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FLIRO TN FLEUR IS X B EOFLBUE, Btk FRRNFLEE, RIEMEALIEN S £
Fu, HTRT OB AT RO BT RIC K- T REMOENNKNECTH D, Fio, AHEICS
W T OAEARFHIRFFEIT D 720,

AHEFED BT, RIEARI 2RO L IR N FLERIEE 2 >V COMILE IR 717
077 A NE, @EE-REST (SNP) ~A 7 uT LA ZHWEBE T ) anA T Y LA
T—va v (CGH) EWVIFLWHEIFICL > THLMNCTHZ Lich D, ARIFFEICLY .,
PREOIC RAEME OB AN L WARIRBIZ DWW T, B R FEBRR Ot & 72 5 & B 2 T,
Fo, BENLEMAOERIZED S A D= X LOMPICHLEERT 5 & 272, HEE
R D 7edIZiE, A~ ) CEENT 7 0 a i (FFPE)AEARD R L7245k L 7= DNA %

LSNP <~ A 7 m T LA T 2 &0 ) HI RN — RV B 721 ide b7 o

776

(x5 & HiE]

O HELI=DNADSNP ~ A 7 a7 LA ~OifHZRatd 2728, oS L7z DNA %
W FIEMERMEN R AT (Arteriovenous malformation: AVM) ZFRMDF J AU A Kid
PR 21T o 7=,

@ 5 Bl BEFLIE (Pap #5) . 3 B> LR NFLETEE (purePC BE) | 2 Bl DRI 2 £ 5 FLETE
(PCinv #£) Z e 10 (51l O FERI PN FLELIRIEISZ DT, FFPE BEARDIEEH & IEFH D

DNA ZHiHH L., SNP~A 27 a7 LA ZHW=7 LA CGH Z{T- 7,
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@O GeneChip DFEERDE % /R IHEIETH 2 QC call rate 1 96. 05%%> 5 80. 07%, “F-¥) 91. 79%
Tholz, 7 DU A RESEIENT O H. 5p13. 2-q14. 1, 15q11.2-q13. 1, 18pl1.32-14. 1
D 3 EFT A EBFREMER S LCRE L, ZheOfFEBRIcBIT2~A 27 a7 o4
h~—h—%HWienTa b A4 TR OFRERIL, SNP~A 7 a7 LA 27 aX
A TR ORER & — B LT,

@ bz QC call rate (X, 70.8%2°5 91. 9%, VT 80. % Th o7z, 7/ LA&EKICE
% e R E 2 2 R LT B O EI S 13, Pap BET 2. 87%, purePC FET-EJ 15. 4%,
PCinv # T 35. 3% CdH > 72, MM (PurePC BE+PCinv ) IIHRHAMNAEEZ2 - T, B
P (Pap £E) £ 0 £ < OYafbfiiE 2 bz A L (P=0.016), R, L ERANE, 127
LT D12 o TE < OYEMRRIEZEL 2 815 LTz (P=0. 043) , EMERED 727
ThbmHE (Z80%) (A SN TWD YL M G2 kiT 3p21. 31 & 3pl4. 2 Da ' —

B IEH 72 loss of heterozygosity (LOH) & 20ql3. 13 OHEIE T - 7=,

(5 2]

N BHIH L7 DNA &2 SNP v A 7 a2 7 LAZEM L7272y, v ha o TRIZEDVGEDL
M7z call rate [TMEDWN bDOTH -7, N GHIH L7k DNA ZfFH L TH SNP
~A78a7T LA TOITITAEETH D EB 2 L,

FAL - WAL L7ZJINDNA @ SNP <A 7 a7 LA N FRETH > 72D T, AWFFEDHEK
O HITH 5 INREEM N FLIEIRIE AT 2 FFPE FEA B L7z DNA 2 W CfTo 72, 15
BT QC call rate [Z@AE 7R DNA Z W58 L HERTH DL B D TH o723, [Al— FFPE
7wy 7 QIEFEHNOHIME L2575 DNA ZxHICEHE S 2212k, 7 LA CGH OFERD
T—F 777 bEMIAD I LRARRTH T, SREIOWIETIE, 7 AREEEOBLR D
Olix, AMRFERANILFRESOIIEIT & 2 FENEThH-7E LT, BIEALIAME

REREBEDNDRHDLZEEZP LN LT, ZHIZE D | IFRTOAERIERAZ AN a e —% -



LOH f#HTIZ & © BREMEDZIM 21T\ NLBERABIIT A ZRET B2 FIREMES R2 STz,
S HIT, ZOMOMEY « FHIZHOWTEH, A 27T LA ZAN5Z LIk T/ A4
TEMZERNMNTT 5 ZENARTHY . WO TEREF - IBFEIRTHR L LTH
MThrelbhd, £, BHEHOP TR EHEICHA SN TND T MEEEL L
LT 3p21. 31 fHI & 3pld. 2 fHI D = B —HANIEH 72 LOH & 20q13. 13 SEIROHEIEANH & />
272 olc, ZHHDOEWTFHIERICOVWTIL, 4% I LRLIMETZED T RIT IR
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1-1 ARERAALERERIC OV T

FLRFENRANFALIDIRIES; & 1L, ARICAEC - EBROBENSRELZERE TH L, ZOHI
X BMEIER Cdh 2 AN FLIAME & B Ch 2 BN IALIES Z £, TR ENARE
PEREES DK 10%., FLAREMEEE OF 1% % 5D D & STV 5 A (Fayanju et al. 2007, Di
Cristofano et al. 2005), THFED~EY T 7 4 RZB L OB 2 —RZOEXIZ LY
ZORIGIIHIMEARICH 5 & B s, BRNALBEIIHREE TH L, &Mkl
Z <AL, AFENOIEREO B RBLMEAT 2w A ERICE LI ND 2 EnZ 0, AR
Bk % & @ U 216 R 03 i S = B X B AT e TR L 575 (Grabowski et al. 2008),
AT IR Y v IR BRI~ DB &2k L CWEF s S Tund
(Okita et al. 2005, Mulligan and O'Malley 2007, Solorzano et al. 2002),

FLREZ O~ R A MZBWT, SBEIROBEINI~ €7 T 7 4 - AR a— -
MRI 72 EOEgZW & | RIS IS O ERRIC X 2R BR2 W 2 G B9 Il L CRE
IND, MR, BYEL 2B SHAUTEIBRO MBI WS, Bk & 2 S iU X IR 32
L%, Lol HRERAFLBLIREG L, FEe0emigar licz LS, Milaim bk
Wiz, AR OB T 2 VDT HANANC REEOER 2175 Z LIZR#ETH L Z L1 %
V" (Douglas-Jones and Verghese 2002) (X 1—1), DivbiLofkER U= iER & 4 TOIkRAE
B KD A& Th TR Y & 1-1D, NLBEZRIEIIGIERZ BT 5 72012 b #H-

RZMFEENLEEN TN D,
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i

[EYES
P
intracystic papilloma  intracystic papillary carcinoma  intracystic papillary carcinoma

{in situ ) { with invasion )

1—1  FLARSEN PN FLERIRIE S O A2

F1—1 P CREER L7 LRI FLERLR IS,

Clinicopathological fidings

Case Diagnosis age Size of cyst MMG us FNAC Receptor status
(mm)
1 Pap 43 80 Category 3 Category 3 Class 2 ER(+)
2 Pap 38 10 Category 1 Category 3 Class 3 NaN
3 Pap 49 25 Category 3 Category 3 Class 3 NaN
4 Pap 38 70 Category 3 Category 3 Class 2 NaN
5 Pap 49 75 Category 3 Category 3 Class 2 NaN
6 PurePC 61 31 Category 4 Category 3 Class 4 ER(+), HER2(1+)
7 PurePC 58 49 Category 3 Category 4 Class 4 ER(+)
8 PurePC 43 16 Category 2 Category 4 Class 4 ER(+), HER2(1+)
9 PCinv 60 96 NaN Category 4 Class 1 ER(-), HER2(1+)
10 PCinv 72 19 Category 4 Category 4 Class 5 ER(+), HER2(1+)

Pap: intracystic papilloma, Pure PC: intracystic papillary carcinoma in situ, PC inv: intracystic papillary
carcinoma with invasion, MMG: the mammographic features evaluated according to the BI-RADS, US: the
ultrasonographic features evaluated according to diagnostic guideline of JABTS, FNAC: the cytological features of
fine needle aspiration cytology, ER: the status of estrogen receptor, HER2: the status of HER2/neu receptor, NaN:

not analysed
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Intracystic papilloma

M 1—1 FWncERE Lo s e L
[CRE GG e g Tf’(%?“ ZERIL S LS - $HERIC X DA TIREMEDORE W TH -
T3 BIBRAEARIC & D 2 W X RAE DO FLEAE TH - 7,



1-2 DT ) ARREMITDONT
7 DAREEMITEMEEZ BT 5 REREMTFRRFBOOLHS>TH D, 7/ LARLE
PEIIAR 2 225 HIED B 5 25, e b FERFHH DO O & DA GARDOEIE SR D EITRE S
NDYBERLZEETH S (Negrini et al.), LARTR Y @& Mas BT 36 TITHSE SR
K7 EOYRBERLEENENEZ L AL T ENMBATWER, ZHETONEIZ LY [E
IR BT RERDO BN L B b, BECEMEOERICKRE REEL 52 TND
ZEDH BN o TE 72 (Mitelman et al. 2004),

FUEIZBW TS, PR RLEME L AW FRIE X ORI 22BN & OBE % < #

&

G

=

HINTWD, IEEMERTFHRT e 7 7 ANV T TAZY T LSS, &b
EARZEED @SN T 7 T 2378 A7 OF/MERS RB /NA T = A @R L gi < Bil LT
/= (Fridlyand et al. 2006), [AEED 27 7 A% U v 7 FiEE AWERIOWE TIE, K4 O
7277 213X ER ®° HER2 7¢ & L& 7% — 38 BUIRYL, WELFRY 7 L — R, BIn BT 07
7 A /L2 & % intrinsic subtype & B L TV 7= (Andre et al. 2009), F£7-. FLE % Sy
B E = THE LTSS, HER2 B0 7 7 7 2 x@mEoREF#EE =L, MU
Nx77 47 (ER, PgR, HER2 DWT b 23 f2tk) o477 7 2 Im W aik R 2 EM 4
L7 (Hu et al. 2009, Melchor et al. 2008), ¥:fa{k /K& IJF#fE & LTD loss of
heterozygosity (LOH) 122\ T, TOHBREEGEORE X, 7 L— KL OB E R #H
HIn T2 (Loo et al. 2008),

FLIR O BV 2361 5 Ml B As AR O |13, FEIZ o W TomE LHE~D &
720N, FUMR BAVEREE Cie b B O mWOBRHERIEIZ DWW T TAVE TIC 40 BilFEEOHE L
137 STy (Reis-Filho et al. 2005), #9 2/3 OERF] T2 B —HUH 28 7278, —&
Brdoi= v ¥ 4 EET L ENR VDO Th o, —J, REMEIUNE TH 2 ERERIC OV
TIE, EPEERIE S C IR & AR Y R R BT 2 B e o 7oy, NSRRI
B CIEZ < ORAEEEE AR T L OWRENH D (Lu et al. 1997, Wang et al. 2006),

ZORERIE, PRBEEARZEEDORE ST > TREMOERN Z1TWFL O TR0, &



WO TR RSOV T ORIRE 5 2 5, FLIRFERPFLELIRIES (Z > T oML E R

FHIHREIT S ST ZORRIZHOWVTHREEZR S O,

1-3 BMEE—BELM~ A 7 a7 LAIZONT

HOEREEEI R O AR 2 IS L, R BIc& —H 2 M (Single nucleotide
polymorphism: SNP) D= ) ¥ A F\Txtis LIc ko7 m—7 DNA 85I L7- b
ON—FEER~ A 7aT7 LA (SNP~A 277 LA) THY, RENZRHODIZ Affymetrix
#:0 GeneChip vV —ANE T N5, 7/ LADNAZT LA EOTa—T1ZnA 7 U XA
RS EFEHRAMD ZEIZEY, 7/ A EOEK+TT )5 ETTO SNP & — (i s
() BZAT) BRETDHIENTED, RV ) XA TOT—2EHNT, 7/ LD
A RBEfRITCT ) AU A REEHENT 2 EICHWH D0, 42 D7 0 —T7 OF5ME L
XY ) AOEEREDOERD Z L ICL > T, ENICEA Y ) A TV F AL E—
= > (Comparative genomic hybridization: CGH) %179 Z &t 23 T&% (X 1—2), SNP
~A 7 a7 A ZHwic CGH O RIL, Bl = =KD RE 24 57210 Tide <,
V) AT DT —Z &Mz LOH T b1T2 5 2 &I2dH D, ZHIZ X 0 iEko I
CGH % BAC 7 LA Zfl\ /= CGH TIIMIMTE R o7z, a b —HOEH 7 LOH
(Copy-neutral LOH) $£ A1 T& 5 XL 927272 (Yamamoto et al. 2007, Zhao et al.
2004),

B SNP ~ A 7 1 7 LA NSRBI S MIE BT b IR 2R 2 gy —
NTHD, #EO DNAZEMED S DO TRITIUIZR LR E NI RN H D, DNA D
WAL OIBFE CHERSUGIC L D DNA R L E A2 723D AR~ U VREENRT 7 ¢ o ail
(Formalin fixed paraffin embedded: FFPE) {24 - 5 - N7z ¥ D%k L7- DNA T, Wr
RFALD T DIZHIENRITRY N TETLEY, B FRORENRIEMRLE 20 7R
ELREME 2506 Ths, Ll 4T OREF] TR AR FT RS A D © & b

B 72 DNA i TEX 201 T, FRCHD e FHEMEEIZ OV T, mFDORBREND

-10 -



OREHIMDEZDOE TCAFEIDEZHBRNI ENRHDH L, WmREEICHS W TIX FFPE AR
DIFRETLIMRIF SN TWRWNWZ &b Z W, EAFRICE L TS 21X, FFPEEARIZ L - & b
— R ZAERAFOTERETH VO | < O KRB R BERRBRO T — & L O 5T
e ZDOXIIZ, LI L7 DNA Z&HEE SNP ~ 1 7/ 07 LA (AT 2 BHITIEFITK
<, INETHLHE A ORBPHE STV % Jacobs et al. 2007, Lyons-Weiler et al.

