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I  h a v e  a  g re a t  p le a su re  to  w e lc o m e  y o u  a ll to  th e  16th Internat ional Symposium of  the Por tuguese Society for Metabolic 
Disorders (SPDM), th is  y e a r  in  a  v ir t u a l fo rm a t .

S t a r t in g  a  n e w  d e c a d e  a n d  u n d e r  th e  m o t to  “N e w  H o r iz o n s  in  In b o rn  E r ro r s  o f  M e ta b o lism ”, w e  a im  to  b r in g  
y o u  th e  m o s t  re c e n t  s c ie n t ifi c  a d v a n c e s  a n d  to  in sp ire  n e w  a p p ro a c h e s  to  In h e r ite d  M e ta b o lic  D is o rd e r s , w ith  
th e  p a r t ic ip a t io n  o f  w o r ld  e x p e r t s . T h e  p ro g ram m e  in c lu d e s  to p ic s  th a t  a re  t ra n s v e r s a l to  c lin ic ia n s , s c ie n t is t s  
a n d  d ie t it ia n s  th e re b y  c re a t in g  o p p o r tu n it ie s  to  b u ild  b r id g e s . W e  w o u ld  lik e  to  e n c o u ra g e  y o u  to  p a r t ic ip a te  in  
th e  s e s s io n s  b y  p o s in g  q u e s t io n s  to  th e  s p e a k e r s  in  th e  liv e  c h a t .

T h e  fi r s t  d a y  w ill b e  d e d ic a te d  to  s e le c te d  o ra l c o m m u n ic a t io n s  a n d  s e le c te d  e -p o s te r s  c o m m u n ic a t io n s . 
E -p o s te r s  c a n  b e  v ie w e d  in  th e  s p e c ifi c  s e c t io n  a n y t im e  d u r in g  th e  s ym p o s iu m . A s  a  n o v e lt y , d e le g a te s  w ill b e  
a llo w e d  to  e v a lu a te  th e s e  w o rk s . G ra n t s  w ill b e  a t t r ib u te d  to  th e  h ig h e s t  c la s s ifi e d  w o rk s  in  e a c h  c a te g o r y .
T h a n k  y o u  v e r y  m u c h  fo r  jo in in g  u s  “d ig it a lly “.
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S e s s i o n  I V

C R O S S T A L K  A M O N G S T  I N T R A C E L L U L A R  O R G A N E L L E S

R O N A L D  J .  A .  W A N D E R S
A m s t e r d a m ,  N L

RONALD JA WANDERS  h o ld s  a  P ro fe s s o r s h ip  in  C lin ic a l E n z ym o lo g y  o f  M e ta b o lic  D is e a s e s  
a t  t h e  U n iv e r s it y  o f  A m s te rd am  a n d  w a s  H e a d  o f  t h e  L a b o ra to r y  G e n e t ic  M e ta b o lic  
D is e a s e s , A c a d em ic  M e d ic a l C e n te r, U M C  Am s te rd am  f ro m  0 1 .0 1 .2 0 0 3  u n t il h is  fo rm a l 
re t ire m e n t  o n  0 1 .0 2 .2 0 1 8 . H e  s tu d ie d  C h em is t r y  w ith  B io c h em is t r y  a s  s u b sp e c ia liz a t io n , 
d id  h is  P h D  a t  t h e  E .C .S la te r  In s t it u te  fo r  B io c h em ic a l R e s e a rc h , S c ie n c e  Fa c u lt y , U n iv e r s it y  
o f  A m s te rd am  u n d e r  s u p e r v is io n  o f  P ro f. D r. JM  Ta g e r, d id  p o s td o c to ra l w o rk  a t  t h e  s am e  
In s t it u te  a n d  s t a r te d  to  w o rk  a s  P o s td o c  in  1 9 8 3  in  L a b o ro to r y  G e n e t ic  M e ta b o lic  D is e a s e s  
w h e re  h e  h a s  b e e n  > 3 5  s tu d e n t s  d id  th e ir  P h D  u n d e r  h is  s u p e r v is io n . H e  h a s  re c e iv e d  
n u m e ro u s  aw a rd s , g a v e  >2 5 0  le c tu re s  w o r ld w id e  a n d  h a s  b e e n  M em b e r  o f  a  la rg e  
n u m b e r  o f  n a t io n a l a n d  in te rn a t io n a l s c ie n t ifi c  R e v ie w  B o a rd s  a n d  p a t ie n t  o rg a n is a t io n s . 
A f te r  h is  fo rm a l re t ire m e n t  h e  c o n t in u e s  to  w o rk  in  th e  L a b o ra to r y  G e n e t ic  M e ta b llic  
D is e a s e s  a s  S e n io r  S c ie n t is t  o n  a  p ro je c t  b a s is .

U T E  S P I E K E R K O E T T E R  
F r e i b u r g ,  D E

F R É D É R I C  M .  V A Z
A m s t e r d a m ,  N L

 

UTE SP IEKERKOETTER , c h a ir  o f  P e d ia t r ic s  a n d  M e d ic a l D ire c to r  o f  t h e  D e p a r tm e n t  o f  
P e d ia t r ic s  a n d  A d o le s c e n t  M e d ic in e , U n iv e r s it y  C h ild re n ’s  H o sp it a l F re ib u rg , G e rm a n y  
M e d ic a l S c h o o ls  in  A a c h e n , G o e t t in g e n  a n d  M u e n s te r, G e rm a n y, f ro m  1 9 8 6  to  1 9 9 3 . 
S p e c ia lis a t io n  in  P e d ia t r ic s  a t  U n iv e r s it y  C h ild re n ’s  H o sp it a l in  E s s e n , G e rm a n y  a n d  
U n iv e r s it y  C h ild re n ’s  H o sp it a l in  D u e s s e ld o r f, G e rm a n y, f ro m  1 9 9 4  to  2 0 0 1 .

FRÉDÉR IC VAZ, h e  g o t  h is  m a s te r  in  c h em is t r y  a t  t h e  U n iv e r s it y  o f  U t re c h t  in  1 9 9 7 , 
s p e c ia liz in g  in  b io c h em is t r y . In  th e  L a b o ra to r y  G e n e t ic  M e ta b o lic  D is e a s e s  in  Am s te rd am , 
h e a d e d  b y  P ro fe s s o r  W a n d e r s , h e  p e r fo rm e d  h is  P h .D . p ro je c t  a n d  w ro te  h is  t h e s is  o n  
c a rn it in e  b io s y n th e s is . A s  a  p o s td o c , re s e a rc h  o n  c a rn it in e  b io s y n th e s is  c o n t in u e d  b u t  
th e  n e w  su b je c t  o f  B a r th  s y n d ro m e  g o t  h im  in te re s te d  in  lip id s , e s p e c ia lly  c a rd io lip in . 
D u r in g  th is  p e r io d  h e  w a s  t ra in e d  a s  a  c lin ic a l b io c h em is t  s p e c ia liz in g  in  in b o rn  e r ro r  o f  
m e ta b o lism . 
H e  n o w  is  h e a d  o f  t h e  m e ta b o lite  s e c t io n  o f  t h e  L a b o ra to r y  G e n e t ic  M e ta b o lic  D is e a s e s  
in  Am s te rd am , re sp o n s ib le  fo r  d ia g n o s t ic s  o f  in b o rn  e r ro r s  o f  m e ta b o lism  a s  w e ll a s  t h e  
h e a d  o f  t h e  C o re  fa c ilit y  m e ta b o lo m ic s  o f  t h e  AM C . H is  m a in  g o a ls  a re  th e  c o n t in u in g  
d e v e lo p m e n t  o f  a d v a n c e d  lip id o m ic s /m e ta b o lo m ic s  p la t fo rm s  - in c lu d in g  th e  re q u ire d  
b io in fo rm a t ic s - a n d  th e ir  a p p lic a t io n  fo r  b o th  re s e a rc h  a n d  d ia g n o s t ic  p u rp o s e s .
Am s te rd am  U M C , lo c a t io n  A c a d em ic  M e d ic a l C e n te r, D e p a r tm e n t  o f  C lin ic a l C h em is t r y , 
L a b o ra to r y  G e n e t ic  M e ta b o lic  D is e a s e , A m s te rd am , T h e  N e th e r la n d s .
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J E A N -M A R I E  S A U D U B R A Y
P a r i s ,  F R

JEAN-MAR IE SAUDUBRAY, M D , b o rn  in  1 9 3 7 , t ra in e d  in  th e  H o p it a u x  d e  P a r is  (A P -H P ). H e  w a s  
p ro m o te d  P ro fe s s o r  a n d  C h a irm a n  o f  P a e d ia t r ic s  a t  t h e  U n iv e r s ité  P a r is  D e s c a r te s  in  1 9 7 5  
a n d  s p e n t  in  1 9 8 0  a  s a b b a t ic a l y e a r  a t  U n iv e r s it y  C a lifo rn ia  s a n  D ie g o  in  th e  m e ta b o lic  
d is e a s e s  s c re e n in g  la b o ra to r y  o f  S o u th e rn  C a lifo rn ia  (c h a irm a n  P ro f  N y h a n ). 
H e  s e t  u p  a n  in te rn a t io n a l m e ta b o lic  re fe re n c e  c e n t re  in  N e c k e r  E n fa n t s  M a la d e s  h o sp it a l 
P a r is  a n d  t ra in e d  in  h is  w a rd  m a n y  m e ta b o lic  p h y s ic ia n s  w h o  a re  n o w  h e a d  o f  m e ta b o lic  
d e p a r tm e n t  in  th e ir  re s p e c t iv e  in s t it u t io n s . H e  h a s  d e s ig n e d  m a n y  m e ta b o lic  t ra in in g  
c o u r s e s  in  F ra n c e , E u ro p e , N o r th  A f r ic a , m id d le  E a s t , P a c ifi c  A s ia , N o r th  a n d  S o u th  Am e r-
ic a .
H e  h a s  p u b lis h e d  a b o u t  4 4 0  p e e r-re v ie w  p a p e r s , 2 0 0  in v ite d  c h a p te r s  o n  IEM  a n d  d e -
s c r ib e d  s e v e ra l n e w  e n t it ie s . H e  is  e d ito r  o f  t h e  re fe re n c e  te x tb o o k  “In b o rn  m e ta b o lic  
d is e a s e s  d ia g n o s is  a n d  t re a tm e n t ” (6 th  e d it io n  2 0 1 6 ) a n d  w ro te  th e  c h a p te r  o n  th e  c lin -
ic a l a p p ro a c h  a n d  a lg o r ith m s  fo r  IEM  p u b lis h e d  in  th e  M e ta b o lic  a n d  M o le c u la r  B a s e s  o f  
In h e r ite d  D is e a s e  (S c r iv e r ). H e  g a v e  a b o u t  4 0 0  p le n a r y  in te rn a t io n a l c o n fe re n c e s  am o n g  
th em  m a n y  k e y n o te  le c tu re s  a n d  th e  K o m ro w e r  le c tu re  a t  3  S S IEM  s ym p o s iu m . H e  is  
h o n o ra r y  li fe t im e  m em b e r  o f  t h e  S S IEM  a n d  m em b e r  o f  t h e  S c r iv e r  f am ily  v is it in g  p ro fe s -
s o r s h ip  in  g e n e t ic  m e d ic in e . H e  is  c u r re n t ly  th e  e x e c u t iv e  e d ito r  o f  t h e  N o r th  Am e r ic a n  
M e ta b o lic  A c a d em y  t ra in in g  p ro g ram m e  a n d  m em b e r  o f  t h e  s c ie n t ifi c  c o m m it te e  o f  t h e  
R e c o rd a t i  ra re  d is e a s e  fo u n d a t io n . H e  is  a p p o in te d  a s  s e n io r  c o n su lt a n t  a d v is o r  o f  t h e  
a d u lt  n e u ro m e ta b o lic  U n it , P it ié -S a lp ê t r iè re  H o sp it a l, U n iv e r s it y  P ie r re  a n d  M a r ie  C u r ie , 
P a r is  F ra n c e .

S e s s i o n  I V
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R E N É  S A N T E R  
H a m b u r g ,  D E

RENÉ SANTER , h e  is  a  fu ll p ro fe s s o r  o f  P e d ia t r ic  M e ta b o lic  M e d ic in e  a t  t h e  D e p t  o f  
P e d ia t r ic s , U n iv  M e d ic a l C e n te r  E p p e n d o r f  in  H am b u rg , G e rm a n y, a n  S S IEM  / U EM S  
-a c c re d ite d  t ra in in g  c e n te r  fo r  P e d ia t r ic  M e ta b o lic  M e d ic in e . H e  re c e iv e d  h is  m e d ic a l 
e d u c a t io n  a t  LM U  U n iv e r s it y  M e d ic a l S c h o o l in  M u n ic h , G e rm a n y, g o t  h is  t ra in in g  
in  P e d ia t r ic s  in  K ie l, G e rm a n y, a n d  w a s  a  fe llo w  in  P e d ia t r ic  G a s t ro e n te ro lo g y  a t  t h e  
C h ild re n ’s  H o sp it a l o f  t h e  S t a te  U n iv e r s it y  o f  N e w  Yo rk  (S U N Y ) a t  B u ff a lo , N Y, U S A  b e fo re  
h e  s p e c ia liz e d  in  P e d ia t r ic  M e ta b o lic  M e d ic in e . H is  m a in  in te re s t s  in  c lin ic  a n d  re s e a rc h  
a re  in b o rn  e r ro r s  o f  m e ta b o lism , p a r t ic u la r ly  th o s e  o f  c a rb o h yd ra te  m e ta b o lism . H e  h a s  a  
s p e c ifi c  in te re s t  in  c o n g e n it a l d is o rd e r s  o f  c e llu la r  g lu c o s e  t ra n sp o r t  a n d  fo r  s e v e ra l s u c h  
d e fe c t s  t h e  m o le c u la r  b a s e s  h a v e  b e e n  e lu c id a te d  in  h is  la b . F u r th e r  to p ic s  o f  in te re s t  
a re  m ito c h o n d r ia l d is o rd e r s , u re a  c y c le  d is o rd e r s , a n d  liv e r  t ra n sp la n ta t io n  in  m e ta b o lic  
d is e a s e s . A s  a  d ire c to r  o f  t h e  N o r th e rn  G e rm a n  S c re e n in g  la b o ra to r y , h e  a ls o  h a s  a n  
in te re s t  in  th e  s c ie n t ifi c  e v a lu a t io n  o f  s u c h  p ro g ram m e s . P ro f  S a n te r  is  t h e  P re s id e n t  o f  
t h e  G e rm a n  S o c ie t y  fo r  t h e  S tu d y  o f  In b o rn  E r ro r s  o f  M e ta b o lism  (A P S ) a n d  th u s  in v o lv e d  
in  t ra in in g  p ro g ram m e s  o f  y o u n g  c lin ic ia n s  a n d  c lin ic a l s c ie n t is t s .

E S T E L A  R U B I O -G O N Z A L B O  
M a a s t r i c h t ,  N L

ESTELA RUB IO GOZALBO  is  a  p e d ia t r ic ia n  m e ta b o lic  d is e a s e s  a n d  re s e a rc h e r, H e a d  o f  t h e  
m e ta b o lic  d is e a s e s  d e p a r tm e n t  a n d  fu ll p ro fe s s o r  o f  in b o rn  e r ro r s  o f  m e ta b o lism  w ith  
fo c u s  o n  g a la c to s em ia  a t  t h e  M a a s t r ic h t  U n iv e r s it y  M e d ic a l C e n te r  in  T h e  N e th e r la n d s . 
A f te r  a  h a p p y  c h ild h o o d  in  S p a in  s h e  m o v e d  to  th e  U n ite d  S t a te s  w h e re  s h e  d id  p a r t  
o f  h e r  s e c o n d a r y  s c h o o l a n d  m o v e d  b a c k  to  S p a in . S h o r t ly  th e re a f te r  s h e  m o v e d  to  T h e  
N e th e r la n d s  w h e re  s h e  c o m p le te d  h e r  M D  d e g re e  a t  t h e  U n iv e r s it y  o f  A m s te rd am  a n d  
h e r  P e d ia t r ic  re s id e n c y  a t  t h e  Em m a ’s  C h ild re n  H o sp it a l in  Am s te rd am . S h e  m o v e d  to  
th e  N ijm e g e n  U n iv e r s it y  to  o b ta in  a  d e g re e  in  m e ta b o lic  d is e a s e s  (fe llo w sh ip  m e ta b o lic  
d is e a s e s ) a n d  p e r fo rm e d  h e r  P h D  o n  m ito c h o n d r ia l d is o rd e r s . S in c e  2 0 0 0  s h e  w o rk s  a t  t h e  
M a a s t r ic h t  U n iv e r s it y  M e d ic a l C e n te r  a s  a  s t a ff  m em b e r  o f  t h e  P e d ia t r ic  D e p a r tm e n t  a n d  
L a b o ra to r y  G e n e t ic  M e ta b o lic  D is e a s e s  c o m b in in g  c lin ic a l c a re  w ith  re s e a rc h  (p a t ie n t-
re la te d  a n d  b a s ic  re s e a rc h ). S h e  le a d s  a  m u lt id is c ip lin a r y , s u c c e s s fu l G a la c to s em ia  
re s e a rc h  lin e  w ith  m a n y  n a t io n a l a n d  in te rn a t io n a l c o lla b o ra t io n s . S h e  is  t h e  fo u n d e r  
a n d  c h a ir  o f  t h e  in te rn a t io n a l N e tw o rk  fo r  G a la c to s em ia  (G a lN e t ). P ro f. R u b io  G o z a lb o  
h a s  b e e n  th e  re c ip ie n t  o f  m a n y  n a t io n a l a n d  in te rn a t io n a l g ra n t s  a n d  h a s  p u b lis h e d  
>1 0 0  p e e r  re v ie w e d  p a p e r s  a n d  s e v e ra l b o o k  c h a p te r s . S h e  is  p ro u d  to  b e  a n  H o n o ra r y  
M em b e r  o f  t h e  D u tc h  G a la c to s em ia  S o c ie t y  (p a t ie n t  o rg a n iz a t io n ).
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N E W  I N S I G H T S  I N  C A R B O H Y D R A T E  D I S O R D E R S



th
11th . 12th . 13th November 2020
V I R T U A L  S Y M P O S I U M

1 1 16TH INTERNATIONAL SYMPOSIUM OF THE PORTUGUESE SOCIETY FOR METABOLIC DISORDERS 11TH 12TH 13TH NOVEMBER  2020 | VIR TUAL SYMPOSIUM

A N I A  M U N T A U
H a m b u r g ,  D E

ANIA MUNTAU , s h e  is  P ro fe s s o r  o f  M o le c u la r  P e d ia t r ic s  a t  t h e  Fa c u lt y  o f  M e d ic in e  o f  M u n ic h  
U n iv e r s it y , M u n ic h , G e rm a n y  s in c e  2 0 0 6  a n d  s h e  w a s  a p p o in te d  C h a ir  o f  P e d ia t r ic s  a n d  
D ire c to r  o f  t h e  C h ild re n ’s  H o sp it a l a t  U n iv e r s it y  M e d ic a l C e n te r  H am b u rg -E p p e n d o r f, 
H am b u rg , G e rm a n y, in  2 0 1 4 .
S h e  w a s  aw a rd e d  h e r  M D  d e g re e  f ro m  th e  L u d w ig -M a x im ilia n s -U n iv e r s it y  (LM U ), M u n ic h , 
G e rm a n y  in  1 9 9 2 , w h e re  s h e  a ls o  re c e iv e d  h e r  p o s tg ra d u a te  t ra in in g  in  P e d ia t r ic s  u n t il 
1 9 9 7  a n d  b e c am e  b o a rd -c e r t ifi e d  in  2 0 0 0 . F ro m  1 9 9 7 -2 0 0 4 , s h e  d id  h e r  s u b sp e c ia lt y  
t ra in in g  in  B io c h em ic a l G e n e t ic s  a n d  M o le c u la r  B io lo g y . In  1 9 9 9 , s h e  s t a r te d  to  w o rk  a s  
a t  t h e  D r. v o n  H a u n e r  C h ild re n ’s  H o sp it a l in  M u n ic h , G e rm a n y, w h e re  s h e  h e a d e d  th e  
D e p a r tm e n t s  o f  M o le c u la r  P e d ia t r ic s  a n d  In b o rn  E r ro r s  o f  M e ta b o lism  f ro m  2 0 0 4  to  2 0 1 4 .
P ro f. M u n ta u ’s  s tu d ie s  fi r s t  fo c u s e d  o n  th e  id e n t ifi c a t io n  o f  g e n e s  c a u s in g  s e v e re  in b o rn  
e r ro r s  o f  m e ta b o lism  a n d  o n  th e  u n d e r s t a n d in g  o f  t h e  fu n c t io n  o f  re la te d  p ro te in s . H e r  
re s e a rc h  g ro u p  c u r re n t ly  w o rk s  o n  th e  e lu c id a t io n  o f  t h e  m o le c u la r  b a s is  o f  d iff e re n t  
g e n e t ic  p ro te in  m is fo ld in g  d is e a s e s  a n d  o n  th e  d e v e lo p m e n t  o f  t h e ra p e u t ic  s t ra te g ie s  
fo r  p a t ie n t s  s u ff e r in g  f ro m  th e s e  s e v e re ly  d is a b lin g  d is e a s e s .
In  2 0 1 5 , s h e  w a s  e le c te d  in to  th e  G e rm a n  N a t io n a l A c a d em y  o f  S c ie n c e  (L e o p o ld in a ).
P ro f. M u n ta u  h a s  (c o -)a u th o re d  a lm o s t  1 0 0  a r t ic le s  in  p e e r-re v ie w e d  jo u rn a ls  a n d  
c o n t r ib u te d  to  1 5  b o o k s  o r  b o o k  c h a p te r s .

L A K S H M I N A R A YA N   
R A N G A N A T H  
L i v e r p o o l ,  U K

LAKSHMINARAYAN RANGANATH  is  a  c o n su lt a n t  a t  t h e  R o y a l L iv e rp o o l U n iv e r s it y  H o sp it a l in  
th e  U K . P ro fe s s o r  L . R a n g a n a th  e s t a b lis h e d  a n  N H S  H ig h ly  S p e c ia lis e d  S e r v ic e s  fu n d e d  
N a t io n a l A lk a p to n u r ia  C e n t re  (N A C ), e m p lo y in g  o ff -la b e l u s e  o f  n it is in o n e . P ro fe s s o r  L . 
R a n g a n a th  is  t h e  in a u g u ra l D ire c to r  o f  t h e  N A C . P a t ie n t s  in  th e  N A C  a re  a b le  to  a c c e s s  
n it is in o n e  f re e  o f  c h a rg e  a n d  a c c e s s  a  m u lt id is c ip lin a r y  te am  o f  e x p e r t s . P ro fe s s o r  L . 
R a n g a n a th  h a s  c a r r ie d  o u t  a  n a t io n a l s u r v e y  th a t  id e n t ifi e d  8 1  U K , 4 5 0  E u ro p e a n  a n d  
1 0 0 0  p a t ie n t s  w o r ld w id e . H e  h a s  p io n e e re d  a n  a s s e s sm e n t  o f  A lk a p to n u r ia  p a t ie n t s . 
P ro fe s s o r  L . R a n g a n a th  is  a ls o  c o -o rd in a t in g  D e v e lo p A K U re , a  E u ro p e a n  U n io n -fu n d e d  
in te rn a t io n a l re s e a rc h  p ro g ram m e , w h ic h  in v o lv e s  3  s tu d ie s  in  A lk a p to n u r ia . T h is  w ill 
b r in g  a d v a n c e s  to  a ll p a t ie n t s  w ith  A lk a p to n u r ia  w o r ld w id e . 
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A N S  V A N  D E R  P L O E G  
R o t t e r d a m ,  N L

