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ER KR IC 6275 CCS D43k

B EER Y 7 — SRR
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i

XLz

MNEOBHEBR., [/NEMA LBHSh, ok
23, B, B Lol WNES. NEERESLS
EBFENTNS, INABAICHT 358D IC &
D, BEMAEFRICOBI0EMIcaE L RHELL, £
NI, HHOLLSTEL ShEBL—4E O REER
BP QOL DY HEIT bV LHFRE LN D L5 -
T&l, TOLS BN OFT, MEBABEPEIC
x4 2P LIEMS R IC b 2 EEREE L LT Ligs)
ERT I &S, BMAHHE~OBZHIEARD Sh
BEICE 51 P, BRIBSBEED P TIH. AR
BEENROGRVEE TR A LT3, A%
WEHHER. BEERMICEE DA 0o, RARS
WHREOHEE & BB ZMENNATS 5. B ORA
MG B ELSBBR I MbAbOAf v oy v
ELUT, BRI EAM AR LU,

1. CCS IEH TR EHEDEENY

INRA A & D EMAFH X, CCS(Childhood Can-
cer Survivors) EME I, BARTIR [VNRMKAEBRE |
EFEENTHE, IWNEMAORRETERE I, dbXics
5 SIEEFRTRS &, 19650 20% 0 & 1995 4
DEEHR~NLJBICERLTED, S5ICRIETIR, 8
BONDRMMEFMNRAZTh TS, HETLZhicH
WEFRICERLTETLA L#RAZh 3, kTt
EHFEBRAD 350-600 Aic 1 ABTTIZCCS THBEE
DNTED, b, LIS i3mEmbiss( L5
5hTha Y,
INRBAK LT, B THRATIEERTLAT
&720 1970 F£—1986 F itk T DN LIEBRABE R
B &, FMGHAE 81.2%. LR 80.5%. HatdiE
679% L >THBD, 857%DCCSiIciE, chod2
SULOSABREIZ X hig@mah T Y, EBEEED
INOOBANIEEORR, &% % 0RIEAHEHNS
SEEING, NSWEE, RAY - PRGERE, L5E
#. BEE, EBEE, i, ZRBAKLSEL 0S8
EXHEN T3, BEIHEOTTIE, WO WEED
HENPE S ®E <. CCS D5 bD# 40% Hs P53 b4 PEEE
ERATAHEMEShTLA(ER DY, £, LRSS W

AHHERR 2 KBTI EYTH 3,
LEROEFEZITED B CCSOEEE, TOFTHS
WEPELZETAEA» oBMICHET 2L, HEZO
#1900-1,500 Az 1 AP WAPHELE T 5 CCS T
HBHIEITND, Thid, MORFEBOBE & H~
HEBHTH . RARSBBRERT TSR ORRE
LTOToEM LWL HRTHS LRSI E, BE
FTEE S BRBTADO AR WSS B CCS A1 3 25,
TOH PBYNCBME N TOR VAR, BRA
P FEHEDO M T CCS IcBd 2 MM adhits &
N, T, TOLHWEICDWTHEIE L ER i
AL STy,

Tab. 1 Late Effects after Childhood Cancer Therapysy

Functional group n %
Endocrine 120 41
Organ toxicity 74 26
Mobility 50 17
Neuropsychological 44 15
Infertility 40 14
Sensory . 38 13
Cosmetic 28 10

Tab.2 #CZ YD 5ASMEE

1. GHD ¢ piEREE
2. MERISERE

3. ZOMO FEERERS
4. FRBUEEEIE TUE
5. BRRE A
6. B AFZHY vy Fa—a

A P4 F £ 3ERE Vol. 84 Suppl. Jun 2008
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T& 53, BEBPLEFEICLOZOMNEENS S CHE=
h3CCSTIE, REMBE#EIINST+ro—L &
R R A~ THRERE (R ROEE)ETL
T&RBAITIE. GHDABEI<ETH 3. RADHE
MR E S EB K RES OBED H 5 CCS Tid. GHD
ORWICiR 1 MEO GH 7ibfIBEBRTHaTH S £
EZoNTHWA(BEESHEWRIIC L L2BHOFE %)
9, L. GHAWETFTHABD oL WE&icb. GHD
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ERUMETAERT I ESB L,

/N R o Rt R 9B S ER AT AU R IR A IS #E 5 GHD &, (4
B L bHELABBLABICBDEREGHD TH5Z &
MFBL, Licdt-T, Th oo GHD 285 CCS i,
KER 3 M AERE GHD ILBT7T 5. REOHO/NR
MOEHEH» > ERBRBORDORABOEE~, 15
~CEWBMORETBITTESZ EMEETH D, /N
BAMH SEABR~ADGHD D bS5 P ¥ 3 VIZ2WT
. BFR/NBAGWBEESLOHA NS4 v HAEINT
W39, CCSicHH 5MA GHD itiL T it b i
D, £{DCCS BENEEICD] » THRARSGWHE
itk 7+o0—3h, GHD HETICEEINS Z &M
gFha,

3. dF KrOEr—lEROHEERS
I+ Fhrot v (Gn-HRR0FEIZ, HETI
PO Gn I ANVE Y(GnRH)IZ L » THAZIAT

8 18 [@ BEFR A 43U Update Proceeding

Wh, BHEMLIEIZIZ. GnRH DIRENA S 13 IR1E &
HESEBHICECMAShTL 22 BERICE.
GnRH #5#im L T Gn— BB OFEEMNERICLS, &
BT, 18Gy #8BA 5 L LFICB T GnRH 4l
OWHF MR THhT, BOERT Gn—ERFZSBME/L S
h, BERREREARLT I EMNBLEL, 30Gy %
BA5EBFTHLLTOWEEEND B, 400Gy EBAS &,
#ic GnRH i SEE T, LiF LIdPREHERE
BERLEEC Y, i, 400Gyl ETR, BETHICX
ZAHESEBSh T 7 F v oBhENL, 7o
Sy FUMmMEEETENSED, JhbEBRBIELN
fil+ 3 FEEKNZ 5,

