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Figure 2. Left panel: GISTIC analysis results for copy number
alterations in 22 clear cell renal cell carcinomas with wild-type VHL
determined by segmentation analysis of normalized signal intensities
from 250K SNP arrays. Amplifications (red) and deletions (blue) are
displayed across the genome (chromosome positions, indicated along
the y axis). Middle panel: the statistical significance of the copy gain
aberrations identified is displayed as FDR g values to account for
multiple-hypothesis testing. Chromosome positions are indicated

abnormalities gains at 5q35.2 or 12q24.3 and loss at
14q11.2 were equally frequent.

Comparison of the gain/loss patterns in VHL
cRCC and VHL wild-type cRCC revealed that the
most common CNAs (gains on 5q and losses on 3p
and 14q) were common to both tumor sets (though
the precise GISTIC peaks might vary). Overall,
VHL-wt ¢cRCC had more significant regions of
CNA than VHL RCC. Frequent (>20% of tumors)
statistically significant peaks that were detected in
only one set of tumors included gains on 8q and
losses on 1p and 17p in VHL-wt ¢cRCC and gain on
7p and loss on 8p in VHL RCC.

As for VHL RCC, we interrogated the results of
high throughput sequencing of 3,544 genes in
RCC (Dalgliesh et al., 2010) and our previously
reported Illumina Goldengate methylation array
profiling results for VAL-wt cRCC analyzed in this
study by McRonald et al. (2009). Lists of the genes
in the 13 candidate regions are recorded in Supple-
mentary Tables 3 and 4. We note that, despite the
tumors being selected for the absence of a detecta-
ble VHL gene mutation, the GISTIC delineated
region of chromosome arm 3p loss contained the
VHL 'TSG. Sequencing data for sporadic RCC
were available for 12 of 66 other genes in the GIS-
TIC defined 3p region but none of these genes
were found to be frequently mutated in the study

[ T
along the y axis with centromere positions indicated by dotted lines.
Statistically significant copy gain events exceeded the significance
threshold (green line). Right panel: the statistical significance of the
copy gain losses identified is displayed. Four statistically significant
peaks exceed the significance threshold for copy number gains and
six for deletions were identified. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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Figure 3. Distribution of copy number abnormalities (in GISTIC
defined significant regions) in renal cancers from von Hippel-Lindau
disease patients and sporadic renal cancers with wild-type VHL.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

by Dalgliesh et al. (2010) (Table 3). In addition,
none of the 159 genes from other significant
regions of copy loss were mutated in >3% of spo-
radic RCC (Dalgliesh et al., 2010; Table 3).
Interrogation of our previous published Illumina
Goldengate methylation array analysis (McRonald
et al., 2009) revealed that EFNB3, which maps
within the 17p copy number loss region, was meth-
ylated in 20% of sporadic VHL-wt cRCC (TP53
was also included in this region).
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VHL-wt cRCC with 3p loss had more copy num-
ber changes (median: 5, mean: 5.3) than VHL-wt
cRCC without 3p loss (median: 1, mean: 2). 8q
gain was detected in 5/11 VHL-wt cRCC with 3p
loss but was not present in VHL-wt cRCC without
3p loss (P = 0.035).

