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1. D)V F—EBRREIEEREE B

FRAFZEFRATFHE
BE A

[ZC®HIZ

EARREILEE (L EMER L MATY TIILFT—ERBED 2 KERTH S, BARFEILEDF TIL
BEREER EFAEMBRBELCEORERAENS . RBEV LT —ERBEZOREE
BErHAMLT I I—RELO TS, VT ILFT—EEREHICHS TS5HIRFELEDRKRAIL. &
ERENLREZRZLFTETIEEAONSIN., VT ILFT—IEERICAHT IHERBE
E-BEABEELZTORERFEL LTHEALTWLS, LT, SOKS HRBIEBICE.
AERART (NAFLD) LCARIBIEEREIC K 54 VR VIERMEAKRZ(BEET HLEZ DN D,
F =i NAFLD $ 4 LME NASH o QT HElEO £ FEEEICH O HEEN—BRAICE
WTERLTETLWAIENRESNTEY., VLT —ERBECEWONTELZOREHNE
BETHb. VT —ERBEEMICHITLBERESEE - BHFOEHEEXS L& LVDA
THY. FIEIDHS FS54 U TIEER 15 EHID 55 53%ICEHI LA TA—)LIENEHT
ERBBINTLS, LML, ChoBEEREDEE. Vo)L —EEEICESITHEE
EEIE - BHFOBBIZOVT, LEHICXBR Y ) —=VJ 2T > TR LT —23%
LW CNEFBHLMNITEH. KAA K54 U TIE, 1996 F£h 5 2016 £FIZ PubMed &
& U Medical Online IZ$f& S f-fEf (98 3XAR. 119 fEffl) XV ) —=24 L. ZDth
NBHIEE - BHFOWTANCET AL DREDH LI VNIET—2DH 5 44 fEH (FHE
#h 45.6 /. B 26 61) COEBIRL THEITEIT o= (2005 FLRIORE : 26 FEHI) . &
B. VLT —ERBEIEREBZEHLOTVVEERETHY . EREREZEHLIZEBE
[CREBEARBOCIEMFICEENHLTREMZEZER L. BHEEEZEH LTS 13 EH (T
85 504 /%, BHE6H) LFUNDILEN (BHEERESHLEL., FRIXEHELL : F
Y ERE 436 m%. BE204) [CHELTCOBFHITo-. ChoT—2(E, BRERESH
HY - MEBEE, Ths MEE, L LTXHhIZEEHE L=,

—7. LREOXHBRR COEFBREICIEERENTRICEHIATEST., AEICKLD
PR - EEEEEERRICETIEHL L, F. AFIIEEERELABREDES LD
TFELL, ZO&ES5 RN EHEH. FEXRRPIZTRAEREDO 2010 FLUBROEEBESL LU
AERARTICRE S 252 T— 2 A FI AR AeA: 12 fEF| (B 54|, &iE 7 4], T8 50.1
. 39-60%) M5B, T—AMBHICEMHERBEOSHOLL 11 EF (Bt 446, &iE7
5. FHEER 50.7 . 39-60 %) EXRELTHE - AENRLGEICEALTHAEL TEH
Lz SBIC, BIAFOREZRMTS5EEZZONTVSAF/EE CT ELL (LU, LSt) @



F—EDHAHEHMDOVNTOREFELTo1=,
HE. XBRFIYVEHIMMEFERIISR TRL, FEXRZOEMBRIITOHERIXCS TRL
V=

1. BEERE

CQL VI F—ERBRICETIEEREEAHEREL?EHT IBEREENDSI 1T
=

Al IEERBEGSHERISNETETHD. BHEEBEDF 1 T LTIE, EPiEiE@m
fEA 76% &/ E P <. B LDL-C/non-HDL-C M¥E 68%, {& HDL-C M4E 32%T3H 3. (SR)

AEFIDSH EEEEEICET HEHD HHEME 41 (M BEE 13 .M EE 28 1)
ThY. ZD 55 35 EH 85.4% (M EE 84.6%. M &EEE 85.7%) ICIEEEBENEH %
Bl BET—20OHHEHIEL 25 EFTHY (MBEE 746l MEE 1841 . &PHAE
B (TG) IfE 76.0% (M HE 57.1%. M R 83.3%) . & LDL-C/non-HDL-C MfE 68.0%

(M B 42.9%. M &R 77.8%) . {& HDL-C IMfE 32.0% (M HE 14.2%. M & 38.9%)
Thot=,

CQ2. EEREESHY I —EREBROEHIX?
A2. BE (90%L) ICERFREZEHT 5. B TC MEZXET HEHFDOFE BMI (X 18.2
THY., BEEAHETICRET S, (SR)

IEEREESH BDEFDI B, BRRICETIEBDOHLEHIEIB3FTHY . HERFEE
BHLTLDLDIE 31 fEH 93.9% (M BE 88.9%. M HEEE 95.8%) &. FEICHEITH
RIEZEH LTz, T, BIRFEILESHOREED HHEHIE 4 FEFTH 1=, £D
FHERIE 41 % & BREBRFEILEZ R L TLV =,

= TG MfE 19 fEFIDFH BMI (X 18.2 (M BFEE 17.6. M ES 18.4) . ;x K BMI 2238,
&/NBMI12.49 THY. F£1= BMI 18.5 KiFEDIEAKREERFIE 9 fEH 47.3% (M HE 7 fEHI
46.7% .M R 2 fEffl 50%) TH D> T=. %4 H. IE TG MfE 9 FEFIZEH LN TIE, F1 BMI 16.5.
BMI 18.5 Kiifi 8 fEfl (88.9%) &. AEEFLWVHLODE TG MEFI & Y £ & 5IT0HE”
ThHholze SDKIIT, DV LF—ERES TG MAEHIE. IE TG MEF LY £ BMI EEH
\MERITIEHSEDD., IBiHEEDEENRN—AEAT TG MiE & (FE > TV,

CQ3. D) F—iEEEICH TLEEEEBEEZEREL? BEDHLGTREAFIL?
A3. fEEEEBIEMEZEREIL LDL-C 91%, HDL-C 91%., TG 82%& =LY, IEE RE A
ELLTEH. A rOVTREFUREE LTAHVWL A, EBEEEERICFST S, (CS)



CS 12 FEFICH LT, HRFEESHHIL 6 B, MHEERESHAIL LF. THESSHHEIL 9
. EAEMBIARFEILAE (PAD) &6HAIIL 3l (TRTHERRE - TREBZEH THY.
DHEEOBENHZEDIE0LTH o=, 2017 ERBIRBEILEREFHHA KS4 23
DATIA)—HDETHYRVBICELETIEIL6LTHo 1=,

EMERBZEHLTOVEVILERADS S, BEEEEARENRTOEENSH. X2
FUIERRTY RVIZK LT LDL-C EEBEEITEL TR 0OA 1 6I. HDL-C 40
mg/dL KFEDFEFIA 1], TG E 150 mg/dL L LDEBIN 2 Hl. THY. BEEBELE
HTE530 (WFhHADBEBEFE-THD) L8 EH (73%) THotze REF AR
FOEFITIFT R THEHIH LDL-C EEBFREZEHRLTHY. LDL-C, TG, HDL-C DE
EEZEEREIL, LDL-C 91%., TG 82%. HDL-C 91%& ., FEEIZEM o=, FHINT
WEREEEEABREFIITARTRMNAVIREFY (F RMLRARAF U ARNREF U,
E4NREFU) TH2=.BE BV RVRETHLIHERKEED LDL-C EIF 84.5+£214
mg/dL (F/ME 51.0 mg/dL. &= KfE 105.4mg/dL) THY. BFERLEREESE P0EY
LDL-C{E (Bt 114.0mg/dL, &t 1229 mg/dL) &Y HBIFLEEFZER L TLV =, &
f=. RFRICEY RV RETHS PAD ZEHT 57 T ILF—EMREED LDL-C fE(E 75.1 £ 23.2
mg/dL (&/IME 51.0 mg/dL, FRK{E 97.4 mg/dL)THY. PAD LRBHRIZE Y RV IZHEES
N5MMEEEREEDE ERELZLEICHITSHIE (BE 115.7 mg/dL. &M 123.2 mg/dL)
FYLERFLHHETH -, COLIIC. BV RVFRETOIREEEBZREEREIL 100%T
HY. BERZT 2 TORYIRVRE (FERKB. RODEEZRE) (2H(+5 LDL-C EE
BEEEREL 60%™0 LR, Yo )LF—ERESY XY BETEBO TRIFLEEINE
BENTULV=,

I. RERsRF

CQ4. EMF&6tY T IV F—EERBEOEHIT?
A4. F¥BMI 18.8, K BMI22.6 THY ., 83NDIEFMNIREFKELTTHS, (SR)

FRMTRIR 44 fEBIh. RERARTF DREEN S o 1=EFIE 12 fEH (M BB 10 iEHl. M EBE 245
f5l) THY. FHHBMIIL 18.8 (M HE 18.7. M HEE 19.3) . BMI 22 LI L DEFIEIE 2

fEF (WFht MER) T, RKBMIX226 THof=. —RAIZHITDIEHIF GE7IL
O— LERERATERTRSE - NAFLD) BB 30%IEETHSIM., EBHICHEVZFOHERRIZL
5 L.BMI B0 NAFLD &4 & L T.28 LIE T# 85%.25-28 TH 60%.23-25 TH 40%.

23 R TIF 10%REE. LHEIN TS, TIARW R, “CE'TLBRERICIEHFEE6HT 5
CERD I —EREICE T B0 E VA D, £-. 12 EGIDORBEREESH
F91.6% (M A 90.0%. M R 100%) . HAHEEESHE 90.9% (M FHF 90.0%. M



B 100%) THY. BRITHORBEREESHL TV,

CQ5. [ERFIFAHHEN L ESHER T, EET—RIZHTIHEEIE?
A5. FF/RR CT {EEL (LS Eb) (%, HDL-C LIEEMHEEY. TG ELADHEE%ERT A, i
FEFMAEEERDHLEL, (CS)

CSIZBWNT, LSHEOEARI-TEY., " OEUESEEZSH L TULEL IEF TOREIFTE
T, 9BID S LAGIARF & GHER] (LSt 1.0 K : LT FL) (X4 HIT 44%TH o7z, FL

DFE BMI & 16.7 (Fx K 17.8. &/ 15.5) &“OE"DEEFIDH TdH > 1= (FERGBAFFAERFI[LL
TIEFLIDFEY BMI17.1) , £FiE#HAEE (LDL-C. HDL-C. non HDL-C, TG, AST, ALT,

YGTP. ChE, AST/ALT tk) O FL B# & JE FL B#DLELER (t#&7%E) T, HDL-C fEAS FL B 46.0
+8.1mg/dL, JEFL & 64.6+13.3mg/dL &, FLETHEIZEM Sz (P<0.05) , LSt
ERIBRENE & DB TIX, HDL-C fE L EM#ERE (R*=0.609. p=0.013) . TG fEL &N+
B (R*=0.509. p=0.031) %#xRL7T=,

CQ6. S iEESIIFET SN2
A6. [ERIFFF & OBEIZARINATUWEWLWL DD, 44 FEHIS 1 GEHID R HIERSH H
5. (SR)

£ 44 FEBID 5 B 40 BRI TAFMIES S OME Ph\H o 1=, FEEEBO TR
THRBELON-OEEMBEZEFEZ LRV, BEFRIAMNILR -CEFLXISILZ - B
CREMEFERICETIREFTARTIEETHY . NAFLD F1zIE NASH ZFH & LTH
fiE LT-SEBI T H B aIREMEITEE TEALY,

EX:)

1. BEREE

1966 0 Epstein 5 D5 %4> 1989 FDHF 5 DME VA DL 512, ALY T
FT—ERBIIEEREEEZEHLOTUOI ENRESA TV A, EF (1996 FLIE) D
EBIERE £ MBI LT T 2017 ERRBIFEILEERBEFHHA KS5 4 2 N DmEs
ICEBLLEHOESZLITKY., 85%D Y o )L FT—EREICIEEEEENEHLTEY., £
D55 0% LIZHERFEEEH L TLVS I &, & LDL-C/non-HDL-C MfE * & TG MiE - 1§
HDL-C MEDWVWTIDE A T & HMNLENSE TG MEDENZ NI &, & TG MAEEH
DFEHBMI[F 182 LIBHEEHTHIIELIHEL TSI L. ARSIz, Mori 5 [&
B34, &t 1 ADKELH CTERORFZETV . 2 HIOBHEHEIZIE>100cm” O AE
FEmEEZEOLSZ L. D 2HICEVWTENEENERE/ K TEIERLEATVNI L],
H£LTWD,



DT I)LF—EEFICE VDV TAHBEHEBNIE L 20 F A DX ALIETRALZEANZ LD,
NIBAEIFEEDRBRA VAU VRN EML., BEEEE - BERBMEEZZL-T10D
EEZBbNS, & LDL-C IIEICEAL TIX, #EFH LU Mori 51EE5R 10 FEFID S5 & 6 fEF
C7FXFLABBEELSILRATO—LMEZ#ES L. 2053505 EFHDIRE TIELDL
SREEMNMETLTLSZE DERELTHY. VLT —EBEEBEKIC LDL 2RKE
HEETIELIRMONDEFELNFET S LN BESIND, EEFEMIZEMAINDS
LDL-C AV LT —ERBETER L TLWA ERETNE, AFEZ 5N TS RFE LDL-C
FEETHE. VI LT —ERBETCEREESILATO—ILIELRFED) RV ERAL
TWBERELTHRLIDNEEZ NS,

ST, DT —EEEOEEERENY T IILT—EEEZSWEINSBEET EINE S M
[ETREBALEA, YT LF—EREDIIOT7—IMSEKEEINPT N & DOBKEE
- NEEREEGEDBEREFINV LT —ERECEIERITLSIZLEEET HE. B
BEEEODEBUNDOTALEEENEFELL, SEO CSI12 EFHIDREERLY. X ~O
DORAFUOLRANVENNEERETAISEEEOEEEZEERIAETHAS &N
BAomMEGotz, Tz, BERBZTOE Y RV EED LDL-C BEBZEEREL 60%FEE
THIDITH LI T IILF—EIRBETIE 0%ULTH L IDIE. Vo )LF—ERE & ERREL
EDQEEEZERY A K - BEYA FELICRBLTLWSD R, BEMITAEZTO>TWLS
HBREEBZOND,

2. BEMARF

1985 &M Imura B2 & HHMEY T )ILF—EEE 102 EFID T > /r— FRETIX. 35.4%
[CEEOFMEERENHY. TOREE L TEHFOEENTRIATHLEAY, SE®
CS12fEfI CHBM MLV T LT —ERFED ABEEICIERFNEH LTS Z LR
nfz, F-—BOEHIFELEELY., SR-CSWVWTIDETIZEVWTHIZERE~LEDRK
ERTERRZRELTEY. M OIEEEREIE - MEREZEDOSHENMBOTHI EHHE
Banhfz, COREBIFREICIE. Dz LF—ERBEEEFENLGEFIEE T Sa8eEN
HH2LDOD, —EANITHITHIEHFRIE & REBRONBIEFER LA VR VIEREIZKS
EBEEB OB~ DBERAICLZ3D WEBEIND,

IR NAFLD. NASH » 5 OFFHIfRZFEIEE SN T S, SRICTHR SN 40 %
DIEBNED T IV F—EEBEICHES REOAREMEL HHH. BB - NASH IZfE 230D
AREMLBEFTELGL, TR, BHFREO-ODAREEIDEILLVLETHD, —
BAZBWTREFST YRV L9 Eas Ve HULYTAXF a—LBEDHEDT
ETUANHBH., Takemoto 5 EHAT/ A4 RO—DTHZIT A2 XH U F UMEEHIFZE
WEIHEEREOLTEY. £ LT —EERT TILEY TIE Resveratrol DASHART
WEDR 33 IWESINTWND, SEOEABRERELIHFINS,
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2. D )F—EERBEEYILONRT

HHEXFPRFREFRARBEEESERT - ZFHF
BE BX

[ZC®HIZ
PLOARZTEIIMERIZEYZELSBEHENBL LHODFHAF L EABEEENMET L1z
REEZIET V. —MBMIIC 70 BETIC 20 MBITLET % & BRHEMEIT 25-30%. HAlk
30-40%iE4 L. 50 LR EE 1-2%RREFRETRLT 5 E—RICEDhTVS Y, &5
[ZINEr & &EBITHE 5 BIRHEDETIEERHIRME DG 5 UIZE R DR DZENIC
&b, SLICEERHREDOBVEEICEHTHS2 4 7 lla GRfF. BFF) OBLTHD
ERFISND 2, HILaRZTF (sarcopenia) [FEETHY. £ vETHREVSIEK
MD'sarco’E, RZEWVWSBEKRD peniah SHE=EETH S 12, HILaRZF7IMELIME
AAZERMNGZN—RME (NEME) SILaRZT7ERFHR (BR) V&R ETLE-EME
BVOEHRALE) LCEXEBICHESERFELSWICHA. BFREENMET LZZREYIILD
R-TFIZHEESND Y,

HILARZT OFETEHEICEREOCHAEEREE. ENERKRE. JLMILOYRYIZHE
RPN, BRIZBLWTEHNETHOANS HLEFEERINA TS Y,

CQL DI F—EEHCEIEHMICHXEBHENSMMET L. EL LTHLARZTIZAY P
FTLvh?

Al DT )VF—EBRBETIIREY (40 BEKH ICEVWTLEHEETHRERHEOETA
BC2. TOERIFATHIH, BEMNLOSRAE VABEICKY ERGEDETERD
BUWVERILFEELTWASACE LY, BULBAAICEIYPHTEZSTRESEAH S,

DV TILF—IERREE BRFICET SmXIERE LR Y 2017 FICAARM L HE SN -—K
DHTHZ Y TORETIEIBD Y TILF—ERE. BE44. TES5 4. FHFRH 48+
8.8 (SD) (39mM b 60 ) ZERRIZ. Asian Working Group for Sarcopenia DS L
YL IRZTOZHEE (CEIRILF—XBRRIGAEEXICTOMEERFIES (S
BEE (kg)+8E (M)®) :<7.0kg/m® (Bik) . <5.4kgim® (&) 4o UIZHEAS - <26kg
(Bif) . <18kg (&) ) ¥ #EAL. EEERGEROETAELS RITENETZIEEL
LTHILaR=ZF7ELTERLTLS,
EAICELTEIOREFH - L TLELMERNBMHE 46l 2 GIFELEA. ERHE
DEETHLIBRHIEREILETHY b TELUTTH 1=, RHE TIERFFIZHEERHRD
ZiE (BEECT TEME) Z5HEL TULEH., OBDERKEZEE LRI TEIERHEDET
IESHEEEDERET SLAEICHRBO Nz, EFEBMEEBRIET L TULV A, BERRE



DEEHNOBRE TIEERAERE L TLEIRERETHRBEBNBECHNEBERIZVED
D. BEHIERICEAL CTRBETEZRDELI o1,

BEBITIEH AN, 720DV LS —ERE (FHFk 49.146.8 5. 39mM D 70K, B
A, ZEIF) ODNAFAAVE—F VD RRICTERBERERFLIZESA, — IO
BHEERT 6 FlIEE#E (Asian Working Group for Sarcopenia WIS Lf=/\1 4+ 4 > E
— B UREICK D BHRHERDH Y b4 T{EIE<7.0kg/m® (BH) . <5.7kg/m* (&tf))
DETFEof. —HlIZ 43 BMDOBHTEERRND LR D RBEEZ#EL TLIHRE
TH-o1=9,

LEREOHFRICEEMBICHES VLR TIEERFHREORL EFIHEH) Lo TIZ@EA
DHBREDEBEHESID, VLT —ERBEGFOHERICK HFMARENLEC, v
WF—ERERBEEEICBVTHLRKRGELELHEINEINEITATH S, FHILaRk=7
DEHTLEOORERFEDETEZMEEB & LT, HAFERLIEEEEE (STERER
EVEHEEDBALEINE ) D LT —ERBETREAMEERESERI LT <.
HITREDFTRANTELGWNW T —ANHY ., FLFEERGEZHIT—RLHYIENATE
BARASEEL T —ZXDHY . ZMHBRT LEBZTIELL,

FEH

EXY., 7o) —EEH CIEEHEET 40 FANCERICEEHEDERTARE I o TS,
TOERICELTREETATHSHN. BEEHEAROMEBOET. KBEE, E. T
FHAEEETICEYEHEDE TR ERLGEARENH LN, SEROMEDOERICHAR
L=y —ATLREDFDESITHILIARZTZROLGWVFIFET S LY. BUL
A (LOREVREBEFGE) ITKY FHTEHARMELRESNT,

Xk
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3. DIlLF—ERELBRAHES

EfREREARFESE MRE - K3 - Ao RRFE
WVE -

[XCHIZ

DS —ERFIRZEORERNEETH S, RYVICENIBERAREEFHRER/N
—tORITHY .. TDER. RKEDEHE. B, BONETRTEHORK, BEVOREL
EDEEZDEL. BRELZEDZILBIENEHIRT 5, BRABMEEISHRIZEHL, VL
FT—IEBERICE T IRRNERBEETHD

CQL I F—iEREICHTIHRADESHEEIL?
Al. D )FT—EEBBEDS & T 55%ICHERREESHT 5,

1966 FIZFKFT STz Epstein DIERICK D E. VT IILFT—ERBLZHEIN- 125805
5.55% (B 284, XtE27B) ICHRKRERO-ERHAHD Y . HAES SI(E. 1984
FOEEEBRTERRILECZERREEREARIE (ERREVD ITEWVTHALIZELY
EROY )L —EEHBEEORERERI/IRESIN TS, CORETIZLE®D 200 KL
L DORERIZ 1930 BOT7 > 7r— FMABM BTSN, 181 BDBENEFTY . SSICT KU
BRSERAEST S 7= 90 Hid 50 5l (55.6%) IZHERBEAZROLNATING Y,

EBED D 1966 £ 5 2004 FETHOXIIREHIZHAE L-E TIL 70%[1#& 1< 2 BUHER
AL LS IIERAERBEAHITIEHD Y . 5122008 FETXMAEINER SN, &
KA LR, DT —EREICB T A2BERBORERIHREBIT—ETHD
Z &, 1966 FEDOHE TITHERRD TFHFRIEFEIE 33.7 /. 2004 £TIE 39.7 %. 2008 £
Tl 393 Me. HMRBROBEEHNENTNDEREL TS,

2011 EITHEfT SN -2EEZHAETIL, 200 KU LDHERIZ 6921 DT 45— LA
MEEITES N, 396 FIDBELFI-ITHER I, 196 GFINERKRFTENEonT, TORERE.
55.7%|-#ERE. 6.5%ICHERBBRKBOEHMNBOONEY , BEOSHITHLTLDES
2. BAEOD T IILF—EEFICHE T 2 HERRDFRIEREIL 1986 FDHA 5 DI|ME & IFIXRE
EThot=,

CQ2. AT DMERHEDZ 1 T3 ?

