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Cancer in Africa

The World Health Organization (WHO) has estimated
that 70% of cancer deaths occur in low and middle income
countries (9). In spite of the fact that cases of cancer are
increasing in Africa due to various reasons such as changes
to a less healthy lifestyle and an increase in oncogenic
viral infections (10-12), the limited resources available for
healthcare are used to control more rampant child killers
such as diarrhea and pulmonary infections as well as world-
focused infections such as HIV, tuberculosis, and malaria (8).

Although pediatric tumors in Africa account for a small
proportion of all cancers and receive less attention in health
policies in each country, the importance of understanding
their epidemiology and clinicopathology is significant for
both scientists and health policy makers, considering the
impact of the increasing burden of cancer in Africa as well as
the importance of genetic and environmental understanding
of pediatric cancers in general (13).

Cancer and the health system in Kenya

Axt and colleagues (7) published a study that increased
understanding of the clinicopathology of WT in Kenya and
also in low resource countries. With the increasing number
of cases of cancer in Kenya, greater efforts have been made
to create awareness and develop control policies towards
cancer, especially in the last ten years. The Ministry of
Health, Kenya established the “National Cancer Control
Strategy 2011-2016” for the first time in its history to tackle
issues impacting the lives of people in Kenya. Although
population-based data do not exist in a country with a
population of 43,000,000, the annual incidence of cancer
has been estimated at approximately 28,000 cases and
annual mortality as over 22,000 (National Cancer Control
Strategy 2011-2016, the Ministry of Health Kenya).
Regarding pediatric cancer, only one in ten children with
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cancer survives in Kenya while seven in ten survive in
developed countries (unpublished data from Kenyatta
National Hospital by Jessie Githanga in Feb 2013). Based
on these findings, the establishment of the Kenya WT
registry is meaningful for epidemiological analyses as well as
a more common understanding of WT in Kenya. It could
also assist many scientists in developing a more detailed
research agenda because only a limited number of reliable
scientific studies have been conducted, which has been
attributed to patients not presenting to health facilities for a
diagnosis and also poor record keeping.

This article revealed several issues caused by the weak
health system in Kenya from the point of view of cancer
management (7). Some have a negative impact on the
production of scientific data. However, others may positively
assist policy makers to strengthen the health system. These
include poor access to health facilities due to long distances
and financial reasons, lower awareness towards cancer
among the general public, less specialized health providers,
the limited number of health facilities and infrastructures,
in which cancer treatment is offered, and the absence of
standardized treatment protocols as well as poor record
keeping. The National Health Insurance Fund (NHIF) has
gradually increased and achieved an enrolment of 12.3 million
members and dependents in 2012 (Tible I). Patients enrolled
in the NHIF showed the better completion rate of therapy
and better event-free survival than those not enrolled,
indicating insufficient health coverage for those not enrolled
in the NHIF. Social misconception is also a large factor that
interferes with proper pediatric cancer management.

Study limitations

This study had some limitations due to the retrospective
study design that inhibited obtaining exact factors that
could improve the treatment outcomes of WT' (7). This
was also negatively boosted by several social factors.
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For example, the improved treatment outcomes among
the study populations who were enrolled in the NHIF
may have been due to the direct benefit of the NHIF;
however, the population enrolled in the NHIF may have
been already biased by a baseline financial status, stronger
health seeking behavior, and a more urban population who
are employed. The same could be applied to the tribal
proportions of WT cases and may be a genetic issue that
many scientists can recognize; however, it could also be
influenced by the original locality of tribes, financial status,
and also other cultural factors. Therefore, some factors
influencing treatment outcome and tribal bias of enrollment
in the Kenyan Wilms Tumor Registry (KWTR) raised
by the investigators should be analyzed in a prospective
study. In addition, better writing and keeping of medical
records in hospitals and clinics and improvement of the
KWTR system are needed to determine the proper social
and biological factors that influence outcome of Kenyan

children with WT.

National Health Insurance System and outcomes
of patients who received WT treatments

Even though several study limitations were observed,
the results obtained indicated that various factors may
have improved outcomes of patients that received WT
treatments (7). The study revealed the clear benefit of the
NHIEF. As “Universal Health Coverage” is currently one
of the top priority global health agendas since the 58th
World Health Assembly of 2005 adopted the resolution
on “Sustainable health financing, universal coverage,
and social health insurance” (World Health Assembly
Resolution 58.33, 2005), the clear benefit of the NHIF
shown in this study should encourage the country policy
makers to strategize improvements in the enrolment rate.
Approximately 20-30% of Kenyan population is estimated
to be covered by some forms of health insurance, mostly
by the NHIF (the Government of Kenya/NHIF, 2012).
This could be improved through different approaches such
as compulsory enrolment by the law, improved payment
systems, increased awareness of insurance benefits among
the general public, improved accountability/integrity of the
fund, and better benefit packages.

Strategy to reduce Lost to Foliow Up

It is also crucial to determine at which point patients
stopped their treatment and why (7). The study proved
that the completion of treatment led to the significantly
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better outcomes of patients with WT. However, it is not
easy to specify the timing and reasons for Lost to Follow
Up (LTFU) from the findings of the study; the finding
that fifty percent of study patients were LTFU indicate
large problems both in the study results and also in the
completion of treatment. The large number of LTFU may
have been due to financial constraints at the individual
level, distance to the treatment facility, and cultural beliefs/
superstitions including witchcraft and/or misconceptions
towards the WT management. In African culture, especially
in rural areas, people tend to link medical conditions with
religious and cultural beliefs. Therefore, when sick children
are not immediately responding to “Western medicine”,
the guardians often try to bring them to religious leaders
or traditional healers or any other forms of traditional
treatment methods, which waste a lot of time and money,
and increases the number of LTFU.

This finding could also be attributed to factors on
the side of the health services such as inability to obtain
central venous access for chemotherapy, as was described
in the Discussion section, discouragement due to drugs
being out of stock, and other forms of poor services.
Strategies to increase the treatment completion rate are
essential to improve the outcomes of the treatment for
WT. As dropouts were reported during pre- and post-
operative chemotherapy, it is also important to consider
quality communication and sufficient explanations of the
treatment to the families before and after the treatment
starts. Irrespective of developed or developing countries,
the success of cancer treatment often depends on the
relationship between the patient/their family and health
care providers and how their social and psychological issues
are followed-up by a multi-disciplinary team. Therefore,
comprehensive care for cancer should also be included in
the strategies to increase treatment completion rates.

Treatment protocol and the cutcomes of
patients with WT

As was described in the study (7), the development of a
standardized treatment protocol for WT is also an urgent
agenda. Children in Kenya with WT are mainly treated
with one of two protocols established by the Children’s
Oncology Group (COG) or Société Internationale
d’Oncologie Pédiatrique (SIOP). The findings of this
study showed that many patients dropped out during
chemotherapy; therefore, using the COG protocols,
in which up-front resection is performed prior to
chemotherapy appears to be more appropriate so that all
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Figure 1 Stage distribution of Wilms tumors in patients treated
between 1990 and 1996 and between 2008 and 2012 in Kenya.

patients could benefit from resection, which is often very
essential for the management of solid tumors. However,
it is also important to consider that the majority of WT
cases in Kenya already presented in advanced stages at
the first visit. The findings of this study showed that over
50% of WT patients in Kenya were diagnosed at stage 111
and IV (Figure 1), which is markedly different from data
obtained in developed countries, in which the majority of
patients were diagnosed at stage I or at most II. This could
make resection without preoperative chemotherapy less
successful. However, the stage distribution of WT in Kenya
has been changing over the last few decades. Abdallah e 4/
reported in 2001 that 78% of WT patients in Kenya were
stage III and IV (6) as opposed to the 52.8% reported in Axt
and colleagues’ study (7) (Figure 1). This indicates that the
clinical features of WT have markedly changed. Therefore,
continuous observations and studies are required to
determine a standardized treatment protocol that provides a
better outcome for Kenyan children with WT.