DISCUSSION

We investigated the cRCC from patients with
VHL disease and sporadic cRCC without detecta-
ble evidence of VHL inactivation for copy number
abnormalities using high-resolution SNP microar-
rays. To our knowledge, this study is only the
second array-based genome wide analysis of copy
number abnormalities in VHL disease associated
¢cRCC. Thus, Beroukhim et al. (2009) reported
previously a study of VHL and sporadic RCC
using the same microarray platform (Affymetrix
250K SNP array) and this provided us with the op-
portunity to undertake a GISTIC-based analysis of
the combined data for VHL. RCC. The combined
analysis revealed five significant regions of copy
number loss and four significant regions of
copy number gain. As expected, the most frequent
copy number change (86% of VHL RCC) was 3p
loss and it was striking that the GISTIC analysis
identified a very small critical region that con-
tained only six genes including the VHL 'TSG.
The next most frequent change in VHL cRCC
was 5q gain and GISTIC analysis highlighted a ~
18 Mb interval containing 133 genes. The other
significant copy number loss/gain alterations
occurred in no more than 25% of tumors and in
most cases the critical regions identified were large
and contained many candidate genes (though the
infrequent 12q12 loss region was very small and
did not contain any genes). To identify potential
candidate genes that might map within the identi-
fied regions the results from the Cancer Genome
Project sequencing of 3,544 genes in 101 sporadic
RCC (Dalgliesh et al., 2010) were interrogated to
identify frequently mutated genes. However,
excepting VHL, no such genes were identified.
Apart from VHL, the most commonly mutated
genes in cRCC demonstrate mutations in only a
minority of tumors (e.g., 7% for CDKNZA, 6% for
PTEN and SETD2; Dalgliesh et al., 2010). In con-
trast, in excess of 50 candidate TSG have been
reported to be inactivated by acquired promoter
region hypermethylation (see Morris and Mabher,
2010 references within) and we have previously
reported a methylation profile of 807 genes in
VHL RCC using CpG methylation array method-
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ology (McRonald et al.,, 2009). Although only a
fraction of the genes within the five significant
regions of copy number loss were represented on
the Illumina Goldengate methylation array we
note that three genes PITX, TNFRSFI10C, and
DUSP4 were frequently methylated in the VHL
RCC samples. TNFRSF10C and DUSP4 map to
the 8p region that was deleted in VHL RCC (no
significant correlation between the presence of de-
letion and gene methylation was detected).
TNFRSF10C encodes a member of the TNF-re-
ceptor superfamily (DcR1) that contains an
extracellular TRAIL-binding domain and a trans-
membrane domain, but no cytoplasmic death
domain (and so is not capable of inducing
apoptosis). The protein is not expressed in many
cancer cell lines and has been reported to show
promoter hypermethylation and silencing in a vari-
ety of cancers including VHL disease associated
phaeochromocytomas (Shivapurkar et al., 2004;
Margetts et al., 2005). DUSP4 encodes a dual spec-
ificity protein phosphatase (also known as MKP-2)
that was recently reported to be frequently epige-
netically silenced gene in gliomas (Waha et al,
2010). Hence both TNFRSF10C and DUSP4 would
seem to merit further investigation as candidate
T'SGs in VHL disease associated RCC.

Most RCC in VHL disease patients are detected
presymptomatically and surgically removed when
the tumor reaches ~3 cm. In contrast, only a
minority of sporadic RCC is detected presympto-
matically and so, on average, cRCC removed from
sporadic patients are larger than those removed
from VHL patients. Hence genetic and epigenetic
differences between VHL RCC and sporadic
VHL-wt cRCC might reflect (a) differences in
stage of tumorigenesis (i.e., later in sporadic cases),
(b) differences in mechanisms of tumorigenesis
according to the presence or absence of VHL muta-
tions, and/or (¢) in view of the smaller number of
RCC analyzed, lack of power to detect changes in
the sporadic VHL-wt ¢cRCC. Copy number gains
on chromosomes 2, 5, and 12 were found in both
VHL and wild-type VAL cRCC (also on chromo-
some 7 but this did not reach statistical
significance in wild-type VHL c¢RCC) but a chro-
mosome 8§ peak was only detected in wild-type
VHI ¢cRCC. Copy number losses on chromosomes
3 and 14 were found in both tumor types but chro-
mosomes 1, 11, 16, and 17 losses were only
significant in wild-type VHL cRCC. Given that (on
average) non-VHL tumors were more advanced
this might be expected, but it was interesting that
loss on chromosome 8 was only apparent in VHL
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cRCC, suggesting that it is likely to be preferen-
tially associated with VHL-dependent mechanisms
of tumorigenesis. The presence of 3p25 loss in the
“VHL-wt ¢cRCC” might reflect the presence of
undetected non-coding region or mosaic mutations
in a “contaminating” subset of tumors or that 3p
loss was targeting other 3p TSG or that partial
(hemizygous) VHL inactivation might promote tu-
morigenesis in these cases. However, we note that
whereas 3p25 loss was present in VHL tumors
with very few copy number changes it did not
appear to be such an early event in the VHL-wt
cRCC suggesting that many such tumors are initi-
ated by VHL independent mechanisms (even if 3p
loss occurs subsequently). 14q loss has previously
been associated with tumor aggressiveness and
poor survival in RCC (Alimov et al., 2004). We
note that the chromosomes 2 and 17 regions of
gain and loss, respectively, in VHL-wt cRCC con-
tained the candidate genes HIFZ2A (EPASI) and
TP53. Inactivation of VHL leads to increased
expression of HIF-1 and HIF-2 hypoxia inducible
transcription factors but several lines of evidence
suggest that HIF-2 rather than HIF-1 is critical for
driving renal tumorigenesis (Mandriota et al.,
2002; Kondo et al., 2003; Raval et al., 2005; Morris
et al,, 2009), including the recent finding that a
genome-wide association study of RCC identifies
HIFZA as one of two significant susceptibility loci
(Purdue et al., 2011); hence, it may be that gains of
the HIF2A region in VHL-wt cRCC might partially
mimic the effects of VHL inactivation.

