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Metachromasia  in Cultured Fibroblasts of Subjects with Glycogenosis  Type II 

In  some genet ic  diseases, whe the r  in the  af fec ted  
individuals  or in the  clinically normal  carriers, recta-  
chromat ic  mater ia l  has  been  found  in skin-f ibroblas t  
cultures s ta ined  wi th  to luidine  blue 01-9. 

Recen t ly  we have  observed the  presence  of raeta- 
chroraasia in cul tured  f ibroblas ts  of 2 subjects  wi th  glyco- 
genesis  t y p e  II  (L.U. and L.M. f rom di f ferent  families) 
and frora several  of t he  sub jec t ' s  relatives.  L.U.,  a 12 
m o n t h  old girl, was  af fec ted  by  the  cardiac va r i an t  of 

t h e  disease, and  L.M., a 6 m o n t h  old male, by  the  
muscular  var iant .  The diagnosis of glycogenosis t ype  I I  
was made  according to clinical features,  histological  pa t -  
te rns  of t he  muscle  and biochemical  de t e rmina t ion  of the  
acid a- l ,  4-glucosidase in the  muscle.  

The skin biopsies, t a k e n  w i thou t  anes thes ia  f rom the  
ex tensor  surface of the  upper  arm, were cut  in t i ny  
f r agment s  and then  p la ted  on coverslips placed i n  
T-flasks. Eagle ' s  med ium wi th  15% foetal  calf serum was 
used. W h e n  the  halos of the  cellular g rowth  f rom the  
exp lan t s  were dense (generally be tween  the  4th and  the  
6 th  week) t he  subcul ture  was carr ied out  by  t ryps in iza-  
t ion.  The  s ta in ing  was  m a d e  wi th  0.1% toluidine blue 0 

in 30% e thanol  on b o t h  p r i ma ry  cell cul tures and sub- 
cul tures which had  been  f ixed in methanol .  The a - l ,4 -  
glucosidase was measured  by  the  me t h o d  of HUDGSON 
et al. 10 in all cases on leukocyte  ex t rac t s  and in some 
cases also on cul tured cell ext rac ts .  Leukocytes  were 
isolated f rom the  blood by  sed imen ta t ion  in 3% poly- 
v iny lpyr ro l idone  in 0.85% saline followed by  a 1 rnin 
hypo ton ic  shock n to  lyse co n t ami n a t i n g  e ry tbrocytes .  
The enzyme  ac t iv i ty  is expressed as raillimicroraoles 
mal tose  hydro lyzed  per  rain per  rag protein,  measured  
by  the  m e t h o d  of LowRY et al. 1~. 

No difference in cellular morpho logy  was no ted  be tween  
normal  cul tures and  those  of the  pat ients .  Metachromat i c  
raater ial  was p resen t  in p r i ma ry  skin cul tures of t he  two  
pa t i en t s  and  in  the i r  re la t ives  af ter  the  four th  week 
(see Figure).  This mater ia l  d e m o n s t r a t e d  the  same features  
even af ter  several  subcul tures .  The morphological  distr i-  
bu t ion  of me t aeh ro ma t i c  mater ia l  was variable.  The 
f ibroblas t  cul tures  der ived f rom the  family  of the  p a t i en t  
L.U. showed a rae tachromas ia  diffusely d i s t r ibu ted  
t h r o u g h o u t  the  cy top lasm,  while it  was vesicular  in t he  
affected child. The metachroraa t i c  cul tures der ived f rom 
L.M. and  his pa ren t s  and  siblings showed a p reva len t  
vesicular  pa t t e rn ,  bu t  several  cells wi th  granular  cyto-  
p lasmic  m e t a c h r o m a t i c  mater ia l  were also present .  