ANS T.  VAN DER  PLOEG  M D , P h D  is  C h a ir  o f  t h e  C e n te r  fo r  Ly s o so m a l a n d  M e ta b o lic  D is e a s e s  
a t  t h e  E ra sm u s  M C  U n iv e r s it y , R o t te rd am , a n d  c h a ir  o f  d e p a r tm e n t  fo r  m e ta b o lic  d is e a s e s  
o f  L e id e n  U n iv e r s it y  M e d ic a l C e n te r, t h e  N e th e r la n d s . T h e  c e n te r  fo r  ly s o so m a l a n d  
m e ta b o lic  d is e a s e s  is  a  jo in e d  in it ia t iv e  o f  t h e  d e p a r tm e n t s  o f  P e d ia t r ic s , (C h ild )N e u ro lo g y , 
In te rn a l M e d ic in e , C lin ic a l G e n e t ic s  a n d  H o sp it a l P h a rm a c y . I t  a im s  to  im p ro v e  t re a tm e n t , 
c a re  a n d  d ia g n o s is  o f  c h ild re n  a n d  a d u lt s , to  s t im u la te  t ra n s la t io n a l re s e a rc h , to  p ro v id e  
e d u c a t io n  a n d  to  d is s e m in a te  in fo rm a t io n . T h e  c e n te r  h a s  is  a  d e s ig n a te d  ra re  d is e a s e  
e x p e r t  c e n te r  fo r  P o m p e  d is e a s e , Ly s o so m a l s to ra g e  d is o rd e r s , h y p o p h o sp h a ta s ia , u re a  
c y c le  d e fe c t s  a n d  o rg a n ic  a c id u r ia s  a n d  P o rp h y r ia . I t  s e r v e s  a s  th e  n a t io n a l re fe re n c e  
c e n te r  fo r  t re a tm e n t  w ith  e n z ym e  re p la c em e n t  th e ra p y  o f  p a t ie n t s  w ith  M P S  I , M P S  
I I , M P S  V I, N C L  a n d  P o m p e  d is e a s e . T h e  re s e a rc h  p e r fo rm e d  b y  th e  c e n te r  h a s  a n  
im p o r t a n t  fo c u s  o n  ly s o so m a l s to ra g e  d is o rd e r s  a n d  in  p a r t ic u la r  P o m p e  d is e a s e , a n d  
in c lu d e s  c lin ic a l re s e a rc h  (lo n g  te rm  e ff e c t s  o f  E R T, d o s in g , im m u n o m o d u la t io n , p a t ie n t  
re p o r te d  o u tc o m e ) a s  w e ll a s  d e v e lo p m e n t  o f  in n o v a t iv e  th e ra p ie s  (G e n e , R N A  b a s e d  
a n d  c e ll b a s e d  th e ra p ie s ) a n d  im p lem e n ta t io n  o f  n e x t  g e n e ra t io n  (e n z ym e ) th e ra p ie s . 
T h e  c e n te r  c o lla b o ra te s  s in c e  2 0 0 2  w ith  th e  In te rn a t io n a l P o m p e  A s so c ia t io n  o n  th e  
IPA  s u r v e y . T h e  C e n te r  is  g o v e rn o r  o f  t h e  in te rn a t io n a l P o m p e  m u ta t io n  d a ta b a s e  w w w .
p o m p e c e n te r.n l. Va n  d e r  P lo e g  is  v ic e -c o o rd in a to r  o f  t h e  E u ro p e a n  P o m p e  C o n so r t iu m  
(E P O C ), m e ta b E R N  a n d  c o o rd in a to r  o f  t h e  L S D  s u b n e tw o rk  o f  m e ta b E R N , a n d  m em b e r  
o f  E u ro N M D  (E u ro p e a n  re fe re n c e  n e tw o rk  fo r  N e u ro m u s c u la r  D is o rd e r s ). S h e  is  m em b e r  
o f  s e v e ra l s c ie n t ifi c  a d v is o r y  b o a rd s , m em b e r  o f  t h e  c o u n c il o f  t h e  S o c ie t y  o f  t h e  S tu d y  
G ro u p  o f  In b o rn  E r ro r s  o f  M e ta b o lism  (S S IEM ). S h e  w a s  C h a ir  a n d  o rg a n iz e r  o f  t h e  S S IEM  
s ym p o s iu m  n am e d  “b u ild in g  b r id g e s” h e ld  in  th e  D o e le n  in  R o t te rd am  in  2 0 1 9 , w h ic h  
w a s  a t te n d e d  b y  m o re  th a n  3 0 0 0  p a r t ic ip a n t s  f ro m  8 6  c o u n t r ie s . T h e  s ym p o s iu m  fo c u s e d  
in  p a r t ic u la r  o n  in n o v a t iv e  th e ra p ie s  s u c h  a s  g e n e  th e ra p y , re g e n e ra t iv e  m e d ic in e , R N A  
b a s e d  th e ra p ie s  a n d  p o te n t ia l b e n e fi t s  f ro m  o th e r  fi e ld s .
Va n  d e r  P lo e g  re c e iv e d  h e r  M D  “w ith  h o n o r s” in  1 9 8 5  a t  t h e  E ra sm u s  U n iv e r s it y . F ro m  
1 9 8 5  t i ll  1 9 8 9  s h e  w o rk e d  a t  t h e  D e p a r tm e n t  o f  C e ll B io lo g y  a n d  C lin ic a l G e n e t ic s  o n  th e  
fe a s ib ilit y  o f  e n z ym e  re p la c em e n t  th e ra p y  in  c e llu la r  m o d e ls  fo r  P o m p e  d is e a s e . S in c e  
th e n  s h e  h a s  b e e n  in v o lv e d  in  th e  m u lt ip le  s te p s  le a d in g  to  th e  d e v e lo p m e n t  o f  e n z ym e  
re p la c em e n t  th e ra p y : C lo n in g  o f  t h e  g e n e , b io te c h n o lo g ic a l p ro d u c t io n  o f  re c o m b in a n t  
h u m a n  a lp h a -g lu c o s id a s e  (th e  e n z ym e  d e fi c ie n t  in  P o m p e  d is e a s e ) in  m ilk  o f  t ra n sg e n ic  
m ic e  a n d  ra b b it s , a n d  in  C H O  c e lls ; d e v e lo p m e n t  o f  a  k n o c k -o u t  m o d e l fo r  P o m p e  
d is e a s e ; fe a s ib ilit y  s tu d ie s  in  m ic e  a n d  fi n a lly  th e  fi r s t  c lin ic a l t r ia l in  in fa n t s ; a n d  la te r  t h e  
in te rn a t io n a l m u lt ic e n te r  p la c e b o  c o n t ro lle d  t r ia l t h a t  s h o w e d  e ff e c t s  o f  t h e ra p y  in  a d u lt s . 
T h e  c u r re n t  w o rk  o f  t h e  c e n te r  o n  im p lem e n ta t io n  a n d  d e v e lo p m e n t  o f  n e w  th e ra p ie s  
b u ild s  o n  th is  e x p e r ie n c e . Va n  d e r  P lo e g  re c e iv e d  s e v e ra l aw a rd s  fo r  h e r  w o rk  s u c h  a s  
“T h e  R e s e a rc h  aw a rd  fo r  y o u n g  in v e s t ig a to r s” f ro m  E ra sm u s  U n iv e r s it y  R o t te rd am , th e  
“P h a rm in g  th e ra p y  aw a rd ”, a n d  “h e t  k ro o n t je ” f ro m  th e  P r in s e s  B e a t r ix  S p ie r fo n d s . S h e  
h a s  p u b lis h e d  o v e r  2 0 0  p u b lic a t io n s  in  p e e r  re v ie w e d  in te rn a t io n a l jo u rn a ls  a n d  b o o k s .
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A N G E L E S  G A R C Í A -C A Z O R L A  
B a r c e l o n a ,  E S

ANGELES GARCÍA-CAZORLA is  a  P a e d ia t r ic  N e u ro lo g is t  a t  t h e  S a n t  J o a n  d e  D é u  B a rc e lo n a  
C h ild re n ’s  H o sp it a l, in  B a rc e lo n a . S h e  is  a n  e x p e r t  in  ra re  n e u ro m e ta b o lic  a n d  n e u ro g e n e t ic  
d is o rd e r s . 
D r  C a zo r la  o b ta in e d  h e r  d e g re e  in  M e d ic in e  f ro m  th e  U n iv e r s it y  o f  B a rc e lo n a . S h e  
th e n  c o m p le te d  h e r  c lin ic a l a n d  s c ie n t ifi c  t ra in in g  in  In b o rn  E r ro r s  o f  M e ta b o lism  a n d  
N e u ro m e ta b o lic  D is o rd e r s  a t  t h e  H o sp it a l N e c k e r, in  P a r is , a n d  a t  t h e  U n iv e r s it y  o f  
C o lu m b ia  in  N e w  Yo rk  (p o s t -d o c to ra l fe llo w sh ip ). S h e  h a s  b e e n  a n  A s s o c ia te  P ro fe s s o r  a t  
t h e  U n iv e r s it y  o f  B a rc e lo n a  s in c e  2 0 1 2 . 
S h e  is  c u r re n t ly  th e  c o o rd in a to r  o f  t h e  N e u ro m e ta b o lic  D is o rd e r s  U n it  a n d  th e  L e a d  
R e s e a rc h e r  a t  t h e  N e u ro lo g y  L a b o ra to r y  (S y n a p t ic  M e ta b o lism  L a b ). S h e  is  a  m em b e r  o f  
t h e  C IB E R E R  N e tw o rk , a  m em b e r  o f  S c ie n t ifi c  C o m m it te e  o f  t h e  R e c o rd a t i  R a re  D is e a s e s  
F o u n d a t io n , a n d  th e  c o o rd in a to r  o f  t h e  s u b g ro u p  o f  n e u ro t ra n sm it te r  re la te d  d is o rd e r s  
a t  t h e  M e ta b E R N . H e r  re s e a rc h  in te re s t s  in c lu d e  n e u ro t ra n sm is s io n  m e c h a n ism s  a n d  
n e u ro n a l c o m m u n ic a t io n  in  in b o rn  m e ta b o lic  d is e a s e s  a s  w e ll a s  t h e  d e v e lo p m e n t  o f  
n e w  th e ra p ie s  fo r  t h e s e  ra re  d is e a s e s . 

B A R B A R A  P L E C K O  
G r a z ,  A T

BARBARA PLECKO,  M D , h a s  s tu d ie d  m e d ic in e  a t  t h e  U n iv e r s it y  o f  G ra z , w h e re  s h e  a ls o  
a c h ie v e d  h e r  m e d ic a l lic e n s e  a s  a  p a e d ia t r ic ia n  in  1 9 9 5 , a n d  t ra in e d  a s  a  fe llo w  in  c h ild  
n e u ro lo g y  a n d  in b o rn  e r ro r s  o f  m e ta b o lism . F ro m  1 9 9 9  to  2 0 0 1  s h e  h a s  b e e n  a  re s e a rc h  
fe llo w  a t  t h e  m e ta b o lic  u n it  o f  t h e  U n iv . C h ild re n s  H o sp it a l in  V ie n n a  (S y lv ia  S to c k le r ) a n d  
re c e iv e d  h e r  h a b ilit a t io n  in  2 0 0 3 . In  2 0 0 7  s h e  w o rk e d  a s  a n  a s s o c ia te  p ro fe s s o r  a t  t h e  
n e u ro m e ta b o lic  c lin ic  a t  t h e  C h ild re n s  a n d  Wom e n s  H o sp it a l o f  t h e  U n iv e r s it y  o f  B r it is h  
C o lu m b ia . F ro m  2 0 1 1  to  2 0 1 7  s h e  h a s  b e e n  c h a ir  o f  c h ild  n e u ro lo g y  a t  t h e  U n iv . C h ild re n s  
H o sp it a l in  Z u r ic h . S in c e  2 0 1 7  s h e  h a s  re tu rn e d  to  A u s t r ia  a n d  is  h e a d  o f  t h e  D iv is io n  
o f  G e n e ra l P e d ia t r ic s  in c lu d in g  th e  s e r v ic e s  o f  c h ild  n e u ro lo g y  a n d  m e ta b o lic  d is o rd e r s  
a t  t h e  D e p a r tm e n t  o f  P e d ia t r ic s  a n d  A d o le s c e n t  M e d ic in e  o f  t h e  M e d ic a l U n iv e r s it y  
o f  G ra z . F ie ld s  o f  C lin ic a l In te re s t  a n d  R e s e a rc h : In fa n t ile  e p ile p t ic  e n c e p h a lo p a th ie s  
a n d  n e u ro m e ta b o lic  d is o rd e r s . M em b e rsh ip s  a n d  C h a ir s : C h a ir  o f  t h e  S c ie n t ifi c  a n d  
R e s e a rc h  C o m it te e  o f  t h e  E P N S  (E u ro p e a n  S o c ie t y  fo r  P e d ia t r ic  N e u ro lo g y ).C o -E d ito r  o f  
N e u ro p e d ia t r ic s .
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R Ú B E N  R A M O S  
N e w  Y o r k ,  U S A

RÚB EN RAMOS,  h e  re c e iv e d  h is  M S c  d e g re e  in  P h a rm a c e u t ic a l S c ie n c e s  f ro m  th e  
Fa c u ld a d e  d e  Fa rm á c ia  d a  U n iv e r s id a d e  d e  L is b o a , P o r tu g a l, in  2 0 0 8 . In  th e  s am e  y e a r  
h e  s t a r te d  w o rk in g  a s  a  s e n io r  te c h n ic ia n  a t  t h e  R e s e a rc h  In s t it u te  fo r  M e d ic in e s  a n d  
P h a rm a c e u t ic a l S c ie n c e s  (iM e d .U L is b o a ), in  th e  M e ta b o lism  a n d  G e n e t ic s  g ro u p . T h e re  
h e  re c e iv e d  t ra in in g  in  th e  fi e ld  o f  ra re  m e ta b o lic  d is e a s e s , b e in g  e sp e c ia lly  in v o lv e d  
in  th e  d ia g n o s is  a n d  fo llo w -u p  o f  p a t ie n t s  w ith  in b o rn  e r ro r s  o f  m e ta b o lism  d is o rd e r s . 
In  2 0 0 9  h e  s t a r te d  a  s e c o n d  M S c  d e g re e , in  C lin ic a l C h em is t r y , in  th e  Fa c u ld a d e  d e  
Fa rm á c ia  d a  U n iv e r s id a d e  d e  L is b o a . H e  g ra d u a te d  in  2 0 1 3 , u n d e r  th e  s u p e r v is io n  o f  P ro f. 
Is a b e l Ta v a re s  d e  A lm e id a . H is  w o rk , in  c o lla b o ra t io n  w ith  P ro f. C o rn e lis  J a k o b s  a n d  D r. 
M ir jam  Wam e lin k  f ro m  th e  F re e  U n iv e r s it y  o f  A m s te rd am , th e  N e th e r la n d s , a llo w e d  th e  
c h a ra c te r iz a t io n  o f  a  n e w  m e ta b o lic  d is o rd e r  in  th e  p e n to s e  p h o sp h a te  p a thw a y. In  2 0 1 4  
R ú b e n  s t a r te d  h is  P h D  s tu d ie s  in  th e  d e p a r tm e n t  o f  G e n e t ic s  a t  t h e  U n iv e r s it y  M e d ic a l 
C e n te r  U t re c h t , u n d e r  th e  s u p e r v is io n  o f  P ro f. N a n d a  Ve rh o e v e n -D u if  a n d  D r. J u d ith  
J a n s . H is  s tu d ie s  fo c u s e d  o n  u n d e r s t a n d in g  th e  in t ra c e llu la r  m e ta b o lic  c o n s e q u e n c e s  o f  
v it am in  B 6  d e fi c ie n c y  a n d  o n  im p ro v in g  th e  d ia g n o s t ic  to o ls  a n d  t re a tm e n t  o p t io n s  o f  
p a t ie n t s  w ith  v it am in  B 6  d e fi c ie n c y . A d d it io n a lly , h is  w o rk  a llo w e d  th e  c h a ra c te r iz a t io n  
o f  a  n e w  B 6 -re sp o n s iv e  in b o rn  e r ro r  o f  m e ta b o lism : G O T 2  d e fi c ie n c y . R ú b e n  c u r re n t ly  
w o rk s  a s  a  s e n io r  re s e a rc h  a s s is t a n t  in  th e  d e p a r tm e n t  o f  C e ll M e ta b o lism  a t  M em o r ia l 
S lo a n  K e t te r in g  C a n c e r  C e n te r  in  N e w  Yo rk , U n ite d  S t a te s  o f  A m e r ic a . H is  c u r re n t  fi e ld  o f  
re s e a rc h  fo c u s e s  o n  u n d e r s t a n d in g  th e  im p a c t  o f  t h e  h u m a n  in te s t in a l m ic ro b io m e  a n d  
it s  m e ta b o lo m e  o n  t re a tm e n t-re la te d  c o m p lic a t io n  a n d  m o r ta lit y  o f  c a n c e r  p a t ie n t s  th a t  
u n d e rw e n t  a llo g e n ic  h em a to p o ie t ic  s te m  c e ll t ra n sp la n ta t io n  (a llo -H C T ).

V A N E S S A  M O R A I S  
L i s b o a ,  P T

VANESSA A.  MORAIS,  P h D , is  h e a d  o f  M ito c h o n d r ia l B io lo g y  a n d  N e u ro d e g e n e ra t io n  
la b o ra to r y  a t  iM M  | In s t it u to  d e  M e d ic in a  M o le c u la r, a n d  is  A s s o c ia te  P ro fe s s o r  a t  t h e  
Fa c u lt y  o f  M e d ic in e  U n iv e r s it y  o f  L is b o n .
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N I C O L I N A  C R I S T I N A   
S O R R E N T I N O  
N a p l e s ,  I T

NICOLINA CR ISTINA SORRENTINO  is  fa c u lt y  re se a rc h e r  a n d  h e a d  o f  t ra n s la t io n a l U n it  a t  T IG EM  
“Te le th o n  In s t itu te  o f  G e n e t ic s  a n d  M e d ic in e ” o f  N a p le s . 
S h e  re c e iv e d  th e  b a c h e lo r  d e g re e  c um  la u d e  in  B io lo g ic a l S c ie n c e s  a t  “Fe d e r ic o  II” U n iv e rs it y  
o f  N a p le s . In  2 0 08 , sh e  s ta r te d  h e r  P h D  re se a rc h  a t  th e  Te le th o n  In s t itu te  o f  G e n e t ic s  a n d  
M e d ic in e  o f  N a p le s  in  th e  la b o ra to r y  o f  P ro f. A n d re a  B a lla b io . S h e  w o rk e d  o n  a  re se a rc h  
p ro je c t  b a se d  o n  “D e v e lo p in g  a  S y s tem ic  A AV-M e d ic a te d  G e n e  T h e ra p y  A p p ro a c h  to  C ro s s  
th e  B lo o d -B ra in  B a r r ie r  a n d  Tre a t  a  C N S  Pa th o lo g y  in  M u co p o ly sa c c h a r id o s is  Ty p e  IIIA”. T h is  
a p p ro a c h  h a s  b e e n  p u b lish e d  in  2 0 13  (S o r re n t in o  N C  e t  a l. EM BO  M o l M e d . 2 0 13 ) a n d  is  a lso  
u n d e r  a  p a te n t  (W O  2 012085622  A 1 ). In  2 0 12  sh e  re c e iv e d  th e  P h .D . d e g re e  in  in  L ife  a n d  
B io -m o le c u la r  S c ie n c e s  f ro m  O p e n  U n iv e rs it y  o f  O x fo rd . In  2 0 13 , sh e  jo in e d  th e  re se a rc h  
g ro u p  o f  D r. A le s sa n d ro  F ra ld i a t  T ig em  to  s ta r t  a  p o s td o c to ra l p o s it io n . D u r in g  th is  p e r io d , 
sh e  w a s  re sp o n s ib le  o f  a  p ro je c t  in  c o lla b o ra t io n  w ith ” S h ire  P h a rm a ce u t ic s” b a se d  o n  th e  
In t ra th e c a l A AV-m e d ia te d  G e n e  T h e ra p y  a p p ro a c h e s  to  t re a t  th e  SN C  p a th o lo g y  in  la rg e  
a n d  sm a ll a n im a l m o d e ls  o f  ly so som a l s to ra g e  d iso rd e rs  (S o r re n t in o  N C  e t  a l. M o le c u la r  
T h e ra p y  2 016 ; S o r re n t in o  N C  e t  a l. M o l T h e r  M e th o d s  C lin  D e v. 2 0 19 ). In  2 0 18 , sh e  s ta r te d  
th e  n ew  p o s it io n  a s  H e a d  o f  t ra n s la t io n a l u n it  a n d  fa c u lt y  re se a rc h e r  a t  Te le th o n  In s t itu te  
o f  G e n e t ic s  a n d  M e d ic in e . T h e  m a in  a im s  o f  h e r  re se a rc h  a re  th e  s tu d y  a n d  d e v e lo pm e n t  o f  
n ew  g e n e  a n d  d ru g  th e ra p y  a p p ro a c h e s  fo r  th e  t re a tm e n t  o f  so m a t ic  a n d  in  p a r t ic u la r  C N S  
p a th o lo g y  in  ly so som a l s to ra g e  d iso rd e rs

J E A N -C H A R L E S  D E Y B A C H
P a r i s ,  F R

JEAN-CHARLES DEYBACH,  M D , P h D , (b o rn  1947  07  31 ) w a s  fo r 25  ye a rs  P ro fe sso r o f B io ch em istr y  
an d  M o le cu la r B io lo g y  a t  th e  Fa cu lty  o f M ed ic in e , U n ive rs ity  D e n is  D id e ro t  Pa ris  7 . F rom  
2000  to  2016  h e  w a s  th e  h e ad  o f th e  D e p a r tm en t o f B io ch em istr y  an d  M o le cu la r G e n e tic s  
a t  H o sp ita l Lo u is  M o u rie r  – A ss is tan ce  Pu b liq u e  H ô p itau x  d e  Pa ris  (A PH P ), D ire c to r o f th e  
F re n ch  R e fe re n ce  C e n te r fo r  Po rp h y ria s  (C RM R  Po rp h y ria s). H e  la u n ch e d  in  2001  th e  Eu ro p e an  
Po rp h y ria  In ita t iv e  (E P I) to  b u ilt  a  d e d ic a te d  p o rp h y ria  n e tw o rk  in  Eu ro p e . Fu n d e d  a s  a  p ilo t  
p ro je c t  b y  EU  C om m iss io n  h e  b e cam e  from  2007u n til 2013  th e  m a in  co o rd in a to r o f th e  
Eu ro p e an  R e fe re n ce  Po rp h y ria  N e tw o rk  (E PN E T ) w h ich  lin k s  36  Eu ro p e an  co u n tr ie s. F rom  
2014  to  2018  a s  th e  in te r im  P re s id e n t o f E PN E T  h e  h e lp e d  to  se t  u p  a  n ew  in d e p e n d e n t E PN E T  
a sso c ia t io n  w h ich  w a s  offi c ia lly  la u n ch e d  in  O c t  2018 . A s  m em b e r o f a  re se a rch  u n it  IN SERM  
U  1149  lo c a te d  in  Fa cu lty  o f M ed ic in e  U n ive rs ity  D . D id e ro t  Pa ris  7 , h e  h a s  m o re  th an  35  ye a rs  
e xp e rie n ce  o n  re se a rch  in  h em e  b io syn th e s is  a n d  re la te d  d iso rd e rs  an d  m a in ly  co n tr ib u te d  to  
th e  re co g n it io n  o f e n z ym atic , g e n e tic  d e fe c ts  an d  p a th o p h ys io lo g y  in  h um an  p o rp h y ria s  (u p  to  
240  p e e r re v iew ed  p u b lic a t io n s). A s  a  M D  an d  w ith  h is  te am  in  Lo u is  M o u rie r  H o sp ita l h e  h ad  in  
ch a rg e  th e  m an ag em en t o f th e  p o rp h y ria  p a t ie n ts  from  F ran ce  th ro u g h  th e  u n iq u e  R e fe re n ce  
C e n te r fo r  Po rp h y ria s  (C RM R  Po rp h y ria s). S in ce  S e p tem b e r 2016  h e  is  P ro fe sso r em e ritu s  a t  
th e  U n ive rs ity  D e n is  D id e ro t  Pa ris  7  an d  a s  th e  h e ad  o f th e  B io ch em istr y  D e p a r tm en t a t  Lo u is  
M o u rie r  H o sp ita l. H ow e ve r h e  s t ill a c t  a s  a  p a r t  t im e  m ed ic a l co n su ltan t  a t  th e  F re n ch  Po rp h y ria  
C e n te r, a s  a  m em b e r o f th e  re se a rch  u n it  In se rm  U 1149  an d  is  s t ill a c t iv e  a t  th e  Eu ro p e an  le ve l 
a s  H o n o ra ry  P re s id e n t o f th e  Eu ro p e an  Po rp h y ria  N e tw o rk  a sso c ia t io n  (E PN E T ). 

S e s s i o n  V I I I

E X P A N D I N G  T R E A T M E N T  T A R G E T S  – 
W H A T ’S  F O R  T H E  F U T U R E  O F  G E N E T I C  T H E R A P Y ?



th
11th . 12th . 13th November 2020
V I R T U A L  S Y M P O S I U M

1 6 16TH INTERNATIONAL SYMPOSIUM OF THE PORTUGUESE SOCIETY FOR METABOLIC DISORDERS 11TH 12TH 13TH NOVEMBER  2020 | VIR TUAL SYMPOSIUM

S H A M IM A  R A H M A N  
L i v e r p o o l ,  U K

SHAMIMA RAHMAN  is  P ro fe s s o r  o f  P a e d ia t r ic  M e ta b o lic  M e d ic in e  a t  t h e  U C L  G re a t  O rm o n d  
S t re e t  In s t it u te  o f  C h ild  H e a lth  (IC H ), a n d  h o n o ra r y  c o n su lt a n t  a t  G re a t  O rm o n d  S t re e t  
H o sp it a l fo r  C h ild re n  (G O SH ), L o n d o n , U K . S h e  t ra in e d  in  M e d ic in e  a t  O x fo rd  U n iv e r s it y , 
a n d  in  P a e d ia t r ic  M e ta b o lic  M e d ic in e  a t  G O SH . P ro fe s s o r  R a hm a n  e s t a b lis h e d  th e  
M ito c h o n d r ia l R e s e a rc h  G ro u p  a t  IC H  in  2 0 0 0 , w ith  a  m is s io n  to  im p ro v e  th e  d ia g n o s is  
a n d  o u tc o m e s  fo r  c h ild re n  a ff e c te d  b y  m ito c h o n d r ia l a n d  o th e r  ra re  m e ta b o lic  d is e a s e s . 
H e r  g ro u p  fo c u s s e s  o n  d is c o v e r in g  m ito c h o n d r ia l d is e a s e  g e n e s , d e v e lo p in g  n o v e l 
c o m p u ta t io n a l d ia g n o s t ic  s t ra te g ie s , a n d  in v e s t ig a t in g  th e ra p e u t ic  a p p ro a c h e s  w h e re  
th e re  a re  c u r re n t ly  n o  d is e a s e -m o d ify in g  t re a tm e n t s .
P ro fe s s o r  R a hm a n  is  a n  E d ito r  o f  t h e  J o u rn a l o f  In h e r ite d  M e ta b o lic  D is e a s e  a n d  a  S e n io r  
E d ito r  o f  t h e  A n n a ls  o f  H u m a n  G e n e t ic s . S h e  h a s  a  p a s s io n  fo r  e d u c a t io n  a n d  u n t il 
2 0 1 9  w a s  S e n io r  A d v is e r  to  th e  S o c ie t y  fo r  t h e  S tu d y  o f  In b o rn  E r ro r s  o f  M e ta b o lism ’s  
E d u c a t io n  a n d  Tra in in g  A d v is o r y  C o m m it te e . P ro fe s s o r  R a hm a n  s it s  o n  th e  S c ie n t ifi c  
A d v is o r y  B o a rd  o f  t h e  F re n c h  M u s c u la r  D y s t ro p h y  A s s o c ia t io n  (A FM -Te le th o n ), t h e  
A u s t ra lia n  M ito c h o n d r ia l D is e a s e  F o u n d a t io n ’s  C lin ic a l a n d  S c ie n t ifi c  R e v ie w  P a n e l, a n d  
th e  M e d ic a l A d v is o r y  B o a rd s  o f  t h e  L ily  F o u n d a t io n  fo r  M ito c h o n d r ia l D is e a s e  a n d  th e  
F re y a  F o u n d a t io n  fo r  P y ru v a te  D e h yd ro g e n a s e  D e fi c ie n c y , a n d  a c t s  a s  a  s p e c ia l a d v is e r  
to  th e  U K  H u m a n  F e r t i lis a t io n  a n d  Em b r y o lo g y  A u th o r it y .