—H. HREET, BERPIEREICL - THE
KEEShZIENE D, TAFIVEHL &CIT3 Y
4 7 )WL Ed MOPP #i%. 600mg/m’ Ll k@ busulfan,
7.5g/m* Ll E @ cyclophosphamide %% & < (278 L & B [
FLLTHONTVE, HMHMBETHE, DTH 1Gy
TOHLHFHREENE I D, 4Gy £8A 5 EkEAIS
MW TREL 2D EHBL, Leydig ilaBE(F 2 bD
FAMARF O rSBEE)E. 20Gy L EMEREF T
H3, TAMRATFO RMEETIE. BEHOERPH
ILELTHEDbhAOT, BRETFMS3HEICIIKE
BMIEBLT7r0—F30E2H 5, PROBRHHRE
Wiz, BEUMBISETREL -THWT, BHEML
BTz hERIHEMNEL, AENHIE. BRI TR
10-15Gy :#82 5 LfEBREF & 2 5 28, BEMMG®RT
12 5-10Gy L E T HIREBRER L&D 5 5, T ¥+
LRI 2 EEE b Rk T, BEBMEEO G HE
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BlWTFhoBa s, HRBERL TR, PREICL
THEREIZLTS, R E A ARBENEYICTDN
B ENBETH B, Fhid, HE#EL QOL oM Eo
fewZdTiRiE, BEEOHN - #FO LD ISR
LEZONBERPOTHD, MRBIZR., ZREEDTK
F TXBETREOLEENTDh LN, BERTRE
2. BACRBOMARELITOh S, hoREIZX 3
HREETR 2 L AR, CCSOBAIKLEMItbRS
MARENRAPLBEL TIHDLOS &5, RANZR
EOLHESLRIRTH S, EREBBLELGRL, F
WHEOBESITIIRD T 2ENELL-TEH, £2, &
RUTLEBATEERIC L VAERENELODH S,
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TEEBETIZ, 40Gy (& <12 50Gy) %8 A 7= B ED
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FWAEEEHTH LMD,
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£ 20-29Gy TEROBEZ WP T W EHESIN TS,
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BHBRER, TLAFMMERI(ESIZ AV R FE—})
LaFIzFod F(EXE, PLRY LT7FTH
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VO LBNARE EOEFHENEEREFEL S,

5. CCS \OEADI YA

eKTIE, 1993 FITKHEEL CCSHEMIBE-TH
n, ERICHBALIcLHic, BLoFRETERMNAE
N T &7, Children’s Oncology Group (COG) iz & 3
s — 4~ — ¥ http://www.childrensoncologygroup.org/
T, EREFEHELCCS(HFA - FRicmir T, U2
FILESW T+ 0—7 v T EHEYENSAOEEHTE
WENTEDL, BENLTEORLHDOHA K5 A VHR
ENTD, TOBMER, BEOBHRICE - TERICH
BIEMTESR?,

AT, BA/NEEMG + U > MRARPFTE 7 v —
Z(JPLSGQ)OEM 7 r v —7 v 7RBEL(FHADLTESE
BR)E, BFAY#BEOTRIE(REIDICL - T, 8%
AL ER R BRER A BHE S QOL OB A BH L HENTbh.
CCSOEBORETFE. 7+0—7 v 7THA K, %@
BEY <) —OHFELENEITLT VS, AMAH
REIC20 TR, BR/NAASGBESDPIZ, CCS DA
SFWESHEICMT 2EES(FERE  B8E) 5 2006 4
SAIREL, BEMi7+0—-7 v 7EEE - IREBL L4
WEEHETEH L, BIEE. ASW-SHRED BN
ENADIBOHA P4 VEERTTHEE, S5,
2007 FFiZlE, 2 v U AFERL MNRMAT O —T v
THMEIRRE T VEE  NEANASROBEEHE 3K
HET 5, FHiUHAN(EEFEE BEAM—E) %

Tab. 3 BRBIA AR HES FOBBEATF (FICTE "£2E 0/

Blf, COLI iz, BRTRE I PL{EBTHE LA
HHEFE-TEATH B,

6. MAPSBHEDEE

FRTHEAL TSI LT, CCSOHENRILIHE
(HaTWB I E, TOPITIH, ASMSHIEIED T
ZhI &, BRAFEESEZr+n—F v Ttk b,
BHARH - AAMAEENR L TH B, F3 T, CCSIT
B 2ASMEHECREREF2RAMLTE &b,
THhL, EHBMIC BB O TRABERSE,
FRER - IR~ OHEEORHBEE., 7TIFILLHF -3
NFARF oL R Eo—SobEERIc L5 iRk
A2 BHRENRLEELBREAFTH 5,

ERiciE 5 CCS DASIMEHIE~DH b &2,
INRENTERE LT U0 BAEBIC B TR, ADNREERE &
MNRASGHEREOERIC L IVEELTGOITED 225
5, €I TMShANMBEHIER. RACRLbEE
NBEZEMEBIEAETHEZ Eho, NRASFWEED
SMANTBHE~DOBIT(F3 v P Y a V)MRBEAICET
DB LITNBRTTH L, HARNSIHBEER, P9
WMEPHEEPLE LT, CCSORBERICERICHE
Db ZZ ENRBLNATIE,

E 5T, NRBAOHEBEELEN, MARESCER
HECzoftTH 28801, BRTE., /NRIAD S
WAL ENE L NRIBIC T TIRE L o Wai
EHEFEYICEFEINTIIRACE-TA3BELH
3, Fio, HATRBERICKR L IR T 2 NS A DHE
BMETE, RATRET LI bbb, OXINES
i, RARSSEHEYL, Mo TR MEBLRINT
AREEEM S B, CCSODMMML TR L, ZLOKA
M3 FHE AT CCS @ WG IHE % B 500 1 SR A 1C
BT B LI AED EEEFT S,