A2. DT IVF—EEBICEHTIRRKBIIRESETIE MEOEE, FHIHESLD, £
DOMDEBEEHERBTRRHZHESI CLDZVEL0) ITFESI, BMIADENWIZHED
oY, NBIEHNERL., 1 VR ) VERESEBN ESRFETH S



Epstein [ =)L —fEZEICE 6T 2 BRBOHEE LT, 2<OEFTOHEBIFEEIS
LEHLT. JROHEAHNRREICBRICOEENLE LESNENBETEI L. 205
MEEICRHT 24 VR VEBOMENDLGENW EFHREL TS, £V o LT —EIEE
TIEEE IR THYBEHERIBER SN, BIHERIIERFBOREICEE LA
WERELNHZ Y,

HRLOMETIESIFITI FOEARRABRMDP A VR VENAESATEY. 33%IC
AR UEMN 20pUML EEA VR VINGEZE RS . 67%(2 T FoEARHEBROED
TB{EAY 200pU/mL LBEIRENBREIND EHD. AEAMES VR U3 BIETLTLS
BlIEENTHY. DT ILF—ERETIEA VR ) ViERMENRL L LR MBEIALDS Y
R U MITLERRIENDZEMNREBINT NS, Flzq VR VEREORERRF &
LT, FOBRKREDA VR UZRAFZKBRTETLTEST . BEREHMESFMBEERAN
EREFIZEY A VR URBRABOMERENEE TS LBE53h TS Y,

—ARRY I IEHEFRFR D RIE & BB (BMI M) (CIXAHEBEBRARE SN S Z EMNZ LA,
FEAEDITIINFT—EBETEHBMI22 ZTES, EFLIFERFEEH LV IILT—IE
ZEERETIINBEREENERIA. PO T T 1 K%Y F UEfE. tumor necrosis factor
a (TNF-a) 4> interleukin-6 (IL-6)A&iNT B2 & Z|MEL TS P, Bii. —EHIIRET
EH2H0. BEERRBRODIILATORMBEEND L F—EREOERBERICEAET S
AEEELRE I TS Y, FEERAY LT —EEREZSOABARIEMITRET SN,
PWEPRRBE (n=4) (TIEHERBRE (n=5) LLLERL THE&. %A, BRHECELZRDOLEN, -
EHDOD. BMI LABEHENBMICEV ELRESATVS (R1) 9, 2FYH )L
FT—IEREICH T EERARDORIEICIEIMBEDOIEN. BRHEREEEET. NEEHERE
TS VRY VERMIEET 52 & —BRMICIETERROREICTEGHERICMZ
T. BEEROLTIARESEST M, I LT —EEEICE T 2RBEDRERN—T
BEEEADEV IS —IERERFOERROBECIREER & Y HLECEROEZENK
EFVVATEEMEA H D,

CQ3. UL —EEEICEH LI-RRAEICHT 5ARMAREL
A3. DI VI —EBRBONBEERICEIFT7 V) OUBEENEUTHS.

Epstein D EICHD K S I1Z. VI FT—EREICEHT SRR LTI R >
BEOAVHEEFZ LD, ChETA VR VIERMESREZETH D, peroxiome
proliferator-activated receptor gamma (PPARQ)D 7 A =X b THBIF TV U D UFEK
DEDELIEHZ CHESNTULVD 7,8,11-18), —AH. —fBHMICIEFT7 V) D UFEEKDE
~NDEEZBEIRT IMECELEBESREICET 2HMENH DL, VT IILF—EREFICEL
TFT7IVIVDUFBAREE. BHEERELOBELZTET AMEILFELL L. SRR
PRETHD. DM, DEBIDMETIEH S, EFT7F4 RE ™ DPPIV BEH **.



GLP-1 ZEAGHE POFAUNRESN TS, Y TILF—ERETHESE. &
BITMZ T, EFEHKIYBRHEORINBRREINDS 0, NEEHEEMS LS. BEH
BEERLSBUVESILGREBRENMDELRDND B, VT ILF—EREICEHT SRR
[T DBREFREFHILTE T SEROEEZEGHRREDND—DOTH S,

EXL. )

DI IIF—EERETIEA DR VR EE - ERRESRICEHT S, FTIIUDY
FEKIZE, AEOCBFOEMAE, Do ILF—ERERBICE > THFE LI ALMERLHS
NTWB1z8. TORPBMNAGERICH->TIXEFENVETH D, £l NEREEITHT
5F TV UEBROERBEDZ L (X, EBPETELEET 74 FEN+ZFIZERL
TWEN 2 ERICRESN TS, A FRILS D OERBFEOEEORART—2 1)
BT dHE. SR VT ILTERBEORERFEROCTFERECERELNT AL ATREE LR
FTRELEZOND, DPPAHEH® GLP-1 ZRAKEEIZEL EDFH L LERBEDDE
LHFINDG, SHICNERNLGRSE - EFREDHINIDLETH D,
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&1 BREOFREICK SRR DEN

JEHEFRIA n ¥EPRIA n p value

Age 44+6.9 5 5349.1 4 0.16
25-questionGLFS

score 40+31.7 4 43+18.8 4 0.88
Two-step test value 0.73+0.49 5 0.60+0.51 4 0.71
Grip strength (kg) 20.1+7.1 5 12.5+5.1 4 0.11
VFA (cm?) 56.1+43.6 4 142.6+40.1 3 0.04*
SMI (kg/m?) 4.240.7 5 3.8+0.4 3 0.4
BMD (L) (YAM) 89.4+13.8 5 83.318.4 3 0.47
BMD (F) (YAM) 75.3+4.6 4 61.7+5.7 3 0.03*
BW (kg) 40.4+7.5 5 42.9+6.6 4 0.61
BMI (kg/m?) 16.2+1.2 5 18.7+1.3 4 0.02*
Adiponectin (ng/mL) 6.4+2.8 4 6.614.1 4 0.95
TNF-a (pg/mL) 1.4+0.6 4 3.0+4.3 4 0.51
Leptin (ng/nL) 7.2+3.6 4 30.0+16.9 4 0.07

GLFS: geriatric locomotive function scale, VFA: visceral fat area, SMI: skeletal muscle index,

BMD (L): bone mineral density (lumbar spine), BMD (F): bone mineral density (femoral

neck), YAM: young adult mean, BW: body weight. BMI: body mass index, TNF:tumor

necrosis factor, * p <0.05, 3@k 10 & Y



4. 0 x)LF—EfRE & BARE

ERBRERFERE VS — - RERTIR#EEL V52—
& BT

CQl. BHEREDEHBEIXED L SVTHFRELITIEIIM?
Al. BEEF ANICEHBENSBHONATINS, BHICLEE L TKRBREBICSVWTEEELLY
PIF Uy,

D)V —ERBEIRRNGEGHRZERBEO—DOTHY .. £ MBI HRALGEL
LHULEREZEEHSIVYET D, TORTEHERER. NEERFEICR SN 45Hu74
BHZEMEO—DEINT NS,

AAEIEEE 24 BIDEERBHME T L OEFNBLOHRE VickhiE 24 Flh o flicL Y b4
VHRELTEHRBRENREOONIZE LTS, EERETIIHBENENIZA., 40 FLUL
DEFITIEFEFLHIEHREIBO oM., F-EHBREOEELTRICBEVWTEETH
2f2E LTS, SHICHELIFEHRIDH T, HhAETHRE SN TV BAREREE 153 45I
[TEWVTIE. ZD550 41%ICBHEREDEENRH oN-E LTS,

FAELDIRE(X. DXA (dual energy x-ray absorptiometry) ;kIZ &k 2 BHEREN—RIE
TEHLURDHRETH D=0, BAEOBHEENZHALIZRAV-5E. BHEEDAHE
EANLRICHESINTVSIZESVNENEITHATH >z, TITSE. FEXRZEEE
MiERIRICEBR T 2 AEBRBEEE 10520 RIC. LYEALBHEEENTEZT o=,
RLICERTEBY., TS, BESHITH>1=. RERBEDDMITHFHMRERKREKIC
MMA. REMBEMmMEKK YL L-DNA ZRWV-EGEFEMICE>THEEL: (R . &
FBEFIDXAEICE>TRHEL., EERAFEHE (YAM) O 70%LT&H[E T-Ra7—25
SDUTZEMBRELHIE Lz, BHBEETHET 5L, BHRELANILOBEEERL
F=DITEH 1 DHTHoT=, HELY N URRIT 6 HITHEONTI=N, HSMNGEEHREE
MOMESEERREEDEN o=, —H. KRBEEMBEEE TET S&. BHEBELANIL
DEFEEZRLIEZOEZ64H] (EH 1. 2. 3. 5. 7. 10) ThHof. ULDERI S, KE
ZEICEHT 2BMBEL. BHICHEBELTKBEICBVWTEREL LRSI LAERE SN,

QC2. BFHREDHRLEMFIIHLAITEATLEIOMN?
A2. REBBE TR ERIRIFIEREISTHOATVSS, BEESIRHSATH SO EHRRE
ERETHEEADND,

BHEREDORIEICIE. BFMRICEDERAEBEBMRICEDBERINDNS VADE LA
REELTEZLGNTWVD, HIZIEX. BEMGARRBEREICSVTE, ZOREICT



FELTIRMOASUOFEDICK BB EHBOMETENES LTWS I EAMBNATL
%, CD&SHEMAND Rubin S Nk, REBREEICE T BRBEDRERF FRET LTI
BEHREL TS,

WOMRER LIERIL A3 BMOBEANLETH o1z, BHBL Y M UKRETIE, FIFLT
OB ICHEBEEATHRNIRD dhtz, BHEEKEH 0.776 g/om’. KERETEL 0.441
glem* THY . ChIZREHEXEDFEEICHEST D&, FhEFn—2.38SD, —3.93SD
[CHZT 5, MRFUAMRICIEHEIRESEREEIROSAGA oA, md1 DR Uk
15X F 1 (insulin-like growth factor-1; IGF-1) A% 86 ng/mL ( Z D £ #5 T M IE E &5 H: 142-389)
LIEEZRLIz, LALEAL, OIFRERILECOEBEIESSHEHEATHY . 7ILE
ZL-F=REFICEIARFRILED DD BRIG/NZ—VHEETH > 1z REHITIERE
BERIETIN, REBOBERLVLLVICKREEBDEF AR O, SHIZEE
BAFRELT, EEOENZRICHEALLTHE Y. BRI BRBICITEFMROFELHE
RTELEMN 2Tz CNODAMRZEHRET S L. REEBTEERINFEREIZITHORA TS
n. BEESMIFIESh TS EDEEZ ATz,

WoHIFE ST, KEHIZE IGF-1 THELEHROREZHRELTWVWS Y, YavEF U bE
FIGF-1%26 4~ AM. AR TEN LA CTEEELERBY—I—DELERE L.
BEDIE, BEBRY—A—THLIMBELA T 17005 —45 2 C-RIF RFELUICIEL
RATAALIEEML, FEERRI—HA—THIRFEY S/ ) VEBEYE LU
RN ROF2T0Y o8N, ARESEHEEEN 3%EML. ChIEREED
EHRBEBEZLEMETH > 1=, ULDHERN L. B IE IGF-1 HMEEZ R AREHIC
BWTIE, IGF-1EFRICL YT SN -BREEZREETEHAEMENATE SNz, ELTL
%o
—AERCINESTE D BHBRE T B ORBEAEG EDRBBICHFRT HH%. NEEREIC
Ron2BHEEE. BRI, FHCTRICEVWTEELLIMERANRO LN D, RIEE
BT, LIXLETRORBELICHSESHE. HLVIERHDEFEERELENEL
51z, TRETEAMLZOVIZREMELOEZEEZZITOT L, T0OI EAKREREC
BWT, BHEENTRICEVWCEELLGLSIEBEHD—DOTHIEEZbND,

QC3.WRNBEFEZ2HLEDEDLYIEHLIOMN?
A3.WRNIEEGEFE2REBHEEL OBEEXTIARRKRL, RNEEBICS6T 2 BHEE
DREIEEMNEFLES L TSRt Z2 R B L TNV,

NERBORPELBIEO—DICBEHBENHINDLEE ST, TOIENELICKIER
HOEBCTFRERLERBLEOERENGEREZERT 5D TELGL, NERFEODERTER
FEWMTH S Werner helicase [X. £ & L TDNADEBEREICEAET3LEEZ 0N THY.
FEAEGEFERE FRERESHBTORREIERZIATOI 0D O, BFMEMAZL LK



BHBICEVWTRELTVLWSNENIDNWTIIRERTH S0, HEEMIZELERKBEELED
EEMZEET DR THS, i, CORAICELTHA-LRARESZ 2HEINHRE
it

WRN BIZFIZ1X 8 HFFM—1EE L HE! (single nucleotide polymorphism; SNP) A1 54T
BY. ZOS5Hb 4EMET I/ BREBRZFSLD. £5 4EME7 I/ BERZEDEL
LDTHD ., FOHTrsl346044 (T>C, Cysl1367Arg) . THhh 1367 HEHD S R T4
VEEETIXZUREICERT 5L EEHRE L OB Y 25 L BIENBRICHRE
SNTVEY, BEE3377 BORBELHARELUTHY. THEHEB6RTH 2=, 4
J B A THEX T/T 87.5%, T/C12.2%, C/IC0.3%THo1-c cHOLDHREEZKREL CIE
REE (TIT) BOUWIZCEAEE (TICLCIC) M2EIZHITTHRT D E. CREHIZH
WTHE (p=0.037) [CEHEEBENMEEZRLI-ELTLS,

Hrt, KRREBMBRERFEER L 2 —EHTIR 1632 (FHEEH 8L K. F 924 I, %
708 f5l) M FEHtT- DNA ZHULVT. WRNIERFLD rs2230009 (340G>A. V114l) @
BAEVTETL. KIREBFRBERLDBELZRILEY, S5cLt 2 —FREE
HMRERSE 251 6 (FHFEH 7LR) HoBoN-DNAZRAWVWTEEE L OBEMRETET
2129 K21z, HAEEHEARLEEEOCA T4 vV ARITOBRETS
rs2230009 M AA B7Z VL AG B Z AT HI5E. GG RIEHBEL T, KBREETOA v X1k
(X 2528 fELBRBICHIETH o1z, BUEAIC, THEIEBEMD 2.983 &, FHF10FZ &I
1746 EEHRIVRINMEMT S5 LLHLOAELE -, KEBEBIEDEELEESEZRL
12 L1712 rs2230009 ICEAL T, EolcZRaAK—rEAW AN T—23 0% 1To1, BARE
B EHBERE EXRIT.rs2230009 OELFE & RIBRKRIEIZ L OBEES R L&
ZRIITET, EEERTILER. AE. HEIL Student's t-test, Z DR EIR DT (F
BMHE) TiTo7T=. TOHRE. KEBEEBEMEFTEIL GG RITHR L TAGETRHEERICE
ExzRIEMBALIEL ST,

INLG—EDWRNEGFERLEBHRELOBEEETIARBER L. NEREICEHT
ZEMBEOREISEGHAFLEES L TLSAEEEERE LTS,

QC4. BRI ES L=k VDM ?

Ad. RIERBICEHT I BFHAREOARECEALTE, BRRATEALALGIET VXX
RUt-57 =0, BEOBRREDREHA FS4 Y DI/ oTITS S MR L LM
shad,

FHEEEEIROVR IV ZRLSIEIRRNEEME LTER T+ I/Rx— FREIHAAA
SNTNBEN, KHEID—DTH S etidronate ANARJEIREEDFH RSB AL EHEL
ETHRHRE VL HY. BHRBRICBVTBELLD, —H. FEBRETIEREEDOR
RICEEBROIMHEHNELE LTHEELTWSETIHIHENHY .. DAL LIEEIFREARIL



T (PTH) &#| (teriparatide) NMRMTH D EHESN LD, REERFETIIREDHE
AHEENGWVNCEEERT DL, PTHRAZHERAT HERIIBEREORLEIKERDEIEE
B9 5

FEH
VIV —ERBTELIELIEBEREZAHT 5. BF. MEstt B HRE CIIFREBM
AHEBL D WICKEREEMEE EDERRETH S, KNEMRE TITMEERE. FIZTTRIC
BWTEEELH D, NERBTIEITROKEELIZHES BERE. HH5LIEBMDESE
REGENEL DO, TREFEAMLZOVICREMELOEZEZZITOT L, €D
ENKERFICEWNT, BHEBRENATRICEVWTEE LG LIEBAD—DOTHIEZEZ LN
%o —A. WRNBFEHEFHRELDEEEZTIHARGRLBESNATE Y. KERK
BCIHEGHICHLBHBREDORENMEEL TLEAIREEELNTEEIN D,
NEERBICEHT SBHEBEDARECEAL T, BRATEHALMAEIET VRRR
B0V =0, BEDOBHBEDEARICELTITI CEARHBEHMSh D, F-FH
RIEDHEERFICEANEES LTV SAREENHZERI ML, BEBHLGUNEYT—23 >
[CEDERMILELEETH D,

Xk
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0.730 =2.7* 0.601 =2.

4/6 0.790 -1.9 0.351 =4.0*

4/4 0.803 -1.8 0.533 =23

a7 0.971 -0.6 0.508 =2.8*

4/4 0.890 =iL.& 0.697 -1.3

*T-score = =-2.5
YyaM = 70%



#F 2 WRNBIEFZE (rs2230009, 340G>A) & XBEEITE DBER

B # v X (95%E 38X RE) P
BHIZFE, AA/AG vs GG 2.528 (1.194-5.350) 0.0154
R, & vs B 2.983 (1.988-4.776) <0.0001

BB ERE, 10 & 1.746 (1.396-2.185) <0.0001



= 3 WRN EBEFZE (rs2230009, 340G>A) L &EEEKIEEL OMR

GG (n=236) AG (n=15)
Difference (95% CI) P

mean SD mean SD
Fin (8%) 70.9 8.09 71.7 6.83  0.76(-3.43-4.94) 0.724
#HE (kg) 48.0 6.81 447 500 -3.33(-6.97-0.32) 0.074
& (m) 150 11.4 140 385 -11.2(-32.6-10.1) 0.279
BMI (kg/m?) 21.0 2.88 201 251 -0.92(-2.46-0.61) 0.240
UERE (kg) 127 152 124 148 -0.24(-1.18-0.71) 0.620
SMI (kg/m?) 5,51 0.54 555 052  0.03(-0.31-0.37) 0.850
B#EHEE (g/cm?) 0.79 0.14 0.73 0.17 -0.07 (-0.14-0.00) 0.068
KERBELEHE (g/m?) 063 0.08 0.59 0.08 =-0.04(-0.08--0.00) 0.041*
mEHAILSDL (mg/dl) 9.65 0.41 953 0.31 =-0.12(-0.33-0.09) 0.270

Mm% 25 KBIEE2 SV D

215 6.45 19.4 515 -2.02(-5.35-1.30) 0.230

(ng/mL)

*P <0.05
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DEESL LIRS - 8%k

HEZE (BH#EETHEZ - BEIRSNALE) Ak
77 LF> 2 500mg % 6 BFREH = AR 5 LEGEREEH/N—

TEXFSDIY (250mg) 17575 U8 (125mg) | ESHEEZEH/\—
BEafE+T7EXIIY Y (250mg) # 8RB =
M AR

AT 7 A FHY—)L (400mg) ~ F1) A RT1) | MRSA D H/R—
L (80mg) ER&fE 2 fe& 12 BEfE & AR

S/HYA4491)2100mg F 12 BREIH AR MRSA /83—

H1) U4 300mg % 8 Bl d = MR AR & MRSA O—E% H/3—

LARZ7Ba%4 > 500mg % 24 BEfE & = AR BREEAN— D) FTA4I &
HAEHLETHERT S LA
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NoaARA Yy (AE - RERRE - EYOPRE | 75 LEGMEE. MRSA £h/\—

TELD)

55 LEE. MRSA #H/8—
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ESBL: Extended Spectrum Beta Lactamase
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1. Dyslipidemia and fatty liver associated with Werner syndrome

Kazuhisa Tsukamoto
Department of Internal Medicine, School of Medicine, Teikyo University

Introduction

Arteriosclerosis is one of the two leading causes of death in Werner syndrome patients,
along with malignancy. Among the various forms of arteriosclerosis they develop,
coronary artery diseases and peripheral arterial disease have a high incidence, and the
latter plays a role in making skin ulcer in Werner syndrome patients to be refractory.
Arteriosclerosis in Werner syndrome is considered to be one of the features of
disease-specific premature aging, while disorders of carbohydrate metabolism and lipid
metabolism associated with Werner syndrome also act as promoting factors. Insulin
resistance associated with a fatty liver (non-alcoholic fatty liver disease [NAFLD]) and
accumulation of visceral fat have been considered to be greatly involved in these
metabolic abnormalities. Recently, the ratio of hepatocellular cancer caused by NAFLD
or non-alcoholic steatohepatitis (NASH) in all hepatocellular cancers has reportedly
risen in the general population, thus the management of these diseases in Werner
syndrome patients is also important.

It has been said that Werner syndrome patients develop dyslipidemia/fatty liver at a
high rate. The previous guidelines indicated that hypercholesterolemia occurred in 53%
of 15 Werner syndrome patients. However, there have been no data obtained by an
extensive literature screening on the incidence of dyslipidemia and characteristics of
dyslipidemia/fatty liver in Werner syndrome patients. To address this issue in the
current edition of the guidelines, we screened cases reported on PubMed and Medical
Online from 1996 to 2016 (98 articles, 119 cases), from which 44 cases (26 males with
a mean age of 45.6 years)* 3 including some descriptions or data relating to either lipid
or fatty liver in the articles were selected for analysis (reports before 2005: 26 cases).
Considering that Werner syndrome is likely to be associated with malignant diseases
and that an onset of a malignant disease would possibly affect the lipid metabolism or
fatty liver, the subjects were divided into 13 Werner syndrome patients with a malignant
disease (6 males; mean age, 50.4 years) and the remaining 31 Werner syndrome patients
with either no malignant diseases or no descriptions about malignant diseases (20
males; mean age, 43.6 years) for analysis. As to these data, the Werner syndrome
patients with a malignant disease and the other Werner syndrome patients are
represented as a group with M and a group without M, respectively, in the guidelines.



Meanwhile, the case reports obtained through the above literature search included
neither adequate description on the treatment nor records on any treatment effect/rates
of achieving control target values. Additionally, an anti-hyperlipidemic drug has shown
remarkable progress in recent years. Under such circumstances, we researched
treatments for dyslipidemia/fatty liver and their effects in 11 patients with no malignant
diseases at the time of data acquisition (4 males and 7 females; mean age, 50.7 years
[range 3960 years]) among 12 patients (5 males and 7 females; mean age, 50.1 [range,
3960 years]) under follow-up in Chiba University whose detailed data on their lipid
levels and fatty livers from 2010 were available. We also examined patients with data of
a liver-to-spleen attenuation ratio (L/S ratio), which was considered to reflect the degree
of fatty liver.

Results obtained through literature search are represented as SR and results of case
examination in Chiba University as CS in these guidelines.

I . Dyslipidemia

Q1. How frequently does dyslipidemia occur in Werner syndrome? What type of
dyslipidemia appears in these patients?

Al. The incidence of dyslipidemia in Werner syndrome patients is high at 85%.
The most common type of dyslipidemia is hypertriglyceridemia occurring in 76%,
followed by hyper-LDL cholesterolemia/non-HDL cholesterolemia in 68%, and
hypo-HDL cholesterolemia in 32% (SR).

Descriptions on the presence or the absence of dyslipidemia were found in 41 (the
group with M: 13 patients, the group without M: 28 patients) of 44 patients, and 35 of
whom, or 85.4% developed dyslipidemia (the group with M: 84.6%, the group without
M: 85.7%). Data on lipid were confirmed in 25 patients (the group with M: 7 patients,
the group without M: 18 patients); hypertriglyceridemia (TG) accounted for 76.0% (the
group with  M: 57.1%, the group without M: 83.3%), hyper-LDL
cholesterolemia/non-HDL cholesterolemia for 68.0% (the group with M: 42.9%, the
group without M: 77.8%), and hypo-HDL cholesterolemia for 32.0% (the group with
M: 14.2%, the group without M: 38.9%).

Q2. What are the characteristics of Werner syndrome with dyslipidemia?



A2. Werner syndrome with dyslipidemia develop diabetes at a high rate (90% or
higher). The mean BMI of Werner syndrome-with hypertriglyceridemia (TG) was
18.2, indicating lack of association with obesity (SR).

Records on the presence or the absence of diabetes were found in 33 out of 35 Werner
syndrome patients with dyslipidemia, and 31 patients, or 93.9% of whom developed
diabetes (the group with M: 88.9%, the group without M: 95.8%), showing an
extremely high incidence of diabetes. Complication of arteriosclerosis were found in 4
Werner syndrome patients with dyslipidemia; they developed atherosclerosis with a
mean age of 41 years, indicating premature arteriosclerosis in Werner syndrome.
Nineteen Werner syndrome patients with hypertriglyceridemia had a mean BMI of 18.2
(the group with M: 17.6, the group without M: 18.4), the maximum BMI of 22.8, and
the minimum BMI of 12.49. There were 9 underweight patients who fell below 18.5 in
BMI (47.3%) (the group with M: 7 patients, 46.7%; the group without M: 2 patients,
50%). The mean BMI of 9 patients with normal triglyceridemia was 16.5, and 8 of
whom (88.9%) had a BMI not exceeding 18.5; there was no significant difference in
BMI among normo- and hyper- triglyceridemic patients, but was a tendency to be more
“underweight” in normo-triglyceridemic patients than those with hypertriglyceridemia.
Thus, Werner syndrome patients with hypertriglyceridemia tended to have a higher
BMI than patients with normal triglyceridemia in Werner syndrome; however, its
characteristics were different from those in hypertriglyceridemic subjects in general
population, who are strongly complicated with obesity.

