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DIHYDROPTERIDINE REDUCTASE DEFICIENCY: CLONING OF 
THE DIHYDROPTERIDINE REDUCTASE GENE, ANALYSIS OF 
MUTANT CELLS, AND PROSPECTS FOR GENETIC THERAPY. e l02  1 Fred D. Ledley, Jean Lockyer, Seymour Kaufman, 
Sheldon M i l s t e i n ,  Savio  L.C. Woo. (Spon. by Arthur  
Beaudet) Howard Hughes Medical ~ n s t i t u t e ,  Depart- 

ment of C e l l  Biology. Baylor Col lege  of Medicine. Houston, TX, 
and Laboratory  of Neurochemistry. Na t iona l  I n s t i t u t e s  of 
Hea l th ,  Bethesda MD. 

Def ic iency of t h e  enzyme d ihyd rop te r id ine  r educ t a se  (DHPR) 
causes  a syndrome of hyperphenylalaninemia and menta l  r e t a r d -  
a t i o n  bu t  is  r e f a c t o r y  t o  convent ional  d i e t a r y  therapy.  An 
ant ibody a g a i n s t  sheep DHPR was used t o  i d e n t i f y  c lones  f o r  
human DHPR from a human l i v e r  cDNA expre s s ion  l i b r a r y .  The f u l l  
l eng th  cDNA c lone  comprises 1560 base s ,  codes f o r  a p r o t e i n  of 
244 amino a c i d s  and 25,774 d a l t o n s ,  and t h e  p r e d i c t e d  amino 
a c i d  sequence matches an  incomplete amino a c i d  sequence of 
sheep DHPR. The cDNA was recombined i n  an euka ryo t i c  exp re s s ion  
vec to r  and in t roduced i n t o  cu l tu r ed  c e l l s  by DNA mediated gene 
t r a n s f e r .  C e l l s  t ransformed wi th  t h e  recombinant gene express-  
ed  DHPR p r o t e i n  and enzymatic a c t i v i t y  a t  l e v e l s  50% of human 
l i v e r .  Analys is  of f i b r o b l a s t s  from f i v e  un re l a t ed  i n d i v i d u a l s  
g e n e t i c a l l y  d e f i c i e n t  i n  DHPR by southern  and no r the rn  b l o t t i n g  
i n d i c a t e s  t h a t  t h e  DHPR gene is  g r o s s l y  i n  t a c t  and t h a t  DHPR 
mRNA is t r a n s c r i b e d .  These r e s u l t s  i nd i ca t ed  t h a t  t h e  muta- 
t i o n s  caus ing DHPR d e f i c i e n c y  a r e  n o t  l a r g e  d e l e t i o n s  of t h e  
DHPR locus .  These exper iments  a l s o  demonst ra te  t h e  f e a s i b i l i t y  
of r e c o n s t i t u t i n g  DHPR a c t i v i t y  by gene t r a n s f e r  of t h e  recom- 
b i n a n t  c lone  and in t roduces  t h e  p o s s i b i l i t y  of exp lo r ing  
somat ic  gene replacement therapy of DHPR de f i c i ency .  

FOLATE DEFICIENCY INDUCED HOMOCYSTEINEMIA. J.Y. LIN, 
S.S. Kang, J .  Zhou and P . W . K  Wong. Rush Medical 
Col lege ,  P re sby te r i an -S t .  Luke's Medical Center .  022 Department of  P e d i a t r i c s ,  Sec t i on  of Genet ics ,  
ch i cago ,  I l l i n o i s .  

In  humans on a normal d i e t ,  about 50% of  homocysteine i s  re- 
methyla ted  t o  methionine with rnethyl te t rahydrofola te  a s  t h e  
methyl donor.  Hence, f o l a t e  de f i c i ency  may r e s u l t  i n  inadequate  
s y n t h e s i s  of  t h e  methyl donor,  l e ad ing  t o  honiocysteine accumilla- 
t i o n .  Moderate homocysteinemia has been a s soc i a t ed  with a the ro -  
s c l e r o t i c  va scu l a r  d i s o r d e r s  i n  humans but  o t h e r  con t r i bu to ry  
f a c t o r s  have not  been excluded. 