) B FRR s
A risaOfHE - P {b2EERrE

GH 43 Bis A4 + > 186y

FARIREREIR T + >406y + > 106y

AR IR SR, 18 + + >25Gy/20-29Gy

ACTH 43 354 + >40Gy

BEY R RE + >186y (F)

PERREERETR 2 - NIE | 4 >406y +>106y (F) + Tk AEH
>16y (D
>20Gy (Leydig)

FREE + MTX, AF a4

. BMT
B + > 186Gy + AFoA K
m7aZ s FMmE | + >406y
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Wa, ARBAICHTLIEREOESRIDIELL, Z
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ARHABERLFRIIHT A5 2 iEED, REAICD
LiReREEL LIFLIES AR T e, 29 L2k
HEPE5E (late effects) ~DBW A HWIGATRD S b X
ATk otz(l, 2. ARVBADSOEMAFEHIX, CCS
(Childhood Cancer Survivors) & FEIEH, HATIE [/
BAABRERE| LIFERTWA. CCS DA E D
TR, WAHBERERE S LA BVWHETEZ %
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RATWEESZTTE, BRABEREIZL > T CCS
ORGWEHEICHTIMESHESND I LAAT
H5H [3]. CCSOAMMIIERLTHLVWEROLOTIE
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D74+40—T o TIhlzoTid, BZINI)LEHEEF
DHEEYSHEICECT, ¥4 4 —IBS 2TV, &6
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EIREERt -2 -E—HPIBES
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AL WA IZESWwWETZ+u—T v 7] 2#ETS
RN TE» HRAT 5.

2. FIXMEMEIREERY

PR R AREE R, Tabb, IFFROE Y (Gn)
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12, BRI X AR T T RAREZ, BEREICK
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BEWMOEE/R T, GnRH @ REH 75U 13 3HEIE
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BENERELR-T. BFIBHLLTLEVA, GABA
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DEBBICE D BENICHNESRE KT I LEREK
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ELTHLEY, BEIEMAE > TWhIZBFEHOET
D=L, BEEAE T TR L TWITRERE (prema-
ture menopause) I 7IXRFEIPEMMEEASL (premature
ovarian failure, BLF, POF) & LTHhE. HHDZ
kB, CHLABRNBEZI AR TZ2402—
To7LTOLLENDHS.

3. BREOREE

ANETRBEOEREZZLHTEL L, HoEREE
Wit T A LSRR R I L - THRES L 2 &
PiEREIC 2 5.

{LEBREHOL P TEELZORT VF VLT, —#
A1 O DNA S EERIZ L o THIRR G RAER
Ml (BMEORMRLZYE) sEBETLLEEZLR
A, FHRENBE LIS, TFMALHKIEE T Leydig
MAEE (THbE7AMATFOYHUEE) &, BE
(R IHP LR TAHEMIBLL2W) T—RBETS
HIENEL, ZRAUBEIEEOBEBTETTA(6].
—F, BTERREERZ, Lo TLEELDKRN
12 Z W 9 A. Cyclophosphamide Tid, 7.5g/m’ Kl
BEETHTEREE-NLLY, 8g/mrBiLb Ll
FEEEEOERAEEICE LS. BEMAMOART
13, REFERIAFERTHLLOICETFRERESDGE
ZAHAERFBEVEVDNRAY, LTLLFLREDITTIE
7z v, Hosfamide T 3 cyclophosphamide & 2L 72 888 2%
FRENBD, €D 1. 1mg/m’** cyclophosphamide @
3.8mg/miC YT 5 LW |ENSH L. Cisplatin T
iZ, 600mg/mA B2 5 LZHTE BRTFEISEI S
H, WHHTHL LIS [6]. COGIZEAHAF
T4 T, 34 7Ll Eo MOPP #i, 600mg/m’
Ll E @ busulfan, 7.5g/m* £ @ cyclophosphamide %*
ELCRWEREF L LTHEFORTWS (4],

HHERICLAEETIE, BEHMMITIZ20Gy, BEH
BETII30Gy 2 B2 2587 Leydig MlEEE O ERE T
Thblwbhad —F BIEREERZ ZbDHTE
WHRETEIZZEAMONTED, 1GYUTTHHE
FEEEE EZ Y (BEZmsonhTwiw), 3Gy %
BAOLABMRERTREL 2L LDEL, 6Gy %
BZAHEIZITERBTEIEELSZ (4],

BAT, BABRINOBTHEREY, FEPER
EhrbORMPBEIZETHTELfTbh22Hh 5. /b
RizowTd, BEAVEALFRTEIERSNTET

WaR, BEHOBFIZOVWTE, BHR0AZLT
RENGZHESER ST IR 62 [7].

4. PPROEE

T F LALEIOBRE ISR T 2B T, BROBE L
By, BBFEREERVEVEEORSHEOEIIR
2w, BEHMOIEIE, 7L3{EHoMBRES
AR T oL B L AL TS, ThiZ, LD
ZLOBEBPRZEELTWLDEEBEIA TS
[6]. 18 %A 724tk ® CCS 3,390fD 7+ 0 —7 v
F T, 21560 (6.3%) IZ POF '@ o, HEES
#r T3, cyclophosphamide (OR 3. 4), busulfan (OR 9.9),
procarbazine (OR 3.4) ZETHEOTVF VAR T T
VPHETHo . EEBAH THEETHo 2ERE T,
procarbazine (4E#% R 3) & cyclophosphamide (13
~20i%) THhoz [8]. BVEEREET—MHITIL
HbNTvADIE, procarbazine & mechlorethamine T
# 4. Cyclophosphamide I Z B T3, Mo 7 v F 1k
Flho R THEEME L, BENTI225mg/m'lZ b 2
LA EBMEZXNLTWADE, busulfan & O RUATR
BELEOBETIE, BEREBETEOBRBRIRE (25,

AR B O E~ORE T, MEIPEI R EFIC
ABZ LA, PIEEELA2E2FIEEITERLEFTS
BIERHSNTWAS, LT, BHEOEERR
ENEETHY, FLTIHHEICIMEREN D ZEIC
fE§ 5. WHIRZME LR, RERESNE L BEDR
BTER2-TEY, BEHUETIE, L)EZENE.
COGDHA FF4»Th, BERABGERIZIZIGY 28
ZAHEeERATE LY, BENRBETIZSGY UL
THRERRAENEIDIZEIATHS [4]. [EE
EEBCAROBD HNTHO CCS D7+ 0—T v
TR T, FHEEEIRIC L TLEEE - BT
EHHTIE, POF OfEBES2.8E®m» o712, 7,
PEFIREE, FREMCETEREENASE T
BETLTHY, ZOETIE, BEHRICBHE AL
BiCEEshTw [9].