2008, Thompson et al. 2005),

FFPE "‘i..r D e i
EEN

HEFQDNA jE%gDNA

Chri2pdamplification ﬁ
[ - IEEAEED
SNP probe intensity

Affymetrixgt i) Log,

GeneChip® :
Genome-wide Human 5.0 . =5 - LE = HE D ; :
#90R{EDprobe?® £8) . SNP probe intensity

1-2 SNP~A7u7 LA zMHWier7 LA CGH

1-4 Z ORFFED B HY)

AAFFED HENZ, RIERAZR R OZLWFLIRFEIRNFLIRIFHZ T OV T OMAZER T 7
R7rANE, BEBESNP A 7aT LA ANz CGH & W o H LWHEIFIC L > TH S
MZTHZ LD D, ZONFRICEY . BRI REMEOHET OB LWAREIZ SN T,
Ble W TR OmRE &R0 LB 2T, Fo, BUENLEM~OERIZEDL A 0 =
RXADIRHICOEIRT D B2, ZOBMEERT 57201213, FFPE AN i L7z

b L7= DNA & S#E SNP ~ A 7 v 7 LA Z#H T2 & 5 Bl 7gn— R a2 iz 72

-11 -



T B0 T,

H2FETIE, HILLIZDNAZEEESNP ~A 7 a7 LAIZEHA L7FlE LT, Thb
flit U7z DNA Z W= Z MR BT FFIRATZ  (Arteriovenous malformation: AVM) 5% D
T BT A REGRHTIC OV TR~ D, 5§ 3 B TITFRENRNALBRIES ICB1T 5. FFPE
AN L7z DNA #H W@ EE SNP ~( 7 a7 LAIZkb 7 ) AU A Ray—
¥ - LOH fTIC W TR D, 5 4 ETIEZOMRICOVWTOMIE L | #REBE 2124

BOREZIZHOWVWTIRND,

-12 -



F2E MHhoHEHELI- DNA ZHWN-RiEMEKNSIFRIRET
(Arteriovenous malformation: AVM) Z2R%D45 /LT A

& SH AT

2-1 ¥3

OB EARATE (Arteriovenous malformation: AVM) (., AMSEE OB & RO M
T DMEEI L > TR END Vv > FOFELEZE SN D (Horton 2007), AVM O 1fi
FREIIAEROBDEREEZEZONTEY, ARid LITAEEKRM S 722 < X RAZRBFIRY
BMBRETLHLEIN TS (Fleetwood and Steinberg 2002), AVM Dk & — %A 72 SiE IR
[TEHEAHMTH D I AVM LIS 6. CORED 27 3FEICB L Z 1.3-3.9%
LHEE STV D (Crawford et al. 1986), Z OLDIERICIZEETAM: T A M ASCHETE .,
ischemic steal syndrome 72 E3 % (T 5105, i AVM O A3 LZ 0.01% & HEE S
TEYEARITIEHT-D 10 FAIZ 1.12 05 1.34 A TH 5 (Fleetwood and Steinberg
2002, Horton 2007), % < O AVM BT RIET 228, ZHE TIT 25 55k 53 BIDFE
RMEFIENIE SN TW5 (Van Beijnum et al. 2007), FHEVERN AVM 1355 = FETE AN
DR AL LD AVM BF 2580 1H B DMEMMED AVM %5 Te 2y Vo fl 48 B 1
I BARME B S JL3EIE (Hereditary hemorrhagic telangiectasia: HTT) %5 i@ ik A
TEBRVWSDLERIND, ZRNOBREENEIEEETH LG IIRBIIND 72D,
FIEMEM AVM IZZNETEZ LN TS LD b AWREITE W ATREIEL H 5,

JEEEMED AVM IZHOWTIE, ZHETH WL D0 ORBEMEE F B EE ST D3,
FIENEE 7213 IFENE AVM O 53R IR 200, HHT1 R L 2 i3 2 neh ENG
i (9p34.11) BL W ACVRLI &L T (5ql4.3) OEBRMNFEIKNTH S (Johnson et al.
1996, McAllister et al. 1994) ., £ M il & & ® — & & Ak & & (Capillary
malformation-arteriovenous malformation: CM-AVM) % RASAI &5 (5ql14.3) D%

BNFIKNTHD (Boon et al. 2005, Limaye et al. 2009, Revencu et al. 2008), = D¥EH (I

-13 -



BEHIIHR—NIA AT A & BTN D BMIMAE TFEIFRD b D03, K 1/38 DBFH TIX
¥ AVM % £ 5, PTEN Bn{ D% %3 Bannayan-Riley-Ruvalcaba JEfERE % & 70 PTEN
hamartoma tumor syndrome & B L, UiX LIZHN AVM %219 (Suphapeetiporn et al.
2006), KIRITI#{xt (7q21.2) (Laberge-le Couteulx et al. 1999), MGC4607 s+
(7p13) (Denier et al. 2004), PDCDI103#& 51 (3q26.1) (Bergametti et al. 2005) @ 3 &=
FOEREIL, WTIL L MERIRIEFE L2 SR 23, —FH T, FREM AVM 2R3 58
L 6 FRE G el RN OHEN 2 DA TH 2D (Inoue et al. 2007, Takenaka et al.
2007), 2415 DOHETIE 6925 03 b A LREMESFHE L L THRE S, £ O 3p27,
4q34, 7p21, 13q32-q33, 16p13-q12, 20q11-q13 MNEMEEEE L TEITF L0, SiE
BT OREIIZE S TWRY, £z, IO AVM IZHOWTIE~A 7 17 LA Z v
BB TRBUENT OWE R H V. VEGFA, ITGAS, ENG, MMP9 7% AVM #if#k CriZs 8l L T
BV, AVM R~D R 523 RI2 X T 5 (Hashimoto et al. 2004, Sasahara et al. 2007,
Sure et al. 2004),
ZOFETIE, IS L7z DNA 2 W FKIRMEN AVM ZR D7 ) 50 A RE gt

DFRBRIZ SOV THIET D,

2-2 XR LGk
2-2-1 X5

REE 4422l 4R 19 AORARAND AVM Rz x4 L Lic, BEED I H
NI AVM 2388, — NI AVM 238, — A3 AVM. & fili AVM 2 W3 b7 (K
2—1), F¥#E [I1-3) 1T 18 EIHIEHAME TANA DT R 2 %% L. X MRI Off
F. ARTEKED 2em 20 AVM 22 W Sz (K 2—2), SKEERFIZAT - 72 i Bl 5 = C©f
THHEFICRE R 2 fa i S L R OMBRE R A T v & R 24% Dl AVM &2l sh
7= (X 2—2), Fhid O AVM 1 14 s ORHIHAARHEICOIBR S 47z, i AVM 1E 19 5 DR

(ZH =T A ZIZEDMBEPTOI, ZORIIFLTANARDOERE B HT bR TN S,

-14 -



#(I1-3) 13 AVM I X BEEZEANHIMIC X - T LT\ 5, e (I1-5) Ofig AVM 1
HESE@EECTdH Y 72 0 MRI TRSRICH L S 7o, B (IT-5) 13 AVM & 22 S 7= 3,

BIEGNETH D, ARICBNTITIZ D 4 A% THREEE ). MRI TR AVM 2AMFEE L7202
L EaERS - 6 A (IT-6, TII-1, TI1-7, IV-1, IV-2) % [FERRMEE | LEHRL, ZhETIC
AVM (ZBEF BIER 2D T 2s, MRILIZ X 2 RE A Thil TV ek o 3 A& TR

B EERLT,

-15 -



AVMSpl1TaAl
055418
AVMChSp2SxAC
AVMSpri&eGT
AVMchSc2PeGT
055407

01551021
0155128
0155986
0155975
01551002
01551019

018558
D185459
D1851132
D185452
D185471

01954927
0195418
0195605

Iy
= MNMNRNRNR

j.; Q

055647
AVMSOrigxCA

11(111][32]]11 1 13]|[12][14][23

52([31[|21|[21 6 46|[54[[31][34

21 111111 3 52113331

81111131 4 63|las|l12

56([21 4 23|14

31 2 32

32 1 41

6 l 7

I
1112 11 12][51][3
15[ 52 15 15(|23||13
6612 14 11(|44||11
5242 13 13(|23
1852 16 14]|21
3241 14 11
33
53

VI

2
1
1
4
7
2
3
5

I LN D RN L) -
L e s e e

2—1 FEMEMEBIFHIRAFEOF R L 5ql3.2-ql4.1, 15q11.2-13.1, 18p11.32-p11.22,
19q13.3-q13.42 @ 4 EFF OBEMFEIR DO N7 1 2 A

THRZE I T H DIEFNXERGE MRI 23 TV, MEENT O ~T 1 &7 4 73R B BE N DI
HTa AT,
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2—2 FILF OIKBENRETTE & & R4
(A) BHESMRI & MRI 7 > X427 Z 7 ¢ —, AREHEIZ 2.0 x 1.3 cm OEFIRGTE 2RO 5,
(B) Mi@&Es, A T3 (rtS8b) ITHEEFIRATE A7, 24% Dy v FRTH- T,

-17 -



2-2-2 DNA #hH

i D HIXARR M2, FiE &2 ER< 10 40 HIXNOF Tl &2 572, T 5O DNA
M IE, BLETICHE LE=R#E,. DDT. Yu5 7 —F K 285z v CiT- 7=
(Matsuzawa et al. 2006, Nakashima et al. 2008), N7 ZiKAEECHIEL-DH, <L
FEe—Avayvh— (YA 2 ThRRICT 2, IMOBEKRIZ Img/ml 7 w77
— K & 40mM @ DDT % & ¢e Urea-lysis solution @M &3, 0.5% SDS, 10mM Tris-HCI
pH 7.5, 0.1IM EDTA) #/lx. 55COA—7 L T—Hif v FaX— T5H, 7=/ —/b-
7unaR/LLETDNA 2t L, =% 7 —WIEBAE TR 5, ZivE: Ilmg/ml 7' w7
7—¥ K & 40mM @ DDT % & ¢¢ Extraction buffer (0.5% SDS. 10mM Tris-HC1 pH 7.5.
0.1M EDTA) IZ¥#EMN L, 5B5COA—T o T—MiA »F aX— 35, ARDHET DNA

ZREIL ., 30uL @ 1xTE Nv 7 7 —IZIfE LT=,

2-2-3 Affymetrix 10K 2.0 array Z W= SNP V= /) XA

A O A M S HiH L 72 DNA (250ng) 1%, GeneChip Mapping 10K Xba Assay Kit
(Affymetrix ) ICf1)@E L72ESET 10 b 2 U2 » TRER 24T > 72, S L7- DNA
FHEL Tz (M2—3), IFO RICEBWTREET 1 a3 VOB 2T -7z, FRYE
7'm b 3L T 120 4y & STV D HIIREESR IC K 2 ROSKE# % | overnight [ZHER L7z, £F
7o ha ik 35 A 7 vd PCR YA 7 V%, 45 HA 7 VZHIN L 72, Affymetrix
GeneChip Operating System 725G 67T — XL, % SNP OV = ) XA T ERET D
72912 Affymetrix GeneChip Genotyping Analysis Software (GTYPE) 4.0 % > THEMT

i,
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13
o
>
[
]
=

2—3 M L7=DNAOBZ KBS

0.8%7 Jia— A4 )L

100V, 30min

Lane 1-4: \2>HHL7ZDNA

Lane 5: AMMm2 5 L7ZDNA

JI B L= DN A b3 A T D

2274 SNP V=) BATT=EERVICEGHT L~ 70 I T T bv—I—E VT
VAT EOs i
ARZFHRD AVM I H P REMERERE A &0 | IREFRIT 90%, B BB R 12 O HE X
0.1% D ED £ T, MERLIN software (Abecasis et al. 2002) % /=% LOD A =27
ZEHE L7, SNP Y= / & A 7% W d i ¢ LOD 2 =27 % 0 LU EOFEIRIZ S\ T
X, SNP U=/ A TH W\ enT b A T 217> TR L, Ebl~vA 7 nd7 7
A b~—=h—EH T ud A T Z2To7, ERLIc~A 78y T 74 h~v—T1—
IZ National Center for Biotechnology Information NCBI) ®»F — % X—Z X Y B L7,
KExD—=N—DT T4 ~—DHH %, FAM, NEX, NED O/ CiEi# L. 5ng
® DNA ##HAZ 10u L OS2 T PCR 2347572 ; 0.25 U ExTaq DNA polymerase
HS-version (¥ 1 7 /34 4), 200 M dNTP, 0.5uM 77 A ~—. 1xExTaq buffer, PCR
PEMIIE Genetic Analyzer 3130x1 (777 A RANAF T AT H) ICL>THBEEL. U=/ Z A
v’ 7121 GeneMapper software (777 A RNA AT A7 LK) Z o, FRBE DR ER
o7 r XA T EROMEBIC OV TIE, MLINK program (Lathrop et al. 1984) % FHuC

THLOD Aa T EFHE L,
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2-2-5 fEAIBIET DL RMAT