Consistent with the hypothesis that the sporadic
non-VHL ¢RCC were (on average) removed at a
more advanced stage, VHL-wt cRCC did, on aver-
age, harbor more copy number changes than VHL
cRCC (Fig. 3). A previous analysis of a very large
number of unselected RCC reported that the most
frequent cytogenetic changes were loss of 3p
(60%), 14q (28%), 8p (20%), 6q (17%), 9p (16%),
and 4p (13%), gain of 5q (33%) and trisomy 7
(26%) (Klatte et al., 2009). Copy number analysis
studies of sporadic RCC using high resolution
SNP arrays have demonstrated recurrent losses on
3p, 4, 6q, 8p, 9p, and 14q and recurrent gains on
1q, 2, 5q, 7, and 12 (Dalgliesh et al., 2010), as did
previous smaller studies using lower resolution
microarrays (Cifola et al., 2008; Toma et al., 2008).
Though the design of these studies differed from
ours (sporadic RCC rather than VHL c¢RCQ), as
most unselected RCC will be ¢cRCC with VHL
inactivation, it is apparent that most of the copy
number changes observed in VHL c¢RCC also
occur in sporadic cRCC suggesting that VHL RCC

could be used as a model to elucidate the timing of
genetic changes in the evolution of cRCC (kidneys
removed from VHL patients typically contain, in
addition to the clinical RCC, a multitude of
smaller lesions of varying sizes).

