in both eyes), and a high-pitched hoarse voice occur. In
addition, muscle atrophy in the arms and legs occurs, the skin becomes hard and thin, and deep wounds that are difficult to heal develop
(intractable skin ulcers). They are often short in stature, and X-rays often reveal calcifications in the Achilles tendons and subcutaneous tissues
(accumulation of calcium components). In addition, many people develop diabetes and dyslipidemia, and menopause, when the level of sex
hormones declines, is more likely to occur at an early age.

7. What treatments are available for Werner syndrome?

Werner syndrome has no cure, and treatment or preventive measures for signs of “visual aging” including gray hair, hair loss, and skin changes
are not available. Foot wounds are difficult to heal and can seriously interfere with day-to-day life. It is therefore important to take preventive
measures such as avoiding the formation of blisters on the feet. If it occurs, symptomatic treatments such as cleaning, disinfection, protection,
and moisture retention are required. However, surgery to transplant skin from other areas of the body may be effective in some cases. On the
contrary, early detection and treatment are important for certain diseases such as malignant tumors, cataracts, diabetes, dyslipidemia, etc.;
surgery and medication treatment are effective in patients with Werner syndrome as they are in the general patients.

8. How does Werner syndrome progress?

In the past, many patients with Werner syndrome died in their mid-40s from arteriosclerotic diseases such as malignant tumors (cancer) or
myocardial infarction. However, recent studies show that the average life expectancy has increased by more than 10 years, and the number of
patients in their 60s is relatively increasing. On the contrary, many patients develop intractable wounds (intractable skin ulcers) on the heel, feet,
eibow, etc., and are forced to undergo foot amputation due to continuous pain and repeated infection. This interferes with their day-to-day life
and poses a major problem,

9. What precautions need to be taken in daily life for Werner syndrome?

First, it is important to protect and observe areas that are prone to ulcer formation such as the Achilles tendon, heels, feet, and elbows to
prevent the formation of deep wounds that are difficult to heal (intractable skin ulcers). Skin that has become thin and tough is easily wounded
due to the pressure exerted by the underlying bones. Such wounds are prone to develop into deep ulcers. Special shoes (orthoses) may be used
to protect the areas that are tender to pressure or are about to form wounds. Assessment should be performed to detect the presence of
malignant tumors during regular hospital visits, and metabolic abnormalities such as diabetes and dyslipidemia should be treated to prevent the
rapid progression of arteriosclerosis.

*1 DNA :
A substance found in the cells that make up the human body. It serves as a blueprint to produce proteins necessary for sustaining life.
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A message from a Werner syndrome patient: What I expect from medicine

The patient provided consent to the publishing of their unaltered images and voice on this website.
Unauthorized use of images and audio is strictly prohibited.

Werner syndrome national survey

This nationwide epidemiological survey aimed to understand the circumstances surrounding Werner syndrome in Japan based on the Japan
Agency for Medical Research and Development (Practical Research Project for Intractable Diseases) “Creation of Evidence through Nationwide
Survey of Werner Syndrome with Progeria and Construction of a Case Registration System.”

Werner syndrome is a rare genetic progeria and is highly prevalent in Japan, with two-thirds of the patients reported worldwide being
Japanese. A nationwide survey was conducted in 2009. As a result, 200 Werner syndrome patients were identified, and the disease was
designated as an intractable disease. Based on the results of this survey, the diagnostic criteria for Werner syndrome were revised for the first
time in 25 years, and the treatment guidelines, which did not exist up until then, were created. Currently, there are an estimated up to 2,000
people with Werner syndrome in Japan. However, the circumstances surrounding the patients and the disease are not fully understood, and it has
no curative treatment. We therefore aim to compile useful evidence collected in Japan to improve the patients’ prognosis and quality of life
(QOL).

We would like to thank half of the participating facilities who responded to this survey. We would appreciate it if the doctors who are in charge
of the facilities where the questionnaire was sent and have not responded yet would take the time to fill out the enclosed survey form with the
number of patients admitted in the department in the last 10 years who meet the criteria or suspected patients and to send the forms back it to
us by faxing it to 043-226-2095. If none of the patients meet the criteria, it is still necessary to provide the estimated number of patients
diagnosed with Werner syndrome nationwide; hence, please mark “none” on the survey form and return it.



