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The s t r u c t u r a l  genes f o r  a-globin i n  man a r e  duplicated. They 
encode i d e n t i c a l  polypeptides, but d i f f e r  i n  sequence i n  the  3 ' -  
untranslated region of the  gene. Because t h i s  segment i s  found 
i n  a l l  mature mRNAs, detect ion of t h i s  sequence difference i n  
mRNA would provide a means of assessing r e l a t i v e  expression of 
the  two a-genes independent of i d e n t i f i a b l e  p ro te in  va r ian t s .  We 
have devised a sens i t ive ,  quan t i t a t ive  assay f o r  the  two pred ic t -  
ed a-mRNA species  based on t h i s  p r inc ip le .  Using t h i s  approach 
we have invest igated whether the  r e l a t i v e  expression of the  a-  
genes changes during t h e  t r a n s i t i o n  from f e t a l  t o  adul t  erythro-  
po ies i s  i n  u te ro .  Normally the  mRNA derived from the  more 5' 
gene (a2) predominates s l i g h t l y  r e l a t i v e  t o  t h a t  from t h e  more 
3' ( a l )  gene: r a t i o  60/40. In f e t a l  blood of 17-18 weeks gesta-  
t i o n  and newborn blood samples t h i s  r a t i o  i s  preserved. During 
hepat ic  hematopoiesis (10-16 weeks ges ta t ion)  the  a-mRNAs a r e  
present  i n  t h i s  proportion a s  well.  Therefore, during t h e  t r an-  
s i t i o n  from y t o  B-globin expression, t h e  r e l a t i v e  expression of 
the  a-genes i s  unal tered.  Furthermore, the  r e l a t i v e  expression 
of the  a-genes i s  s imi la r  i n  hepat ic  and bone marrow phases of 
erythropoiesis .  
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l b o  g i r l s  with Turner 's  pllenotype and 45 X karyotypes i n  wr- 

piieral blood have good sexual  development including menses. Buc- 
cal smears showed Barr U e s  i n  1/200 and 0/200 c e l l s .  Paraovar- 
i a n  f b m b l a s t s  f r a n  one g i r l  gave 45 X on 40 spreads. Ovarian 
b iops ies  on botli showed f ib rous  gonads with sparse  f o l l i c l e s  (est. 
t o t a l  8000/2 ovar ies ) .  Limited s t u d i e s  of  estroyens and gondo- 
t r o p i n s  were normal. Trad i t iona l  i n t e r p r e t a t i o n  invokes mosaic- 
ism. A b e t t e r  i n t e r p r e t a t i o n  is that these  g i r l s  r epresen t  an 
e x p c t e d  e x t r e m  oE a spectrum; that, because both X's are a c t i v e  
i n  oogenesis k f o r e  meiosis (ILiyeon and J e l a l i a n ,  Nature 269:242, 
1977), t h e  XO caoplement causes an increased r a t e  of a t r e a  of  
f o l l i c l e s  f r a n  the high f e t a l  n d r ,  b u t  cioes no t  prevent  matu- 
ra t ion .  S a w t i c  fea tu res  of  Turner's syndrane - almost uniform 
s h o r t  s t a t u r e  and highly var iab le  canbinat ions of  o ther  Eeatures- 
can be  explained by randan inac t iva t ion  during embrycgenesis of  
tile only X (Gart ler  ancl Sparkes, I ance t  II:411, 1963) with en- 
suing c e l l  death. This has  never ken seen because such cells are 
nonviable. This hypothesis w u l d  explain the high f e t a l  wastage 
y e t  yoai v i a b i l i t y  of  individuals  who survive embryqenesis. The 
predicted reduct ion of  c e l l  n h r  i n  e a r l y  embryogenesis ex- 
p l a i n s  the uniform s h o r t  s t a t u r e  i n  survivors .  I f  such inact iva-  
t i o n  occurs ,  inac t iva t ion  of  the second x i n  normal cells must 
be prevented by i n t e r a c t i o n  between t h e  1 ~ e t e r 0 ~ : ~ o m a t i c  X(s) 
and t l ~  euchranat ic  X. 