To s tudy  the e f f e c t  of  i s o l a t e d  f o l a t e  de f i c i ency ,  2 groups of  
45 r a t s  were given ( 1 )  adequate  f o l a t e  o r  ( 2 )  f o l a t e  d e f i c i e n t  
chemical ly  def ined d i e t s .  Five r a t s  i n  each group were k i l l e d  bi 
weekly f o r  serum chemical a n a l y s i s .  812 and pyr idoxine  remained 
normal 
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i n  both groups throughout  t h e  experiments.  
Gr(1)  Fo l a t e  Homocyst. Gr(2)  Fo l a t e  Homocyst. 

ng/ml nmol /ml ng/rnl nmol /ml 
> 20 4 .2 t0 .7  2 .9 t1 .5  6 . 4 ~ 1 . 2  
> 20 3.9k0.9 2 .5 t0 .7  7 . 9 t 1 . 5  
> 20 4 .4 i0 .8  1 .4 t0 .1  7 .4 t1 .3  
> 20 3.4k0.7 1.3k0.1 8.3k1.2 

f f e r e n c e s  i n  f o l a t e  and t o t a l  homocvsteine between the 2 
groups were s t a t i s t i c a l l y  s i g n i f i c a n t  (P; 0 .001) .  Serum f o l a t e  
i n  r a t s  from 4-10 weeks and from 12-20 weeks was s i m i l a r  respec-  
t i v e l y  t o  low normal and subnormal l eve l  i n  humans observed t o  
have moderate homocysteinemia. This  r a i s e s  ques t i ons  regarding 
normal serum f o l a t e  va lues  and f o l a t e  requirement i n  humans. 

MIGRAINE AS A CONSEQUENCE OF EUGLYCEMIA 
DIABETIC CONTROL: C. Charlton Mabry, Univ. KY. 
Col. Medicine, Dept. o Pe iatrics, Lexington, KY. 1023 Euglycemia in insulin df ndent diabetes mellitus 
(IDDM) is possible with intensive insulin treatment.  
Though control may be improved, t he  risks of hypogly- 

cemia  are  increased. We have encountered a patient with IDDM who 
a t tempted intensive insulin t rea tment  only t o  experience debilitating 
migraine a t tacks  in association with insulin induced hypoglycemia 

Seven year-old boy developed IDDM and managed by conventional 
insulin therapy (2 injections mixed insulin/day, uriae glucose monitor- 
ing) for two years. On occasion he  experienced early AM headaches 
with vomiting in association with hypoglycemia. Neurologic evaluations 
indicated that he  was experiencing migraine attacks. At the  same 
t ime he was enrolled in an  adult diabetic clinic which had the  goal of 
maintaining his blood glucose between 100-160 mg/dl. Frequent severe 
usually ear ly  AM headaches with prolonged vomiting triggered by hy- 
poglycemia led t o  metabolic derangement and many hospitalizations 
over t he  next 18 months  Maintenance propranolol s tar ted  for migraine 
prevention; intensity and frequency of hypoglycemia and migraine 
a t tacks  increased Conventional diabetic management resumed with 
lessening of frequency and severity of hypoglycemia and migraine 
episodes Then propranolol discontinued, and no symptomatic hypo- 
glycemia, migraine or hospitalization for past year. 

Counter regulatory mechanisms t o  prevent insulin induced hypogly- 
cemia  are  usually intact in t he  young diabetic, and migraine is an  
unexpected complication of hypoglycemia, particularly in a child. 
This boy showed symptoms of hypoglycemia. tha t  had a unique and 
repetitive expression t ie  also showed that children may not to lera te  
an adult oriented intensive insulin management p l an  

DISAPPEARANCE OF ISLET CELL ANTIBODIES (ICA) MAY BE 
ASSOCIATED WITH EITHER DETERIORATION OR AMELIORATION 1024 OF ISLET CELL FUNCTION. Duncan R. MacMillan, Michael 
B. Fos t e r  and Mary P. Key (Spon. by B.F. Andrews). 
Un ive r s i t y  of L o u i s v i l l e  School of Medicine. Univer- 
s i t y  of L o u i s v i l l e  A f f i l i a t e d  Hosp i t a l s ,  Department of 