Blood transfusion and WT treatment ouicomes

Blood transfusion received outside of the operating
theatre was associated with a poor outcome (7). Almost all
patients received a blood transfusion during their time in
an operating theatre, and approximately 20% received on
outside the theatre, both of which were markedly different
from developed countries in which blood transfusions are
not always common practice both inside and outside of the
operating theatre during the management of WT. Although
the reasons for the blood transfusions were not stated
or analyzed, it may be attributed to extra complications
during the operation because of the advanced stage of
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tumors, infections due to poor hygiene, the overuse of
blood transfusions due to poor risk management, and
preconditions such as HIV infections, malnutrition, and
sickle cell diseases. Further research is needed to identify
the reasons for these transfusions in order to improve the
outcomes of patients with WT.

Biological differences in WT among African,
Caucasian, and Asian children

Murphy and colleagues studied the molecular characteristics
of 15 Kenyan WTs, age-matched North American
WT controls, and found an increased mortality, higher
incidence of nuclear unrest, and increased proportion of
epithelial nuclear B-catenin in Kenyan W'Ts than in the
North American counterparts (14). Anaplastic histology
with intense p53 immunostaining was detected in two
(13%) of the 15 Kenyan WTs, which was consistent
with the incidence of NWTS (10.8%) and appears to be
higher than that of anaplastic histology in Japanese WTs
(3.5%) (15,16). They demonstrated that the African WT
specimens expressed markers of adverse clinical behavior
and treatment resistance and may require more intensive
treatment protocols.

WTT1 is a multifunctional protein that acts as a
transcriptional activator or repressor, is predominantly
expressed in the embryonic kidney, and plays a pivotal role
in its development (17). We reported that if only sporadic
tumors were included, the frequencies of WT with WT1
abnormalities (22.8%) would be similar between Japanese
and Caucasian populations; however, an exact comparison
is difficult because of the absence of data on the population-
based incidence of WT1 alterations in WT (18). The study
on 15 Kenyan W5 only detected one tumor with a WT1
mutation (6.7%) (14), which indicated that the higher
incidence of African WT may be caused by the increased
incidence of WTI-wild-type WTk.

IGF2, insulin-like growth factor II, is an imprinted
gene expressed from the paternal allele, and encodes a
fetal polypeptide growth factor (19). We and other studies
previously reported that loss of IGF2 imprinting was
markedly lower in Japanese children than in their Caucasian
counterparts, and showed that the lower incidence of WT
with the loss of IGF2 imprinting may be implicated in the
lower incidence of WT in Japan (18,20). Unfortunately, no
studies have examined the IGF2 status in African WTs. Thus,
studies of the molecular characteristics of African WI have
just begun, and future studies will clarify whether genetic and
epigenetic differences correlate with the different incidence
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rates of WT among different ethnic populations.

Conguering the disparities in the outcomes
of children with WT between developed and
developing countries

As described earlier, limited resources are used for common
diseases such as diarrhea, pulmonary infection, HIV,
tuberculosis, and malaria. However, disparities in the outcomes
of children with pediatric cancer such as WT between
developed and developing countries cannot be ignored. Axt and
colleagues described the present medical situation for treating
WT in Kenya, and made recommendations to accomplish
better treatment outcomes (7). Researchers in developed
countries examine the biology of WT, and believe that this
research will improve the outcomes of subgroups of patients
with WT who fail to respond to the present standardized
regimens. Physicians and other health providers in Kenya
take care of children with WT as well as common, but
possibly life-threatening diseases. We hope that both these
groups can work together in future to conquer disparities in
the outcomes of children with WT between developed and
developing countries. Further updated studies from both
groups are essential for obtaining this goal.
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Wilms B O SHIBE I Twivy, BES, iy
BROEULLEA I v 7Y, ERUCRERTCHBI &%
T 5.

Major I WIXERENBH T = v, AXINI, BTCP2,
APCTr E L pa 7= vRABEEGHE BT & 2R L
o (R28)9. EbHE, WIXRBAF=voa & Fv
et a Rt % 2 L AR A L. WXL Wnt > 7
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Vv 7REIIT A b Xy, EEMEERERTOT
W EEL BT WS, FTXEYE L CTNNBI BEY
T 5 Wilms B, TRTH B, Z OFFRITWNI/B
ATV v I FAEEJORERLES, AT =T
HoTh, WIXTH-ThH, HRLLTALY /1R
EHNEL, Wims BB OFRERBES L TWB LI hS
(5 2B).
WIXWRHIRE L B2 RET Ly P VERABTHDY,
WTL &L, BT WI &2 L Amphiregulin (B3R 5
THY, WERHEREOHEBERT) oRFR{EET 5.
WTI & wIxid, BRSEMRcEBEHEL w5, WIXER
BWTIEREEAIB R LTy, BRI Y WTL
OER B PELELBS, C0X e, WIX D
REWMBTHY, TOREO Wilms BB k5 %H
LERTHD.

IV IGF2 (insulin-like growth factor 2) BEF®D
BEHRE L Wilms [BEORE

1. Wilms J8/E & Beckwith-Wiedemann (B-W) RE(EE%

Wilms BB X &M T A EREWEEM L L UB-WIIER
B SR TS, BWIEEREE~1r=7, BEE, B
PhEERETHEREHWEERTHS. —WOoBEC
1pls M ¥ v —%, 1pls KIS HBEN AL R
el &, FLBERNOBRNDL, TOREBETEX IpIS
LS A LR bR, plsHEci 2 o v 7
Vs a7 BlYAR) BETBY 24 VEBY, Th
FREFOBET CHEEIRS (X3)7 B-WIEER T,
pls D5 v x 7 M H % CDRNIC/KCNQIOTT T o,
v ux 7D B IGFUHIEIRD, Ebbhoa v

Imprinted domain 2

YT a v IREFHCEER DR D, CDEKNIC/
KCNQIOTI ¢y, ko KvDMR1 (imprint center 1,
1ICH) DR A F adl, IGF2/HI9 BB TR R HI9-DMR
(Gimprint center 2, IC2) DA FAfl, 2% H, FHLHLOY 2
AVIBWTS, BERET VARKEET v OREYE
BIoroirib, BWREERIRET S, B-WIERRF
D 125% KX SERBEARET RN, RIHEEORL
DX Wilms B TH 5. B-WIEENICEHT 5 REKE
BOEEAL, IGRLHBETFROREC IV REL
T EBEIh TS,