Q3. What are the rates of achieving the lipid control target values in patients with
Werner syndrome? Which drugs are effective?

A3. The rates of achieving the lipid control target values are high at 91% for
LDL-C, 91% for HDL-C, and 82% for TG. Strong statin is mainly used as an
antidyslipidemic drug and contributes to achieving the control target values (CS).

Of 12 Werner syndrome patients in CS, diabetes was documented in six, glucose
intolerance in one, lower leg ulcer in nine, and peripheral arterial disease (PAD) in three
(all developed diabetes and lower leg ulcer), but none had a history of myocardial
infraction. Thus, there were six patients who were classified as the high risk group
according to the categorization in the Japan Atherosclerosis Society (JAS) Guidelines
for Prevention of Atherosclerotic Cardiovascular diseases 20177,

Among 11 Werner syndrome patients who did not have malignant disease, five were



taking antidyslipidemic drugs, one was neither taking a statin nor achieved the LDL-C
control target value based on risk factors, one had HDL-C below 40 mg/dL, two had TG
levels of 150 mg/dL or higher; thus, taking all together, eight were diagnosed with
dyslipidemia (a patient who met either criterion) (73%). All patients who were taking
statin achieved the LDL-C control target value, and the achievement rates for LDL-C,
TG, and HDL-C reached markedly high to 91%, 82%, and 91%, respectively.
Antidyslipidemic drugs administered to the patients were all strong statins (atorvastatin,
rosuvastatin, and pitavastatin).

The LDL-C level of Werner syndrome patients complicated with diabetes, which is
classified as a high risk condition in JAS guidelines, was 84.5 + 21.4 mg/dL (minimum:
51.0 mg/dL, maximum: 105.4 mg/dL), indicating successful control compared with the
mean LDL-C level diabetic patients in general population *®who received special health
checkups (male: 114.0 mg/dL, female: 122.9 mg/dL). Similarly, the LDL-C level of
Werner syndrome patients with PAD, also a high-risk condition in JAS Guidelines, was
75.1 £ 23.2 mg/dL (minimum: 51.0 mg/dL, maximum: 97.4 mg/dL), which was a better
outcome compared with special health checkup results of patients with a history of
cerebral vascular disorder *®, a high-risk condition as with PAD (male: 115.7 mg/dL,
female: 123.2 mg/dL). As such, the rates of Werner syndrome patients achieving the
lipid control target values reached 100% in high risk conditions, suggesting that the
lipid was quite successfully controlled in high-risk Werner syndrome patients,
compared with the approximately 60% achievement rate of LDL-C control target value
in the general population with high risk conditions (with a history of diabetes or

cerebrovascular disorder) based on special health checkup data®.

II. Fatty liver

Q4. What are the characteristics of fatty liver in patients with Werner syndrome?
A4. Werner syndrome with fatty liver had a mean BMI of 18.8 and a maximum
BMI of 22.6, and 83% of these patients are underweight (SR).

Descriptions of fatty liver were found in 12 (the group with M: 10 patients, the group
without M: 2 patients) of 44 Werner syndrome patients, with a mean BMI of 18.8 (the
group with M: 18.7, the group without M: 19.3). Among them, only two patients had a
BMI of 22 or higher (in the group without M), and the maximum BMI was 22.6. In
contrast, the prevalence of fatty liver (non-alcoholic fatty liver disease: NAFLD) in the
general population is around 30% and increases with the degree of obesity. The reported



incidences of NAFLD in individuals with a BMI of >28, 25-<28, 23-<25, and <23 are
approximately 85%, 60%, 40%, and 10%, respectively. Accordingly, the main
characteristic of fatty liver in Werner syndrome patients would be that even
“underweight” patients develop fatty liver at a high rate. Additionally, 91.6% of these
12 Werner syndrome patients with fatty liver had concomitant dyslipidemia (the group
with M: 90.0%, the group without M: 100%) and 90.9% had disorders of carbohydrate
metabolism (the group with M: 90.0%, the group without M: 100%), indicating that
they also developed other metabolic disorders at a high rate.

Q5. Are there any differences in biochemical data between Werner syndrome
patients with fatty liver and those without fatty liver?

Ab5. The liver-to-spleen attenuation ratio (L/S ratio) showed a positive correlation
with HDL-C levels and a negative correlation with TG levels. It does not correlate
with the liver enzyme levels (CS).

The following are analytical results of 9 patients with data on L/S ratios and without
malignancy in CS. Four patients, or 44%, had concomitant fatty liver (L/S ratio not
exceeding 1.0: FL). The mean BMI of these patients was 16.7 (maximum BMI: 17.8,
minimum BMI: 15.5), consisting only of “underweight” patients (the mean BMI of
non-fatty liver patients [non-FL]: 17.1). When individual laboratory test values (LDL-C,
HDL-C, non HDL-C, TG, AST, ALT, yGTP, ChE, and AST/ALT ratio) of the fatty
liver (FL) group were compared with those of the non-FL group (t-test) , the HDL-C
levels stood at 46.0 + 8.1 mg/dL in the FL group and 64.6 £ 13.3 mg/dL in the non-FL
group, showing a significantly low value in the FL group (P < 0.05). As to the
correlation of the L/S ratio with each laboratory value, it showed a positive correlation
with the HDL-C levels (R*= 0.609, p = 0.013) and a negative correlation with the TG
levels (R*=0.509, p = 0.031).

Q6. Have there been any Werner syndrome patients with hepatocellular cancer?
A6. One of the 44 Werner syndrome patients reportedly developed hepatocellular
cancer, though no specific description on a relationship with fatty liver was found
(SR).

One report out of 44 indicated that hepatocellular cancer occurred in a 40-year-old male
patient 2. Although we cannot say for certain due to lack of description on a
non-cancerous hepatic tissue, he has tested negative for hepatitis B and C viruses and



autoimmune hepatic disease, and thus it cannot be denied that hepatocellular cancer
may be originally caused by NAFLD or NASH in this case.

Summary

1. Dyslipidemia

As described in the review article by Epstein, et al. in 1966° and in the report by
Yokote, et al. in 1989*7 Werner syndrome is likely to be accompanied with
dyslipidemia. We comprehensively collected recent relevant case reports (from 1996)
and examined them according to the diagnostic criteria specified in the Japan
Atherosclerosis Society (JAS) Guidelines for Prevention of Atherosclerotic
Cardiovascular diseases 2017%". The results showed that (1) dyslipidemia occurred in
85% of Werner syndrome patients, 90% or more of whom developed diabetes; (2) all
types of dyslipidemia (i.e. hyper-LDL cholesterolemia/non-HDL cholesterolemia,
hypertriglyceridemia, and hypo-HDL cholesterolemia) were observed in Werner
syndrome, although hypertriglyceridemia was relatively common, and (3) Werner
syndrome patients developed hypertriglyceridemia without obesity ; the mean BMI of
affected patients was 18.2. Mori, et al. examined abdominal CT images of three male
and one female patients*¥, which indicated that two male patients had a visceral fat area
of >100 cm? and the other two patients showed a high visceral fat area/subcutaneous fat
area ratio. There remain many unclear points about the molecular mechanism of
accumulated visceral fat in Werner syndrome, but the accumulation of visceral fat is
considered to increase insulin resistance, leading to dyslipidemia or disorder of
carbohydrate metabolism. As to hyper-LDL cholesterolemia, Yokote and Mori et al.
reported that thickened Achilles tendon and hypercholesterolemia occurred in six out of
10 Werner syndrome patients in their facilities*® and five of them showed a decrease in
the LDL receptor activity*?; thus, it might be plausible that Werner syndrome itself
possesses some sort of mechanism to decrease the LDL receptor activity. Given that
increased LDL-C level is a disease-specific postnatal feature in Werner syndrome, it
might be possible to assume that hypercholesterolemia in Werner syndrome has a risk
equivalent to familial hypercholesterolemia considering the notion of cumulative
LDL-C which has been recently proposed.

Of course, it remains unclear whether dyslipidemia occurs before diagnosis of Werner
syndrome. However, considering that macrophages are likely to become foamy in
Werner syndrome “? and that Werner syndrome is characterized by overlapping risk
factors including disorders of carbohydrate metabolism and accumulated visceral fat, it
is necessary to proactively and adequately control dyslipidemia. The analyses of 12



Werner syndrome patients in CS revealed that an intensive treatment using strong statin
might possibly achieve the lipid control target values. The rate of achieving the LDL-C
control target value of high-risk patients in the special health checkup was around 60%,
while that in Werner syndrome patients was 90% or higher, which might be because
both healthcare professionals and patients have recognized the association between
Werner syndrome and arteriosclerosis and proactively treated dyslipidemia in Werner
syndrome.

2. Fatty liver

According to the questionnaire investigation to 102 Werner syndrome patients
conducted by Imura, et al. in Japan in 1985, 35.4% of these patients had mild hepatic
dysfunction, and fatty liver was suggested as its cause*®. The analysis on 12 Werner
syndrome patients in CS confirmed that around 40% of them developed fatty liver.
Unlike common fatty liver disease, both the SR and CS analyses showed that fatty liver
occurred in normal-weight and underweight Werner syndrome patients, and that the
rates of developing dyslipidemia and glucose intolerance were extremely high in them.
Similar mechanism for the onset of fatty liver in general population*¥, i.e. excessive
free fatty acids inflow into the liver from the accumulated visceral fat, would underlie
for the onset of fatty liver in Werner syndrome, although Werner syndrome-specific
mechanism might be involved in the onset of fatty liver.

Recently, an onset of hepatocellular cancer caused by NAFLD or NASH has become
focus of interest. Hepatocellular cancer observed in a 40-year-old Werner syndrome
patient of SR may have occurred in association with Werner syndrome, but the
possibility of its occurrence in association with fatty liver or NASH cannot be excluded.
Therefore, a treatment to ameliorate fatty liver also needs to be established. There is
evidence about treatments with pioglitazone® *®, vitamin E*”, and ursodeoxycholic
acid*® in the general population, while Takemoto, et al. reported that astaxanthin, a kind
of carotenoid, improved fatty liver in Werner syndrome ®. Another study also showed
an effect of resveratrol to improve fatty liver in a Werner syndrome-model animal®?.
Further therapeutic drug development is expected.
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2.Werner syndrome and Sarcopenia
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Department of Community Healthcare & Geriatrics, Nagoya University Graduate
School of Medicine,

Institutes of Innovation for Future Society, Nagoya University

Introduction

Sarcopenia is characterized by a significant decrease in skeletal muscle mass and
muscle weakness or a decline in the physical function with age®. It is generally known
that the skeletal muscle area decreases by 25-30% and the muscle strength by 30-40%
by the age of 70 compared with those in the 20s, and the muscle mass decreases by
around 1-2% every year after the age of 50%. Age-related decrease in skeletal muscle
mass is caused by a reduction in skeletal muscle fibers and atrophy of each muscle fiber.
A decrease in skeletal muscle fibers has been known mainly to represent a reduction in
type lla muscle (fast-witch fibers, white muscle)?. Sarcopenia is a term coined from
“sarco” denoting “flesh” and “penia” representing “poverty” in Greek™?.

Sarcopenia is classified into primary (age-related) sarcopenia caused only by advancing
age and secondary sarcopenia marked by decreases in skeletal muscle mass, muscle
strength, and physical function associated with inactivity (disuse), diseases (progressive
malignancy and organ failure), or malnutrition®.

Sarcopenia is known to be associated with risks of falling, physical function impairment,
needing nursing care, and frailty in the elderly, and this condition has recently been
taken seriously in light of care prevention in Japan®.

Q1. Are patients with Werner syndrome likely to experience skeletal muscle mass
loss in the extremities and develop sarcopenia at a young age”?

Al. Werner syndrome is frequently associated with a decrease in extremity
skeletal muscle mass in adults (below the age of 40 years) as well. Although its
contributing factors are still unclear, there are some cases where habitual
resistance exercise has prevented a decrease in skeletal muscle mass. Therefore,
appropriate intervention with habitual resistance exercise may be a useful
preventive measure.
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Explanation

A literature search on the relationship between Werner syndrome and skeletal muscle
yielded only one article reported from Japan in 2017%. According to that report, nine
patients with Werner syndrome (four males and five females) with the mean age of 48 +
8.8 years (SD) (range,39-60 years) underwent a diagnostic test for sarcopenia based on
indexes including decreases in the appendicular skeletal muscle mass index and the grip
strength using the diagnostic criteria for sarcopenia (appendicular skeletal muscle index
obtained by Dual-energy X-ray absorptiometry (appendicular skeletal muscle mass (kg)
/ Body height (m)?): <7.0 kg/m? (male), <5.4 kg/m? (female) and Grip strength: <26 kg
(male), <18 kg (female))® suggested by Asian Working Group for Sarcopenia.

As to the grip strength, two out of four male patients did not meet the diagnostic criteria
for sarcopenia, whereas none exceeded the cutoff value of appendicular skeletal muscle
indexes, the index of skeletal muscle mass. The researchers also assessed the
accumulation of visceral fat (evaluated by abdominal CT) in the nine patients. An
age-adjusted evaluation revealed that the decrease in skeletal muscle mass had been
observed before the accumulation of visceral fats. All had decreased motor functions.
The analysis based on the presence or absence of diabetes indicated that Werner
syndrome patients with diabetes had higher body-mass indexes and more visceral fat
than those without diabetes, while there was no difference in the skeletal muscle index
between the two groups.

In our study, the appendicular skeletal muscle index was examined by the bioimpedance
method in seven patients with Werner syndrome (four males and three females) with the
mean age of 49.1 + 6.8 years (range, 39-70 years). The results revealed that their
appendicular skeletal muscle indexes were below the standard value (the cutoff values
of the skeletal muscle indexes obtained by the bioimpedance method suggested by the
Asian Working Group for Sarcopenia are <7.0 kg/m? for males and <5.7 kg/m? for
females)® except for one male patient. He was 43 years old and had continued resistance
exercise from his school days®.

As described above, age-related sarcopenia is generally associated with a decrease in
skeletal muscle fibers (especially, fast-witch fibers muscle) and atrophy of each muscle
fiber, whereas it is still unclear whether similar changes appear in patients with Werner
syndrome, because of the lack of detailed muscle biopsy findings in this patient
population. Additionally, sarcopenia is diagnosed by low extremity skeletal muscle
mass, as mentioned above, as an obligatory symptom and accompanied by a decline in
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muscle strength or physical function (walking speed, etc.) **3%. Werner syndrome
patients are likely to develop refractory plantar ulcer, which makes it impossible to
measure their walking speed in some cases. Hand deformity also occurs in some cases,
which brings difficulty in measuring grip strength, and thus it is not always easy to
diagnose them with sarcopenia.

Summary

The decrease in skeletal muscle mass, as discussed above, frequently occurs in patients
with Werner syndrome before the age of 40. Although the mechanism is still unclear,
various potential factors including aged skeletal muscle, metabolic abnormality, and
inflammation, or decreased amount of activity due to low physical function are
considered, which are expected in the future progress of the research. On the other hand,
a Werner syndrome patient who was not diagnosed with sarcopenia, as in the above
example, has also been observed, suggesting possible prevention of sarcopenia by
appropriate intervention (resistance exercise, etc.).
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Introduction

Werner syndrome is a disease representing progeria. Its clinical finding that is first
observed is loss of the pubertal growth spurt, followed by geriatric symptoms including
atrophy and hardening of the skin, partial loss of the subcutaneous fat, changes in hair
such as graying and balding, and cataract. Glucose metabolism disorders are also seen at
a high rate, making this a typical metabolic disorder in patients with Werner
syndrome™?.

Q1. How frequently do the Werner syndrome patients develop diabetes?
Al. Approximately 55% of them develop diabetes.

The review article published by Epstein in 1966 indicates that diabetes was observed in
55 (28 males and 27 females) out of 125 patients diagnosed with Werner syndrome®. In
Japan, the results of the research on domestic Werner syndrome patients were reported
by Imura, et al., of the Health and Welfare Ministry’s specific disease hormone receptor
mechanism research group (Etsurou Ogata Group) in 1984. These researchers
conducted a questionnaire survey consisting of 1,930 questions to domestic hospitals
equipped with at least 200 beds, and 181 patients participated in this survey.
Furthermore, a glucose tolerance test was conducted in 90 patients, 50 of whom
(55.6%) developed diabetes?.

Goto et al. reported that around 70% of Werner syndrome patients developed type 2
diabetes or borderline diabetes based on the results of the literature review from 1966 to
2004”. They further extended the target year of review to 2008 to review the articles by
year and reported that the incidence of diabetes in Werner syndrome patients remained
unchanged regardless of year and that the mean age of onset of diabetes was 33.7, 39.7,
and 39.3 years in 1966, 2004, and 2008, respectively, which revealed a delay in onset
over time”.

As a nationwide epidemiological survey in 2011, a questionnaire survey consisting of
6,921 questions was conducted in medical institutions with at least 200 beds, through
which 396 Werner syndrome patients were newly confirmed, and clinical findings of
196 patients were obtained. The results revealed that 55.7% of these patients developed
diabetes and 6.5% had borderline diabetes®. As described by Goto et al., the incidence
of diabetes in Werner syndrome patients in Japan was comparable to that reported by
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Imura et al. in 1986.

Q2. What type of diabetes do the Werner syndrome patients develop?

A2. Diabetes associated with Werner syndrome are classified into
accompanied with other diseases and conditions and one occurring mainly in
association with other genetic syndromes.” Such diabetes is marked by
accumulated visceral fat and high insulin resistance despite low BMI.

one

Epstein reported that diabetes occurring in association with Werner syndrome is
characterized by a gradual rise in blood sugar levels leading to prolonged
hyperglycemia after the glucose tolerance test and less effective insulin therapy for such
hyperglycemia despite normal blood sugar levels in many Werner syndrome patients.
His study also indicated that although dead branch-like extremities and fat atrophy are
observed in Werner syndrome, fat atrophy is not involved in an onset of .

According to the report from Imura et al., the researchers measured the serum insulin
levels of 53 Werner syndrome patients in the glucose tolerance test, observing
hyperinsulinemia in 33% of them with basal insulin levels at 20 pU/mL and
overreaction to insulin in 67% with the peak level at the glucose tolerance test showing
200 pU/mL. They suggested that a decrease in endogenous insulin secretion have been
rarely seen and insulin secretion from the pancreatic  cells has been relatively
maintained even though insulin resistance is higher in Werner syndrome patients. The
report also indicates pathogenesis of high insulin resistance in which expression of
insulin receptors on the erythrocyte surface is not decreased and malfunction of the
insulin receptors expressed is associated with higher insulin resistance in the
examination using cultivated dermal fibroblasts®.

An onset of diabetes generally correlates with obesity (an increase in BMI), whereas
BMIs of most Werner syndrome patients are below 22. Yokote et al., reported that
accumulated visceral fat, low serum adiponectin levels, and increases in tumor necrosis
factor a (TNF-0) and interleukin-6 (IL-6) were observed in Werner syndrome patients
with diabetes™®. A recent case report has suggested that although it was confirmed in
one patient, abnormal glucagon secretion after a food load was put might be associated
with carbohydrate metabolism disorders in Werner syndrome patients®. Recently, the
body compositions of Japanese Werner syndrome patients were examined in detail, and
the results revealed that there were no differences in age, sex, and skeletal muscle mass
between the diabetic (n = 4) non-diabetic (n = 5) groups, whereas they had dominantly
higher BMI and amount of visceral fat (Table 1)?. Accordingly, not fats in extremities
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or atrophy of skeletal muscle but insulin resistance accompanied by accumulated
visceral fat is associated with an onset of diabetes in Werner syndrome patients.
Diabetes generally occurs in deep involvement with not only genetic background but
also changes in environmental factors. Considering that the rate of diabetes occurring in
Werner syndrome patients remains constant, the development of diabetes in Werner
syndrome patients may be greatly influenced by genetic factors rather than
environmental factors.

Q3. What is an effective treatment for diabetes in Werner syndrome patients?
A3. Thiazolidine derivatives are effective for glycemic control.

As reported by Epstein, insulin treatment for diabetes associated with Werner syndrome
lacks efficacy. There have been many reports on the effectiveness of a thiazolidine
derivative, an agonist, of peroxiome proliferator-activated receptor gamma (PPARQ),
an insulin sensitizer®**®_0On the other hand, although concerns about the effect of
thiazolidine derivatives on the bone and the onset of malignancy have been generally
reported, no reports have suggested relationships between thiazolidine derivatives and
the bone or the development of malignancy in Werner syndrome, which requires
further examination. Other than those described above, availabilities of Biguanide'?,
DPPIV inhibitors®®, and GLP-1 receptor agonists®® have been reported, though a
few in number. In Werner syndrome patients, not only short stature and low body
weight but also a reduction in the skeletal muscle mass early in life has been observed
10 Although dietary instructions to prevent an increase in visceral fat and a decrease
in the skeletal muscle mass may be required, no dietary therapy for diabetes occurring
in Werner syndrome has been established, which is one of important subjects to be
examined.

Summary

Diabetes is highly prevalent among patients with Werner syndrome. Reportedly,
thiazolidine derivatives increase the risks for weight gain and bone fracture,
necessitating clinicians to be wary of the prolonged usage of thiazolidine derivatives.
In Japan, thiazolidine derivatives had been widely used in the treatment of patients
with Werner syndrome because of the reduced prevalence of biguanide owing to its
side effects, such as lactic acidemia. With the growing usage of metformin in Japan
and the fact that it reportedly exerts favorable effects on metabolism and acts as an
anticancer agent, re-evaluation of the efficacy of metformin in the treatment of
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patients with Werner syndrome is warranted. In our opinion, new antidiabetic drugs,
such as DPP4 inhibitor and/or GLP-1 receptor analogue, could be potentially
beneficial for patients with Werner syndrome. Furthermore, the establishment of not
only diet therapy but also exercise therapy for patients with Werner syndrome is
warranted in the future.
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Table 1: Differences in clinical findings affected by the presence or absence of

diabetes

Non-diabetic n Diabetic n p value
Age 44+6.9 5 53+09.1 4 0.16
25-questionGLFS
score 40 + 31.7 4 43 +18.8 4 0.88
Two-step test value 0.73+049 5 060x051 4 0.71
Grip strength (kg) 201+7.1 5 125+5.1 4 0.11
VFA (cm?) 56.1+43.6 4 1426+40.1 3 0.04*
SMI (kg/m?) 42+0.7 5 38x04 3 0.4
BMD (L) (YAM) 894+138 5 833+84 3 0.47
BMD (F) (YAM) 75.31+4.6 4 61757 3 0.03*
BW (kg) 40475 5 429+6.6 4 0.61
BMI (kg/m?) 16.2+£1.2 5 18.7+1.3 4 0.02*
Adiponectin (ng/mL) 6.4+28 4 6.6 4.1 4 0.95
TNF-a (pg/mL) 1.4+0.6 4 3.0+£43 4 0.51
Leptin (ng/nL) 7.2+3.6 4 300x169 4 0.07

GLFS: geriatric locomotive function scale, VFA: visceral fat area, SMI: skeletal muscle
index, BMD (L): bone mineral density (lumbar spine), BMD (F): bone mineral density
(femoral neck), YAM: young adult mean, BW: body weight. BMI: body mass index,
TNF: tumor necrosis factor, * p < 0.05, quoted from Reference No. 10.
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4.0steoporosis associated with Werner syndrome

Seijiro Mori
Center for the Promotion of Clinical Investigation, Tokyo Metropolitan Geriatric
Hospital

Introduction

Werner syndrome is a typical genetic progeria syndrome that produces various pathological
changes similar to those associated with human aging at a young age. Among these changes,
osteoporosis is considered to be a sign of early aging typically seen in patients with this
syndrome. This article analyzes the prevalence, the predilection sites, contributing factors, and
treatment of osteoporosis associated with Werner syndrome based on the latest findings.