AT CTRIE SN BB FEO TN WL D0 OBEF 210, BRENT 217>
Tro BEHBEGTIEDOHTH-TH, WL OO IMEMEBG 2OV CTIE RN 24T -
oo BRMENT O80T Z A~ —1%, University of California, Santa Cruz (UCSC)
Genome Browser (http://genome.cse.ucsc.edu/) 7> 5 & MR L 7= Hi L5 2 H W T
Primer3-web 0.3.0 (http://frodo.wi.mit.edu/primer3/input.htm) (2 & > Ci&it L7, PCR
I 5 ng ® DNA Z#MIZ 15 L OKISFHRTIT-7 5 0.25U ExTag DNA polymerase
HS-version, 200mM dNTP, 0.5y M 771 ~—, 1x ExTaq buffer, PCR FE¥)|% BigDye
Terminator v3.1 Cycle sequencing Kit (777 4 K34 4 A5 A) & Genetic Analyzer
3130x1 Z W T XA LT b= 2 A &AT o 12 4 B NTZRLHIT — # 12 ATGC software

(GENETYX 1) MW T, HHCHILERZ R LT,

2-2-6 = R E DT

GAEAL T IEIC BT 5 2 B —BREEMRT L0, ~A7uT7 LA ZffLizay
— R AT o 1o KAL) SR L 7258857 @ DNA 2B D~ =2 7 /WZHEVVILEL L |
Affymetrix Genome-Wide Human SNP Array 5.0 (Affymetrix 1) (Z#H L7=, &7 02—
TN LIEFREDT —% % H T, Partek Genomics Suite (Partek 1) (25 %
Unpaired fftr 21772, a ©—HREOH L8 OREIL, F7m 7T LAORENL~ /a7

ETNVERHLE,

2-3 fE R

2-3-1 EHENTRB L ONT 1 & A TR

IS L7z DNA 2 W=~ A 7 a7 LA fight®d SNP call rate 13 F-%) 92.49% T,
Mg H & HH L7236 # 0 DNA 2 W2t Tit 98.11% Th - 72, Fihd~==27 /1

L AUZE, SNP call rate 78 92%LL ECTHNIEX+ D77 4V T 4 o127 — & L &
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ND, ZORERNDL, BFONT=Y = ) Z A T OF — & TEBEEHT I 53R AT HE &7 L,
LOD 227 OFtR~EHATE,

MERLIN software (Z &% SNP V= / ¥ A 7% W= HEFEATIC K 0 . 18 AT LOD
AT BEEEOMEEZ [FE LTz, ZOF T 14 OfEkIL, #FET 5 RefSeq gene 23 77(E L 72
VY, 200kb LR D/NEWH A XA TH D, MEE ORI Tl D SNP 7' & A TndF S
TWRWEOBH B CHEMEE LSRN L, X - T, 5pl3.2-qld.1, 15q11.2-q13.1,
18p11.32-p11.22, 19q13.33-q13.42 @ 4 FEI AN B BIEE R T IEOEMH & LT -7 (M 2
—1, ¥ 2—4),

RIZ, ZRHDHEBIZHOWTYA 7T IA h~—I—TVx /) ZA L TE2ITV,
TURLOD 2a7 R L (R 2—1), BEMICEIZED 4EEDO S B, BITFom 35
O A FEEEEES FE L LTRE L, Ok K LOD 22778 1.632 (0= 0) ®
5p13.2-q14.1 (rs1366265-rs1373965) D 48Mbp DOfElEk, @ K LOD 227 7% 1.632 (0 =
0) ™ 15q11.2-q13.1 (rs850819-rs818089) ™ 6Mbp D fEE, @& KX LOD % =1 773 0.851 (6
=0) ® 18p11.32-p11.22 (rs486633-rs1942159) 7 9Mbp DFElk, 19913.33-q13.42 DT’

n 2 A7 FEREHEEE O 24 (I1-6, IV-1) ([TRES TV 2T LT,
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Chromosome 5 Chromosome 15

40 40
2.0- (—\_\ 2.0
00 sl A
204 204
4.0+ 40
500 100.0 150.0 2000 400 200 120.0
gl3.2 gla.1 qll.2 g131
Chromosome 18 Chromosome 19
40 4.0
2.0
2.0
00 [T~
0.0 \
-2.04
-2.04
4.0+
40.0 36.0 126.0 zul_o 46.0 aul.o aol_o 100.0
pl1.32 p11.22 ql33 q13.42

[X]2—4 MERLIN software (2 o CEHE Sz 4 T OfEmifEk (5q13. 2-ql14. 1, 15q11. 2-13. 1,
18pl1.32-p11.22, 19q13.3-ql3.42) IZHBIFAHZLE LD A2 7T
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#£o—1 {EREESICEBITS S L0D 2a7

Locus Recombination fraction (0)
0.00 0.01 0.02 0.03 0.04 0.05

AVMB5pl17xAC 0.032 0.030 0.029 0.027 0.026 0.025
D5S418 0.551 0.535 0.518 0.501 0.484 0.467
AVMch5p25xAC 1.334 1.301 1.268 1.234 1.201 1.167
AVMB5pri8xGT 0.511 0.491 0.472 0.452 0.433 0.414
AVMch5c27xGT 1.630 1.597 1.564 1.531 1.497 1.463
AVM5c18xAC 1.373 1.344 1.314 1.285 1.255 1.225
D5S407 1.632 1.599 1.566 1.532 1.499 1.465
D5S647 1.154 1.121 1.089 1.056 1.023 0.991
AVMb5qri9xCA 0.810 0.790 0.769 0.748 0.727 0.706
D15S1021 0.171 0.164 0.157 0.150 0.143 0.137
D15S128 0.876 0.858 0.841 0.823 0.805 0.787
D15S986 0.812 0.791 0.770 0.749 0.728 0.707
D15S975 0.400 0.387 0.374 0.361 0.348 0.335
D15S1002 1.330 1.298 1.266 1.234 1.202 1.170
D15S1019 1.632 1.599 1.566 1.532 1.499 1.465
D18S59 0.199 0.214 0.225 0.234 0.241 0.246
D18S459 0.142 0.136 0.131 0.125 0.120 0.114
D18S1132 0.677 0.663 0.650 0.636 0.623 0.609
D18S452 0.851 0.832 0.813 0.794 0.774 0.755
D18s471 0.240 0.231 0.222 0.214 0.205 0.197
D19s927 -0.302 -0.277 -0.254 -0.234 -0.216 -0.200
D19s418 -2.655 -2.453 -2.257 -2.078 -1.919 -1.778
D19S605 -0.648 -0.574 -0.512 -0.460 -0.414 -0.374
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2-3-2 MRS F DERFAT

Bt LOD 227 OEhr- 7z 5pl3.2-q14.1 @ 48Mbyp O FEIIZ 13K 200 1 > RefSeq i&fx
FHREEND, ZOFDE | HEREIZIIE OFAESLHERFICEEGE L TN EEZADLND H D,
HHT % O KE BT L FHUOWEZFF - TW\WH EEZ X 65 b D, ik AVM #ikH THREL
BN RN D D EBEIC, 10 [HOBET (MAP3KI, DAB2, OCLN, FGF10, ESM1,
ITGA1I, ITGA2, EDFLAM, ERBB2IP, PIK3R]) % & U CEREW 21T > 72, Fiia D
DNA Z MWWz Zi s 10 OB ST DR TIiE, REDKIK & 722 X 9 B RITRD
SR o Tz, A BN 22 o e REREELFEIITE N TW 2RV, HHT OJFRK
BIAfThHD ENG & ALK1, AVM-CM OJFEKEIR T Th D RASAIIZHOWT, KERN
I OFEMENE AVM 2 £F 5 BEHEEA TIER W E WD Z & ZFE T 5 72 DI BighT 2
1Tolz, RIBORK L7225 K9 BRI O 6T, KZE%D HHT & 5 X AVM-CM T
D LIFREINT,

Fei D DNA & FIWTAT o 7o 2 B —HUiEIT Tl 12q IZHIIE, 2p, 3q, 4q, 6p, 7q (2K

KEBRBDER, WIFhblaiicary —HE2HE L THEHEINLTEDY

(http://projects.tcag.cal/variation/) . B2 BRI LB 2 b, 72, 7k L7z ENG
(9934.11), ALK1 (12q13.13), RASA1 (5q14.3) DFF(ET DHEIKICIE, = B — 4B I1E58D

i oiz,

2-4 B
AWFFETIT A DOMRE AVM WEE . — AOfili AVM JEEHE, — ADNK - ifi AVM #EE D>
B HARANDO—F R & Wi Uiz, ZOFRITHBEEM AVM OFERICEE L, AVM 135
BAREMERTERIEL TWD LB X b, RFERITOWT, @EERITER M ST
WZOWTDHEA LT hr—0 2 AT 24TV REEMEIRFEREL & 5 LR,
B AT OFE R, HEH A HEE S D ITITE L RV AV LOD 2 27 2R 3 @A

DOEAfEEL (5p13.2-q14.1, 15q11.2-q13.1, 18p11.32-p11.22) Z[FE L7z, & 64 7= LOD
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AATIIENEN, 1.632,1.632,0.851 ThHDH, ZORERR~Y Y P T EERBHEY K
LRV ELEL | FERBEBERUEDPHONTRVWEENZTENTWDLZ EIZHERTEE XL
Nz, $77bb, [RW) LEHRINIZEEOPITEEREOREE NG EHL T D HEk
NHHTOTH D, I, FEMER 5pl13.2-q14.1 I2>WTIE, i oM 1-2) L B+
AV-3) 14 NDOfREH L BT T d A4 FEHAL TR (K2—1), 5 ORERER
RE TR Thote, HLH IO TARB IZHY YT o7 B IZEH MRI %)
TN TIEMRRERIASH S22 iE, KV EENRERSHEL b Ly, K
IR CRIE STz 3 DOt d, LIRNCHE S L2 FIEME AVM O S fi#T 12 K 2 df
fEfk (Inoue et al. 2007) &ITHER 53, JEBME AVM 214 5 BInKEZ 5 & 2385+
J# (ENG, ALK1, RASA1, PTEN, KRIT1, MGC407, PDCD10) & b EHe bR o7,

Fox TR 5p13.2-q14.1 IZEENDHBIETD OB, 10 [HOBEE A3 H L TR
fEMT AT -T2, ZOBIET D 5 H MAP3KI, DAB2, OCLN (. HHT1 %3 L O HHT2 &
TELBETOERIZLVEENEZ(LL TS TGFB/NNAY = TEHERBEET HX
Rk a— R LTW5b, FGFI0, ESMI, ITGAI ITGA2, EGFLAM, ERBB2IP, PIK3R1 |3,
AVM OFEFEMICIB N TEDORENEL L TV DL Z ENRESIN TV HEETFTHD, L
L. 20O DOBIBFITITEBEDRR & R 2R RITRD biLgino7z, [F—ZRHA T AVM
Lhiti AVM, ZOW &2 GTEFNBE S T\ A 72, HHT OF R Th 5 alfEE % 58
L.HHT 1% & HHT2 RO ETEEFTh D ENG & ALK I[Z DWW T H A RN 417 > 72
ML ERITRD oz, b O oD SIIEGME AVM Z 4 5 @55~ L LT, CM-AVM

DEFEBIE T TH D RASAL IZOWT H B RN 21T > 7203, BD7eInoTz, Sk
ARSI N OB TIZ DN T, AR — 7 = o S S35 L7 0 & 28 BRAT 2170,

KRERDOFRBEEBT DRIEZITV W,
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F3E IRERAIERBEICSITOSEE SNP 710
FULAZRW:T /LT AFaE—#-LOH &

3-1 &5

AMROFERINALBURIES I, BYEOFLEE, Bt FRNHLEE, RIS S
F 5, BRI, TR REMEOEN 21T 5 2 L AEHRE - AREdBI2oTHEEL
< 2O FNBREL 72> T D, ARBIZE T MBS dr i, REMD
PR L OREEEOMIICEH TH D LB b2, 5T e —EDORBEIHGLN
TR (#3—1),

HH D (Tsuda et al. 1997) @ 1 FYEMRER & 16 FREAKEIIO 7 7 —7 2 v
FISH O#&AIZ L5 &, FLIE CILmEHE (93%) (ITHENE « K& - S % O Y i a2 b4
DT FLIAME TIXZE D & 5 R TR D 72 hr o 7=, Boecker & (Boecker et al. 2001) %
Comparative Genomic Hybridization (CGH) f##T D#E5 A& | FLIAME I 1 XY a2
ERDRIpo T L LTS, LOH T L Tid, #MH 5 (Tsuda et al. 2001) 75 16
TR LOH ftiris T, FLETE ClIaflic, 2% 05 FLEE CiX 2/3 12 LOH %3
W, HLIECTIE4e< LOH #8070 o 7= L #iE LT\ 523, Lininger » (Lininger et al.
1998) & Cristofano © (Di Cristofano et al. 2005) (XFLEANE ¢ FLIAHE & [RIFLE OAEE T
LOH #RH 5 EWEL TS, BUEETOL Z A, KRBICEEE~A 77 LA 2
727 LA CGH ZAT o7z &\ 9 st I3,

ZOETIE HIRERANALTRERZ 2B W T AL~ U CEEANT 7 0 e (Formalin
fixed paraffin embedded: FFPE) {2425 L7- DNA 2\ @R SNP ~ 1 7 1

TVAWZELDT ) ATUA Rave—% - LOH i oW THE T 5,
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#3—1 N FETORMILIERIEL IS 5 MR AT

Pap: papilloma, PC: papillary carcinoma,

Case LOH analysis Copy number analysis
Tsuda Pap 12 chrit FISH (16q or 1p)
1997 PC 14 PC 7/7 [100%) PC 13714 (93%)
Pap 0% Pap 0/12 [0%)
Lininger Pap 15 16q
1998 PC 18 Pap 6/10 {60%)
PC 10/16 (63%)
Boecker Pap 22 CGH
2001 Pap 022 [0%)
Tsuda Usual Pap 10 16q
2001 Atyp. Pap 3 Atyp pap 2/3 (66%4)
Pap 0710 [0%4)
Cristofano  Pap 12 16p, 16q, TP53
2005 PC15 Pap 6/12 [50%)

PC 13/15 (87%)
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3-2 MR LIk
3-2-1 X& & BRRHE