CCSTit, HIRERBIIIFEALERLEROR V.
LA L, 4, 029E OFRIZOWTDOIRETIE, HEH17%
THP% L, IABRERATEORBREIEr-72 (B
EELL)., MAEEER, 2,500g KilTdH MGk
L84k b o7 (P=0.03) [10]. FE~DOMSMRE
HATFEOBEECEEALEF|ERI TR L M
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B L2055,

o RE I L B HRBRERE L A, CCSDBEE
WO AP OB SN, BEICh- 28T EE L
DETAMERFPBAB LB L TITLIS L5 2 EEE
DA EENS,
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KHAELTETWBR I L2s, §8BLLIESL 2
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DB LB, CCSITHT2HRTMEHHEL
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I. ADBEHEZRI I RIRET
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stratified) MEHFAIRTH 3,

AT MEFHEIC DT H SR, BEETFH@S
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Group) T, fR® TEHEDEHHE 2 T &HHE
Tt ifERAFPHED 70 —7 v Fizow
T, BWMEVTLETABLTWSE2Y, 209
L DONGWAIHEIC D WTIRBED L E 2 — It F
B XEDOENTWEDTRBINLE WY,
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HTH-oTH, WWMEHHEIZREZ 2 HEERH
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Childhood Cancer Therapy and Endocrine Complications
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Department of Medical Subspecialties, National Center for Child Health and Development
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Risk-based follow-up, Transition.
Jpn. J. Pediatr. Surg., 40(6) ; 671~675, 2008.

The incidence of the endocrine complications is the most common of the late
effects observed in childhood cancer survivors (CCS). Occurrence of various endocri-
nopathies can be predicated by their specific risk factors, of which the most important
are cranial irradiation, radiation exposure to thyroid or sex glands, and chemotherapy
including use of alkylating agents and corticosteroids. Thus risk-based follow—up and
adequate referral to pediatric endocrinologists (first transition) are essential. This will
assure CCSs’ growth, sexual development, and acquisition of bone mineral content to
remain normal. Transition from pediatric to adult care (second transition) is another
issue to be resolved.
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Bone and soft tissue sarcomas (BSTSs) are rare malignant tumors
of mesenchymal origin. Although BSTSs frequently occur in some
hereditary cancer syndromes with germline mutations of DNA
repair genes, genetic factors responsible for sporadic cases have not
been determined. In the present study we undertook a case-control
study and analyzed possible associations between the susceptibility
to BSTS and the single nuclectide polymorphisms (SNPs) in DNA
repair genes. Genomic DNAs extracted from case and control peripheral
blood leukocytes were genotyped by pyrosequencing. For candidate
polymorphisms, we chose 50 non-synonymous missense SNPs, which
we have previously been identified by resequencing 36 DNA repair
genes among the Japanese population. In the first screening, we
analyzed 240 cases and 685 controls and selected six SNPs at the
significance level of P < 0.1 (Fisher's exact test). The six SNPs were
further analyzed in the second genotyping on an additional set of
304 cases and 834 controls. In the joint analysis (the first and second
genotyping combined) of 544 cases and 1378 controls, Cys1367Arg
of the WRN gene was found to be a protective factor of BSTS
(odds ratio = 0.66, 95% confidence interval = 0.49-0.88, P =10.005).
An exploratory subgroup analysis without multiple comparison
adjustment suggested that the WRN-Cys1367Arg SNP is associated
with soft tissue sarcomas, sarcomas with reciprocal chromosomal
translocations and malignant fibrous histiocytoma. (Cancer Sci
2008; 99: 333-339)

Bonc and soft tissue sarcomas (BSTSs) are nonepithelial,
non-hematological malignant tumors  of mesenchymal
origin. Three characteristics of BSTS are that: (i) they are rare
malignancies; (ii) they develop at a variety of sites; any
mesenchymal tissues throughout the body; and (iii) show highly
heterogeneous histological types. In the United States, the
incidence of malignant bone tumors is estimated to be around
0.8 per 100 000 population,'” and that of sofl tissue sarcomas
(STS) approximately 5.0 per 100 000.% It is estimated that 2370
bone and joint malignancies and 9220 malignant soft tissue
tumors would newly develop in 2007.%

The rarity and the histological heterogeneity of BSTSs have
hampered the identification of the risk factors and ctiology.
BSTSs show a slight male predeminance, and the incidence of
these rare tumors both in Japan and in other countries seems to
be stable in the last several decades excepl for an increase in
Kaposi sarcoma as reported in the United States.'*> This appears
to be in contrast to several other types of cancers. such as
gastrointestinal or gynecelogic cancers, which have shown a
significant change in incidence in Japan probably due 1o the
change in environmental and life style factors. No sianificant
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racial variation has been noted in the overall incidence of sarcomas
with some exceptions, such as Ewing sarcoma, which reportedly
occurs more frequently in Caucasians.'®

To date, some environmental and genetic factors for BSTS
risk have been suggested. The environmental factors include
external radiation therapy,” Thorotrast, arsenical pesticides and
medications, phenoxyherbicides, dioxin, vinyl chloride, immu-
nosuppressive drugs, alkylating agents, androgen-anabolic steroids,
human immunodeficiency virus, and human herpes virus type 8.5
[nformation on the genetic factors has so far been limited to
certain monogenic hereditary cancer syndromes known to be
associaled with the incidence of BSTS, such as Li-Fraumeni
syndrome, hereditary retinoblastoma, and Werner syndrome
with a germline mutation of TP53, RBI, and WRN, respectively.
These genes are involved in DNA repair and related systems.
Other monogenic hereditary syndromes are also associated with
the specific type of multiple benign tumors and their malignant
trapsformation. such as multiple neurofibromas and malignant
peripheral nerve sheath tumors in neurofibromatosis 1, and
multiple osteochondromas and chondrosarcomas in hereditary
multiple exostosis, that have a germline mutation of NFI and
EXTI/2, respectively.