Q1. What percentage of Werner syndrome patients develop osteoporosis and which site
does osteoporosis appear more commonly?

Al. Osteoporosis has been observed in approximately 41% of these patients. It is likely to
be more severe in the femur than in the lumbar spine.

According to a report summarizing clinical characteristics of 24 Werner syndrome patients by
Murata et al.”, the radiographs showed osteoporosis in nine of 24 patients. Although
osteoporosis was relatively rare in younger patients, almost all patients at least 40 years of age
developed osteoporosis, with its degree being more severe in the lower extremities. Their
review of the Japanese medical literature revealed that osteoporosis occurred in 41% of 153
Werner syndrome patients reported in Japan.

As the above report by Murata et al. was made before bone densitometry by dual energy
x-ray absorptiometry (DXA) has become generalized, it was unclear whether the incidence of
osteoporosis in patients with Werner syndrome using the current Diagnostic criteria for primary

osteoporosis?

was as high as that reported in previous studies. Therefore, a more detailed
assessment of osteoporosis was made in 10 Werner syndrome patients visiting Chiba University
Hospital®. As shown in Table 1, the patients consisted of five males and five females. Werner
syndrome was diagnosed by genetic testing using DNAs extracted from peripheral blood
leukocyte as well as the characteristic clinical signs (Table 1). Bone density was measured by
DXA, and <70% of the young adult mean (YAM) value or T-score of <-2.5 SD was defined as
osteoporosis. Osteoporosis was diagnosed by evaluation of the lumbar spine bone density in

only case 1. Spine radiographs had positive findings in six patients but with no specific
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osteoporosis-related fragility fractures. In contrast, osteoporosis was identified in six patients
(cases 1, 2, 3, 5, 7, and 10) when assessed by the bone density of the femoral neck. The above
results suggested that osteoporosis accompanied by Werner syndrome is more severe in the
femur than in the lumbar spine.

Q2. Has the pathogenesis of osteoporosis been elucidated?
A2. It is considered that osteoporosis occurs because bone formation is inhibited while
bone resorption is normal in Werner syndrome.

Osteoporosis has been considered to be caused by the imbalance between osteogenesis by
osteoblasts and bone resorption by osteoclasts. For example, hyperfunction of osteoclasts
mainly due to a decrease in estrogen levels has been known to be involved in the development
of typical postmenopausal osteoporosis. From this perspective, Rubin et al., have reported
examination results related to the pathogenesis of osteoporosis in Werner syndrome patients®.
The researchers examined osteoporosis in a 43-year-old Caucasian female patient. The spine
radiograph showed fragility compression fractures in almost all thoracolumbar spines. Her bone
density stood at 0.776 g/cm? in the lumbar spine and 0.441 g/cm? in the femoral neck, which was
equivalent to -2.38 SD and -3.93 SD, respectively, compared with the mean values in females of
the same age. Hematological parameters were unremarkable, except for insulin-like growth
factor-1 (IGF-1), which showed a low level of 86 ng/mL (normal range for age: 142-389
ng/mL). However, the basal serum growth hormone level was within the normal range, and the
load tests using arginine and L-dopa showed a normal somatotropin secretory response pattern.
The iliac bone of the patient was also biopsied, showing low cortical bone mass and thinning of
the cortical bone. More important findings included a significant decrease in the osteoid mass
and absence of osteoblasts in sampled tissues. To sum up these findings, it was considered that
while the bone resorption was normal, osteogenesis was inhibited in patients with Werner
syndrome.

Furthermore, Rubin et al., reported results obtained when Werner syndrome was treated with
IGF-1°. They measured changes in bone density and the bone metabolism marker of Werner
syndrome patients with osteoporosis before and after daily subcutaneous injection of
recombinant human IGF-1 for six months. Serum type | procollagen C-peptide and serum
osteocalcin, the osteogenesis markers, had increased, while urinary pyridinoline crosslinked
products and urinary hydroxyproline, the bone resorption markers, had also risen during the
treatment. The posttreatment bone density of the lumbar spine increased by 3%, showing an
increment exceeding a variation coefficient in the testing. Given these results, they concluded
that supplementation of IGF-1 might possibly relieve inhibition of osteogenesis in Werner
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syndrome patients with osteoporosis displaying low IGF-1 levels.

Generally, age-related osteoporosis occurs more commonly in the bony skeleton including
proximal sites of the vertebra and the femur, whereas osteoporosis in Werner syndrome tends to
be more severe in the distal extremities, especially in the lower extremities. Since arthrogryposis
associated with dermal sclerosis in the lower extremities or ulcerative lesions in the foot region
often occur in Werner syndrome, the bones of the lower limbs are susceptible to disuse and
inflammatory changes. This is considered to be one reason why osteoporosis in Werner
syndrome tends to be more severe in the lower extremities.

Q3. Is osteoporosis related with the WRN gene polymorphism?

A3. The research results showing the relation between the WRN gene polymorphism and
osteoporosis have suggested that genetic factors might also be involved in osteoporosis
associated with Werner syndrome.

Osteoporosis is included as one of the premature aging signs in Werner syndrome, which,
however, does not immediately indicate a direct relationship between a genetic abnormality
causing Werner syndrome and the bone metabolism. Werner helicase, a product of the gene
responsible for Werner syndrome, has been considered to play a role mainly in the DNA repair
process. The WRN gene has been observed to be expressed in human dermal fibroblasts®,
whereas it has not been confirmed whether it is expressed in osteoblasts or osteoclasts, leading
to difficulty in inferring a functional relationship between the WRN gene and bone metabolism.
Lately, a research providing a new insight concerning this topic has been reported.

It has been known that there are single nucleotide polymorphisms (SNP) at eight positions in the
WRN gene: four of them involve amino-acid substitution, while the other four do not.”. Some
researchers have already reported examination results of a relationship particularly with
rs1346044 (T > C, Cys1367Arg), that is, a polymorphism with the 1367th cysteine residue
being replaced with an arginine residue, and osteoporosis®. They examined 377 healthy
postmenopausal women with a mean age of 65.6 years. The genotype frequencies were 87.5%
for T/T, 12.2% for T/C, and 0.3% for C/C. The subjects were classified into two groups of
non-carriers of C (T/T) and carriers of C (T/C and C/C) for comparison, resulting in the carriers
of C having significantly low bone density in the lumbar spine (p = 0.037).

We also conducted genotyping of rs2230009 (340G > A, V1141) of the WRN gene to examine
the association with the prevalence of femoral fracture using DNAs obtained from 1,632
consecutive autopsy cases (mean age: 81; 924 males and 708 females) in Tokyo Metropolitan
Geriatric Hospital®. Additionally, we analyzed the relationship with the bone density using
DNAs taken from 251 patients with postmenopausal osteoporosis (mean age: 71) in Tokyo
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Metropolitan Geriatric Hospital?. Table 2 shows the results of multiple logistic regression
analysis adjusted for sex and age. The odds ratio of femoral fracture in rs2230009 with the AA
or AG genotype was significantly high, standing at 2.528 times as frequently as that with the
GG genotype. Additionally, the study found that the above odds ratio in females was 2.983
times as high as that in males, and a risk of femoral fracture increased by 1.746 times for every
10 year increase in age. Furthermore, we performed validation of rs2230009 that had been
found to have a significant association with femoral fracture in a secondary cohort. Table 3
shows the relationship between the genotype of rs2230009 and each clinical indicator in patients
with postmenopausal osteoporosis. A Student’s t-test was employed for age, body weight, and
body height, and a linear regression analysis (adjusted for age) for the others to conduct a
significance test. As a result, it revealed that the AG genotype had a significantly lower bone
density in the femoral neck than did the GG genotype.

The results obtained from a series of studies on the association between the WRN gene
polymorphism and osteoporosis suggests genetic factors to potentially be involved in the onset
of osteoporosis associated with Werner syndrome.

Q4. How should osteoporosis in Werner syndrome patients be treated?

A4. No clear evidence to date regarding treatment for osteoporosis associated with Werner
syndrome has been found at present, and thus it is considered appropriate to treat
osteoporosis according to the guidelines for treatment of osteoporosis™.

As a typical drug to decrease a risk of osteoporosis-related fractures, bisphosphonates have
been widely used. A report indicated that etidronate, one of bisphosphonates, has ameliorated

painful soft tissue calcification'”

, which provides a helpful perspective to select drugs. On the
other hand, there has been a report suggesting that osteoporosis in Werner syndrome is caused
mainly by inhibition of osteogenesis, for which parathormone (PTH) (teriparatide) is considered
to be effective. Considering that sarcoma frequently develops in patients with Werner syndrome,

the use of PTH requires special attention to the development of osteosarcoma.

Summary

Werner syndrome is often accompanied by osteoporosis. Age-related osteoporosis generally
occurs more commonly in the bony skeleton including proximal sites of the vertebra and the
femur, whereas osteoporosis is more severe in the distal extremities, especially in the lower
extremities in Werner syndrome patients. Since arthrogryposis associated with dermal sclerosis
in the lower extremities or ulcerative lesions in the foot region occur in Werner syndrome
patients, the bones of the lower limbs are easily influenced by disuse and inflammatory changes.
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These are considered to be one of the reasons that osteoporosis associated with Werner

syndrome may become severer in the lower extremities. On the other hand, the research results

indicating the association between the WRN gene polymorphism and osteoporosis have also

been reported, suggesting that an onset of osteoporosis may be also genetically promoted in

Werner syndrome.

As no specific evidence has been found to date regarding treatment for osteoporosis

associated with Werner syndrome, it is considered appropriate to follow the conventional

treatment for osteoporosis. Given that disuse may possibly be involved in the pathogenesis of

osteoporosis, prevention against disuse through active rehabilitation is also important.
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Table 1. Bone density in 10 Werner syndrome patients

IIIIfllll

0.730 —2.7* 0.601 2.

0.790 -1.9 0.351 —4.0*

0.803 -1.8 0.533 -2.3

4/7 0.971 —0.6 0.508 —2.8*

0.890 -13 0.697 -13

*T-score =< —-2.5
'YAM = 70%
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Table 2. Association between the WRN gene polymorphism (rs2230009, 340G > A) and femur
fractures

Factor Odds ratio (95%CI) P
Genotype: AA/AG vs GG 2.528 (1.194-5.350) 0.0154
Sex: Female vs Male 2.983 (1.988-4.776) <0.0001

Age at autopsy (every 10 year
g ) P y(- S 1.746 (1.396-2.185) <0.0001
increase in age)
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Table 3. Association between the WRN gene polymorphism (rs2230009, 340G > A) and each

clinical indicator

GG (n=236) AG (n=15)
Difference (95% CI) P
mean SD mean  SD

Age (year) 709 8.09 71.7  6.83 0.76 (—3.43-4.94) 0.724
Body weight (kg) 48.0 6.81 44.7  5.00 —-3.33(—6.97-0.32) 0.074
Body height (cm) 150 114 140 385 -11.2 (-32.6 - 10.1)  0.279
BMI (kg/m?) 210 2.88 201 251 —0.92 (—2.46 - 0.61)  0.240

Muscle mass in
. 12.7 152 124 148 -0.24 (-1.18-0.71)  0.620

extremities (kg)
SMI (kg/m?) 551 0.54 555  0.52 0.03 (—0.31-0.37)  0.850

Bone density in the
] ) 079 0.14 073 0.17 —-0.07 (—0.14 - 0.00)  0.068
lumbar spine (g/cm°?)
Bone density in the
) 0.63 0.08 059 0.08 —0.04 (—0.08 - —0.00) 0.041*
femoral neck (g/cm®)
Serum calcium (mg/dL) 9.65 041 953 031 —0.12 (—0.33-0.09) 0.270
Serum 25-OH vitamin D

215 6.45 194 515 -2.02 (-5.35-1.30) 0.230

(ng/mL)

*P <0.05

30



5.Infection associated with Werner syndrome

Toshibumi Taniguchi
Department of Infectious Diseases, Chiba University Hospital

Introduction

Werner syndrome (WS) is characterized by symptoms such as atrophy of subcutaneous tissues,
decline in blood flow?, and low activity of fibroblast cells® due to metabolic disorders in
connective tissues”, which may easily cause refractory skin ulcers®. Furthermore, it may occur
with type 2 diabetes®, which is likely to cause skin and soft tissue infections and osteomyelitis
at an ulcer site. Generally, such symptoms may often become more severe than those in diabetic
patients, leading to failure of conservative treatment and necessitating surgical excision of the
infected site. The goal to treat infection caused by refractory skin ulcers in Werner syndrome
patients is to minimize exacerbation of the ulcerated skin lesion by early detection and
intervention.

Q1. What are the characteristic features of skin ulcer infection in Werner syndrome?
Al. The bacterial etiology of skin ulcers in Werner syndrome is nearly identical to that
observed in a diabetic foot infection. However, skin ulcers are poorly healed in Werner
syndrome patients comparing to that of diabetic patients, thereby raising a risk of
long-term and chronic infection.

Prolonged infection causes emergence of a drug-resistant strain, resulting in a limited choice of
antimicrobials capable of treating the lesion. Therefore, it is important to identify the bacterial
etiology causing an infection in the skin ulcer and treat with an effective antimicrobials. For
poorly controlled infection, debridement and surgical excision are required at an appropriate
timing. This makes it essential to cooperate with plastic surgeons and orthopedists.

Q2. What are the clinical symptoms and severity classification of skin ulcer infection in
Werner syndrome?

A2. The clinical symptoms and severity classification for diabetic foot is applicable to the
majority of skin ulcer infections that occur in Werner syndrome. Table 1 shows the
severity classification of diabetic foot suggested by the Infectious Diseases Society of
America (IDSA) ©.
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L ) . . IDSA severity categories of
Clinical signs of infection ] ]
infection
No symptoms and signs of infection No infection
Erythema being locally found from a dermal tissue to a Mild
subcutaneous tissue, periphery of an ulcer: 0.5-2 cm
Erythema being >2 ¢cm or reaching into the subcutaneous
tissue
Existence of abscess, osteomyelitis, and bacterial arthritis, Moderate
fasciitis
Satisfy at least two of the following items in addition to
the above symptoms:
«  Body temperature > 38°C orBody temperature < 36°C
*  Heart rate > 90 beats/min Severe
»  Respiration rate > 20 times/min or PaO2 < 32 mmHg
« WBC > 12,000 or WBC < 4,000, or >10% of
primitive leukocyte (stab cell)

Table 1. Severity categories of diabetic foot infection

Q3. How should we perform a microbiological examination of skin ulcer infection in
Werner syndrome?
A3. We recommend to apply microbiological diagnosis method for diabetic foot infection.

The following are recommended for sample collection:

1) Clean the wounded area, perform debridement, and biopsy a deep tissue or take samples by
curettage

2) Puncture fluid of purulent discharge

3) Obtain a bone biopsy tissue in cases of suspected osteomyelitis

When a sample is obtained from a wound without clinical symptoms of infection, obtained from
a wounded area without debridement, or obtained simply by swabbing a wounded area, a
normal bacterial flora, which may not be the cause of infection, can be detected, which poses a
risk of administering unnecessarily broad spectrum antimicrobials. In cases of a deep ulcerated
lesion with a symptom of infection, a Probe to Bone test (to check whether a probe inserted into
the lesion reaches the bone) is performed”. If the bone is exposed, osteomyelitis is suspected,
which necessitate to culture biopsied bone tissue?.
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Q4. How should we select drugs for the treatment of skin ulcer infection in Werner
syndrome?

A4. As with treatment for a diabetic foot infection, a skin and soft tissue infection
occurring with an ulcerated lesion in Werner syndrome patients is treated targeting
Gram-positive bacteria which includes Streptococcus species and Staphylococcus aureus®.
To determine if any other bacteria should be covered, the following four items should be
checked:

1) Arrisk of methicillin-resistant Staphylococcus aureus (MRSA)
2) A history of antimicrobial use within a month
If present, Gram-negative bacteria need to be covered.
3) A risk of Pseudomonas infection
4) Determination of the severity

Example of antimicrobials
(1) Mild or long-term/chronic case

Antimicrobial drug (Dosage and frequency should be | Comments
adjusted to renal function.)

Oral administration of cephalexin(500mg) every 6 Covers Gram-positive bacteria
hours
Oral administration of amoxicillin Cover anaerobic bacteria

(250mg) /clavulanate (125mg) + amoxicillin
(250 mg) every 8 hours

Oral administration of two Cover MRSA
sulfamethoxazole (400mg) /trimethoprim(80mg)

tablets every 12 hours

Oral administration of minocycline (100mg) every 12 | Covers MRSA
hours

Oral administration of clindamycin (300mg) every 8 | Covers anaerobic bacteria and a part
hours of MRSA

Oral administration of levofloxacin (500mg) every 24 | Covers Pseudomonas aeruginosa.
hours Often used in combination with

clindamycin.

(2) Moderate to severe
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Antimicrobial drug (Dosage and frequency should be
adjusted to renal function.)

Comments

Intravenous injection of 3 g of ampicillin/sulbactam
every 6 hours

Covers Gram-positive bacteria and
anaerobic bacteria.

The first-line drug in cases of no
drug-resistant strains

Intravenous injection of 4.5 g of
piperacillin/tazobactam every 6 hours

Covers Gram-positive bacteria,
anaerobic bacteria, and Pseudomonas
aeruginosa

Intravenous injection of 2 g of cefepime every 12
hours and 500 mg of metronidazole every 8 hours

Cover drug-resistant Gram-negative
bacteria except Pseudomonas
aeruginosa as well

Intravenous injection of 1 g of meropenem every 8
hours

Covers ESBL-producing
Gram-negative bacteria and
anaerobic bacteria as well

Vancomycin (Dosage and frequency differ according
to the body weight and the drug blood level.)

Covers Gram-positive bacteria and
MRSA

Daptomycin (Dosage and frequency based on body
weight.)

Covers Gram-positive bacteria and
MRSA
In cases vancomycin cannot be used

ESBL: Extended Spectrum Beta Lactamase

Q5. What is the treatment duration required for skin ulcer infection seen in Werner

syndrome patients?
Ab. The goal of treatment is to ameliorate symptoms
swelling).

of infection (red flare, pain, and

The treatment duration is according to that for diabetes foot infection®, but if the infected skin

tissue is poorly healed, it should be determined on a case-by-case basis.

Soft tissue infection only

Mild Topical or oral Outpatient 1-2 weeks, 4
weeks at longest
Moderate Oral or intravenous (for the | Outpatient 1-3 weeks
first time) [/inpatient
Severe Intravenous (Switch to oral if | Inpatient 2—-4 weeks
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possible)

Occurrence in conjunction with osteomyelitis and arthritis

No residual infected Intravenous or oral 2-5 days
tissues
Residual infected soft Intravenous or oral 1-3 weeks

tissue (but not bone)

Residual infected (but | Intravenous 4-6 weeks
viable) bone (Switch to oral if possible)

No surgery or residual | Intravenous At least 3 months
dead bone (Switch to oral if possible)

postoperatively

Table 2. Administration route of antimicrobial drugs, the need of hospitalization, and planned
treatment period

Summary

Skin ulcer infection in Werner syndrome should be treated by referring to diabetic foot
treatment in terms of severity classification, method of microbiological examination, drugs, and
duration of treatment, because of the high incidence of diabetes mellitus in Werner syndrome
patients and the clinical similarity of Werner syndrome with diabetic foot infection. Meanwhile,
the prognosis in Werner syndrome is poorer than in diabetes even when treated in the same
manner, because of the subcutaneous tissue atrophy due to metabolic disorder of the connective
tissue, decreased blood flow, and reduced activity of fibroblasts, and others. Since there are few
case reports providing evidence in the treatment of infection in Werner syndrome, further
studies on the bacteriology, treatment, and outcome of skin ulcer infection in Werner syndro are
expected.
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6. Surgical treatment of skin ulcers associated with Werner syndrome

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

Introduction

Skin ulcers are commonly observed in Werner Syndrome . This article aims to suggest certain
guidelines for the epidemiology, diagnosis, treatment, and prevention of ulcers in Werner
syndrome from a surgical perspective.

Skin ulcer in Werner syndrome is refractory and leads to reduced quality of life (QOL) of
patients. Foot ulcer in Werner syndrome requires special care, because its clinical presentation
is similar but not identical to that of ischemic limb ulcer or diabetic ulcer, both of which have
recently increased in number. As Werner syndrome is an extremely rare disease, it is difficult to
obtain adequate experience in treating the disease in actual clinical practice. It is also difficult to
create evidence-based guidelines derived from clinical trials participated by many patients.
Nonetheless, it is obviously necessary to make an appropriate diagnosis and provide treatment
tailored to the skin ulcer in each Werner syndrome patient. Additionally, once an ulcer occurs in
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these patients, it becomes refractory, which greatly increases the need to take measures to
prevent an ulcer before its occurrence. Based on these observations, we believe it would be
beneficial for Werner syndrome patients to provide certain guidelines and views on the
diagnosis, treatment, and prevention of skin ulcers in Werner syndrome by collecting case
reports including ours. This article also deals with elbow ulcers, which occur commonly in WS

as well as lower limb ulcers.

Literature

Most studies on Werner syndrome are case reports, with a few case series. This article was
created based on the literature from 1996, when WRN was identified as a gene responsible for
Werner syndrome, to extract many authentic clinical cases in which patients were genetically
diagnosed.

There were 63 Werner syndrome patients in the Japanese reports searched on Medical Online
from January 1996 to December 2017 . We had 56 Werner syndrome patients in English
reports written by Japanese authors retrieved from PubMed during the same period. Both
reports were used in this article. These Japanese reports, however, include abstracts of
conference presentations as well, and thus some cases may be overlapped. Similarly, cases
reported in Japanese may also be overlapped with those in English.

I. Overview of skin ulcers

Q1. What is the complication rate of skin ulcers in patients with Werner syndrome?
Al. Approximately 40% of Werner syndrome patients are complicated by skin ulcers.

Werner syndrome is a very rare disease, and thus it is difficult to accurately obtain the
morbidity and prevalence of skin ulcers in Werner syndrome patients. Records on skin ulcers
were found in 27 (43%) out of 63 patients and 22 (40%) out of 56 patients from the Japanese
and English reports, respectively (Table 1). Occurrence of ulcers was often reported at the
olecranon of the elbow joint in the upper limbs, whereas they were observed at site below the
distal one-third of the lower legs in lower limbs in many cases. Some reports have indicated
ulcers in the extensor surfaces of knee joints as well.

Q2. Which part of the lower limb is typically affected in Werner syndrome patients?
A2. The distal one-third of the lower limb and the foot are typically affected

Werner syndrome patients often have thin lower limbs and dry skin. Poikiloderma and
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scleroderma-like changes occur particularly in the foot, intensively in the distal one-third of the
lower legs (Figure 1). Hereafter, the distal one-third of the lower legs and the foot will be
discussed. The skin is often poorly-extensible and shiny. Contracture of ankle often limits the
range of motion with less pes equinus position. Flat foot has been known to be one of the typical
symptoms in Werner syndrome. Flame-like calcification in Achilles tendon shown in
radiographs is a typical symptom in Werner syndrome, and skin ulcers are sometimes observed
there. Additionally, Werner syndrome may be associated with lateral and medial malleoli on the
ankle and multiple ulcers in the leg. Callosities are also frequently observed. Even on an
ulcer-free foot in relatively good condition, a callosity is often found when observed. Toe
deformities frequently occur and sometimes progress rapidly.

Q3. What are the underlying diseases that can cause lower limb ulcers?
A3. Glucose metabolism disorders are present in many cases.

The incidence of carbohydrate metabolism disorders in Werner syndrome patients was high at
43% and 39% in the Japanese and English reports, respectively (Table 2).In contrast,
hypertension was not necessarily found in many cases. Lower limb ischemia was not observed
in many Werner syndrome cases, either. Attention is required because the clinical presentation
of a foot ulcer in Werner syndrome is partly similar to but not necessarily identical to that in
diabetes and hypertension that have been increasing in number recently. Furthermore,
scleroderma-like changes and foot deformity are non-negligible factors that contribute to foot
ulcer development in Werner syndrome.