F R A N C I S C A  C O U T I N H O  
P o r t o ,  P T

MAR IA FRANCISCA COUTINHO, sh e  is  a  re s e a rc h e r  a t  t h e  N a t io n a l In s t it u te  o f  H e a lth  D o u to r  
R ic a rd o  J o rg e  in  P o r tu g a l. E v e r  s in c e  s h e  fi n is h e d  h e r  d e g re e  in  B io lo g y , in  2 0 0 7 , h e r  
s c ie n t ifi c  a c t iv it y  h a s  b e e n  fo c u s e d  in  th e  fi e ld  o f  H e a lth  S c ie n c e s , p a r t ic u la r ly  in  th e  
H u m a n  G e n e t ic s  a re a .
M a r ia  F ra n c is c a  h a s  b e e n  w o rk in g  in  Ly s o so m a l S to ra g e  D is o rd e r s  (L S D s ), o n e  o f  t h e  m a jo r  
g ro u p s  o f  g e n e t ic  d is o rd e r s , a ff e c t in g  b o th  c h ild re n  a n d  a d u lt s . O v e r  th e s e  y e a r s  s h e  h a s  
a c t iv e ly  c o n t r ib u te d  to  th e  d e v e lo p m e n t  o f  n e w  m e th o d s  fo r  d ia g n o s is /c h a ra c te r iz a t io n  
o f  L S D  p a t ie n t s  a n d  to  th e  s tu d y  o f  t h e  p a th o p h y s io lo g ic a l m e c h a n ism s  o f  t h e s e  d is e a s e s . 
C u r re n t ly , a n d  t a k in g  a d v a n ta g e  o n  th e  p ra c t ic a l s k ills  a n d  th e o re t ic a l b a c k g ro u n d  th a t  
th o s e  p re v io u s  w o rk s  h a v e  g iv e n  h e r, s h e  is  w o rk in g  o n  a  fu lly  m o le c u la r  a p p ro a c h  to  
p ro m o te  s u b s t ra te  re d u c t io n  in  a  s u b g ro u p  o f  L S D s , t h e  M u c o p o ly s a c c h a r id o s e s , a s  
p o te n t ia l t h e ra p e u t ic  a p p ro a c h  fo r  t h e s e  d is o rd e r s , w h e re  n o  s o lu t io n  e x is t s  fo r  t h e  
n e u ro lo g ic a l p h e n o t y p e .
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F A N N Y  M O C H E L  
P a r i s ,  F R

FANNY MOCHEL  is  a n  a s so c ia te  p ro fe s so r  o f  g e n e t ic s  a t  S o rb o n n e  U n iv e rs it y. S h e  re c e iv e d  
h e r  M D  in  G e n e t ic s  in  2 0 05  a t  th e  U n iv e rs it y  Pa r is  D e sc a r te s , h e r  P h D  in  N e u ro sc ie n c e  
in  2 0 10  a t  S o rb o n n e  U n iv e rs it y  a n d  is  b o a rd  c e r t ifi e d  in  in b o rn  e r ro rs  o f  m e ta b o lism . D r  
M o ch e l le a d s  th e  F re n c h  re fe re n c e  c e n te r  o n  N e u rom e ta b o lic  d ise a se s  in  a d u lt s  a n d  ru n s  a  
N e u rom e ta b o lic  re se a rc h  g ro u p  a t  th e  B ra in  a n d  S p in e  In s t itu te  (IC M ) o f  L a  P it ié -S a lp ê t r iè re  
U n iv e rs it y  H o sp ita l in  Pa r is . S h e  is  c h a ir  o f  th e  A d u lt  M e ta b o lic  G ro u p  o f  th e  S o c ie t y  fo r  th e  
S tu d y  o f  In b o rn  E r ro rs  o f  M e ta b o lism  (S S IEM ), c o u n c il m em b e r  o f  th e  S S IEM , a n d  c o -c h a ir  
o f  th e  F re n c h  so c ie t y  fo r  in b o rn  o f  e r ro rs  o f  m e ta b o lism  in  a d u lt s . H e r  re se a rc h  is  fo c u se d  
o n  th e  c h a ra c te r iz a t io n  a n d  t re a tm e n t  o f  b ra in  e n e rg y  d e fi c ie n c ie s  in  n e u rom e ta b o lic  
a n d  n e u ro d e g e n e ra t iv e  d ise a se s . H e r  m a jo r  a re a s  o f  e x p e r t ise  a re  th e  id e n t ifi c a t io n  o f  
n e u rom e ta b o lic  b io m a rk e rs  in  v it ro (m e ta b o lom ic s ) a n d  in  v iv o  (m e ta b o lic  im ag in g ) a s  w e ll 
a s  th e ra p e u t ic  a p p ro a c h e s  ta rg e t in g  th e  K re b s  c y c le .

L E O N O R  G U E D E S  
L i s b o a ,  P T

LEONOR  CORREIA GUEDES  o b ta in e d  h e r  d e g re e  in  M e d ic in e  a t  t h e  M e d ic a l S c h o o l o f  t h e  
U n iv e r s it y  o f  L is b o n  a n d  m a d e  h e r  R e s id e n c y  in  N e u ro lo g y  a t  t h e  N e u ro lo g y  D e p a r tm e n t  
o f  t h e  H o sp it a l d e  S a n ta  M a r ia . P e r fo rm e d  a n  in te rn sh ip  in  g e n e t ic s  a t  t h e  D e p a r tm e n t  o f  
C lin ic a l G e n e t ic s , E ra sm u s  M e d ic a l c e n te r, U n iv e r s it y  o f  R o t te rd am , a n d  a  M a s te r  D e g re e  
in  n e u ro s c ie n c e  a n d  a  P h D  in  N e u ro lo g y  a t  t h e  U n iv e r s it y  o f  L is b o n  o n  th e  s u b je c t s  o f  
M o to r  F lu c tu a t io n s  a n d  G e n e t ic s  o f  P a rk in s o n ’s  d is e a s e , re s p e c t iv e ly . P ro f. D r. L e o n o r  
C o r re ia  G u e d e s  Is  t h e  fo u n d e r  o f  t h e  N e u ro g e n e t ic s  in  M o v em e n t  D is o rd e r s  o u tp a t ie n t  
c lin ic  a t  h e r  h o sp it a l a n d  a  c o lla b o ra to r  o f  t h e  R e fe re n c e  C e n te r  o f  A d u lt  M e ta b o lic  
D is o rd e r s  o f  t h e  H o sp it a l d e  S a n ta  M a r ia .

P A T R Í C I O  A G U I A R  
L i s b o a ,  P T

PATR ÍCIO AGUIAR  g rad u a te d  a t  L isb o n  U n ive rs ity  M ed ic a l S ch o o l in  2006  an d  com p le te d  h is  
t ra in e e  in  In te rn a l M ed ic in e , in  2017 , a t  C e n tro  H o sp ita la r  e  U n ive rs itá r io  L isb o a  N o r te  (L isb o n , 
Po r tu g a l). H e  com p le te d  h is  P h D  a t  L isb o n  U n ive rs ity  M ed ic a l S ch o o l, in  2018 , in  th e  fi e ld  
o f in b o rn  e rro rs  o f m e tab o lism  (b iom a rke rs  o f A n d e rso n -Fab ry  d ise a se ) in  p a r tn e rsh ip  w ith  
th e  U n ive rs ity  C o lle g e  o f Lo n d o n . H e  p e r fo rm s th e  e v a lu a t io n  an d  fo llow  u p  o f p a t ie n ts  w ith  
in h e rite d  m e tab o lic  d iso rd e rs, m a in ly  ly so som a l s to rag e  d iso rd e rs. H e  is  a lso  m em b e r o f th e  
co re  te am  o f o n e  o f th e  n a t io n a l re fe re n ce  ce n te r in  in h e rite d  m e tab o lic  d iso rd e rs  (C e n tro  
H o sp ita la r  e  U n ive rs itá r io  L isb o a  N o r te ), a s  w e ll a s  m em b e r o f th e  b o a rd  o f th e  ra re  d ise a se s  
s tu d y  g ro u p  o f th e  Po r tu g u e se  So c ie ty  o f In te rn a l M ed ic in e . H is  m a in  re se a rch  a re a s  a re  
Ly so som a l S to rag e  D iso rd e rs  an d  Au to n om ic  N e rvo u s  Sy stem  D ise a se s, w ith  se ve ra l o n g o in g  
re se a rch  p ro je c ts  o n  A n d e rso n -Fab ry  d ise a se  (A FD ) b iom a rke rs, a u to n om ic  m an ife sta t io n s  o f  
A FD , im m un o g e n ic ity  ag a in st  re com b in an t p ro te in s  u se d  fo r e n z ym e  re p la cem en t th e rap y, 
fa c to rs  aff e c t in g  q u a lity  o f life  in  p a t ie n ts  w ith  typ e  1  G au ch e r d ise a se  an d  n e u ro im ag in g  
p ro d rom ic  s ig n s  o f Pa rk in so n ism  in  G au ch e r d ise a se . In  2014 , h e  w a s  aw a rd e d  th e  p rize  o f  
th e  Fe d e ra t io n  fo r th e  D e ve lo pm en t o f In te rn a l M ed ic in e  in  Eu ro p e  fo r re se a rch  in  th e  fi e ld  
o f ra re  d iso rd e rs. H e  is  in v ite d  le c tu re r o f L isb o n  U n ive rs ity  M ed ic a l sch o o l an d  h a s  p u b lish e d  
28  a r t ic le s  in  n a t io n a l a n d  in te rn a t io n a l p e e r-re v iew ed  jo u rn a ls  an d  p re se n te d  m o re  th an  100  
com m un ic a t io n s  in  n a t io n a l a n d  in te rn a t io n a l co n fe re n ce s  an d  m e e tin g s.

S e s s i o n  I X

A G E I N G  I N  I N H E R I T E D  M E T A B O L I C  D I S O R D E R S
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S C I E N T I F I C  P R O G R A M M E
 
W E D N E S D A Y ,  N O V E M B E R  1 1 T H  
 

1 4 :5 0  - 1 5 :0 0 S YM P O S IU M  P R E O P E N IN G

1 5 :0 0  – 1 6 :3 0
S E S S I O N  I  - S E L E C T E D  F R E E  C O M M U N I C AT I O N S
Chairpersons: Ana M. Gaspar, Lisboa, PT / Hugo Rocha, Por to, PT

1 6 :3 0  – 1 7 :3 0
S E S S I O N  I I  – S E L E C T E D  E -P O S T E R S  C O M M U N I C AT I O N S
Chairpersons: Teresa Campos, Por to, PT / Margarida Silva, Lisboa, PT

 1 7 :3 0  – 1 9 :0 0
S E S S I O N  I I I  - S E L E C T E D  F R E E  C O M M U N I C AT I O N S
Chairpersons: Paula Garcia, Coimbra, PT / Anabela Bandeira, Por to, PT

T H U R S D A Y ,  N O V E M B E R  1 2 T H

8 :1 5  – 8 :3 0  
S YM P O S IU M  O P E N IN G  - W E L C O M E  A D D R E S S  O N  B E H A L F  O F  T H E  S P D M
Daniel C. Gomes – Symposium Chairperson

S E S S I O N  I V  – C R O S S TA L K  A M O N G S T  I N T R A C E L L U L A R  O R G A N E L L E S
Chairpersons: Isabel Tavares de Almeida, Lisboa, PT / Hugo Rocha, Por to, PT

8 :3 0  – 8 :5 0
Fa t t y  a c id  m e ta b o lism : in t ra c e llu la r  in te ra c t io n s
Ronald J. A. Wanders | Amsterdam, NL

8 :5 5  – 9 :1 5
N ew  p e r s p e c t iv e s  in  fa t t y  a c id  d is o rd e r s
Ute Spiekerkoetter | Freiburg, DE

9 :2 0  – 9 :4 0
D is o rd e r s  o f  c o m p le x  lip id  m e ta b o lism
Frédéric M. Vaz | Amsterdam, NL

9 :4 5  – 1 0 :0 5  
A  c lin ic a l a p p ro a c h  to  c o m p le x  lip id  d is o rd e r s
Jean-Marie Saudubray | Paris, FR

1 0 :1 0  – 1 0 :2 0 S e s s io n  IV  d is c u s s io n

1 0 :2 0  – 1 0 :5 0 N e t w o r k i n g  b r e a k

S E S S I O N  V  – N E W  I N S I G H T S  I N  C A R B O H Y D R AT E  D I S O R D E R S
Chairpersons: Elisa Leão Teles, Por to, PT / Patrícia Janeiro, Lisboa, PT

1 0 :5 0  – 1 1 :1 0
G ly c o g e n  s to ra g e  d is o rd e r s  re v is ite d
René Santer | Hamburg, DE

 1 1 :1 5  – 1 1 :3 5
U p d a te  in  d is o rd e r s  o f  g a la c to s e  m e ta b o lism
Estela Rubio-Gozalbo | Maastricht, NL

1 1 :4 0  – 1 1 :5 0 S e s s io n  V  d is c u s s io n

1 1 :5 0  – 1 2 :5 0  N e t w o r k i n g  b r e a k

S E S S I O N  V I  – N E W  T R E AT M E N T  P E R S P E C T I V E S
Chairpersons: Domingo González-Lamuño, Santander, ES / Ana Paula Leandro, Lisboa , PT

1 2 :5 0  – 1 3 :1 0  
E n z ym e  s u b s t it u t io n  th e ra p y : P e g v a lia s e  fo r  t h e  t re a tm e n t  o f  P K U
Ania Muntau | Hamburg, DE

1 3 :1 5  – 1 3 :3 5
E xp an d in g  th e  u se  o f su b stra te  re d u c t io n  th e rap y : n it is in o n e  fo r th e  tre a tm en t o f a lk ap to n u ria  
Lakshminarayan Ranganath | Liverpool, UK

1 3 :4 0  – 1 4 :0 0
Fu tu re  d ire c t io n s  in  th e  tre a tm en t o f ly so som a l d iso rd e rs
Ans van der P loeg | Rotterdam, NL

1 4 :0 5  – 1 4 :1 5 Se ss io n  V I d iscu ss io n
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F R I D A Y ,  N O V E M B E R  1 3 T H  

S E S S I O N  V I I  – E X P A N D IN G  T H E  C O N C E P T  O F  N E U R O M E TA B O L I C  D I S O R D E R S  
Chairpersons: Sofia Duar te, Lisboa, PT / João Durães, Coimbra, PT

0 8 :3 0  – 0 8 :5 0
C e llu la r  n e u ro m e ta b o lism : a  te n ta t iv e  to  c o n n e c t  c e ll b io lo g y  a n d  m e ta b o lism  in  n e u ro lo g y
Angeles García-Cazorla | Barcelona, ES

0 8 :5 5  – 0 9 :1 5
N e o n a ta l S e iz u re s : A re  w e  th e re  y e t ?
Barbara P lecko | Graz, AT 

0 9 :2 0  – 0 9 :3 5
G O T 2  d e fi c ie n c y : a  n o v e l m a la te -a sp a r t a te  s h u t t le  d is e a s e  th a t  le a d s  to  e a r ly -in fa n t ile   
e n c e p h a lo p a th y  (in v ite d  s h o r t  c o m m u n ic a t io n )
Rúben Ramos | New York, USA

0 9 :3 5  – 0 9 :5 0
M ito c h o n d r ia l b io e n e rg e t ic s  in  n e u ro d e g e n e ra t io n  (in v ite d  s h o r t  c o m m u n ic a t io n )
Vanessa Morais | Lisboa, PT

0 9 :5 0  – 1 0 :0 0 S e s s io n  V II  d is c u s s io n

1 0 :0 0  – 1 0 :3 0 N e t w o r k i n g  b r e a k

S E S S IO N  V I I I  – E X PA N D IN G  T R E AT M E N T  TA R G E T S  – W H AT ’S  F O R  T H E  F U T U R E  O F  G E N E T I C  
T H E R A P Y ?  Chairpersons: Dulce Quelhas, Por to, PT / Isabel R ivera, Lisbon, PT

1 0 :3 0  – 1 0 :5 0
R e c e n t  a d v a n c e s  in  g e n e  t ra n s fe r  t h e ra p y  to  th e  C N S  in  ly s o so m a l s to ra g e  d is e a s e s
Nicolina Cristina Sorrentino | Naples, IT

1 0 :5 5  – 1 1 :1 5
Em e rg in g  th e ra p ie s  in  th e  h e re d it a r y  p o rp h y r ia s
Jean-Charles Deybach | Paris, FR

1 1 :2 0  – 1 1 :4 0
Em e rg in g  th e ra p ie s  fo r  m ito c h o n d r ia l d is e a s e
Shamima Rahman | London, UK

1 1 :4 5  – 1 2 :0 0
G e n e t ic  s u b s t ra te  re d u c t io n  th e ra p y  fo r  m u c o p o ly s a c c h a r id o s is ; To w a rd  a  s IR N A -c o n ta in in g   
n a n o p a r t ic le  t a rg e te d  to  b ra in  c e lls  (S P D M  A g u in a ld o  C a b ra l G ra n t )
Francisca Coutinho | Por to, PT

1 2 :0 0  – 1 2 :1 0 S e s s io n  V II I  d is c u s s io n

1 2 :1 0  – 1 3 :1 0 N e t w o r k i n g  b r e a k

S E S S I O N  I X  - A G E I N G  I N  I N H E R I T E D  M E TA B O L I C  D I S O R D E R S
Chairpersons: Anabela Oliveira, Lisboa, PT / Álvaro Hermida, Santiago de Compostela, ES

1 3 :1 0  – 1 3 :3 0
A g e  re la te d  m e ta b o lic  c h a n g e s  in  In h e r ite d  M e ta b o lic  D is o rd e r s  (T B C )
Fanny Mochel | Paris, FR

1 3 :3 5  – 1 3 :5 5
In b o rn  m e ta b o lism  d e fe c t s  in  c o m m o n  n e u ro d e g e n e ra t iv e  d is o rd e r s
Leonor Guedes | Lisboa, PT

1 4 :0 0  – 1 4 :2 0
E th ic a l is s u e s  in  th e  t re a tm e n t  o f  e ld e r ly  p a t ie n t s
Patrício Aguiar | Lisboa, PT

1 4 :2 5  – 1 4 :3 5 S e s s io n  IX  d is c u s s io n

1 4 :3 5  – 1 5 :0 0
Aw a rd s  / C lo s in g  R em a rk s
M. Teresa Cardoso – Past SPDM President

E n d  o f  t h e  S ym p o s iu m
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1 1 T H  N O V E M B E R  2 0 2 0
 

S e s s io n  I  – 1 5 h 0 0  – 1 6 h 3 0

S E L E C T E D  F R E E  C O M M U N I C A T I O N S

O C  0 1
S tru c tu ra l in s ig h ts  in to  th e  a llo ste r ic  su b stra te  a c t iv a t io n  o f th e  h um an  e n z ym e  p h e n y la lan in e  
h yd ro x y la se . J .B . Vicen te , L isb o a , PT

O C  0 2 Syn ap tic  m ito ch o n d ria : In  se a rch  o f its  fu n c t io n a l fin g e rp rin t. A . Fa ria -Pe re ira , L isb o a , PT

O C  0 3
M u co lip id o s is  typ e  II/III: ra re  d ise a se s  th a t  sh o u ld  b e  ad d re sse d  in  d iff e re n t c lin ic a l se tt in g s. 
P. P in to , L isb o a , PT

O C  0 4
C lin ic a l, b io ch em ica l, h is to lo g ic a l, im ag in g  an d  m o le cu la r fe a tu re s  o f a  co h o r t  o f 37  p a t ie n ts  w ith  
m ito ch o n d ria l d iso rd e rs  in  a  n e u ro -m e tab o lic  te r t ia r y  ce n te r. S . Jo rg e , L isb o a . PT

O C  0 5
P re va le n ce  an d  in c id e n ce  o f m e tab o lic  syn d rom e  in  Po r tu g u e se  p a t ie n ts  w ith  p h e n y lke to n u ria : 
th e  10  ye a r-lo n g itu d in a l TN SPKU  stu d y. J . C . R o ch a , Po r to , PT

O C  0 6
X-L in ke d  C om b in e d  M e th y lm a lo n ic  A c id u ria  an d  H yp e rh om o c yste in em ia  - A  C a se  R e p o r t. 
S . Fe rre ira , C o im b ra , PT

 

S e s s io n  I I  – 1 6 h 3 0  – 1 7 h 3 0

S E L E C T E D  E -P O S T E R S  C O M M U N I C A T I O N S

P O C  0 1 B ro ad  c lin ic a l sp e c trum  in  a  fam ily  w ith  g lu co se  tran sp o r te r typ e  1  d e fic ie n c y. J . M a r tin s, Po r to , PT

P O C  0 2
C h o re a  a s  a  n e u ro lo g ic a l m an ife sta t io n  o f m ito ch o n d ria l c y to p a th y  c au se d  b y  TSFM  g e n e  
m u ta t io n . J . Lo u ren ço  R o sa , L isb o a , PT

P O C  0 3
Two  s ib lin g s  w ith  N EMM LA S , a  N e u ro d e ve lo pm en ta l D iso rd e r, M ito ch o n d ria l, W ith  A b n o rm a l 
M o vem en ts  an d  La c t ic  A c id o s is, W ith  o r W ith o u t S e izu re s. A .L . R o d rig u es, L isb o a , PT

P O C  0 4
Lo n g  te rm  fo llow  u p  in  p a t ie n ts  w ith  H yp e rp h e n y la lan in em ia  an d  m ild  P h e n y lke to n u ria  – 
n u tr it io n a l s ta tu s  an d  co g n it iv e  o u tcom e s. A . S . F re ita s, Po r to , PT

P O C  0 5
Im m un o C D G Q : Im m un o lo g y  an d  C D G  Q u e st io n n a ire  fo r  Pa t ie n ts  an d  C a re g ive rs. R . F ra n c isco , 
L isb o a , PT

P O C  0 6
G lycom ac ro p e p tid e  in  Pa t ie n ts  w ith  P h e n y lke to n u ria : A  Lo n g -Te rm  N u tr it io n a l Lan d scap e .  
M . J . Pen a , Po r to , PT

P O C  0 7
M u lt ip le  a c y l-C o A  d e h yd ro g e n a se  d e fic ie n c y  (M AD D ) an d  its  m im ic r ie s  – a  c a se  se r ie s. I. Ayre s  
P re ira , Po r to , PT

P O C  0 8 O ld  an d  n ew  b iom a rke rs  in  LSD . F. La ra n je ira , Po r to , PT
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S e s s io n  I I I  – 1 7 h 3 0  – 1 9 h 0 0

S  E  L  E  C  T  E  D  F R E E  C  O  M  M  U  N  I  C  A  T  I  O  N  S

O C  0 7 S ta le d  ly so som e s  p rim e  ce ll p ro life ra t io n . C . R am o s, L isb o a , PT

O C  0 8
In h ib it io n  o f th e  m ito ch o n d ria l com p le x  I b y  a  Pa rk in so n ’s  D ise a se -in d u c in g  n e u ro to x in  le ad s  to  a  
N P C 1  p h e n o typ e  in  n e u ro n a l ce lls . E . R o d rig u es, L isb o a , PT  

O C  0 9
C lin ic a l p ro fi le  o f o rg an ic  a c id u ria s  in  ch ild re n  from  a  s in g le  ce n te r : a n  18-ye a r re tro sp e c t ive  
s tu d y. P. P in to , L isb o a , PT

O C  1 0
D o e s  th e  p ro te in  in ta ke  in  P KU  p a tie n ts  a d h e re  to  th e  Eu ro p e an  P KU  G u id e lin e s? M . G om es, 
Po r to , PT

O C  1 1
Eff e c t  o f sm a ll com p o u n d s  o n  th e  a c t iv ity  an d  s tab ility  o f re com b in an t h um an  p h e n y la lan in e  
h yd ro x y la se : in  v itro  an d  in  ce llu lo  s tu d ie s. R . Lo p es, L isb o a , PT

O C  1 2
B io ch em ica l a n d  m o le cu la r ch a ra c te r iza t io n  o f c a rr ie rs  o f p a th o g e n ic  v a rian ts  in  th e  G LA  g e n e , 
th e  c au se  o f Fab ry  d ise a se . F. La ra je ira , Po r to , PT

O C  1 3 Tre a tm en t o f Fab ry  d ise a se  w ith  m ig a la sta t : e x p e rie n ce  in  c lin ic a l p ra c t ice . F. G o n ça lve s, L isb o a , PT
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C H A I R P E R S O N S

A N A  M .  G A S P A R ,  M D  
R e fe re n c e  C e n te r  o f  M e ta b o lic  D is e a s e s , C .H o sp .U n iv . L is b o a  N o r te  – H s taM , L is b o a , P T

H U G O  R O C H A ,  P h D
In s t it u to  N a c io n a l d e  S a ú d e  D r. R ic a rd o  J o rg e , IN S A , P o r to , P T
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S T R U C T U R A L  I N S I G H T S  I N T O  T H E  A L L O S T E R I C  S U B S T R A T E  A C T I V A T I O N  
O F  T H E  H U M A N  E N Z Y M E  P H E N Y L A L A N I N E  H Y D R O X Y L A S E

O C -0 1

J .B .  V i c e n t e 1
;  C . S .  T o m é 1 ,2

;  R . R .  L o p e s
2
;  P M F  S o u s a 5

;  M .P ,  A m a r o 4
;  H .D . T .  M e r t e n s 3 ;  P .  L e a n d r o

2  

1  In s t it u to  d e  Te c n o lo g ia  Q u ím ic a  e  B io ló g ic a  A n tó n io  X a v ie r, N O VA  U n iv e r s it y  o f  L is b o n , O e ira s , P o r tu g a l;  
2  R e s e a rc h  In s t it u te  fo r  M e d ic in e s  (iM e d .U L is b o a ) a n d  D e p a r tm e n t  o f  B io c h em is t r y  a n d  H u m a n  B io lo g y ,  

Fa c u lt y  o f  P h a rm a c y , U n iv e r s it y  o f  L is b o n , L is b o n , P o r tu g a l; 3  EM B L  H am b u rg  c /o  D E S Y, H am b u rg , G e rm a n y ;  
4  G e n e t ic s  a n d  G e n o m ic  S c ie n c e s , Ic a h n  S c h o o l o f  M e d ic in e  a t  M o u n t  S in a i, N e w  Yo rk , U S A ;  

5  In s t it u to  d e  B io lo g ia  E x p e r im e n ta l e  Te c n o ló g ic a , O e ira s , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - j v i c e n t e @ i t q b .u n l . p t

 
P la sm a  h o m e o s ta t ic  L-p h e n y la la n in e  (L-P h e ) le v e ls  a re  m a in ta in e d  v ia  th e  h u m a n  e n z ym e  p h e n y la la n in e  h y d ro x y la s e  
(h PA H ). L-P h e  is  a n  e s s e n t ia l p re c u r s o r  fo r  n e u ro t ra n sm it te r s  b io s y n th e s is , a lth o u g h  e le v a te d  L-P h e  le v e ls  b e c o m e  
n e u ro to x ic . 