Recently, BSTSs have been considered to be divided into two
distinct entities based on their somatic genetic aberrations. One
group is characterized by reciprocal chromosome translocations
resulting in tumor-specific fusion genes. which may be a critical
step for pathogenesis. Another group of sarcomas tend to show
complex abnormalities in the karyotypes. suggesting an overall
increase in genetic and chromosomal instability. However, the
precise mechanisms of tumorigenesis in both groups remain
unclear.

The characteristic increase in the risk of BSTS in inherited
diseases caused by germline mutations in the DNA repair and
related systems has prompted us to investigate the association of
the DNA repair gene polymorphisms with the risk of BSTSs. A
case-contrel study was carried out on 544 cases with BSTS and
1378 controls at 50 non-synonymous coding single nucleotide
polymarphisms (eSNPs), which we have identified by resequencing
of 36 candidate genes on a Japanese population'™, Associated
studies of common polymorphisms of the DNA repair genes
have already been reported in many types of cancer.” but to our
knowledge. this study is the first report on BSTS

To whc:_c;-r;espondenr.e should be addressed. E-mail: tyoshida@ncc.go jp
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Table 1. Fifty missense single nucleotide polymorphisms (SNPs} in DNA repair genes grouped by their representative pathways

DNA repair gene

Base excision repair
PARP-1/JADPRT1

APETIAPEX

MBD4
NUDTT
0GG1
XRCC1

Nucleotide excision repair
ERCCEIXPG

ERCCH/CSB

XPC
XPDIERCC2

Mismatch repair
MLH1
MLH3

MSH2

MSH3

M5HE

DNA damage response genes
TP53

DNA double strand break repair
BLM

BRCAZ2
KIAAD086
LiG4

NBST
RAD51L3
RADS4L
RINTT
WRN

XRCC3

DNA polymerase
POLD1
POLHIXPVIRAD30
POLIIRAD30B
POLL

POLZIREV3

REV1

Other pathways
FANCA

FANCE

FANCF
FANCG/XRCCY

Gene name

Poly (ADP-ribose) palymerase family, member 1
APEX nuclease (multifunctional DNA repair enzyme) 1

Methyl-CpG binding domain protein 4

Nudix (nucleoside diphosphate linked moiety X)-type motif 1
8-oxoguanine DNA glycosylase

X-ray repair complementing defective repair in

Chinese hamster cells 1

Excision repair cross-complementing rodent repair
deficiency, complementation group 5

Excision repair cross-complementing rodent repair
deficiency, complementation group &

Xeroderma pigmentosum, complementation group C
Excision repair cross-complementing rodent repair
deficiency, complementation group 2

mutl homoleg 1, colon cancer, non-polyposis type 2
mutl homolog 3 (Escherichia coli)

mutS homolog 2 (E. coli)
mutS homoalog 3 (E. coli)
mutS homolog 6 (E. coli)

Tumor protein p53 (Li-Fraumeni syndrome)
Bloom syndrome

Breast cancer 2, early onset
DNA cross-link repair 1A

DNA ligase IV

Nijmegen breakage syndrome 1
RADS51-like 3 (S. cerevisiae)
RADS54-like (S. cerevisiae)
RADS0 interactor 1

Werner syndrome

X-ray repair complementing defective repair
in Chinese hamster cells 3

Polymerase (DNA directed), delta 1

Polymerase (DNA directed), eta

Polymerase (DNA directed) iota

Polymerase {DNA directed), lambda

REV3-like, catalytic subunit of DNA polymerase zeta (yeast)
REV1 homoleg (5. cerevisiae)

Fanconi anemia, complementation group A

Fanconi anemia, complementation group E

Fanconi anemia, complementation group F
Fanconi anemia, complementation group G

SNP Amino acid change
T2444C ValT62Ala
A2978G Lys940Arg
A395G lleb64Val
T649G Asp148Glu
G1212A Glu346Lys
G273A Val83Met
€2243G 5er326Cys
C685T Arg194Trp
GY944A Arg280His
G1301A Arg399Gin
C3507G His1104Asp
G1275A Gly399Asp
A2655C Lys822GIn
G1615A Asp312Asn
A2932C Lys751GIn
AB76G lle219Val
C2645T Pro844leu
C2939T Thro4z2lle
colT ThréMet
A3122G Thr1036Ala
G203A Gly39GIu
G466C Arg72Pro
Co967T Thr298Met
G4035A Val1321ille
A1342C Asn372His
C1867G His317Asp
A2245G lle591Val
G605C Glu185GIn
GS01A Arg126GIn
A551G Lys151Glu
G33C Glu4Gin
25737 Thr781lle
T4330C Cys1367Arg
C1075T Thr241Met
GA0%A Arg119His
A1840G Lys535Glu
A2180G Thr706Ala
C1683T Arg438Trp
42597 Thr1146lle
7982C Phe2575er
A1330G Asn3735er
G827A Ala266Thr
G1080A Arg350GIn
A1532G Ser501Gly
A2457G Asp809Gly
32947 Ser1088Phe
G451T Arg89Leu
G1213A Arg343GIn
A983G Lys324Glu
c1382T7 Thr297lle

