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Figure 8. Trim32 suppresses sphere formation in human neuroblastoma cells. A, representative images of sphere formation in Flag (control)-transfected,
Flag-Trim32-transfected, and Flag-Trim32/3A-transfected SK-N-DZ after 7 days. Scale bars, 100 um. B, numbers of spheres of >100 um in each
transfectant. Error bars, SEM from triplicate experiments. The numbers of spheres of >100 um were lower in Flag-Trim32~transfected cells (P = 0.0009) and in
Flag-Trim32/32A~transfected cells (P = 0.026) than in Flag (control)-transfected ones.

ACD; Fig. 7B and C). We additionally found ACD, in which
Trim32 was oppositely distributed from MYCN at the end of
cell division (Supplementary Fig. S11). We believe that this
ACD status occurs in a neuroblastoma-specific manner. In
Trim32-transfected cells, it was also detected that both NuMA
and Trim32 localized to the same side of the daughter cell
during anaphase (Fig. 7B). We termed this aberrant ACD
"sympatric ACD." Although it is unknown why sympatric ACD
was detected, correct distribution of other ACD-related com-
ponents might be necessary for establishing complete ACD. In
Trim32/3A-transfected cells, NuMA-ACD was detected but
Trim32 distribution was not asymmetric (Fig. 7B and C). We
also performed the transfection of the Trim32/3A vector with
MYCN shRNA into SK-N-DZ cells (Supplementary Fig. S12A).
Interestingly, in Trim32/3A-transfected and MYCN-knock-
down cells, the percentage of NuUMA-ACD cells significantly
increased (Supplementary Fig. S12B). This result indicates
that MYCN interferes with NuMA-ACD. Together, these
results suggest that spindle pole localization of Trim32 may
be important for both degradation of MYCN and reliable
induction of complete ACD (Fig. 7D).

Discussion

In the present study, we found that Trim32 may be an
inducer of ACD in our human neuroblastoma cell system.
Recent studies showed that human neuroblastoma cells con-
tain tumor-initiating cells whose phenotype resembles cancer
stem cells, including features such as self-renewal, induction of
multilineage cell differentiation, and high drug efflux capacity
(7,24). ACD is another important characteristic of cancer stem
cells, and may cause tumor cell heterogeneity. Because Trim32
degrades MYCN, produces differentiated neuroblastoma cells
that will eventually die, and suppresses sphere formation, we
consider it to be a tumor suppressor in neuroblastoma. In fact,
a public microarray database (R2) for human neuroblastoma
using 88 clinical samples showed that patients with high
Trim32 expression in neuroblastoma tumors had better
relapse-free survival than those with low expression (P =
0.05; Supplementary Fig. S13). Therapies enhancing Trim32
activity may, thus, lead to a cure of refractory neuroblastoma
with MYCN amplification.

In this study, although the forced expression of Trim32
targeted MYCN for degradation in MYCN-amplified
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Figure 7. Trim32 induces ACD in human neurobiastoma cells. A, immunoblot of Trim32, MYCN, and CD133 (a putative neural stem cell marker) expression
in SK-N-DZ cells transfected with the Trim32 or Trim32/3A expression vector. Immunoblot of y-tubulin served as a loading control. B, representative images
of ACD during anaphase in SK-N-DZ cells transfected with the Trim32 or Trim32/3A expression vector. Cell cortex marker NUMA, green; Trim32,

red; DAPI (DNA), blue. SCD, symmetric cell division; NuMA-ACD, NuMA-cortex-based ACD; complete ACD, cell division in which NuMA and Trim32
were distributed at opposite ends of a dividing cell; and sympatric ACD, cell division in which NuMA and Trim32 were distributed at the same end of a
dividing cell. Arrows, NUMA cortex; arrowheads, Trim32 distribution; red arrowheads, spindle poles. Scale bars, 10 um. C, percentage of ACD in SK-N-DZ
cells transfected with the Trim32 or Trim32/3A expression vector. Error bars, SEM from three experiments. Complete ACD is more frequent in Trim32-
transfected cells than in control vector-transfected cells (P = 0.0046) or in Trim32/3A-transfected ones (P = 0.0064). D, a schematic model of Trim32-

mediated ACD in MYCN-amplified human neuroblastoma cells.

neuroblastoma cells, we found that Trim32 also localized at
spindle poles even in MYCN-nonamplified neuroblastoma cells
(Fig. 2A, SH-SY5Y cells). This result suggests that Trim32 has
not only ubiquitinylation activity for MYCN but may also have
other functions. For example, Trim32 is known to function in
the translation of mRNAs and to activate microRNAs, such as
let-7 (17). Thus, activation of microRNAs and translation of cell
fate-related mRNAs by Trim32 might also be necessary for
establishing complete ACD in neuroblastoma cells.