*Werner Syndrome Handbook
A guide for patients with Werner syndrome, their family, and medical professionals. 1st edition

lj]:}bj"_ﬁﬂiﬁ Wemer Syixdome Handbook
NYRT T -

CLETEREE R P LT

Download PDF ( *in Japanese) Download PDF (*in English)

Diagnostic criteria for Werner syndrome (revised in 2012)

I. Cardinal signs and symptoms (onset over 10 until 40 years-of-age)

Progeroid changes of hair Progeroid changes of hair (gray hair, baldness, etc.)
Cataract (bilateral)

Changes of skin, intractable skin ulcers (atrophic skin, tight skin, clavus, callus)
Soft-tissue calcification(Achilles tendon, etc.)

Bird-like

Abnormal voice (high pitched, squeaky, hoarse voice)

II. Other signs and symptoms

Abnormal glucose and/or lipid metabolism

Deformation and abnormality of the bone (osteoporosis, etc.)
Malignant tumors (non-epithelial tumors, thyroid cancer, etc)

Parental consanguinity

Premature atherosclerosis (angina pectoris, myocardial infarction, etc.)
Hypogonadism

Short stature and low bodyweight

III1. Genetic testing
Diagnosis

Confirmed: Presence of all cardinal signs, OR, presence of biallelic WRN gene mutations in addition to at least three cardinal signs.
Suspected: Presence of both I-1 (progeroid changes of hair) and 1-2 (cataract), AND, at least two more signs or symptoms from I or II.

|
|
Takemoto M, Mori S, Kuzuya M, Yoshimoto S, Shimamoto A, Igarashi M, Tanaka Y, Miki T, Yokote K. Diagnostic criteria for Werner syndrome based

; on Japanese nationwide epidemiological survey. Geriatr Gerontol Int. 2013 Apr;13(2):475-81.
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Guidelines on the diagnosis and treatment of Werner syndrome

2012 edition 2020 edition Ministry of Health, Labour and
Welfare Intractable Disease
Policy Research Project
Multidisciplinary research aiming



We also accept inquiries from doctors who have examined new patients and requests for genetic testing.

You can also download the questionnaire and the attached materials

here (*in Japanese) ror .

We may send individual survey forms at a later date if there are patients who meet the criteria or are suspected to meet the criteria. In such
cases, we would appreciate your cooperation.

We promote the establishment of a case registration system for Werner syndrome through this survey; we strive to enhance the quality of
medical care for this disease to improve the prognosis of patients by revising the treatment guidelines. We appreciate your cooperation.

Research group leader: Koutaro Yokote Person in charge for the National epidemiological survey of Werner syndrome: Masaya Koshizaka

Office of Werner Syndrome National Epidemiological Survey: 1-8-1 Inohana, Chuo-ku, Chiba 260-8670
Endocrinology, Hematology, and Gerontology, Graduate School of Medicine and School of Medicine, Chiba University
Practical Research Project for Intractable Diseases, Japan Agency for Medical Research and Development
“Creation of Evidence Through Naticnwide Surveys of Werner Syndrome with Progeria and Construction of a Case Registration System”

Research group
Research group leader: Koutaro Yokote

(Endacrinology, Hematology, and Gerontology, Graduate School of Medicine and School of Medicine, Chiba University)

Phone: 043-226-2092, Fax: 043-226-2095

Werner syndrome: Results of the 2017 nationwide primary survey

The 2017 nationwide epidemiological survey (primary survey) was conducted to understand the circumstances surrounding Werner syndrome in

Japan based on the Japan Agency for Medical Research and Development (Practical Research Project for Intractable Diseases) "Creation of

Evidence through Nationwide Survey of Werner Syndrome with Prageria and Construction of a Case Registration System.” The compiled resuilts
will be made publicly available.