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We have developed an i n  v i t r o  model system f o r  studying the  
human hypophosphatasias, a group of f a m i l i a l  diseases character- 
ized by low serum a lka l ine  phosphatase (ALP) l eve l s  and poor 
bone development. ALP e lec t rophore t i c  and a c t i v i t y  pa t t e rns  
were s tudied i n  human f ib rob las t s ,  mouse f ib rob las t s ,  and mouse- 
human hybrids. On polyacrylamide ge l s ,  human f i b r o b l a s t  ALP i s  
seen a s  two zones of a c t i v i t y  (a  f a s t  and a slow band), while 
the  mouse f ib rob las t  ALP appears a s  only one. Studies  i n  human 
f ib rob las t s  suggest t h a t  t h e  ALP f a s t  band i s  a product of modi- 
f i c a t i o n  of the  slow band. I n  t h e  hybrids, ALP f a s t  band segre- 
gates  with the  gene f o r  human malate dehydrogenase (MDH) which 
is located on chromosome 2 (p(0.001). This assoc ia t ion  has been 
confirmed by concordant segregat ion of ALP f a s t  band and MDH i n  
two hybrid subclones. ALP a c t i v i t y  p r o f i l e s  were s tudied on 37 
independently i so la ted  hybrid clones. I n  one group of clones, 
human chromosome 19 was associated with high ALP a c t i v i t y  l eve l s  
(p=0.04), while i n  another group, chromosome 19 was missing from 
clones with repressed ALP a c t i v i t y  l eve l s  (p-0.005). These 
observations suggest t h a t  a gene on human chromosome 19 may be 
involved i n  the regulat ion of ALP a c t i v i t y .  The i d e n t i f i c a t i o n  
of genes which control  ALP expression i n  cul tured c e l l s  should 
help us t o  understand the  genet ic  mechanism operating i n  hypo- 
phosphatasia. 
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To assess  t h e  f e a s i b i l i t y  of enzyme therapy i n  human Gm2 gang- 
l i o s i d o s i s ,  hampered by hepat ic  uptake of, and blood-brain bar- 
r i e r  (BBB) impermeability t o  exogenous Hex A, k i t t e n s  with Gm2 
gangliosidosis  ( a  model f o r  human Sandhoff disease)  were in jec ted  
I V  o r  i n t r a c a r o t i d  (IC) with %5 mg pur i f i ed  human p lacen ta l  
Hex A. Hepatic uptake was reduced with I V  mannan; revers ib le  
BBB permeability compatible with su rv iva l  without gross  neuro- 
log ic  sequelae was induced by 1 m l  oxygen I C .  At 12 t o  72 h rs ,  
r e s idua l  exogenous enzyme a c t i v i t y  i n  l i v e r ,  spleen, kidney and 
brain cortex was 100-501, 14-596, 22-51 and 50-lo%, respect ively,  
of normal endogenous a c t i v i t y .  TLC quan t i t a t ion  showed time- 
and dose-dependent reduction of l i v e r  G L ~  globoside and Gm2 
ganglioside t o  20% of a f fec ted  con t ro l s ,  and increase of Gmg 
ganglioside. A reduction of GL4 globoside t o  65% of con t ro l s  
was observed i n  spleen and kidney. These r e s u l t s  demonstrate 
fo r  t h e  f i r s t  time a ca tabo l ic  e f f e c t  of Hex A i n  vivo a t  organ 
l eve l ,  even a t  t h e  r e l a t i v e l y  low extrahepat ic  l e v e l s  obtained 
by hepat ic  uptake depression. Although oxygen-induced BBB per- 
meabil i ty  allowed de l ive ry  of comparable enzyme a c t i v i t y  t o  t h e  
CNS, no e f f e c t s  on Gm2- o r  Gm gangLioside were evident i n  
brain.  Higher enzyme doses, qonger exposure, and c l a r i f i c a t i o n  
of neuronal uptake s p e c i f i c i t y  a r e  needed t o  assess  ca tabo l ic  
e f f e c t s  i n  CNS, a p re requ is i t e  f o r  therapeut ic  at tempts  i n  
humans. 