P h e n y lk e to n u r ia  (P K U ), t h e  m o s t  c o m m o n  h e re d it a r y  d is o rd e r  o f  t h e  am in o  a c id  m e ta b o lism , is  c a u s e d  b y  d y s fu n c t io n a l 
h PA H , re s u lt in g  f ro m  m u ta t io n s  in  th e  PA H  g e n e , w h ic h  c a n  a ff e c t  p ro te in  fo ld in g , c a t a ly s is  o r  re g u la t io n  [1 ]. K n o w le d g e  o n  
th e  m o le c u la r  m e c h a n ism s  b e h in d  P K U  is  e s s e n t ia l to  d e v e lo p  th e ra p e u t ic  o p t io n s , m o s t ly  re s t r ic te d  to  a n  L-P h e -f re e  d ie t .

h PA H  a s s em b le s  a s  a  h o m o te t ram e r. E a c h  s u b u n it  c o m p r is e s  a n  N -te rm in a l re g u la to r y  d o m a in , a  c e n t ra l c a t a ly t ic  d o m a in  
a n d  a  C -te rm in a l o lig o m e r iz a t io n  d o m a in . T h e  c o m p le x  re g u la to r y  m e c h a n ism s  m o d u la t in g  h PA H  fu n c t io n  in v o lv e  
t ra n s it io n  b e tw e e n  o lig o m e r ic  s t a te s , c o n fo rm a t io n a l c h a n g e s , s u b s t ra te  a c t iv a t io n  a n d  c o fa c to r  in h ib it io n . A  c o m b in a t io n  
o f  b io c h em ic a l a n d  b io p h y s ic a l m e th o d s  w e re  h e re in  e m p lo y e d  to  in v e s t ig a te  th e  L-P h e  a llo s te r ic  re g u la t io n  o f  h PA H . W e  
re p o r t  t h e  fi r s t  s t ru c tu ra l m o d e l o f  t h e  fu ll-le n g th  w ild -t y p e  a c t iv a te d  h PA H  d e te rm in e d  b y  sm a ll-a n g le  X -ra y  s c a t te r in g  [2 ]. 
R e g u la to r y  d o m a in s  a d o p t  a n  a u to -in h ib ito r y  c o n fo rm a t io n  in  th e  b a s a l s t a te , w h ic h  b lo c k  th e  e n t ra n c e  to  th e  c a t a ly t ic  
p o c k e t . L-P h e  b in d in g  p ro m o te s  d is p la c em e n t  a n d  d im e r iz a t io n  o f  t h e  re g u la to r y  d o m a in s , a llo w in g  s u b s t ra te s  to  a c c e s s  
th e  a c t iv e  s it e . T h e  a c t iv a te d  p ro te in  b e c o m e s  m o re  c o m p a c t  a n d  m o re  re s is t a n t  to  th e rm a l d e n a tu ra t io n  a n d  p ro te o ly t ic  
c le a v a g e .

 
R e f e r e n c e s  
1  PA H v d b : h t tp ://w w w .b io p k u .o rg /h o m e /p a h .a sp . 
 
2  To m é  C S , L o p e s  R R , S o u s a  PM F, Am a ro  M P, L e a n d ro  J , M e r te n s  H D T, L e a n d ro  P, V ic e n te  J B  (2 0 1 9 ) S t ru c tu re  o f  fu ll-le n g th  
h u m a n  p h e n y la la n in e  h y d ro x y la s e  b y  sm a ll a n g le  X -ra y  s c a t te r in g  re v e a ls  s u b s t ra te -in d u c e d  c o n fo rm a t io n a l s t a b ilit y , S c i  
R e p  9 (1 ):1 3 6 1 5 .
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S Y N A P T I C  M I T O C H O N D R I A :   
I N  S E A R C H  O F  I T S  F U N C T I O N A L  F I N G E R P R I N T  

 
O C -0 2

A n d r e i a  F a r i a -P e r e i r a 1
;  M a r c o  S p i n a z z i 2 ;  K a t l e e n  C r a e s s a e r t s

2
;  J e ff r e y  S a v a s

3
;  B a r t  D e  S t r o o p e r

2
;   

V a n e s s a  A .  M o r a i s 1 ,2  

1  Fa c u ld a d e  d e  M e d ic in a , U n iv e r s id a d e  d e  L is b o a , IM M  In s t it u to  d e  M e d ic in a  M o le c u la r, 1 9 9 0 -3 7 5  L is b o a , P o r tu g a l;  
2  K U  L e u v e n , V IB  C e n te r  fo r  t h e  B io lo g y  o f  D is e a s e  a n d  C e n te r  fo r  H u m a n  G e n e t ic s , 3 0 0 0  L e u v e n , B e lg iu m ;  
3  D e p a r tm e n t  o f  N e u ro lo g y , N o r thw e s te rn  U n iv e r s it y , F e in b e rg  S c h o o l o f  M e d ic in e , C h ic a g o , IL  6 0 6 1 1 , U S A ;  

P r e s e n t i n g  A u t h o r  - a n d r e i a p e r e i r a @ m e d i c i n a .u l i s b o a .p t  

T h e  p h y s io lo g ic a l re le v a n c e  o f  m ito c h o n d r ia  h a s  b e e n  in c re a s in g ly  a p p re c ia te d  in  th e  la s t  y e a r s , a s  m u ta t io n s  in  
m ito c h o n d r ia l p ro te in s  h a v e  b e e n  lin k e d  to  a  w id e  ra n g e  o f  p a th o lo g ie s . M ito c h o n d r ia  a re  d y n am ic  o rg a n e lle s  c o m m o n ly  
k n o w n  a s  th e  “c e ll p o w e rh o u s e ”, a s  th e y  a re  re sp o n s ib le  fo r  t h e  m a jo r it y  o f  AT P  n e e d e d  fo r  c e lls .

N e u ro n s  a re  h ig h  e n e rg y -d em a n d in g  w h e re  a ro u n d  8 0%  o f  th o s e  e n e rg y  re q u ire m e n t s  a re  p ro v id e d  b y  m ito c h o n d r ia . 

A d d it io n a lly , n e u ro n a l a c t iv it y  is  h ig h ly  d e p e n d e n t  o n  a  b a la n c e d  m ito c h o n d r ia l h o m e o s ta s is . T h is  c o r re la t io n  is  
s u p p o r te d  b y  th e  fa c t  t h a t  p a t ie n t s  w ith  m ito c h o n d r ia l d is o rd e r s  p re s e n t  n e u ro lo g ic a l im p a irm e n t s , u n d e r lin e d  b y  e ith e r  
n e u ro t ra n sm it te r  p ro d u c t io n /re le a s e  d e fe c t s . H e n c e , m ito c h o n d r ia l a c t iv it y  h a s  a  c ru c ia l ro le  in  n e u ro n a l s u r v iv a l a n d  
fu n c t io n .

N e u ro n s  a re  m o rp h o lo g ic a lly  p o la r iz e d  c e lls  a n d  m ito c h o n d r ia  h a v e  b e e n  o b s e r v e d  in  a ll t h e ir  s u b -c o m p a r tm e n t s . 
A d d it io n a lly , t h e s e  c o m p a r tm e n t-sp e c ifi c  m ito c h o n d r ia  a p p e a r  to  h a v e  d iff e re n t  m o rp h o lo g ic a l fe a tu re s , ra is in g  th e  
q u e s t io n  o f  w h e th e r  th e s e  a re  fu n c t io n a lly  s im ila r  o r  a c tu a lly  h a v e  s p e c ia liz e d  fu n c t io n s . T h e re fo re , w e  a im  a t  u n d e r s t a n d in g  
if  s y n a p t ic  m ito c h o n d r ia  a re  d e v o te d  to  d iff e re n t  fu n c t io n s  th a n  o th e r  n e u ro n a l m ito c h o n d r ia  th a t  d o  n o t  re s id e  a t  t h e  
s y n a p s e .

To  a d d re s s  th is  q u e s t io n  w e  a s s e s s e d  th e  p ro te o m ic  p ro fi le  o f  s y n a p t ic  m ito c h o n d r ia  c o m p a re d  to  n o n -s y n a p t ic  
m ito c h o n d r ia . F o r  t h is , w e  p e r fo rm e d  q u a n t it a t iv e  M a s s  S p e c t ro m e t r y  o f  is o la te d  m o u se  b ra in  m ito c h o n d r ia  (s y n a p t ic  a n d  
n o n -s y n a p t ic ), fo llo w e d  b y  u n b ia s e d  b io in fo rm a t ic s  a n a ly s is . F ro m  th e  3 1 2 0  id e n t ifi e d  p ro te in s , w e  w e re  a b le  to  p in p o in t  
2 1 1  p ro te in s  d iff e re n t ia lly  e x p re s s e d  b e tw e e n  b o th  m ito c h o n d r ia l p o o ls , c le a r ly  in d ic a t in g  th a t  b o th  m ito c h o n d r ia l p o o ls  
(s y n a p t ic  a n d  n o n -s y n a p t ic ) p re s e n t  s ig n ifi c a n t  p ro te o m ic  d iff e re n c e s . A d d it io n a lly , w h e n  p e r fo rm in g  th e  b io in fo rm a t ic s  
a n a ly s is , w e  w e re  a b le  to  id e n t if y  s e v e ra l p ro te in s  o f  d iff e re n t  m e ta b o lic  p a thw a y s  to  b e  d iff e re n t ia lly  e x p re s s e d  in  e a c h  
m ito c h o n d r ia l p o o l. T h e s e  fi n d in g s  s u g g e s t  t h a t  d is t in c t  fu n c t io n s  a n d  m e ta b o lic  p ro c e s s e s  m a y  b e  a t  p la y  in  th e s e  tw o  
d iff e re n t  m ito c h o n d r ia l p o o ls .

A d d it io n a lly , t h ro u g h  e n z ym a t ic  a c t iv it y  a s s a y s  w e  o b s e r v e  th a t  s o m e  re sp ira to r y  c h a in  c o m p le x e s  p re s e n t  d iff e re n t  c a t a ly t ic  
ra te s , s u g g e s t in g  th a t  s y n a p t ic  m ito c h o n d r ia  p re s e n t  a  d iff e re n t  b io e n e rg e t ic s  p ro fi le  th a n  n o n -s y n a p t ic  m ito c h o n d r ia . 
C u r re n t ly , w e  a re  a s s e s s in g  h o w  th e  m o d u la t io n  o f  t h is  fu n c t io n a l d iff e re n c e s  im p a c t  in  n e u ro n a l a c t iv it y .
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M U C O L I P I D O S I S  T Y P E  I I /I I I :  R A R E  D I S E A S E S  T H A T  S H O U L D  B E  
A D D R E S S E D  I N  D I F F E R E N T  C L I N I C A L  S E T T I N G S  

 
O C -0 3

P a t r í c i a  L i p a r i  P i n t o 1
;  A r i a d n a  B o r r à s

2
;  N o e l i a  R i v e r a

2
;  L e t i c i a  P í a s

2
;  D a n i e l  N a t e r a

2
;  J u d i t h  A r m s t r o n g 3

;   

A n a  F e r n á n d e z - M a r m i e s s e 4
;  C a r m e n  F o n s 2 ;  M e r c è  P i n e d a 2

;  L a u r a  G o r t
5
;  M a r i a  J o s e p  C o l l 5 ;   

A n d r é s  N a s c im e n t o  O s o r i o 2
;  À n g e l s  G a r c í a -C a z o r l a

2
;  M a r i a  d e l  M a r  O ’C a l l a g h a n 2  

1  P e d ia t r ic  D e p a r tm e n t , H o sp it a l d e  S a n ta  M a r ia  – C e n t ro  H o sp it a la r  U n iv e r s it á r io  L is b o a  N o r te , C lín ic a  U n iv e r s it á r ia  d e  
P e d ia t r ia , Fa c u ld a d e  d e  M e d ic in a , L is b o a , P o r tu g a l; 2  D e p a r tm e n t  o f  N e u ro lo g y . N e u ro m e ta b o lic  U n it , H o sp it a l S a n t  J o a n  
d e  D é u  a n d  C IB E R E R , B a rc e lo n a , S p a in ; 3  M e d ic a l G e n e t ic s  a n d  M o le c u la r  S e r v ic e , H o sp it a l S a n t  J o a n  d e  D é u , B a rc e lo n a , 
S p a in ; 4  G e n o m e s  &  D is e a s e  G ro u p , M o le c u la r  M e d ic in e  a n d  C h ro n ic  D is e a s e s  R e s e a rc h  C e n t re  (C iM U S ), S a n t ia g o  d e  

C o m p o s te la  U n iv e r s it y -ID IS , S a n t ia g o  d e  C o m p o s te la , S p a in ; 5  S e c c ió  d ’E r ro r s  C o n g è n it s  d e l M e ta b o lism e  -IB C , S e r v e i d e  
B io q u ím ic a  i  G e n è t ic a  M o le c u la r, H o sp it a l C lín ic , ID IB A P S , C IB E R E R , B a rc e lo n a , S p a in ;

  
P r e s e n t i n g  A u t h o r  - p p i n t o 3 @ c a m p u s .u l . p t  

B A C K G R O U N D :  M u c o lip id o s is  (M L ) I I  a n d  I I I  a re  ra re  ly s o so m a l d is e a s e s  c a u s e d  b y  m u ta t io n s  in  G N P TA B /G N P TG  g e n e s , 
w h ic h  e n c o d e  th e  α/β-p re c u r s o r  a n d  ϒ-su b u n it  o f  N -a c e t y lg lu c o s am in e  (G lc N A c )-1 -p h o sp h o t ra n s fe ra s e . T h e  d e fi c ie n c y  
o f  t h is  e n z ym e  re su lt s  in  m is s o r t in g  o f  ly s o so m a l e n z ym e s  a n d  a n  a c c u m u la t io n  o f  n o n -d e g ra d a b le  m a c ro m o le c u le s  in  
ly s o so m e s , im p a ir in g  c e llu la r  fu n c t io n . C lin ic a l m a n ife s t a t io n s  o f  M L  I I  a n d  I I I  h a v e  n o t  y e t  b e e n  fu lly  e lu c id a te d . T h e y  a re  
m u lt is y s te m ic  a n d  v a r ie d  am o n g  a ff e c te d  in d iv id u a ls . 

O B J E C T I V E :  C h a ra c te r iz e  c lin ic a l m a n ife s t a t io n s  o f  c h ild re n  w ith  M L  I I  a n d  I I I  fo llo w e d  a t  a  re fe r ra l c e n te r  fo r  n e u ro m e ta b o lic  
d is e a s e s , in  B a rc e lo n a , b e tw e e n  2 0 0 0 -2 0 1 9 , to  b e t te r  re c o g n iz e  a n d  a n t ic ip a te  d ia g n o s is . 

M E T H O D S :  S ix  p a t ie n t s  w ith  M L  a n d  c lin ic a l d a ta  w e re  a n a ly z e d . 

R E S U LT S :  6  p a t ie n t s  (M L  I I=2 , M L  I I I  α/β=2 , M L  I I I  ϒ=2 ) w e re  re c ru ite d  f ro m  5  u n re la te d  fam ilie s . P re d o m in a n t  c lin ic a l 
p re s e n ta t io n s  w e re  s k e le t a l s ym p to m s . In  n e ith e r  c a s e  w e re  M L  c o n s id e re d  th e  fi r s t  d ia g n o s t ic  h y p o th e s is . A ll s h o w e d  
h ig h  le v e ls  o f  ly s o so m a l a c id  h y d ro la s e  e n z ym e s  in  p la sm a  a n d /o r  re d u c e d  in  fi b ro b la s t s . M L  I I/I I I  w e re  c o n fi rm e d  b y  
id e n t ifi c a t io n  o f  p a th o g e n ic  v a r ia n t s  in  G N P TA B /G N P TG . M L  I I  p a t ie n t s  s h o w e d  th e  m o s t  s e v e re  c lin ic a l p h e n o t y p e  a n d  th e  
d ia g n o s is  w e re  s o o n e r, w ith  in it ia l s ym p to m s  in  e a r ly  c h ild h o o d : lo w  w e ig h t  a t  b ir th , jo in t  re s t r ic t io n  in  a ll l im b s , s c o lio s is , 
c o a r s e  fa c ia l fe a tu re s , g in g iv a l h y p e r t ro p h y  a n d  m o d e ra te  d e v e lo p m e n ta l d e la y  (D D ). B o th  w ith  c a rd io lo g ic  m a n ife s t a t io n s , 
o n ly  1  w ith  h y p o a c u s is , c ra n io s y n o s to s is  a n d  h e p a to sp le n o m e g a ly , t h e  s am e  w h o  h a d  a  fa t a l o u tc o m e  a t  4 , d u e  to  
c a rd io re sp ira to r y  fa i lu re . In  M L  I I I  α/β p a t ie n t s , fi r s t  s ym p to m s  w e re  a t  2 -3  y e a r s -o ld  w ith  p ro g re s s iv e  s t iff n e s s , p a in  in  
m u lt ip le  jo in t s  a n d  c o a r s e  fa c ia l fe a tu re s . O th e r  s k e le t a l a lte ra t io n s  w e re  p ro g re s s iv e  k y p h o s c o lio s is  a n d  p e c tu s  c a r in a tu m  
a n d  b o th  w e re  s u b m it te d  to  a d e n o id e c to m y. O n ly  1  s h o w e d  m ild  D D . M L  I I I  ϒ p a t ie n t s  w e re  s is te r s  f ro m  c o n s a n g u in e o u s  
p a re n t s  w ith  s u b t le  c o a r s e  fa c ia l fe a tu re s , g ro s s  m o to r  D D  d e te c te d  a t  2  a n d  4  y e a r s -o ld  a n d  d e v e lo p e d  n o n -p a in fu l jo in t  
s t iff n e s s  in  m u lt ip le  jo in t s . T h e y  u n d e rw e n t  s u rg e r y  o f  b ila te ra l c a rp a l t u n n e l s y n d ro m e . 

C O N C L U S I O N :  M L  s h o u ld  b e  c o n s id e re d  in  c a s e s  o f  jo in t  s t iff n e s s . T h e  d iff e re n t ia l d ia g n o s is  o f  M L  I I  o r  I I I  is  b a s e d  o n  a g e  
o f  o n s e t , c lin ic a l fi n d in g s  a n d  d e g re e  o f  s e v e r it y . T h e  e a r ly  d ia g n o s is  e s p e c ia lly  in  M L  I I  is  a n  o p p o r tu n it y  to  b o n e  m a r ro w  
t ra n sp la n t , a  p ro m is in g  th e ra p y .
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C L I N I C A L ,  B I O C H E M I C A L ,  H I S T O L O G I C A L ,  I M A G I N G  A N D  M O L E C U L A R  
F E A T U R E S  O F  A  C O H O R T  O F  3 7  P A T I E N T S  W I T H  M I T O C H O N D R I A L  

D I S O R D E R S  I N  A  N E U R O -M E T A B O L I C  T E R T I A R Y  C E N T E R  

 
O C -0 4  

S  J o r g e 1 ,2 ;   T  P a i n h o
1 ;  R i t a  L o p e s  S i l v a 1 ;  A  I  D i a s

1 ;  A  P e r e i r a 1 ;  A  M o r e i r a 1 ;  E  C a l a d o 1 ;   
D  A n t u n e s 5 ;  M  A m o r im 5 ;   A  C o r d e i r o

3 ;   P  K j ö l l e r s t r ö m
4 ;  R  M a i a 4 ;  C  C o n c e i ç ã o 6 ;  S  S e q u e i r a 7 ;  S  D u a r t e

1 ,7 ;  
J  P  V i e i r a 1 ;  S  J a c i n t o 1 ,7 ;  A  C  F e r r e i r a

7  

 
1  P e d ia t r ic  N e u ro lo g y  S e r v ic e , P e d ia t r ic  D e p a r tm e n t , H o sp it a l D o n a  E s te fâ n ia , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  

C e n t ra l, L is b o a , P o r tu g a l; 2  P e d ia t r ic  D e p a r tm e n t , H o sp it a l d e  C a s c a is , C a s c a is , P o r tu g a l;  
3  P r im a r y  Im m u n o d e fi c ie n c y  U n it , P e d ia t r ic  D e p a r tm e n t , H o sp it a l D o n a  E s te fâ n ia , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  
L is b o a  C e n t ra l, L is b o a , P o r tu g a l; 4  H a em a to lo g y  U n it , P e d ia t r ic  D e p a r tm e n t , H o sp it a l D o n a  E s te fâ n ia , C e n t ro  H o sp it a la r  
U n iv e r s it á r io  d e  L is b o a  C e n t ra l, L is b o a , P o r tu g a l; 5  G e n e t ic  S e r v ic e , P e d ia t r ic  D e p a r tm e n t , H o sp it a l D o n a  E s te fâ n ia ,  
C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  C e n t ra l, L is b o a , P o r tu g a l; 6  N e u ro ra d io lo g y  D e p a r tm e n t , C e n t ro  H o sp it a la r  

U n iv e r s it á r io  d e  L is b o a  C e n t ra l, L is b o a , P o r tu g a l; 7  R e fe re n c e  C e n te r  o f  In h e r ite d  M e ta b o lic  D is e a s e s ,  
C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  C e n t ra l, L is b o a , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - s i l v i a a j o r g e @ g m a i l . c o m  

B A C K G R O U N D :  M ito c h o n d r ia l d is o rd e r s  a re  m u lt is y s te m ic  d is e a s e s  c h a ra c te r iz e d  b y  a  w id e  s p e c t ru m  o f  c lin ic a l 
m a n ife s t a t io n s  a n d  c o m p le x  m o le c u la r  e t io lo g y . C o n t r ib u t in g  to  it s  p e r s is te n c e  a s  u n d e rd ia g n o s e d  d is o rd e r s  is  t h e  fa i lu re  
to  re c o g n is e  c h ild re n  w ith  “n o n c la s s ic ” p h e n o t y p e s . B io c h em ic a l t e s t s , m u s c le  h is to lo g y  a n d  re sp ira to r y  c h a in  e n z ym a t ic  
a c t iv it y , a lth o u g h  f re q u e n t ly  p e r fo rm e d , c a n  b e  in c o n c lu s iv e  a n d  o f te n  m is le a d in g . T h e  “g o ld  s t a n d a rd ” fo r  a  d e fi n it iv e  
d ia g n o s is  is  g e n e t ic  s tu d ie s , n o w a d a y s  m o re  a c c e s s ib le  w ith  N G S  g e n e  p a n e ls .
 
M E T H O D S :  W e  p e r fo rm e d  a  re t ro sp e c t iv e  s tu d y  o f  c lin ic a l, b io c h em ic a l, h is to lo g ic a l, im a g in g  a n d  m o le c u la r  fe a tu re s  o f  a  
c o h o r t  o f  p a t ie n t s  w ith  m ito c h o n d r ia l d is o rd e r s  fo llo w e d  fo r  t h e  la s t  2 0  y e a r s  a t  o u r  n e u ro -m e ta b o lic  c e n t re .
 
R E S U LT S :  T h ir t y -s e v e n  p a t ie n t s  f ro m  3 3  u n re la te d  fam ilie s , w ith  a  m e d ia n  a g e  o f  1 0 -y e a r s  (m in  1 8m o  – m a x  2 2 y ) w e re  
in c lu d e d . A  d e fi n it iv e  d ia g n o s is  o f  a  m ito c h o n d r ia l d is o rd e r  w a s  e s t a b lis h e d  in  2 8  p a t ie n t s  e ith e r  b y  g e n e t ic  c o n fi rm a t io n  o r  
a c c o rd in g  to  c o n s e n su s  M ito c h o n d r ia l D is e a s e  C r ite r ia  (M D C ), a n d  a  p ro b a b le  d ia g n o s is  in  9  b y  th e  s am e  c r ite r ia . M o s t  p a t ie n t s  
p re s e n te d  in  th e  fi r s t  2  y e a r s  o f  li fe  (n =2 4 ) w ith  n e u ro lo g ic  m a n ife s t a t io n s : e n c e p h a lo p a th y  (5 6%), m u s c u la r  s ym p to m s  
(1 0%) a n d  n e o n a ta l s e iz u re s  (5% ). E x t ra -n e u ro lo g ic a l m a n ife s t a t io n s  a t  p re s e n ta t io n  w e re  c a rd ia c  AV  b lo c k , d e a fn e s s  a n d  
h a em a to lo g ic a l (1  p a t ie n t  e a c h ). C la s s ic a l c lin ic a l p re s e n ta t io n s  w e re  L e ig h  s y n d ro m e  (n =4 ), K e a rn s -S a y re  s y n d ro m e  (n =3 ) 
a n d  P e a r s o n  s y n d ro m e  (n =1 ). C e re b ra l M R I fi n d in g s  w e re  d iv e r s e  b u t  L e ig h  s y n d ro m e  a n d  le u k o e n c e p h a lo p a th y  w e re  
am o n g  th e  m o s t  f re q u e n t . Tw e n t y -th re e  p a t ie n t s  (6 2%) h a d  a  m u s c le  b io p s y , w ith  8 2%  sh o w in g  a b n o rm a lit ie s  e ith e r  in  
h is to lo g ic a l o r /a n d  R C  e n z ym e  a c t iv it y . M o le c u la r  d ia g n o s is  w a s  a c h ie v e d  in  2 2  p a t ie n t s , in v o lv in g  n u c le a r  g e n e s  in  1 4  
(6 4%): P D H c  (n =3 ), LYRM 7  (n =3 ) a n d  M F N 2  (n =2 ), a n d  in  P O LG , TM EM 70 , S E R A C 1 , B C S 1 L , C O Q 8A  a n d  RM N D 1  (o n e  p a t ie n t  
e a c h ). In  th e  m tD N A , m .8 9 9 3  T>C  a n d  m .8 9 9 3 T>G  (n =4 ) a n d  la rg e -s c a le  d e le t io n s  (n =2 ) w e re  th e  m o s t  f re q u e n t  fi n d in g s .
 
