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Summary. As part of an attempt to locate the von 
Hippel-Lindau locus (VHL) on chromosome 3, we eval- 
uated 41 families with yon Hippel-Lindau disease from 
the United States and Canada. One large family was 
identified whose disease phenotype was distinct from 
typical VHL.  The most common disease manifestation 
was pheochromocytoma occuring in 57% (27/47) of 
affected family members.  Few (4/47) affected family 
members had symptomatic spinal or cerebellar hem- 
angioblastomas; no affected family member  had renal 
cell carcinoma (0/47) or pancreatic cysts (0/24). Previ- 
ously, genetic analysis demonstrated that the disease 
manifestations in this family were linked to RAF1 and 
D3S18, markers shown to be linked to typical VHL.  
These results suggest that there are mutant alleles at the 
V H L locus associated with distinct tissue specificities. 

Introduction 

Von Hippel-Landau (VHL) disease is an autosomal 
dominant,  multisystem neoplastic disorder characterized 
by variable expressivity. Individuals that inherit the dis- 
ease gene may have no symptoms during their lifetimes 
or may develop tumors in one or more target organs: 
eye, brain and spinal cord, kidney, pancreas, adrenal 
gland and epididymis (Melmon and Rosen 1964; Maher  
et al. 1990; Glenn et al. 1990). There  is no adequate ex- 
planation for the constellation of tissue types affected by 
neoplasia. If V H L  families with different spectra of 
tumor formation could be identified, it might be possible 
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to correlate specific mutant alleles with particular neo- 
plastic phenotypes. 

Recent  advances in molecular genetics, coupled with 
detailed information on the biology of VHL,  provide the 
tools necessary to test for distinct clinical types of VHL.  
The V H L  gene has been shown to be linked to RAF1,  a 
locus on chromosome 3 (Seizinger et al. 1988; Vance et 
al. 1990, Hosoe et al. 1991). Recent  studies suggest that 
V H L  is located in a 6 -8  centimorgan interval between 
RAF1 and D3S18 (Hosoe et al. 1991). The V H L  gene 
appears to function as a tumor suppressor gene; the un- 
masking of the V H L  gene by loss of the wild-type allele 
has been demonstrated in renal cell carcinomas associ- 
ated with V H L  (Tory et al. 1989). 

The frequency of involvement of the kidney, brain, 
spinal cord, and adrenal gland in individuals affected 
with von Hippel-Lindau disease has been described. 
Renal cell carcinomas occur in 28% -45% of individuals 
affected with V H L  (Horton et al. 1976; Glenn et al. 
1990). Hemangioblastomas of the spinal cord or central 
nervous system occur in 61%-66% of individuals affect- 
ed with V H L  (Lamiell et al. 1989; Filling-Katz et al. 
1989). Pheochromocytomas as the predominant  disease 
manifestation occur in an occasional V H L  family 
(Lamiell et al. 1989). We describe a large kindred in 
which pheochromocytomas were frequent,  symptomatic 
hemangioblastomas were uncommon,  and renal cell car- 
cinomas were not observed. These disease manifesta- 
tions mapped to the same locus as typical VHL.  

Materials and methods 

Clinical evaluation 

We analyzed 475 descendents of families with yon Hippel-Lindau 
disease: 105 individuals from family 9-14 (corresponds to families 
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9 through 14 in Hosoe et al. 1991) and 370 individuals from the 
other VHL families. Families with a history of von Hippel-Lindau 
disease were identified from the literature, by other families with 
this health problem, and by ophthalmologists, urologists, medical 
geneticists, and neurosurgeons. Families with two or more affected 
members were included in this study. 

Affection status was determined by medical examinations con- 
ducted at the National Institutes of Health (NIH), by review of 
medical records, and by review of genealogic records and written 
statements provided by family members. Determination of the fre- 
quency of retinal angiomas, symptomatic hemangioblastomas, 
renal cell carcinoma, and pheochromocytomas in affected family 
members was based on information obtained on living and de- 
ceased family members. For most affected individuals, determina- 
tion of the site of tissue involvement was based on examination of 
medical records (death certificates, hospital summaries, and pa- 
thology reports) and written statements provided by family mem- 
bers. Determination of frequency of pancreatic cysts or masses was 
based on screening examinations conducted at the Clinical Center 
of the NIH. 

We examined 180 asymptomatic family members and individu- 
als in whom there was uncertainty about diagnosis at the Clinical 
Center of the NIH. Details of the examination for occult VHL 
have been described (Sinchai 1977; Choyke et al. 1990; Filling- 
Katz et al. 1989; Glenn et al. 1990). Family 9-14 has been de- 
scribed previously (Sharp and Platt 1971; Horton et al. 1976; 
Welch 1970; Hosoe et al. 1991). An asymptomatic member of a 
VHL family was considered affected if one or more of the follow- 
ing disease manifestations were present: retinal angioma, spinal or 
cerebellar hemangioblastoma, pheochromocytoma, multiple pan- 
creatic cysts, epidymal cystadenoma, and renal cell carcinoma be- 
fore age 60. An individual in family 9-14 who developed a uni- 
lateral renal cell carcinoma at 61 was classified as not affected; this 
individual had no other manifestation of VHL; no VHL lesions 
were detected in the individual's three adult children. 