Spindle poles are organelles that ensure reliable segregation
of chromosomes during mitosis. Our results show that the
spindle pole localization of Trim32 itself may also be important
for the suppression of self-renewal growth and the establish-
ment of asymmetric cell polarity during mitosis. It is also known
that spindle orientation and asymmetric segregation of cell-fate
determinants are important for the establishment of ACD (3).
Our results suggest that the spindle pole-associated ubiquitin—~
proteasome system is also indispensable for ACD. In fact, it is
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known that proteasome localizes to centrosomes/spindle poles
and functions for cell homeostasis in many mammalian cells
(25, 26, 28). In addition, some proteasome components are
known to segregate asymmetrically during mitosis in T lym-
phocytes (29) and human pancreatic cancer cells (30). Thus, we
believe that the ubiquitin-proteasome system may largely
contribute to the reliable establishment of ACD.

In summary, we showed here that human neuroblastoma
cell lines are a very suitable model system for analyzing the
mechanism of ACD in human cells. Our study may also provide
new therapeutic clues for targeting cancer stem cells.
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Wilms [l O —# iz Xql12 v FERETHZEELH
5. WIXBEFIL, ZORKREADEEEI L CEIE
BEFTHAY. WIXBETFIXLIS7 S/ BE2a—FL
Tk b, WI LRBCHREROHEHIESKRIREREA
BThsr EEEECRIEL TS, Z0XoKr, WEET
13 Wilms BEFEOWRME L E L bh s BEBTEBRCRE
LTkbh, BMEBERCHILB. —F, WIXEHAKRE
iy, IR HM: B @ PEIE osteopathia striata congenita with
cranial sclerosis D RHIC 7252, ZTOXRKEEFEEZ T
Wilms BEOEHIIBEI R TWiwY BBIEB, wrx
BROELBEA I v D, BEULCRBEETHL LY
RIS,

Major £ X WIX EHENB » 7 =, AXINI, BTrCP2,
APCe E LB T = v HBEEHEHER TSI LE2RL
72 (R24)W. XbE, WIXHBATF =vDa2EEFF v
B RETIELERRALL. WIXEA Wity 7>
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Vv rREIET A Lk, BEENEFAERTOT
i heEZbRTW5S. WIXEE L CINNBI EE Y
o5 Wilms EEZ, ThTHB. ZOFTRIZIWNT/B
hTF=v e v S AMEREFRODERERELS, BHT =T
HoTh, WIXTH-Th, HRLLTALY 771 E
EHAET, Wilms BEOREEELTH3 LTINS
(X 2B). '

WIXTHIBRE L2 EETH v » P L EBETH Y,
WT1 &S L, B TWT1 2/ L& Amphiregulin (BEEH
THY, AREBEREXOEMERET OBFEX{EET S
WTI & WTX i, BEBRAETEREL TV, WIXER
IEWTIEAERASHMCEFL TR, BRICID WTI
DEFHEIECEELE 2 59 0k 5K, WIX DR
REEHTHY, FORED Wilns EF{Liz 15 B E|
LERTH 5.