ADP, adenosine diphosphate;
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Table 2. Case and control subjects

1st screening 2nd genotyping Joint analysis
Case Control Case Centrol Case Control
Gender Male 143 483 174 492 317 875
Female 97 202 130 342 227 503
Age <40 109 113 127 214 236 318
240 131 572 7 620 308 1060
Institutions' NCCH 240 242 127 367 242
NCCE 19 19
KEIO 302 158 507 158 809
IWT ©o327 327
NNH 141
Total 240 6851 304 834 544 1378

Distributions of gender, age and five institutions where case and/or control subjects were recruited are listed. The 685 controls in the first
screening are from our published data (8). "The 141 NNH control data were not available for the joint analysis. KEIO, Keio University Hospital,

Tekye: IWT, lwata Hospital, Shizuoka; NCCE, National Cancer Center East, Chiba; NCCH, National Cancer Center Hospital, Tokyo; NNH, National
Nishigunma Hospital, Gunma.

Table 3. Histological distribution of the cases and subgroup classification

Bone sarcoma Soft tissue sarcoma Subgroup Total (%)
Osteosarcoma 1058 Liposarcoma 11 ALL 544 (100.0)
Chondrosarcoma 41 MFH 92 BS/STS
EWS/PNET 18 Synovial sarcoma 38 BS 190 (34.9)
MFH 11 Leiomyosarcoma 19 STS 354 (B5.1)
Chordoma 8 MPNST 19 Translocation
Adamantinoma 3 Dermatofibrosarcoma protuberance 17 ) 154 (28.3)
Leiomyosarcoma 2 EWS/PNET 15 (=) 390 (71.7)
MPNST 1 EMC 7 Histopathology
Fibrosarcoma 1 Osteosarcoma [ Osteosarcoma 111 (20.4)

190 Fibrosarcoma 5 MFH 103 (18.9)
Epithelioid sarcoma 5 Liposarcoma 111 (20.4)
Rhabdomyosarcoma 6 Others 218 (40.3)
Angiosarcoma 6
Alveolar soft part sarcoma 4
Clear cell sarcoma 2
Mesenchymal chondrosarcoma 1
Hemangicpericytoma 1

354

ALL, all samples; BS, bone sarcomas; EMC, extraskeletal myxoid chondrosarcoma; EWS/PNET, Ewing sarcoma and peripheral neurcectodermal
tumor; MFH, malignant fibrous histiocytoma; MPNST, malignant peripheral nerve sheath tumor; STS, soft tissue sarcomas; Translocation (+),
sarcomas with reciprocal chromosomal translocations; Translocation (=), sarcomas without reciprocal chromosomal translocations.

Materials and Methods

Study design, case and control subjects. Genotype data of the 50
SNPs.® in Table 1 from 240 cases and 685 controls were analyzed
as the first screening to select those SNPs to be subjected to the
second genotyping in the additional 304 cases and 834 controls.
In this study, we used a joint analysis."” in which the results of
the second genotyping were combined with those of the first
genotyping (Table 2).

The cases were recruited in three hospitals (National Cancer
Center Hospital [NCCH]. Tokyo, National Cancer Center East
Hospital, Chiba [NCCE], and Keio University Hospital, Tokyo
[KEIO]) from January 2004 to March 2005 (Table 2). The
patients, all Japanese. were either newly diagnosed as BSTS or
had been followed up in an oufpatient clinic for the history of
BSTS. The cases consisted of various histological subtypes.
which were confirmed by histological examination in each hos-
pital (Table 3).

We used 685 control subjects in the first screening. which
were the same control population as those used in vur previeus

MHakayzma et al

study on the same set of SNPs but on a different type of malig-
nancy, lung cancer (Table 2).® Those subjects consisted of 383
non-cancer patients in two hospitals (INCCH and National Nishi-
gunma Hospital, Gunma [NNH] in Table 2) and 302 healthy
volunteers in KEIO (Table 2). We did not, however, include the
141 control subjects from NNH (Table 2) in the subsequent joint
analysis, because their individual genotyping data have not been
published and are unavailable for analyses other than the lung
cancer study. In the second genotyping, we analyzed additional
samples from 834 people who participated in the health examination
programs (KEIO and Iwata Hospital, Shizuoka [TWT] in Table 2).
We consider that these subjects were suitable enough as controls
for our cases; most of the control subjects in this study were also
analyzed in our separate gastric cancer project involving a SNP-
based genome scan. and its data suggested little if any population
stratification (unpublished data, 2007). Therefore, the control
subjects for the joint analysis totaled 1378 people with a criterion
of no history of cancer during the study period (Table 2).
Subgroup analysis was carried out on the subgroups defined
by Table 3 For the ‘sarcomas with reciprocal chromosomal
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Fig. 1. Genotyping by pyrosequencing. (a) NB51-Glu185GIn (G605C) and (b) PARP-1-Val762Ala (T2444C) (sequencing in reverse direction). Top,
major homozygote; middle, heterozygote; and bottom, minor hemozygote.

translocations’, we included synovial sarcoma, Ewing sarcoma/
peripheral neurcectodermal tumor, myxoid/round cell liposarcoma,
clear cell sarcoma, dermatofibrosarcoma protuberance, extraskeletal
myxeid chondrosarcoma, and alveolar soft part sarcoma. The specific
fusion genes have been reported for those sarcomas, and cytogenetic
examinations are routine for their histological diagnosis.''"’

This study was approved by Institutional Review Board of
each institution, and all of the subjects signed an informed con-
sent form to parficipate in the study.