R KZEWERGE TRz 1Thbhiz, 5 #ilo BIEALFEEPap #). 3 Bilo b N FLIENRE
(PurePC ), 2 #l0iiM 2 £k 5 $LdR: (PCinv BH) & &de 10 510200 PN FLIEIRIE S 2 5 52
& U7, JRBERZMNEIRABRE L7z — 4 DR EMEIC I VT, ~ BT 7 4B LU
Ta—CBIF BN T DY BT, NN American College of Radiology ¢ Breast
Imaging-Reporting and Data System (BI-RADS) & F A< LI FF IR 568 5 % 22 I 2 %
(JABTS) DA A KT A T TT 2 1o, AREGI O BRI BRI A M 3—1, £ 3—2,

% 3_3 &:ﬁ_\‘j—o
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4 3—1 ZERINFLERIES OHE Qg (75340 £5)

A-C: Intracystic papilloma (A-casel, B-case2, C-case3). D-F: Intracystic papillary
carcinoma in situ (D-case6, E-case7, F-case8). G, H: Intracystic papillary carcinoma with
invasion (G-case9, H-casel0)
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# 3—2  ASEB DA B FT R

Clinicopathological fidings Genetic findings
Case Diagnosis  age  Size of cyst MG us FMNAC Receptor status QcC call rate ratio of CNC ratio of genomic alteration
{rmrm) (narmalsturnory
1 Pap 43 g0 Categary 3 Category 3 Class 2 ER{+) 75 9%82 9% 0.14% 0.24%
2 Pap 38 10 Category 1 Category 3 Class 3 Man 83 4%MB04% 0 66% 0.69%
3 Pap 49 25 Category 3 Category 3 Class 3 Naml 86.2%/86 5% 1.60% 1.60%
4 Pap 35 70 Categary 3 Category 3 Class 2 VEL 89 9%/87 9% 0% 11.8%
5 Pap 49 75 Category 3 Category 3 Class 2 Mah 91 9%/89 B% 0% 0%
G PurePC 61 31 Category 4 Category 3 Class 4 ER(+), HER2(1+) T8 T%T8 2% 11.3% 24.1%
T PurePC a8 49 Categary 3 Category 4 Class 4 ER{+) 79.7%708% 041% 9.63%
8 PurePC 43 16 Categary 2 Category 4 Class 4 ER{+), HER2(1+) 77 2%/79 3% 12 0% 13.2%
a PCiny a0 98 NET Category 4 Class 1 ER(-), HER2(1+) T1.6%/739% 16.6% 33.1%
10 PCiry 72 18 Category 4 Category 4 Class 8 ER{+), HER2(1+) B2.0%/72 6% 16.0% 17.6%

Fap! intracystic papilloma, Pure PO intracyetic papillary carcinoma in situ, FC inv' intracyetic papillary carcinoma with invasion, MMG the
mammographic features evaluated according to the BI-EADS, US! the ultrascnographic features evaluated according to diagnostic guideline of
JABTS, FITAC: the cytological features of fine needle aspiration cytology, ER! the status of estrogen receptor, HERZ! the status of HERZ/neu
receptor, CNC! copy number change, genomic alteration' copy number change and copy neutral loss of heterozygosity, Mall: not analyzed.

#3—3 HBoEEL QC call rate

Case Diagnosis  subtype  Storage time ields of genomic DNA Yields of PCR product Peak size of PCR product QC call rate
{month) {ng) {ng) {bp) (%)
1 Pap tumor 33 26.3 280 370 75.94
normal 33 7.28 267.2 390 82.86
2 Pap tumor 23 5.56 310 390 53.42
normal 23 193 307.5 390 50.41
3 Pap tumor 6 241 203.6 489 86.2
normal 6 5.02 273.3 439 86.5
4 Pap tumor 15 2.30 191.1 489 89.91
normal 15 3.39 208.3 489 87.89
5 Pap tumor 11 7.12 462.3 711 91.93
normal 11 13.2 433.7 711 89.84
53 PurePC tumor 54 8.13 206.8 300 75.68
normal 54 45.7 280.3 242 76.21
7 PurePC tumor 49 151 285.8 404 79.68
normal 49 75.2 3013 300 70.75
8 PurePC tumor 33 11.96 290.5 404 77.2
normal 33 8.36 209.1 341 79.38
9 PCinv tumor 30 15.83 210.2 300 7l.64
normal 30 32.2 222.9 300 73.86
10 PCinv tumor 16 4.92 3237 341 82.03
normal 16 3.32 511.4 341 72.57

-30 -



3-2-2 DNAfitHE SNP~A 7 a7 LA ~DNNAL T Y F AR

10 pm JE DY) FFPE ££A 10~20 #7> 5 (HE Yetatg 42512 L CTHESEL (ALY 90%
PLEZED DAL & FEEEHROMALZHI D Lz, 80%F > L T T 7 1 o &iToTe
%, 100%=% 7 — L 2 [AEH L TX U LU B ERICRET D, =¥ ) — LV EEBI %,
buffer ATL (%7 47> 41) 360uL #H1z2T95 C 16 RMAT L &2k, A~ v
kb7 aR) s 2R S, BBICRLEZICTeT 77— K440 uL iz, 56CO
F—=T7 T3 AMDE T AR AEIT S, ZORRT, 24 B Z L ITHfE R T e T 7 —
K& FET BN 5,

DNA (X QIAmp DNA Mini Kit (F7 7 4) ZMWT, "aftEO 7 v |k =2/1iZin> T,
- BB U 72, buffer AL 400 L % % L /80 SRV OK T L= BHI N %, 70 °C 10
SHA Y FaX— T 5, FED 100%T4 /) —/LEMZTEHE LIZIRAKRE B T LI
WL, 8000 x g T 1M 0mBEATT 5, buffer AWL & AW2 THEYE L7214, buffer AE
55 pu L TDNA Z¥EMH L7z, fifith U7z DNA (255 6O EE (NanoDrop ND-1000) T & 0D
260/280 LA FHAIL 72,

FNENOBAE SHIH L 72 DNA 2 1 E 4 Affymetrix GeneChip Genome—wide Human 5. 0
(SNP5.0) (Affymetrix )12, BB O 72 F 2 )W > Tong 7 U XA X S47-, FFPE
EANDHI L7z DNA (356 L TR0 mEICH A b tEA TWe/lod, ZhETOmMKA
(Jacobs et al. 2007, Lyons—Weiler et al. 2008, Thompson et al. 2005) (23U TLL
TR T7T 0 b aVOEEZITo7, O AT 2 DNADEZEZ 250ng 75 1 pg T E L,
QHIREEEIC L 5 RIS % 120 23725 over night IZHER L7z, @PCR PFEW D RS HHE|C
W77 V6. PCR OISR ZBM LT, PCR EHOE— 7 A XX 2% T T —RATF LD

EXIKEMBRIC LD 7 AR XD IRE LT,

3-2-3 SNP v A Z a7 LA DF—Z N

BETCOTr =T OEFHRELVBLETFR (V= 2A47) OF —4HI1E Genotyping
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Console 3.0.1 (Affymetrix 1) @ BRIMM-P 7 /LY X A% HNTH LN, KEBRO A
TVEA = a COBERFHIL., 1554172 QC call rate index & JClZHIE L7z,

o B —$ bE L OVLOH fi#HT (SNP 7 L CGH) I, Partek Genomics Suite (PGS) version
6.3 (Partek t1) Z W TIT->7-, Genotyping Console MHEBLNTZT —4 % A4 5B
2. B e =TT DRSO GC EAREBIOMAREZCIC LI ESUbE T 72, 71
— 7 DEFRELHVCEHEEND a v —HuL, F—EBFOEFEHIOhM L7z DNA % %f
T L UTHAT 2T ITIC L o> T T o 70, 2872 b, [AFREIZSH L L7 DNA % %f
LT 272, DNA SELHGIC X DHIENEORY 2T BT HIRRH L0 Th 5, =

v 0 B D E O HIE. PGS @ Copy Number Workflow (23517 % segmentation
algorithm Z W CT{T->72, 2 Z THWOHN/Z/3T A —# (L, minimum marker size % 150

(WEZEME 10). signal/noise ratio 0.25 (BEEfE 0.30) T3 E S 4172, LOH fi##Tix PGS @
LOH Workflow (2315 % Hidden Markov Model algorithm % FH\»CiTii7=, FFPE /5
it E4v7z DNA IR b tEA TW D 72D HIREERET A R 2SR W EEBICAL{E T 2 SNP
DYz ) B A TIIRIEMTH 2 HetER @V (Jacobs et al. 2007), & D7, LOH fi## T
Hnbyx /) 24077 =421, SNP5.0 IZHEHi SN TWb7r—7 D7) T Syl &
Nspl (1= & % HIFREESE AR5 500bp UL FOREBICE ENTWD HDICR- T, R Y 2R

L7,

3-2-4 TE & PCR fi#HT

SNP 7 LA CGH IZ L » Tt &7z a2 v — 5B 2 a4 5 72912, LightCycler 480
Real-Time PCR System (Roche Diagnostics ff) Z V>, SYTO13 (SYBR green I FHE{ElDHL
W) DA v F =T —a LRI K 2 E R PCR AT 21T - 72,

R OB L LT 74 ~v—ty FBRLOBEBEFIZUTDOLEBY TH 2D : ATP-binding
cassette, sub—family A, member 5 (ABCA5, Forward; 5  TGCTGTGGTTCCCATCAAAC3’

Reverse; 5° CATGCCAACACTCGTTCACA3’ ), G protein—coupled receptor 4 (GPR4, Forward;
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5" AGGTGCAGCTGAAGATGCTG3” Reverse; 5’ CTGTGGGATGAGAGGGGAAA3’ ), Frizzled 9 (FZD9,
Forward; 5° TGCCCCTCTCTGGCTACCTG3” Reverse; 5 GGGCACCGTGTAGAGGATGG3’ ), Snail
1 homolog (SNATL, Forward; 5’ CTAACCAGCTTGGAGGTGGG3’ Reverse;
5” AGGGAGGACGTGACTGGTG3™ ), WNEE= > hu—/L & LT, &SEFID SNP 7 LA CGH T &
— BN IE % T & o 7= . Ornithine decarboxylase antizyme 2 (0AZ2, Forward;

5’ CCTTCAGCTTCTTGGGCTTT3’ Reverse; 5° TGGTCCAGGGGATAAACCAT3™ ) ZAHH L 7=,

3-2-5 WEEHENT

7 ABRICBIT D 2 R AR Lk OFS (ChExa b — BB ERET2)
FEHET D720, FIEF OB gain & L <IEB loss &R LD EE (Mb) &~
A70T b ADT =T THN=FTHHMORE S 2,829 Mb TPRL7, FERIZ, 7/ A
BRI T DR EREEE AR LICEROBS (This 7 ) MEEELE LT 5) &it
B 572010, 2 B —BRE 2 R LR O S FHT 2 ©—H0EH 72 LOH Sl 05 3F 2z
TebD%, 2,829Mb T L7z, BVt (Pap #f) & &M (PurePC #£+PCinv #f) B LU
ISR T a—5RER, 7 MMEEEIEDOZDORKEIL, Wilcoxon’ s rank sum test
& 5\ % Kruskal-Wallis chi-squared test (2 CT{T> 7=,

FFPE FEA 54 L7z DNA Z /= SNP 7 LA CGH IZBW\ T, EORERNFnE
BROE & AT HONEHEtT 5720, QC call rate LkEx RNFZ2ET Y ORI
A MW THRE Lz, LR OfEHLBRIZHE 7' = 77 A R (version 2.8.0) %MW\ TAT
biv, PE<0.05 Z#HEHFHIAE S ER LT,

TP L TV LEIBICE EN BB Y A FOFICED L) & 2F>H D
N L EENTODERFIT 572912, Gene Set Enrichment Analysis (GSEA) % H-InvDB
Enrichment Analysis Tool (HEAT) (Yamasaki et al. 2009) (2 THT-o7-. Z DEHTIZEW
TIE. 74 v ¥y —OEMREEREICE D P EN 0.001 RIGORFICHFFHRIAEE S ERL
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3-3 fER
3-3-1 SNPwA 27 a7 LA ~DNAT Y EA B — 3 O

FFPE AN B L7 DNA % SNP v~ A 7 07 LA IINA T XA XS THRLILE
QC call rate 1%, 70.75%7 5 91.93%. V¥ 80.72% Ch~7- (& 3—2, £ 3—3), PCR JE
Mo —2r %4 XE& QC call rate DRENICITAE R IEDHBIZFRY (r=0.85, P<0.0001), 1%
AEAFHIM & IXAOHBE 2RO (r=-0.70, P<0.006) (X 3—2), 7/ & DNA OE|ILE, 7

/ 2 DNA @ 280/260 nm Wt L, PCR EY ORI E L 134 E2BEZ B O o7,

3-3-2 SNP 7 LA CCHIC X W H I N5 7 AEAL & BERIREZHIPT R, & o BFE

SNP7 LA CGHIZL%7 /LT A Fat'—4# - LOH f#fr OfE S, FLIRER PN FLERR IR
BV T TN —THTRERERZRDT (X 3-3), FF 77 L—7HICE T 53—
FLUH RO, Pap FET 0.48% (0.0%7> 5 1.60%), PurePC £ T 7.89% (0.41%7> 5 12.0%),
PCinv #£ T 16.3% (16.0%7°5 16.6%) Th o7z, [FERICST T 7NV —THIZBIT 57 ) A
WEIEZALEOYE)IL, Pap #£T 2.87% (0.0%72>5 11.8%), PurePC AT 15.4% (8.83%72° b
24.1%). PCinv £ C 85.3% (17.6%7> 5 53.1%) Th o7 (& 3—1), EMEHZE (PurePC i
+PCinv Bf) IIHFHFIAEEE o T, BIERA Pap#H) LV oa—HiEEL
70 BEEE R EZ R L (i P=0.036, P=0.016) (X 3—4), EEEE 25 E RN,
R L EIT T DI ONTEL Oa b —HRERL S ) MEEEFEELZ R LTV (1

