2021 2023

NAD

Innovative treatment and and study of aging suppression mechanism with NAD
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Werner syndrome (WS) is a rare hereditary progeroid syndrome. Nicotinamide
adenine dinucleotide (NAD)+ may play a key role in WS disease pathogenesis and NAD+ supplementation
may improve the pathogenesis of WS and other age-related diseases. We conducted a double-blind,
randomized, crossover, placebo-controlled trial on patients diagnosed with WS to evaluate the safety

and efficacy of NAD+ precursors, Nicotinamide riboside (NR). NR 1,000 mg or placebo were
self-administered for 26 weeks and then the patients were crossed over into the opposite arm, and
the other capsule was administered for another 26 weeks.

The primary endpoint was the safety of NR. The secondary endpoints were NAD+ levels in plasma,
number and size of skin ulcers, cardio-ankle vascular index (CAVI), and others. No serious adverse
event was observed during NR treatment. The CAVI improved, and the heel pad thinning tended to be
slower. Therefore, NR may be beneficial for preventing atherosclerosis in those patients.
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A phase l/ll clinical trial to evaluate safety and efficacy of

nicotinamide riboside in patients with Werner syndrome
Randomized placebo-controlled double-blind cross-over study

EMPOWER study

jRCTs031190141
NR-first group
Informed consent \
| i l NR 1000 mg/day t  Placebo
Entry/ Switch at 26 weeks
Randomization
Placebo-first group
Placebo | NR 1000 mg/day
L) 1 ]

Administration start Switch at 26 weeks  Administration end

0 week 26 weeks 52 weeks

' Follow-up every 4 week with phone call

Safety, grip strength, gait speed, skeletal muscle volume, insulin resistance,
vascular stiffness, insulin resistance, NAD+ concentration in the whole blood, etc.

NR A NAD 0.07+ 0.06 unit, vs 0.00+
0.02 unit, ~/~<0.05 NR A CAVI -0.4+ 0.9 vs 0.9
+0.8, -0.5£0.9vs 0.7£0.7, /<0.05 NR

NR administration period Placebo administration period

N| Mean:SD Median (IQR) Mean = SD  Median (IQR) P value
NAD (unit)y 6 0.07+0.06  0.10(0.04,010) -0.00%£0.02  0.00(0.02,0.00) 0.0452
WBC (fuL) 6 250979 300 (-400,1100) 550 £ 1211 250 (-100, 800)  0.4273
RBC (L) 6 6.67+21.13 400 (-4.00,24.00) 383+3365 -3.50(-18.00,7.00) 0.8325
Hb(g/dl) 6 032+040  050(0.10,060) 000+0.96  -0.10(-0.40,0.30) 0.4791
Het(%) 6 105%147  175(010,210) 070+281  0.35(-140,1.50) 0.7985
Pit(ul) 6 -020%£169  015(-1.80,1.20) 030%226  -020(-1.10,1.20) 0.6969
CRP (mg/dL) 6 -0.062+0.185 -0.01(0.03,0.04) -0.042%0.098 -0.01(-0.10,0.02) 0.8194
AST(UL) 6 10.83+2354 11.50(-3.00,31.00) -3.67+19.34  0.00(-3.00,8.00) 0.0612
ALT(UL) 6 21.00£39.67 1500(-9.00,51.00) 3.67 %2833  1.00(-8.00,16.00) 0.0971
YGTP (UL) 6 75.00  141.28 3'0203%%;’0' 2083+ 5263 500 (-0.00,60.00) 0.2227
Tbil (mg/dL) 6 0.00%0.06  0.000(0.00,0.00) -0.05%+0.15  -0.050(-0.20,0.00) 0.4150
C-Bil(mg/dL) 6 0.02£0.04  0.000(0.00,000) 0.00%006  0.000(0.00,0.00) 0.3632
6

Alb (g/dL) 0.12£0.27  0.000(-0.10,0.30) 0.17£0.29  0.300 (-0.10, 0.40)  0.6952



NR administration period Placebo administration period P val
Mean £ SD Median (IQR! Mean + SD Median (IQR —
Grip strength, right (kg) -06+23 -0.5(-2.5, 1.4) 1.2+£27 -04 (-0.8,-0.1) 0.5628
Walking speed (m/s) 5 0.0 £0.2 -0.0 (-0.1, 0.1) -0.0 £0.2 -0.0(-0.1,0.0) 0.5841
Visceral fat area (cm?) 6 -183+479 54 (445,88) -05+484 175(-8.9,22.6) 0.2705

Skeletal Mass Index 6 00+0.1 -0.0 (-0.0, 0.1) 0.0£0.3 -0.1(-0.2,0.2) 0.6714

Heel pad thickness, 6 02*12  -05(1.0,04) -07%09 -08(-14,-0.1) 02727
right (mm)
left (mm) ¢ 01x16 0.8 (0.8, 1.2) 0.7 %21 -0.2(-0.6,0.4) 0.0595
CAVI, right ¢ 0409 .05(1.0,-02 09+08 0.8(0.3,1.1)  0.0418
left g 0509 .06(11,-03 07x07 0.7(0.1,0.8)  0.0463
ABI, right 6 OJ1X01 .01(0.2-00 O01x01 0.1(-0.0,0.1)  0.0181
left 6 -01%01 -0.1(02,00) 0.0%0. 0.0 (-0.1,0.1)  0.1446
SBP (mmHg) g 45+208 -40(9.0,130) 17+138 .20(-30,20) 0.5858
DBP (mmHg) g 30%127  40(80,80) 60+105 20(0.0,11.0) 0.5366
WS NR CAVI

NR WS
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