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When t e s t e d ,  all autopsy-proven p a t i e n t s  wi th  Le igh ' s  
d i s e a s e  have had an i n h i b i t o r  t o  t h e  syn thes i s  o f  th iamine 
t r i phospha te  in t h e i r  u r ine .  The i n h i b i t o r  i s  also presen t  
in o b l i g a t e  c a r r i e r s  and th iamine t r ea tmen t  produces a drop 
i n  t h e  i n h i b i t i o n  (Peds 2: 710, 1973). 

Normally t h e  i n h i b i t o r  i s  no t  d e t e c t a b l e  in f i b r o b l a s t s .  
However, when f i b r o b l a s t s  a r e  grown i n  low thiamine media 
(d i a lyzed  c a l f  serum and no added th iamine) ,  t h e  i n h i b i t o r  i s  
demonstrable. These f i b r o b l a s t s  were washed, sonicated and 
deprote inized.  0.1 ml. o f  t h e  deprote inized supernatant  from 
normal f i b r o b l a s t s  i n h i b i t e d  14.9 t o  26.G. The i d e n t i c a l l y  
t r e a t e d  f i b r o b l a s t s  from f o u r  p a t i e n t s  wi th  Leigh 's  d i sease  
i n h i b i t e d  51 .I t o  67.8%. F i b r o b l a s t s  from o b l i g a t e  c a r r i e r s  
o f  Leigh 's  d i sease  behaved l i k e  con t ro l s .  The i n h i b i t o r  from 
Leigh 's  d i sease  f i b r o b l a s t s  was biochemically i nd i s t i ngu i sh -  
a b l e  from t h e  u r i n e  i n h i b i t o r .  

T h i s  f i b r o b l a s t  assay o f f e r s  a method t o  d i s t i n g u i s h  
Leigh 's  d i sease  p a t i e n t s  from c a r r i e r s  and suggests  a 
technique f o r  p r e n a t a l  d iagnosis .  
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Translocat ions  between D and G group chromosomes a r e  not  
r a r e  even t s ,  and usua l ly  involve chromosome numbers 14 and 21. 
The case  presented here  is  t h a t  of a family wi th  a t(14q22q) 
chromosome. The complete pedigree  c o n s i s t s  of 41 family mem- 
be r s ,  21 of whom a r e  balanced t(14q22q) c a r r i e r s .  There have 
been no cases  of Down's syndrome i n  t h e  family. The index 
case  was a 33 month o ld  female who was seen because of physi- 
c a l  and mental r e t a rda t ion .  The proband was t h e  product of a 
f u l l  term pregnancy and had an uncomplicated neonata l  per iod;  
t h e  mother was 34 and t h e  f a t h e r  35 yea r s  of age a t  he r  b i r t h .  
The proband had a 45,XX,-D,-G,+t(DqGq) chromosome complement. 
The chromosomes involved i n  t h e  t r ans loca t ion  were numbers 14 
and 22, which were i d e n t i f i e d  by autoradiographic  and G- 
banding techniques. A l l  of t h e  o the r  balanced t r ans loca t ion  
c a r r i e r s  a r e  phenotypical ly  normal and i n  good hea l th .  There 
have been numerous miscarr iages  i n  t he  family ,  and 3 of t h e  
c a r r i e r  males have had c h i l d l e s s  marriages. A l l  8 ch i ld ren  of 
t h e  f i r s t  complete generat ion karyotyped c a r r i e d  the  t r ans lo -  
c a t i o n  which had been i n h e r i t e d  from t h e  f a t h e r .  Eleven of 
t h e  next  generat ion out of a t o t a l  of 24 c a r r i e d  t h e  t r ans lo -  
c a t i o n  chromosome. There was no i n d i c a t i o n  i n  t h i s  generat ion 
t h a t  t h e  sperm carrying t h e  t r ans loca t ion  had a s e l e c t i v e  
advantage; t h e  c a r r i e r  males produced 15 ch i ld ren ,  6 of whom 
were c a r r i e r s .  