2. Wilms BBICHEVWTICR20BRIRRELLOTIO0

Bis

IGR2 MR E  iREEERT chy, BEFTH
Byah, BEROBTTHRAMETS. B LL IS
W, IGF2 & HI9DWREET W 1 BLRAAER p15 By
GoTHBEL, AVZI VT4 v 7 2ETs (M44), T
fehbEFEME T, IGRELEET7 VAL DA,
HIQQREET v Ainb DARBT 5. HIOERET O LI
Z.rE DMR (differential methylated region) & FELEHIL % FHIEAS
HY, TODPI insulator protein TH 5 CTCE OFEEIFALA
BB, RFT7 VAT HI-DMR O CTCF #5546 (CpG
islands) M2 F AL ERTE Y, CICFABATERVLO
T, HI$ TRO = v v =B IGF B 7 V2 1{5
EL, IGR2BRRTH. EXNefH7 v AT CICF#
G A F A ERBESH D, CTCERAKEAL, —v
NYY— FF A CTCR TEE S h 5 7%, IGF2W]E
27, HISBEBR T2 (R44). 2D X 5, HIS-DMR
DAF AL LY, IGF2 & HI9 Ol v As i h
B,

Imprinted dornain 1

Matemal Cen =%

{cornic] ,,T !Kavé-zo?f", "
7/ 7

B I

RKvbMR1

—>

L.
CDKNIC T T T
Patemal Cen «/f—2L LA

KCNQIOTI | 4,
T/

KvDMR1

B3 1plsA v 7V 7 vZ7HEBROBERNR CTR17L D3M). Hpls1 v 7Y v 7 YIHEBECR BT x4 vilbh,
differentially methylated region (DMR) & L Y 4 OBEFRAF/FE I LT 5. LKk 7 v A T2 F 443 T B HIS-DMR
(imprinting center 1, IC1) WX b, IGF2-HISW, BHEET v €A F A3 RTVv% KWDMRI (imprinting center 2, IC2) ¥ X b CDKNIC-
KengioTl Ml Eh w5, BREBETRIESC EREFEETRER THA TR, £ DMR O CpG island # 5 4 {Li2@ T, RJE

2 F O cRT
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CRAIGRTUINEE guunun
Uniparental disomy

AEEATUINIRE e > B.AVTUVNHEE
Retention of imprinting

Loss of imprinting

{’/—\ i @)"% E: r :/*\E
6r2] g [H10] g | [16R il m o] e [l @
d Enhancer} 9 H19DMR | Enhancer | & Enhancer
; JEAF AL ;
IGF2 600 HI9| & IGF2 Y HO! B IGF2 809 HY| B
d Enhancer | &t mzoomr | Enhancer | of Enhancer
§ AF )AL i

H4 HIOBETF WO DMREDH % CTCF (nsulator BIAE) BAMALD 2 5+ 4k & IGF2 BIET OB, A EFHRCBHET v
T, CTCFREARMNIEAF{LRIBTH D, CTCFNEETH. HIOTHA DO Y v — v 75 A CTCF CEHr s W B 7,
HI9PFERT B, LBET VAT CTCT &SR 2 F A {LIREETH D, CTCRRHEATEIIV, 2 YAV I =V I F VR IGFI |5

Baan B BH¥ET VA O CTCF AL 2 4L L T 5.
Z N % paternal uniparental disomy (UPD) &0EE. LOIRUPDMEL B &, IGER2ER 7 v

b, ZEBIGF? 7 VARERL T,
BEMT 500, ICRIERAENBHEEIRS.

RRFEHE Wilms BB X <% &, 30-70% Tk, BHET
VA D CTCF FER LA 2 F b LT b, &k loss
of imprinting (LOD) & FEE (H4B). ¥ 7, Wims[EF O
30-40% T, BREIGE 7 Vv asdkbh, AH%EIGH
TVAREBEL TS, I paternal uniparental disomy
(UPD) EWh$ (4C). LOIRUPD MU B &, IGF2 %
B7vAifgEmnds0C IGREAESBECEES R
%, TOiedie, Wilms EERAMOBEMIEI R 5.
CHINBEDY VAT » PR TWB EELBRBY,
IGF2 @ LOL=° UPD WRFFEF[E - BA R B i B 7 & D
BREEBESWTHELCED, JRREEEIwmE
ERTEEECh B EEL BT B,

3. EFEEWIms[EEREOERHMICEREShZ 1p15EE

Scot SR A F VAR W TEREB O B EME
Wilms B35 437 fl o R % 547 L 1361 3%) & 1ipls
BEFEERRER LY. REOWEN BHERICIORE»F 14
{b, A #% 11p15 D UPD, IC1 © BHEBARKEICH B
(B3). BEEICI OF » F v{bid—ie e 1 7 R
THALRIDT, FHERNeE T EHLbhi 13
Flrh 4 L AEEE Ch Y, L0 12% & Edk. 48P
3 FEIEA R IGF2-H19 © UPD, 1 iRtk HI9-DMR ©
LOI L BbDTHD, FHOMKCHEFE ALK
DT, FEBRERIC LD ELREEL bk, 0L

Z % loss of imprinting (LOD &PEE. C. BESEIGF2 7 VaAik

W, BRHCER LRARLRITEEOPE, £Eho¥
D 11pl5 BH B RTERENC S,

—7, BAOB-WIEEH 4760 11p15 FIROMHTHE
DIREEhTWBY BHEERICIOE2 F44L37 2 Y 7
Fa—ny AOREOHE L TEL, REKET DR
ERORTCEP o, 04703 FFHFEN Sl
BIHWEELZ AL Ty, Wilms B O&HHfliin
Do fe, BAER BV THFEEM Wilms BE 8% O R
DICL, IC2 B4 UkciiiEidinw.

V. Wilms BEEREETIVY T XOES

1. Wik & lgfo @RI~ R L5 Wilms [BBOH4E

Wil K%<= 7 A THBEERECREFORANRE T,
BERMBErZE L TR~ ARE TS (1), o7,
BB ST, BRI T30 T, Wilms BEOR
ERBEI RV, —F, BHRHIIDMREYREL,
IGF2 % BEFER T =7 2T, BARESRZBLRBDN,
Y Wilms JEE O BAGBE IR, WIT & IGF2 O
BET 1 FBLAABMCAIE L5, Haruta 43 wr1
EEDOD DL Wilms BE 36 G245 L, 130G wii
ERENBEIGFEZ N UPD KLV BEEL T L 2HE
LW, CoOFR%ev b, HuEkig ¥ BEREEL,
Wil FHEER L Wi-LgR P S VAV ==y 72 w0 AR
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WL, Wins EEEREIRDZ LCRIILLD, WK
493, EARRAROSMEAIEEL, R OoERHN, *O
WEA T 5, WECRAFNER LB Thb L
BZRLTWS. IGREF v v F—EThHSIGFLZH
KDY XV FTCH%B, IGFIR DT BRK v 7+ VRE
BEHRBLD, ZOrF VAL 7Y RATHE, VvV
b U 7o BRK1/2 EERE L Twe,

2. micro-RNA (miRNA) 7Rtz > F(ZfE < DROSHA
H L UDICERT &, Wilms[BBICH 3 2 0EETFER
miRNA %, #IRPNCHFET 2R E200 525520 RNA