C O N C L U S I O N S :  T h is  c o h o r t , a lth o u g h  sm a ll, re fl e c t s  m ito c h o n d r ia l d is o rd e r s  c lin ic a l h e te ro g e n e it y , d iff e re n t  in h e r it a g e  
p a t te rn s . A d v a n c e s  in  m o le c u la r  te s t in g  h a v e  im p ro v e d  d ia g n o s t ic  y ie ld , a lth o u g h  e s t a b lis h in g  a  d e fi n it iv e  g e n e t ic  
d ia g n o s is  re m a in s  c h a lle n g in g . W e  s t re s s  th a t  c lin ic a l aw a re n e s s  is  t h e  fi r s t  c ru c ia l e le m e n t  o f  a  m u lt is te p  a p p ro a c h  le a d in g  
to  a  d e fi n it iv e  d ia g n o s is .
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P R E V A L E N C E  A N D  I N C I D E N C E  O F  M E T A B O L I C  S Y N D R O M E  I N  
P O R T U G U E S E  P A T I E N T S  W I T H  P H E N Y L K E T O N U R I A :  T H E  1 0  Y E A R -

L O N G I T U D I N A L  T N S P K U  S T U D Y  

 
O C -0 5  

J ú l i o  C é s a r  R o c h a 1 ,2 ,3 , 4
;  C a t a r i n a  d e  S o u s a  B a r b o s a

1 ,2
;  M a n u e l a  F e r r e i r a  d e  A lm e i d a 1 ,2 ,5

;  A n a b e l a  B a n d e i r a
2
;  

E s m e r a l d a  M a r t i n s 2 ,5 ;  S a r a  R o c h a
2
;  A r l i n d o  G u im a s 2 ;  R o s a  R i b e i r o

2
;  C l á u d i a  C a m i l a  D i a s 4 ,6 ;   

A n i t a  M a c D o n a l d 7
;  N u n o  B o r g e s

4 ,8  

1  C e n t ro  d e  G e n é t ic a , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to , P o r to , P o r tu g a l; 2  C e n t ro  d e  R e fe rê n c ia  n a  á re a  d a s  D o e n ç a s  
H e re d it á r ia s  d o  M e ta b o lism o , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to , P o r to , P o r tu g a l; 3  N u t r it io n  a n d  M e ta b o lism , 

N o v a  M e d ic a l S c h o o l, Fa c u ld a d e  d e  C iê n c ia s  M é d ic a s , U n iv e r s id a d e  N o v a  d e  L is b o a , L is b o a , P o r tu g a l; 4  C IN T E S IS , C e n t re  
fo r  H e a lth  Te c h n o lo g y  a n d  S e r v ic e s  R e s e a rc h , P o r to , P o r tu g a l; 5  U n it  fo r  M u lt id is c ip lin a r y  R e s e a rc h  in  B io m e d ic in e , A b e l 
S a la z a r  In s t it u te  o f  B io m e d ic a l S c ie n c e s , U n iv e r s it y  o f  P o r to -U M IB /IC B A S /U P, P o r to , P o r tu g a l; 6  D e p a r tm e n t  o f  C o m m u n it y  
M e d ic in e , In fo rm a t io n  a n d  H e a lth  D e c is io n  S c ie n c e s  (M E D C ID S ), Fa c u lt y  o f  M e d ic in e , U n iv e r s it y  o f  P o r to , P o r to , P o r tu g a l;  
7  D ie te t ic s , B irm in g h am  Wom e n ’s  a n d  C h ild re n ’s  H o sp it a l, B irm in g h am , U n ite d  K in g d o m ; 8  F C N AU P, Fa c u lt y  o f  N u t r it io n  

a n d  F o o d  S c ie n c e s , U n iv e r s id a d e  d o  P o r to , P o r to , P o r tu g a l;

 
P r e s e n t i n g  A u t h o r  - r o c h a j c @ o u t l o o k .p t  

B A C K G R O U N D :  T h e re  is  re c e n t  d is c u s s io n  a b o u t  w h e th e r  th e  s p e c ia l p h e n y la la n in e  re s t r ic te d  d ie t , t h e  P K U  d is e a s e  
it s e lf  o r  b o th , m a y  in c re a s e  th e  r is k  o f  c o m o rb id it ie s  in  a d u lt  p a t ie n t s . T h e  1 0  y e a r-lo n g itu d in a l s tu d y  T N S P K U  a im e d  to  
in v e s t ig a te  th e  p re v a le n c e  a n d  in c id e n c e  o f  m e ta b o lic  s y n d ro m e  (M e tS y n ) in  a  P o r tu g u e s e  p a t ie n t ’s  c o h o r t .
 
M E T H O D S :  6 1  P K U  p a t ie n t s  (1 8 .6  ± 6 .6  y ; 5 4%  fe m a le s ) w h o  h a v e  c o m p le te d  a t  le a s t  a n  a n n u a l n u t r it io n a l s t a tu s  
e v a lu a t io n  (A N S E ), e v e r y  2  y e a r s  (b ie n n iu m ), f ro m  2 0 0 9  to  2 0 1 8 , w e re  s tu d ie d . D a ta  w a s  c o lle c te d  fo r  a n th ro p o m e t r y , 
b o d y  c o m p o s it io n , b lo o d  p re s s u re  a n d  b io c h em is t r y . M e tS y n  w a s  c la s s ifi e d  a c c o rd in g  to  In te rn a t io n a l D ia b e te s  F e d e ra t io n  
c r it e r ia  d e fi n e d  b y  th e  c o m b in a t io n  o f  c e n t ra l o b e s it y  p lu s  a n y  tw o  o f  t h e  fo llo w in g : ra is e d  t r ig ly c e r id e s  (TG ), re d u c e d  h ig h  
d e n s it y  lip o p ro te in  c h o le s te ro l (H D L-c ), ra is e d  b lo o d  p re s s u re  (B P ) o r  ra is e d  fa s t in g  p la sm a  g lu c o s e  (G LU ). A d d it io n a lly , 
w e  a ls o  c a lc u la te d  th e  h o m e o s ta s is  m o d e l a s s e s sm e n t  o f  in s u lin  re s is t a n c e  (H O M A -IR ) fo r  A N S E ’s  p e r fo rm e d  s in c e  2 0 1 3 . 
 
R E S U LT S :  M e tS y n  p re v a le n c e  (% ) e v o lu t io n  w a s  th e  fo llo w in g : 4 .9  (2 0 0 9 -2 0 1 0 ), 6 .6  (2 0 1 1 -2 0 1 2 ), 4 .9  (2 0 1 3 -2 0 1 4 ), 3 .3  
(2 0 1 5 -2 0 1 6 ) a n d  1 4 .5  (2 0 1 7 -2 0 1 8 ). C o m p a r in g  th e  1 s t  a n d  th e  la s t  b ie n n iu m  w e  fo u n d  3 6 .1%  v s . 5 8 .1%  p a t ie n t s  w ith  
in c re a s e d  w a is t  c irc u m fe re n c e , 8 .2%  v s . 1 2 .9%  p a t ie n t s  w ith  in c re a s e d  TG  a n d  2 9 .5%  v s . 3 7 .1%  p a t ie n t s  w ith  d e c re a s e d  
H D L-c . N o  p a t ie n t s  re v e a le d  in c re a s e d  G LU  d u r in g  th e  s tu d y  p e r io d . F ro m  th e  1 s t  to  th e  la s t  b ie n n iu m , 7  p a t ie n t s  s h o w e d  
c r ite r ia  fo r  M e tS y n  (1 1 .5% ). O u t  o f  1 1  p a t ie n t s  w h o  b e c am e  o v e rw e ig h t /o b e s e  f ro m  th e  1 s t  to  th e  la s t  b ie n n iu m , 6 3 .6%  
sh o w e d  in c re a s e  o f  w a is t  c irc u m fe re n c e , 1 8 .2%  in c re a s e d  TG  a n d  2 7 .3%  d e c re a s e d  H D L-c . In  th e  la s t  t h re e  b ie n n iu m ’s , 
H O M A -IR  w a s  s ig n ifi c a n t ly  h ig h e r  in  o v e rw e ig h t  p a t ie n t s  v s . n o rm a l w e ig h t  p a t ie n t s : 2 .3 5  v s . 1 .6 6 , p =0 .0 1 2 ; 2 .5 0  v s . 1 .7 4 , 
p =0 .0 0 1 ; 2 .2 4  v s . 1 .4 9 , p =0 .0 0 1 ; re s p e c t iv e ly .
 
D I S C U S S I O N :  T h e  1 0 y  in c id e n c e  o f  M e tS y n  in  P K U  p a t ie n t s  o ld e r  th a n  1 0 y  w a s  1 1 .5% . T h e  m o s t  im p o r t a n t  c o m p o n e n t s  o f  
M e tS y n  w e re  th e  in c re a s e d  w a is t  c irc u m fe re n c e  a n d  d y s lip id a em ic  m a rk e r s  (TG  o r  H D L-c ). A lth o u g h  th e  in c re a s e d  fa s t in g  
g lu c o s e  c o m p o n e n t  w a s  n o t  id e n t ifi e d , t h e  in c re a s e d  H O M A -IR  in  o v e rw e ig h t  p a t ie n t s  u n d e r lin e s  th e  im p o r t a n c e  o f  t h e  
lo n g -te rm  fo llo w -u p  o f  t h is  p o p u la t io n . 
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X -L I N K E D  C O M B I N E D  M E T H Y L M A L O N I C  A C I D U R I A  A N D  
H Y P E R H O M O C Y S T E I N E M I A  - A  C A S E  R E P O R T  

 
O C -0 6  

S a r a  F e r r e i r a 1
;  F á t im a  M a r t i n s 1 ;  Â n g e l a  A lm e i d a 2

;  E l i s a  C a r d o s o
2
;  A l t i n a  L o p e s

3
;  C é l i a  N o g u e i r a

3
;  

L a u r a  V i l a r i n h o 3
;  L u í s a  D i o g o

1  

1  C e n t ro  d e  R e fe rê n c ia  d e  D o e n ç a s  H e re d it á r ia s  d o  M e ta b o lism o , H o sp it a l P e d iá t r ic o  - C e n t ro  H o sp it a la r  U n iv e r s it á r io  
d e  C o im b ra , C o im b ra , P o r tu g a l; 2  S e r v iç o  d e  P e d ia t r ia  , C e n t ro  H o sp it a la r  d e  To n d e la -V is e u , V is e u , P o r tu g a l; 3  U n id a d e  d e  

R a s t re io  N e o n a ta l M e ta b o lism o  e  G e n é t ic a , In s t it u to  N a c io n a l d e  S a ú d e  D o u to r  R ic a rd o  J o rg e , P o r to , P o r tu g a l;

P r e s e n t i n g  A u t h o r  - f e r r e i r a . s a r a m a r g a r i d a @ g m a i l . c o m  

C o b a lam in -X  d is o rd e r  (c b lX ) - M IM  # 3 0 9 5 4 1  - is  a n  u lt ra ra re  X -lin k e d  re c e s s iv e  in b o rn  e r ro r  o f  in t ra c e llu la r  c o b a lam in  (c b l) 
m e ta b o lism  c a u s e d  b y  m u ta t io n s  in  H C F C 1  (H o s t  C e ll Fa c to r  C 1 ) g e n e . T h is  g e n e  e n c o d e s  a  c h ro m a t in -a s s o c ia te d  t ra n s c r ip t io n a l 
re g u la to r  t h a t  a ff e c t s  th e  e x p re s s io n  o f  s e v e ra l g e n e s , in c lu d in g  M M AC H C , a s s o c ia te d  to  th e  m o re  f re q u e n t  c b lC  d is o rd e r.  
 
C A S E  R E P O R T :  T h is  9 -m o n th -o ld  b o y  is  t h e  fi r s t  c h ild  o f  n o n -c o n s a n g u in e o u s  p a re n t s , w ith  ir re le v a n t  fam ily  h is to r y . 
P re g n a n c y  w a s  u n e v e n t fu l, e x c e p t  fo r  m a te rn a l t re a te d  h y p e r th y ro id ism . D e liv e r y  a n d  e x t ra u te r in e  li fe  a d a p ta t io n  w e re  
n o rm a l. W e ig h t , le n g th  a n d  h e a d  c irc u m fe re n c e  a t  b ir th  w e re  o n  th e  5 0 th , 1 5 -5 0 th  a n d  5 0 th  c e n t ile s , re s p e c t iv e ly . E x p a n d e d  
n e o n a ta l s c re e n in g  w a s  n e g a t iv e .

H e  p re s e n te d  w ith  g lo b a l h y p o to n ia , g a s t ro e so p h a g e a l re fl u x  a n d  fa ilu re  to  th r iv e  f ro m  th e  fi r s t  m o n th s  o f  li fe . A t  6  m o n th s , 
w e ig h t  a n d  le n g th  ≤ 3 rd  c e n t ile , m o d e ra te  g lo b a l d e v e lo p m e n ta l d e la y , p re d o m in a n t ly  m o to r, a x ia l h y p o to n ia  a n d  lim b  
h y p e r to n ia  w e re  re c o rd e d . In v e s t ig a t io n  s h o w e d  in c re a s e d  p la sm a  to ta l h o m o c y s te in e  (1 0 1  m o l/L ; r.v .<1 4 ) a n d  u r in a r y  
m e th y lm a lo n ic  a c id  3 0 0  m o l/m m o l c re a t ; r.v .<6 ,2 ), w ith  n o rm a l p la sm a  m e th io n in e  (1 0  m o l/L ; r.v .9 -4 1 ) a n d  v it am in  B 1 2  
le v e ls . U n d e r  h y d ro x o c o b a lam in  a n d  b e ta in e  m o d e ra te  c lin ic a l im p ro v em e n t  a n d  n o rm a liz a t io n  o f  h o m o c y s te in e  a n d  
m e th y lm a lo n ic  a c id  le v e ls  w e re  o b s e r v e d . C u r re n t ly , w e ig h t  a n d  le n g th  a re  o n  th e  3 rd  a n d  h e a d  c irc u m fe re n c e  is  o n  th e  
5 0 -8 5 th  c e n t ile s . A  n e w  g e n e t ic  v a r ia n t , p .P ro 1 0 7 8 P ro  (c .3 2 3 4 G >A ), in te r fe r in g  w ith  th e  s p lic in g , in  h em iz y g o s it y  in  th e  
H C F C 1  g e n e , s u g g e s t iv e  o f  c b lX  d is o rd e r  w a s  id e n t ifi e d  b y  N G S .

C O M M E N T S :  C b lC  d is o rd e r  (M IM  # 2 7 7 4 0 0 ) th e  m o s t  f re q u e n t  in b o rn  e r ro r  o f  in t ra c e llu la r  c b l m e ta b o lism , c a n  b e  d e te c te d  
b y  n e w b o rn  s c re e n in g . 

T h e  g e n e  H C F C 1 , fo rm e r ly  a s s o c ia te d  to  X -lin k e d  in te lle c tu a l d is a b ilit y , w a s  c o n n e c te d  to  c b lX  d e fi c ie n c y  in  2 0 1 3 . H C F C 1  
m u ta t io n s  h a v e  b e e n  fo u n d  in  m o re  1 4  p a t ie n t s , w h o  p re s e n te d  in  th e  fi r s t  m o n th s  o f  li fe , s im ila r ly  to  c b lC , b u t  w ith  m ild e r  
m e ta b o lic  a n d  m o re  s e v e re  n e u ro lo g ic  a b n o rm a lit ie s .

To  o u r  k n o w le d g e , t h is  is  t h e  fi r s t  c a s e  o f  c b lX  d is o rd e r  id e n t ifi e d  in  P o r tu g a l. E v o lu t io n  is  p ro m is in g , a lth o u g h  c b l m e ta b o lism  
a b n o rm a lit ie s  a re  p ro b a b ly  n o t  th e  o n ly  c o n s e q u e n c e s  o f  t h e  H C F C 1  m u ta t io n .
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C H A I R P E R S O N S

T E R E S A  C A M P O S ,  M D   
R e fe re n c e  C e n te r  o f  M e ta b o lic  D is e a s e s , C .H o sp .U n iv . d e  S ã o  J o ã o , P o r to , P T

M A R G A R I D A  F .  B A P T I S T A  E  S I L V A ,  P h D  
Fa c u ld a d e  d e  Fa rm á c ia  d a  U n iv e r s id a d e  d e  L is b o a , L is b o a , P T
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B R O A D  C L I N I C A L  S P E C T R U M  I N  A  F A M I LY  W I T H  G L U C O S E  
T R A N S P O R T E R  T Y P E  1  D E F I C I E N C Y  

 
P O C -0 1  

J  M a r t i n s 1 ;   V  O l i v e i r a 2 ;   G  L o p e s
2 ;   T  T e m u d o 1  

1  P e d ia t r ic  N e u ro lo g y , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to  - C e n t ro  M a te rn o  In fa n t il d o  N o r te ,  
P o r to , P o r tu g a l; 2  N e u ro lo g y , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to  - H o sp it a l d e  S a n to  A n tó n io , P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - j c s f m a r t i n s @ g m a i l . c o m  

G lu c o s e  t ra n sp o r te r  t y p e  1  (G LU T 1 ) d e fi c ie n c y  s y n d ro m e  le a d s  to  a  d e c re a s e d  g lu c o s e  t ra n sp o r t  to  th e  b ra in . I t  is  c a u s e d  b y  
m u ta t io n s  in  th e  S LC 2A 1  g e n e  a n d , a lth o u g h  m o s t  c a s e s  a re  s p o ra d ic , f am ilie s  w ith  a u to so m a l d o m in a n t  m u ta t io n s  h a v e  
b e e n  d e s c r ib e d . E a r ly  d ia g n o s is  is  e s s e n t ia l s in c e  it  is  p o te n t ia lly  t re a ta b le  w ith  k e to g e n ic  d ie t .

W e  p re s e n t  a  f am ily  w ith  G LU T 1  d e fi c ie n c y  s y n d ro m e , a n d  it s  p h e n o t y p ic a l p a r t ic u la r it ie s . 

A n  9 -y e a r-o ld  g ir l, w ith  n o rm a l m o to r  a n d  c o g n it iv e  d e v e lo p m e n t , d e v e lo p e d  e p is o d e s  o f  s u d d e n  in v o lu n ta r y  c h o re o -
d y s to n ic  m o v em e n t s  a t  t h e  a g e  o f  2 . T h e s e  o c c u r re d  d a ily , la s t in g  3 0 , a n d  t r ig g e r s  w e re  n o t  id e n t ifi e d . B ra in  M R I w a s  
n o rm a l. C S F -to -b lo o d  g lu c o s e  ra t io  w a s  re d u c e d  (0 .4 5 ). S C L 2 A 1  g e n e  s e q u e n c in g  d is c lo s e d  a  m is s e n s e  m u ta t io n  (c .9 7 1 C >T ). 
K e to g e n ic  d ie t  w a s  t r ie d  in  m u lt ip le  o c c a s io n s , b u t  h e r  m o th e r  re fu s e d  th is  t re a tm e n t .

H e r  tw in  s is te r  (d iz y g o t ic , b ic o r io n ic ), w ith  n o rm a l m o to r  a n d  c o g n it iv e  d e v e lo p m e n t , d e v e lo p e d  a b s e n c e  s e iz u re s  a t  
t h e  a g e  o f  7 . C S F -to -b lo o d  g lu c o s e  ra t io  w a s  re d u c e d  (0 .4 6 ), a n d  S C L 2 A 1  g e n e  s e q u e n c in g  d is c lo s e d  th e  s am e  m u ta t io n . 
E p ile p s y  is  c u r re n t ly  c o n t ro lle d  w ith  a n t ie p ile p t ic  d ru g s  a n d  m ild  le a rn in g  d is a b ilit y  is  e v id e n t .

T h e ir  m o th e r  h a d  h a d  le a rn in g  d iffi c u lt ie s , a n d  a t  t h e  a g e  o f  1 8 , d e v e lo p e d  p a ro x y sm a l e p is o d e s  o f  s e g m e n ta l d y s to n ia , 
t r ig g e re d  b y  c o n t in u o u s  e x e rc is e . E x te n s iv e  d ia g n o s t ic  w o rk u p  w a s  n e g a t iv e , a n d  th e ra p e u t ic  d ru g  t r ia ls  w ith  a n t ie p ile p t ic  
d ru g s  a n d  le v o d o p a  w e re  u n su c c e s s fu l. A t  4 8  y e a r s  o f  a g e , t h e  S C L 2 A 1  g e n e  s e q u e n c in g  c o n fi rm e d  th e  s am e  m u ta t io n .

T h is  f am ily  h ig h lig h t s  th e  v a r ia b ilit y  o f  c lin ic a l p h e n o t y p e s  a s s o c ia te d  to  G LU T 1  d e fi c ie n c y  s y n d ro m e , e v e n  w ith in  th e  s am e  
fam ily . I t  s h o u ld  b e  c o n s id e re d  in  th e  p re s e n c e  o f  p a ro x y sm a l m o v em e n t  s ym p to m s  a n d /o r  e p ile p t ic  s e iz u re s , e v e n  in  th e  
a b s e n c e  o f  t h e  t y p ic a l t r ig g e r s . A ls o , it  r a is e s  th e  q u e s t io n  w e th e r  a s ym p to m a t ic  s ib lin g s  s h o u ld  b e  te s te d .
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C H O R E A  A S  A  N E U R O L O G I C A L  M A N I F E S T A T I O N  O F  M I T O C H O N D R I A L  
C Y T O P A T H Y  C A U S E D  B Y  T S F M  G E N E  M U T A T I O  

 
P O C -0 2  

J .  L o u r e n ç o  R o s a 1 ;   T .  M o r e n o 2 ;   J .  C o e l h o
2 ;   T .  P r o e n ç a  d o s  S a n t o s

2 ;   P .  J a n e i r o
3 ;  O .  M o l d o v a n 4  

1  N e u ro lo g y  D e p a r tm e n t , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  C e n t ra l, L is b o n , P o r tu g a l;  
2  P e d r ia t r ic  N e u ro lo g y  U n it , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  N o r te , L is b o n , P o r tu g a l;  
3  M e ta b o lic  D is e a s e s  U n it , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  N o r te , L is b o n , P o r tu g a l;  
4  G e n e t ic s  D e p a r tm e n t , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  N o r te , L is b o n , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - j l o u r e n c o r o s a @ g m a i l . c o m  

I N T R O D U C T I O N :  T S FM  g e n e  re la te d  e n c e p h a lo p a th y  is  p a r t  o f  L e ig h  s y n d ro m e  a n d  is  c h a ra c te r iz e d  b y  m ito c h o n d r ia l 
e n e rg y  d e fi c ie n c y . C lin ic a l p h e n o t y p e  is  v a r ia b le  a n d  w ith  m u lt is y s te m  in v o lv em e n t . M a in  c lin ic a l fe a tu re s  c o m p r is e  e a r ly  
e n c e p h a lo p a th y  a n d  c a rd io m yo p a th y . N e u ro lo g ic a l m a n ife s t a t io n s  a re  v a r ia b le  a n d  u su a lly  in c lu d e  h y p o to n ia , a t a x ia , 
d y s to n ia , m yo p a th y , p e r ip h e ra l n e u ro p a th y , o p t ic  n e r v e  a t ro p h y  a n d  n e u ro s e n so r y  h e a r in g  lo s s .

 
C L I N I C A L  C A S E :  W e  p re s e n t  tw o  s ib lin g s  o f  n o n -c o n s a n g u in e o u s  h e a lth y  p a re n t s , a  g ir l a n d  a  b o y  o f  8  a n d  4  
y e a r s  o ld , re s p e c t iv e ly . B o th  g e s t a t io n s  h a d  n o  c o m p lic a t io n s  a n d  th e y  h a d  a  c a e s a re a n  (d u e  to  p la c e n ta  p ra e v ia ) 
a n d  a n  e u to c ic  d e liv e r y , re s p e c t iv e ly . P s y c h o m o to r  d e v e lo p m e n t  w a s  u n e v e n t fu l d u r in g  th e  fi r s t  y e a r, a f te r  w h ic h  
im p a irm e n t  in  s p e e c h  a n d  w a lk  s lo w ly  s t a r te d  to  b e  n o t ic e a b le  in  b o th  c h ild re n . A d d it io n a lly , b o th  d e v e lo p e d  th e  
s am e  n e u ro lo g ic a l fe a tu re s : d y s a r th r ia , g a it  im b a la n c e  w ith  b ro a d  b a s e , a p p e n d ic u la r  h y p o to n ia , b r is k  te n d o n  
re fl e x e s  a n d  c h o re a t ic  m o v em e n t s  o f  a ll l im b s . B ra in  M R I s h o w e d  s ym m e t r ic  T 2  h y p e r in te n s it ie s  in  g lo b u s  p a llid u s , 
m id b ra in  a n d  s u b s ta n t ia  n ig ra  in  th e  g ir l, w h e re a s  n o  a b n o rm a lit y  w a s  o b s e r v e d  in  th e  b o y . F u r th e r  d ia g n o s t ic  w o rk -
u p  re v e a le d  h y p e r t ro p h ic  c a rd io m yo p a th y  a n d  re d o x  p o te n t ia l a b n o rm a lit ie s  in  b o th  c h ild re n . A f te r  m ito c h o n d r ia l 
a n d  n u c le a r  d is e a s e  p a n e l a n a ly s is  w ith  n e x t -g e n e ra t io n  s e q u e n c in g  te c h n o lo g y , t h e  s am e  tw o  v a r ia n t s  o f  T S FM  g e n e  
in  c o m p o u n d  h e te ro z y g o s it y  w e re  id e n t ifi e d  in  b o th  p a t ie n t s  – p .C y s6 4 Ty r  (c .1 9 1 G >A ) a n d  p .C y s2 6 1 S e r  (c .7 8 2 G >C ). 