DNA extraction and genotyping. From each individual we
obtained a 10--20-mL sample of whole blood. Genomic DNAs
were isolated directly from the samples using Blood Maxi Kit
(Qiagen. Tokyo, Japan) or FlexiGene DNA Kit (Qiagen) according
to the manufacturer’s instructions. Ten nanograms of genomic
DNA were subjected fo genotyping for 50 SNPs by pyrosequencing
using the PSQ96 system (Pyrosequencing, Uppsala, Sweden) as
described previously.”® Briefly, a genomic fragment containing
an SNP site was amplified by polymerase chain reaction (PCR)
with a set of PCR primers. one of which was biotinylated. The PCR
products were purified using streptavidin-modified paramagnetic
beads (Dynabeads M-280; Dynal, Skoyen, Norway), denatured
and subjected to nucleotide sequencing by pyrosequencing
chemistry. Quality of the SNP typing was confirmed by inspec-
tion of the sequence data and by Hardy-Weinberg equilibrium
(HWE) tests,

Statistical analysis. Fisher's exact test, odds ratios {OR) and
95% confidence intervals (CI) were used to analyze association
of the SNPs and BSTS risk in allele, dominant (i.e. aa + aA vs
AA. where ‘A’ is major allele and ‘a’ is minor allele) and recessive
{i.e. aa vs aA + AA) models.'™ Crude OR was used for the
allele model, while the dominant and recessive models were
analyzed using OR adjusted for age (240 vs <40, see Suppl.
Fig. ST online) and gender with 95% CI calculated using a
logistic regression analysis. When statistical calculation is not
applicable due (o O subjects being in a cell of a conlingency
table. we indicate the result as ‘NA'

In order to identify disease-associated SNPs, the following
criteria were used: candidate SNPs were selected by P-value
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< 0.10 on the allele model in the first screening, and then disease
associated-SNPs were statistically identified by the allele model
in the joint analysis with a multiple comparison adjustment
using the Holm’s method,™ for six SNPs. Please note that the
family wise error rate may be inflated by a few percent, depend-
ing on the number of the true SNPs present in the initial 50
SNPs, by this method of multiple comparison adjustment, because
the first and second screenings are not independent in the joint
analysis (see Suppl. Table S1 online).

A subgroup analysis was carried oul as an exploratory, adjunct
analysis withooi multiple comparison adjustment to address the
histological heterogeneity of BSTS. Because the subgroups showed
different age preferences, dominant and recessive models were
used in order to adjust age and gender by multiple logistic regression.

Results

+ Results of the joint analysis. The typical pyrosequencing data
are shown in Fig. 1, and the resulls of the two-stage genotyping
are summarized in Table 4. Minor allele frequencies and P-values
of the HWE tests are also listed in Table 4. The six SNPs were
selected by the first screening, and the final statistical gene
selection was made using all the samples genotyped in the first
screening and the second genotyping combined, except 141
controls from Nishigunma Hospital (cases =544 and controls
= 1378 in total). We identified a SNP. WRN-Cys1367Arg, whose
allele frequency was significantly different between all BSTS cases
and the control subjects (OR = 0.66, 95% CI= 0.49--0.88, P = 0.005
and P=0.03, before and after six-SNP muliiple comparison
adjustment by Holm's method, respectively), showing a protective
effect. The minor allele frequency of the SNP is 8.2%.
Subgroup analysis. Since BSTS is characterized by the substantial
heterogeneity in its histology, the effects of the DNA repair gene
polymorphisms might differ among the subgroups. The results of
the subgroup analysis of the WRN-Cys1367Arg SNP are shown
in Table 5. Although under-powered and exploratory in nature,
the subgroup analysis suggested that the difference in genotype
frequency of WRN-Cys1367Arg between the cases and controls
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Table 4. Statistics of allele model analysis for the single nuclectide polymarphisms (SNPs) selected in the first screening by P < 0.1

Minor allele frequency HWE (P-value) Allele model
Gene SNP T e - OR e e
Cases (n) Controls (n) Cases Controls 95% ClI P-value
MBD4 G1212A 1st screening 0.304 (240) 0.349 (685) 0.545 0.207 0.82 0.65-1.02 0.083
Glu346Lys Joint analysis 0.335 (544) 0.353 (1378) 0.620 0.199 0.92 0.79-1.07 0.286
MSHE G203A 1st screening 0.275 (240) 0.323 (685) 0.074 0.793 0.80 0.63-1.00 0.057
Gly38GIu Joint analysis 0.304 (544) 0.310 (1378) 0.434 0.621 0.97 0.84-1.13 0.750
PARP-1 A2978G st screening 0.077 (240) 0.050 (685) 1.000 1.000 1.58 1.04-2.38 0.044
Lys940Arg Joint analysis 0.066 (544) 0.052 (1378) 1.000 0.509 1.30 0.97-1.74 0.088
REV1 A1330G 1st screening 0.023 (240) 0.043 (685) 1.000 1.000 0.52 0.27-1.00 0.055
Asn373Ser Jeint analysis 0.029 (544) 0.044 (1378) 0.042 0.680 0.67 0.45-0.99 0.049
WRN T4330C 1st screening 0.056 (240) 0.090 (685) 1.000 0.480 0.61 0.40-0.93 0.024
Cys1367Arg Joint analysis 0.052 (544) 0.082 (1378) 0.213 0.619 0.66 0.45-0.88 0.005
XRCC1 CE85T 1st screening 0.279 (240) 0.327 (685) 0.016 1.000 0.80 0.63-1.00 0.058
Arg184Trp Joint analysis 0.292 (544) 0.323 (1378) 0.587 0.811 0.87 0.74-1.01 0.073
Cl, confidence interval; HWE, Hardy-Weinberg equilibrium; OR, odds ratio.
Table 5. Statistics of subgroup analysis using recessive and dominant models
Recessive model' Dominant model*
SNP Subgroup {n) = =3 P m—chm——— sy e N R T pos
OR 95% Ci P-value OR 95% CI P-value
WRN ALL 544 0.43 0.09-2.01 0.442 0.66 0.48-0.91 0.011
T4330C BS 190 NA NA-NA 0.489 0.85 0.53-1.37 0.589
Cys1367Arg 5TS 354 0.72 0.16-3.32 0.998 0.58 0.40-0.85 0.005
Translocation (+) 154 NA NA-NA 0.632 0.52 0.29-0.95 0.034
Translocation (=) 390 0.61 0.13-2.86 0.817 0.72 0.51-1.02 0.068
Osteosarcoma 111 NA NA-NA 0.826 1.00 0.56~1.80 1.000
MFH 103 NA NA-NA 1.000 0.45 0.22-0.94 0.032
Liposarcoma 111 NA NA-NA 0.911 0.72 0.40-1.31 0.346