CThyY, hoBRBFORR LI T S, miRNAE, EE

B LR X uinv non-coding RNA O—8TH %, BFY

CHZEME ZE RNA (primary miRNA) i3, RNA YIHER

(RNase III) Drosha it L b ~7 ¥ v E#E#EEs» L ok

FmiRNA (pre-miRNA) & LTHIDHERhD, &b, =

ORMBHEIHEECBTL, BT RNATEFERTH

% Dicer W X b BB EHEHRNA (miRNA) & L CHIh HE

5. HIREA O RNA-induced silencing complex (RISC) &

BT miRNA B mRNA CESTAC Ltk ), mRNA»

BARY FF FADBRAIFI D (F5),

Torrezan FL 1 KR D= 27 ¥ — A BITEEB L, R

o Wilms #IIC DROSHA RHIfAZER B R L0 R~T

Wilms B 222 Plic B\C, 10O miRNA 7 a v 7

v B BEFOEERARTYER L, 12% Q68D

WDROSHAZE R R ER L. * O81%F— D%k R

B1147K CH o Jo. DROSHABERE D In\ BB BT,

DGCRS8, DICERI, XPOS5, TARBP2 Iz ¥ 11 ) miRNA 7

n YV S b A RETRERME IR, IbKR

DROSHA-EN4TR BR % F - H[BECHEER YR T2

L BROBEAERETVARLDHAELTED, domi-

nant negative $IRw X b, BEM DROSHA OFBELHEH L

TwWbBEFEL bR ¥, DROSHAZREE Ci1, B

O miRNA B BN S E T TOni, Riefbhiz

Wilms B 66 fl OfFAT T2, miRNA 7 0w v S &I{ET

OERENBR LB O L, B Wilns BBl

HEINT5B WTL, CINNBI, WIX, TPS3, DIS3L2, FRXW]

EDREBFERI 2% LEHETH - . FRE-Z

& W DROSHABER % /RT 10 EE 4 BEw Wrl KE0F

Pt H b, DROSHAZE R ifkflaER ch b, KM

RAZER & FKEMEREIHRE ST inn,
DICERIVIHIE CTmiRNA 7 92 ¥ v Z b 538

ETTHBH, FOXRI T T, WEMFE S5

i ERIREE, ERMEIEE, WENREEEE TEH

W IR MBS GES, T TInb 50 Wins BECHRE

TRTERY. FEOL Y, FHREERCS SR B EM

JaZECh 5.

miRNAIE{GF

pri-miRNA

Drosha
| \.DGCR8
ﬁjﬁmﬂmﬁ( ) pre-miRNA

# i E in-5
A -
i i xportin
>DT—“DEEIO pre-miRNA

s — mMiRNA/mIRNA
l duplex
T "l‘ T miRNA
miRISC

%’imRN

BHERHR

5 RNATEHORAM mRNABZT 2 b RNA Polymerase 11
X DEEINLRVCITHE mRNA i pri-miRNA & BiEh 5, %
I H T pri-miRNA VL, RNA IS (RNase II) € % Drosha
X ki h, HI0EEOKA TH S premiRNA BEAE I R
5. pre-miRNA X exportin S/ L b D HIEETH S hic
%, PloRNase HI'C# % Dicer & X b FIF Sk, HBmiRNA
BEEIhB., RNA-induced silencing complex (RISC) DA h
7omiRNA 1, B BHOHEERII MG TE 2 EMNmRNA L
HLRER, mRNAFES, BEAEOBFRAN L LR R T

3. Lin28 [{ERiiMla g ST o LiT kY,

Wilms BB EHKESES

Lin284 L&D T 0 5 ChH D Lin28R L RNAFEEH Y
A—-FLTsh, SEkRARCERR L%, PsHl
N % FET 5 g 4 BT OCT3/4, KIF4, SOX2, MYC T
BDHH, Yol L KIFS, MYC DR W LIN28, NANOG %
EATBIERID, v PSHALHE TSI LR
Lie®, —7, LN S X EREE CBRIL V%
T EBHIBN T B, Urbach %1 LIN28B & BB
BlLiwy AD0BRERBAICSL D, LINSB & Wil
REBREBET AN I VAT 2=y w0 ABIER L,
Wi BB 0L L PREBECREL 5. BIEH
WRERTEERAI 5 L, £H2BHUACTTD
v AREEEAREE L, Lin28aty, BE135BET
DEFE~ Y ABEERL AR, o, #EETsr —
0, Lin28b 3R~ 9 ABTIE o1 BHEL T\,
CMBHORTREDL, Lim28 BFEBRUTWAENN, BEHE
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DR I B~ O inR E 5, BEAERMmA S
IR %, F0T), Lin28 DREHEBENRETKRWE,
B o b &, SRS Wilms [0 RS
BEELZDND, Let-7 A miRNA TH Y, Lin28 TR M
Fh, LS HEEBRL TV A~ Y ABEE T, Let-7
FEEMET U\, Lin28 & Let-7 VAT INEIT 5 1
RARHBH. AF) A0 b Wilms [BE 77 Aok L 5 &,
LIN28B BRI 30% DEBw A b, EEHENORE
B BFRciRR L, BR, BT LEGBERAALR
72, Urbach %13 LIN28/LET-7 28 A ¥ = 4 HHT L ™ Wilms
[ DIEFZANC In 5 O TR LEIB L T 52,

4. {RHRBEO partial reprogramming [ & U RET 3D R
Wilms [[E55

MR D reprogramming (FIH{L) w X b ipS RS EHE
XM b, Reprogramming % HHT S % partial reprogramming
b, Wils BB REZIRBT VAT AN, BT
HAE X DS S h ke, Ohnishi X IEF 2 5 M
reprogramming B ET (U4 BF) 2FH T2 ESfilas
FEAL, ¥25v7ARERLLEY. Z0o=v ATy, V
FoyA 7 ) R L Y F 4 BFORE Y RGTET
BhH HBABPOF ATV ALFNFLH A7) Y& 48
HREL, WF4EFERLCRBRA R L, 338¥
REBEEHHESSEE L. ULhL, 4EFL 7 HERE
SR, FPuvvA42 ) vRhbL, AEFORBERIE
Wi w ¥ AL (partial reprogramming), X% ¥ bR
S IR (dysplasia) PME U, BERMTAEO
HgcEEy, BEFoR#TRLL. FFohErl v g
WHRE UEE G, BRI & Rk Six2, Eyal, Lgrs
REDEEBTFHERL COnie. ChBLOBETFIE, 2bic
A BS I BT A Y o — 2 A I ) SR
Shao LRHbhTw5, P o REEGEEERE T,
Al D reprogramming BFETIA N B 1o, KV 23— 18
BHC L HBETRAOIF N 6T, £ OBEIERT
DFBEABR LI EELbR. $h, ThboEET
W, Z =S DNA 2 F b 2 — v R BEE T T
Wi, BEFERIBD Lo, ZhbOFER
b, 2¥Y=X7 1 v 7 BFECID Wilms B % F4EW
fEL T B U AT ANRIBEI L.