Resul ts  and discuss ion 

In a p r ev ious  s tudy  of  25 V H L  famil ies  ( H o s o e  et  al. 
1991; T a b l e  1), we found  no ev idence  of  gene t ic  he t e ro -  

Table 1. LOD scores from the von Hippel-Landau (VHL) family 
panel and from family 9-14 a' b 

Family group RAF1 (0.06) ~ D3S18 (0.04) c 

Family 9-14 7.23 6.86 
VHL family panel 4.53 12.99 

a From Hosoe et al. 1991 
b No genetic heterogeneity was detected with the HOMOG pro- 
gram of Ott (1985) 

Number within parentheses is the recombination fraction used 
for calculation of the maximum LOD scores 

gene i ty  bu t  we d id  de tec t  one  large fami ly  with a un ique  
p a t t e r n  of  t issue invo lvement .  To test  for  d isease  he t e ro -  
gene i ty ,  we c o m p a r e d  the f requenc ies  of  d i sease  mani-  
fes ta t ions  in family  9 -14  and a pane l  of  V H L  famil ies  
(Table  2). The  f requency  of  p h e o c h r o m o c y t o m a  in fam- 
ily 9 -14  was 57% (27/47); few fami ly  m e m b e r s  had  
s y m p t o m a t i c  spinal  o r  ce r ebe l l a r  h e m a n g i o b l a s t o m a  
(4/47), and  the re  was no a f fec ted  family  m e m b e r  wi th  
rena l  cell c a rc inoma  (0/47) or  panc rea t i c  cysts or  pan-  
c rea t ic  masses  (0/24). T h e  V H L  pane l  (with the  excep-  
t ion of  family  9 -14 )  had  an overa l l  inc idence  of  rena l  cell  
c a r c inoma  of  37% (77/209 ind iv idua ls ) ,  s y m p t o m a t i c  spi- 
nal  or  cent ra l  ne rvous  sys tem h e m a n g i o b l a s t o m a  of  47% 
(98/209), p h e o c h r o m o c y t o m a  of  1.9% (4/209), and  pan-  
c rea t ic  cysts or  panc rea t i c  masses  of  85% (22/26). The  
o b s e r v e d  d i f ferences  were  s ta t is t ical ly  s ignif icant  ( P  < 
0.001). T h e r e  was no  signif icant  d i f ference  in the  fre-  
quency  of  re t ina l  ang iomas  (P  > 0.05). 

W e  l o o k e d  for  a l t e rna t ive  exp lana t ions  of  the  ob-  
se rved  d i f ferences  b e t w e e n  fami ly  9 - 1 4  and the pane l  of  
V H L  famil ies .  To d e t e r m i n e  w h e t h e r  any  af fec ted  mem-  
b e r  of  family  9 -14  had  occul t  rena l  cell ca rc inomas ,  
a f fec ted  family  m e m b e r s  were  invi ted  to the  N I H  for 
screening  examina t ions .  Of  38 l iving,  a f fec ted  m e m b e r s  
of  fami ly  9 -14 ,  26 were  e x a m i n e d  at  N I H ;  no affected 
fami ly  m e m b e r  had  ev idence  of  occul t  r ena l  cell car-  
c inoma.  The  m e d i a n  age of  a f fec ted  m e m b e r s  of  family  
9 - 1 4  sc reened  at the  N I H  was 40 years .  T h e r e  were  no 
d i f ferences  in the  m e d i a n  age of  the  a f fec ted  fami ly  
m e m b e r s  in fami ly  9 -14  (39.5 years ) ,  of  the  af fec ted  
family  m e m b e r s  in fami ly  9 - 1 4  sc reened  at  the  N I H  (40 
years ) ,  and  the  V H L  pane l  (39 years ) .  The  f requency  of  
r ena l  cell  ca rc inomas  or  r ena l  t umors  was 37% in the  
V H L  family  pane l  and  39% in af fec ted  m e m b e r s  of  the  
V H L  pane l  sc reened  at the  N I H .  The  male  female  ra t io  
was 1.5/1 in family  9 - 1 4  and 1/1 in the  V H L  pane l .  

Tab le  3 summar izes  the  obse rva t ions  in family  9 - 1 4  
and  c o m p a r e s  the  resul ts  to obse rva t ions  m a d e  by  o the r s  
( A t u k  et  al. 1979; G r e e n  et  al. 1986; L o w d e n  and Har r i s  
1976). In  each  of  the  V H L  famil ies  desc r ibed  in these  
r epor t s ,  p h e o c h r o m o c y t o m a  was the  p r e d o m i n a n t  dis- 
ease  man i fe s t a t ion  and  rena l  cell  c a r c inoma  was in- 
f requent .  The  overa l l  f r equency  of  rena l  cell c a r c inoma  
in 112 m e m b e r s  of  the  " V H L  p h e o c h r o m o c y t o m a "  fam- 
ilies was abou t  2%.  The  overa l l  f r equency  of  pheo -  
c h r o m o c y t o m a  was 61%.  