The ultimate aim of cancer geneticists is to
understand the precise pathogenetic mechanisms
that drive tumorigenesis in individual cancers and
so provide a basis for personalized cancer thera-
pies. A comprehensive genomic analysis of RCC
requires knowledge of the mutational, transcrip-
tional, epigenetic, and copy number status of
individual genes. Further advances in the evalua-
tion of gene copy number analysis (e.g., higher
resolution arrays and massive parallel sequencing
techniques) will facilitate the investigation on
copy number status of individual genes. At pres-
ent, the most widely detected copy number
changes are large (often encompassing a whole
chromosome or chromosome arm) but bioinfor-
matic tools such as GISTIC can highlight smaller
regions that are apparently most likely point to
contain key genes (as exemplified with 3p25 and
VHL). Our findings suggest that VHL cRCC can
provide a paradigm for delineating the evolution of
the most common form of sporadic RCC. In addi-
tion, although there is overlap between the copy
number changes detected in VHL ¢RCC and spo-
radic VHL-wt cRCC some changes (16q and 17p)
are preferentially associated with specific subtypes
and further studies are required to determine the
potential role of individual genes within these
regions.
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DAL FF ALRENEED 107, FRREMH (o) YREOKEBL) 2ZIJ/2HIF o T
H%. BERTHIF EHIF a & HIF 025 FONTOEEEZBEL, S5ICHIF all
cofactor Té % CBP/p300 2% & L, BERTF & L CTHREESESY D, HIF o WIEFMEE
IREECIL HIF prolyl hydroxylase (HPH) 2k Y 7'y UF#E (HIFL o TiZ 402, 564 &,
HIF2 a Ti£405, 531 &FD 7 I/ BR) AUKERAL S NEIFRREM © %\ 5. HPHIZ & 1) KR
b (BIER#&AEAT) S N7z HIF o &H(E VHL/E3 complex TRV ZEFF & h, Zok
26S proteasome TEGRIZHHRENSY. —F, EBEERETIZHIF a DY ¥ F 1L L4
FEDSENH & AL, HIF o 3ERICEITL HIF B &AL, EfEF promoter N HRE (hypoxia
response element) |ZFEE L4 2 BETFOBEE P RET 2.

HIF & VEEE SN AREFIEIN T TIZ 100 DL ESmONTHY, OmEHE, @M
W7 ¥ F=Y AMIE, @7 Na— 2D Ak - BERABIERORE, 7 T BRI O],




OB EOIRT, EBE - BREDE, <~ MY v 7 A0EHEE, 7 U4 28k
Ho T B —7%, VHL RS L2 Tid, EFBEEREICBVTH HIF ¢ 0
SIEATEY, HIF ZINoOBEFRLERN, JREENICER S ZsilolEs
LIZH DV Tw B ZEPEESN TS, OICEET 5#fET & LT, VEGF, PDGFB,
ANGPTZ % EFFLNTH Y, MEOWEMIE M (pericyte) OBEFEZIEEL, I
EORE - B - MR ORI % Do, VHL 5 TR 7 M4 2218 <0 s B R U B ©
BB INE OERAEETH Y, VEGF EEHL w5

S 512, VHL &HIE HIF HETLIH b B4 RS2 DD EAVEES N THE D, 1) M
HMIAL > apoptosis I & B EHMINBIE D ZA K, i) fibronectin (FN1), type IV collagen &
s e LSt~ Y v 7 A0S, i) MLO primary cilia TR L BRIEE, &

oW H BRI A D DD B P,

VEGF T

(= VEGFR)

2-1 VHLEICET BIEBREDHE

HIF 5%

2-2 VHLEROESH®ICE S HIF D58
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AR (ERL) MEFE @RNE GF) B WEY VSERE FEl EaEn
SRER, BN, BE BEMEE BRELAEE TERMBEEEZCPEET S E
LICHEsy, EIORE T OSSR L SSEEE LR T, BETAERII N D S5E THRE,
HEFEE VCOIRBE S o Twd, BEIPRHERNEFECTDH ) L5, FRETHE
FBERZRL, BEDQOL OF LWRT AR T, B L BEMRNSMES L, £5Ero
HHEET, MEFEZLRTEEEE TH L. ITNCABBEMBESESRR 2 RT. K
FRIZ B 2 B & WL DOFERE & BE IR ATERES RV IZORATS 5.

&1 VHLIETRIET ZES

B ERRE
200 R%

BEEY
600~ 1,000 &

3 VHLAETEBLNRET S
EaR R

@ FEAERRNL

EARBICHITERES S EBHOREEEIRERRN R WD
THETH 3.
(Lonser R, et al. Lancet. 2003; 361: 2059-67)"

fezmx
1) Lonser R, Glenn GM, Walther M, et al. von Hippel-Lindau disease. Lancet. 2003; 361: 2059-67.