P e d i a t r i c s ,  L o u i s v i l l e ,  Kentucky. 
Disappearance of serum ICA fol lowing d i agnos i s  of d i a b e t e s  i s  

w e l l  documented and may be r e l a t e d  t o  a d e c l i n e  i n  a v a i l a b l e  a n t i -  
gen. Reversion of ICA p o s i t i v e  t o  nega t ive  i s  otherwise  r a r e .  
We r e p o r t  two excep t iona l  ca se s :  Case 1 whose r eve r s ion  from ICA 
p o s i t i v e  t o  nega t ive  was followed i n  29 months by type  1 d i a b e t e s  
and Case 2 who presented w i th  i n su l inopen ic  ICA p o s i t i v e  d i a b e t e s  
m e l l i t u s  w i th  p rog re s s ive  d e c l i n e  i n  i n s u l i n  requirements ,  l o s s  
of ICA and r e t u r n  t o  normal g lucose  t o l e r a n c e  over  33 months. 
Case 1 sugges t s  t h a t  ICA may be a t r a n s i e n t  marker of a p e r s i s t i n g  
under ly ing immune p roces s  leading t o  complete i s l e t  d e s t r u c t i o n .  
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Case 2 sugges t s  t h a t  ICA does not n e c e s s a r i l y  i n d i c a t e  i n e v i t a b l e  
p rog re s s ion  t o  t o t a l  i s l e t  c e l l  d e s t r u c t i o n  and t h a t  c e s s a t i o n  
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of immune i s l e t  c e l l  d e s t r u c t i o n  may occur i n  a s s o c i a t i o n  w i th  
d isappearance  of ICA, a l lowing f o r  i s l e t  c e l l  r egene ra t i on  t o  
occur .  

HYPERINSULINEXIA I N  TRANSGENIC MICE CARRYING MULTIPLE 
COPIES OF THE HUMAN INSULIN GENE: EVIDENCE FOR A GENE 
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025 DOSAGE EFFECT. S. Lee Marban and John D. Gearhar t .  
(Spon. by M. Douglas Jones ,  J r . )  The Johns Hopkins 

INITIAL STUDIES I SUBSEQUENT STUDIES (2-3 ~ r )  

Hosp i t a l ,  Depts. of P e d i a t r i c s  and Physiology. B a l t i -  
more, MD 21205 