Z# P=0.046, P=0.043) (X 3—5),
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(a) Papilloma (Pap; n=5) (b) Papillary carcinoma (PurePC+PCinv; n=5)
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3-3-3 EEPCRIZX D SNP 7 LA CGH IZ & % = & — 3 fARAT#E R O FEAT

SNP 7 LA CCHIZ K o T SN a B —HRE 2l 272012, 4 SDOBIEFOaE
— R T 2 E R PCRICE » THT o7 (F&3—4), SNP 7 LA CGH TRz = B —HZE(hid,
ETERBPCRICEL > THERBENTZ, — 7. SNP 7 LA CGH TEALD 2271~ 72 31 T D 5 b,
10 EHTOMNL (29. 4%) TIXER PCR T B —Z L& RD 7=, SNP 7 LA CGH & & & PCR
DFERDO—EHIL 5% Th o7z, BN (PurePC BE+PCinv £f) ([2F1F 5 —ERiT
73.7%. BYERZ (Pap B 12817 5 1L 58.3% Th v | MEHICA B R ERITRD A

molo (P=0.31),

3-3-4 BREOHLFERBTEEIND S/ DELFERICE EN I BET

MR Z (PurePC #E+PCinv ) @ 5610 5 b 3IEFILL E TG SN DT ) AE(LE
Bix 93 i -7, ZOH TR S EEEICIEASINTND @IREFILIE, =80%) 7/ A
ZAbaEk L 8p21.31, 3p14.2, 20q13.13 D 3 @EFT TH YV . Z DOHIZIE 18 [ D RefSeq Ein1
BWEEN TV (3% 3—5), R (PCinv ) OATRDOLND Y/ LAZ{LHEIRIZIT 326
il > RefSeq BIA T FEL TV, ZhbDBERT% GSEA T L2 L 2 A, Bl
fA (GO ID 0000166), ffuf{ziE (GO ID 0007154), ATP ft4 (GO ID 0005524) (254

bHBIGFNELEGEEN TV (3 3—6),
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#F3—4 SNP 7 LA CGH Of5H & & & PCR Oiff R D bt

ABCAS GPR4 FZD9 SNAIL
Case aCGH Light Cycler aCGH Light Cydler aCGH Light Cycler aCGH Light Cycler
Copy number  Relative  Relative  Copy number  Relative  Relative  Copy number  Relative  Relative  Copy numher  Relative  Relative
state ratio” alleles state ratio” alleles state ratio” alleles state ratio” alleles
1 deletion 0.58+0.15 1 diploid 1.33+0.52 3 diploid 1.55+0.23 3 diploid 0.95+0.31 2
2 diploid 0.7640.17 2 diploid 1.05+0.19 2 diploid 1.16+0.37 2 diploid 0.98+0.48 2
3 diploid 0.87+0.08 2 diploid 1.2240.10 2 diploid 1.60+0.22 3 diploid 1.11+0.63 2
4 diploid 2.26%1.10 5 diploid 1.45+0.76 3 diploid 0.91£0.48 2 diploid 1.24%0.70 2
5 diploid 1.14+0.16 2 diploid 0.8620.11 2 diploid 0.80x0.31 2 diploid 0.97+0.13 2
6 diploid 0.97+0.17 2 diploid 1.01#0.12 2 diploid 1.11+0.76 2 diploid 0.96 % 0.66 2
7 diploid 1.64+1.16 3 diploid 0.5240.09 1 diploid 0.83+0.17 2 gain 2.55+0.89 5
8 diploid 0.7940.12 2 diploid 2.4040.39 5 diploid 2.96+0.57 4 gain 1.56% 0.36 3
9 diploid 1.30+0.11 3 gain 4.87+0.38 10 gain 2.8740.29 5 gain 1.78% 0,99 4
10 diploid 1.03+0.32 2 gain 1.860.71 4 gain 1.86+0.31 4 gain 2.03* 1.07 4
#3—5 FIE CHEEICHEF I TV (24/5) 7/ AELHENK
Chromosome  Cyto band  Gene symbol Refseq accession  Description status
3 02131 CACNAZDZ 0060302 calcium channel, voltage-dependent, alpha Copy-Meutral LOH
3 n21.31 3o Mh_016210 hypothetical protein LOCS1161 Copy-Meutral LOH
3 n21.31 HEMK Mh_016173 Hemi methyltransferase family memkber 1 Copy-Meutral LOH
3 p21.31 TISH Mhd_013324 cytokine-inducible SH2Z-containing protein Copy-Meutral LOH
3 p21.31 MAFKAFKS MM_004635 mitogen-activated protein kinase-activated Copy-Meutral LOH
3 021.31 O S Tl 004947 dedicator of cytokinesis 3 Copy-Meutral LOH
3 p14d.2 FANZD Mh_ 138805 family with sequence similarity 3, member D Copy-Mewutral LOH
20 q13.13 KONEBT 004975 potassium voltage-gated channel, Shab-related Amplification
20 q13.13 B4GALTS MM_D04776 UDP-GalbetaGlcMNAC beta 1,4- Amplification
20 q13.13 SPATAZ MM_D0B038 spermatogenesis associated 2 Amplification
20 q13.13 UBEZVT MM_022442 ubigquitin-conjugating enzyme E2 wariant 1 Amplification
20 q13.13 TMEM189-UBE2Y T MNW_199203 TWEM189-UBEZV1 readthrough transcript isoform 1 Amplification
20 q13.13 TMENM 130 MM_ 199129 transmembrane protein 189 Amplification
20 1313 SNAN MNM_0059535 snail 1 homolog Amplification
20 1313 PTGIS 000961 prostaglandin 12 {prostacycling synthase Amplification
20 q13.13 RNF114 MM_018683 zinc finger protein 313 Amplification
20 q13.13 SLC0AS MNM_D15266 sodium/hydrogen exchanger 8 Amplification
20 q13.13 CEBFB MM_005194 CCAAT/enhancer binding protein beta Amplification

-39-



# 3—6 Gene Set Enrichment Analysis (GSEA) i

GO0 Mame Gene Symbal P-valle
0000166  nucleotide binding RBM{Z INTSS, ARLTY, DMPE, RASLITA, ABCAS,  0.000320
STKIOQ, PMEZL3, PABPCE, CPNET, MYH7E, REM30,
CHODS5, TRPC4AAP, COKB, TUBAZC, ATPTE, RAPZ2A,
S5, MYLKZ, DOCKD, ACESZ SEPTO, ABCAS RFC3,
RAGC3, HCK, EIF4H, ATPBAZ, LIMKT, KIF3B ABCAD
THOCH, TEXZ2, RAGE, NCFT, C200rfT712, ELN, MAPZKS,
GTF2FZ DUSTL RFCZ
0007154  cell communication FREMZ WNCFT, SHIPXDZB, SNXS 0.000700
0005824 ATP hinding INTSE, ATPEVOEY, CHDS, TRPC4AP, ATPTE, ABCAS, 0.000793
ATPBAZ
0035091  phosphoinositide hinding PG, SNXS NGFT, SHIPXDZB, 0.00100
0005737 cytoplasm ACOT? ACEEZ, ARHGDIA, BNIPY, CIQTNFO,CANY,  0.00428
DETN, ELN, EPB47{LY, ERRFIT, HGS, KCNABZ, KPN
A3 LIMK?, NDRG3, PABPC3, PARK?, POFUTY, RAG
E, RCATB{, RUFYY, SEPTO, SLAZ SYMPE, TPPZ T
PTY,
0005525 TP binding TRXZ, WNCF{, C20orfii2 ELN, ARLTY, RASLTTA, 0.00517
TUBAZC, RAP2A, DOCKS, BEPTS, RACS
0017111 nucleoside-triphosphatase ABCAQ, NCFY, RFCZ, INTSE, ATPEVOET, ABCAS, 0.00524
activity CHDB, TRPG4AP, TUBASG, ATPTE, RAPZA, SEPTS
ABCAR, RFC3 RACS, ATPBAZ
aons242  inward rectifier potassium KONSTE, KONJSZ 000676
channel activity
0007264  small GTPase mediated ARLTT RACS3 RALGRSY, RAFZ4, RASLYYA, RINZ  0.00716

signal transduction

* 30 IDx the ID assigned in the Gene Ontology project (hitp:/fwarw geneontology org!

- 40 -



3-4 HE

AWFFETIL SNP 7 LA CGH &\ 9 FHlOERFILEZ AVT, HIRERN LI ES O
MBI PR T 0 7 7 A L E B BN LTz, SEIOFRRN S AREBOBMWRES & 5 FRE
DT ) DEAERD DN EMWIRED I N LV ZL DY ) LB ERT 52 ERP LN
o7, ZNETO FISH 8LV CGH IZ L B a v —H@iro~A 7 a¥ 774 h~—h—%
MV 72 LOH T AR E SN2 SISO 2L LRI T & 220 izt L, Fex O W= Tkl
T LA RICBERIET 2 Z &R TH o7,

FFPE A Gt S 724tk L7 DNA ZFH L7272, 5 5117z QC call rate 15 dh
72 DNA ZFIH L7256 L TR o 72, D72, DNA OEIC K5 ELMZ % H
HICTRTIRIT 24TV, &7 DA DB E 2T D B % 38 INT D R M2 RE LTz, E &
PCR IZ L 2ff#T & D TlX, BEIZLE LB OORmVEREL R LI, £/, #9770
—NZBINT DIRRE - FR R I B R AR T, A R0 BEMERE IS T D 2ERIT 5 -
OMEIZERT D L O TIE W EBZ N5,

I E TOARREOMILEARFAIDIIE T, LB 1p OHEFR L O 16q DKL E 1T
LOH MEMEEIZR S5 &S X Tu/- (Di Cristofano et al. 2005, Tsuda et al. 1997,
Tsuda et al. 2001, Lininger et al. 1998), AH#FFETH Zi & OZALILFE AL IZFRD = n3,
L VEHEEICROND AL E LT 3p21.31 & 3pld. 2 D=2 B —HRNIEH 72 LOH &, 20q13. 13
DHMEAA SN o7z, BKIRNZ L2, 2O v 7 7 A VI TFHREBGRAE S VD KV
I TPHRARRAFEO L DIZUTV (Boecker et al. 2001), F£7=. FEMPNELIERE THiRE Atk
5 b DIZRRERI 2 ) DAV AFAE T 285 11 I~ O G- MIIa N o 7 ) AR E
B2 B DONRLNZ & DS GSEA DFERIA L NS> T2, ZH B DEMZFREFRIT OV T,

BB EDLRLMFIZED TN RIT IR B 720,
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FAE RELSERORE

AFZBNTIE, 2B 1 B TR FLELIRIES 0 SEMIERIR (Z 36 1T 2 IR, FLMRIES
ZBT DT ) AARZEMEDESR., THUTKT 28 LW — 1 & L TO&EEE SNP <A
sy LA LZEORRR, KT OFFED BANZ DUV TRHIZHEMT LT,

52 W TIIH L7 DNA # S E SNP v A 7 a7 LA A L7l & LT, b4l
H U7z DNA # Wiz, FHEWEM AVM F52 07 ) AU A REEHENT O &2 2R LT, i
e 7 e b a2 TR kI EmE R/ 5 DNA i+ 2%ic kv, £/ 5
ONTAERPOFER EOFEZRS KO T — X EZ1T 5 Z LIZ Lo TIRAE &~ 72
7 KU A RESHENTIIFTRE CH o 72, IR THD TORATH D, SNP v 7 1
T A N T ) DU A REEMEAT IR EBE RS O FEICOWTIRFICA M2 FiE
Th D0, B & & 572 DIIIFmE SN OBIROMNTE~DOSIMAEE gL 2D, L
DU S ORAESRBEICMA LT D e E TR MM EORE R G LN LITR R
BRE N D, £ DORRIRIFIZ, BE CTREICEA T 2 F TE, #ill TROIBIRAFED /TREZR IR
ZOMMAIIFEFEIHER T EBZ26ND, 2 E TRMMEEIO ATFREEIZ LV i sh
Tz, D e FHEMERBA~OBEIGE X OFTHE B ETER T OB AZHR LV,

# 3 B CITAMERNABRIEL ICHB1T 5, FFPE AN G HH L7 DNA ZvWe, &
BESNP~A 707 bAICkDY 7 2V A Fa ™ —H/LOH T OB AR Lz, 1556
N7=7 L4 CGH O RITE M E 7 DNA ZHW G S LD E /A ZADZNEDTh -
7o L2 L. [F—® FFPE 7' v v 7 NOEEMI DNA 237 A& LTHW 3, |
LRIFREIZH L L7- DNA Z %t & L C DNA B O Y 1 KBRS E O D OB T
HLHTFEEL BONTT =X OFGHLIRIZE Y | /A ZADZWEROHT NG AR EHRE
T2 Z EMARETH o7, TORER., 7 AARLEEOBLEN 1L, FLIRERNFLIER
NSO FLIEIL - & 2 ERNE CTH 7o & LTH  BHABE L RE7ZENRH D Z & A

ST oTe, TR ORAN D, ERIEARLZ o= B —% - LOH T (Z & - TR
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BAEVEOBW DS /IREIC 72 0 RM BRI BRI ADNRES DL D ATREEA VR STe, S b
R72T7T =4 7L LTRSS TS FFPE EAZIEMNT 25 Z LIk 2Ok
BlEEIZHOWTh v A 7 a7 LA WS ) AARZERDE R RN T ATREL 72D |

FOTRAF - IGFRARTHRFORRLICEMRT 2 b0 L Ebh s,

AWFFED T —~ (LR FERI N FLEDR IR 28 A 72013, —FUBAVRHE & LT 2 DfES DO
BN, BUR AR ST Th D, B LTIREIEIZ L D, UIBREARDOZENIZ L - TH