B VHL RORIEENES I TH 25S

MRRIERE, PRMERMESFE BE BEMRE BEEOWR (B - B
W IES) ¥ ERERIRESS 5 Z L rBshTws

B VHL fSOKIEEDE > T D ULIFVES

1) PiRHRERIMESFED 5 ISR EE 2 8 5E QmEiLL)
2) WA R M S RE & 70 IR E & LTI R B mE0H 5
(a) B
(b) #EEMiaiE
(c) Bl ORE (BEEER - BERE O iR 5 ES)
(d) ¥ LAREN IR IE

TUWIEEL, REESHL2BELRVWHATELRY, RIEELD L5413 VAL
HTAHALNAREN 1 DTHROLNIUT VHLIF L ZMITE 5, KERENS W
%%HVHLﬁT&%ﬂ%@%ﬁ%&%Zﬁui®%%KﬁE?ﬂﬁVHLﬁ&%%éﬂ%
AR B 5 VMBI O S S M FIE L6k, VHL RO B WS w23/ & 2
o 7273, 2003 4E Lonser & @i&%u&%, S HEMMEFES H L VHL K L BT 5 &
WA EIIEDLoTETWS MY, SEOBHEED Lonser b DML TH U7, L5

Jets

B
FECRREN 2 WEE, BEICE, BETFBET VAL SR FREPHER S WUTHESE
I VHLIB L BT & 5.

R

Iezmx
1) Lonser R, Glenn GM, Walther M, et al. von Hippel-Lindau disease. Lancet. 2003; 361: 2059-67.

2) Hes FJ, Hoppener JW, LIPS CJ. Pheochromocytoma in von Hippel-Lindau disease. J Clin Endocrinol Metabol.
2003; 88: 969-74.
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1)

eh AR 4ot 1 2 RE

i B

1R MRIIZ & 2058 2 BB & RO R TIN5 (M 6-1a, 6-1D).

E6-1a /MMMEZ E6-1b HitmESFE
VHL B0 S H#E MM ESFE, FRORERERZ N - cBHENEFE
FE—TERRERNRETD B

2) AEY v/ %EkE

& MRI GHEICL &R CT B T2
Wi % (X6-2). BEIBO FARARERIMNEFED
ZWOBRICFERIAT o TR T EDEF L,

E6-2 WEYY/\EE
RBESHI SRBEZEENICER U IcKERREY Vv /\EE




3) AR E RE
AR T AR AR, MBRST SRR SR AT | R 2 B IE 15 2 7R T (I 6-3a, 3b, 3¢).

6-3b MRMERE (A%E)
MEELDHNZERD S,

6-3a {HAEMERE

H6-3c MEMER GARE)

EEEEHERD D,
4) BEipRE
O (R == THt) BERAT A T7Y Y - JVA¥ 327 v (CriiE) (i |
R 3 2L % Bik)

@24 BEMBEERIZED. AR T )Y, JNVAYFZT7) A, TRLFY Y,
VT Ry sird (EEEERO 38 L% i)

@A T a—=NT I yHE (FEEME RO 2 L EE B

(Ei{§#4) Dynamic CT GER CT OFREAM), Bl MRI TE RO B 2 EEHT

REfRo 5 (X 6-4a, 4b).

6-4a VHL 7 type2B lcSt Ui R e e —

HEIB B & ME s miEE (RSHYTI—-7)
1 ElDBEERIEER D CT £/oid MRI TRETAIEE, NSAYTVA= (1) HBERLD TAERE
EHELTW3,
10




5) BE
Dynamic CT (&8 CT OFHI4), H#l MRI TEREEOEMWZBEEFTRETT. %
CCRBEROFTRZET A, FU CT CREER, FEEOMRNSWIEE % [ 22k
T5IENEZF L (X 6-5a, 5b, be, 5d, 5e).

B 6-5a VHLEOREES 6-bb WEESCEEROEHE

WMEORLEBOEIEERD S, EFMER. BRE  EREE RERD: BES

¥ 6-5c BEAIE B 6-5d BEWME
EBOBRICNERERDS (1), AEROBRAICINESEERDS (1),

6-5e EBEEBEEOEHE
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6) M¥ER
BREZ DT 2ROEE CT, MM 2L EEBOMRERT (X 6-6a).