VI FHEE Wilms 185

1. Wilms IEIS O HhIBIIES:

Wilms EE v, FAECHAER 80~ 100 BIFE T % 25,
FOREFEIRKED12~1B8THY, 77 L&EDIHE
BELEW. 720 2 O Wilns[BE OFHRAFBIT 42~
A7 HET ST BH, Flob O 158 FIo BT HER C

I AChHD, BERTCHEWE 5. FAlb & Fukuzawa
LR X b, Wwrl, CINNBI, WIXBRETEF LB
RUCEM AR, IGF2-4 v 7 U v + % (LoD DEER
FECEL, Wins [ BESEOCHEMEV-—ETHD &
% % A0,

2. WTZEERBHM Wims BEOEETFHE

H A& Wilms JESEWF9E 7 v — 7 OWITS) Tk TRk
el BEE T 58— 7 e b 2 — A FRERAR
ERR ORI O - FAEEFEORA] v 5H
FEPFFE R 2014 6 A X VR Lic. R AEMEL L
T [MAEEFEOEET /I & MIEHHE~ DAL &5
ALY, Thd TORET, BRACIEE LI 30MOMHN
R Wilms BB © 80% = Tl INIIRER N RO hic. B
O FE 2B T Wl AR RN % 3 FR e TE i
Lic. —8FRCW, XEK wims BEORE DY, w1l
TRy LR OZI TR BEENFE L. Hlo—
KRBT, Wilms JEE O BEE O W AER pri EROF
HETHD, wriERYZHRCETHRBEENAREEL
fo. Eio, b A—FKR T, WHO U v RO wrl BET
BIEETH D, WL BEOMIE L HEE O SNP (single-

. nucleotide polymorphisms) 7 X b, REOMMICE L

T A RRERC X Y BIEARE L EE L DRI, L0
X5, WriERO D B WM Wilms [BEE TH - T,
B L PloRMmo wr R, SNP L DNA 2 ¥—#
EOHWMTAZER LY, WHIRENIPOGERS D
b, HAEBKRERTHLONNbNS. fik, WIRE
FIRE LT T h Wikms [HE 2 25 U s \WREH OFRE
Wi h, WTRE % b DR M Wilms BB R R A
TURRLIBEINTELT, BEE (w1 BRRaE
R OREE O T Wilms [EE & %4 T2 BEOHE) R
HThB OB b, Wims[EEOBBEREZHLH
el BEIY VR v IOEBE AT -2 B
e 50T gL TW 5,

3. W1 ZEO VM Wims BIEOREEFHER

JWITS O T il & Wilms 5 O EEFHF CREL -
80% DEH I WTI ERENH % & LBl &b
20% VEIEH O WT &R L #0 5 %0 1 i premature
chromatid separation (PCS) fE{RFECH - %z, BUBIBEIRT
i, Mo sl T, bR o HEd
BFxy 2 R4 VIBEFOOEDTHIHD, TOFEEN
PCSIERIH DR TH 522,

PCSIEMERED U v S BRERERE, BT 5 & a4l
Ha @ 50% Lh Bkt 7 Getats 48 chromatid 23 B & BRAHE
My 4 7 DBDLRD, BRERE LTRREFTES,
NEEEE, AR, BuvhA, SERLE, A5EHEEC
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by, Wins BESCESHRELZERTS. KREEES T
%3 A AL FEE T vineristine Z BEA T 5 & £ RS,
Z OEMT SR OSSR TH v, MinsagER
BrlEExhsicd, BEECEEAIEST L, LoRs
CHEBALETHS.

Kt Wilms BB LE0 M BETHD, TOHEIR
B JiEo X 5k, Wi ERTE X H5FERP—IBR LD
nh, BCROBHEITOREE I Y, 17921 & 19913 D DNA
7 —h — T ENEHET 5 Wilms EEFRRVHE S h,
BETEMIIFWTIS XOFWR2 E®4 S hic. Ll
D, WEET A TS Ty, 1lpl3
(wrD), 17q21, 19q13 CEF LR E 7y Wilms BEEHR RS
WEIhTRD, BrOFRENE Wins BERET OFE
LRI G,

vii &b Y

NEEHEES, BEMCREBRCr b AEET
DO=2FF 497 s LED=XT 4 v 7RECIDHE
THOENRIEIhoobh b kil RE wrl
E WX B OBRECEL A BET ChH A O L NEH
IR, T2AxT 4 v 7RECIVRETHEECHB
ERB SN —0, 1980FR X b Wilms [EE O
30% 1T B\ C, B RHIS-DMRIZ & # 7 vt (Loss of
imprinting, LOD 2T Tl b, F DR IGE2 2MERFAR
LTW3Z 2AEEI . RETE, miRNATH S
Let-7 DRBUE T X Y BABL T 5 LIN28B AT, miRNA
7 ay v FBRIET CH D DROSHA R DICERI DIER
X % miRNA OEA{K T, partial reprogramming 7 &, Blf
BB AT Ao Y= 2T 4 v 7 BEMBELC v
BT EDRbe TE R, Wilms BB IEEKIC heterogene-
ous WIRE TH AN, TOWRLHD, HHREERLOS
FHENAEHIR IS L LTwa.

EHroO—E, F£S55EPARDR - MERALREER
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Introduction With the recent improvements in the prognosis of pediatric malignan-
cies, the number of patients surviving long-term after surgery has been increasing.

Therefore, the late effects of cancer treatments are important issues. In this study, we

analyzed the problems associated with the treatment of pedlatnc patnents during the
long-term follow-up after surgery.
Patients and Methods A total of 64 patients with pediatric malignancies who underwent

surgical treatment and were followed up for more than 5 years and who were older than

13 years of age were included in this study. The average age was 20.8 (13-33) years, and the
follow-up ranged from 5 to 31 years (mean, 17.7 years). Twenty-one patients (32.3%)
received high-dose chemotherapy (HDC) and nine (14.1%) received radiotherapy.
Results In this study, 46 patients (71.9%) developed at least one problem-during the follow-
up period. With regard to the surgical problems, 14 patients underwent nephrectomy, and 1
of them developed renal failure. One patient received cystectomy with urinary tract
reconstruction. One patient received a partial vaginectomy. Two cases with ovarian tumors
received oophorectomy, one of whom also received partial hysterectomy. Other complica-
tions such as ileus, scoliosis, and leg length discrepancies were seen in some patients. In terms
of the medical problems, 15 patients showed: growth retardation and 2 were treated with
growth hormone therapy. Gonadal dysfunction was observed in 23 patients, and 8 of them
were treated with hormone replacement therapy. Six patients developed hypothyroidism, two
of whom were treated with thyroid hormone replacement therapy. Other medial issues, such
as hearing impairment, low bone mineral density, and hepatitis, were seen in some patients.
The rate of growth retardation, gonadal dysfunction, and hypothyrondlsm were significantly
higher in the patients who received HDC (p < 0.05). There was one case of second mahgnancy
of the parotid gland.

Conclusion Various treatment-related complications may occur even many years after
treatment, especially .in patients who receive HDC. Medical problems, especially
endocrine disorders, appear to be more serious than surgery-related problems. Lifetime
medical surveillance and continuous follow-up by not only pediatric surgeons but also by
various specialists, such as pedlatnc oncologists, pedlatrlc endocrinologists, urologists,
and gynecologlsts are necessary.