C O N C L U S I O N S :  Tw e lv e  c a s e s  o f  T S FM  m u ta t io n s  h a v e  b e e n  d e s c r ib e d  in  th e  lit e ra tu re , w ith  c h ild -o n s e t  c h o re a  b e in g  
fo u n d  o n ly  in  o n e  o f  t h em . N e x t  g e n e ra t in g  s e q u e n c in g  h a s  re v o lu t io n iz e d  th e  d ia g n o s is  o f  m ito c h o n d r ia l d is e a s e s  in  
re c e n t  y e a r s , e n a b lin g  a  d e fi n it iv e  d ia g n o s is  in  a  m u c h  fa s te r  a n d  le s s  in v a s iv e  w a y .
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T W O  S I B L I N G S  W I T H  N E M M L A S ,  A  N E U R O D E V E L O P M E N T A L  D I S O R D E R ,  
M I T O C H O N D R I A L ,  W I T H  A B N O R M A L  M O V E M E N T S  A N D  L A C T I C  

A C I D O S I S ,  W I T H  O R  W I T H O U T  S E I Z U R E S   
 

P O C -0 3  

A L  R o d r i g u e s 1 ,2 ;   J  C o e l h o
1 ;  J  A l v e s 3 ;   P  J a n e i r o

2 ;  A  G a s p a r 2 ;   T  M o r e n o 1  

1  N e u ro p e d ia t r ic  U n it , C e n t ro  H o sp it a la r  U n iv e r s it á r io  L is b o a  N o r te , H o sp it a l S a n ta  M a r ia , L is b o n , P o r tu g a l;  
2  R e fe re n c e  C e n te r  o f  M e ta b o lic  D is e a s e s , C e n t ro  H o sp it a la r  U n iv e r s it á r io  L is b o a  N o r te , H o sp it a l S a n ta  M a r ia , L is b o n , 
P o r tu g a l; 3  G e n e t ic  D e p a r tm e n t , C e n t ro  H o sp it a la r  U n iv e r s it á r io  L is b o a  N o r te , H o sp it a l S a n ta  M a r ia , L is b o n , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - l u i s a g r o d r i g u e s @ h o t m a i l . c o m  

B A C K G R O U N D :  WA R S 2  n u c le a r  g e n e  e n c o d e s  a  t r y p to p h a n y l t R N A  s y n th e ta s e , w h ic h  is  in v o lv e d  in  m ito c h o n d r ia l p ro te in  
s y n th e s is . M u ta t io n s  in  WA R S 2 , fi r s t  d e s c r ib e d  in  2 0 1 7 , a re  ra re  a n d  h a v e  b e e n  a s so c ia te d  w ith  a  s p e c t ru m  o f  c lin ic a l p re s e n ta t io n s , 
in c lu d in g  n e u ro d e v e lo p m e n ta l d is o rd e r  w ith  a b n o rm a l m o v em e n t s , la c t ic  a c id o s is  w ith  o r  w ith o u t  s e iz u re s  - N EM M LA S  (O M IM  
# 6 1 7 7 1 0 ). H e re  w e  re p o r t  tw o  s ib lin g s  w ith  m ito c h o n d r ia l d is e a s e  d u e  to  c o m p o u n d  h e te ro z y g o u s  m u ta t io n s  in  WA R S 2  g e n e . 
 
C A S E  R E P O R T :  A  te n -m o n th  o ld  b o y  w a s  a d m it te d  a t  P e d ia t r ic s  D e p a r tm e n t  d u e  to  fe b r i le  s e iz u re s  d u r in g  a  v ira l in fe c t io n . 
S in c e  9  m o n th s  o ld  w a s  n o te d  a  g lo b a l n e u ro d e v e lo p m e n t  d e la y , h y p o to n ia  a n d  a c t io n  a n d  re s t in g  t re m o r. C u re n t ly , a t  1 3  
m o n th s , h e  is  n o t  a b le  to  t ra n s fe r  o b je c t s  f ro m  o n e  h a n d  to  a n o th e r, ro ll o r  s it , a n d  h a s  p o o r  v o c a liz a t io n s . E E G  s h o w e d  th e ta -
d e lt a  rh y th m s  in d ic a t in g  d iff u s e  b ra in  d y s fu n c t io n  w ith  n o  p a ro x is t ic  a c t iv it y . C e re b ra l M R I w a s  n o rm a l. L a c t a te  w a s  in c re a s e d . 
 
A  p a t ie n t s  b ro th e r  d ie d  a t  1 0  y e a r s  o ld  d u e  to  re sp ira to r y  fa i lu re  a f te r  a  re s p ira to r y  in fe c t io n . H e  h a d  g lo b a l d e v e lo p m e n t  
d e la y , m ic ro c e p h a ly , h y p o to n ia  a n d  m yo c lo n ic  e p ile p s y . C lin ic a l m a n ife s t a t io n s  p ro g re s s e d  th ro u g h o u t  c h ild h o o d  to  
c o m p le te  a p h a s ia , v is u a l im p a irm e n t , a n d  s p a s t ic  t e t ra p a re s is . L a c t a te  w a s  in c re a s e d . C e re b ra l M R I s h o w e d  v e n t r ic u la r  
e n la rg em e n t  p re su m a b ly  d u e  to  w h ite  m a t te r  lo s s , c e re b ra l a n d  c e re b e lla r  a t ro p h y . E E G  re v e a le d  d iff u s e  c h a n g e s  in  
e le c t ro g e n e s is  a n d  m u lt ifo c a l p a ro x y sm a l e le m e n t s . M u s c le  b io p s y  a n d  re sp ira to r y  c h a in  e n z ym e  a c t iv it ie s  in  m u s c le  w e re  
n o rm a l. F re q u e n t  m u ta t io n s  re sp o n s ib le  fo r  M E LA S , M E R F F  a n d  N A R S 2  w e re  n o t  fo u n d .

W h o le  e x o m e  s e q u e n c in g  (W E S ) o n  g e n o m ic  D N A  s am p le s  o f  b o th  s u b je c t s  a n d  th e ir  p a re n t s  w a s  p e r fo rm e d  id e n t if y in g  
tw o  c o m p o u n d  h e te ro z y g o u s  v a r ia n t s  c .3 7 T>C  p .(Trp 1 3A rg ) e  c .5 6 8 C >T  p .(G ln 1 9 0 *) in  th e  WA R S 2  g e n e  a s  p o te n t ia l d is e a s e  
c a u s in g  v a r ia n t s  in  b o th  s ib lin g s .

C O N C L U S I O N :  W e  em p h a s iz e  th e  im p o r t a n c e  o f  W E S  to  e n su re  e a r ly  d ia g n o s is  fo r  ra re  p e d ia t r ic  d is o rd e r s . A n  e x te n s iv e  
in v e s t ig a t io n , m o re  in v a s iv e  a n d  s lo w  w a s  n e c e s s a r y  fo r  t h e  o ld e r  b ro th e r  th a t  in c lu d e d  m u s c le  b io p s y  a n d  m ito c h o n d r ia l 
e n z ym e  a s s a y , t h a t  w e re  u s e le s s  fo r  t h e  d e fi n it iv e  d ia g n o s is . T h e  W E S  a llo w e d  a n  e a r ly  d ia g n o s is  in  th e  c a s e  in d e x , 
h o w e v e r  n o  s p e c ifi c  t re a tm e n t  is  c u r re n t ly  a v a ila b le . T h e  y o u n g e r  p a t ie n t  is  b e in g  t r ia le d  o n  id e b e n o n a  e  u b id e c a re n o n a . 
L o n g itu d in a l m o n ito r in g  w ill h e lp  e s t a b lis h  th e  n a tu ra l h is to r y  o f  t h is  c o n d it io n . 
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L O N G  T E R M  F O L L O W  U P  I N  P A T I E N T S  W I T H   
H Y P E R P H E N Y L A L A N I N E M I A  A N D  M I L D  P H E N Y L K E T O N U R I A  – 

N U T R I T I O N A L  S T A T U S  A N D  C O G N I T I V E  O U T C O M E S  
 

P O C -0 4
A n a  S o fi a  F r e i t a s 1 ;  M a n u e l a  F e r r e i r a  d e  A lm e i d a 2 ,3 ,4 ;   C a r l a  C a r m o n a 2 ,3 ,4 ;  J o a n a  C o r r e i a 3 ;  

A n a b e l a  B a n d e i r a 3 ;  E s m e r a l d a  M a r t i n s 3 ,4 ;   S a r a  R o c h a
3 ;  A r l i n d o  G u im a s 3 ;   R o s a  R i b e i r o

3 ;  N u n o  B o r g e s 1 ,5 ;   
A n i t a  M a c D o n a l d 6 ;  J ú l i o  C é s a r  R o c h a 2 ,3 ,6 , 7  

1  Fa c u ld a d e  d e  C iê n c ia s  d a  N u t r iç ã o  e  A lim e n ta ç ã o , U n iv e r s id a d e  d o  P o r to , P o r to , P o r tu g a l;  
2  C e n t ro  d e  G e n é t ic a  M é d ic a , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to  (C H U P ), P o r to , P o r tu g a l;  

3  C e n t ro  d e  R e fe rê n c ia  n a  á re a  d e  D o e n ç a s  H e re d it á r ia s  d o  M e ta b o lism o , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to  (C H U P ), 
P o r to , P o r tu g a l; 4  U n it  fo r  M u lt id is c ip lin a r y  R e s e a rc h  in  B io m e d ic in e , A b e l S a la z a r  In s t it u te  o f  B io m e d ic a l S c ie n c e s , 

U n iv e r s it y  o f  P o r to -U M IB /IC B A S /U P, P o r to , P o r tu g a l; 5  C e n t re  fo r  H e a lth  Te c h n o lo g y  a n d  S e r v ic e s  R e s e a rc h  (C IN T E S IS ), 
P o r to , P o r tu g a l; 6  B irm in g h am  C h ild re n ’s  H o sp it a l, B irm in g h am , U n ite d  K in g d o m ; 7  N u t r it io n  &  M e ta b o lism , N o v a  M e d ic a l 

S c h o o l, Fa c u ld a d e  d e  C iê n c ia s  M é d ic a s , U n iv e r s id a d e  N o v a  d e  L is b o a , L is b o a , P o r tu g a l;

 
P r e s e n t i n g  A u t h o r  - a s m f r e i t a s @ g m a i l . c o m

 
B A C K G R O U N D :   T h e  p r im a r y  g o a ls  o f  P h e n y lk e to n u r ia  (P K U ) t re a tm e n t  a re  to  a llo w  n o rm a l n e u ro c o g n it iv e  d e v e lo p m e n t  
a n d  g ro w th  b y  d e c re a s in g  b lo o d  [P h e ]. P a t ie n t s  w ith  h y p e rp h e n y la la n in em ia  a n d  m ild  P K U  m a y  n o t  a c h ie v e  o p t im a l 
n u t r it io n a l s t a tu s  a n d  c o g n it iv e  o u tc o m e s . O u r  a im  w a s  to  e v a lu a te  n u t r it io n a l s t a tu s , c o g n it iv e  o u tc o m e s  a n d  m e ta b o lic  
c o n t ro l in  e a r ly  t re a te d  p a t ie n t s  w ith  h y p e rp h e n y la la n in em ia  o r  m ild  p h e n y lk e to n u r ia  a n d  to  c o m p a re  th e s e  o u tc o m e s  
w ith  c la s s ic a l P K U  p a t ie n t s .

M E T H O D S :  A  re t ro sp e c t iv e  s tu d y  w a s  d e v e lo p e d  in  6 3  e a r ly  t re a te d  p a t ie n t s  d iv id e d  in to  tw o  g ro u p s : 2 9  p a t ie n t s  w ith  
h y p e rp h e n y la la n in em ia  a n d  m ild  P K U  (M ild  G ro u p ) a n d  3 4  c la s s ic a l P K U  p a t ie n t s  (C la s s ic a l G ro u p ) u n d e r  fo llo w -u p . A g e , 
g e n d e r, b lo o d  [P h e ] a t  n e w b o rn  s c re e n in g , m e ta b o lic  c o n t ro l, g e n o t y p e , t re a tm e n t  s t ra te g y , n u t r it io n a l s t a tu s  d a ta , 
c o g n it iv e  o u tc o m e s , s o c io d em o g ra p h ic  a n d  p s y c h o so c ia l c h a ra c te r iz a t io n  w e re  c o lle c te d . 

R E S U LT S :  M e ta b o lic  c o n t ro l w a s  s ig n ifi c a n t ly  b e t te r  in  M ild  G ro u p , w ith  lo w e r  m e d ia n  b lo o d  [P h e ] in  M ild  G ro u p  v s . 
C la s s ic a l G ro u p  (3 ,7 5  [3 ,0 2 -4 ,7 5 ] v s . 8 ,0 0  [6 ,2 0 -1 0 ,8 0 ] m g /d L ; p <0 ,0 0 1 ). A  h ig h e r  P h e  in t a k e  w a s  a ls o  d e te c te d  in  M ild  G ro u p  
(4 5 8 6  [3 6 5 4 -5 3 7 5 ] v s . 1 1 5 3  [7 7 7 -1 5 2 8 ] m g /d a y ; p <0 ,0 0 1 ) a n d  lo w e r  p ro te in  e q u iv a le n t  f ro m  p ro te in  s u b s t it u te s  in t a k e  (0 ,0 0  
[0 ,0 0 -0 ,0 0 ] v s . 0 ,8 5  [0 ,7 3 -0 ,9 8 ] g /k g /d a y ; p <0 ,0 0 1 ). A d u lt  h e ig h t  (m ) w a s  s ig n ifi c a n t ly  h ig h e r  in  M ild  G ro u p  (1 ,6 9  ± 0 ,0 9  v s . 
1 ,6 2  ± 0 ,0 9 ; p =0 ,0 3 2 ) b u t  th is  d iff e re n c e  d id  n o t  re m a in  w h e n  a n a ly s e d  b y  g e n d e r. In  M ild  G ro u p  s ig n ifi c a n t ly  lo w e r  le v e ls  
o f  u r ic  a c id  (4 ,6 8  ± 0 ,1 8  v s . 4 ,9 2  ± 0 ,1 3  m g /d L ; p <0 ,0 0 1 ), p re a lb u m in  (2 5 0 ,0 0  [2 4 2 ,3 0 -2 7 4 ,0 0 ] v s . 2 9 1 ,0 0  [2 7 8 ,0 0 -3 2 0 ,0 0 ] 
m g /d L ; p <0 ,0 0 1 ) a n d  fo lic  a c id  (7 ,9 7  ± 0 ,7 5  v s . 1 3 ,5 0  ± 0 ,9 5 n g /m L ; p <0 ,0 0 1 ), a n d  s ig n ifi c a n t ly  h ig h e r  le v e ls  o f  u re a  (2 5 ,9 4  
± 0 ,9 1  v s . 2 1 ,6 9  ± 0 ,8 1  m g /d L ; p =0 ,0 0 1 ), c a lc iu m  (2 ,4 2  ± 0 ,0 8  v s . 2 ,3 8  ± 0 ,0 6  m m o l/L ; p =0 ,0 4 2 ) a n d  p h o sp h o ru s  (1 ,2 1  [1 ,0 5 -
1 ,3 7 ] v s . 1 ,1 2  [0 ,9 4 -1 ,1 5 ] m m o l/L ; p =0 ,0 1 0 ) w e re  fo u n d . N o  s ig n ifi c a n t  d iff e re n c e s  re la te d  to  th e  m e a n  IQ , d ro p o u t  f ro m  
s c h o o l/c o lle g e  o r  n e e d  fo r  a d d it io n a l p s y c h o lo g ic a l m o n ito r in g  fo r  a n  a n x ie t y /d is o rd e r  o r  d e p re s s io n  w e re  fo u n d .
 
D I S C U S S I O N :  A n th ro p o m e t r y , b o d y  c o m p o s it io n , b io c h em ic a l m a rk e r s  a n d  IQ  d a ta  s h o w e d  th a t  s o m e  p a t ie n t s  f ro m  
M ild  G ro u p  w e re  o u t s id e  th e  t a rg e t  ra n g e  fo r  t h e  a n a ly s e d  v a r ia b le s . L o n g  te rm  fo llo w -u p  is  n e e d e d  ir re s p e c t iv e  o f  d is e a s e  
s e v e r it y .
 
K E Y W O R D S :  P h e n y lk e to n u r ia ; N u t r it io n a l s t a tu s ; C o g n it iv e  o u tc o m e s .  
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I M M U N O C D G Q :  I M M U N O L O G Y  A N D  C D G  Q U E S T I O N N A I R E  
F O R  P A T I E N T S  A N D  C A R E G I V E R S  

 
P O C -0 5  

R  F r a n c i s c o 1  

1  D e p a r tm e n t  o f  li fe  s c ie n c e s , Fa c u lt y  o f  S c ie n c e s  a n d  Te c h n o lo g y  (F C T ),  
N O VA  L is b o n  U n iv e r s it y , L is b o a , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - r a b . f r a n c i s c o @ c a m p u s . f c t . u n l . p t  

I N T R O D U C T I O N :  C o n g e n it a l D is o rd e r s  o f  G ly c o s y la t io n  (C D G ) a re  a  h e te ro g e n o u s  fam ily  o f  ra re , m e ta b o lic  d is e a s e s  
w ith  o v e r  1 3 0  t y p e s .2 3  C D G  t y p e s  w ith  im m u n o lo g ic a l in v o lv em e n t  h a v e  b e e n  d e s c r ib e d .A lth o u g h  g ly c a n s  p la y  d iv e r s e  
im m u n o lo g ic a l ro le s , t h e  n a tu re  a n d  p re v a le n c e  o f  im m u n e -re la te d  s ig n s  a n d  s ym p to m s  re m a in  la rg e ly  u n d e te rm in e d  
[1 ,2 ,3 ,4 ].

O B J E C T I V E S :  To  a d d re s s  a n d  fi ll t h is  k n o w le d g e  g a p , a  m u lt i-d is c ip lin a r y  te am  d e v e lo p e d  a n  o n lin e  q u e s t io n n a ire  
d ire c te d  a t  C D G  p a t ie n t s  a n d  c a re g iv e r s : t h e  Im m u n o lo g y  a n d  C D G  Q u e s t io n n a ire  (Im m u n o C D G Q ).

M E T H O D S :  T h e  m e d ic a l a n d  s c ie n t ifi c  c o n te n t  w a s  b a s e d  o n  a  lit e ra tu re  re v is io n  [3 ] c o n ju g a te d  w ith  th e  a d v ic e  f ro m  
C D G  c lin ic a l e x p e r t s .5  C D G  fam ilie s  re v ie w e d  la n g u a g e  a n d  a d e q u a c y .A  p ilo t  s tu d y  w ith  9  p a r t ic ip a n t s  w a s  c a r r ie d  o u t  to  
fi n e -tu n e  th e  to o l.F in a lly , Im m u n o C D G Q  w a s  t ra n s la te d  in  6  la n g u a g e s .R e c ru itm e n t  c am p a ig n s  b a s e d  o n  e m a il a n d  s o c ia l 
m e d ia  w e re  d e v e lo p e d .

R E S U LT S :  2 1 0  p a r t ic ip a n t s  c o m p le te d  th e  Im m u n o C D G Q . R e p o r te d  C D G  p a t ie n t s  w e re  f ro m  3 1  c o u n t r ie s  a n d  c o v e re d  
3 6  C D G  t y p e s .PM M 2 -C D G  w a s  th e  m o s t  re p re s e n te d  C D G  t y p e  (1 2 2 /2 1 0 ).1 6 2  re p o r te d  a t  le a s t  o n e  im m u n e -re la te d  
m a n ife s t a t io n .1 2 2  p a r t ic ip a n t s  d e s c r ib e d  re le v a n t  is s u e s  a s s o c ia te d  w ith  in fe c t io n s , w h ile  7 9  id e n t ifi e d  a lle rg ie s . 
C o n t ra s t in g ly ,o n ly  a  m in o r it y  o f  re s p o n d e n t s  re p o r te d  c o n fi rm e d  a u to im m u n e  d is e a s e s (9 /2 1 0 ).R e g a rd in g  v a c c in a t io n ,th e  
g re a t  m a jo r it y  o f  p a t ie n t s  w e re  v a c c in a te d (1 7 2 /2 1 0 ),h o w e v e r  a  s u b s e t  o f  C D G  p a t ie n t s (1 9 /2 1 0 ) e x h ib ite d  a n  a lte re d  
re sp o n s e  to  v a c c in a t io n .

C O N C L U S I O N :  T h is  in n o v a t iv e ,m u lt id is c ip lin a r y  a n d  p a t ie n t-c e n t re d  a p p ro a c h  a llo w e d  th e  s y s te m a t ic  c o lle c t io n  o f  
c lin ic a l d a ta  o n  a  p o o r ly  s tu d ie d  to p ic  in  a  ra re  p o p u la t io n .O p e n in g  a v e n u e s  fo r  n e w  re s e a rc h  p ro je c t s  a n d  im p ro v e d  c lin ic a l 
m a n a g em e n t  o f  im m u n o lo g ic a l p ro b le m s  in  C D G .

  
1 .R . F ra n c is c o  e t  a l., M o l G e n e t  M e ta b , 2 0 1 9 , 1 2 6 (1 ),1 -5 .

2 .C . F e r re ira  e t  a l., J IM D , 2 0 1 8 , 4 1 (3 ), 5 4 1 -5 5 3

3 .M . M o n t ic e lli  e t  a l., J IM D , 2 0 1 6 , 3 9 (6 ):7 6 5 -7 8 0 .

4 .C . P a s c o a l e t . a l., J IM D , d o i: 1 0 .1 0 0 2 /j im d .1 2 1 2 6 .
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G LY C O M A C R O P E P T I D E  I N  P A T I E N T S  W I T H  P H E N Y L K E T O N U R I A :   
A  L O N G -T E R M  N U T R I T I O N A L  L A N D S C A P E   

 
P O C -0 6  

M J  P e n a 1 ;  A  P i n t o 2 ,3 ;  M  F e r r e i r a  d e  A lm e i d a 4 ,5 ,6 ;  C  d e  S o u s a  B a r b o s a 4 ,5 ;  P C  R a m o s 4 ,5 ;  S  R o c h a 5 ;  A  G u im a s 5 ;   
R  R i b e i r o 5 ,6 ;  E  M a r t i n s 5 ,6 ;  A  B a n d e i r a 5 ;  C C  D i a s 7 ,8 ;  A  M a c D o n a l d 2 ;  N  B o r g e s 7 ,9 ;  J C  R o c h a 4 ,5 ,7 , 1 0  

1  B io m e d ic in e , U n it  o f  B io c h em is t r y , Fa c u lt y  o f  M e d ic in e , U n iv e r s it y  o f  P o r to , P o r to , P o r tu g a l; 2  D ie te t ic s , B irm in g h am  
C h ild re n ’s  H o sp it a l, B irm in g h am , U K ; 3  Fa c u lt y  o f  H e a lth  &  H u m a n  S c ie n c e s , U n iv e r s it y  o f  P lym o u th , Fa c u lt y  o f  H e a lth  &  
H u m a n  S c ie n c e s , U n iv e r s it y  o f  P lym o u th , P lym o u th , U K ; 4  C e n t ro  d e  G e n é t ic a  M é d ic a , C e n t ro  H o sp it a la r  U n iv e r s it á r io  
d o  P o r to  (C H U P ), C e n t ro  d e  G e n é t ic a  M é d ic a , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to  (C H U P ), P o r to , P o r tu g a l; 5  C e n t ro  
d e  R e fe rê n c ia  n a  á re a  d a s  D o e n ç a s  H e re d it á r ia s  d o  M e ta b o lism o , C H U P, C e n t ro  d e  R e fe rê n c ia  n a  á re a  d a s  D o e n ç a s  
H e re d it á r ia s  d o  M e ta b o lism o , C H U P, P o r to , P o r tu g a l; 6  U n it  fo r  M u lt id is p lin a r y  R e s e a rc h  in  B io m e d ic in e  (U M IB ), A b e l 

S a la z a r  In s t it u te  o f  B io m e d ic a l S c ie n c e s , U n iv e r s it y  o f  P o r to  , P o r to , P o r tu g a l; 7  C e n te r  fo r  H e a lth  Te c h n o lo g y  a n d  S e r v ic e s  
R e s e a rc h  (C IN T E S IS ), C e n te r  fo r  H e a lth  Te c h n o lo g y  a n d  S e r v ic e s  R e s e a rc h  (C IN T E S IS ), P o r to , P o r tu g a l; 8  D e p a r tm e n t  
o f  C o m m u n it y  M e d ic in e , In fo rm a t io n  a n d  H e a lth  S c ie n c e s  (M E D C ID S ), Fa c u lt y  o f  M e d ic in e , U n iv e r s it y  o f  P o r to , P o r to , 
P o r tu g a l; 9  Fa c u ld a d e  d e  C iê n c ia s  d a  N u t r iç ã o  e  A lim e n ta ç ã o , U n iv e r s id a d e  d o  P o r to , Fa c u ld a d e  d e  C iê n c ia s  d a  N u t r iç ã o  
e  A lim e n ta ç ã o , U n iv e r s id a d e  d o  P o r to , P o r to , P o r tu g a l; 1 0  N u t r it io n  &  M e ta b o lism , N o v a  M e d ic a l S c h o o l, Fa c u ld a d e  d e  

C iê n c ia s  M é d ic a s , U n iv e r s id a d e  N o v a  d e  L is b o a , L is b o a , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - m m o m 1 2 0 0 6 @ m e d .u p .p t  

B A C K G R O U N D :  In  p h e n y lk e to n u r ia  (P K U ), c a s e in  g ly c o m a c ro p e p t id e  (C G M P ) is  u s e d  a s  a n  a lte rn a t iv e  to  th e  t ra d it io n a l 
p h e n y la la n in e  (P h e )-f re e  L-am in o  a c id  m ix tu re s  (L-A A ). To  e n su re  s u it a b ilit y  fo r  P K U , C G M P  is  m o d ifi e d  a n d  s u p p le m e n te d  
w ith  ra te -lim it in g  am in o  a c id s  (C G M P -A A ) b u t  s tu d ie s  fo c u s in g  o n  th e  lo n g -te rm  n u t r it io n a l s t a tu s  o f  C G M P -A A  a re  la c k in g .  
 