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This  case  has  remained unique (Fontaine ,  e t  a l ,  Helv. Paed. 
A c t a : a ,  Suppl.  1 7 , .  1968) .  The p a t i e n t  presented wi th  mental 
r e t a r d a t i o n ,  s e i zu res ,  mi ld ly  dysmorphic f e a t u r e s ,  and 
s i a l u r i a ,  reaching s e v e r a l  grams pe r  day. The biochemical de- 
f e c t  has  not  been i d e n t i f i e d .  We s t u d i e d  b iops i e s  from l i v e r ,  
kidney and sk in .  Hematoside l e v e l  was normal i n  a l l  t h e s e  
specimens a s  we l l  a s  i n  e ry th rocy te s .  No abnormal ganglio- 
s i d e  was de t ec t ed .  S i g n i f i c a n t  i nc rease  o f  f r e e  N-acetyl- 
neuraminic ac id  was observed i n  l i v e r ,  kidney and cu l tu red  
sk in  f i b r o b l a s t s .  The u l t r a s t r u c t u r e  o f  s k i n  f i b r o b l a s t s  
r evea l ed  sca rce  inc lus ions  conta ining l ame l l a r  t u b u l a r  co re s ,  
bu t  no mitochondria l  abnormal i t ies  such a s  were previously  
found i n  t h e  l i v e r .  Skin f i b r o b l a s t s  were submitted t o  a 
loading t e s t  by incubat ion i n  a medium containing from 100 t o  
400 ~.lg neuraminic a c i d  p e r  ml. This  caused an inc rease  i n  
membrane-bound inc lus ions .  When incubated wi th  14~-manno- 
samine, t h e  p recu r so r  was normally incorporated i n t o  hemato- 
s i d e  and glycoprote ins .  This  suggested t h a t  t h e s e  c e l l s  were 
capable of syn thes i z ing  CMP-neuraminic ac id .  A de f i c i ency  
o f  neuraminic a ldo la se  could not  be  disproven owing t o  an in -  
s u f f i c i e n t  amount o f  a v a i l a b l e  t i s s u e .  (suppor ted i n  p a r t  by 
PHs Grant HD-04612. ) 
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While screening f ami l i e s  wi th  hemizygotes f o r  Fabry 's  
d i sease ,  it became apparent t h a t  t h e r e  were t h r e e  use fu l  
c r i t e r i a  t o  de t ec t  female heterozygotes :  corneal  o p a c i t i e s ,  
g lyco l ip id  l e v e l s  i n  u r ine  o r  serum, a-galactos idase  a c t i v i t y  
i n  plasmg, o r  cu l tu red  skin  f i b r o b l a s t s .  A few ob l iga to ry  
heterozygotes  cannot be d i s t i ngu i shed  from normal s u b j e c t s  by 
any o f  t hese  c r i t e r i a .  We have developed 2 techniques  t o  
improve screening o f  apparent ly  normal females i n  f ami l i e s  a t  
r i s k .  I n  agreement wl th  Romeo and Migeon (Science:170, 180,  
1970) it i s  poss ib l e  t o  recognize two phenotypes by c loning 
cu l tu red  f i b r o b l a s t s .  Among 21 c lones  obta ined from an o b l i -  
ga to ry  heterozygote ,  only  4 had normal a-galactos idase  
a c t i v i t y .  A f a s t e r  technique i s  t o  use e l e c t r o n  microscopy 
t o  search f o r  c h a r a c t e r i s t i c  lysosomal i nc lus ions .  We were 
ab le  t o  demonstrate a s i g n i f i c a n t  propor t ion of abnormal c e l l s  
i n  cu l tu red  f i b r o b l a s t s ' a s  we l l  a s  i n  t h e  o r i g i n a l  sk in  
biopsy. These f ind ings  confirm t h e  anomalous i n a c t i v a t i o n  o f  
t h e  X-chromosomes suggested by v a r i a b i l i t y  i n  t he  c l i n i c a l  
phenotypes. This  must be taken i n t o  account when counsel ing 
poss ib l e  c a r r i e r s .  (suppor ted i n  p a r t  by PHs Grant HD-04612). 