IV IGF2 (insulin-like growth factor 2) E{ZFD
ERE L Wims BBEORE

1. Wilms [E# & Beckwith-Wiedemann (B-W) JE{EEf

Wilms BEE* & T35 EXEBFEER L L UB-WERE
HAabh T3, B-WERBIE~r =7, BEE, B
BEFERETIERGHUERFE THS. —HOBHK
1pis MV ¥ 3 —=, 1IplSs KU A% FEOEERA LR
foZ b, FREBESEEROERNL, TOBEBTEZ11pIS
CAEST A LD bR, UplSEBEQX 2O v 7
Vs e v?Z BIViAR) BFTHNAAYRSD, Th
FREROBET TERINS (K3, B-WIEERRTIT,
1ipls D 5 v 2 7 H B CDKNIC/KCNQIOT! $RIR 73,
v bax7HEH B IGF/HIIERD, Fbbhna v

Imprinted domain 2
l

TV VT4 v I BEFECRENAbRNS. CDKNIC/
KCNQIOTI #83 CiX, B3k KvDMRI1 (imprint center 1,
ICL) DL » F 4k, IGF2/HI9 IR Ttk H19-DMR
(imprint center 2, IC2) @ 2 F 4k, D& hH, EHLHLDF »
A VIRECTH, BER7 VALRBERT LA DL E
BFrz iy, BWEBHGREETS. B-WEREE
D125% X EFIERBEENBETHS, RIFEEOS
DR Wilms BETH 5. BWERHCEHTIHRIELEE
BOREA LR, IGF2-HI9BILFHORET LV REL
JebEI RT3,

2. Wims BECEWVWTIGF2DOBREEREG6T =20
B

IGR2 iR R B MRkEEAEAFThy, BRETF TR
B3 20, HEBOTE TORERRAMEATS. L
W, IGF2 & HI9 DWEEZE T 11 FELREEER p1s b
EoTMBL, 1V 7V vF v rZE2%d5s (K4A). +
T LIEFHME T, IGFR2IILEART VAN DL,
HIQWEBERE7 vAnbLORRRTH. HI9EETF D LR
¥+ DMR (differential methylated region) & "EiEh % §HIK A
Hb, DO insulator protein TH 5 CTCF DFE S ERHLH
BB, XFT7 v ATEHI-DMR © CTCF &£ &AL (CpG
islands) M2 FALE N TH D, CTICERREETE LD
T, HISTWRD T v N v 4 — N IGF2HBR Y 7+ o & s
ZL, IGFR2HXFEET B, RACHBH7 v v Tt CTCF &
EEALEIE 2 F L ILREE B D, CTCRBESL, = v
NV HF— 7 F AL CTCF CEETE h bk, IGF2E
29, HIONREBRT 5 (H4A). 2D X 51, HIS-DMR
DxAFAALIZ I Y, IGF2 & HI9 ORIl Y A Bt X h T
W5,

Imprinted domain 1

r

H ]

Maternal Cen w4
KvDMR1

- F—I r{ O O o >
] —— -
COKNIC] 4, T T T KCNQIOT1, ,, 4 IGF2_ I | l H19 l ,
7/ d v/ v/ C T T /-Tel

H19DMR

Paternal Cen -//
KvDMR1

-—n
JCOKNIC,  ,, KCNQ10T1 | 4,
7/ 7/

—3- L—l
-
igr2 | » H19 Tel

H18DMR

B3 1plsA v 7V vy« v 7EHBOBERNK (XBMI7XDEIH). lplsA v 7Y vy v7EHBECR2rFOFr 2425,
differentially methylated region (DMR) i X W AfHOBEFRBELGFHE I A T 5. LBEEKT7T v A T2 F 43R TV B HIS-DMR
(imprinting center 1, IC1) X D, IGF2-HI9», BHR7 v A TAFA{LE R T % KyDMRI (imprinting center 2, IC2) & X b CDKNIC-
KCNQIOTI Ml a h T35, REBEFIER T, HFRXBERTFIBRETHATTRT. & DMR © CpG island * + +{L3@T, E3E

2 F 2 AbizOTRT.
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C.REIGFR2FLILEHE ¢

Uniparental disomy

A EEBAVTYUMKEE

Retention of imprinting

Loss of imprinting

> B.AVTULRHEL

| C Y
IGF2 ol | o] oo sl m ler] gy kel m
d Enhancer| Q H19-DMR |  Enhancer | Enhancer
' FEAFILIE i

'
|
v
|
'
'
'
'
i
s
i
i

2] g Lol m [er2]  yqq L] m GF2] g gg ltto] m
& Enhancer§ & H19-DMR Enhancer§ & Enhancer
§ AFILE §