Q4. Are there ulcers associated with malignancy?
A4. Yes, such ulcers are occasionally seen.

Malignancy has been known to occur at a high rate from a young age in Werner syndrome.
The incidence of a non-epithelial tumor in Werner syndrome patients has also been reported to
be higher than that in the healthy population. As to the association with skin ulcers, a study
reported that calcaneal osteosarcoma was observed in a patient with a heel ulcer[1]. A
possibility of malignancy should be considered in skin ulcers of WS patients.

Q5. Are callosities frequently observed?
Ab. Yes, they are frequently observed.

A callosity appears in the foot of Werner syndrome patients at a high rate. There were records
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on callosities in 8 patients from the Japanese reports and 9 patients from the English reports. It
brings pain and decreases QOL, and an ulcer may occur at a site of a callosity. Moreover, pain
caused by a callosity worsens gait, which contributes to an increased load on the other sites,
leading to potential development of a new callosity or an ulcer. Accordingly, a callosity in
Werner syndrome is an important therapeutic target from a viewpoint of prevention from ulcers
that can occur in the future.

Werner syndrome is characterized by the hardened and quite poorly-extensible skin.
Additionally, symptoms including flat foot, toe deformity, and ankle contracture may progress.
Such conditions are considered to cause callosities at a high rate in Werner syndrome.

As mentioned above, a callosity sometimes becomes the origin of a skin ulcer. Thus, for Werner
syndrome patients who have only a callosity without a skin ulcer, particularly intensive and
appropriate prevention is would be necessary, considering the risk of developing an ulcer. Such
cases have been shown in two patients from the Japanese reports and five from the English
reports. The following are the reasons why interventions to prevent or treat a callosity in
ulcer-free Werner syndrome patients are important: (1) many patients do not take preventive
measures including use of a foot orthosis and shoe orthosis because they have never developed
any ulcer or experienced any refractory ulcer and (2) patients at the stage of mild symptoms are
quite active, which results in high pressure to be applied on a callosity for a long period of time.
In our patient, a load on a callosity on the heel ruptured the calcaneal bony cortex, leading to
possible calcaneal bone osteomyelitis (Figure 2). Although this patient had presented changes
typical of Werner syndrome including poikiloderma, scleroderma-like skin changes, and ankle
contracture from the distal one-third of the lower legs to the foot, the skins in the lower legs and
feet had been in relatively good condition. The causes of a heel ulcer were considered to include
failure to treat a callosity on the heel, the use of commercial shoes, and repeated and continuous
pressure applied to a callosity on the heel due to the patient’s high activity levels.

These observations demonstrate that a callosity is a prodrome of skin ulcers in Werner
syndrome. Interventions for a callosity may prevent severe and difficult-to-treat symptoms such
as skin ulcers and osteomyelitis.

11. Diagnosis

Q6. Are macroscopic evaluations of ulcers important?
A6. Yes, they are important.

As macroscopic findings, records on sites and characters of ulcers are important. It is useful to
keep records with the items included in DESIGN-R®(edited by the Japanese Society of
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Pressure Ulcers)[2] in mind, which helps to reduce the number of omissions. DESIGN-R® is

the criteria for evaluating pressure ulcers, yet it can also be used to assess ulcers other than

pressure ulcers. The evaluation items are as shown below:

1.

N o g bk~ w DN

Depth

Amount of exudate
Size
Inflammation/infection
Granulation tissue
Necrotic tissue

Pocket

DESIGN-R is a detailed evaluation method, and it can be utilized for therapeutic effect

determination and assessment of time-dependent changes. Its negative side includes slightly

cumbersome records.

The following are points that are considered important in the assessment for ulcers in WS:

1.

Depth of an ulcer: An ulcer in Werner syndrome easily reaches the bone or the
articular cavity. It is necessary to consider possibilities of osteomyelitis in case of
an ulcer rupturing and reaching into the bone marrow, osteomyelitis and of
purulent arthritis in case of an ulcer reaching the articular cavity.

Amount of exudate: In cases of purulent exudate, a possibility of osteomyelitis or
purulent arthritis should be considered.

Size: Important to determine the condition of an ulcer and the therapeutic effects
Inflammation/infection: It is important to identify where the focus of infection is,
that is, any one of a skin and soft tissue, bone marrow, or articular cavity.
Granulation tissue: Generally, granulation tissue is poorly formed at the site of an
ulcer in Werner syndrome. In cases with poorly formed granulation tissue, it is
necessary to investigate the cause, which may include poor blood flow, infection,
and necrotic tissue, and provide treatments to eliminate these conditions.

Necrotic tissue: The following should be determined: what the necrotic tissue is,
and the depth and range of the necrotic tissue.

Pocket: In not many of Werner syndrome patients, formation of a pocket in a foot
ulcer becomes a problem.

Q7. Are plain radiography and CT of the foot region useful?

A7. A plain radiography and CT are helpful to examine the shape of the whole foot and

conditions of individual bones consisting of the foot.
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It is important to understand time-dependent changes because the shape of the foot region and
the state of each bone may change rapidly in Werner syndrome.

Q8. Is an MRI examination useful?

A8. An MRI examination is useful for a suspected case of osteomyelitis (Figure 2).

Q9. Is vascular evaluation necessary?
A9. Yes, it is necessary.

In cases of lower limb ischemia, it is necessary to examine whether revascularization is possible.
Lower limb ischemia should be considered in a patient with a history of hypertension or
diabetes, cold feet, or non-palpable dorsalis pedis and posterior tibial pulses, a possibility of.
There were suspected cases of lower limb ischemia in one patient from the Japanese report and
two from the English. One of these patients reportedly underwent revascularization in a
femoropopliteal artery bypass operation using a saphenous vein [3].

I11. Treatment

Q10. Is the combination of surgical treatment and wound bed preparation important in
treating skin ulcers?
Al0. Yes, it is important to combine these treatments.

A skin ulcer in Werner syndrome is generally intractable. Even if a wound is finally closed
through surgical treatments including skin grafting and skin flap grafting, preparation before a
wound closure would greatly influence the outcome of surgery. By adopting a recently
advanced technique for wound healing, there has been a rise in the number of cases of ulcers
which had so far difficulty in healing and those requiring major operations that could be closed
with minimally invasive surgery. Such an attempt to improve a condition of an ulcer in the
preoperative step is called as wound bed preparation, the importance of which has been
increasing. This section discusses a process from wound bed preparation to operation in Werner
syndrome patients by incorporating our own experience.

A) Debridement and curettage: In treatment and control of skin ulcers, removal of necrotic
tissue and cleaning of the wounded surface are important. Thus, daily cleaning of
wounded surface by patients themselves is extremely necessary. At the same time,
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B)

curettage and surgical debridement are desirable every time they visit medical
institutions.

For obviously infected wounds, incisional drainage or debridement should be
immediately performed. Lately, a condition where an ulcer site had no obvious
symptoms of infection yet had increased bacterial volume has been called critical
colonization and attracted attention. The critically colonized bacterial mass forms a
biofilm of glycocalyx, etc., makes host immunity and external medicine work poorly,
and inhibits wound healing. A soft yellow to white colored tissue attached on a surface
of an ulcer (sometimes called a slough) may include a biofilm, which is a finding
suggestive of critical colonization. Additionally, NERDS has also been reported as
clinical findings suggestive of critical colonization [4] (Table 3). It is considered
effective as a countermeasure against critical colonization to remove a soft yellow
colored to white colored tissue attached on a bottom of an ulcer using a sharp spoon, etc.,
when the ulcer in Werner syndrome is examined, because this procedure removes a
biofilm and reduces bacterial volume.

Debridement is useful from the perspective of diagnosis because the range and depth of
an ulcer can be determined. During the procedure, it is also important to collect samples
for bacterial cultivation from wounded surface, necrotic tissue, or pus. Some ulcers reach
into the bone marrow, by which osteomyelitis may be found in the process of
debridement. In such case, pus for bacterial cultivation from the bone marrow should be
obtained.

Pain is the most problematic in performing debridement for Werner syndrome patients.
They develop carbohydrate metabolism disorders at a high rate yet suffer less perceptual
decline than is observed in patients with diabetic ulcers and rather experience stronger
pain than do healthy people during the procedure. This often makes debridement under
non-anesthesia difficult. In case of local infiltration anesthetic injection, hardening of
tissue makes pain caused by injection strong and prevents injected anesthetic agent from
penetrating into tissue, leading to a different range that anesthetic injection can cover and
a poor analgesic effect compared with other patients. One of measures may include block
injection to sites with soft skin away from an ulcer such as the center of the lower thigh
(Figure 3). In any case, the significance and necessity of debridement in Werner
syndrome should be explained to patients, followed by adequate preparations before
applying this procedure.

Topical medication: It is important to use an appropriate topical medication tailored to
the condition of an ulcer. The basic idea of moist wound healing in ulcer treatment is to
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C)

D)

maintain a proper moist environment and facilitate wound healing. However, ulcers in
Werner syndrome rarely heal only with drugs that directly promote a moist environment
and wound healing (Vaseline ointment, prostaglandin-containing ointment, and basic
fibroblast growth factor [bFGF] spray, etc.). Critical colonization of bacteria is often
addressed with iodine preparation or silver preparation. Heavy exudate exceeding the
range of moist wound healing inhibits wound healing, and thus preparations made of
water-absorbing base (cadexomer iodine preparation, and iodine-sucrose preparation) are
often used to absorb exudate.

Washing: Washing a wounded surface is thought to be effective. There have been not
many evidences to prove the effectiveness of washing, but a clinical consensus about its
efficacy is considered to have been reached. Wound irrigation with a shower by a patient
as self-care is one of the personal hygiene measures that are desirable. Accordingly,
prohibition of washing the foot with a shower should be avoided just by reason of an
ulcer despite of lack of any particular reason to control a wound.

On the other hand, the following risks caused by washing should be recognized: (1)
multiple-drug-resistant bacteria in the environment are attached on a wounded surface
and (2) multiple-drug-resistant bacteria on a wounded surface may spread into the
environment.

Water-related equipment (water faucets, showerheads, bathtubs, perineal irrigation
bottles, etc.) may be contaminated by various bacteria in medical institutions. Wound
irrigation is likely to splatter contamination into the environment. In light of the above
risks in (1) and (2), a wound is required to be irrigated according to the standard
preventive measures.

Negative pressure wound therapy (NPWT): NPWT is a treatment procedure for
refractory ulcers that has rapidly spread in recent years. It promotes neovascularization
and granulation by continuous negative pressure and facilitates ulcer healing by
controlling exudate. It showed a certain level of effectiveness in our own cases (Figure
3) and is thought to be a significant therapeutic method that should be proactively
employed in the future. General precautions for NPWT include (1) not using for infected
wounds and (2) attention to skin diseases around ulcers, which should also be followed
accordingly in Werner syndrome. Skin ulcers associated with purulent arthritis
frequently occur in Werner syndrome. Infected ulcers are not an indication for NPWT
monotherapy, but a combination with continuous irrigation may be effective.
Attentions especially required when administering NPWT for the foot in Werner
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syndrome include tissue being severely indurated and skin and soft tissue being thin and

close to the bone, leading to the likelihood of developing skin and soft tissue disorders

by pressure from a foam agent. A foam agent should be cut into an appropriate width and

thickness for effective use.

E) Surgical procedure:

a

Attachment of artificial dermis: The skin and soft tissue in Werner syndrome
becomes thin and indurated, which is likely to cause loss of all layers on the bone
and tendon. Artificial dermis is essential to treat foot ulcers in Werner syndrome
(Figure 3). In Werner syndrome, the bony cortex is often ruptured, leading to
exposure of the bone marrow, but artificial dermis can be also attached on the
exposed bone marrow. Dermis-like tissue is constructed on a surface of the exposed
bone marrow, thereby preventing osteomyelitis and enabling epidermization.
Skin grafting: Many skin ulcers in Werner syndrome previously had been
accompanied with bone exposure at the levels of losing periosteum and aponeurosis
and hard to be applied to skin grafting. However, the advent of artificial dermis,
bFGF preparation, and NPWT has raised the number of cases capable of creating a
base bed for skin grafting for ulcers in Werner syndrome, accompanied by which,
patients undergoing skin grafting may be on the increase. Descriptions on skin
grafting were found in one case from the Japanese report and two cases from the
English reports. Figure 3 shows our cases where skin grafting was performed on
lateral malleolus in the ankle, etc.
Flap surgery: With or without Werner syndrome, the percentage of comparatively
major surgeries such as flap surgery has decreased in treatment of intractable ulcers,
and their roles have been relatively declining. This is because the progress of drugs
including topical medication and bFGF preparation, the advent of artificial dermis
which has made skin grafting possible even in situations previously thoroughly
incapable of skin grafting, and a powerful granulating effect and an effect to reduce
ulcers by NPWT. On the other hand, the advantages of flap grafting are that it can
close ulcers that could not be closed by the other therapeutic procedures, ulcers can
be closed using good thick skin and soft tissue, and the treatment period is shortened.
(1) Elbow ulcers: The olecranon bone is curved eminence, highly flexible soft tissue
is required because of elbow flexion-extension movements, and furthermore the
articular cavity is often exposed in elbow ulcers of Werner syndrome patients. For
these reasons, flap surgery may be appropriate in many cases rather than skin
grafting. As to flap surger for elbow ulcers, there have been reports on the use of
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F) Others

a

)

@)

(4)

radial recurrent flap[5], flexor carpi ulnaris muscle flap [6], and radial forearm
flap [7]. Other than those above, skin grafting [8] and partial ostectomy [9] have
been reported.

Knee ulcers: Flap grafting is highly applicable to ulcers with a knee-joint cavity
being exposed. There are reports on cases of anterior tibial artery flap, sartorius
muscle flap, and free latissimus dorsi myocutaneous flap [10, 11].

Heel ulcers: A free serratus anterior muscle flap has been reported for a heel ulcer
associated with osteomyelitis [12].

Ulcers in the Achilles tendon: Calcification with a flame-like shape in the
Achilles tendon observed in radiographs is a characteristic finding of Werner
syndrome. Infection of calcification often causes ulcers in the Achilles tendon. It
has been reported to be treated with the lateral supramalleolar flap [13].

d Amputation: Amputation of affected parts cannot be avoided in some refractory

ulcers. Records on amputation were found in one case each of the foot and the toe

from the Japanese reports and one case below the knee and another case of the toe

from the English reports. A case of below-knee amputation caused by calcaneal

osteosarcoma has also been reported [1].

Hyperbaric oxygen therapy: The hyperbaric oxygen therapy for calcaneal ulcers

accompanied with calcaneal osteomyelitis has been reported [14].

b Lumbar sympathetic ganglion block: There are reports on the lumbar sympathetic
ganglion block for foot ulcers and pain [15, 16].
G) Skin care
a  Moisture retention: In Werner syndrome, skin dryness is frequently observed,

especially in the lower leg and foot.It may become factors predisposing to callosities and

exacerbating skin ulcers. Desquamation or rash caused by cutaneous dryness is considered

to induce contamination in surgical wounds and inhibit wound healing. Application of a

moisturizer may be effective.

Q11. Is the management for a callosities necessary?
All. Yes, it is necessary.

A callosity occurs in the foot in Werner syndrome at a high rate (Figure 1B) and may induce
skin ulcers, rupture of the bony cortex in the calcaneal bone, and osteomyelitis (Figure 2). Once
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an ulcer or osteomyelitis occurs in Werner syndrome, it may become quite intractable, and thus

preventive measures against such symptoms are desirably taken at the stage of a callosity. As

such, proactive intervention for callosities is thought to be significant.

A) Prevention against callosities: A callosity occurs by applying excessive pressure for a

long time. It is important to avoid excess pressure on the feet to prevent callosity

formation.

a

Use of an appropriate foot orthosis or shoe-shaped orthosis: A foot orthosis or
shoe-shaped orthosis tailored to each patient’s foot may prevent a callosity and an
ulcer. An article have reported a foot orthosis and a shoe-shaped orthosis used for
two Werner syndrome patients [17]. According to the report, it was challenging to
make orthoses for both cases yet one patient was satisfied with it. In our cases,
shoe-shaped orthoses have been proactively made (Figure 4). There are outdoor type
shoes and indoor type shoes, which are made according to the lifestyle of each
patient by a prosthetist. These shoes are more comfortable than commercial shoes
made for healthy people and relieve pain. We are currently examining the effects of
these orthoses in preventing callosities and ulcers. As a problem, a toe deformity
may progress rapidly in Werner syndrome, which often renders a prepared orthosis
unfit after a brief period.

B) Treatment of a callosity: Proactive treatment of a callosity is desirable in Werner

syndrome. With attention to the fact that a callosity recurs unless continuously excessive

pressure on it, the cause, is eliminated, treatment should be continued. The specific

methods include:

a
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Table 1. Number of reported skin ulcers by body part in Werner syndrome

Body part No. of cases in the No. of cases in the
Japanese reports English reports
(n=63) (n=56)
Elbow 11 (17%) 1 (2%)
Knee 1 (2%) 2 (4%)
Lower leg 2 (3%) 4 (71%)
Achilles tendon 4 (6%) 5 (9%)
Medial and lateral 2 (3%) 6 (11%)
malleoli in the ankle

Sole 4 (4%) 3 (5%)
Heel 6 (10%) 4 (7%)
Toe 4 (6%) 3 (5%)
Foot 1 (2%) 1 (2%)

Table 2. Underlying diseases that can cause a lower extremity ulcer

Japanese reports English reports
(n=63) (n =56)
Carbohydrate metabolism 27 (43%) 22 (39%)
disorders
Hypertension 3 (5%) 1 (2%)
Lower limb ischemia 1 (2%) 2 (4%)

Table 3. Signs suggestive of critical colonization*

English terms Meaning

N: Non healing wounds Treatment-resistant ulcers

E: Exudative wounds Heavy effusion

R: Red and bleeding wound surface and Red granulation tissue with bleeding

granulation tissue
D: Debris Existence of necraotic tissue, etc.
S: Smell or unpleasant odor Odious smell

* Signs suggestive of critical colonization are termed NERDS, an acronym of the terms shown
in the above list (quoted from Reference [4]).

48



Figure 1. (A) Typical images of lower limbs in Werner syndrome. Significant hardening and
atrophy of the skin and soft tissue are observed below the distal one-third of the lower
extremities. (B) The foot is in relatively good condition without ulcers yet with a callosity on
the heel region.
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Figure 2. A case of a calcaneal callosity developing into possible calcaneal bone osteomyelitis
(Top) The skin is generally in good condition from the distal one-third of the lower extremities
to the foot region.

(Center) Pus from the ulcer on the heel region
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(Bottom) Sagittal section of the foot MRI. The fat-suppressed T2-weighted image shows high
signal intensity in the calcaneal bone marrow, which reflects osteomyelitis.
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Figure 3. (A) Ulcers are observed on the lateral malleolus in the ankle and the lateral aspect of
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the foot. (B) Post-debridement. Anesthesia is administered on a site with the soft skin slightly
distal from the center of the lower limb for a sural nerve block. The ulcer on the lateral
malleolus reaches into the bone marrow, and the ulcer on the lateral aspect of the foot to the
fifth metatarsal bone. (C) After artificial dermis was attached on the ulcers, the negative
pressure wound therapy (NPWT) started. (D) Post-NPWT. The granulated and reduced-size
ulcers are observed. They were determined applicable to skin grafting, and split-thickness skin
grafts for meshing was performed. (E) Post-skin grafting. Successful engraftment and ulcer
closure are confirmed.

53



Figure 4. Samples of shoe-shaped orthoses: (A) Outdoor type shoes; (B) Indoor type shoes
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7. Skin ulcer associated with Werner syndrome
-Dermatological treatment-

Sei-ichiro Motegi
Department of Dermatology, Gunma University Graduate School of Medicine

Introduction

Patients with Werner syndrome are likely to develop refractory skin ulcers. These ulcers most
commonly occur in the plantar weight-bearing area. The potential causes include decreased adipose
tissue due to thinness and decreased wound-healing potential due to scleroderma-like changes,
impaired blood flow, and continuous compression. Treatment consists of both conservative and
surgical approaches. This guideline was created with reference to the reports on skin ulcer treatment
in patients with Werner syndrome published in PubMed from 1996 to 2016.

Q1.What are the factors contributing to the easy development of refractory skin ulcer in
Werner syndrome?

Al. These factors include impaired blood flow, scleroderma-like changes, decreased adipose
tissue, and continuous compression due to bone deformity. Calcifications and others likely lead

to skin ulcer development and delayed wound healing.

A skin ulcer in Werner syndrome is caused by various factors. It has been recognized that impaired
metabolism of the connective tissue component is involved®. Additionally, the following factors are
considered to be concurrently associated with ulcer development: greater weight bearing on the
distal extremities due to thin limbs for the body trunk, a deformed bone and joint such as hallux
valgus and a flat foot, localized hyperkeratosis on the sole of the foot, physical pressure on dermal
connective tissue due to subcutaneous calcification, thinning or sclerosing of the skin, decreased
adipose tissue, delayed wound healing due to decreased fibroblast proliferation capacity, occurrence
of diabetes, and hematogenous disorder accompanied by an arteriosclerotic lesion?.

A skin ulcer occurs more commonly at sites on which pressure is exerted including the Achilles
tendon, ankle, elbow, and plantar regions). It sometimes presents with prodromal symptoms of a corn,
callus, and trauma. Due to the atrophied skin and decreased subcutaneous adipose tissue at sites of
predilection for skin ulcers, formation of an ulcer causes a tendon or bone to be projected easilyz).
Werner syndrome  patients often develop tumors, and thus, it is desirable to consult a dermatologist
when in doubt in consideration of a possibility of a refractory skin ulcer attributed to squamous cell

carcinoma or a malignant melanoma. Especially, it requires careful attention since Werner syndrome
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patients have been known to develop an acral lentiginous malignant melanoma occurring commonly

on the sole of the foot at a high rate 9

Q2. What is the treatment policy of skin ulcers in patients with Werner syndrome?

A2. While treatment of diabetes mellitus and others is continued, conservative treatment is
administered by the use of following methods: topical medications that help eliminate factors
interfering with healing, and topical medications or wound dressings that accelerate the

wound-healing process.

A skin ulcer in Werner syndrome is attributed to the factors shown in Q1, which makes it intractable.
It is conservatively treated with topical medications and wound dressings first, while systemic
treatment including diabetic control is required to be concurrently performed. For hyperkeratosis
around a skin ulcer, keratin softeners such as salicylic acid Vaseline and urea ointment are used
topically. Treating a corn and callus with keratin softeners is important to prevent the occurrence of a
skin ulcer as well. In cases which a skin ulcer is not improved with conservative medical treatment,
surgical treatment should be considered.

A skin ulcer in Werner syndrome is a chronic cutaneous wound. Prolonged inflammation caused by
various cytokines and increased activity of protease that plays a role in melting necrotic tissue
protein cause an extracellular matrix acting as a scaffold of tissue to be melted, leading to failure to
reconstruct tissues in the chronic cutaneous wound®. Additionally, impaired molecular composition
in the effusion inhibits the proliferation of the cells that are involved in tissue reconstruction®. To
facilitate the healing process of a chronic wound, helpful topical medications to eliminate causes that
interfere with healing, topical medications or wound dressings that accelerate the repairing process

are required to be appropriately selected before use 2

Q3. What is the treatment of skin ulcers with infected or necrotic tissue?
A3. Removal of necrotic tissue by surgical debridement followed by the selection of topical

medications with antibacterial effects and necrotic tissue removal effects are selected.

A skin ulcer is washed with saline or lukewarm water, followed by surgical debridement for necrotic
tissue using a scalpel and a scissor as much as possible. If it is being infected or already infected, an
ulcer is disinfected with povidone iodine, chlorhexidine gluconate, or benzalkonium chloride to
control infection®. In case of failure to perform debridement, chemical debridement is conducted
using necrotic tissue removers including CADEX OINTMENT®, Isodine gel®, and Bromelain
ointment®. GEBEN cream® containing more water facilitates softening and melting of necrotic tissue,

which is effective for a wound site with small effusion. In cases with heavy exudate from a wound
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site due to infection or intense inflammation, CADEX OINTMENT ® and U-Pasta® KOWA that have
an effect to absorb exudate are effective. As to an ulcer associated with infection or necrotic tissue,
closure of an ulcer worsens infection, and thus it should be treated not with wound dressings (closed

dressings) but mainly using topical preparations with an antibacterial effect?.