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In  Sandhoff ' s  d i sease ,  following a complete B-hexosamini- 
dase de f i c i ency ,  t h e r e  i s  an accumulation of a t  l e a s t  3 d i f -  
f e r en t  g lyco l ip ids .  Upon e l e c t r o n  microscopy, c u l t u r e d  
f i b r o b l a s t s  from a p a t i e n t  wi th  t h i s  condi t ion conta ined a 
smal l  number o f  l ame l l a r  i nc lus ions .  Major g lyco l ip ids  i n  
normal conf luent  cu l tu red  f i b r o b l a s t s  a r e  ceramide t r i hexo-  
s i d e  and hematoside. In  2 f i b r o b l a s t  l i n e s  from u n r e l a t e d  
ch i ld ren  wi th  Sandhoff ' s  d i sease ,  we de t ec t ed  a gang l io s ide  
wi th  an Rf s i m i l a r  t o  GM2-ganglioside. Co p l e t e  cha rac t e r i -  
z t i o n  has  no t  y e t  been completed. Both lCIC-mannosamine and 
"C-glucosamine were incorporated i n t o  t h i s  l i p i d  which thus  
con ta ins  s i a l i c  a c i d  and hexosamine. On t h e  b a s i s  of t h i s  
composition, t h i s  g lyco l ip id  may r ep resen t  GM2-ganglioside. 
This  compound has never been de t ec t ed  i n  normal o r  pathologi-  
c a l  c o n t r o l  f i b r o b l a s t s ,  including i n f a n t i l e  Tay-Sachs d i s -  
ea se ,  o r  t h e  o t h e r  sphingol ipidoses .  (Supported by t h e  Dept. 
Mental Hygiene, S t a t e  o f  Ca l i fo rn i a  and PHs Grant HD-04612.) 
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Most ch i ld ren  wi th  Fabry's d i sease  experience bouts  of 
exc ruc ia t ing  pain  wi th  a causa lg i c  cha rac t e r .  Many of them 
a l s o  present  wi th  a chronic  s t a t e  of d iscomfor t ,  making them 
f e a r  t o  engage i n  any physical  a c t i v i t y .  Most ana lges i c s  
f a i l  t o  o f f e r  s i g n i f i c a n t  r e l i e f .  The mechanism of pain  i s  
not  understood. Lipid  s to rage  involves  d o r s a l  roo t  gang l i a  
and t h e  autonomous nervous system. Pe r iphe ra l  vascu la r  i n -  
v e s t i g a t i o n s  were undertaken i n  3 males and 3 females wi th  
Fabry's d i sease .  S i g n i f i c a n t  abnormal i t ies  were observed, 
including s t e n o s i s  a t  t he  l e v e l  of t h e  hands and f e e t ,  in-  
creased a r t e r i o l a r  r e s i s t a n c e ,  decreased s k i n  blood flow and 
markedly increased venous tone.  Phenoxybenzamine (10-20 mg/ 
day) gave prompt r e l i e f  from t h e  pain  and discomfor t ,  whi le  
pe r iphe ra l  blood flow appeared s i g n i f i c a n t l y  improved.Diabetes, 
which can give  r i s e  t o  s i m i l a r  d i s tu rbances ,  can be excluded 
i n  our p a t i e n t s .  Despi te  i t s  promising a c t i o n  on pain  i n  
p a t i e n t s  wi th  Fabry's d i s e a s e ,  phenoxybenzamine should be  
used wi th  cau t ion  s i n c e  one of our p a t i e n t s  developed p r i -  
apism s h o r t l y  a f t e r  a low dosage was s t a r t e d .  I t  is  adv i sab le  
t o  t r y  diphenylhydantoin i n i t i a l l y  (Lockman e t  a l ,  Neurology: 
21, 423, 1971) t o  r e l i e v e  t h e  pain .  (Supported i n  p a r t  by - 
PHs Grant HD-04612 .) 
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