K4 HI9BETF LW O DMRIH S CTCF (insulator HEE) HEEMLO 4 F 1L & IGF2BEFORE. A EEMROBHE7 v
T, CTCFEMEIMNIEA M {LIREETH Y, CTCFIFERTH. HIO9THMSLDI v vy —v 73 A3 CTCF THEB I W A1 ®,

HI9DREBRTH. LMk 7 v VT CTCF & EHELA 2 F 4 {ERIETH D, CTCF S TE I,

IYNYY— I F AL IGE B R

Haxesn B BHEE7 VADCTCFEAGHMAI *F 1L L TW5. TR % loss of imprinting (LOI) &¥E8. C. BEKRIGF2 7 v bk
b, RBEKIGF2 7 v AREHL TW5. ¥ paternal uniparental disomy (UPD) &BES. LOIRUPDWEL B &, IGF2ERT7 v

BEMRTHOT, IGR2EAENMARICESL SRS,

B FRME Wilms TESS M <X5 &, 30-70% Tk, HHEk7
VA DCTCEEBIMAY x F 4L LT 5. TH%loss
of imprinting (LOD & FE.& (R4B). ¥ 72, Wilms[EH O
30-40% Ti¥, BEFIGF2 7 v iddkbh, AHE¥EIGF?
T UAPEELTWA, % paternal uniparental disomy
(UPD) &M% (X 4C). LOI®RUPD BMEL B &, IGF2 %
B7vaAdEndso7T IGREAENABRHCELZR
5. FORdic, Wilms EERERMEO MM M EEXI R 5.
CRABEALD Y v ATy o TnAEEEZLR DD
IGF2 @ LOI=° UPD WP EFECfE B SR A& e E D
FRREHEESCS W TLE L TR D, RESES LR
BB THH LEX DR T2,

3. HRMEWIms EFEEOFMMICRRI NI 11pI5BE
Scott Z ik A F Y AR KWTAKREHB DO B R4
Wilms E 5 437 B DR B 11 % 547 U 13 B (3%) & 11pl5s
BEEFRERBLLT. REOABT X BHRICIOE A F 1
fb, REE1pl5 D UPD, IC1 D EEBASLKRKLTH S
(K3). BHEICI DE 2 FAbi3—Bc =¥ 4 7 KEE
THELRIDT, THERHeELCLEELDRI. 13
Bl 4 BlizmfEEECh D, T0 2% R SHH1. 4604
3PN B3R IGF2-H19 @ UPD, 163 f 3k H19-DMR ©
LOIC X5 DTHY, MEOMBTIIEF ILADLA R
DT, FAEBREFRCIVAELCLEELORL. ZTDLD

w, BRI EE RERAM LR TEEOFR, £Eho¥
D 11pls B HRTEENB.

—7, BADB-WIEEKE 47 51D 11pl5 FEMO MRS R
PHEIR T 59 BHERICIOFAF {37 2V 3
a—uy ROBEOHE L UEL, RBEEREOHE
BEREEXRTEL . ZO470F30ICHFEED I
BEBHELYA L T, Wims BEEOSHEIL
Mot BHAECE W CTEREY Wilms BB EE OKRMM
DICY, 1C2 %5 LicHE T

V Wims BEREFETIL I ADER

1. WHHKR L IgRBRBETIRICHT 2 Wims BHORE

Wil R~ A THBREHRECREFORANEE T,
BEMECE LT Rr—v2ARETS (K1), %57,
BABREIAT, BREMCIFETTADOT, WimsEFE O
ERBEIRRW. —F, BHREHISDMR ZREL,
IGF2%@8RRE T~ v ATk, BRENRALI LR, =
12 h Wilms BEOREEIBREIhiz\v. WT1 &L IGF2 D
BEFR N FRESEHRCHE L T3, Haruta 13 WTI
BEEOHDH Wilms EFE36H T L, 1/3DEHE W wrl
FRELHKRIGFIDUPDIC L DEHELTWB I L AHRE
L, ZoRfR%¥e v b ic, HuZit g ¥8F%E L,
Wil BRBMER LI Wi-IgR P 5 v AL ==y 72w A%R{E
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BL, WinsBE*REEX DI LRI LRLD. WK
43, BuRMEoS{bEHEEL, oaRER, £
WA {RET S BEOREINEEBMZRAETHIE L
HRLTWA, IGRIZFur vFF—XTH5IGFI ZE
oY H Y FTHB. IGFIRD FIHICERK & 7 F+ A5
BRAHAD, ZDFNFVADz=y 7297 AT,
Bt L7z ERK12 AAEHET L T