FIEp

£

?ﬂ

FLEAED W S5 28, M TRWABEDO HIZIIFC L SICAATLE I, £D X
IIFEBNZIBNT S, 7 LA CGH &9 HHi DY — v & W T MBS PRI I, #ED3
RTHEDNDORREZP LN Lz, ZIUTRIZ L > TEEX ThH o 7o, BRROBSIZIT72<
SAD 2] PN THDIR, ZOEZITHKESNZEETHD, LirL, TOHITIE
RERFERICED DO NBEZENTNDIET TH D, — 5T, B0 T A A
HTHY | URENTIARFTREE B 2 b TWe 2 & RIS REL 7R —fRfbSn D, il
RS L Uik, BUED IR TR TR 5> TWTC, EDORRREIT IS FIRETH D DD EH I
ik LoD, Hx DR THEBET S (728 2] 25K L TIFRICET TS IRLETEH

HERY 2D XD BMERFIENRD F T AL —2 g L B—FIZE RN - TN b
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i

AW SINTANTZBE B L OB FEHEDOERICTRH N L E T,

PR REUCEAE U CIER 2 FF TR L QU RS, RBP4 (B - bR i o &b
TERSMEHER) LT ek (Bl - R R PR TFBEEMIGIR 70 BHEREIR) (2R 200 T
EW-BETREFOMR LMD Z LN TEE Lic, RYICHHS ZSWE L, ZORD
LEUEIZE 2 T THIIGERAA (BT - RIFRZERFR NS 28R, B - JLipE ER R
FR) WIEATIC D> TE R TP ETES | REEH N L TEY 3, K¥BIC
LCinbid, HilF AL (RIFRERFERNERIR AR EEIR) LATRELE (RIFX
FNERARFBEDZ) (TN OMETITREW S E L, EORHELHET £, &
FRERLSEAE (B - S ADETSHOFLERR) &IESG s B RigR7 MR
B o ZEEICLY . FIEMMENREE OB 2175 Z LN TEE L, HUALD
TEWVE LTz, NEBEFHETOMELT A LTV i2W ek 2R A (RIGR RS
) & EEPIEGIZHRHE L TV 72V REFPEEA (RIGRFESINIE) 1TI3 K%
H L TR £, REBEAEDHAET | HRE O RIEEFES A AWHEES A JIBERRK
TS A, BT ORIET S AT A OB HR CREBHEFIC RV E L, AHE TS 0EL
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Familial arteriovenous malformations (AVM ) in the brain is a very rare disease. It is defined as its occur-
rence in two or more relatives (up to third-degree relatives) in a family without any assodated disorders,
such as hereditary hemorrhagic telangiectasia. We encountered a Japanese family with brain AVM in
which four affected members in four successive generations were observed. One DNA sample extracted
from leukocytes of the proband and ten DNA samples from clipped finger nails of other members were
available. A genome-wide linkage analysis was performed on this pedigree using Affymetrix GeneCip
10K 2.0 Xba Array and MERLIN software. We obtained sufficient performance of SNP genotyping in the
fingernail samples with the mean SNP call rate of 92.49%, and identified 18 regions with positive LOD
scores. Haplotype and linkage analyses with microsatellite markers at these regions confirmed three
possible disease-responsible regions, ie, 5p13.2—q14.1, 15q11.2—q13.1 and 18p11.32—p11.22. Sequence
analysis was conducted for ten selected candidate genes at 5p132—q14.1, such as MAP3K1, DAB2, OCLN,
FGF10, ESM1, ITGA1, ITGA2, EGFLAM, ERBB2IF, and PIK3R1, but no causative genetic alteration was detected.
This is the first experience of adoption of fingernail DNA to genome-wide, high-density SNP microarray
analysis, showing candidate brain AVM susceptible regions.

© 2010 Elsevier Masson SAS. All rights reserved.

1. Introduction

per 100,000 person years [7,10]. Although most cases of AVM are
sporadic, a total of 53 patients from 25 families have been reported

Arteriovenous malformation (AVM) in the brain is a disease
defined by the presence of arteriovenous shunt{s) through a nidus of
coiled and tortuous vascular connections between feeding arteries
and draining veins within the brain parenchyma [ 10]. This vascular
malformation is thought to be congenital, and develops before or
after birth [7] from a residual of the primitive artery—vein connec-
tion. Its most common symptom is intracranial hemorrhage with an
estimated risk of 1.3-3.9% yearly after the diagnosis of AVM [4].
Other signs may include intractable seizures, headache and ischemic
steal syndrome. The prevalence of AVM is estimated to be approxi-
mately 0.01% and the detection rate ranges between 1.12 and 1.34
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[27]. Familial brain AVM is defined when it occurs in two or more
relatives (up to third-degree relative) in a family without associated
disorders such as hereditary hemorrhagic telangiectasia (HHT), is
autosomal dominant multisystemic vascular dysplasia [9,27]. It is
plausible that familial cases are more frequent and could be over-
looked because of asymptomatic conditions in other relatives.
Although several causative genes have been elucidated in some
heritable syndromic AVM [2,3,56,12,13,1720,21,2326], molecular
genetic studies of familial or sporadic AVM remain scant HHT type 1
(HHT1)and HHT type 2 (HHT2) are known to be caused by mutations
in ENG at 9g34.11 and ACVRLI (or ALKT) at 12q13.13, respectively
[12,17]. Mutations in RASAT at 5q14.3 cause capillary malformation-
arteriovenous malformation (CM-AVM) [3,6,202126] characterized
by small, round-to-oval, pink-red and multiple OM: one-third of CV-
AVM patients also has fast-flow lesions such as AVM. Mutations in
PIEN have been implicated in PTEN hamartoma tumor syndromes
including Bannayan—Riley—Ruvalcaba syndrome, in which AVM
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occasionally presents [23]. Three genes, KIRITT (CCMT1 ) [13] at 7g21.2,
MGC4607 (COM2) [5] at 7p13 and PDCDI0 (COM3) [2] at 3q26.1, are
responsible for cerebral cavernous malformation (hamartomatous
vascular malformations). On the other hand, regarding familial AVM,
only two linkage analyses using 6 small families have been published
by a research group [11,25], showing seven possible disease-respon-
sible regions, i.e, 6q25 with the highest LOD score, 3p27, 4q34, 7p21,
13g32—qg33, 16p13—g12 and 20q11—q13, but failed to identify the
causative mutation. In sporadic brain AVM, microarray study showed
that the VEGFA, ITGAS, ENG and MMP9 genes that may involve
vascular development or maintenance, are highly expressed in AVM
compared with normal brain parenchyma [8,22,24].

Here we report results of a genome-wide linkage analysis on an
AVM family with four affected members in two successive generations.

2. Materials and methods
2.1. Subjects

A Japanese family consisting of 19 members across four gener-
ations included two patients with brain AVM, one patient with

pulmonary AVM and one patient with both brain and pulmonary
AVM (Fig. 1). The proband (l11-3) first exhibited intractable epilepsy
at 13 years old and was diagnosed by magnetic resonance imaging
(MRI) as having a brain AVM of 2 cm in diameter located in the right
frontal lobe (Fig. 2). Chest X-ray at the first visit detected a nodular
shadow in the right lower lung field, and a diagnoses of pulmonary
AVM with a 24% of shunt-rate was made following angiogram made
(Fig. 2). This was resected when the proband was 14 years old. The
proband's brain AVM was treated by gamma knife surgery when
she was 19 years old, followed by treatment with antiepileptic
medication. Her mother (1I-3) died of intracranial hemorrhage due
to brain AVM, and the maternal grandfather (I-1) died of a cancer.
Another patient (I1I-5) had asymptomatic brain AVM, which was
accidentally diagnosed by MRI His father (II-5) had pulmonary
AVM instead of brain AVM. These four members were assigned
to “affected”, six members (1I-6, 1lI-1, 1I-6, IlI-7, IV-1, and IV-2)
without AVM confirmed by MRI were “unaffected”, and the
remaining three (I-2,11-1, and IV-3) who were not assessed by MRI
but had neither past history of recurrent epistaxis or gastrointes-
tinal tract bleedings were “unknown". None of the members had
any AVM-related diseases, such as HHT. Evaluation of cutaneous
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Fig. 1. Results of haplotype analysis at polymorphic loci in four regions, 5q13.2-q14.1,15q11.2-q13.1, 18p11.32-p11.22 and 19q13.3-q13.42 Underlined individuals indicate those
examined by MR, and DNA was unavailable from individuals without haplotypes. Polymorphic alleles are numbered and candidate disease-associated haplotypes are shown by
dotted baxes. Primer sequences designed for CA repeat amplification are available in Supplementary Table,
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Fig 2 Imaging of the brain and pulmonary AVM in the proband. (A) MRI scan and MR angiogram of the proband. The AVM is located right frontal lobe measured 2.0 = 1.3 cm.
(B) Pulmonary angiograms of the proband. The pulmonary AVM is located in the right lower lobe (riS8b) with 24% of shunt-rate.

lesions was conducted by examination of the proband and by
detailed interview of the other family members by the proband and
her sister (IlI-1), who is nurse. Atotal of 13 members participated in
this study under informed consent. All experimental procedures
for this study were approved by Committee for the Ethical Issueson
Human Genome and Gene Analysis in Nagasaki University.

2.2, DNA extraction

As a blood sample was available only from the proband, clipped
fingernail samples were obtained from 10 of the other 12 members
instead. Genomic DNA was extracted from the fingernails using
abuffer solution containing urea, DDTand proteinase K, as reported
previously [16,18]. Briefly, clipped fingernails were once frozen in
liquid nitrogen and crushed into fine powder using Multi-beads
Shocker™ (Yasui Kikai, Osaka, Japan). The nail powder was lysed in
a urea-lysis solution (2 M urea; 0.5% SDS; 10 mM Tris—HCI, pH 7.5;
0.1 M EDTA) containing 1 mg/ml proteinase K and 40 mM DDT at
55 °C overnight. Nail DNA was extracted with phenol/chloroform,
and precipitated with ethanol and sodium acetate. Precipitated nail
DNA was dissolved again in extraction buffer (0.5% SDS; 10 mM
Tris—HCI, pH 7.5; 0.1 M EDTA) containing 1 mg/ml proteinase K, and
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incubated at 55 “C overnight. DNA was purified again as above, and
was suspended in 30 pl of 1« TE buffer.

2.3. SNP genotyping with Affymetrix 10K 2.0 array

Blood DNA (250 ng) was processed according to the standard
protocol provided by the GeneChip Mapping 10K Xba Assay Kit
(Affymetrix, Santa Clara, CA). Fingernail DNA was processed in
a similar manner but with the two following modifications to adapt
to the oligonucleotide microarray system [15]. Prolongation of
digestion time from 120 min as the standard protocol to overnight;
and increase of the PCR cycle number from 35 to 45 cycles. Data
acquired from the Affymetrix GeneChip Operating System were
analyzed using the Affymetrix GeneChip Genotyping Analysis Soft-
ware (GTYPE) 4.0 to call genotypes.

24. Linkage analysis with SNP-genotype data and haplotype
analysis with microsatellite markers

Multipoint LOD scores were calculated using MERLIN software
[1], under an assumption that AVM in the family is transmitted in
an autosomal dominant mode with reduced penetrance (p = 0.9)
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and with the disease allele frequency of 0.001. At loci with a posi-
tive LOD score by the GeneChip genotyping, possibly disease-
associated haplotypes were constructed using SNP calls.

When SNP information was not informative, microsatellite
markers were used for genotyping. Microsatellite markers used were
referred to the National Center for Biotechnology Information (NCBI)
database. One each of primer pairs for the markers was labeled with
FAM, HEX, or NED (Supplementary Table 1), and PCR was performed
in a 10 pl mixture containing 5 ng genomic DNA; 0.25 U ExTag DNA
polymerase HS-version (TAKARA Bio Inc., Kyoto, Japan); 200 pM
dNTP; 0.5 pM primer; 1x ExTag buffer on the T1 Thermocycler
(Biometra, Goettingen, Germany). PCR products were separated on
Genetic Analyzer 3130xl (AppliedBiosystems), and genotyping was
carried out using GeneMapper software (AppliedBiosystems). At the
regions where the affected individuals have a disease-associated
haplotype, two-point LOD score was calculated by MUNK program
(included in FASTUNK software version 4.0P) [14].

2.5. Mutation analysis

Some genes located within candidate regions identified by
the linkage analysis were selected for further mutation analysis.
A few other genes, albeit outside the regions, were also subjected to
mutation analysis. Primer pairs for such genes were designed using
Primer3-web 03.0 (http://frodo.wimit.edu/primer3/input.htm),
according to their genomic sequences retrieved from the University
of California, Santa Cruz (UCSC) Genome Browser Home (http://
genomecse.ucscedu/). PCR was carried out in a 15 pl reaction
mixture containing 5 ng DNA; 0.25 U ExTag DNA polymerase HS
version; 200 mM dNTP; 0.5 pM each primer; 1x ExTag buffer
on the T1 Thermocycler. PCR products were subjected to direct
sequencing, using BigDye Terminator v3.1 Cycle sequencing Kit
(AppliedBiosystems) and Genetic Analyzer 3130xl. Electrophero-
grams of sequences were aligned with ATGC software (GENETYX
Corp., Tokyo, Japan) to inspect base alterations.

Chromosome 5

247
2.6. Search for genomic aberration

To search for copy number change within the candidate loci
identified by linkage analysis, we used Affymetrix® Genome-Wide
Human SNP Array 5.0 (920,568 probes; Affymetrix). Genomic DNA
extracted from white blood cell of proband was processed according
to manufacture's protocol. Intensity data from each probes were
obtained from Affymetrix® Genotyping Console 3.0 as a CEL files.
Unpaired copy number analysis of whole genome was carried out
using Partek Genomics Suite (Partek, MO, USA) and regions with
copy number change were determined by Hidden Markov Model at
default settings.