We a r e  i n v e s t i g a t i n g  i n s u l i n  gene exp re s s ion  i n  t r ansgen ic  
mice ca r ry ing  m u l t i p l e  cop i e s  of  t h e  human p r e p r o i n s u l i n  gene. 
An 8 .8  kb EcoRI-Hind 111 human genomic DNA fragment con t a in ing  
t he  i n s u l i n  gene was in t roduced i n t o  1 -ce l l  mouse embryos by pro- 
nuc l ea r  mic ro in j ec t i on .  Th i s  DNA fragment i nc ludes  2kb of 5 '  and 
5.5kb of 3'  human f l ank ing  sequences. Two l i n e s  of i n s u l i n  t r ans -  
genic  mice have been e s t a b l i s h e d  t h a t  d i f f e r  i n  copy number of 
t he  human gene: one l i n e  has  4 cop ie s  i n t e g r a t e d  per  c e l l ,  t h e  
o t h e r  16 cop ie s  per  c e l l .  T o t a l  serum i n s u l i n  l e v e l s  were d e t e r -  
mined by RIA (Cambridge Medical).  Fas ted  i n s u l i n  l e v e l s  i n  t r ans -  
gen i c  mice (mean + SEM = 0.48 + 0.08 ng/ml, n=37) were s i g n i f i -  
c a n t l y  h igher  than i n  c o n t r o l s  (0.10 + 0.01 nglml, n=10; p < 
0.001).  Comparing t h e  2 t r ansgen ic  l i n e s ,  t h e r e  was cons ide rab l e  
v a r i a t i o n  i n  i n s u l i n  l e v e l s  but  t hose  animals  w i th  more cop ie s  
of t he  human gene have higher  i n s u l i n  l e v e l s  (0.74 + 0.20 nglml. 
n = l l )  than t hose  w i th  fewer cop ie s  (0.37 + 0.06 n g / z l ,  n=26).  
Both l i n e s  have s i g n i f i c a n t l y  h igher  i n s u l i n  l e v e l s  than c o n t r o l  
(p < 0.01).  This  i s  i n  c o n t r a s t  wi th  p rev ious ly  r epo r t ed  i n s u l i n  
t r ansgen ic s  (Bucchini e t  a l ,  PNAS g : 2 5 1 1 )  i n  which i n s u l i n  was 
no t  overexpressed.  I n  t h i s  model system, i n s u l i n  gene exp re s s ion  
c o r r e l a t e s  w i th  gene copy number, sugges t i ng  a d i r e c t  gene dosage 
e f f e c t .  
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ASPARTAME INTAKE AND ITS EFFECT ON PHENYLALANINE 
(PHE) AND PHE METABOLITES. Reuben Matalon, Kimberlee 
Michals,  Debra Su l l i van  and Paul  Levy. Un ive r s i t y  of 01026 I l l i n o i s  a t  Chicago, Departments of P e d i a t r i c s ,  Nu- 
t r i t i o n  and Medical D i e t e t i c s  and Epidemiology and 
Biometry, Chicago, I l l i n o i s .  

Aspartame a methyl e s t e r  L-aspar ty lphenyla lanine ,  is  a widely 
used sweetener.  The i n t a k e  of aspartame was s t u d i e d  i n  51 a d u l t s  
23 of whom were c a r r i e r s  f o r  phenylketonur ia  (PKU). The s tudy  
was d ivided i n t o  a l oad ing  t e s t  followed by ch ron ic  i n t a k e  f o r  a 
per iod of 12 weeks. Two doses  of aspartame were used i n  t he  
loading t e s t  50mglkg and 100mgIkg. Blood l e v e l s  of phe were 
measured hour ly  and the  aromat ic  a c i d  me tabo l i t e s  of phe and 
phenylethylamine (PEA) were e s t ima ted  i n  t he  u r ine .  During t he  
ch ron ic  i n t a k e  blood phe and u r i n e  me tabo l i t e s  were determined 
every  two weeks. The l e v e l s  of blood phe ro se  from 5-10 f o l d  i n  
t he  c a r r i e r s  f o r  PKU on 100mg/kg load a s  opposed t o  2.5 t o  6 f o l d  
i n  t he  normal c o n t r o l s .  On 50mgIkg the  c a r r i e r s  response  was in-  
creased from 2 t o  7 t imes  t he  normal l e v e l s  and from 2 t o  3 .5  i n  
t he  c o n t r o l  group ( P 4 . 0 2 ) .  During t he  ch ron ic  i n t a k e  19 car-  
r i e r s  had blood phe ranges  of 0.84 t o  18.8mgldl; f i v e  of t he se  
i n d i v i d u a l s  had l e v e l s  above l0mgIdl. Among the  c o n t r o l s ( l 6 ) t h e  
range of blood phe was 0.8 t o  1 l . lmg ld l .  The aromat ic  a c i d  
me tabo l i t e s  3 and 4 OH phenylaceta te  and 4 OH pheny l l ac t a t e  were 
i nc rea sed  more than 10 f o l d  i n  t he  c a r r i e r  group, and were l e s s  
e l eva t ed  i n  t h e  c o n t r o l s  but  s t i l l  s i g n i f i c a n t l y  h igher  than 
base l i ne  l e v e l s .  The u r i n a r y  l e v e l s  o f  PEA were i nc rea sed  i n  both  
groups ranging from 5-40 t imes  t he  normal l e v e l s .  These d a t a  a r e  
of concern s i n c e  blood phe l e v e l s  a r e  much higher  than a n t i c i -  
pa ted  from previous  publ ished r e p o r t s .  
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