n v

2. micro-RNA (miRNA) 7o+ > ¥ (< DROSHA
HLUDICERT &, Wims BEI(CE T2 TDRIZFER
miRNA i, fBEPICEETHEI200:525EE D RNA

Thh, MmoOBEFORELXFAMTS. miRNA X, EH
Bz 28R 2 75V non-coding RNA D—&TH 5, BH
T —ES RNA (primary miRNA) 1%, RNA YIHiER
(RNase III) Drosha iz X b ~7 ¥ v EZEH#HEE Y XK
P miRNA (pre-miRNA) & LTHIh HHEh B, I BT,
DOHIRYWETMBRECBITL, AL RNAYVEEEZETH
% Dicer %= X b LA E 4 RNA (miRNA) & LTHIh &
5. HIBEE PO RNA-induced silencing complex (RISC) &
> T miRNA 2" mRNA CFEET S5 Z L X D, mRNA D
LAY RFF FAOFRIIF D (K5).

Torrezan B 1 KRB D L 7 vV — LB ER L, RukE
o Wilms #If8Z DROSHA hAIAE R X R R L 9 &KW T
Wilms B 222 Bl 5T, 10D miRNA 7 at v v 7
ChnbbBEFOEERTIBHAERL, 12% Q646D
WDROSHAZE R %#E R L 1. T O8%IRXREA—DOFR
E1147K TH - 7. DROSHATER O o\ BB BT,
DGCRS, DICERI, XPOS, TARBP2 1t ¥ ® <% ) miRNA 7
oy v S rh A EETREENMEH I N Ib
DROSHA-ENI4IKER*F T ArEESCHak RT3
L, BROBEAYEZE7TVARLDRELTED, domi-
nant negative ZIRIC X . FEE DROSHA DB X HIHI L
TWwb EE2 bR, ¥4, DROSHAEREE TX, &
FEOmRNABIZERIANHENEL T, REfThbhk
Wilms B3 66 # O 247 Ti3, miRNA 7o €+ v 7@ ETF
OEERBURAILRIORI L, B Wilns BE
& XN T WTI, CTNNBI, WIX, TP53, DIS3L2, FBXW7
REDBETERIZZY% LEBEETH 1o, HERENZ
& &2 DROSHA B R %7~ 10 BEF 4 [EFwC wrl R&RO&
Bt A bTe., DROSHABERIHHREETHY, TM
JaER A REREFIREI T io.

DICERI VIR E CmiRNA 7 v £ & v 7T hhvi 58
EFTHHHN, FOFRINE TR, WEMFRE £&
e FRIRE, ERUEEE, NENRMEEE FEHR
W EMEBRESS, THh TS5 Wins BBHs
IhTERY. HEDEY, FRESBEBCALASKEM
JAERTHS.

-
—
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—
oo miRNAIB S
pri-miRNA
pre-miRNA

pre-miRNA

miRNA/mIRNA
duplex

miRNA

miRISC

?’EimRN

FHERHNH

E5 RNATEHOHEAKR. miRNA#EET 2 5 RNA Polymerase I
X D EEX oKV HTEE miRNA T pri-miRNA SR 5. B
{28\ T pri-miRNA 13, RNA FIBiE#5E (RNase III) T3 % Drosha
XIS h, H70EEOHH TH D pre-miRNA BEA I h
%. pre-miRNA L exportin 5 X D b filRBECETH I i
#%, P19 RNase IIl TH 5 Dicer i X » YI¥F & 1, AF miRNA 23
E# XN b, RNA-induced silencing complex (RISC) E DA H
72 miRNA X, B2 BHOEERET L MNETE 2B mRNA L&
& L7, mRNA B, EHEOTRMH R & ofFA %R T