M E T H O D S :  T h is  re t ro sp e c t iv e  s tu d y  e v a lu a te d  th e  lo n g -te rm  im p a c t  o f  C G M P -A A  in  1 8  p a t ie n t s  a g e d  1 0 -4 2  y e a r s  [1 1  
fe m a le s ; h y p e rp h e n y la la n in a em ia  (H PA )=3 , m ild =4  a n d  c la s s ic a l P K U =11 ]; it  e v a lu a te d  m e ta b o lic  c o n t ro l, a n th ro p o m e t r y , 
b o d y  c o m p o s it io n  a n d  b io c h em ic a l p a ram e te r s .

R E S U LT S :  O v e ra ll, b io c h em ic a l b io m a rk e r s  re m a in e d  u n c h a n g e d . W h e n  c o m p a re d  to  b a s e lin e , m e d ia n  b lo o d  P h e  [8 .6  
(5 .1 -1 2 .3 ) m g /d L  v s  8 .7  (5 .0 -1 4 .1 ) m g /d L ; p =0 .0 0 6 ] a n d  Ty r  [4 9 .3  (3 8 .9 -6 1 .3 ) μm o l/L  v s  5 6 .5  (4 2 .3 -7 5 .3 ) μm o l/L ; p =0 .0 0 4 ] 
in c re a s e d . P ro te in  e q u iv a le n t  f ro m  p ro te in  s u b s t it u te  (P S ) w a s  re d u c e d  w ith  C G M P -A A  [0 .8 4  (0 .6 9 -1 .0 9 ) g /k g /d a y  v s  0 .7 4  
(0 .6 4 -0 .9 4 ) g /k g /d a y ; p =0 .0 3 9 ]. Ty ro s in e  (Ty r ) in t a k e  f ro m  P S  w a s  s ig n ifi c a n t ly  d e c re a s e d  [4 .7 6  (3 .7 5 -6 .6 8 ) g /d a y  v s  3 .8 5  
(3 .2 9 -4 .8 9 ) g /d a y ; p =0 .0 1 8 ] w h ils t  le u c in e  in t a k e  in c re a s e d  [5 .7 6  (4 .4 6 -7 .3 9 ) g /d a y  v s  8 .2 6  (6 .8 5 -8 .9 1 ) g /d a y ; p =0 .0 0 4 ] o n  
C G M P -A A .

C O N C L U S I O N S :  T h is  s tu d y  s h o w s  th a t  C G M P -A A  in t ro d u c t io n  in  P K U  p a t ie n t s  d id  n o t  s ig n ifi c a n t ly  a lte r  n u t r it io n a l s t a tu s . 
T h e  s lig h t  b lo o d  P h e  c o n t ro l d e te r io ra t io n , e v e n  in  th e  p re s e n c e  o f  in c re a s e d  b lo o d  Ty r  c o n c e n t ra t io n s , w a r ra n t s  fu r th e r  
s tu d ie s  to  u n d e r s t a n d  th e  m e ta b o lic  im p a c t  o f  u s in g  C G M P -A A  in  p a t ie n t s  w ith  P K U .

K E Y W O R D S :  c a s e in  g ly c o m a c ro p e p t id e ; am in o  a c id s ; n u t r it io n a l s t a tu s ; p h e n y lk e to n u r ia ; p h e n y la la n in e ; t y ro s in e  
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M U LT I P L E  A C Y L -C O A  D E H Y D R O G E N A S E  D E F I C I E N C Y  (M A D D )  
A N D  I T S  M IM I C R I E S  – A  C A S E  S E R I E S .    

 
P O C -0 7

I s a b e l  A y r e s  P e r e i r a 1 ;  E  R o d r i g u e s
1 ;  H  S a n t o s

1 ,2 ;  T  C a m p o s 1 ;  C  V a s c o n c e l o s
3 ;  C  N o g u e i r a 3 ;  

L  V i l a r i n h o 4 ;  E  L e ã o  T e l e s
1  

1  C e n t ro  d e  R e fe rê n c ia  d e  D o e n ç a s  H e re d it á r ia s  d o  M e ta b o lism o , S e r v iç o  P e d ia t r ia , C e n t ro  H o sp it a la r  U n iv e r s it á r io   
d e  S ã o  J o ã o , P o r to , P o r to , P o r tu g a l; 2  U n id a d e  d e  N e u ro c iê n c ia s  d a  C r ia n ç a  e  d o  A d o le s c e n te , D e p a r t am e n to  d e  P e d ia t r ia ,  
C e n t ro  H o sp it a la r  V ila  N o v a  G a ia  e  E s p in h o , V ila  N o v a  d e  G a ia , P o r tu g a l; 3  C e n t ro  d e  R e fe rê n c ia  d e  D o e n ç a s  H e re d it á r ia s   

d o  M e ta b o lism o , S e r v iç o  N u t r iç ã o , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  S ã o  J o ã o , P o r to , P o r to , P o r tu g a l;  
4  U n id a d e  d e  R a s t re io  N e o n a ta l, M e ta b o lism o  e  G e n é t ic a , D e p a r t am e n to  d e  G e n é t ic a  H u m a n a , In s t it u to  N a c io n a l d e  

S a ú d e  D r. R ic a rd o  J o rg e , P o r to , P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - i s a b b a p @ g m a i l . c o m  

M AD D  re su lt s  f ro m  g e n e t ic  d e fe c ts  in  E le c t ro n  t ra n s fe r  fl a v o p ro te in  (E T F ) a n d  E T F -co e n z ym e  u b iq u in o n e -o x ire d u c ta se  
(E F T-Q O ), c o m p rom is in g  e le c t ro n  t ra n s fe r  f ro m  FA D -d e p e n d e n t  d e h yd ro g e n a se s  to  re sp ira to r y  c h a in  d is ru p t in g  fa t t y -a c id , 
am in o a c id  a n d  c h o lin e  m e ta b o lism . T h e  a c y lc a rn it in e  p ro fi le  u su a lly  re v e a ls  v a r ia b le  e le v a t io n  o f  m u lt ip le  C 4 -18  c om p o u n d s.
 
C om p re h e n s iv e  a n a ly se s  o f  th e  s ix  c a se s  re fe r re d  f ro m  n ew b o rn  s c re e n in g  w ith  th e  su sp ic io n  o f  M A D D  b a se d  o n  a c y lc a rn it in e  
e le v a t io n  o f  m u lt ip le  C 4 -18  c om p o u n d s.
 
A t  e v a lu a t io n , p a t ie n ts  1 -3  w e re  a sym p tom a t ic ; p a t ie n t  4  h a d  b e e n  a dm it te d  in  a  n e o n a ta l u n it  s in c e  4 8h  o f  life  w ith  se izu re s  
a n d  h y p o g ly c a em ia  w ith  h y p e r la c ta c id a em ia  a n d  C K  e le v a t io n ; p a t ie n t  5  h a d  p o o r  w e ig h t  g a in ; p a t ie n t  6  h a d  b e e n  d is c h a rg e d  
h om e  a f te r  a dm is s io n  a t  b ir th  w ith  t ra n s ie n t  ta c h y p n e a  o f  th e  n ew b o rn  a s so c ia te d  w ith  a n a em ia , a n d  re v e a le d  h y p o to n ia , p o o r  
w e ig h t  g a in , d y sm o rp h ic  fa c ia l fe a tu re s  a n d  se v e re  iro n  d e fi c ie n c y  a n a em ia  (m in  H b  6 ,8 g /d L ). A ll p a t ie n ts  s ta r te d  r ib o fl a v in . 
 
G e n e t ic  in v e s t ig a t io n  c o n fi rm e d  M A D D  in  c a se s  1 ,2 ,4  a n d  5 , w ith  m u ta t io n s  fo u n d  in  th e  E T F D H  g e n e  (E T F -Q O ); in  tw o  c a se s  a n  
in t ro n ic  v a r ia n t , a n d  in  o n e  c a se  a  n ew  v a r ia n t  (p .V 324M  ;c .9 7 0G >A  - p ro b a b ly  p a th o g e n ic ) w a s  fo u n d  in  h e te ro z yg o s it y  a lo n g  
w ith  a  k n ow n  m u ta t io n . A t  fo llo w -u p  n o n e  h a s  c a rd ia c , re n a l o r  o p h th a lm o lo g ic  in v o lv em e n t, tw o  h a v e  h y p o to n ia  a n d  o n e  h a s  
a u t ism  sp e c t rum  d iso rd e r.
 
Fo r  p a t ie n ts  3  a n d  6  n o  m u ta t io n s  w e re  fo u n d  in  E T FA /B  a n d  E T F D H  g e n e s . B e c a u se  o f  th e  p o ss ib le  b io c h em ic a l o v e r la p  o f  
M A D D  a n d  r ib o fl a v in  t ra n sp o r t  d e fe c ts  a n d  th e  p ro g re s s iv e  n e u ro lo g ic  d y s fu n c t io n  n o te d  in  c a se  6  - h o r izo n ta l n y s ta gm u s, 
n e u ro se n so r ia l d e a fn e s s , p o o r  e ye  c o n ta c t , g e n e ra lize d  h y p o to n ia , a p n e a s  a n d  p ro g re s s iv e  a xo n a l m o to r  n e u ro p a th y  - 
in v e s t ig a t io n  w a s  e x te n d e d  to  r ib o fl a v in  t ra n sp o r te r  (R F V T ) d e fi c ie n c y ; a  m u ta t io n  in  S C L52A 2  g e n e  (R F V T 2 ) w a s  fo u n d  in  
h om o z yg o s it y  a llo w in g  th e  d ia g n o s is  o f  B ro w n -V ia le t to -v a n  L a e r  S y n d rom e . Fo r  p a t ie n t  3 , R F V T  m u ta t io n s  w e re  a lso  n e g a t iv e  
a n d  a t  th is  p o in t  h e  is  2  y e a rs -o ld , h a s  n o rm a l n e u ro d e v e lo pm e n t  w ith  n o  o rg a n  sp e c ifi c  d y s fu n c t io n  a n d  aw a its  e x c lu s io n  o f  
o th e r  r ib o fl a v in  m e ta b o lism  d e fe c ts .
 
B y  im p a ir in g  β-o x id a t io n  o f  fa t t y -a c id s , r ib o fl a v in  t ra n sp o r t/m e ta b o lism  d e fe c t s  m a y  s h a re  a  s im ila r  b lo o d  a c y lc a rn it in e  
p ro fi le  w ith  M A D D , m a k in g  d ia g n o s is  d iffi c u lt . T h e s e  s h o u ld  b e  k e p t  in  m in d  w h e n e v e r  th e  in it ia l s u sp ic io n  o f  M A D D  is  n o t  
c o n fi rm e d , w ith  a n  a c t iv e  s e a rc h  a lw a y s  s o u g h t , w h ile  m a in ta in in g  r ib o fl a v in .
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O L D  A N D  N E W  B I O M A R K E R S  I N  L S D   
 

P O C -0 8  

F  L a r a n j e i r a 1 ,2 ;  C  C a s e i r o 2 ;  I  R i b e i r o
1 ,2 ;  D  Q u e l h a s 1 ,2  

1  U n id a d e  M u lt id is c ip lin a r  d e  In v e s t ig a ç ã o  B io m é d ic a , In s t it u to  C iê n c ia s  B io m é d ic a s  A b e l S a la z a r  d a  U n iv e r s id a d e  
d o  P o r to , P o r to , P o r tu g a l; 2  U n id a d e  d e  B io q u ím ic a  G e n é t ic a , C e n t ro  d e  G e n é t ic a  M é d ic a  J a c in to  M a g a lh ã e s , C e n t ro  

H o sp it a la r  U n iv e r s it á r io  d o  P o r to , P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - f e r l a r a n j e i r a @ g m a i l . c o m  

I N T R O D U C T I O N  Ly so so m a l s to ra g e  d is o rd e r s  (L D S ) is  a  g ro u p  o f  in b o rn  e r ro r s  o f  m e ta b o lism  c h a ra c te r iz e d  b y  ly s o so m a l 
d is fu n c t io n , c a u s e d  e ith e r  b y  e n z ym e  o r  c a r r ie r  p ro te in  d e fe c t s .

M o s t  L S D  a re  c a u s e d  b y  s in g le  e n z ym e  d e fi c ie n c y , lik e  Fa b r y  d is e a s e  (F D ) a n d  G a u c h e r  d is e a s e  (G D ).

R e g a rd in g  c a r r y in g  d e fe c t s , t h e  m o s t  p re v a le n t  is  t y p e  C  N ie m a n n -P ic k  d is e a s e  (N P C ). T h e  d ia g n o s is  o f  t h is  d is o rd e r  a lw a y s  
p la c e d  d iffi c u lt ie s  d u e  to  th e  la c k  o f  s p e c ifi c  te s t in g  a n d  th e  d em a n d  fo r  s p e c ifi c  b io m a rk e r s  h a s  b e e n  p u r s u e d  f ro m  
lo n g t im e  a g o .

W ith  th e  a r is e  o f  t h e ra p ie s  fo r  L D S  th e  q u e s t  fo r  b io m a rk e r s  fo r  t h e  v a r io u s  d is o rd e r s  b e c am e  m o re  re le v a n t  in  o rd e r  to  
e v a lu a te  th e ra p e u t ic  e ffi c a c y .

F o llo w in g  s c ie n t ifi c  a n d  te c h n ic a l e v o lu t io n  o u r  C e n t re  im p lem e n te d  th e  s tu d y  o f  t h e  m o s t  re c e n t ly  d e s c r ib e d  b io m a rk e r s  
fo r  s e v e ra l L S D  - G D , F D  a n d  N P C .

M A T E R I A L S  A N D  M E T H O D S  M e a su rem e n t  o f  p la sm a  c o n c e n t ra t io n s  o f  s e v e ra l m e ta b o lite s  w a s  p e r fo rm e d  b y  liq u id  
c h ro m a to g ra p h y  a n d  t a n d em  m a s s  s p e c t ro m e t r y  (LC -M S /M S ) b o th  in  h e a lth y  c o n t ro ls  a n d  p a t ie n t s  a ff e c te d  b y  s e v e ra l 
L S D , a t  d ia g n o s is  a n d  d u r in g  th e ra p y  fo llo w -u p : g lu c o s y ls p h in g o s in e  (Ly s o -G b 1 ) in  G D  p a t ie n t s ; g lo b o t r ia o s y ls p h in g o s in e  
(Ly s o -G b 3 ) in  F D  p a t ie n t s ; ly s o -sp h in g o m ye lin -5 0 9  (Ly s o -SM -5 0 9 ) a n d  it s  c a rb o x ila te d  a n a lo g u e  ly s o -sp h in g o m ye lin  (Ly s o -
SM ) in  N P C  p a t ie n t s .

C o m p a r is o n  w ith  b io m a rk e r s  p re v io u s ly  u s e d  fo r  t h e s e  d is o rd e r s  w a s  a ls o  p e r fo rm e d  to  e v a lu a te  th e  b e n e fi t s .

R E S U LT S  C le a r  d is t in c t io n  w a s  o b s e r v e d  b e tw e e n  c o n t ro ls  a n d  p a t ie n t s  a t  d ia g n o s is . In  G D  a n d  F D  p a t ie n t s  u n d e r  th e ra p y  
it  w a s  o b s e r v e d  c o n v e rg e n c e  to  th e  n o rm a l v a lu e s  to w a rd s  th e ra p y ’s  fo llo w -u p .

C o m b in e d  u s e  o f  Ly s o -SM  a n d  Ly s o -SM -5 0 9  a ls o  a llo w e d  fo r  t h e  d is t in c t io n  b e tw e e n  N P C  p a t ie n t s  f ro m  th o s e  a ff e c te d  b y  
t y p e s  A  o r  B  N ie m a n n -P ic k  d is e a s e s  (a c id  s p h in g o m ye lin a s e  d e fi c ie n c y ).

C O N C L U S I O N  Ly so -G B 1  a n d  Ly s o -G B 3  b io m a rk e r s  a re  re lia b le  b o th  fo r  d ia g n o s is  a n d  th e ra p y  fo llo w -u p  m o n ito r in g  in  G D  
a n d  F D  p a t ie n t s , re s p e c t iv e ly .

Ly s o -SM  a n d  Ly s o -SM -5 0 9  im p ro v e  th e  d ia g n o s is  o f  N P C  a s  th e y  a re  m o re  s p e c ifi c  th a n  fi lip in  s t a in in g  te s t . R e g a rd in g  
th e ra p y  m o n ito r in g , h o w e v e r, n o  c o n c lu s io n s  c a n  b e  m a d e  e v e n  b e c a u s e  c lin ic a l e ffi c a c y  is  n o t  c le a r  fo r  t h e  o n e  c u r re n t ly  
u s e d  fo r  t h is  d is e a s e .
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C H A I R P E R S O N S

P A U L A  G A R C I A ,  M D  
R e fe re n c e  C e n te r  o f  M e ta b o lic  D is e a s e s , C .H o sp . U n iv . C o im b ra , C o im b ra , P T   

A N A B E L A  B A N D E I R A ,  M D   
R e fe re n c e  C e n te r  o f  M e ta b o lic  D is e a s e s , C .H o sp . U n iv . P o r to , H o sp . S t .A n tó n io , P o r to , P T
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S T A L E D  LY S O S O M E S  P R IM E  C E L L  P R O L I F E R A T I O N   
 

O C -0 7

C G  R a m o s 1 ;  D M  L o u r e n ç o 1 ,2 ;  P  B a r b o s a  1 ;  M  N e v e s 1 ;  T  J o s e p h  3 ;  J  F e r r e i r a  1 ;   
S  X a p e l l i  1 ,2 ;  A H  F u t e r m a n  3 ;  M  C a r m o -F o n s e c a 1  

1  Fa c u ld a d e  d e  M e d ic in a , U n iv e r s id a d e  d e  L is b o a , In s t it u to  d e  M e d ic in a  M o le c u la r  - J o ã o  L o b o  A n tu n e s , L is b o a , P o r tu g a l; 
 2  Fa c u ld a d e  d e  M e d ic in a , U n iv e r s id a d e  d e  L is b o a , In s t it u to  d e  Fa rm a c o lo g ia  e  N e u ro c iê n c ia , L is b o a , P o r tu g a l;  

3  D e p a r tm e n t  o f  B io m o le c u la r  S c ie n c e s , W e izm a n n  In s t it u te  o f  S c ie n c e , R e h o v o t , Is ra e l;  

P r e s e n t i n g  A u t h o r  - c r a m o s @ m e d i c i n a .u l i s b o a .p t  

Ly s o so m e s  p la y  a  c r it ic a l ro le  in  a u to p h a g y, a n d  th e ir  d y s fu n c t io n  is  a s s o c ia te d  w ith  P a rk in s o n ’s  d is e a s e  (P D ). 

H e te ro z y g o u s  m u ta t io n s  in  th e  G B A 1  g e n e , w h ic h  e n c o d e s  fo r  t h e  ly s o so m a l e n z ym e  b -g lu c o c e re b ro s id a s e  (G c a s e ), a re  a  
r is k  f a c to r  fo r  P D .

To  in v e s t ig a te  th e  e ff e c t  o f  G c a s e  lo s s -o f-fu n c t io n  o n  c e llu la r  m e ta b o lism , w e  e x p o s e d  c u ltu re d  c e lls  to  C B E , w h ic h  is  a  
s p e c ifi c  in h ib ito r  o f  G c a s e . T ra n s c r ip to m ic  a n a ly s is  o f  h u m a n  p r im a r y  fi b ro b la s t s  t re a te d  w ith  C B E  re v e a le d  a n  u p -re g u la t io n  
o f  g e n e s  in v o lv e d  in  c e ll d iv is io n . C o n s is te n t  w ith  th is  re s u lt , C B E  in c re a s e d  th e  p ro p o r t io n  o f  c e lls  in  S  p h a s e  a n d  th e  to t a l 
n u m b e r  o f  c e lls  in  th e  c u ltu re s .

W e  fu r th e r  o b s e r v e d  th a t  C B E  s t im u la te d  th e  p ro life ra t io n  o f  n e u ra l s te m  c e lls  is o la te d  f ro m  th e  s u b v e n t r ic u la r  z o n e  o f  
n e w  b o rn  m o u se  b ra in s . N e u ra l s te m  c e lls  w e re  c u ltu re d  a s  n e u ro sp h e re s  fo r  7  d a y s  w ith  o r  w ith o u t  5µM  C B E . C o m p a re d  
to  m o c k -t re a te d  c u ltu re s , t h e  c u ltu re s  t re a te d  w ith  C B E  s h o w e d  a  h ig h e r  p ro p o r t io n  o f  c e lls  in  S -p h a s e , a n d  a n  in c re a s e  in  
th e  to t a l n u m b e r  o f  c e lls . A n  in c re a s e  in  th e  d iam e te r  o f  n e u ro sp h e re s  w a s  a ls o  o b s e r v e d .

Ta k e n  to g e th e r  o u r  re s u lt s  s u g g e s t  t h a t  in h ib it io n  o f  b -g lu c o c e re b ro s id a s e  a c t iv it y  le a d s  to  in c re a s e d  c e ll p ro life ra t io n . 
T h e s e  o b s e r v a t io n s  ra is e  th e  p o s s ib ilit y  t h a t  lo s s -o f-fu n c t io n  m u ta t io n s  in  th e  G B A 1  g e n e  m a y  in te r fe re  w ith  th e  c e ll-c y c le  
c o n t ro l o f  n e u ra l s te m  c e lls  in  th e  h u m a n  b ra in .
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I N H I B I T I O N  O F  T H E  M I T O C H O N D R I A L  C O M P L E X  I   
B Y  A  P A R K I N S O N ’S  D I S E A S E -I N D U C I N G  N E U R O T O X I N  L E A D S   

T O  A  N P C 1  P H E N O T Y P E  I N  N E U R O N A L  C E L L S  
  

O C -0 8  

E l s a  R o d r i g u e s 1 ;  I n ê s  C a r i a 1 ;  M a r i a  J o ã o  N u n e s 1 ;  A n d r e i a  N e v e s  C a r v a l h o 1 ;  M a r g a r i d a  C a s t r o -C a l d a s 1 ,2 ;  
M a r i a  J o ã o  G a m a 1 ;  J o r g e  R u a s 1 ,3  

1  iM e d .U L is b o a  - R e s e a rc h  In s t it u te  fo r  M e d ic in e s , Fa c u lt y  o f  P h a rm a c y , U n iv e r s id a d e  d e  L is b o a , L is b o a , P o r tu g a l;  
2  D e p a r tm e n t  o f  L ife  S c ie n c e s , Fa c u lt y  o f  S c ie n c e  a n d  Te c h n o lo g y , U n iv e r s id a d e  N O VA  d e  L is b o a , F, C a p a r ic a , P o r tu g a l; 
3  M o le c u la r  a n d  C e llu la r  E x e rc is e  P h y s io lo g y  U n it , D e p a r tm e n t  o f  P h y s io lo g y  a n d  P h a rm a c o lo g y  , K a ro lin s k a  In s t it u te t , 

S to c k h o lm , Sw e d e n ;  

P r e s e n t i n g  A u t h o r  - E l s a . R o d r i g u e s @ ff .u l i s b o a .p t  