3. Results
3.1. Linkage and haplotype analyses

The mean SNP call rate was 92.49% in 11 fingernail DNA samples,
compared to 98.11% in a blood DMNA sample from the proband.
Incorrect SNP calls may result in seemingly inconsistent parent—child
transmissions, but the call rates obtained are actually enough for
further studies. We thus advanced to calculate LOD scores using these
data.

The linkage analysis using MERLIN software revealed 18 regions
with positive LOD scores (=0.00). Of the 18 regions, 14 with the
following conditions were excluded: those without any functional full-
length RefSeq genes; those in small size (<200 kb); and those in which
some affected members did not have a common haplotype. Conse-
quently, four loci, 5p13.2—-q14.1,15q11.2—q13.1, 18p11.32—p11.22 and
19gq13.33-q13.42, remained as possibly linked regions (Figs.1 and 3).

We then genotyped with microsatellite markers and calculated
two-point LOD scores, considering the affected, unaffected, and the
unknown family members. We confirmed three of the four candi-
date loci. They were a 48-Mb region between markers rs1366265
and rs1373965 at 5p13.2—q14.1, a 6-Mb region between rs850819
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Fig. 3. Multipoint LOD scores calculated by MERLIN in four chromosomal regions, 5q13.2-q14.1, 15911.2-q131, 18p11.32-p11.22 and 19913.3-q1342.
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and rs818089 at 15gq11.2-q13.1, both giving the maximum two-
point LOD score of 1.632 (f = 0), and a 9-Mb region between
rs486633 and rs1942150 at 18p11.32-p11.22 with the maximum
LOD score of 0.851 (# = 0) (Table 1). As a possibly disease-associated
haplotype on 19g13.33-g13.42 was transmitted to two definitively
unaffected individuals (IlI-6 and IV-1), chromosome 19 was ruled
out from the candidacy (Table 1, Fig. 1).

3.2, Mutation analysis of candidate genes

Within the 48-Mb region at 5p13.2—-q14.1, there are about 200
RefSeq genes. Ten (MAP3K1, DAB2, OCLN, FGF10, ESM1, ITGAI, ITGA2,
EDFLAM, ERBB2IF, and PIK3R1) from these genes were focused and
selected as candidates for brain AVM, since they concern develop-
ment or maintenance of vessels, are associated with other heritable
vascular disorders such as HHT, or are expressed in the brain
with AVM [8,22 24]. Mutation analyses in these 10 genes revealed
no pathologic mutation in the proband, although other affected
members were not examined because of insufficient amount of their
DNA. Although the genes endoglin isoform 1 precursor(ENG), activin
A receptor type Il like 1 (ALKT) and RAS p21 protein activator 1
(RASAT) are not located in the candidate region, we investigated
whether any of them are involved in the etiology of AVM in the
family as a partial symptom of HHT or AVM-CM. Direct sequencing of
these three genes failed to show any causative variants.

Copy number analysis of proband revealed one increased copy
number loci at 12q and decreased at 2p, 3q, 4q, 6p, 7q and 22q (data
not shown). But all these alterations were reported previously
as copy number polymorphisms (http://projects.tcag.ca/variation/)
and out of our candidate loci. In addition, neither deletions nor
microdeletions were detected at 9q34.11 of ENG, 12g13.13 of ALK1
and 5q14.3 of RASAL

4. Discussion

We have reported a family consisting of two affected members
with brain AVM, one with pulmonary AVM and one with both brain
and pulmonary AVM. The condition in this family met the criteria of
familial brain AVM and seems to be inherited in an autosomal

Table 1
Two-point LOD scores for brain AVM at various loci.
Locus Recombination fraction (#)
0.00 0.01 0.02 003 004 0.05
AVMS pl1 TxAC 0.032 0.030 0.029 0027 0.026 0.025
D55418 0.551 0535 0518 0501 0.484 0.467

AVMch5p2 5xAC 1.334 1301 1268 1234 1.201 1.167
AVMS pri8xGT 0.511 0491 0472 0452 0.433 0414
AVMch5c27xGT 1.630 1.597 1564 1531 1.497 1.463
AVMSC18xAC 1.373 1344 1314 1285 1.255 1.225

D55407 1.632 1599 1.566 1532 1.499 1.465
D55647 1.154 1.121 1.089 1056 1.023 0.991
AVMS5qrigxCA 0.810 0.750 0.769 0.748 0.727 0.706
D1551021 0171 0.164 0.157 0.150 0.143 0137
D155128 0.876 0.858 0841 0823 0.805 0.787
D155986 0812 0.791 0770 0.749 0.728 0707
D155975 0.400 0387 0374 0361 0.348 0.335
D1551002 1.330 1298 1266 1234 1.202 1.170
D1551019 1.632 1599 1.566 1532 1.499 1.465
D18559 0199 0214 0225 0234 0.241 0.246
D185459 0142 0.136 0131 0125 0.120 0114
D1851132 0677 0663 0650 0636 0.623 0.609
D185452 0.851 0832 0813 0.794 0.774 0.755
D185471 0.240 0231 0222 0214 0.205 0.197
D195927 —0302 -0277 -0254 -0234 -0216 -0.200
D195418 —2655 -2453 -2257 -2078 -1919 -1778
D195605 —0.648 -0574 -0512 -0460 -0414 -0374
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dominant mode. We tried to assign the location of a putative
disease-gene by linkage analysis and search for mutations by
subseguent candidate gene approach.

The linkage analysis of the family revealed three candidate
regions (5p13.2—-gl4.], 15g11.2—-g13.], and 18p11.32-p11.22) with
relatively high LOD scores of 1632, 1632 and 0.851, respectively
(Table 1). However, neither region was conclusive. This insufficient
mapping may have arisen from the small pedigree size, and/or from
incomplete ascertainment of affected members, e.g., probable exis-
tence of asymptomatic affected persons among the “unknown”
members. Indeed, as for a candidate locus at 5p13.2—ql4.1, the
proband's maternal grandmother (I-2) and son (IV-3) had a haplo-
type common o the three affected members (Fig. 1), but they were
fallen into the “unknown” individuals. If DNA from [V-2 was available
and if MRI examinatons of VI-3 and I-2 were carried out, we would
have obtained more definitive results. As we performed linkage
analysis using high-density SNP genotyping, 14 small regions not
containing RefSeq genes or miRNAs showed a positive LOD score. Itis
possible that an unidentified transcribed RNA in one of these regions
could cause familial AVM, but these regions are candidate loci with
a lower priority than those containing known genes. Thus, the three
regions have remained at present as the equally possible loci for AVM.
The three regions do not overlap with a previously reported candi-
date locus of familial brain AVM, i.e, 6p25 [11], and do not contain
genes responsible for syndromic AVM (heritable disorders involving
AVM) or cerebral cavernous malformations, such as ENG [17], ALKT
[12], RASAT [3,6,20,21,26], and PTEN [23], KRITT [13], MGC407 [5],
PDCDI10 [2].

We then searched for mutations in 10 genes within 5p13.2—ql4.1,
among which MAP3KI, DAB2 and OCN encode proteins playing
roles in the TGF-fi signaling pathway, and FGF10, ESM1, ITGAT, ITGAZ2,
EGHLAM, ERBB2IP and PIK3R1 were those expressed in brain AVM
tissues by previous microarray analysis [8,22,24]. Nevertheless, no
pathologic mutation was found in any of them. Because the presence
of both brain AVM and pulmonary AVM in this pedigree is reminis-
cent of Hereditary Hemorrhagic Telangiectasia, we analyzed ENG and
ALK1 for mutations and genomic aberrations, which may cause HHT1
and HHT2 respectively [1217]. The proband did not have any muta-
tions in the coding exons or intron/exon boundaries of either gene,
nor any genomic aberrations at those loci. We also analyzed RASAT
because this may cause CM-AVM, which is characterized by multiple
CM and AVM [3,6,20,21,26]. No causative mutation or genomic
aberration was detected in the proband. Although other genes, such
as KRIT1, MGC407 and PDCD10, have been shown to cause slow-flow
lesions i.e., cerebral cavernous malformation [2,5,13], they were not
investigated in the present study, because the clinical manifestations
in our family did not meet the criteria for these diseases.

Participation of family members and compliance with guide-
lines for human genome researches are critical to conduct a linkage
analysis. Whole-blood samples cannot occasionally be available
in some family members because of their far domicile. In such
the case, fingernail DNA is useful, since clipped fingernails can be
mailed in a usual way, and stored long at a room temperature, as
indicated previously [16,19]. The present study is the first experi-
ence to adopt fingernail DNA to genome-wide high-density SNP
microarray analysis. The performance obtained from fingernail
DNA was sufficient, showing all SNP call rates of =86%. According to
the manufacture’s protocol, samples with an SNP call rate of <85%
should further be evaluated before including the data in down-
stream analysis. Incorrect SNP calls may make serious problems in
linkage analysis. For instance, SNPs with parent—child transmission
inconsistency may be omitted, leading to a reduced LOD score.

In conclusion, we have assigned the familial AVM locus to
three alternative regions, 5p13.2-ql13.2, 15q11.2—q13.1 and
18p11.32-p11.22, by a genome-wide, high-density, SNP-based
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linkage analysis with fingernail DNA in an AVM family. However,
mutation analyses of some genes in the regions failed to identify
any pathological changes.
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ABSTRACT

Purpose: Intracystic papillary breast tumors consist of benign papilloma, carcinoma in
situ and carcinoma with invasion. Using high-density single-nucleotide polymorphism
arrays, this study aimed to determine the profile of genomic alterations in these lesions
and to identify novel diagnostic criteria. Methods: Ten samples of intracystic papillary
tumor, which included five papillomas (Pap), three papillary carcinomas in situ
(PurePC) and two papillary carcinomas with invasion (PCinv), were studied. DNA was
extracted from tumor and normal tissues that were microdissected from the same
formalin-fixed paraffin embedded blocks. Using probe intensity and genotype data from
high-density oligonucleotide SNP microarrays (Affymetrix® GeneChip Genome-wide
Human 5.0), paired copy number and LOH analysis was performed using Partek
Genomic Suite Software. Results: Quality control (QC) call rate, which is an index
measuring the quality of a SNP microarray experiment, ranged from 70.75% to 91.93%,
mean 80.72%. The mean total genomic alteration rate (sum of amplifications, deletions
and copy-neutral loss of heterogeneity) with respect to the whole genome was 2.87%,
15.4% and 35.3% in Pap, PC and IDC, respectively, and was significantly different
between samples (Kruskal-Wallis chi-squared test, p = 0.043). The most commonly
altered regions (> 4/5) in papillary carcinoma were copy-neutral loss of heterogeneity at
3p21.31 and 3pl14.2 and amplification at 20q13.13. Conclusions: Among intracystic
papillary breast tumors, malignant tumors, including non-invasive tumors, which are
difficult to diagnose histopathologically, harbor significant genomic alteration. Our
findings may aid clinical management of these tumors and may provide insight into

their carcinogenesis.
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Intracystic papillary breast tumors (ICPT) consist of benign papillomas, carcinomas
in situ and carcinomas with invasion, and they account for approximately 10% of benign
breast tumors and less than 1% of malignant tumors, respectively (1, 2). In breast
lesions, indication for surgery is usually determined by pathological diagnosis together
with radiological findings but differential, preoperative diagnosis of papillary carcinoma
from papilloma is very difficult, even following needle biopsy (3) because of their
non-specific radiological characteristics and their modest cytological and histological
appearance (4). To avoid excessive surgical intervention, another diagnostic procedure
needs to be developed.

Cytogenetic studies of breast papillary tumors are limited and cytogenetic differences
between papillomas and papillary carcinomas are still controversial. Tsuda et al. (5, 6)
reported that papillary carcinomas have frequent changes in gene copy-number and loss
of heterozygosity (LOH), while papillomas did not show any gene copy-number
alteration or LOH at 16q and 1q. Boecker et al. (7) also reported that conventional
comparative genomic hybridization (CGH) did not reveal any gene copy-number change
in papillomas. On the other hand, Lininger et al. (8) and Cristofano et al. (2)
demonstrated that LOH at 16p or 16q was frequent in both papillomas and papillary
carcinomas.

The purpose of this study was to determine the profile of genomic alterations in
breast ICPT and to explore the possibility of using high-density oligonucleotide SNP
arrays as the basis of a novel diagnostic method of ICPT. Ten formalin-fixed
paraffin-embedded (FFPE) breast ICPT were obtained from the Department of
Pathology, Nagasaki University Hospital. The samples included five benign papillomas
(Pap), three papillary carcinomas in situ (PurePC) and two papillary carcinomas with

invasion (PCinv). Pathological diagnosis was independently determined by two
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pathologists. Clinicopathological findings of these tumors are provided in Figure 1 and
Table 1.

Extracted DNA from each sample was processed following the manufacturer’s
protocol and hybridized on Affymetrix GeneChip Genome-Wide Human SNP Array 5.0®
(Affymetrix, Santa Clara, CA, USA). The QC call rates, which is an index measuring the
quality of a SNP microarray experiment, obtained from the FFPE samples were from
70.75 to 91.93 %, with a mean of 80.72 % (Table 1), which was comparable to the results
from former cytogenetic studies using DNA extracted from FFPE samples(9-11).

Copy number change and LOH analyses (called here SNPaCGH) were conducted
using the Partek Genomics Suite (PGS) version 6.3 (Partek, St. Louis, MI, USA). To
estimate the total rate of a copy number changed region, each segment amplified or lost
was summed and divided by 2,829 Mb, which is the total Mb in the genome, excluding
heterochromatic, centromeric and telomeric regions not covered by probes. Similarly, to
estimate the total rate of genomic alteration, the sum of segments with copy number
change and copy number neutral loss of heterozygosity (CNLOH) was divided by 2,829
Mb. To validate the copy number change identified by SNPaCGH, quantitative PCR
assays were performed on a LightCycler® 480 Real-Time PCR System (Roche
Diagnostics, Mannheim, Germany) at four selected loci, including independent genes
(Supplementary table 1).