Q4. What is the treatment of skin ulcers without infection nor necrotic tissue?
A4. Granulation-promoting agents, topical medication with epithelialization-promoting effects,

and wound dressings that maintain a moist environment are used.

At an infection-free wound site with necrotic tissue being removed, a granulation is generally
formed, whereas it is not easily formed in most skin ulcers occurring in Werner syndrome patients.
Therefore, a wound site is washed with saline or lukewarm water, followed by application of
granulation promoting drugs including Olcenon Ointment®, Prostandin Ointment®, and Reflap
Ointment®. A basic fibroblast growth factor (Fibrast spray®) is also effective, but attention is
required because a skin ulcer in WS is often associated with malignancy.

An ulcer site is filled with good granulation tissues, leading to epithelization. At this stage,
epithelization promoters including Prostandin Ointment ® and Actosin Ointment® are used. Wound
dressings are also effective to maintain a moist environment at the wound site. Hydrocolloid is
recommended for wounds with a small amount of exudate, while alginate (Sorbsan®), chitin
(Beschitin®), hydrofiber (AQUACEL®), hydropolymer (TIELLE®), and polyurethane foam
(HYDROSITE®) are for those with heavy exudate®.

Recently, a case where endothelin receptor antagonist worked for a refractory ulcer has been

reported”.

Q5. What other treatment options are available?
Ab. Surgical intervention, including application of artificial dermis and flap reconstruction,

may be considered if conservative treatment is not successful.

Hyperbaric oxygen therapy and vacuum-assisted closure therapy, both of which are used for general
wounds and pressure ulcers, may also promote wound healing of skin ulcers in Werner syndrome.
With regard to surgical treatment, skin grafting has limited success in many cases, and application of
artificial dermis® and flap reconstruction® 19 are often more effective. One should also bear in mind

that debridement may enlarge an ulcer due to decreased fibroblast division capacityg).
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Summary

Skin ulcers associated with Werner syndrome are often caused by a corn, callus, or trauma occurring
at sites on which pressure is exerted, including the Achilles tendon, ankle, elbow, and plantar region,
and are more refractory than wounds in healthy individuals. This may be attributable to the thinning
or hardening of the skin, a decrease in adipose tissue, inadequate blood flow, calcification, and
excess pressure due to a deformed bone and joint. To treat skin ulcer, a keratin softener is topically
used for hyperkeratosis around an ulcer. Treatment for an ulcer associated with Werner syndrome is
the same as that for a common ulcer. If it is accompanied by infection or necrotic tissue, however,
the ulcer is washed with saline or lukewarm water or disinfected with an antiseptic, followed by
surgical debridement for necrotic tissue using a scalpel and a scissor as much as possible. Topical
medications that promote softening and melting of necrotic tissue are concurrently used with careful
attention being paid to moisture control at the surgical wound site. For infection-free wound sites
with the necrotic tissue being removed, topical medications with a granulation promoting effect are
used. Wound dressings are also effective to maintain a moist environment at the wound site. In cases
where a skin ulcer is not ameliorated with conservative medical treatment, surgical treatment should

be considered.
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8. Calcification in tendons associated with Werner syndrome

Akira Taniguchi, Yasuhito Tanaka
Department of Orthopaedic surgery, Nara Medical University

Introduction

While asymmetrical calcification in ligaments and tendons has been reported in Werner
syndrome patients, the mechanism of which remains unclear®. Multiple calcifications of
articular capsules and tendinous insertions may be observed in the hand, wrist, foot, knee,
and elbow?. The Achilles tendon may also be calcified”, and characteristically shaped
calcified substances may be widely observed in some cases®. Ectopic calcification had
previously been reported in one third of Werner syndrome patients®, while it has recently
been reported in 85.3% of patients®. Na-Pi cotransporter (Pit-1), which plays a role in
phosphoric acid uptake, has been observed to increase in the fibroblast cells of the skin
tissue in Werner syndrome patients®.

Q1. Does the Achilles tendon calcification in Werner syndrome patients differ from
that in non-Werner syndrome patients?

Al. Calcification of the Achilles tendon in Werner syndrome patients is depicted as
multiple and extensive lesions with strongly graded calcification pattern expressed as
a flame-like shape. This calcification pattern clearly differs from that of non-Werner
syndrome patients.

Results of a recent investigation revealed that a bone spur on the calcaneus at the Achilles
tendon insertion, which may be confused with calcified Achilles tendon, is caused by
apoptosis of fibrocartilaginous components on the surface of the Achilles tendon insertion
and subsequent enchondral ossification, proving that it differs from calcified Achilles
tendon”.

Some studies reported calcification in the Achilles tendon to be found in patients with
Achilles tendinitis and Achilles enthesitis®®, while another study reported it to be observed
after the operative treatment of Achilles tendon rupture'®. Werner syndrome patients
develop multiple blocky calcification in a wide area of the Achilles tendon with a
calcification pattern that is also expressed as a flame-like shape, which clearly differs from
Achilles tendon calcification in non-Werner syndrome patients.
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Q2. Is the Achilles tendon calcification found in a plain radiograph useful for the
diagnosis of Werner syndrome?
A2. The frequency of the Achilles tendon calcification in Werner syndrome patients
far exceeds that of non-Werner syndrome patients. Thus, it is beneficial to
incorporate calcification of the main body of the Achilles tendon into the diagnostic
criteria of Werner syndrome.

There are clear differences between Achilles tendon calcification in Werner syndrome
patients and that in non-Werner syndrome patients in the frequency, area and pattern of its
occurrence. In 2010, a nationwide secondary survey was performed as part of the
Nationwide Study for the Understanding of the Clinical Conditions, Creation of Practice
Guidelines, and Development of a New Treatment for Werner Syndrome, showing that
Achilles tendon calcification was observed in 70 (76.1%) out of 92 Werner syndrome
patients who offered responses regarding calcification of Achilles tendon. The plain
radiographs of 2,151 feet of 1,853 non-Werner syndrome patients, who underwent foot and
ankle surgeries at the department of orthopedic surgery in Nara Medical University from
2004 to 2015, revealed that Achilles tendon calcification was observed only in 19 feet
(0.88%), accompanied by 1 to 4 calcified masses with a maximum diameter ranging from
9.7 mmto 63.2 mm.

The frequency of Achilles tendon calcification in Werner syndrome patients is far higher
than that of non-Werner syndrome patients, and thus it is beneficial to incorporate
calcification in Achilles tendon into the diagnostic criteria for Werner syndrome.

Summary

Achilles tendon calcification includes:

1) A calcification with the length of at least 2 cm that is not contiguous with the calcaneus (a

single large segmental calcification) in a plain radiograph (Figure 1)

2) At least two calcific masses with the length of not exceeding 2 cm which is not contiguous

with the calcaneus (several small segmental calcific masses) (Figure 2)

3) Clearly abnormal flame-like calcification in a large area of the Achilles tendon (Figure 3).

In cases where any one of the above items applies, we should make a diagnosis, suspecting

that a patient may develop Werner syndrome -specific Achilles tendon calcification.
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Figure 1
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Calcification exceeding 2 cm is observed in the Achilles tendon (a single large segmental
calcification)

Figure 2

Several calcifications not exceeding 2 cm in length are observed (several small segmental
calcifications)

Figure 3

Flame-like calcifications are observed widely in Achilles tendon insertion (flame-like
calcifications).
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as exercise training, might be effective for recovering
serum BDNF level with resultant improvement of cog-
nitive dysfunction, dementia and long-term prognosis
in CHF patients.
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Femoral osteoporosis is more common than lumbar
osteoporosis in patients with Werner syndrome

Dear Editor,

Werner syndrome (WS) is a rare autosomal recessive ge-
netic disorder characterized by early onset of the normal
aging processes and its associated complications, includ-
ing osteoporosis. Mutations in the human WRN gene,
encoding a member of the RecQ family of DNA
helicases, result in this disorder.! We aimed to elucidate
the clinical characteristics of osteoporosis in WS. A total
of 10 patients (5 men and 5 women; mean age S0 years,
range 40-60 years) were included. A diagnosis of WS
was made based on the presence of the cardinal signs
and symptoms of the disease, which include progeroid
changes in hair, bilateral cataracts, intractable skin ulcers,
soft-tissue calcification, bird-like face and abnormal
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voice, and was subsequently confirmed by genetic testing
(Table 1).” Bone mineral density (BMD) was measured by
dual-energy X-ray absorptiometry using the same ma-
chine for all the patients, and osteoporosis was diagnosed
based on the Japanese diagnostic criteria for primary os-
teoporosis (BMD <70% of young adult mean or #-score
<-2.5 SD).* As judged by lumbar (L,4) BMD, only
one of 10 patients (case 1) was diagnosed with osteopo-
rosis (Table 1). In contrast, based on the femoral BMD,
six of 10 patients (cases 1, 2, 3, S, 7 and 10) were diag-
nosed with osteoporosis (Table 1). Examination of
thoracolumbar (T4-L4) radiographs showed that none
of the patients sustained morphological vertebral frac-
ture, any deformity of lumbar spine and calcification of
abdominal aorta. Our present observation indicates that
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Table 1 Bone mineral density of 10 patients with Werner syndrome

Case Sex Age WRN Lumbar spine BMD (L;_4) Femoral neck BMD
(years)  mutation™ 2 Tiocore (SD)  %YAM  glem®  Tscore (SD)  %YAM

1 M 57 6/6 0.730 —2.7¢ 704 0.601 -2.1 704
2 F 60 6/6 0.804 2.1 78 0.452 -3.1¢ 574
3 F 57 4/6 0.790 -1.9 78 0.351 —4.0¢ 454
4 M 40 4/11 1.116 0.6 107 - - -

5 F 60 4/4 0.803 -1.8 79 0.533 -2.3 684
6 F 40 11/11 0.983 -0.2 97 0.582 -1.9 74
7 M 51 4/7 0.971 0.6 93 0.508 —-2.8° 594
8 F 42 4/4 0.892 -1.0 88 0.598 -1.7 76
9 M 43 4/4 0.890 -1.3 85 0.697 -1.3 81
10 M 53 4/ " 0.901 -1.1 85 0.606 -2.0 704

*WRN mutation 4: IVS25-1 G > C, mutation 6: 1105 C > T (R369X), mutation 7: 3446delA (Q1148 fsX 1161), mutation 11: 2959 C > T
(R987X). "Compound heterozygote with mutation 4 and another mutation that remains to be determined. “T-score <—2.5 SD. “Less than
70% of young adult mean (YAM,; age 20-44 years). BMD, bone mineral density; F, female; M, male.

femoral osteoporosis, but not lumbar osteoporosis, is
common in patients with WS,

To our knowledge, this is the first study in which
BMD was measured by dual-energy X-ray absorptiome-
try in patients with WS. It has been reported that pa-
tients with WS exhibit osteoporosis* with possible
impaired osteoblastic bone formation,® but normal oste-
oclastic bone resorption.” A target of the WRN protein
is telomeric DNA, but long telomeres and abundant tel-
omerase in mice minimize the need for WRI, and thus
WRN knockout mice are relatively healthy.® However, in
a model of accelerated aging that combined a WRN
mutation with the shortened telomeres of telomerase
(TERC) knockout mice, the simultaneous loss of WRN
and TERC genes produced a low bone mass phenotype,
and age-related osteoporosis resulted from impaired os-
teoblast differentiation.” Although there is no evidence
to date for the expression and function of the WRN
protein in human bone cells including osteoblasts, this,
along with a subsequent report,'® suggests that defective
osteoblast differentiation as a result of telomere dys-
function is an important cellular mechanism that could
partly explain the early onset of osteoporosis in patients
with WS. It is unclear why femoral bone is more sus-
ceptible to osteoporosis than lumbar vertebral bone is,
in this patient population, but it might be the case that
mechanical offloading of the femur as a result of muscle
atrophy and intractable leg ulcers could contribute to
skeletal atrophy of the lower extremities in patients
with WS.
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Effect of sex on the association of isokinetic quadriceps strength
with hypertension among older Americans

Dear Editor,

Few studies have examined whether muscle strength is
associated with hypertension (HTN).'™ We tested this
hypothesis in a cross-sectional analysis of data from a
USA national sample National Health and Nutrition
Examination Survey (NHANES) 1999-2002.° Partici-
pants were adults aged >50 years with no history of
cardiovascular disease (n = 2335). HTN was either a
reported HTN diagnosis or blood pressure measurement
of >140/90 or the use of HTN medication. Isokinetic
muscle strength was measured by dynamometer.

Our sample size of 2266 (37 % aged >65 years, 52%
women, 82% white) represented 42 225 702 persons in
the USA after the sampling rate; oversampling of certain
groups and non-response were taken into account by
weighting. Mean quadriceps strength (Newtons) was
significantly higher in normal individuals: undiagnosed
HTN (n = 355, mean 355, 95% CI 337-374), diagnosed
HTN (n = 1007, mean 357, 95% CI 346-367) and
no HTN (n = 904, mean 393, 95% CI 379-406).

There was a significant effect modification by sex;
therefore, sex-specific analyses are presented. Table 1
shows multivariate analyses. Model 1 controlled for the
variables of age, race, body mass index and HTN status.
Model 2 included model 1 plus blood relatives with a
history of heart attack (yes/no) and smoking status
(never/former/current). In model 1, the results showed that

men aged >65 years had significantly lower quadriceps
strength (P = 0.00) than men aged 50-64 years. In addition,
men with a high body mass index also had lower
quadriceps strength in comparison with persons with a
healthy body mass index (P = 0.01). As with model 1, the
results of model 2 also showed that quadriceps strength
was significantly lower in diagnosed HTN (P = 0.02) than
in those with no HTN. Quadriceps strength was lower in
undiagnosed HTN than in normal individuals, but this
difference was not significant. Women did not show such
an association (Table 1).

In adults, limb muscle strength declines while HTN
increases with aging.'” In the present study we found that
among adults aged >50 years without a history of cardio-
vascular disease, isokinetic quadriceps strength was signif-
icantly lower in men with diagnosed and undiagnosed
HTN than in men with no HTN. No such association
was seen in women. Previous studies have not reported
an effect modification by sex. This and other findings
should be confirmed in follow-up studies. A greater
understanding of the role of muscle strength and mass in
hypertension pathogenesis might clarify the role of
resistance versus dynamic physical activity in hyperten-
sion prevention.

Disclosure statement

The authors declare no conflict of interest.

Table 1 Linear regression of hypertension status and quadriceps strength in persons aged S0 years and older: National

Health and Nutrition Examination Survey 1999-2002

Hypertension status

B coefficient P-value P coefficient P-value B coefficient P-value P coefficient P-value

model 1 model 2 model 1 model 2
Men Women
Diagnosed hypertension -21.79 0.02 -23.77 0.01 5.15 0.52 4.83 0.54
Undiagnosed hypertension -0.34 0.98 0.25 0.98 6.25 0.45 5.67 0.48
No hypertension 1.00 1.00 1.00 1.00
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Recent Trends in WRN Gene Mutation Patterns in Individuals

with Werner Syndrome

Masaya Yamaga, MD,*" Minoru Takemoto, MD, PhD,*" Aki Takada-Watanabe,*
Naoko Koizumi,* Takumi Kitamoto, MD,*" Kenichi Sakamoto, MD,*"
Takabiro Ishikawa, MD, PhD,*" Masaya Koshizaka, MD, PhD,*’ Yoshiro Maezawa, MD, PhD,*’

and Koutaro Yokote, MD, PhD*"

OBJECTIVES: To determine recent trends in mutation
patterns in the WRN gene, which cause Werner syndrome
(WS), a rare, inheritable progeroid syndrome in Japan.
DESIGN: Retrospective cohort.

SETTING: Longitudinal survey of WS and literature
search for case reports.

PARTICIPANTS: Individuals whose genetic testing their
facilities had requested between 2009 and October 2016
(N =67).

MEASUREMENTS: A nationwide epidemiological study
was conducted from 2009 to 2011 to improve understand-
ing of the pathology of WS and develop therapeutic guide-
lines. Since 2009, Chiba University Hospital consecutively
evaluated the WRN gene in 67 individuals throughout
Japan who had requested genetic testing. A literature

search was also conducted for case reports on Japanese
WS reported since 1997.

RESULTS: A definitive diagnosis of WS was confirmed
genetically in 50 of 67 participants. Through the literature
search, 16 individuals diagnosed genetically with WS were
identified. Of these 66 individuals with WS, 42 were
homozygous for a WRN mutation, and 21 were com-
pound heterozygotes. One novel mutant allele was identi-
fied in an individual with the compound heterozygous
genotype. The proportion of compound heterozygotes
(31.8%) was significantly greater than reported previously
(14.2%), indicating that the incidence of consanguineous
marriage of parents has decreased.

CONCLUSION: The increased frequency of individuals
with WS with the compound heterozygous genotype is a
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recent trend in Japan. A long-term follow-up study on
WRN homozygotes and compound heterozygotes will
allow the relationship between WRN genotype and clinical
severity of WS to be evaluated in the future. ] Am Geriatr
Soc 65:1853-1856, 2017.

Key words: Werner syndrome; Werner gene; gene
mutation; ReqQ DNA helicase

Werner syndrome (WS), also known as adult proger-
oid syndrome, is an autosomal-recessive disorder
caused by a mutation in the gene encoding the RecQ DNA
helicase’, with a high incidence in Japan®. In 2009, a
nationwide study aimed at understanding the pathology
and development of therapeutic guidelines for WS was
launched as intractable disease research supported by
Health, Labour and Welfare Sciences Research grants from
the Ministry of Health. The study remains ongoing in a
form of research on rare and intractable diseases. Since
2009, Chiba University Hospital has conducted genetic
testing of WS as requested by facilities across Japan. A lit-
erature search was also conducted for cases of WS in Japa-
nese individuals reported since 1997. A summary of the
results of the genetic testing conducted and the literature
search is reported.

MATERIALS AND METHODS

Subjects

Participants were 67 individuals whose genetic testing their
facilities had requested between 2009 and October 2016.
The present study was conducted in accordance with the
ethical principles of the Declaration of Helsinki and was
approved by our ethical committee before its inception. All
participants understood the study aims and methods and
provided written informed consent.

JAGS 65:1853-1856, 2017
© 2017, Copyright the Authors
Journal compilation © 2017, The American Geriatrics Society
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Literature Search

A literature search was conducted using the medical online
database (http://mol.medicalonline.jp/library/) for articles
written in Japanese and the PubMed (https://www.ncbi.nlm.
nih.gov/pubmed/) archives with the following terms: “Wer-
ner syndrome” [All Fields] AND {Case Reports (ptyp) AND
[“1996/01/01”(PDAT): “3000/12/31”(PDAT)]} from 1997.
Multiple reports on the same individuals and those on indi-
viduals whose genetic testing the authors performed were
excluded.

Genotyping

Genomic deoxyribonucleic acid (DNA) was extracted
from anonymized blood samples collected using
ethylenediaminetetraacetic acid 2Na (QIAamp DNA
Blood Mini Kit, QIAGEN, Hilden, GERMANY). In
the genetic testing, the exons were amplified individu-
ally, as described previously’. The amplified DNA
fragments were subjected to direct sequencing for the
analysis; 11 mutations common in Japanese subjects
were examined. Additional genetic analysis was con-
ducted in some participants.

Statistical Analysis

Comparisons between two groups were conducted using
the chi-square test. P <.05 was considered statistically
significant. Statistical analyses were performed using JMP
Pr012 software (SAS Institute Japan, Tokyo, Japan).

RESULTS

Sixty-seven individuals were genotyped. Genotyping in
these cases was requested from facilities in 26 of 46 pre-
fectures in Japan. Internal medicine (32.8%) and dermatol-
ogy (19.4%) departments frequently requested the genetic
testing. WS was the genetically definitive diagnosis in 50
cases. The literature search identified 186 reports describ-
ing WS, and 49 of these were Japanese WS case reports
from the medical online database. In these 49 reports,
genotypes were reported in six individuals, three of which
the authors had genetically diagnosed and excluded from
the study. Of 151 reports of WS identified from PubMed,
51 were Japanese, and genotypes were reported in 135.
Multiple reports of the same individuals and those of indi-
viduals in whom the authors had performed genetic testing
were excluded, leaving 13 individuals for evaluation. In
total, 16 individuals genetically diagnosed with WS were
identified from the literature.

Table 1 shows the breakdown of the frequency of geno-
types. There were 41 homozygotic, 21 compound heterozy-
gotic, and four heterozygotic (only one allele has a mutation)
participants. The frequency of compound heterozygosity was
significantly higher (31.8%) than reported previously
(14.2%) (P = .02) (Table 1). Sixteen individuals who under-
went genotyping in Chiba University Hospital were free of
the mutations. One novel allele mutation, such as the type 6
mutation (¢.1105C>T)/c.2772delA (Table 1), was identified
in 18 compound heterozygotes who also underwent genotyp-
ing in our facility.

Table 1. Breakdown of the Frequency of WRN Geno-
types in This Report Compared to Previous Report

Participants
from This Participants from
Report Previous Reports
P-
Mutation n (%) Value

Homozygote 42 (63.6) 41 (73.2) 19
Mut 11 0 (0) 1(1.8) .80
Mut 4/4 31 (47.0) 26 (46.4) .95
Mut 5/5 0 (0) 1(1.8) .28
Mut 6/6 9 (15.1) 9 (16.1 71
Mut 7/7 1(1.5) 1(1.8) 91
Mut 8/8 0 (0) 1(1.8) .28
Mut 9/9 0 (0) 1(1.8) .28
Mut 10/10 0 (0) 1(1.8) .28
Compound 21 (31.8) 8 (14.2) .02

heterozygote
Mut 4/6 6 (9.1) 3 (5.4) 43
Mut 4/7 5 (7.6) 0 (0) .04
Mut 1/4 2 (3.0) 5 (8.9) .16
Mut 4/11 3 (4.5) 0 (0) 1
Mut 4/ IVS 1 (1.5) 0 (0) .36
14+1 G>A
Mut 1/11 1(1.5) 0 (0) .36
Mut 1/6 1(1.5) 0 (0) .36
Mut 1/ 3030 1(1.5) 0 (0) .36
3033delAACG
Mut 6/ 2772delA 1(1.5) 0 (0) 36
(novel mutation)

Heterozygote 4 (6.1) 7 (12.5) .22
1/2 2 (3.0) 2 (3.6) .87
4/? 2 (3.0) 4(7.1) .30
6/? 0 (0) 1(1.8) .28

Total 66 56

Frequency of each genotype in the study was compared with that in a pre-
vious report’.

Mut 1: ¢.3913C>T, Mut 4: ¢.3139-1G>C, Mut 5: ¢.3915dupA, Mut 6:
c.1105C>T, Mut 7: c.3446delA, Mut 8: c.3460-7T>A, Mut 9:
¢.1389T>A, Mut 10: ¢.502_503delAA, Mutl1: ¢.2959C>T.

The genotype—phenotype relationship between homozy-
gotes and compound heterozygotes was also analyzed. In
this analysis, the clinical signs and symptoms listed in the
diagnostic criteria were compared. Twenty-six homozygotic
and 14 compound heterozygotic individuals aged 40 and
older were selected, because most clinical symptoms do not
appear until the age of 40. Parental consanguinity was
observed frequently in homozygotes but not in compound
heterozygotes (Table 2). There were no differences in major
clinical signs and symptoms between the two groups.