7) BEIRR S IHES
Dynamic CT (&# CT OFHH) CTEETLEEGELRT (X 6-6b).
BFROZWOBEO&ER CT CRERCSBIITAZ EZEE L,

% 6-6a B 6-6b

BRI R NDBERERES ER L TWA. BEICEERHICRASNSEREOESFE AR
5.

(Tamura K, Nishimori |, Ito T, et al. Diagnosis (Maeda H, Nishimori 1, Okabayashi T. et al.Total

and Management of pancreatic neuroendocrine pancreatectomy for multiple neuroendocrine tumors

tumor in von Hippel-Lindau disease. World J of the pancreas in a patient with von Hippel-Lindau

Gastroenterol. 2010; 6(36) : 4515-8 & UEE) disease. Clin J Gastroenterol. 2009: 2: 222-5 & U#5#)

PRI R A 3R ﬁ?@ﬁ%MM(&ﬁ%ﬂS%ﬁx&w ) PHERRES NG,
WE Y ¥ S HEIE X5 MRI, &8 CT 2SN D, WE Y o SPERE I3 Pk s
RIMEHFEDL %%Lﬂ%’ﬁii@%@ﬁﬁgﬂﬁ%%QCZkﬁféé.%ﬁﬂ“@f
(SO T ISR IC & 2 IEE MR, MBRTEMEERAEIC L 5 7 Py BARENER S04
PHEDEMEFERAMERSINL. BEMEETIE, ORPAFIATYVEE I VAS 2T

Y, QBT FLFY CERE VT FLFY v, 7278 LEREEE FIRO 3 REDL R B &
TAH. M A Ta—VT Iy, FEMERE L CIdEME T2MRL MIBG & v F 275 7 4 —.
Dynamic CT (&5 CT OREIM) 3 HEHATH 57, %¥ CT CEBIMERIEDFEZIIES
WRETH L, FMPEREA 5 27 UREE, BEMEECSH CRE, BEELLS
<, EHPICRBINEFETH S, EH Tl Dynamic CT (5% CT oRMIH), 77L&
BHT LV F—, BREREL L CEE CT A TELZVIEAIREM MR 2SIy,
THEP - ESS Cld Dynamic CT (&8 CT OREIH) MR ENL. 2070215 0K
AIEROBWRCFRIATZ TR ERBEOEEZ CI LN TESL. INHOEMIT
HEFOZWRERIEE B L CRBBERHEZSZIIL T & own,

L
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2> BIETFRME

EERIIBEITE ONAY—I T Yy vyd) Exsk / EEktE %Y ooy 84%T
ZWITES (20, ThoEEE REESEGWD).

UE 1] ®&e/EEBHR E889 Southern, FISH, quantitative PCR. real-time PCR, multiplex
ligation dependent probe amplification (MLPA) | array CGH %% & DNA OXBEL TR AR
e BHk

BEFEIREICET 204 FI 4 2% 810 LSRR 100%DBEETH ),

D THERBEESHELLTEY, HEICL > T QOL MR AEBILEE TSI %
THOTENTELEREENSE, INLY) VHL R BETFEM TP R 2UET HEBRTH
HrEZLNDY.

BETBHICHETAFHRE 2 HEICERRS &, FREBIEROARIIOWT TS REBEZEY
v T ERAT, BIZFROBR, Tk, MEESOBELEOTHRINLER W
BHE REORR) 2E2bh )23 HHALE) 2T, #REOEEICL Y HEHOME
AR . RBEEOBSIEEEOREICL > THY . R BROBINREDEE
THIAZHER EMO 2 VTV BRI ZRESN TV S, BE, RBREIER ATo T B iRk
AEHIRFEEFITWIREFRI O R TH 5.