The a- l ,4-g lucos idase  ac t iv i ty  of the  leukocytes  was 
no t  de tec tab le  in t he  pa t i en t s  and  s ignif icant ly  reduced 
in the i r  pa ren t s  and siblings. A reduc t ion  of the  gluco- 
sidase activity was also observed in the fibroblast cultures 
of L.U. and her family (see Table). 

Glycogenosis type II is inherited as an autosoraal 
recessive trait 13. The deficiency of a-l,4-glucosidase 
discovered by HERS I~ is almost complete in the affected 
horaozygotes and probably intermediate in the apparently 
healthy heterozygotes. 

The defective activity of the acid glucosidase in leuko- 
cytes of the parents and siblings of our patients would 
indicate that they are all carriers of this genetic defect. 
Therefore it is probable that there is a relation between 
the appearance of raetachroraatic material in the cultures 
and the a-l, 4-glueosidase deficiency. 

It is known that a great number of metabolic sub- 
stances can be stained raetachroraatically. In Hurler's 
syndromeIh,ls, in Marfan's syndrome 6 and also in cystic 

a) Skin cultured cells stained with toluidine blue O. Positive cells 
appear with dark cytoplasm. 
b) Typical appearance of cell with cytoplasm filled with vesicular 
metachromatic material. 
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fibrosis 17,1s, the  m e t a c h r o m a t i c  mate r ia l  is m a d e  of 
mucopolysacchar ides .  

In  the  o the r  diseases w i th  me t ach romas i a  posi t ive  
f ibroblas t  cultures,  t he  na tu re  of th is  mater ia l  has  no t  
ye t  been establ ished.  In  vivo, in g lycogenos i s  t ype  II ,  
me t ach romas i a  located in the  glycogen rich areas of t he  
mul t ivacuo la t ed  muscle  cells has  been  observed,  af ter  
s ta in ing wi th  to luidine  blue 0~9, 2~ His tochemica l  analysis  

Skin fibroblast metachromasia, leukocyte and fibroblast a-glueo- 
sidase activity in patients with glyeogenosis type II and in their 
next of kin 

cr 4-Glucosidase 
Subjects Metachromasia activity ~ 

(% positive 
cells) Leukocytes Fibroblasts 

Patient L.U. 40-80 0 4.5 
FamiIy of L. U. : 

Father 10-50 7.6 - 
Mother 30-70 4.8 16.5 
Brother A 40 80 5.9 23.1 
Brother B 40-80 6.1 16.0 

Patient L.M. 40-90 0 - 
Family of L. M. : 

Father 40-90 6.0 - 
Mother 40-80 5.8 - 
Brother 40 90 5.2 - 

Controls 10 1 5 - - 
Controls 9 11.9 • 3.6 - 
Controls 1 - - 36.2 
Controls 1 - - 45.7 

Millimicromoles maltose hydrolyzed per min/mg protein. 

resul ts  indica ted  t h a t  these  m e t a c h r o m a t i c  areas con ta in  
a glycogen complex  only par t ia l ly  digest ible w i th  diastase,  
resembl ing  acid mucopolysacchar ides  ~9,~0. This c o m p o u n d  
p robab ly  needs acid glucosidase for degradat ion~k We  
are no t  able to  say w h e t h e r  the  m e t a c h r o m a t i c  mate r ia l  
found  in t he  skin f ibroblas t  cul tures  of our pa t i en t s  has  
the  same features  as t h a t  found  in vivo. F u r t h e r  invest iga-  
t ion clarifying th is  po in t  could con t r ibu te  to  the  know- 
ledge of the  na tu re  of m e t a c h r o m a s i a  in glycogenosis 
t ype  II.  