© 2015 Georg Thieme Verlag KG {301 http://dx.doi.org/
Stuttgart - New York 10.1055/s-0034-1386639.
ISEN 0939-7248.
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introduction

With the recent improvements in the diagnosis and treat-
ments of pediatric malignancies, the number of patients
surviving long-term after surgery has been rapidly increas-
ing. Approximately 80% of children with cancer now sur-
vive longer than 5 years. Patients who have survived more
than 5 years after the treatments are generally identified
as childhood cancer survivors (CCSs). Large cohort
studies of CCS have reported that these patients are at
high risk for developing late treatment-related complica-
tions, such as organ dysfunction, second neoplasms, and
psychosocial problems.'~* The importance of the quality of
life of these patients is now being recognized, and the late
effects of cancer treatments are essential and important
issues.

However, these have not been well recognized by pediatric
surgeons, especially before 2000. In 2005, pediatric oncolo-
gists and endocrinologists started the “long-term follow-up
clinic” for CCS in our hospital, and started to determine the
late effects in the patients who received multimodal antican-
cer therapy and survived more than 5 years or become
adolescents and young adults.” Therefore, the recent patients
with pediatric solid tumors treated by surgery are also
followed by the long-term follow-up clinic. The aim of the
present retrospective study was to assess the surgical and
medical disorders of CCSs who were surgically treated and
followed for at least 5 years in our pediatric surgical clinic to
clarify their problems and to establish a suitable follow-up
system for these patients.

Patients and Methods

From 1984 to 2008, 132 patients with malignant solid
tumors underwent surgical treatment at Osaka University
Hospital and lived to be older than 13 years of age, which is
the starting age for the adolescent. Among them, 26 pa-
tients died of disease, 42 patients were lost to follow-up,
and the remaining 64 patients were continuously followed
up in the pediatric surgical clinic for more than 5 years.
These patients, adolescent-young adult CCSs, were includ-
ed in this study. They comprised 32 males and 32 females.
The tumors included 22 neuroblastomas, 12 renal tumors,
11 rhabdomyosarcomas, 10 hepatoblastomas, 7 malignant
germ cell tumors, 1 primitive neuroectodermal tumor, and
1 granulosa cell tumor of the ovary. The average age of the
patients was 20.8 (range, 13-33) years, and the follow-up
duration ranged from 5 to 31 years (mean, 17.7 years). The
mean age at the diagnosis of the underlying tumor was 3.3
(range, 0-15) years.

The treatment regimens (chemotherapy, radiation thera-
py, surgery, and high-dose chemotherapy [HDC] with he-
matopoietic stem cell transplantation) and various late
effects, problems, and complications were retrospectively
assessed from the medical records. The chi-square test and
Fisher exact test were used to assess the difference between
the groups. A p value of less than 0.05 was considered to
indicate statistical significance.

European Journal of Pediatric Surgery  Vol. 25 No. 1/2015

Results

Treatments

The treatment protocols for cancer have changed over time.
All of the 64 patients received surgical treatments. Fifty-five
patients (85.9%) received chemotherapy, 21 (32.3%) received
HDC, 12 (18.5%) received radiation therapy, and 9 patients
(14.1%) received surgery alone. Forty-six patients (71.9% of
followed cases; 43.4% of surviving cases) developed at least
one problem during the follow-up period.

Surgical Problems

The most important problem related to surgery was resection
of the affected organs. Fourteen patients (3 with neuroblas-
toma and 11 with renal tumors) underwent nephrectomy,
and 1 of them developed renal failure and required renal
transplantation. One patient with rhabdomyosarcoma re-
ceived cystectomy with urinary tract reconstruction. One
patient with a germ cell tumor received partial vaginectomy.
Two cases with ovarian tumors received oophorectomy, one
of whom also received partial hysterectomy.

Various other surgery-related problems, orthopedic dis-
orders (such as scoliosis and leg length discrepancies), Horner
syndrome, adhesive ileus which required laparotomy, portal
vein obstruction, and gallstones, were seen in the CCSs
(=Fable 1),

Medical Problems

Growth retardation was defined as a height shorter than
— 2.0 standard deviation (SD) of the normal population.
Fifteen patients showed growth retardation. Among them,
two were diagnosed to have growth hormone (GH) deficiency
and were treated with GH therapy.

Gonadal dysfunction was evaluated by the serum levels of
luteinizing hormone (LH), follicle stimulating hormone
(FSH), and estradiol (females) or testosterone (males). Pa-
tients showing high levels of LH or FSH were considered to
have primary hypogonadism. Gonadal dysfunction was
observed in 23 patients (10 boys and 13 girls), and 8 patients
were treated with hormone replacement therapy. =#ig. 1
shows a typical case of growth retardation with gonadal
dysfunction. A 2-year-old female with stage IV neuroblasto-
ma was treated with surgery, chemotherapy, and HDC with
hematopoietic stem cell rescue (HSCR). Her height was
under — 2SD of the normal range, and puberty was delayed,
when she was 10 years old. GH therapy was started when
she was 12 years old, and gonadal hormone therapy replace-
ment therapy was started when she was 15 years old, both of
which were effective, and her height caught up to the normal
range and puberty was observed.

The thyroid status of patients was evaluated by the serum
thyroid stimulating hormone (TSH) and free T4 levels. Six
patients showed high levels of TSH and were diagnosed with
primary hypothyroidism, and two of them were treated with
thyroid hormone replacement therapy. »Takie 1 shows the
effects of HDC on the growth and endocrinological disorders.
The rates of growth retardation, gonadal dysfunction, and
hypothyroidism were significantly higher in the patients who

— 246 —

Downloaded bv: Hvoao Colleae of Medicine. Cobvriahted material



Long-Term Follow up for Pediartric Malignancies

Fable 1 Problems seen in the 64 CCSs followed in the pediatric
surgical clinic

Surgical problems 27/64 (42.2%)

Organ resection 18
Nephrectomy 14
Oophorectomy 28
Cystectomy 1
Partial vaginectomy 1
Partial hysterectomy 1°

Leg length discrepancies 3

Horner syndrome 2

Adhesive ileus 1

Scoliosis 1

Portal vein obstruction 1

Gallstone 1

35/64 (54.7%)°
Growth retardation 15

Medical problems

Gonadal dysfunction 23

Low bone mineral density

Hypothyroidism

Hepatitis

Renal dysfunction

1
6
Hearing impairment 6
2
1
1

Diabetes

Anemia 1
Second malignancy 1/64 (1.6%)
Total 46/64 (71.9%)°

*One patient received both oophorectomy and partial hysterectomy
bSome patients had multiple medical problems

€16 patients has both surgical and medical problems

Abbreviation: CCSs, childhood cancer survivors.

were treated with HDC than in those who did not receive this
more aggressive treatment (p < 0.05) (> Table 2).

The bone mineral density of the lumbar spine was mea-
sured by dual energy X-ray absorptiometry in 18 patients. The
bone mineral density in childhood was expressed as SD from
the mean for age- and sex-matched controls according to the
report by Tanaka® Ten patients showed a bone mineral
density lower than normal range and were diagnosed to
have a low bone mineral density. Other medical issues,
such as hearing impairment, hepatitis, renal dysfunction,
diabetes mellitus, and anemia were also seen in the CCSs
(»¥abie 7). There was one case of second malignancy, where a
parotid gland tumor developed in a patient after the treat-
ment of rhabdomyosarcoma in the cheek.