VHL #{=F ORI 639 452 (213 73 VBE) THHAS, splice BOEF, 3 o
B R, KPR DNASSORE L ESHFET A, BEOMBITHEETIE VHL WOKRFICE
B EIET B OBWERIEARILHI T 4% TH 5. BWiE RO T EEAFRAT T &
BODBRDBZWIETH D, 5128 9% T MLPA 4 EoRE / EEKEEEICE ) DNA
DKL ERDIBETRETH 257,

TCGCGCGAGC CCT
200

6-7 4L NY—T T REF
VHL #{EF exonl ® 208 BH®D G (V7 =v) i A (FF=
V) IERL, ARV TOD G (TILY I VE) ¥ Lys (VYY)
KERU SARYRAEEFHSNS,
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C30RFI0 RAK2 FANCD2 JANCD? C30RF10

6-8 Multiplex ligation-dependent probe amplification (MLPA)

Mot T * T
VHL WHL Vi VHL VHL VHL VL
Exan? Grenl  EBxon! Fuand Exant Exont Exonl

Tﬁ

¥HL
Ewond

L BERE D VHL BETERE ROXM (=) ORHSHAEEIY MO—/LL DEWL,
BHERE T PCRIBEEYENEE IV FO—JLICHRTHESERE (65%LLTF)

KA L TWS,

3 BREMHEEH O FANCD2 B{EF — C30RF10 M#EF— VHL BEF— IRAK2 i

&F, ILEEEHO DNA B A O R &6,
TIEHIvMO-L

7

VHL
Exond

ETS 5
BEESMEOSE% (10 £45 L OPES) . RESWREICNT 374 F54 5. 2003, 0& EREES

D

2)
3)

4)

http://ishgjp/resources/data/10academies pdf
EUERBY, “R&sF.

Schouten JP, McElgunn CJ, Waaijer R, et al Relative quantification of 40 nucleic acid sequences by multiplex

ligation-dependent probe amplification. Nucleic Acids Res. 2002; 30(12) : e57.

Huang JS, Huang CJ. Chen SK, et al. Associations between VHL genotype and clinical phenotype in familial von

Hippel-Lindau disease. Euro ] Clin Invest. 2007 37 492-500.
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VHLEREREAEEERIERETH S, VHLIREEZZHTARL, RBHER

ZISBRIGEGHRRE U TEGFREERAT Y VU217V, BYANIGE &
B ENEEND.

il SEEREICHT DEEAY /U VT DUER

BIZH T 2 8) VI TIRBR EREPLE L T2 BEFENBERE T TOBEFHRE R
L, BE FRO=Z—-XEZHELL) 2 CLHENAZTZI) BE, HORENSTEL L)
XET BT/ TH L. b7/ A BIETFHETPIZEICE T 2 HEESHEREREBOMED
BUCIEE D 7 2 ) Y 7 RATH) S AR ENTW ALY VHL I H B a i
BEERT, BRI ARERY o700, BEIAICEZTFZIRZ0H, HBEICETIERR
BRARBL GEED 7 o2 V7R FTOHET 2 2B EE 227 BE, BN RSN
BB EER P AREREIZBEEEIT A A E6H2H ), HARNERESSRERR
HEMENPEMDANOREEEA Y VT =XV o) V7 RITH TN TE A,

B 8Eho eV IDBEENE

1) WEORE L RRBEDIER
VHL R O & rp i R MAE SRR, WIRINETE, B, R EES (hEn
UIE), FERELEAER, FNCEEOMERELREN DL LICEELTIT). B1

BOLBE DS, B2EIHE, BIEOREI TOMZE IOV, £FAH, BT
B GSRERE), 4F#h, A5 GEW) 72 &RWERCT 5 °47.

2) VHLRDBIEFREZITOBOHASE
(@) VHL oW TEAN 230 (FiaAEEREEREREE, B&ESE 100%)
(b) A H K &Mk BARNHHA
(¢) BETHREOHELIEL RN LR
BRI RS R 2R CHRAAECRIARAT & MLPA 3 CH TR 84% DI TH 5.
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