In SNPaCGH analysis, substantial divergence was observed between each ICPT
subtype (Figure 2). The mean rate of copy number change was 0.48% (from 0.0% to
1.60%), 7.89% (from 0.41% to 12.0%) and 16.3% (from 16.0% to 16.6%) in Pap, PC and
PCinv, respectively. The mean rate of genomic alteration (including copy number change
and CNLOH) was 2.87% (from 0.00% to 11.8%), 15.4% (from 8.83% to 24.1%) and 35.3%

(from 17.6% to 53.1%) in Pap, PC and PCinv, respectively (Table 1). Malignant tumors
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(PurePC and PCinv) showed significantly more copy number changes and genomic
alterations (copy number change and CNLOH) than benign tumors (Pap) (Wilcoxon’s
rank sum test, p = 0.036, 0.016 respectively) and these differences correlated with their
malignant phenotype (Kruskal-Wallis’ chi-squared test, p = 0.046, 0.043, respectively).
The real time qPCR analysis to validate the copy number state in SNPaCGH
demonstrated sufficient specificity, thus all loci showing alteration in SNPaCGH were
confirmed by real-time qPCR (Supplementary table 1). On the other hand, at 31 loci
from the ten samples, where SNPaCGH showed the copy number state as disomy, ten
loci were revealed to have a copy number change by real-time qPCR. At regions
determined to be disomy by SNPaCGH, 70.6 % were determined by qPCR to be two
copies. Previous studies have documented that the most common genomic alteration in
papillary carcinoma is amplification on 1p and deletion or LOH on 16q (2, 5, 6, 8). Our
study revealed chromosomal regions at 3p21.31, 3p14.2 and 20q13.13 were commonly
altered (> 4/5) among five carcinomas in addition to deletion or CNLOH on 16q (> 3/5)
(Figure 2, Supplementary table 2). The significance of 3p and 20q are currently unclear
but require further investigation.

In summary, we have elucidated significant differences in the molecular-cytogenetic
profile between papilloma and papillary carcinoma. Thus papillary carcinoma harbored
significantly more genomic alterations than papilloma, even though papilloma had a
number of genomic alterations, and the rate of genomic alteration correlated with
pathological malignancy classification. These genome wide findings could not be
obtained by conventional cytogenetic study such a fluorescent in situ hybridization or
conventional CGH. Our findings may aid clinical management of breast ICPT and may

provide insight into their carcinogenesis.
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FIGURE LEGENDS

Figure 1. Hematoxylin-eosin stain in intracystic papillary tumors (Original
magnification x40). A-C, Intracystic papilloma (A: case 1, B: case 2, C: case 3). D-F,
Intracystic papillary carcinoma in situ (D: case 6, E: case 7, F: case 8). G and H,

Intracystic papillary carcinoma with invasion (G: case 9, H: casel0).

Figure 2. Graphic display of whole genomic alterations in papilloma (a) and papillary
carcinoma (b). The color bar over each chromosome indicates copy number
amplification (green color bars), copy-neutral LOH (blue color bars) and deletion
(brown color bars) for each case. Papilloma includes 5 cases of Pap (a), and papillary

carcinoma includes 3 cases of PurePC and two of PCinv (b).
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FIGURES

Figure 1.
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Figure 2.

(a) Papilloma (Pap; n=5) (b) Papillary carcinoma (PurePC+PCinv; n=5)
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Table 1. Characteristics of ten mtracystic papillary lesions

Clinicopathological fidings

Genetic findings

Case Diagnosis  age  Size of cyst MG us FHALZ Receptor status Qc call rate ratio of CHC ratio of genamic alteration
(mim) (normaltumar)

1 Fap 43 a0 Category 3 Category 3 Class 2 ER(+ 75.9%/82.9% 0.14% 0.24%
2 Pap 38 10 Category 1 Category 3 Class 3 Mah 83.4%/80.4% 0.66% 0.69%
3 Pap 49 25 Category 3 Category 3 Class 3 MNah 86.2%/86.5% 1.60% 1.60%
4 Fap 35 70 Category 3 Category 3 Class 2 MNah| 89.9%/87 9% 0% 11.8%
5 Pap 49 75 Category 3 Category 3 Class 2 Mah 91.9%/89.8% 0% 0%

B PurePC 61 H Category 4 Category 3 Clags 4 ER(+), HER2(1+) 75.7%/76.2% 1.3% 241%
7 PurePC 55 43 Category 3 Category 4 Class 4 ER(+ 79.7%/70.8% 0.41% 8.53%
8 PurePC 43 16 Category 2 Category 4 Class 4 ER(+), HER2(1+4) T7.2%79.9% 12.0% 13.2%
9 PCinv 60 96 NEN Categary 4 Class 1 ER(), HER2(1+) 71.6%/73.9% 166% 53.1%
10 PCinv 72 19 Category 4 Category 4 Class & ER(+), HER2(14) 82.0%/72.6% 16.0% 17.6%

Pap! intracystic papilloma, Pure PC' intracystic papillary carcinoma in situ, PC inv! intracystic papillary carcinoma with invasion, MWMG: the

mammegraphic features evaluated according to the BI-RADS, IS the ultrasonographic features evaluated according to diagnostic guidsline of

JABTS, FMNAC! the cytological features of fine needle aspiration cytology ER: the status of estrogen receptor, HERZ! the status of HERS2/meu

receptor, CHMC! copy number change, genomic alteration’ copy number change and copy neutral loss of heterozygosity, Nall: not analyzed

Supplementary table 1. The validation of Array-based comparative genomic hybridization by real time quantitative PCR

ABCAS GPR4 FZD9 SNAIL
Case aCGH Light Cycler aCGH Light Cyeler aCGH Light Cycler aCGH Light Cycler
Copy number  Relative Relative  Copy number Relative Relative  Copy number Relative Relative  Copy number Relative Relative
state ratio” alleles state ratio® alleles state ratio” alleles state ratio® alleles
1 deletion 0.5840.15 1 disomy 1.33+0.52 3 disomy 1.5540.23 3 disomy 0.9540.31 2
2 disomy 0.76%0.17 2 disomy 105+0.19 2 disomy 1.16+0.37 2 disomy 0.98+£0.48 2
3 disomy 0.8740.08 2 disomy 1.2210.10 2 disomy 1.6040.22 3 disomy 1.11£0.63 2
4 disomy 2.26¢1.10 5 disomy 1.45+0.76 3 disomy 0.91#0.48 2 disomy 1.24£0.70 2
5 disomy 1.1410.16 2 disomy 0.8610.11 2 disomy 0.8010.31 2 disomy 0.97£0.13 2
6 disomy 0.9740.17 2 disomy 1.01#0.12 2 disomy L11#0.76 2 disomy 0.96+0.66 2
7 disomy 1641116 3 disomy 0.5210.09 1 disomy 0.8310.17 2 amplification 255+0.89 5
8 disomy 0.7940.12 2 disomy 24010.39 5 disomy 2.9610.57 4 amplification 1.56+0.36 3
9 disomy 1.3040.11 3 amplification ~ 4.8740.38 10 amplification 2.8740.29 5 amplification 1.78%0.99 4
10 disomy 1.0340.32 2 amplification  1.86£0.71 4 amplification 1.8640.31 4 amplification 203+£1.07 4

*: relative ratio is indicated mean £ coefficient variance
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Supplymentary Document

MATERIALS AND METHODS
DNA extraction and hybridization to SNP arrays

Using ten to twenty 10 um thick sections cut from FFPE blocks, tumor tissue areas
containing more than 90% tumor cells and normal tissue areas not having any cancer
cells, which were identified by staining with hematoxylin and eosin, were
microdissected. Paraffin removal was performed in 80% xylene and samples were then
washed twice with absolute ethanol. After drying the pellet was resuspended in 360 plL
of buffer ATL (QIAmp DNA Mini Kit, Qiagen, Germany) and incubated at 95°C for 15
minutes and then cooled to room temperature. Samples were then digested with
proteinase K for 3 days at 56°C in a rotation oven with periodic mixing and the addition
of fresh proteinase K every 24 hours.

DNA was collected using the QIAmp DNA Mini Kit according to the manufacturer’s
instructions. Briefly, 400 uL of buffer AL was added to the sample and incubated at 70°C
for 10 minutes. 400 uL of absolute ethanol was then added. The sample solution was
then placed into the spin column and centrifuged for 1 minute at 8000 x g. The spin
column was washed twice with 500 uLL of AW1 by centrifugation at 8000 x g for one
minute and then washed with AW2 by centrifugation at 14,000 x g for three minutes.
The DNA was finally eluted with 55 uL buffer AE. Extracted DNA was quantified on a
NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE,
USA). All samples used in this study had an OD 260/280 ratio higher than 1.8.

Extracted DNA from each sample was processed following the manufacturer’s
protocol and hybridized on Affymetrix GeneChip Genome-Wide Human SNP Array 5.0®
(Affymetrix, Santa Clara, CA, USA). Because DNA extracted from FFPE samples was
degenerated, the following modifications were adopted to the oligonucleotide microarray
system, taking into consideration previous studies (1, 2, 3): the initial DNA amount was
increased from 250 ng to 1 ug; digestion time was prolonged from 120 minutes to
overnight; the volume of PCR reactions was increased when the yields of PCR product

failed to reach prescribed levels. The peak size of mapping PCR products was

- 68 -



determined by visual inspection of electropherograms following 2% TBE agarose gel

electrophoresis.

SNP array data analyses

All signal intensities of probes and genotype calls were generated and obtained from
Genotyping Console 3.0.1® (BRLMM-P algorithm) using default parameter settings.
Overall hybridization quality was estimated by a generated QC call rate index. We use
the term “copy number change” meaning deletion or amplification of a genomic region
and “CNLOH” meaning copy number neutral loss of heterozygosity.

Copy number change and LOH analyses (called here SNPaCGH) were conducted
using the Partek Genomics Suite (PGS) version 6.3 (Partek, St. Louis, MI, USA). When
signal intensities of probes were imported from CEL files into PGS, a normalization
procedure with correction for GC-content and fragment length effects was performed.
Copy number estimates from signal intensities were determined by “paired analysis”, to
compare copy number state from tumor and matching normal tissue. Detection of
amplifications and deletions was performed with a segmentation algorithm in the copy
number workflow in PGS, where the minimum marker size was set at 150 (default
setting is 10) and signal/noise ratio was set at 0.25 (default setting is 0.30). Genotype
calls data were imported from CHP files into PGS following the restriction of SNPs to
fragment sizes <500 bp, because genotype calls of SNPs on longer fragments are
unreliable from degenerated DNA, such as DNA extracted from FFPE samples (1). LOH
values were inferred by paired analysis with the Hidden Markov Model default setting
in the LOH Workflow in PGS. All of these modifications from the default settings are

adopted to maximize detection specificity.

Quantitative PCR (qPCR) assay

Quantitative PCR analyses to validate copy number changes were performed on a
LightCycler® 480 Real-Time PCR System (Roche Diagnostics, Mannheim, Germany)
using an intercalating dye, SYTO13 (Molecular probes, OR, USA), which is an

alternative to SYBR green I. Absolute quantification was carried out using a second
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derivative max method (4). A standard calibration curve was generated with a serial
dilution of genomic DNA to estimate the copy number state of sample for each set of
primers. A corrected copy number state was given as the ratio of a target gene divided
by an internal control gene. Copy number changes in tumors were determined by
comparing paired samples (paired analysis).

Target genes for copy number validation and sequences of primer sets were as
follows: ATP-binding cassette, sub-family A, member 5 (ABCA5, Forward; 5
TGCTGTGGTTCCCATCAAAC3 Reverse; 5 CATGCCAACACTCGTTCACAS3), G
protein-coupled receptor 4 (GPR4, Forward; 5AGGTGCAGCTGAAGATGCTGS
Reverse; 5 CTGTGGGATGAGAGGGGAAA3), Frizzled 9 (FZD9, Forward; 5
TGCCCCTCTCTGGCTACCTGS’ Reverse; 5 GGGCACCGTGTAGAGGATGGS), Snail 1
homolog (SNAI1, Forward; 5CTAACCAGCTTGGAGGTGGG3 Reverse;
5AGGGAGGACGTGACTGGTGS). The diploid internal control gene and primer set
sequences were Ornithine decarboxylase antizyme 2 (0AZ2, Forward;
5CCTTCAGCTTCTTGGGCTTTS’ Reverse; 5TGGTCCAGGGGATAAACCATS’). BLAST
searches confirmed all primer sequences to be specific for the gene.

Samples were analyzed in quadruplicate in a 384-well format in a 10 pL final volume
containing about 2 ng genomic DNA, 0.5 uM forward primer, 0.5 uM reverse primer, 0.1
Units TaKaRa ExTaq HS version (TaKaRa, Kyoto, Japan), 1 x PCR buffer, 200 uM
dNTP and 0.5uM SYTO13. The amplification conditions consisted of an initial
denaturation at 95°C for 5 minutes, followed by 45 cycles of denaturation at 95°C for 10
seconds, annealing at 55°C for 10 seconds and extension at 72°C for 15 seconds. The
data were analyzed using LightCycler® 480 Basic Software (Roche Diagnostics) and
melting curve analysis was always performed to verify the absence of non-specific

amplification.

Statistical analysis
To estimate the total rate of a copy number changed region, each segment amplified
or lost was summed and divided by 2,829 Mb, which is the total Mb in the genome,

excluding heterochromatic, centromeric and telomeric regions not covered by probes.
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Similarly, to estimate the total rate of genomic alteration, the sum of segments with
copy number change and CNLOH was divided by 2,829 Mb. Wilcoxon’s rank sum test
and Kruskal-Wallis’ chi-squared test were performed to compare the rate of copy
number change and genomic alteration between subgroups.

To determine successful predictive factors for the analysis of FFPE samples,
Pearson’s product-moment coefficient of correlation test was performed with the QC call
rate.

The analyses above were done with the free statistical program, R (version 2.8.0)

(http://www.r-project.org/) and the results were considered statistically significant when

the p-value was <0.05.
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