Prev ious ly  Glush ien  et  al. (1953) sugges ted  tha t  
p h e o c h r o m o c y t o m a  be  cons ide red  among  the  mani fes ta -  

Table 2. Frequency of various manifestations 
of VHL in a family panel and in family 9-14 Manifestation Family 9-14 a Family panel a pb 

Retinal angiomas 
Symptomatic hemangioblastomas 
Renal cell carcinoma 
Pheochromocytoma 
Pancreatic cysts or masses 

22/47 (0.47) 86/209 (0.41) 0.58 
4/47 (0.09) 98/209 (0.47) <0.0001 
0/47 (0.0) 77/209 (0.37) <0.0001 

27/47 (0.57) 4/209 (0.019) <0.0001 
0/26 (0) c 22/ 26 (0.85) c <0.0001 

a Number with manifestation/number affected with VHL 
b Results of two-tailed Chi-squared analysis 
c Number with manifestation/number affected with VHL that were screened at the Clinical 
Center of the National Institutes of Health 



Table 3. Summary of VHL pheochromo- 
cytoma families described in the literature Atuk et al. 

(1979) 
Green et al. 
(1986) 

Glenn et al. 
(1990) 

Lowden and 
Harris 
(1976) 

Retinal angiomas 6/13 
Hemangioblastomas 1/13 
Renal cell carcinoma 0/13 
Pheochromocytoma 12/13 

23/38 
9/38 
1/38 

20/38 

22/47 
4/47 
0/47 

27/47 

7/14 
4/14 
1/14 a 

12/14 

a "Malignant kidney tumor" 
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Totals 

58/112 
18/112 
2/112 

69/112 

t ions of  V H L .  W o r k  p r e s e n t e d  in this r e p o r t  suggests  
tha t  a dis t inct  cl inical  sub type  of  V H L  exists  charac-  
t e r i zed  by  a high f r equency  of  p h e o c h r o m o c y t o m a  and  
low f r equency  o r  absence  of  r e n a l  cell  c a r c i n o m a  and  
panc rea t i c  cysts.  R e c o g n i t i o n  of  this sub type  has  impli-  
ca t ions  for  p rognos i s  and  sc reen ing  p r o g r a m s .  O u r  w o r k  
raises  the  poss ib i l i ty  tha t  V H L  m u t a n t  al le les  m a y  pro-  
duce  a p h e n o t y p e  cha rac t e r i z ed  by  h e r e d i t a r y  p h e o -  
c h r o m o c y t o m a  a lone .  

The  cl inical  h e t e r o g e n e i t y  o b s e r v e d  in yon  H i p p e l -  
L i n d a u  d i sease  is s imi lar  to  tha t  o b s e r v e d  in o t h e r  au to-  
soma l  d o m i n a n t ,  mu l t i sy s t em neop la s t i c  d i sorders .  Mul -  
t ip le  e n d o c r i n e  n e o p l a s i a  type  1 ( G r e e n  et  al. 1990), 
mu l t i p l e  e n d o c r i n e  neop l a s i a  types  2a  and  2b ( N a r o d  et  
al. 1989; J ackson  et al. 1990), and  h e r e d i t a r y  po lypos i s  
( L e p p e r t  et  al. 1990; N a k a m u r a  et  al.  1988) a re  d i seases  
in which  dis t inct  p h e n o t y p e s  have  b e e n  l inked  to the  
s ame  p o l y m o r p h i c  D N A  marke r s .  A t  this t ime ,  it  is no t  
poss ib le  to  d e t e r m i n e  w h e t h e r  dis t inct  d i sease  p h e n o -  
types  tha t  l ink to  the  same  m a r k e r s  a re  caused  by  differ-  
en t  m u t a n t  a l le les  at  one  locus  ( the  s imples t  exp l ana t ion )  
ar  ad j acen t  m u t a n t  genes .  

T h e  V H L  gene  is c o n s i d e r e d  to  be  a m e m b e r  of  the  
fami ly  of  t u m o r  supp re s so r  genes  (Tory  et  al. 1989). 
T u m o r s  are  though t  to be  p r o d u c e d  as a c o n s e q u e n c e  o f  
inac t iva t ion  of  b o t h  copies  of  these  genes .  I t  is diff icult  
to env is ion  a nul l  a l le le  p r o d u c i n g  two dis t inct  p h e n o -  
types .  P r e s u m a b l y  the  m u t a n t  a l le les  in V H L  p r o d u c e  
d i f fe ren t  de fec t ive  p ro te ins .  The  d a t a  suggest  tha t  one  
m u t a n t  a l le le  at the  V H L  locus  leads  to u n c o n t r o l l e d  
g rowth  of  r e n a l  t ubu l a r  ep i t he l i um whi le  a n o t h e r  m u t a n t  
a l le le  at  this locus leads  to  u n c o n t r o l l e d  g rowth  of  cells 
of  the  a d r e n a l  medu l l a .  
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