DISCUSSION

Previous studies in Japan in 1978 and 1981 revealed that
WS is inherited as an autosomal-recessive trait*. Approxi-
mately 1,200 cases of WS have been reported worldwide.
The genetic epidemiology of the Japanese population with
WS was reported previously in 1997, and approximately
1,000 cases have been found in Japan®. According to a
report of a genetic assessment of 1,000 general inhabitants
in Kanagawa Prefecture, six residents had heterozygous
mutations in the WRN gene, which would mean that,


http://mol.medicalonline.jp/library/
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Table 2. Genotype-Phenotype Relationship Between Homozygotes and Compound Heterozygotes

Homozygote

Compound Heterozygote

Positive Signs

Negative Signs

Positive Signs Negative Signs

n P-Value
Cardinal signs and symptoms
Progeroid changes of hair 22 1 12 1 .68
Cataract 26 0 14 0 N/A
Skin changes, intractable skin ulcers 25 1 14 0 .35
Soft-tissue calcification 18 0 11 0 N/A
Bird-like face 19 3 9 1 77
Abnormal voice 16 5 9 1 .34
Other signs and symptoms
Abnormal glucose or lipid metabolism 16 11 12 2 .07
Deformation and abnormality of the bone 13 3 9 0 .09
Malignant tumors 7 14 1 9 14
Parental consanguinity 14 11 0 12 .001
Premature atherosclerosis 3 11 4 4 a7
Hypogonadism 1 8 1 4 .65
Short stature and low body weight 13 13 6 6 >99

Clinical signs and symptoms, which were listed in the diagnostic criteria, of 26 homozygotes and 14 compound heterozygotes aged 40 and older were

compared.

The number of patients is indicated. For instance, 22 of 26 homozygotic participants had progeroid changes of the hair, and one had no change. The clini-

cal findings have not always been described well in published case reports. Therefore, the total number of participants with each clinical sign differed.

N/A=not available.

mathematically, approximately 23 homozygote individuals
would be born every year~.

There are 83 types of WRN gene mutations, including
nonsense, splicing, and frameshift mutations, which have
been reported recently’®”. In Japan, the type 4 mutation
(mut4), in which G, the base immediately preceding exon
26, is mutated to C (c. 3139-1G>C) is the most common
(50.4%), followed by the type 6 mutation (mut6)
(c.1105C>T) (17.5%)°. These mutation names (mut4,
mut6) are used in Japan. The frequency of mut4 (48%) was
also highest in the 50 cases in which the present genetic test-
ing led to the definitive diagnosis—similar to the percentage
in the previous report. Such a development due to homozy-
gosity is seen frequently in consanguineous marriages. In
nonconsanguineous marriage, WS develops because of com-
pound heterozygosity, such as mut4 (c.3139-1G>C)/muté
(c.1105C>T). According to a previous report, the rate of
development of WS from consanguineous marriage was
70%, whereas that from compound heterozygosity was as
rare as 14.2%°. According to a Japanese nationwide epi-
demiological survey of WS conducted in 2009, the incidence
from consanguineous marriage was 43 %, which was lower
than in the previous report’. The increase in incidence from
compound heterozygosity to 31.8% in the present examina-
tion reflects this, supporting that development of WS from
nonconsanguineous marriage is increasing in Japan. Greater
numbers of compound heterozygotes indicates that people
with the WRN heterozygote mutation have spread widely
throughout Japan, probably because of the development of
transportation network. The current study also provided
information on how rare diseases (in this case, WS) spread
genetically on large islands such as Japan. Autozygosity, the
genomic signature of consanguinity, has declined because of
globalization and urbanization®. In addition to these influ-
ences of demographic factors on inherited rare diseases,

recent improvement in genomic sequencing technique might
also have affected the results, because there were more
heterozygotes in previous studies (7 of 56 cases) than in the
current study (4 of 66 cases), although the difference was
not statistically significant (Table 1).

Few reports have indicated relationships between WS
genotype and its clinical severity’. The current study
attempted to determine the difference in phenotypes between
homozygotes and compound heterozygotes. Although it was
not possible to detect any differences in phenotypes, further
analyses should be performed before any conclusions are
drawn. The clinical findings of these individuals have not
always been well described in published case reports, and
some characteristic phenotypes in each genotype may appear
later in life. For that reason, whether there is a difference in
phenotype between homozygotes and compound heterozy-
gotes is a matter for future examination and will require
long-term follow-up. Therefore, a registry for Japanese with
WS has been started, which The Japan Agency for Medical
Research and Development has supported (http://www.m.c
hiba-u.jp/class/clin-cellbiol/werner/index.html).

This examination allowed one novel gene mutation to
be identified. Relationships between these novel mutations
and phenotypes are interesting. In addition, of the cases
suspected clinically to be progeria, 16 had no mutation in
the WRN gene. For these cases, additional genes, including
the LMNA gene'®, will be analyzed, which also may lead
to identification of a novel type of progeria.
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Chair: Shigeki Kuzuhara (Suzuka University of Medical Science, Mie, Japan)
Koutaro Yokote (Chiba University, Chiba, Japan)

Session 4 Rothmund Thomson Syndrome, Mitochondrial Dysfunction and Aging
Lisa Wang (Texas Children’s Hospital, Baylor College of Medicine, Houston, USA)
Deborah Croteau (National Institute on Aging, Bethesda, USA)

Sagar Sengupta (National Institute of Immunology, New Delhi, India)

Shigeru Yanagi (Tokyo University of Pharmacy and Life Sciences, Tokyo, Japan)

Plenary Lecture 3
Yoshihide Hayashizaki (Riken, Wako, Japan)

Session 5 Aging related Diseases and Hutchinson Gilford Progeria Syndrome

Yasuhiro Furuichi (GeneCare Research Institute, Kamakura, Japan)

Kohjiro Ueki (Tokyo University, National Center for Global Health and Medicine, Tokyo, Japan)
Ichiro Manabe (Chiba University, Chiba, Japan)

Kenji Ihara (Ooita University, Ooita, Japan)

Special Lecture: Leslie Gordon (Brown University, Providence, USA)

Photo

Dinner



Day3 Feb 18™ (Sun)

08:00-08:50  Morning Seminar
Chair: Yoichi Nabeshima (Foundation for Biomedical Research and Innovation, Kobe, Japan)
Eiji Hara (Osaka University, Cancer Institute, Osaka and Tokyo, Japan)

09:00-09:50  Plenary Lecture 3
Jan Hoeijmakers (Erasumus University, Rotterdam, Netherland)

Session 6 Xeroderma Pigmentosa and Cockayne syndrome
09:50-10:20  Kaoru Sugasawa (Kobe University, Kobe, Japan)
10:20-10:50  Chikako Nishigori (Kobe University, Kobe, Japan)
10:50-11:20  Tomoo Ogi (Nagoya University)

Session 7 Can iPS cells be a Future therapeutics?
11:30-12:00  Guanghui Liu (Institute of Biophysics, Chinese Academy of Science, Beijing, China)
12:00-12:30  Masato Fujioka (Keio University, Tokyo, Japan)
12:30-13:00  Wado Akamatsu (Juntendo University, Tokyo, Japan)

13:00-13:10  Closing Remarks
Koutaro Yokote (Chiba University, Chiba, Japan)
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< Primary screening survey > < Literature survey >
Experience with HGPS cases between 2008 Investigation for the patient
and 2013
Asking for Pediatric department in hospitals
with 200 beds or more
1173 centers

reports in Asia

.

[ Responses: 108 centers (response rate 65%) ]

&

[ Possible HGPS : 10 cases

Probable HGPS
30 cases

@

< Secondary survey > |

Physical characteristics and complications

Duplicated or clinically
excluded: 6 cases

t

Probable HGPS Clinically and
9 cases genetically excluded:
‘ 27 cases
< Third in—depth survey >

Detailed clinical information
* Refusal from a family: 1 case
* No response: 1 case
* Clinically excluded: 3 cases

Classical HGPS Classical HGPS
4 cases (Japanese) 3 cases
(2 Chinese, 1 Korean)

\ J

2 2

{Clinical Evaluation>
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HGPS ZZWr ke (CpK 28 4R ik 22)

MeEH (definite)
FIERD 1 DL E&T =L, 2R K&+ (LMNA Efs+) (266086 (=2 K 608[GGC] >
[GGT]) Bt %388 D55,

ZIEMESE] (probable) :
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ZHEHT

a) MRIEHNZIIRRREE 23800
b) FEHPFEEIEN &2 RO e



ZEERO

Prevalence of symp-

Case ¥ 2 3 4 5 6 7 toms (%)
Sex Female Male Female Male Male Male Female
Ethnicity Japanese Japanese Japanese Japanese Korean Chinese Chinese
Gestational age 37w 38w 38w 37w Full term Full term ND
Birth height 47 cm ND 49 cm 45cm ND ND ND
Birth weight 2576 g 2580 g 2838g 2720g 3350¢g 3500 g ND
Age at evaluation 5y 10y 15y 15y 4y 6y 8m
Age at diagnosis (mean) Oy 5m Oy 8m 1y Om 2y 7m ND ND ND (1y2m)
Age at death (mean) - 10y — 15y — — — (12.5y)
Growth
Acquired short stature (<3rd percentile) Yes Yes Yes Yes Yes Yes ND 6/7 (86%)
Acquired low weight (<3rd percentile) Yes Yes Yes Yes Yes Yes ND 6/7 (86%)
Body fat
Diminished subcutaneous fat Yes (1 m) Yes Yes (10 m) Yes ND Yes ND 5/7 (71%)
Prominent scalp veins Yes Yes Yes (10 m) Yes Yes Yes Yes 717 (100%)
Prominent eyes Yes Yes Yes (10 m) Yes Yes Yes ND 6e/7 (86%)
Circumoralcyanosis Yes ND ND Yes ND ND ND 217 (29%)
Skin/hair/nails/eyes
Pigmentation No ND ND Yes ND Yes ND 217 (29%)
Sclerodermatous skin Yes (1 m) Yes (2 m) Yes (2 m) Yes (0 m) Yes Yes (1 m)  Yes (0O m) 717 (100%)
Loss of scalp hair Yes (14 m) Yes Yes (10 m) Yes (2 y) Yes (1y) Yes (1 m) ND 6/7 (86%)
Oral/dental
Delayed eruption of primary teeth ND ND ND ND ND Yes ND 17 (14%)
Skeletal system/joints
Delayed closure of the anterior fontanelle ND Yes ND ND Yes Yes ND 317 (43%)
Micrognathia Yes Yes Yes (1y) Yes ND Yes ND 517 (71%)
Osteoarthritis Yes Yes Yes Yes ND ND ND a7 (57%)
Coxa valga ND ND ND Yes ND ND ND 177 (14%)
Cardi YR
Diabetes No ND Yes Yes ND ND ND 177 (14%)
Dyslipidemia No ND ND Yes ND ND ND 217 (29%)
Hypertension No No ND ND ND ND or7 (0%)
Cerebral hemorrhage No Yes (10 y) No Yes (12y) ND ND ND 217 (29%)
Cerebral infarction No Yes (7 y) Yes (6 y) Yes (9y) ND ND ND 317 (43%)
Ischemic heart disease No No Yes (9y) No ND ND ND 17 (14%)
iations: HGPS, | Gilford : m, ND, not y. years.
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<FWrEvE>
Definite 3 2. 0¥ Probable Z XI5 &%
A RIEIR
1. HAEROEEOMERE (Ek6 »HUBROHE L IREN—3SD LLT)
2. BAZEIINE. NGE, BIREH, 2 LR, © 45 EGET 3AEBRD k-
3. BHECERNRO R, TR O sREEARZ L @ 3IERET 2 fEfELL 1
4. DUPEET R & wT sk R
B /IMERR
1. BRIESNCIIREREEZZE O 720
2. FERRIEEEN 2RO R
C BRTFHIMRE
LMNA JE&F-1C G60SG (=2 K> 608[GGC] > [GGT]) AR ZZHD 5
<zWronray—>
Definite: ADHH 1 DL E+CERDDHD,
Probable: AM4THH+B D 2HAZRDLHH D,
< EJEEE SRR >
UFD1) F721E2) OWTNrElizT bDERET 5,
1) DMERMRH D, IR - FIFIZE > TH NYHA P C O ELL BSR4 T 254,
NYHA 455

I DIREIT D 2 D3 FAREENHIRIT 220,
HE A2 B EE) T3y B, PPRINEE, Rt d D
P (M) 24T 70,

I WELE N & HEEE DO HREBNOHIRD 5, ZFERE F 7o 13T ERFIC 1T IEIE R,
HEGED 9 B Ry I (BI2IE, BB A JOEBR TR E) T,
BE, FERREE, Rihd DV IO () AT D

119} 3 BEDOFIREBORIRN D D, ZFFRFICITELER,
HEIHED D B BI51E (BT, TR &) THIr, B, MPRIREE,
K o Vidpm (M) 2495

IVEE DIRBO DWW 2 HIREEbHIR S D,
OAREEROPOLE (W) 2 LRI b FEET D,
TP EESH TN OREEET 5,

NYHA 33HICOW TR, LT OIREEZZICHT 5 Z & &5,

NYHA 5348 B IRIHERET ) SSONESEYNE
(Specific Activity Scale; (peakVo,)
SAS)

I 6 METs 2L HHEH D 80% LA




I1 3.5~5.9 METs FEHEE D 60~80%
I11 2~3.4 METs FEHE D 40~60%
v 1~1.9 METs LA MEATANBED DU MT

FEHEIE D 40 % A5

SENYHA 3B BRE \Zx I d™ D SAS X728, TN T 2METs, @5 43T 3. BMETs, 7
DA REE « X B Uy FRHEE AMETs, 345 5-6METs, FEEY 6-TMETs) 2 BB LFDHEL &

LCHEL,

2) (Dmodified Rankin Scale (mRS).

AAMZE PRI L QRS - K&, QRO

FNOFHMA T — &2 T, W 3B Eaxtg s 35,

M H A modified Rankin Scale (mRS)

H ZAFRimodified Rankin Scale

modified Rankin Scale

F o e TERA 20

JEEIZH > THH L ZRREE T2
H % O E R B XT 25

BRI DREE
FIELLATOIFEN T X TIT 2 Dbl Tld 7
WA, BAOFOEIY O L3z LI
1725

AR 0D 5

SO NBENE LT 50, RT3 8h
RULIATZ D

AR 7 & L D -
AT R ERIZITTBI AL TH 5

HEDOREE :
Bl-x0 ., RERRRE, WIChEL RS &
DV N

LT

(mRS) HE HHEE
BETREN
HRIERE L OMR 2y & IRV IREETH D

HRER P KOSk 1T H 2 25, FIELLRTN D
1T > T AEFRTE IS HIRIT A2V IREETH S

FEIELLRT 2 HAT » TOIAEFRIHENCHIRITH 5
2, BEATRITIEY LTV ORETH D

BN AZ RS A2 I L 7oA 7 Bl
BB LT 50, @ESHT, BRE, HiZ LA
DHERE, A LRSI Z2 %8 L LAk
THD

WEAIT, B, I LARLOME, FA Ly
WAL E LT 50, Rt i ian g b
LRVIREETH 5

WICHEN OB ZLE LT HIRETH D,
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A HNZIER OB ERUKRTE L TV D,

@ AAR AR IR OFH A 7 — v

FE% (R)

0. JEfEZL,

L. EEOK T2 EOFTRIZS 503, FS4NE - B R AERICKEER W,

2. IPIGEETE O 72 I D B YN EOIERB B 5,
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Sato—Kawano N, The clinical J Hum Genet |62 1031-1035 2017
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E, Yokote K, Asian patients with

Matsuo M, Kosaki |classical-type
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IR T @R e R Bl & (AR B F BORMEE S 3E)
syt se s &

FEIEO IR &L TRUGE L BIE TR 2RINIEICB 9 558
Hutchinson-Gilford JEGRE D2 EEHER 12 oW T — EBESEEE O RG
TR ENIRE EREE 2 — B R

WHgeor s e B

MAEE

REREI I BT R BEEN RRE - ERET2REORHTH D, TORFELE L THLILD
Hutchinson-Gilford ProgeriafiEfefit (UL FHGPS) & WernerfEficft (WS) 13 & HICDTHD | 165
FEITHE LV BREOEEL RHTE 72, HGPS 1X1-2/ I B ZMENHBL L, 108 TIRIE2FIH5E
CT2EERERTHY . L LB WESCRIE T A R T4 VB FE LRV, FEEIEL, LMNAES T
DERIZEVFEAINTZRE 7 7 VR UL T IVATH LT n Y VD VERAICL D E S D, Fi25
FEEOPFEND, AARRETI04OBEDFHUCFEE SN/, BIfE, AT, BBIEESTA K7
A VIERERE STV, ROHEFEIZB W T, Fexld, Hutchinson-Gilford ProgeriafEfEfE (LA
THGPS) HBFH OEREME & PRUEOFTEHZ B L LT, OHGPSEE O 2[HFERERA M., ©F DRk
FEIZZE D CHGPSO M R ER E I W #LA TV D, Wi EED SR EIZ B R REREIT 08T LU MRIEIE D
L HAZ DOT- 0, ME—DEBERBEEMERORFMEE LFE. Mtz iTo7-, 5%, AT IT 2K

A RTA L DREIET =0,

A. BIRER

Hutchinson-Gilford Progeria syndrome (HGPS)
IILMNAGE R T (AL 1921.2) ZJRIR &3 5%
Yt REMERIEMERE CTh 5, FAME L, 800
THAIC T NOBHET, BRDERETH D, &
B1-20E 0 b RBIEZFIE L, EHFHm1L13.45%
T, 77— AEENREEGIZ K DL R ZE RN
FHZE - MM = 7 ENET- DK E S D,
LMNA i&{5 71X, DNAOERISCERE . o 7
REEIZH S L TR Y, HGPSOFIAIL, LMNA
DERIZEIVEAINTERE 7 7 V2L
SVATHLHI TV VEAICK D,

FER DJFRIK & L TL0aEHT# 2> HIAET 5 Loliden

(BARAEAL) 232\, Fb B Cd 2HGPSHLIC
B DR~ = A NETA RT7A4 0%
FERT, EAZ EICHRFTT O 0ERD S,
HVERBTHLID, ENTOEREBITIZEA
EARHITH 5, W MRV TiE, O
HGPSHE DA [E FEREF A ke, @F DRIz HE
3 < HGPSDOZ M A AER EIZHL Y # A TV 5,

FRRER T ORENS ., R BRI RS
DIES, WS TIE, FEHIRR R AER 23 FhE S 41T
W5, HFCCHE— D B - FEFIE Progeria
Research Foundation( PRF ) 73#%37 SAu, FRE
Pk, T—Z U, IREMSER SI2BVW T, NIH
R EOMRFE L) EE SN TWD, L,

EANTIEZO LS 2tE@aEad, AFTXHHE
WMBMFEALCEVIRRETH D,
SRIOZKEEDRERCTZRHAIA K74 ME
FRIZHT= 0 | TREEFRISC BRI, TR, 1R
E SN O ERT, AFEE S L BT O AL, WIS
DWW THE, HHRNEEZITo T2,

B. BrEEHE

AL, AHAFIEPEC F 4 S 41 Clinterenatiol
Meeting on RECQ Helicases and related
disease 201828\ T Dr.L.B.Gordon(Brown
University,USA) 7 & OIEHRIVE - a4 = &
L7,

C. R
Ofgsh T DR (Clinical trial)

20034F|Z Collinst# -+ & 23 7 K= 1
LMNA® [F] % ( Nature )#% ., 200547 7 /L 2 /VEH
==& (FTI: Farnesyletransferase inhibitor) 73{&%%
L L TOMRBHIRG ST, FTHEIHIA AAI L
LT IN3EAITHY, FTv 7 - UKRY
a=r I RRAE LN,

20074E0 6, KE AR b /NEERRIZE D
T, HGPS /NJi28%4 (L7THENGS) % x5
\Z.. FTIolonafarnib® 0145 (Clinical trial: Phase2 )
DRI NI, ZOREBFRITHATT oy




= U THERBDOT5% % 55, 2580 5%,
ZDRER, —HED B IR TENRIE L O R
P &30 ST, UsDHEE TlE, (KEHIN% .
mbt#:mmﬁﬁi\ﬁﬁﬁ £ B IRE A
BTz, BERE., HimE  BREEE O E I
WTHELZRD, H L, —HOBETIE
{3857, lonafarnib™ BLAIC DA FIMEIEE &
NTIX o7,

20125E I LREPRFRER DN FEhE X AL, 20144FIRF

ZIXLOFDIEMEN RN HE I TN D

2009&75%\ HGPS /1454, (2477[F) 726
BN % %1422 lonafamib® ., Pravastatin® (& fg
ILSETARESE) . Zoledronic acid® (B HIEZESR) D3
% 5-75 5% (Clinical trial: Phase2 )23 Bi#R S 1v7-,
SEMDOTETH D, mllfMETRHEE
Pravastatin® | ZIfiL o = L 25 10— LA RRIC BT 5
BRI EAICTH D, BHERIESRK  Zoledronic
acid®1%, BREOEK, BT BT
HLEATZ AT+ F— MITHD, FTIO
lonafarnib® M i U B85 FE ORI % 52
7oy, e M R OIFR ORI /e o T2
(Gordon LB et al, Circulation, 2016),

X512, 2016 4E. FTIdlonafarnib®iz,
Everolimus( mTORBH S #8) & il z 7= 185k & B 44
AL, HGPS /N804 (334 [E) &L=,
EverolimusiX, #f& S 4L7zprogerin® H ZfrE7
HNENHFFSI N TV D, 201641, Phasel
BHEORGT, 2017 1%, Phase2 : 2445
HEDOEMEIC OV T, 20184FE 12414 3Bk S
nacunb,

ZITA RTA >

B - FIRMIA Progeria Research Foundation
(PRF)Tix., A DPatient Care and Handbook
ZERR L T\ D, SEERDAMI MO EFE~D
éﬂ%ﬂéﬂf%é HARGE~OFIRRIZOWTHN
#%Dr.L.B.Gordon» b= 72, {H L, B
15, UGETHTHY | SGTHROFREZE#D b
W5,

@EREL YA MY —

B DIKEBTH D70, PREBEREZ2D

RPN L BEREE I L TV D

D. &%

WHNE, PLSAH & L CRR%E S 1REEn
1RBR(Clinical trial) 7 7 2 = U 7 (FLEJE) DR
ICHEMEE R LT IRBROFE S & LT, (REBMN,
REEAL, BIREE, W) OBEN T B ILIRE
e L CHEMZ R LT, BUE, %&-o7>Clinical
trial ETHRTHY . FERDFF-ND,

DT A BT A AZBW T, EFAEIC
W%, PRFDF %ﬁ4b74/@ﬁﬁi%%
BWTHDHEEZD, BL., EEHESCRS &
g COFEHBIZBWT, AFAICT LY
LIERRT 2R L BIET 5, FHEMRFEIZBW
T, HAEFRRQOLZ MG ZH 2 L o5, EHEEKHID
EIIIEECTH D,

ABERO L DI DERICHENTEH, H#
EEOMFFEOFREIZ LV . FrlipE N 2o 12
BLTWD, JTREIERRS & MERiERasED 5
7eDITiE, HEMICBEFERERITIEETH D,
AP ORIBLBFFESNTWND, 5%, BEANT
& FERA) 72 K SRR DS T D,

E. &
BWIEE DR IO R REMREI S8 LA
FEIEDOMEI FAE DT80, ME— DEBREE HIR D

ﬁ%ﬁn%&ﬁ% Bt a1T o7, 51, KK
\z DIEHA RTA4 L OFEEITE T\,
F. MaExE

1. FSCRE

Sato-Kawano N, Takemoto M, Okabe E,
Yokote K, Matsuo M, Kosaki R, Thara K. The
clinical characteristics of Asian patients with
classical-type Hutchinson-Gilford progeria
syndrome. J Hum Genet. 2017
Dec;62(12):1031-1035

DR
K Thara,Sato-Kawano N,Takemoto M,Okabe
E,Yokote K,Matsuo M,Kosaki R.
The clinical characteristics of Asian patients
with coassecao-type Hutchinson-Gilford
progeria syndrome. International Meeting on
RECQ Helicases and Related Diseases.
2018.2.17

Kwano N,Takemono

M, YokoteK ,MatsuoM, Kosaki R,IThara K.
Establishment of a care system aimed at
improving QOL of Patients with
Hutchinson-Gilford progeria syndrome in
Japan. International Meeting on RECQ
Helicases and Related Diseases.2018.2.17

Matsuo M,Kawano N,Takemoto M,Yokote

K, Kosaki R,Thara K. Aclerotic skin lesion as
an initial manifestation of
Hutchinson-Gilford Projeria syndrome.
International Meeting on RECQ Helicases and
Related Diseases. 2018.2.17
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BT BRI e R B & (BHRMER B BORNIIE 2€)