The survey was conducted in the form of a questionnaire survey conducted from February 2017 and included 7,889 clinical departments (internal

medicine, ophthalmology, dermatology, orthopedics, plastic surgery, etc.) in hospitals with 200 or more beds nationwide. We received a total of
3,154 responses (response rate: 40%). We would like to take this opportunity to once again thank the doctors in all facilities for their

cooperation.

We were able to identify 200 Werner syndrome patients from the previous nationwide survey conducted in 2010. In addition to this, we were
able to identify 116 patients with confirmed cases of Werner syndrome (57 men and 59 women) in this survey. Furthermore, 51 patients (29

men and 22 women) were suspected of having Werner syndrome. Patients suspected of having Werner syndrome are currently undergoing

genetic testing in our department. Additicnally, we identified 153 patients (80 men, 71 women, and 2 of unknown gender) with a confirmed
diagnosis who have visited one of the medical institutions in Japan in the last 10 years {patients with confirmed cases with previous hospital
visits). A total of 320 patients in Japan comprising those with confirmed cases, those with suspected cases, and those with previous hospital
visits have been identified.
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No regional difference was observed in terms of the distribution of patients nationwide*. This finding suggests that there is no clear regional

difference in the incidence of the disease, and patients well distributed nationwide.
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We plan to conduct a secondary survey in the future in the facilities that reported confirmed cases in the primary survey. In the secondary
survey, based on the data obtained, we will investigate the disease, recruit patients for studies including clinical trials**, and provide information
to registered patients and attending physicians with the use of the Werner syndrome case registration (registry) system.

The primary survey has been completed, but we are still accepting inquiries from doctors who have examined new patients and requests for
genetic testing as needed.

* The number of cases reported in Chiba is relatively high compared with that in other prefectures. This is probably because a large ‘
number of patients are referred to Chiba University Hospital. ;

| ** Dr. Nakagami of Osaka University is taking the lead in recruiting patients who wish to participate in the clinical trial for “the
: treatment of intractable ulcers using novel peptides,” which will be conducted in September this year. Chiba University is also
conducting a study using induced pluripotent stem (iPS) cells.

Office of Werner Syndrome National Epidemiological Survey: 1-8-1 Inohana, Chuo-ku, Chiba 260-8670

Endocrinology, Hematology, and Gerontology, Graduate School of Medicine and School of Medicine, Chiba University

Practical Research Project for Intractable Diseases, Japan Agency for Medical Research and Development

“Creation of Evidence Through Nationwide Surveys of Werner Syndrome with Progeria and Construction of a Case Registration System”
Research group

Research group leader: Kotaro Yokote



Person in charge for the National epidemiological survey of Werner syndrome: Masaya Koshizaka
(Endocrinology, Hematology, and Gerontology, Graduate School of Medicine and School of Medicine, Chiba University)
Phone: 043-226-2092, Fax: 043-226-2095

International Meeting on RECQ Helicases
and Related Diseases 2018
==February 16-18, 2018 Chiba Japan
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International Meeting on RECQ Helicases and Related Diseases 2018

Date: February 16th (Friday) — 18th (Sunday), 2018
Venue: Kazusa Academia Park

URL : http://www.jtbw-mice.com/recq2018/

This meeting has been held in the United States to discuss RECQ helicase-related progeria syndromes such as Werner syndrome, Bloom
syndrome, and Rothmund-Thomson syndrome. It was initially held in Asia in 2018. In addition to xeroderma pigmentosum, Cockayne syndrome,
and Hutchinson-Gilford progeria syndrome, a wide range of aging-related conditions associated with these diseases was discussed including,
cellular aging, mitochondrial disorders, and iPS cell biology. The meeting was attended by 135 participants (29 from outside Japan) and was a
great success. A total of 27 speakers, including 12 from overseas, provided advanced lectures followed by lively discussions. Twenty-one patients,
including S from overseas, were present, and their participation led to the active exchange of information between researchers and patients. It
was a unique symposium with participants from both Japan and overseas commenting that the interaction with patients delineated the issues and
made them feel more motivated.
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