Riassunto. F r a m m e n t i  di  cute di due sogget t i  a f fe t t i  
da  glicogenosi t ipo I I e  dei  loro genitori  e fratel l i  sono 
s ta t i  col t iva t i  in vi tro.  Sis  helle cul ture  dei paz ien t i  che 
dei loro familiari  si g osserva ta  la presenza  di mater ia le  
me tac roma t i co  dopo colorazione con blu di to lu id ina  0. 
Nei leucociti  di t u t t i  i famil iar i  esamina t i  l'attivith~ della 
m-I, 4-glucosidasi g r i su l ta ta  r idot ta .  
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F e t a l  E n c e p h a l o p a t h y  F o l l o w i n g  I n g e s t i o n  of  T e l l u r i u m  

Non-obs t ruc t ive  hydrocepha lus  m a y  be p resen t  in new- 
born  ra ts  if the i r  mo the r  ingests  e lementa l  te l lur ium 
dur ing  gestat ion.  There  are pathological  changes  p resen t  
in t he  e p e n d y m a l  ceils of the  la teral  ventr ic les  of these  
ra t s  dur ing fetal  l i fe  a t  the  si te of the  C S F - e p e n d y m a l  
barrier.  

There  are 2 t ypes  of hydrocephalus ,  obs t ruc t ive  and 
non-obs t ruc t ive .  In  obs t ruc t ive  hydrocepha lus  there  is 
an i m p e d i m e n t  to t he  flow of t he  cerebrospinal  fluid 
(CSF) f rom the  choroid plexus  where  i t  is secreted,  to  
t he  venous  sinuses, where  i t  is absorbed.  Non-obs t ruc t ive  
hydrocepha lus  m a y  resul t  f rom a t r o p h y  of t he  neural  
t issue in t he  brain,  or f rom overp roduc t ion  of CSF  by  the  
choroid plexus.  There  is an exper imen ta l  m e t h o d  to  
produce  non-obs t ruc t ive  hydrocephalus ,  which  consists  
of add ing  e lementa l  te l lur ium to the  diet  of a ges ta t ing  
rat .  This  c a n  resul t  in t he  b i r th  of a l i t ter  of hydrocepha l ic  
animals  w i thou t  a p p a r e n t  ill-effects on the  mother~,  2. 
The p resen t  communica t i on  is t he  repor t  of a s t u d y  of 
the  pathological  changes  p resen t  in t he  bra in  of fe ta l  
rats,  whose mothe r s  had  inges ted  te l lur ium in the i r  d ie t  
and  eventua l ly  gave b i r th  to hydrocepha l ic  animals.  

The a m o u n t  of te l lur ium needed  in t he  d ie t  of t he  mo t h e r  
to p roduce  hydrocepha lus  var ied f rom 500 to  3500 p p m  
of the  diet~, 2. 50 to  100% of t he  ges ta t ing  ra ts  who 
inges ted  te l lur ium gave b i r th  to hydrocepha l ic  animals  

and  10 to  100% of the  animals  in the  l i t ter  were hydro-  
cephalic.  The incidence of hydrocepha lus  was propor t iona l  
to  the  a m o u n t  of te l lur ium presen t  1, 2. 

E l emen ta l  t e l l u r i u m  is m u c h  less toxic  t h a n  telluri tes,  
te l lura tes  and tel lurous acid. I t s  min ima l  le thal  dose is 
u n k n o w n  a, 4. Tel lur ium is easily absorbed  into t he  b o d y  5 
and i t  remains  there  a long t ime.  The classic sign of 
te l lur ium in tox ica t ion  in m a n  and  ra t  is the  garlic odor  
of t he  b r ea t h  caused by  d i me t h y l  telluride,  a b r e a k d o w n  
p roduc t  of te l lur ium 3, 4. Pa t i en t s  receiving i.m. in ject ions  
of e lementa l  te l lur ium in suspension,  for t he  t r e a t m e n t  
of syphilis,  compla ined  of a pe r s i s t an t  odor  of garlic in 
t he  brea th ,  2 years  af ter  the  end of the  t r e a t m e n t  6. 
Rep ea t ed  inject ions  of a suspension conta in ing  e lementa l  
te l lur ium to animals  resul ted  in t he  presence  of g ranular  
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