Odds ratios (OR) adjusted for age (=40, <40) and gender with 95% confidence intervals (Cl) were calculated using a logistic regression analysis
for all subgroups. Cases = 544 and Controls = 1378 in total. 'Recessive model is aa versus aA + AA. ‘Dominant model is aa + aA versus AA, where a
is a minor allele. ALL, all samples; BS, bone sarcomas; MFH, malignant fibrous histiocytoma; NA, statistical calculation not applicable, because the
number of the subjects is less than five in any cell in a contingency table; SNP, single nucleotide polymorphism; STS, soft tissue sarcomas:
Translocation (+), sarcomas with reciprocal chromosomal transiocations; Translocation (=), sarcomas without reciprocal chromosomal translocations.

appears (o be significant in STS, sarcomas with reciprocal
chromosomal translocations and malignant fibrous histiocytoma.
It is noted, however, that the effect direction of the minor allele
(Argl367) of this SNP was protective in all of the subgroups,
except osteosarcoma (OR = 1.00), irrespective of the statistical
significance. The subgroup analysis data of the other five SNPs
analyzed in the second stage is shown in Suppl. Table S2 online.

Discussion

This study attempted the first systematic survey on the possible
role of DNA repair gene polymorphisms in the susceptibility
to sporadic BSTS. From the joint analysis of the (wo-stage case-
control study on total 544 cases with BSTS of various histology
and 1378 controls, a missense SNP of the WRN gene, Cys1367Arg,
was identified. WRN is a member of the RecQ family of DNA
helicases, and mutations of the gene can give rise 1o a rare
aulosomal recessive genetic instability disorders, Werner syndrome
(WS)."®* WS is a premalure aging disease characterized by
predisposition to cancer and the early onsel of symptoms related
to normal aging.”’® The types of cancer with elevated risk appear
selective, including soft tissue sarcomas, thyroid carcinoma,
malignant melanoma. meningioma. hematological malignancies,
and osteosarcoma. A diversity of malignancies was found in WS
in the literature from 1939 10 1995, but it is noteworthy that the
ratio of epithelial to nonepithelial cancers was about 1:1, instead
of the usual 10:1.7" BSTS make up more than 209 of cancer
anising in WS patients.'"" Soft tissue sarcomas 1hat have been

Nakayama et al.

identified in WS patients include malignant fibrous histiocytoma,
malignant peripheral nerve sheath amor, fibrosarcoma, rhabdomy-
osarcoma, liposarcoma, and synovial sarcoma. The reason for
the high representation of mesenchymal tumors in WS patients
has not been clarified.

WRN encodes a protein with 1432 amino acids that possesses
both 35" DNA helicase and 3'—5" DNA exonuclease activities.
DNA helicases are enzymes that unwind the energetically stable
double-stranded structure of DNA to provide a single-stranded
template for importani cellular processes such as replication,
base excision repair, homologous recombination, and telomere
maintenance /31819

Several epidemiological studies have already been carried out
on WRN-Cys1367Arg. Most of those studies focused on the dis-
eases relafing to the WS phenotype., such as myocardial infarction,
diabetes mellitus and lymphomas. The more [requent Cys1367
allele has been reported 10 be associated with a lower frequency
of osteoporosis in postmenopausal Japanese women,”” whereas
the minor allele Argl 367 may be associated with a lower risk of
myocardial infarction and type 2 diabetes mellitus in the Japanese
population.”’#' With regard 1o cancer risk, Arg1367 was reported
10 be associated with a decreased risk of non-Hodgkin lymphoma
among women in Connecticut.” Of note, in three out of the
four reports listed above, WRN-Cys1367Arg showed protective
effects against the vanous diseases associated with WS phenotype.
and 1he same held true for our observations on BSTS.

Based on the observations that all of the pathogenic W KA
mutations identified so Far result in runcation of the C-terminal
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of the WRN protein, it has been proposed that a lack of the -
terminal nuclear localization signal is important in the pathogen-
esis of WS.#' Although WRN-Cys 1367 Arg is located adjacent 10
the nuclear localization signal, a previous report has failed to
detect any significant difference between WRN (Arg1367) and
WRN (Cys1367) with respect to their nuclear localization,” or
helicase and helicase-coupled exonuclease activity.”” Other possible
explanations for the observed association include the allelic
difference of WRN-Cys1367Arg in the interactions with other proteins
or the presence of unknown functionally responsible polymor-
phisms that are in linkage disequilibrium with WRN-Cys]367Arg.

Some of the SNPs on the genes responsible for a hereditary
form of cancer have shown association with a sporadic form of
the same type of cancer.® 3" Our findings on the WRN SNP on
BSTS may add another example of the possible sharing, at least
in part, of the oncogenesis pathway between the monogenic and
polygenic forms of the same type of cancer and a confinuity of
the genotype-phenotype spectrum.

It may be controversial to analyze the possible genetic back-
grounds with all types of BSTS combined because of its highly
heterogeneous nature in histology. However, little if any infor-
mation is currently available on the genetic predisposition to the
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sporadic forms of BSTS, and genetic factors that are common to
most BSTSs may exist, as well as those specific to certain sub-
groups. As one of the first exploratory analyses on the genetic
susceptibility of sporadic BSTS. the primary role of this study
is to generate hypotheses, which deserve further validation.
To validate the hypothesis, evidence should be sought both in
statistical replication and meta-analysis using future case-control
panels and also in biological functional analyses.
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