SyRMT IR &

REJED /A A~ — T — BRI B 2 F%8

e iE R R EERPETNER R
Mm% \VE F— ARKRZFREEE/ N LR
HEOWEE ARDRRIZRETE N R
IS,

Ny F Y BT — NIEGERE (HGPS) @ 3 351 2 i H FGF-21 (e e He 4
K+ 21), GDF-15 (w27 w77 =Yl A A1) REAZME L7, FGF-21 1%
657.0,4.3, 21.6pg/mL(IEF<281), GDF-15 | 817. 7, 523. 2, 960. 3pg/mL (IE#<707. 4) T -
72. GDF-15 | ZHARI /0B F AR ZH TS5 2 I CEETH Y, b 5 —FIOIEIAR] T H 0
o 7o, GDF-15 [Z HGPS TAH LML RMIOEA & B L TW D AlRetEs m <, A A~

— =L LTHATE DR S 5,

A. WFFEEIY

FEE (N F oV v s X7 5 — RIER
BE 0 HGPS) 1. 400 J7 A2>5 800 J7 AT 1
NDBETRIET DD THZBEE T, L
EREE, RSHoBREL/REET D,
Lamin A AR T-OERIZ IV BELREAN
RS, MG ELZRTZENHE M
ICENTEY, 2Ty, Bk LD
DOHEEATIE, LIEREE, AT ORK & 722
D RIEEDOFRICKE 2B % 5 2 T
%o Filt, JRRBR T OBEREMAT S HES |
SR L~ TOIFRER N T STV D
D, IREROFBI e BEICZ L, FF
M EDEE LV DONBIRTH 5,

FGF-21 GHRAEZEAIIREFEIN 1 21) 1%, HF
RNEE OB EEREZE ZFHFHOZ LT
BATEER STV O E T, IR
. MMk & CEEA S, e & D
WIVEFRENS LR T2 08 mbNnT
W%, —JF. GDF-15 (=27 1 77—l

YA B HA 1) dF TGFB7 7 2V —IC
B L. BHEECEIc L ERT s &
DB TN D,

Al FLh7- Bk, FGF-21 & GDF-15 28
HGPS DRZWr-oTEHE BN R OIEIFEIZ 720 9 %
ME D IMERONTT AN BT ETT O 2
Rl Oy

B. WFEAE

(1) FGF-21 & GDF15 DI
BT LUV TR OMEE LT\ 5 HGPS
B 2 5 GRER 1, 5 sk &M fiER 2, 15 s
PE) & ERIRBIIZR2 W ST 2 R 1
B GEF 3,27 ketE) MmigH o FGF-21
& GDF-15 O % FLISA I CTHIE L, [F
R OIEFE & T 25,

(fiy B~ DL RE)
AW E M R BB R R AT JE A BE
B2OKRE/TITo T,




C. Hroesss
(1) FGF-21 & GDF-15 O IfiLif Fh e

fEBIT fEBI2 FERIS

l=id
FGF-21 (pg/mL) 657 21.6 43 1

i
GDF-15 (pg/mL) 8177 9603 5232

FGF-

21, <281pg/mL, GDF-15, <707.4pg/mL,

D. &%

FGF-21 1%, 2 ha> RUT A hL&, fl
fRCORE 72 & OREEA N LA GEE), R
72 ETHWPRI SN D &bl Tl
V. s & & BIZ EFT S, GDF-15 b
SO A b L AR 72 £ X o Tlig
HIREN AT Z R mb TV,
AlENE, 3 JEFI DA TORFI T D05,
FGF-21 X, JEFI 1 TED -7 b DD, 55D
D 2 FITIE BT, FRER L OREMEI
ZLnWeEZ 6%, —J. GDF15 (X, HGPS
(M) 72 B R 285 (c. 182400T) AT
% 2 Bl TuhwIi s AR EIC e U TEiiE A
LTz, SEG 3 VXERIRAICIIIEIE R A3

SHERDRR~ A /L RIRFEMIABITH %75,

HGPS TH LD RIDE EEEL TV D
AREMER R . AN, A~ —H— & LTHIA
TXDHAMREMD D 5,

FGF21, GDF15 AR D IEHEIX £ 72
LT, SBAFRBIOIEFEIZ
ONWTDT —H 2 EMTDUENDD, £
7o, HSPG /B 12T HAkRE 72254k, TRIE
M AHI% TOEIZHONWT b EZIT> T
WS FETH D,

=6
0
S

E.
HGPS |
l/\ ﬁﬁ‘

S

g

35 CIIE S GDF-15 J 5 A &
U] 2 Bl CrEfil Td o 7=, HGPS THx

HE

S5 R OEAL & BEE LT % ATREMEDS
@, M A== LTHRIATE DA
REMEN B D

G. WrsEsex
L AR
1. Sato-Kawano, N., Takemoto, M.,

Okabe, E., Yokote, K., Matsuo, M.,
Kosaki, R., Ihara, K. The clinical
characteristics of Asian patients
with classical-type Hutchinson—
Gilford progeria syndrome. J Hum
Genet 1-5, 2017
doi:10.1038/jhg.2017.90

2. FRBER

1. Matsuo,M, Kawano,N, Takemoto,M,
Yokote,K, Kosaki,R, Thara,K. Sclerotic
skin lesion as an initial manifestation of
Hutchinson-Gilford Progeria syndrome.
The International Meeting on RECQ
Helicases and Related Diseases 2018,
Chiba, Feb 17,2018
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e E

SRS OASKRICEBE S 2 U = VT —EERRE T A O R EZRE L, HET
HIE U 7= U B 48 AR 484k & OB 12 M58 Uic, PUICE R e 50 X ARAE T 2 o s AE A
HE L ORICADOEEZZRD T, —F. A AU ARFEFERE & L To HOMA-R & o
TR olz, TIEBID 5> B TIEGIOR, fiffi L TL YA o ZjdEE 2 F i L T\ 5
HRFNNLERHEOWD 2RO T, 7o VT —EEEICBWTEH Ly A X v ZEF Ok
GV L aR=T PRHIC O A D AIREMEA RIE X7,

A. WFFEEIY

P aX=7 LImIC L0 E LB
B Lo 1 E T I3 R EE MK T
L7RBEA$E3, —MAYIC 70 7k £ Tl 20
BT D & B AT 25~30%.
1 701% 30-40% 8 L, 50 mELAREEA 1~
32%FEE N REITDT 5 &L —KICEbh
TW5, NliEE & bIcs T DG EDIK
TV B R A RRHE DA 72 B ONTAE 2 O FfH
HEDZEMIZ X D, & BITEBIMRMEDR
FECHEBTHDH A7 1a GEFG. Af)
DWW ThHDHZ ENMmonNG, frax=
TAIINER LA 72 BRI AS 72— On
WE) P ax=T ERER (A K
W GEAT U7 PRI O A ) O
FTICPED BB D NS . B ikikEE
MET L7 kL aX=7c5Esh
5,

P a =T O R (RO
IRHgRERRE S . BLMEIRRE, 7 LA D Y R

T2 T ENH BV, BARIZE W TN
ETIOEND bIFEEH I TN D,

LIal, Fex OHARICEREL TWDH T =L
T EBERE OB 44 OFEEICET S
W Z T2, JEFIEN DN L b
. ZOU VI —IEEREORRE L L2
N7 L OEAPREICT D 2 LN TE R
Molz, D%, Fi-iZ 34 DIER DIk
\ZHPET 5 2 &2 . O 3FEFMDT —
AuEFLDT, ZOFELEFLaX=T
OB A 7= IS 5,

B, AR, PaxX=7 OZWr XM
ERBEOK T 2MELE LT, SHITHE,
BHOERTFTOWTNOBFHET HHETH
5, LML, U=/ —JEEHOBREFOH
(IR TR R JEE DA 72 & OFFEIC &
0. EEOBTRIDITETE RN — 2
WD E, SHITITFHROBEHERICK
VIR EERZJE CE oW — ARFIET
L2 EHHY ., EICIUBE T REORHL %




P aX=T7 ZWrIEH L7,

B. W55

(1) x5
YENTEBEF O T = SRR T 4 &

KR E Uiz, T4 OERIIFE LICTHH L.

R1. 78085

LIRS R (2ENE kg ~HE

X100 (%)) THFHM L7,

(3) Hhifid O RFfEILL E it 1 5k L

7=

(4) A2 AP

HOMA-R #LITF D & 5 ICFE Lz, Bl
ZERERRIL T A o 2 U IR E)XFBS

(F-gAZe fE I ) x 1/405,

case nder 2B® height v:)eoid:t walking abilit:
ge (yrs) (m) & (kg/m?) & Y
(ke)
A male 70 152 440 190 wheelchair (fwER i ~DELRE)
B male 52 1.57 51.0 207 independent N
N f . B s
C male 45 1.51 48.0 211 independent +77 *ﬁﬁ@ H E,j‘ i f‘ I:E:Z, T7
D male 43 1.63 51.5 19.4 independent & @{%ﬂq N X NAHZ LilzHx 3‘5{‘6\@
E female 49 1.53 40.5 17.3 need cane N
F female 48 147 475 180  independent LV MBAL, A7+ —LFa &
G female 39 1.48 39 17.8 independent

7k, REFEFEL TV EE BB, %
ARENTIX, Fln % 2 D 6O T U #& B
EERLIZMROT =252 nR L, Z
i CHEE ATRIEIRE R ENRKE TH A&
ITIREECH D23, o 6 £ &bt
HIRFIZIIATREE T, HBEERTRE CTd o 72,
(2) FRFHA (OSA A A =2 v RE)

InBody S10 (/XA A A~—4h) & fifi ]
L C— ANDORIEE D3 FHZ Fhi L 7=,

DB R =T B2 InBodyS10 % fif
ML C BB # # F5 20 (appendicular
skeletal mass index (ASMI): VU E ¥ A5
#kg+HEm)?2) & L TFM L7, ASMI
DF > M A 7fEIX Asian Working Group
for Sarcopenia (AWGS)DIEE L7231 %
A E—F U AEIT K DB DT
A 7fE, <7.0kg/m? (BP) . <5.7 kg/m?
(Zehe) MW,

N5 D &I & (kg) % & & CTHIIE L 7=
2EfES (2EME kg ~HEm)?),

Y REEG LY 2 THREL I L
7o FIEARMFIE XA R KFE LG OMEL
FEEZZIT, KRBENLTWD,

C. WFIEHRER
(1) KEHEOH
WBRFIRGE, BENE O IEE D4
RICBEBPE L TW D, ¥ = b — e
BET4HTHD, B1VICHEEEREZRTN,
A ENIHEWTHI 22 AT 2 WD 720 i,
22BN T — 2 ITREMT O R RO
bDOThHD, A4, &34, 374
T 5, FHnlL 30w 05 705% £ T T,
BMLTEHEETLM™Y BMI I&&ETH
21.1kg/m2 T, RHHNFZLEAETH D,
(2) VA #AL &2 D ORI
B2l ASMI & i & DRI A X 11T
L7z, BMEO—RER (r—A C) LISk fth
D 6 FEFNZETT7 OO —FlZBRE 30 %
R~50 EfRIZ bbb BT AWGS O X »
N 7RG CTH Y, HHEHEOIKT %2R
Wiz (K1),
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H2. BRI Fim AR EO M (BVE R EAE I E FEHE)

FnERisRER (B1)

Fin RIS ()

55.0 40,0
50.0 . 350 .
45.0
\° 40.0 ¢ $ 300 .
B 35.0 . B 50
& 300 E ERTEH
: =5 15.0
150 IEFEEH
10.0 10.0
35 45 55 65 75 35 40 45 50
i
Fhr
WRRERITEETH O . Bkt E23miEsERE 23 fFE L, FBS:

EbimE OWIENER (B 15~20%. &
P 20~25%) & FE->TuW= (4 2)

ASMI & ARAEN=ROBIFRIT T &L TR Y |

BHETIEARBRLRAOREKR, T7bbIkIg
RARBNNF % & ASMI 1358 L (R=-0.970,

R? = 0.9341, p=0.034)\ *ﬁﬁ‘@ﬂiiéﬁf‘
IKIERA RN BG4 512 . CERSEFEEL D

AN L7- (R=0.941R? = 0.8847, p=0.221),
ITAEEEZRDDL L EETITAERH
f;ﬁ‘(“ X727 (103),

(3) 7 —%
BT — 2 2 5132 < DN OFEIR

115.4+21.0mg/dl, HbAlc: 6.53+0.67%.
Insulin: 15.7+5.6pU/ml), HOMA-R:
4.4241.6 (ENETNVFHHEHERZE) Thd
oko

(4) ‘BEHAHERE OBET 51

HRE BT AR, R l-ONE & 5RO BN
HDHZENEEIND =, Al &M
THIE L7 WA 2 k7= (£ 2), ASMI
L ORAETH D & RIBIER R B ONZ I
FEWGHEFE & ORICAH B 22 Bk, F 723
Ziiz (IRIERGE : r=-0.879, p=0.05; N
ligAE A A : r=-0.870, p=0.055)

ASMI & A 2V AP & OB % 5
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§ 400 L -

Z .

‘g 30.0

b e
1% 200

+ y=-6.9856x+ 83.13

R=-0.970,, R? = 0.9341, p=0.034

B FRTE i (kg/m2)

X3. BLABEHEREAEREORRZ

4.0 5.0 6.0 7.0 8.0 2.0

BiEE TR R SRR ER ()

i L ]

§ 34.0

%32‘0

B 100 ™y =109.59x - 570.46

¥ e R=0.941R?=0.8847, p=0.221
28.0

5.46 5.48 5.5 552

FIETTE R (kg/m2)

5.54 5.56

2. REERY (L, FinTHE)

ASH Total fat Visceral
index |mass index|Body fat |fat area
hil £ 2 3 (kg/m2) (kg/m2) (%) (cm2) Insulin | HOMA-R
age & ASM 8B4 1.000 -.7172 -.879 -.870 . 152 -.097
sex index HEEE 126 . 050 . 055 . 808 .871
(kg/m2) | (FE#1)
Total #HE -. 1172 1. 000 . 981 .975 -. 572 -. 361
fat mass ([HFERHEE .126 . 003 . 005 . 314 550
index (i f8d)
Body fat |#HB8 -.879 . 981 1. 000 .993 -. 489 -.254
%) BEMWEE .050 . 003 001 . 403 . 680
(7 )
Visceral ¥ -.870 . 975 . 993 1.000 -. 421 -.179
fat area | HFERHE . 055 . 005 . 001 . 480 173
(cm?) (Ff)
Insulin |#B . 152 -. 572 -. 489 -. 421 1. 000 . 964
HERE .808 . 314 . 403 .480 .008
(v )
HOMA-R  |+HES -.097 -. 361 —. 254 -.179 . 964 1.000
HERE .877 . 550 . 680 173 . 008
(i)

VN, HOMA-R & OBRHRET L7228, £ 2
DT EL, BEEZEDRN-T,
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BeE stz mWEE LT (B 72 &),
Frld R (BITHERLE) O T %
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R L7, 2fhEE L EbisEa LD
LEfiE R L, 7270, B mfELk L K5
fisg & ORRIIMEENRH Y . BIETIE 4 6
ORI TITEERADEBRZRD N, &
PECIZIEORRERD - (FEERL), =2
72, 2D ASMI X 3l & & KEUTH: LT
BY., EOITERER DR ZOfFHTO
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HRIIREBEECTHD L Bbhb, ko
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Abry 7 2E2FUoRELE LTCHOO, FRAREEZERICTFEGT 5. OBFA0FY =
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WH DD, 44 FERIH 1 REF O AEES RSN H D, ZENRH LN ERST,
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WS IZADF 2GR - IRERBIRT DL T, RFCAZ ) —=2 7 %{T>ThH
ZORER T & LTIEH LTS, 2L T, LT —XiFew, ZhbEHLNCT
ZO XD R EEICIX, BT (NAFLD) LH120, SFEORMILTIZ, LLTDHE
RNNBIEEFEIC L DA AU RGN ERWCTE T2 TA RIA4 VREXZHEL
RESBEETDEEZOND, FTIE, TOT—FOWMY £EDEIToIZ,
NAFLD & % \ M3 NASH 7> & O A g o 4= AT
ARARREE L2 5 0 2 EIE DS — R ANIZBWT EA B. HFEFE
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AL, BAFBHROFH 2P < X 9 ERE S
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C. WratRsR
IR, IEEOHTA R4 VRETHEDILT
W5 Q(question) & ZAUZkI 5 A (answer)
TOFREEITV, ZORICFHERT LA T
DFHET D,

Ql. U /b —IEGEREIC BT DR E R EE
AOHHEIL? AP D IRERTEED XA 7
e

Al. IEEEFEIEADFRIL 8% E mETH D,
JEERFIEDOX A 7L LT, @R
MAEAS 76% & i & % < | & LDL-C/non-HDL-C
I fE 68%, 1K HDL—C IfLE 32%CT&H 5, (SR)

44EFID 5 B, IFEREREICET 2580
B HREFNT AL B MAHRE 13 651, M HEERE 28
Bl) THH., FDSHH 35 FER 85.4% M A
BE 84.6%, M MERE 85.7%) CHEE B EIED
HOFERDIZ, IRET —% Db D IERFIL 25
JEFITHY MARE 7 H1, M EERE 18 f1) |



R PEE I (TG) 1E 76. 0% (M A RE 57. 1%,
M fERE 83.3%). & LDL-C/non-HDL-C IfiLfiE
68.0% (M AHRE 42.9%, M HERE 77.8%) . %
HDL-C Ififie 32.0% (M AHE 14.2%, M R
38.9%) Th-o7-,

Q2. B EH
L 2

A2. mE (90%LL |) ITHERIE &= &0 5.
& TG e & 23 2 AEHI DY) BMT 1% 18. 2
ThV, IEHEEIFETICRIET S, (SR)

FEE DD = b T — FEAGRRE D FF

Q3. VxR T S IEEEHE
TEABEERCRIL 2 AN 72 34T 2

A3. E'EE PR B EEERCGRIE LDL-C 91%,
HDL-C 91%. TG 82% & @iV, JRE ¥ HAETRIR
FELTE, ARy T RAZFURELL
THWHI, HERAEMEERICTET D,
(CS)

NEE ZEIESDE 35 IEHFI D 5 B FERIEIZEI
T HREHD D HIERNL 33 B TH Y | FERIF
EAPFL TS HOIE 31 ER] 93.9% M A
HE 88.9%, M MERE 95.8%) L. FEHWITER
\CHEPRIB 2 AR L T e, £72. BhiREE L
FEA PO D & HIEFNIL 4 JEFI TH - 7=
., F ONEEER 41 7% & RIS IEERAEA L
JEZ R LT,

i TG IMfE 19 FEFI D) BMI (X 18.2 M A
BE 17.6, MAERE 18.4), A K BMI 22.8, fx
/NBMI 12.49 T& V| F 7= BMI 18. 5 KD
(AR EAEBIT 9 JERBI 47. 3% (M ARE 7 SEH]
46. 7%, M HERE 2 FE] 50%) Th o7, 70k,
1E TG IfiLfiE 9 FEFNC U T, SEH4 BMI 16. 5.
BMI 18.5 i 8 JSEf] (88.9%) &, AEZ
IERN DS DOOE TG MIEF LD & S HIZ X
®H” Thotz, ZOXHIT, WS & 16 MffE
B, 1E TG MfEF] & © & BMI & Vi T
20D, JE & ORE RV —K A
& TG fE & 1372 > T,

CS 12 FEBNT IV T BERIF & OF1L 6 i,
MBERE S A ORI 1 B, FENEEA O
139 i, PAZEMEEDIREE(LSE (PAD) S OFFIIX
3 B (FATHERIA - TRMER 260 T
b, LHFEEOCHEDH D HDIL 04T
b oTz, 2017 FRRENIRAE LA LE T B AT A
R4 PO RT IV —4ETEY A7 R
ST 5HIT6 4 ThHoTz,
PR B ZAPEL TORW 11 FEBD 5 B,
NEE REIERFENR T O BE N 6 i,
2 F U IERNARTYU A7 125 Uz LDL-C & EE
HAEMEIZE L TOZRW SO 1 5], HDL-C 40
mg/dL AR OIEFIAY 1 6], TG fi 150 mg/dL
LLEDRERIA 2 B, TH Y, IRE R &
ZWTEL LD (T OHEE 2T
H D) X 8ERF] (T3%) Thotz, AXTF v
PR H DFEF] T~ TDAEMRIAS LDL-C &
HEH R 2 2R L CTH Y | LDL-C, TG, HDL-C
O HL B AEMH AR, LDL-C 91%, TG 82%,
HDL-C91% & . FEFITHE Do Tz, HHI LT
W EERFIEREEII T TR e
ABF v (T RIVRAZF L B ANRAH
T, BENRREZFY) Thole,

B, EUATIHRETH DRI BEE O
LDL-C fEiX 84.5 *+ 21.4 mg/dL (&F/ME
51. 0mg/dL, H KfE 105.4mg/dL) TH Y .
FEE RSB RIR B *Y %) LDL-C i (15




PE 114.0 mg/dL, ZcME 122.9 mg/dL) XV
b RHFERAER L T, F, A
WZE Y AZREETH D PAD ZHT D WS @
LDL-C fEI% 75.1 =+ 23.2 mg/dL (&/IMHE
51.0 mg/dL. fAME 97.4 mg/dL) TH Y |
PAD & [FIERICE Y A 7125338 & 5 ki &
BEEETEE ORERZZZEICHIT D
(B 115.7 mg/dL, %M 123.2 mg/dL)
IO bLREERETH-TZ, ZOLIIT, &
U A7 JHRECONRE & M A ERIT
1005 ToH V| FrEtEizT — % TOm I A7
e (FERIN. MMM EEREE) 128102
LDL-C & ¥R B A BE A4 60%™ & Lb~ | WS
U A7 B T C R4 B BN ERL
SN TV,

0. JEWGT

H91.6% (MARE 90. 0%, MEERE 100%) . K
R E A 0K 90. 9% MARE 90. 0%, M4
# 100%) ToH VY, mRICMORBITEE LS
BEL T,

Q5. MEMARFAOHER & IEADHER T, £k
T —H BT B FEEI ?
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OB, TG & A DM Z RT3, ik
B LI 2R D720, (CS)

Q4. REWAIFAOF U = v —JE e o FR 1%
e
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b, Thpzx, R THEBICEVITE
BBET 5 Z LA WS ITBIT D NENIAT O R %
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*T'score = —2.5, YAM = 70%

%= 2 WRN BIEFEH (rs2230009, 340G>A) & KERBEITEDERE

ke A X H(95%(E HE X ) P
B TFEL, AAJAG vs GG 2.528 (1.194-5.350) 0.0154
MR, &t vs Bk 2.983 (1.988-4.776) <0.0001

TR EFEENRD, 10 B 1.746 (1.396-2.185) <0.0001



= 3 WRN BIEFEH (rs2230009, 340G>A) & RIEFGIKIEIE L DREZ

GG (n=236) AG (n=15)
Difference (95% CI) P

mean SD mean SD
Fir (%) 70.9 8.09 71.7 6.83 0.76 (-3.43-4.94) 0.724
wE (kg) 48.0 6.81 447 5.00 -3.33(-6.97-0.32) 0.074
HE (m) 150 114 140 385 -11.2(-32.6-10.1) 0.279
BMI (kg/m2) 21.0 2.88 20.1 251 —0.92(-2.46-0.61) 0.240
AR (kg 12.7 1.52 124 148 -0.24(-1.18-0.71) 0.620
SMI (kg/m2) 551 0.54 555 052  0.03(-0.31-0.37) 0.850
[EMEEHEE (g/cm?) 0.79 0.14 0.73 0.17 —0.07 (-0.14-0.00) 0.068
KEBESHAERE (gm2) 063 0.08 0.59 0.08 —0.04(-0.08-—0.00) 0.041*
MmEH LTS (mg/dl)  9.65 0.41 953 0.31 -0.12(-0.33-0.09) 0.270

miE 25 Kb e ¥ D
215 6.45 194 515 -2.02(-5.35-1.30) 0.230
(ng/mL)

*P<0.05
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