3. Lin28 (I BATERMRRDEEEMIFTILICLY,

Wims BB EREZE D

Lin284 &£ & D7 v 7 ThH B Lin28BILRNAREEHY
AI—-FLTEDH, SEERARCESZEBRELTV-5. PSHM
BE25HET 5 LB 4ETITOCT3/4, KIF4, SOX2, MYC T
HBD, YuHXKIF4, MYC DfX# D W LIN28, NANOG %
BATAHZ LKLY, b PSHBEEYBEETELZ LER
L7, —F, LIN8 XX FhEECERAL W5
ZEDHBR T B, Urbach Z i3 LIN28B % FaE B K
Bl 20BRERE I 5 DIC, LINISB L wtl
PERETANI VA= v 7wy ARER LY.
Wil i 3EB oL L A FHHEEBECRIA L TWA. BBIEE
CHEBEETFEYEREIRS E, £E2BHUNCT T
v ARBEEFEAE L. Lin28aiy, BEIZSEET
DEFE~ T ABELRERA L%, To#%, HET5 —
H, Lin28b 3R~ 7 AB T E > FEBHEL Tuwiny,
INEOFENS, Lin28 NEBL w5, BEFHZE
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DR ERMA~OS RS 53, BB E
HICHEET S, T, Lin28 DRBEMENE UV &,
BFEIRMA I b2 &9, A9 Wilms TR AT
HLELZDRND. Let-7 4L miRNA TH D, Lin28 FEH % W
T5. Lin28b % EREL T3~ v ABEE T, Let-7
EBRPET Lo, Lin28 & Ler-7 VI HE I+ 5 1F
AYXHB. 1¥ ) ADe b Wilms [EH 77 ORI X5 &,
LIN28B B RBL13.30% OEH A bh, [EEHEGAN D FRB
EALIBFMABCEB L, BR AT ERCBERALLR
7=. Urbach % 1T LIN28/LET-7 /S 2 7 = A 2331 L\~ Wilms
BB OBBEMC 5D TR ERB LT3,

4, {&RBAD partial reprogramming [C & W RET H T X

Wilms BES

##iia O reprogramming (F1JU{L) W X b iPS MEARLFEE
. @B, Reprogramming % ¥ X ¥ % partial reprogramming
XY, Wims R Y REZIRD YT AET AN, B,
RAE X VHE I, Omishi FIXEE 2 EHERC
reprogramming BT (UF4BF) #REBR T2 ESHlax
BEAL, F279 7 ARMERLIL). TO< T AT, F
Foy4 s ) vRER LY IUP4RTFORALAETET
BB EBABOFATTOALNFUYA 7Y V4B
M5 L, WHR4EFEMHELCRREI®DE, 3FXE

TREBLOMENAELE L. L2rL, 4RF%27 BHRBE
Xt FFovag27) vhdikl, dBFORRERIE

»ic= v AL (partial reprogramming), X ¥ X7 ERK
BT REB (dysplasia) M4 U, REEMIEABRD
HEgeBEL, BEFoBHERLE. PR ofRECIVE
wRE LcES, FHiRMAR & Rk Six2, Eyal, Lgrs
K EDBEFAREREL T ThbOEETIE, St
AW ES IR B\ TR Y 2 — Al AE X b BEAEIH
ThrzeirabhTvs. P hEFEEEETIL,
&40 O reprogramming BRI I B, HY) a—2H
A X HBEFREROAFH 25T, TOEMRET
DRBEIPBFE LI EELORL. ¥, ThHLOERET
i, 7 a—RAJDNA 2 FAERE — v BB EL T
Wi, BEFERIZSOLRLh ok, ZhbLDRTRY
b, T¥Y=%X71 v 7 BECLY Wilms BE % LT
BErTrer T ARBREING.