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C N F - ~ ~  one-of the mainstays of'  treatment of pa t i en t s  with 
GSD I / I I I .  Previouslv. t h i s  aoal has been achieved bv infusing 
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W e  h a v e  s tudied DNAs from 8 individuals  whose  c l in ica l  find- 
ings  a n d  pedigrees were cons i s ten t  with famil ial  isolated growth 
hormone deficiency (IGHD) . Nuclear  DNA w a s  prepared from leu- 
kocy tes ,  d iges ted  with various restr ic t ion endonuc leases  , sub- 
jected to  electrophoresis ,  Southern t ransferred,  a n d  hybridized to  
3 2 ~ - l a b e l e d  growth hormone (GH) DNA sequences .  Restriction 
pat terns of samples  from affected individuals  in  3 different fami- 
l i e s  with IGHD Type I (autosomal recess ive )  and  1 famlly with 
IGHD Type I1 (autosomal dominant) were  normal; i . e . ,  GH g e n e s  
were  present .  Two common polymorphic restr ic t ion s i t e s  were de- 
t ec ted  in DNAs of various famlly members which could b e  used  in 
l inkage  a n a l y s e s ,  DNA from a n  individual with IGHD Type IA (au- 
tosomal  recess ive )  yielded abnormal pat terns following a 11, 
Eco RI plus HI,  Hint 11, Pzt I ,  and Sst I d iges t ion .  In each  - 
d i g e s t ,  o n e  or more fragments (-2.2 to  -3 3 k i lobases )  were ab-  
s e n t .  These  f indings s u g g e s t  tha t  some inac t lve  GH g e n e s  a r e  
a s s o c i a t e d  with de le t ions  of GH o r  GH-like sequences .  

tube. However, the NG tube can-be both h i f f i c u l t  t o - i n s e r t  and' 
uncomfortable, i s  d i s l iked  by pa t i en t s  and parents ,  and occa- 
s iona l ly  leads t o  severe ep i s tax i s .  To avoid these problems, 
we have constructed an in t raora l  p ros thes i s  (IOP) t o  f a c i l i t a t e  
CNF in GSD I / I I I .  A piece of  thin metal tubing 2mm (D) x 5mm ( L )  
i s  attached t o  a c i r c u l a r  orthodontic band 3 n  i n  width and a f -  
f ixed t o  a superior  1 s t  o r  2nd molar with the tubing lying paral-  
l e l  t o  the aveolar  ridge in the buccal-gingival sulcus.  A't 
n igh t ,  a NG tube i s  pressed f i rmly through the IOP and i t s  o r i -  
f i c e  positioned a t  the pos te r io r  end of the aveolar  r idge.  The. 
CNF i s  then infused a t  the normal r a t e  (<  0.5 cc/min) and i s  
swallowed read i ly  during s leep.  To date; one pa t i en t  each with 
GSD I and 111 have been f i t t e d  with the IOP. The IOP has caused 
no local i r r i t a t i o n  o r  henmorhage, even a f t e r  n igh t ly  infusions 
of 40% dextrose f o r  6 months. Blood glucose l eve l s  and l i n e a r  
growth r a t e s  a re  equal t o  o r  b e t t e r  than those observed previous- 
l y  in the same pa t i en t s  using i n t r a g a s t r i c  CNF. The IOP i s  well 
to le ra ted  by both pa t i en t s  and parents because of i t s  s impl ic i ty  
and comfort. The IOP may f a c i l i t a t e  CNF i n  many pa t i en t s  with 
GSD I / I I I .  
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