Discussion

In the present study, among the 64 patients followed in our
pediatric surgical clinic for more than 5 years and who

Oue et al.

became older than 13 years old, 46 patients developed at
least one surgical or medical problem during the follow-up
period. During the same period, we treated 132 patients, and
26 patients died of disease. Therefore, 106 patients had
become CCRs. These results indicate that 72% of the followed
patients and 43% of the total CCRs developed problems during
the long-term follow-up. These percentages are compatible
with those of the previous reports. For example, Oeffinger et
al calculated the frequencies of chronic conditions in 10,397
survivors and 3,034 siblings and reported that 62.3% had at
least one chronic condition; 27.5% had a severe or life-
threatening condition (grade 3 or 4).% Geenen et al performed
a retrospective cohort study of 1,362 5-year survivors of
childhood cancer treated at a single institution in the
Netherlands, and reported that almost 75% of survivors had
one or more adverse events, and 24.6% had five or more
adverse events.>

The most important surgical problem is the resection of
affected organs. The kidney was the most frequently resected
organ, 14 of 64 cases received nephrectomy. Nephrotoxicity is
also a known acute side effect of several treatments, including
cisplatin, carboplatin, ifosfamide, and radiotherapy, and can
cause impaired glomerular filtration, proteinuria, and tubul-
opathy.” Elli et al investigated the blood pressure profile in 25
children with unilateral Wilms tumor and reported that the
daytime and nighttime systolic blood pressure and nighttime
diastolic blood pressure measurements were significantly in-
creased in the patient group compared with healthy children.®
Survivors with impaired renal function due to childhood cancer
treatment are usually symptom free. To reduce the risk of long-
term nephrotoxic events in CCS, the renal function and blood
pressure should be frequently checked for a long time, espe-
cially in the patients who received nephrectomy.

Another important surgery-related problem is the resection
of genitourinary tract tissues. In our series, one patient with
rhabdomyosarcoma underwent cystectomy with urinary tract
reconstruction. Such patients should be followed by urologists
for the rest of their lives. One patient with a germ cell tumor
underwent a partial vaginectomy, and another case with an
ovarian tumor underwent oophorectomy and partial hyster-
ectomy. These patients are not yet married, but they will have
troubles in terms of sexual contact, pregnancy and delivery
when they do. They will need to be carefully followed up in
collaboration with gynecologists.

Growth retardation is one of the most common compli-
cations that emerge during cancer treatment, and also during
the follow-up period in CCSs.>~'? In this study, 15 of 64 CCSs
(23.4%) exhibited growth retardation. The cause of growth
disturbance is considered to be multifactorial, and to include
nutritional insufficiency, GH deficiency, the exposure of the
spine or legs to radiation, hypothyroidism and corticosteroid
therapy. In our series, the patients who were treated with
HDC had a significantly higher risk of growth retardation.
Hypogonadism may cause insufficient pubertal height gain.
In the case of hormonal insufficiency, hormone replacement
therapy is reported to be effective for growth catch up.’ The
growth retardation was improved by GH therapy and gonadal
hormone therapy in our patients with hormone insufficiency.

European Journal of Pediatric Surgery  Vol. 25 No. 1/2015
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Neuroblastoma Stage IVA
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Fig. T The growth of a patient treated for stage IV neuroblastoma. A 2-year-old female with stage IV neuroblastoma was treated with surgery,
chemotherapy, and HDC with HSCR. Her height was under — 2 SD of the normal range and puberty was delayed at 10 years old. GH therapy was
started when she was 12 years old, and gonadal hormone replacement therapy was started when she was 15 years old, which were both effective,
and her height caught up to the normal range and puberty was observed. GH, growth hormone; HDC, high-dose chemotherapy; HSCR,

hematopoietic stem cell rescue; SD, standard deviation.

Abnormal gonadal function is also a common problem. In
male patients, it is sometimes difficult to recognize gonadal
dysfunction; however, high levels of FSH and decreased
testicular volume indicate primary hypogonadism. These
patients have the potential for experiencing male infertility
and should therefore consult urologists. An important late
effect among female survivors of childhood cancer is treat-

European Journal of Pediatric Surgery  Vol. 25 No. 1/2015

ment-related ovarian damage and impaired fertility. Chemo-
therapy and radiation therapy are reported to be associated
with impaired fertility.> Pubertal females with primary
ovarian dysfunction showed high levels of FSH, LH and a
low level of estrogen and amenorrhea. Recently, anti-Miiller-
ian hormone (AMH) was shown to be a sensitive marker of the
ovarian reserve. Miyoshi et al evaluated the ovarian function
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Fable 2 Effects of HDC on the patient growth and
endocrinological disorders

HDC(+) HDC(-)

(n = 21) (n =43)
Growth retardation 12%(57%) 3 (7%)
Gonadal dysfunction 17°(81%) | 5(12%)
Hypothyroidism 67 (29%) 0 (0%)

Abbreviation: HDC, high-dose chemotherapy.
*Significantly higher in the HDC (+) group than in the HDC (~) group;
X squared, p < 0.05.

of 53 Japanese female CCSs by measuring the serum levels of
AMH and gonadotropin. Among them, 28 (53%) had a de-
creased AMH level, whereas only 16 (30%) had an increased
FSH level.® The ovaries are sensitive to both chemotherapy
and radiation. Therefore, the serum LH, FSH, and AMH levels
should be regularly checked, and if abnormal ovarian function
is suspected, the patients should be referred to gynecologists
for gonadal hormone replacement therapy.

Endocrinological abnormalities are common problems,
often requiring early interventions.>>'® In our study, a
deficiency of GH, gonadal hormones and thyroid hormone
were frequently observed among the CCSs, especially treated
with HDC. These patients should be followed by pediatric
endocrinologists for early detection of problems and appro-
priate treatments.

Conclusion

Various surgical and medical complications may occur many
years after cancer treatments, especially in patients who
received HDC. Among the surgical problems, resection of
the affected organ was the most serious problem. Medical
problems such as endocrine disorders seem to be more
serious. Lifetime medical surveillance and continuous fol-
low-up by not only pediatric surgeons but also by various
specialists, such as pediatric oncologists, pediatric endocri-
nologists, gynecologists, urologists, and orthopedists, are
necessary.
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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
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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 WTT mutations are increasing because of improved survival.

Methods: Statuses of WT1 and IGF2 were examined in 45 BWTs from 31 patients with WT7 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 WTT 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 WTI gene was
altered in <25% of sporadic WT's (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 11pl3 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 WT's and
those with a unilateral WT (UWT) with a WTI 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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WTT abnormality in bilateral Wilms tumour in Japan

the incidence of WTI and 11p15 abnormalities in bilateral WTs of
East Asian children, and have not yet tried to estimate the
penetrance rates of WTI-mutant FWT.