VI R&M Wilms E5

1. Wilms S0 ERHES

Wilms B3, BHOE TIXER 80~ 100 FIFET 5 23,
FOREFEINRKDI2~1B3THY, 7VT7TEEBORE
HEELE-. 72 3 O Wilns EFOFHREFRIT2~
TP B LT B, b 1S8FORTER T

3IAATHY, BATHEV X 5% Faleb & Fukuzawa
SOH X b, WwTl, CINNBI, WIXBEEFREEITHRK
I ZEDNINDY IGF2-14 v 7 ) v b %k (LOD DHER
BOETEL, Wilms EEEEOHEME—RTHS &
# 2 b,

2. WTZEREBEAIMYE Wilms BB OREGFAR

H A& Wilms lEFHF9E 7 v — 7 OWITS) Tk [EHiz s
AR T 5~ o b o - 2L BEERAER
LB OTEROFM : MAEEFEORF] BT 5
WWFFE A 20145E 6 A X W BtA L. RBFCARERRE L
T (B FE 0BT o4 & BERSE~DOIRA] %
LD ZhETOWMRT, BARAACRKELLIOFADOH
U Wilms [ D 80% = wT! BMIRREENEbhic. B
DEERH T T BMRERMBF % 3RRCETER
Lie. —FKFARTIE, P Wims BB OBRER DD, Il
RV BN HFIE T RCES S RE L. Blo—
FKHR T, Wins BEFOBRFEO L WXENWTIERORKR
RAETHY, WHEREZITH O ETHCBENFEEL
fo. Fio, b5 —FRTH, WEDOY v ERO pTIEET
WEFETHY, MPELBEFZOME & EH D SNP (single-
nucleotide polymorphisms) 8T X v, XROBEMiETL
THERRERCIVESARBELLEELbRI. TO
Lo, WHNEROH AWK WiInsBETH->TH
B L BoKRMio wTl RS, SNP DNA 7 £—
EofiTAI LY, WIHIRENENLLERI RO
2, FHEERERTHLODbSE, i, WIIEE
FRALTVTE Wilms BB 2 HB L i WREAHEOFE
bbb B, WIIRE% b OFREN Wilms BB R RITHR
TBERLIPFEINTHELT, BEX (Wl BHRE
ROBRHEEOH T Wilms BB FHET 52 BEDOHE) 2R
BHTHs “OWMELLY, WimsEFEOBRBELYH S
CTERE, BEI Y VEY VIOER LS T — 2 B
HTELOTREIEHFELTH S,

3. WT1 ZEROZVLERME Wilms B OREFHAR
JWIiTS O T fil £ Wilms BB O BIEFHE CTIRE L
80% DEBC WTIERN DD L BB, &Y
0% IEFED WTI L. T D5 B0 1 FliL premature
chromatid separation (PCS) fE{&#F TH »7=. BUBIBEET

1, MRSAEFHACESNT, REAOERERTELHET

B2F =9 7 KAV N BEFOVEDTHDLH, FOERHN
PCSfEMRBEDER Th 522,

PCSIEMRRED V v NEREFTEE, BET 5 L oHid
B8 D 50% LA kv kgt 7o Hu a5tk chromatid D 58 & R
Mlasr14 7 05TWpbh 5. BERERE LTHRETES,
NEREE, AR, uvhA, SEREE, AYRHEET
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B0, wims ESCRpRELFRTS. BEEERC

x4 B (LR o2 vineristine ¥ BFA T A Z & BN,

F OB S OREA TS ), MRS HEESZ

BrEEsh e, BEOCRFAIELTC, LoRE
 RREESLETHD.

s Wilms BRI LEO 2% BETHD, TOHEER
[0, BEOL 5, WIIERC I BRFRN—HCHE
n5. BROBSFHBEFOBRELY, 17921 & 19913 O DNA
v —h—REFRFREHET S Wilms BERAIBEI H,
BETFEMIFITI B XVFPR L4 3hi.. Ll
AL, MREFIEEE CREEI ATV, 11pl13
(wTD), 17921, 19q13 KK EF &R X 72\ Wilms BB R RS
BEIRTEY, @rOFELE Wins EBBETFORE
LREIND.