WT1 is a multifunctional protein that acts as a transcriptional
activator or repressor, is predominantly expressed in the
embryonic kidney, and plays a pivotal role in its development
(Huff, 2011). Insulin-like growth factor II (IGF2; OMIM 147470) is
an imprinted gene expressed by the paternal allele, and encodes
a foetal polypeptide growth factor (Foulstone et al, 2005).
In contrast, WT1I is biallelically expressed in normal foetal tissues
and WTs (Little ef al, 1992). The loss of heterozygosity (LOH) and
loss of imprinting (LOI) of IGF2 have been reported in 30-40%
and 30-70% of sporadic WTs, respectively, and these alterations
cause the overexpression of IGF2, which is involved in Wilms
tumorigenesis (Schroeder et al, 1987; Ravenel et al, 2001; Haruta
et al, 2008).

Both WTI and IGF2 genes are located on the short arm of
chromosome 11 (11p) and uniparental disomy (UPD) on 1lp,
involving either the region limited to 11p15 or that including both
11p15 and 11p13, is regularly accompanied by maternal allele loss
and paternal allele duplication (Schroeder et al, 1987). We
previously reported that small homozygous WTI mutations and
paternal UPD (pUPD) of 11p occurred in one-third of unilateral
and bilateral WTs with various WTI abnormalities (Haruta et al,
2008). Based on these genetic findings of human WT, Hu et al
(2011) showed that the combined occurrence of the upregulation
of Igf2 and ablation of WtI resulted in WT in transgenic WtI-Igf2
mice; however, the upregulation of Igf2 or ablation of WtI by
themselves did not lead to malignant tumours .

The inheritance of WT1 mutations have been poorly studied in
FWTs, and only 13 hereditary WT families with WTI abnor-
malities have been described in the literature (Yunis and Ramsay,
1980; Kousseff and Agatucci, 1981; Nakagome et al, 1984; Lavedan
et al, 1989; Pelletier et al, 1991; Kaplinsky et al, 1996; Jeanpierre
et al, 1998; Pritchard-Jones et al, 2000; Shibata et al, 2002;
Zirn et al, 2005; Regev et al, 2008; Fencl et al, 2012; Melchionda
et al, 2013). In addition, the parental origins of de novo small WT1
mutations and large 11p13 deletions encompassing WTI1 were
reported previously in two and eight individuals, respectively
(Huff et al, 1990; Nordenskjold et al, 1994). The aim of the present
study was to determine the incidence rates of WTI and IGF2
abnormalities in bilateral WTs in Japanese children, and was to
compare the results with those reported in bilateral WTs of
Caucasian children. In addition, we summarised the present and
previous findings on the penetrance rate for children who inherited
various types of WT1 abnormalities from their fathers or mothers,
or had de novo WT1 (DNWT1) abnormalities that occurred in the
paternal or maternal germ cell, and tried to clarify whether
parental inheritance and WTI abnormality types may affect the
penetrance rate of hereditary WT.

Patients and samples. Forty-five tumour samples were available
from 31 Japanese infants or children with bilateral WT, ranging in
age between 2 and 26 months, who underwent surgery or biopsy
between August 1996 and 2011 (Table 1); 11 of the 45 tumours and
7 of the 31 patients were described in a previous series of patients
with WTI-mutant WT (Shibata et al, 2002; Haruta et al, 2008). In
one of the seven patients, data on the 11p15 status was added and
shown as Bilateral Wilms tumour 23 (BWT23) (Table 1; Shibata
et al, 2002). In addition, five patients, including one with UWT of a
DNWTI mutation (UWTG1), one with familial and UWTG2, one
with Wilms tumour-aniridia-genitourinary malformation-mental
retardation (WAGR) syndrome-associated UWTGS and two with

sporadic and UWTS1 and 5 were incorporated into our previous
study for a comparison of the data with those of WTI-mutant
bilateral WTs (Table 2). Normal tissue samples were obtained from
either peripheral blood (PB) or normal renal tissue adjacent to the
tumour from the same patients. Tumours were staged according to
the National Wilms Tumor Study Group (NWTS) staging system
and most patients were treated according to the NWTS protocols
(D’Angio et al, 1989; Oue et al, 2009). Malformations found in
patients with bilateral WT are listed in Table 1. None of the
patients in the present study showed hemihypertrophy or
malformations associated with Beckwith-Wiedemann syndrome
(BWS; OMIM#130650). One (BWT9) died of the disease, another
(BWT27) with premature chromatid separation (PCS) syndrome
died of infection (Matsuura et al, 2006) and 29 were alive at the last
follow-up.

This study was approved by the Ethics Committee at Saitama
Cancer Center, and written informed consent was obtained from
parents for samples from the Japan Wilms Tumor Study Group
(JWITS; Oue et al, 2009). Since written informed consent was not
obtained in a subset of patients collected before 2001, identifying
information was removed prior to their analysis, in accordance
with the Ethical Guidelines for Clinical Research enacted by the
Japanese Government. The Ethics Committee approved the waiver
of written informed consent for the latter samples.

Histological examination. The diagnosis of WT was made in all
45 tumours, with routine haematoxylin and eosin-stained patho-
logy slides by pathologists at each institution or the JWIiTS$
pathology panel according to the classification proposed by the
Japanese Society of Pathology (The committee on histological
classification of childhood tumors, 2008). In addition, a patholo-
gical review of 29 tissue specimens was performed by the JWiTS$
pathology panel.

Analysis of WT'1 and allelic loss on 11p and 11q. Copy number
and LOH analysis using single-nucleotide polymorphisms (SNP)
arrays, Affymetrix Mapping 50K-Xba and 250K-Nsp arrays
(Affymetrix, Santa Clara, CA, USA) was conducted as described
previously (Haruta et al, 2008). Copy numbers and LOH were
calculated using CNAG and AsCNAR programmes with paired or
anonymous references as controls (Nannya et al, 2005; Yamamoto
et al, 2007). Gross WTI deletions were analysed by Southern
blotting using a WT'1 cDNA probe and BCLI in chromosome band
11q13, or by SNP arrays or the multiplex ligation-dependent probe
amplification (MLPA) method (Salsa MLPA kit, MRC-Holland,
Amsterdam, the Netherlands). To detect small WTI mutations,
defined as missense, nonsense, frame-shift or splice-site mutations,
all coding exons including flanking intronic sequences of WTI
were amplified from genomic DNA by PCR, and PCR products
were directly sequenced with the BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA, USA).

COBRA of the CTCF6 site at HI9-DMR or MS-MLPA of the
IC1 (H19-DMR) and IC2 (KvDMR) regions. We determined the
methylation status of 11p15 region in tumour and PB samples by
combined bisulfite restriction assay (COBRA; Watanabe ef al,
2006) and/or methylation specific (MS)-MLPA (Salsa MS-MLPA
kit, MEO30BWS/SRS) assay. Combined bisulfite restriction assay of
CTCF6 at HI9-differentially methylated region (HI9-DMR)
showed that the mean methylation percentage *2 s.d. of five
normal kidney and two PB samples was 53.6+5.6%, and we
defined more than the mean percentage +2 s.d. as the hyper-
methylated state. Methylation specific-MLPA analysis was used to
detect the methylation status of the IC1 (HI19-DMR) and IC2
(KvDMR) regions. The methylation statuses were defined accord-
ing to the manufacturer’s instructions.

Statistical analysis. Differences in the incidence of clinical and
genetic characteristics between any two genetic subtypes of

2
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