vl &bHY(C

NEBEHES G, BREBCBREBRCHHLBETF
DOxFTF 497~ TET=2FT4 v 7RECIYRE
THILENEFEIROOH B v~ EBE wrl
EPTXBREOBRECELARETF THH Z L HNEH
Sh, P=XTF4 v 7 RECIVRETAEETHS
ERELAR IR, —H, 1980FER X H Wilms BEE D
30% I BT, FHERHI-DMRIZE » F L1k (Loss of
imprinting, LOD) 2MEUTH D, ZOERIGF2 Y BRIFER
LTWwaZ ERHREIRL. RETE, mRNATH 3
Let-7 DREBAETIC X b HmAEH T 5 LIN28B BZF, miRNA
Fuxy v 7 BEF THS DROSHA = DICER] DE R
X % miRNA OBEA{EKT, partial reprogramming 72 &, &5
BHERCELRZ 2T 4 v 7 REENEBLChb b
BT EDbd o T & Wilms BEE XK heterogene-
ous WERBTH AN, TOERLDH, HHBLEELOH
FHEEIMEHIRIS LTV,

AR L O—EiL, F55EBEDE - ABNRAFESER
&7 vF)—ty g VTRELL.
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A high incidence of WT1 abnormality in
bilateral Wilms tumours in Japan, and the
penetrance rates in children with WT1
germline mutation

Y Kaneko®'?, H Okita®?, M Haruta'?, Y Arai®, T Oue?, Y Tanaka?, H Horie?, S Hinotsu?, T Koshinagaz,
A Yoneda?, Y Ohtsuka?, T Taguchi2 and M Fukuzawa?

"Department of Cancer Diagnosis, Research Institute for Clinical Oncology, Saitama Cancer Center, Ina, Saitama 362-0806, Japan;
2Japan Wilms Tumor Study Group (JWITS), Itabashi-Ku, Tokyo 173-8610, Japan and *Division of Cancer Genomics, National
Cancer Center Research Institute, Chuo-Ku, Tokyo 104-0045, Japan

Background: Bilateral Wilms tumours (BWTs) occur by germline mutation of various predisposing genes; one of which is WT1
whose abnormality was reported in 17-38% of BWTs in Caucasians, whereas no such studies have been conducted in East-Asians.
Carriers with WT1 mutations are increasing because of improved survival.

Methods: Statuses of WT1 and IGF2 were examined in 45 BWTs from 31 patients with WT1 sequencing and SNP array-based
genomic analyses. The penetrance rates were estimated in WT1-mutant familial Wilms tumours collected from the present and
previous studies.

Results: We detected WT1 abnormalities in 25 (81%) of 31 patients and two families, which were included in the penetrance rate
analysis of familial Wilms tumour. Of 35 BWTs from the 25 patients, 31 had small homozygous WTT mutations and uniparental
disomy of IGF2, while 4 had large 11p13 deletions with the retention of 11p heterozygosity. The penetrance rate was 100% if
children inherited small WT1 mutations from their fathers, and 67% if inherited the mutations from their mothers, or inherited or
had de novo 11p13 deletions irrespective of parental origin (P=0.057).

Conclusions: The high incidence of WT1 abnormalities in Japanese BWTs sharply contrasts with the lower incidence in Caucasian
counterparts, and the penetrance rates should be clarified for genetic counselling of survivors with WT1 mutations.

Wilms tumour (WT; OMIM 194070) arises from the develop-
mental kidney (Rivera and Haber, 2005). Wilms tumour and
retinoblastoma are typical embryonal tumours. The WT1 gene was
altered in <25% of sporadic WTs (Haruta et al, 2012), whereas the
RBI gene was shown to be altered in >90% of hereditary and
non-hereditary retinoblastoma (Leiderman et al, 2007), indicating
genetic heterogeneity and homogeneity of WT and retinoblastoma,
respectively. Bilateral WT is thought to be hereditary, and the
germinal mutation of WTI located in 11p13 and alterations of

11p15 were reported in 17-38% and 55%, respectively, of bilateral
WTs in the series reported from USA, UK and Australia (Huff,
1998; Scott et al, 2012; Hu et al, 2013). Carriers with WTI
mutations are now increasing because multidisciplinary therapies
have improved the survival rates of patients with bilateral WTs and
those with a unilateral WT (UWT) with a WT1 germline mutation
(Royer-Pokora et al, 2008; Hu et al, 2013). The penetrance rates of
WTI-mutant familial WT (FWT) are needed for genetic counsel-
ling of WT survivors. However, investigators have never examined
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