C h o le s te ro l h a s  a  k e y  ro le  in  n e u ro n a l fu n c t io n  a n d  a lte ra t io n s  in  b ra in  c h o le s te ro l h o m e o s ta s is  c o r re la te  w ith  
n e u ro d e g e n e ra t io n . W h ile  d is ru p t io n s  in  c h o le s te ro l h o m e o s ta s is  h a v e  b e e n  c le a r ly  a s s o c ia te d  w ith  n e u ro d e g e n e ra t iv e  
d is o rd e r s  s u c h  a s  A lz h e im e r ’s  d is e a s e , t h e  ro le  o f  c h o le s te ro l in  P a rk in s o n ’s  d is e a s e  (P D ) re m a in s  c o n t ro v e r s ia l. To  
a d d re s s  th is  q u e s t io n , w e  c h a ra c te r iz e  c h a n g e s  in  c h o le s te ro l in t ra c e llu la r  lo c a liz a t io n  a n d  le v e ls  u s in g  N 2 a  m o u se  
n e u ro b la s to m a  c e lls  t re a te d  w ith  1 -m e th y l-4 -p h e n y l-1 ,2 ,3 ,6 -te t ra h y d ro p y r id in e  (M P T P ) to x ic  m e ta b o lite , 1 -m e th y l-
4 -p h e n y lp y r id in iu m  (M P P+). F i lip in  I I I  s t a in in g  s h o w e d  a  in c re a s e  in  ly s o so m a l a c c u m u la t io n  o f  f re e  c h o le s te ro l 1 6  
h o u r s  a f te r  t re a tm e n t  w ith  1m M  M P P+. M o re o v e r, q u a n t ifi c a t io n  o f  c h o le s te ro l le v e ls  re v e a le d  a  s ig n ifi c a n t  in c re a s e  in  
in t ra c e llu la r  c h o le s te ro l. T h e  in c re a s e  in  to t a l c h o le s te ro l le v e ls , o c c u r re d  c o n c o m ita n t ly  w ith  a  s ig n ifi c a n t  d e c re a s e  
in  th e  m R N A  le v e ls  o f  N P C 1  a n d  lip a s e  A  (L IPA ), a n d  to  a  s ig n ifi c a n t  d e c re a s e d  in  th e  m R N A  le v e ls  a n d  t ra n s c r ip t io n a l 
a c t iv it y  o f  s te ro l re g u la to r y  e le m e n t-b in d in g  p ro te in  (S R E B P ) 1  a n d  2  p ro te in s , w h ic h  a re  th e  m a in  re g u la to r s  o f  f a t t y  
a c id s  a n d  c h o le s te ro l s y n th e s is . In  p a ra lle l, t h e re  is  a  d o w n -re g u la t io n  in  th e  m R N A  le v e ls  o f  S R E B P -ta rg e t  g e n e s , s u c h  
a s  f a t t y  a c id  s y n th a s e  a n d  h y d ro x ym e th y lg lu ta r y l-C o A  re d u c ta s e . To  fu r th e r  in v e s t ig a te  th is  is s u e , w e  p ro c e e d e d  to  
c h a ra c te r iz e d  c h a n g e s  in  c h o le s te ro l h o m e o s ta s is  in  th e  b ra in  o f  M P T P -t re a te d  m ic e  (4 0m g /m L , i .p ). In te re s t in g ly , w e  
o b s e r v e d  a  s ig n ifi c a n t  d e c re a s e  in  N P C 1  a n d  L IPA  m R N A  le v e ls  6  h o u r s  a f te r  M P T P  a d m in is t ra t io n , in  b o th  th e  m id b ra in  
a n d  s t r ia tu m . T h u s , o u r  re s u lt s  s h o w  th a t  th e  in h ib it io n  o f  m ito c h o n d r ia l c o m p le x  I  le a d s  to  ly s o so m a l a c c u m u la t io n  
a n d  re d u c e d  N P C 1  e x p re s s io n , fu r th e r  s u p p o r t in g  p re v io u s  re p o r t s  t h a t  s u g g e s t  P D  a s  ly s o so m a l s to ra g e  d is o rd e r. 
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C L I N I C A L  P R O F I L E  O F  O R G A N I C  A C I D U R I A S  I N  C H I L D R E N  F R O M  A  
S I N G L E  C E N T E R :  A N  1 8 -Y E A R  R E T R O S P E C T I V E  S T U D Y  

 
O C -0 9  

P a t r í c i a  L i p a r i  P i n t o 1 ;  J o a n a  C o e lh o 2 ;  R i t a  J o t t a 3 ;  P a t r i c i a  J a n e i r o 3 ;  S o fi a  Q u i n t a s 2 ;  L a u r a  V i l a r i n h o 4 ;   
I s a b e l  T a v a r e s  d e  A lm e i d a 5 ;  A n a  G a s p a r 3  

1  P e d ia t r ic  D e p a r tm e n t , S a n ta  M a r ia ’s  H o sp ita l - L isb o n  N o r th  U n iv e rs it y  H o sp ita l C e n te r, E P E , P a e d ia t r ic  U n iv e rs it y  C lin ic , 
Fa c u lt y  o f  M e d ic in e , U n iv e rs it y  o f  L isb o n , L isb o n , Po r tu g a l; 2  N e u ro p e d ia t r ic  U n it , P e d ia t r ic  D e p a r tm e n t , S a n ta  M a r ia ’s  H o sp ita l 
- L isb o n  N o r th  U n iv e rs it y  H o sp ita l C e n te r, E P E , Pa e d ia t r ic  U n iv e rs it y  C lin ic , Fa c u lt y  o f  M e d ic in e , U n iv e rs it y  o f  L isb o n , L isb o n , 
Po r tu g a l; 3  H e re d ita r y  M e ta b o lic  D ise a se  R e fe re n c e  C e n te r. M e ta b o lic  U n it , P a e d ia t r ic  D e p a r tm e n t , S a n ta  M a r ia ’s  H o sp ita l - 
L isb o n  N o r th  U n iv e rs it y  H o sp ita l C e n te r, E P E , Pa e d ia t r ic  U n iv e rs it y  C lin ic , Fa c u lt y  o f  M e d ic in e , U n iv e rs it y  o f  L isb o n , L isb o n , 
Po r tu g a l; 4  E x p a n d e d  N ew b o rn  S c re e n in g  M e ta b o lism  a n d  G e n e t ic s  U n it , H um an  G e n e t ic s  D e p a r tm e n t , D r. R ic a rd o  Jo rg e  

N a t io n a l H e a lth  In s t itu te , O p o r to , Po r tu g a l; 5  M e t&G e , iM e d , Fa c u lt y  o f  P h a rm a c y, U L isb o a , L isb o n , Po r tu g a l;  

P r e s e n t i n g  A u t h o r  - p p i n t o 3 @ c a m p u s .u l . p t  

B A C K G R O U N D :  O rg a n ic  a c id u r ia s  (O A s) a re  a n  im p o r ta n t  g ro u p  o f  ra re  in h e r ite d  m e ta b o lic  d iso rd e rs , w ith  a  b ro a d  c lin ic a l 
sp e c t rum , c a u se d  b y  d e fe c ts  in  in te rm e d ia r y  m e ta b o lic  p a thw ay s , n am e ly, th o se  o f  am in o  a c id s .

O B J E C T I V E :  R e p o r t  a n d  in te g ra te  c lin ic a l, ra d io lo g ic a l a n d  g e n e t ic  d a ta  o f  c h ild re n  w ith  O A s.

M E T H O D S :  R e t ro sp e c t iv e  s tu d y  b y  c lin ic a l c h a r t  re v iew  o f  p a t ie n ts  w ith  O A  fo llo w e d  a t  a  re fe re n c e  c e n te r  fo r  m e ta b o lic  
d ise a se s  b e tw e e n  2 002 -2020 .

R E S U LT S :  3 9  p a t ie n ts  w e re  re v iew e d , 1 4  w ith  g lu ta r ic  a c id u r ia  t y p e  1  (G A 1 ), 8  w ith  m e th y lm a lo n ic  a c id u r ia  (M M A ), 5  
w ith  p ro p io n ic  a c id u r ia  (PA ), 4  w ith  3 -m e th y lc ro to n y l c o e n z ym e  A  c a rb o x y la se  d e fi c ie n c y  (3M C C D ), 4  w ith  3 -h yd ro x y -3 -
m e th y lg lu ta r ic  a c id u r ia  (3H M G D ), 3  w ith  iso v a le r ic  a c id u r ia  (IVA ) a n d  1  w ith  m u lt ip le  c a rb o x y la se  d e fi c ie n c y  (M C D ).

T h e  m e an  a g e  a t  c lin ic a l p re se n ta t io n  w a s  5  m o n th s . C o n sa n g u in it y  w a s  p re se n t  in  7 .7%  (3 /39 ) o f  th e  c a se s . D e a th  w a s  re p o r te d  
in  tw o  c a se s  (1 -PA , 1 -M M A ). N e o n a ta l ta ilo re d  c lin ic a l s ig n s  w e re  o b se r v e d  in  1 8%  a n d  re c u r re n t  c r is is  in  2 3 .1%  o f  th e  su r v iv o rs . 
N e u ro d e v e lo pm e n ta l is su e s  (2 5 .6%) a n d  m e ta b o lic  c r is is  (4 3 .6%) w e re  c om m o n  p re se n t in g  fe a tu re s . T h e  m a jo r it y  o f  IVA  (6 6%), 
a ll p a t ie n ts  w ith  3M C C D  a n d  M C D  p re se n te d  a  n o rm a l n e u ro lo g ic a l e x am in a t io n  w h ic h  w a s  o b se r v e d  o n ly  in  1 2 .5%  o f  M M A  c a se s .  
C o n c e rn in g  th e  w h o le  g ro u p  o f  p a t ie n ts , 6 7%  (2 6 /39 ) w e re  d ia g n o se d  b y  n ew b o rn  s c re e n in g  (N B S ). A ll 3H M G D  p a t ie n ts  w e re  
a sym p tom a t ic  e x c e p t  1  (1 /4 ) w h o  w a s  n o t  d ia g n o se d  b y  N B S  a n d  sh ow e d  se v e ra l d e com p e n sa t io n s  a n d  se v e re  in te lle c tu a l 
d isa b ilit y. A ll G A 1  p a t ie n ts , w h o  w e re  n o t  d ia g n o se d  b y  N B S  (5 /1 4 ) p re se n te d  n e u ro lo g ic a l a b n o rm a lit ie s  (N A ), b u t  o n ly  5 5%  
(5 /9 ) o f  th o se  d ia g n o se d  b y  N B S  (9 /1 4 ) p re se n te d  N A . A ll th e  PA  p a t ie n ts  sh ow e d  N A  w h e th e r  th e y  w e re  d ia g n o se d  o r  n o t  b y  
N B S .

Im ag in g  w a s  a v a ila b le  fo r  2 1 /39  p a t ie n ts  in c lu d in g  1 3 /14  G A 1  (1  w ith  n o rm a l e x am ), 1 /4  3M C C D  w ith o u t  a b n o rm a lit ie s , a n d  
1 /3  IVA , 4 /8  M M A  (1  w ith  n o rm a l e x am ) a n d  2 /5  PA  (1  w ith  n o rm a l e x am ). T h e  d ia g n o s is  w a s  c o n fi rm e d  b y  m u ta t io n  a n a ly s is  
in  2 6 /39  p a t ie n ts .

C O N C L U S IO N :  PA  h a d  th e  m o s t  se v e re  n e u ro lo g ic a l p ro g n o s is  a n d  m e d ic a l c a re  a n t ic ip a t io n  th ro u g h  N B S  w a s  n o t  e n o u g h  
to  p re v e n t  n e u ro lo g ic  c o m p r ise , w h ic h  is  in  a g re em e n t  w ith  p re v io u s  d a ta  o f  th e  lite ra tu re . G A 1  w a s  th e  m o s t  f re q u e n t  O A s  
a n d  G A 1  a s  w e ll a s  3H M G D  p a t ie n ts  w ith  e a r lie r  m e d ic a l in te r v e n t io n  d u e  to  N B S  d ia g n o s is  h a d  a  b e t te r  n e u ro lo g ic a l o u tc om e . 
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D O E S  T H E  P R O T E I N  I N T A K E  I N  P K U  P A T I E N T S  A D H E R E  T O  T H E  
E U R O P E A N  P K U  G U I D E L I N E S ?    

 
O C -1 0  

M  G o m e s 1 ,2 ;  M F  A lm e i d a 1 ,3 ,4 ;  C  S o u s a  B a r b o s a 1 ,3 ;  M I  G a m a 1 ,2 ;  M  P e r e s 1 ,2 ;  E  P i n t o 1 ,2 ;   
A  M c D o n a ld 5 ;  J C  R o c h a 1 ,3 ,6 ,7  

1  C e n t ro  d e  G e n é t ic a  M é d ic a , C e n t ro  H o sp ita la r  U n iv e rs itá r io  d o  Po r to  (C H U P ), Po r to , Po r tu g a l; 2  Fa c u ld a d e  d e  C iê n c ia s  d a  
N u t r iç ã o  e  A lim e n ta ç ã o , U n iv e rs id a d e  d o  Po r to  (U P ), Po r to , Po r tu g a l; 3  C e n t ro  d e  R e fe rê n c ia  n a  á re a  d e  D o e n ç a s  H e re d itá r ia s  
d o  M e ta b o lism o , C e n t ro  H o sp ita la r  U n iv e rs itá r io  d o  Po r to  (C H U P ), Po r to , Po r tu g a l; 4  U n it  fo r  M u lt id is c ip lin a r y  R e se a rc h  in  

B io m e d ic in e , A b e l S a la za r  In s t itu te  o f  B io m e d ic a l S c ie n c e s , U n iv e rs it y  o f  Po r to -U M IB /IC B A S /U P, Po r to , Po r tu g a l;  
5  D ie te t ic , B irm in g h am  C h ild re n ’s  H o sp ita l, B irm in g h am , E n g la n d ; 6  C e n t re  fo r  H e a lth  Te c h n o lo g y  a n d  S e r v ic e s  R e se a rc h  , 

C IN T E S IS , Po r to , Po r tu g a l; 7  N u t r it io n  &  M e ta b o lism , N o v a  M e d ic a l S c h o o l - Fa c u ld a d e  d e  C iê n c ia s  M é d ic a s ,  
U n iv e rs id a d e  N o v a  d e  L isb o a , L isb o a , Po r tu g a l;  

P r e s e n t i n g  A u t h o r  - m e l a n i e _g o m e s 9 7 @ h o t m a i l . c o m  

B A C K G R O U N D :  W ith  P K U  p a t ie n ts  th e  c o r re c t  p ro te in  in ta k e  is  c r it ic a l fo r  n u t r it io n a l m an ag em e n t. We  e v a lu a te d  p ro te in  
in ta k e  in  P K U , o n e -ye a r  p o s t  p u b lic a t io n  o f  th e  E u ro p e a n  P K U  G u id e lin e s  2 0 17  (E P G ).

 
M E T H O D S :  In  2 0 18 , a  sam p le  o f  9 9  e a r ly  t re a te d  P K U  p a t ie n ts  (4 6%  fem a le s ; 2 4  H PA , 4 8  m ild  P K U  a n d  2 7  c la s s ic a l P K U ), a g e d  
1 9 .3±8 .2  y, w h o  h a d  a n  a n n u a l n u t r it io n a l s ta tu s  e v a lu a t io n  (A N SE ) w a s  s tu d ie d . T h e  m a jo r it y  o f  p a t ie n ts  w e re  o n  e x c lu s iv e  
d ie ta r y  t re a tm e n t  (8 3%), w h ile  1 7%  o f  p a t ie n ts  w e re  o n  d ie t  w ith  B H 4  th e ra p y. D a ta  o n  a n th ro p om e tr y  a n d  n u t r it io n a l in ta k e  
[to ta l p ro te in  (T P, g /kg ), n a tu ra l p ro te in  (N P, g /kg ), p ro te in  e q u iv a le n t  f ro m  P S  (P E , g /k g )] w a s  c o lle c te d . T P  a d e q u a c y  (T PA ) 
w a s  c a lc u la te d  a s  a  %  o f  W H O  (2 007 ) sa fe  le v e ls  o f  p ro te in  in ta k e . R e su lt s  w e re  c om p a re d  w ith  re c om m e n d a t io n  #30  o f  th e  
E P G  (W H O +20% to  c om p e n sa te  d ig e s t ib ilit y  lo s se s  f ro m  L-am in o a c id s  a n d  +20% to  im p ro v e  b lo o d  p h e n y la la n in e  m e ta b o lic  
c o n t ro l e ff e c t).

 
R E S U LT S :  M e d ia n  N P  in ta k e s  w e re  0 .6 9  g /kg  [0 .4 3 -1 .4 ]; P E  f ro m  P S  w a s  0 .7  g /kg  [0 g /kg -0 .9 1g /kg ]. M e d ia n  [P 25 -P 75 ] %  N P  o f  
T P  in ta k e  w a s  5 3%  [3 1%-100%]. M e d ia n  T PA  [P 25 -P 75 ] w a s  1 7 1%  [1 46%-203%], w ith  7 9%  [5 1%-165%] fo r  N P  a n d  8 4%  [0%-
109%] fo r  P E  f ro m  P S . O n ly  6  p a t ie n ts  h a d  a  T PA  <100%: 1  c h ild , 1  a d o le sc e n t  a n d  4  a d u lt s . T h e  m a jo r it y  o f  p a t ie n ts  (N =77 ; 7 8%) 
h a d  a  T PA  a b o v e  1 40%  (4 3  p a e d ia t r ic s  a n d  3 4  a d u lt s ). A  T PA  o f  1 0 0 -120%  w a s  se e n  in  n=5  (1  c h ild  a n d  4  a d u lt s ), w h ile  in  n=11  
p a t ie n ts , it  w a s  1 2 0 -140%  (4  c h ild re n  a n d  7  a d u lt s ). T PA  w a s  n o t  s ig n ifi c a n t ly  d iff e re n t  w ith  B H 4  th e ra p y  c om p a re d  w ith  d ie t  
t re a tm e n t  o n ly : 1 8 2%  [1 55%-206%] v s . 1 6 8%  [1 44%-202%]; p =0 .5 5 , re sp e c t iv e ly.

 
D I S C U S S I O N :  T h e  m a jo r it y  o f  P K U  p a t ie n ts  (7 8%) w e re  a b o v e  o f  E P G  re c om m e n d a t io n  fo r  T P  in ta k e  o n  o u r  a u d it . S om e  
p a t ie n ts  (n=22 ) sh ow e d  T P  in ta k e  a b o v e  th e  re c om m e n d a t io n s , w e re  7  o f  2 2  p a t ie n ts  w e re  c h ild re n . E sp e c ia lly  in  c h ild re n  
a n d  a d o le sc e n ts , o u r  re su lt s  u n d e r lin e  th a t  a d e q u a te  p ro te in  sh o u ld  b e  p re sc r ib e d  a n d  in ta k e  m o n ito re d  in  o rd e r  to  o p t im ize  
o u tc om e .

 



th
11th . 12th . 13th November 2020
V I R T U A L  S Y M P O S I U M

4 7 16TH INTERNATIONAL SYMPOSIUM OF THE PORTUGUESE SOCIETY FOR METABOLIC DISORDERS 11TH 12TH 13TH NOVEMBER  2020 | VIR TUAL SYMPOSIUM

E F F E C T  O F  S M A L L  C O M P O U N D S  O N  T H E  A C T I V I T Y  A N D  S T A B I L I T Y  O F  
R E C O M B I N A N T  H U M A N  P H E N Y L A L A N I N E  H Y D R O X Y L A S E :  I N  V I T R O  A N D  

I N  C E L L U L O  S T U D I E S  
 

O C -1 1  

R .R .  L o p e s 1 ;   R .  R u s s o
2 ;  R .  P a d a n h a 2 ;  C . S .  T o m é 1 ;  J . B .  V i c e n t e

4 ;  L .M .  G o n ç a l v e s 3 ;  P .M .P.  G ó i s 2 ;  P .  L e a n d r o 1  

1  M e ta b o lism  a n d  G e n e t ic s  G ro u p , R e s e a rc h  In s t it u te  fo r  M e d ic in e s  (iM e d .U L is b o a ), Fa c u lt y  o f  P h a rm a c y , U n iv e r s id a d e  
d e  L is b o a , L is b o a , P o r tu g a l; 2  B io o rg a n ic  C h em is t r y  G ro u p , R e s e a rc h  In s t it u te  fo r  M e d ic in e s  (iM e d .U L is b o a ), Fa c u lt y  o f  
P h a rm a c y , U n iv e r s id a d e  d e  L is b o a , L is b o a , P o r tu g a l; 3  N a n o s t ru c tu re d  S y s te m s  to  O v e rc o m e  B io lo g ic a l B a r r ie r s  G ro u p , 
R e s e a rc h  In s t it u te  fo r  M e d ic in e s , Fa c u lt y  o f  P h a rm a c y , U n iv e r s id a d e  d e  L is b o a , L is b o a , P o r tu g a l; 4  U n iv e r s id a d e  N o v a  d e  

L is b o a , In s t it u to  d e  Te c n o lo g ia  Q u ím ic a  e  B io ló g ic a  A n tó n io  X a v ie r, O e ira s , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - r r l o p e s @ ff .u l i s b o a .p t  

P h e n y lk e to n u r ia  (P K U ) is  a n  a u to so m a l re c e s s iv e  in b o rn  e r ro r  o f  m e ta b o lism  c a u s e d  b y  a  d e fi c ie n t  a c t iv it y  o f  h u m a n  
p h e n y la la n in e  h y d ro x y la s e  (h PA H ) a  n o n h em e  iro n  h o m o te t ram e r ic  e n z ym e  th a t  h y d ro x y la te s  p h e n y la la n in e  (L-P h e ) in to  
t y ro s in e  (L-Ty r ) in  th e  p re s e n c e  o f  O 2  a n d  te t ra h y d ro b io p te r in  (B H 4 ). P K U  is  c o n s id e re d  a  c o n fo rm a t io n a l d is e a s e  w ith  lo s s  
o f  fu n c t io n , a s  th e  m a jo r it y  o f  h PA H  v a r ia n t s  p re s e n t  w ith  m is fo ld in g  th a t  d e c re a s e  p ro te in  s t a b ilit y . R e c e n t  a lte rn a t iv e  
a p p ro a c h e s  w ith  th e ra p e u t ic  p o te n t ia l fo r  P K U  a im  a t  c o r re c t in g  th e  h PA H  m is fo ld in g , a n d  in  th is  re s p e c t , p h a rm a c o lo g ic a l 
c h a p e ro n e s  a re  fo c u s  o f  in c re a s in g  in te re s t .

In  o rd e r  to  m o d u la te  h PA H  s t a b ilit y  a n d /o r  a c t iv it y , 1 2  sm a ll m o le c u le s  w e re  d e s ig n e d  b a s e d  o n  th e  p ro p e r t ie s  a n d  
s t ru c tu ra l c h a ra c te r is t ic s  o f  t h e  c a t a ly t ic  h PA H  lig a n d s  (L-P h e , B H 4  a n d  F e ). F ro m  th is  in -h o u s e  lib ra r y , fo u r  m o le c u le s  w e re  
c o n s id e re d  th e  m o s t  p ro m is in g  c a n d id a te s  b a s e d  o n  th e ir  e ff e c t  o v e r  th e  a c t iv it y , t h e rm o s ta b ilit y  a n d  c o n fo rm a t io n  o f  
t h e  re c o m b in a n t  h PA H . T h e y  p re s e n te d  a  s lig h t  in h ib ito r y  e ff e c t  (1 7  to  4 0%  e n z ym e  a c t iv it y  d e c re a s e ) b u t  a llo w e d  fu r th e r  
a c t iv a t io n  b y  L-P h e  (1 .3  to  1 .7 -fo ld ). Tw o  o f  t h e  s e le c te d  m o le c u le s  s t a b iliz e d  th e  h PA H  re g u la to r y  d o m a in  (Tm 1 : +8 .3  
a n d  +4 .0  ºC ). T h e s e  m o le c u le s  w e re  fu r th e r  s tu d ie d  o n  a  c e llu la r  c o n te x t  fo r  t h e ir  e ff e c t  o n  h PA H  a c t iv it y  a n d  s t a b ilit y . T h e  
h PA H  w a s  t ra n s ie n t ly  e x p re s s e d  in  H E K 2 9 3  c e lls  (a s  th e y  d o  n o t  c o n s t it u t iv e ly  e x p re s s  h PA H ) fo r  2 4  h o u r s  in  th e  a b s e n c e  o r  
p re s e n c e  o f  5 0  µM  o f  e ith e r  c o m p o u n d . C e lls  w e re  h a r v e s te d  a n d  s te a d y -s t a te  PA H  a c t iv it y  a n d  p ro te in  am o u n t  (w e s te rn  
b lo t t in g ) w e re  m e a su re d . P u ls e -c h a s e  a s s a y s  w e re  a ls o  p e r fo rm e d  to  fo llo w  e n z ym e  a c t iv it y  a n d  p ro te in  le v e ls  a t  d iff e re n t  
t im e  p o in t s  a f te r  p ro te in  s y n th e s is  b lo c k a g e  w ith  p u ro m y c in . A n  in  v it ro /in  c e llu lo  c o r re la t io n  w a s  fo u n d  fo r  tw o  o f  t h e  fo u r  
te s te d  c o m p o u n d s  a s  a n  in c re a s e  in  h PA H  in t ra c e llu la r  le v e ls  w e re  o b s e r v e d  in d ic a t in g  a n  e ff e c t  a s  a  h PA H  s t a b iliz e r  t h u s  
p re v e n t in g  h PA H  in t ra c e llu la r  p ro te o ly s is . T h e s e  m o le c u le s  a re  h it  c o m p o u n d s  fo r  fu r th e r  s t ru c tu ra l re fi n em e n t  a im in g  th e  
d e v e lo p m e n t  o f  n e w  th e ra p e u t ic  a p p ro a c h e s  to  P K U  t re a tm e n t .

Wo rk  fu n d e d  b y  F C T : p ro je c t  P T D C /M E D -Q U I/2 9 7 1 2 /2 0 1 7
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B I O C H E M I C A L  A N D  M O L E C U L A R  C H A R A C T E R I Z A T I O N   
O F  C A R R I E R S  O F  P A T H O G E N I C  V A R I A N T S  I N  T H E  G L A  G E N E ,   

T H E  C A U S E  O F  F A B R Y  D I S E A S E    
 

O C -1 2  

F  L a r a n j e i r a 1 ,2 ;  P  R o d r i g u e s 2 ,3 ;  C  C a s e i r o 2 ;  I  R i b e i r o 1 ,2 ;  H  C a r m o 3 ;  D  Q u e l h a s 1 ,2  

1  U n id a d e  M u lt id is c ip lin a r  d e  In v e s t ig a ç ã o  B io m é d ic a  , In s t it u to  C iê n c ia s  B io m é d ic a s  A b e l S a la z a r  d a  U n iv e r s id a d e  
d o  P o r to , P o r to , P o r tu g a l; 2  U n id a d e  d e  B io q u ím ic a  G e n é t ic a , C e n t ro  d e  G e n é t ic a  M é d ic a  J a c in to  M a g a lh ã e s , C e n t ro  

H o sp it a la r  U n iv e r s it á r io  d o  P o r to  , P o r to , P o r tu g a l; 3  U C IB IO , R E Q U IM T E  – L a b o ra tó r io  d e  To x ic o lo g ia , D e p a r t am e n to  d e  
C iê n c ia s  B io ló g ic a s , Fa c u ld a d e  d e  Fa rm á c ia  d a  U n iv e r s id a d e  d o  p o r to , P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - f e r l a r a n j e i r a @ g m a i l . c o m  

I N T R O D U C T I O N  Fa b r y  d is e a s e  (F D ) is  a n  X -lin k e d  p ro g re s s iv e  in b o rn  e r ro r  o f  m e ta b o lism  o r ig in a te d  b y  m u ta t io n s  in  th e  
a lp h a -g a la c to s id a s e  A  g e n e  (G L A ) c a u s in g  a  d e fi c ie n c y  o f  t h e  ly s o so m a l a c id  h y d ro la s e  α-g a la c to s id a s e  (α-G a l) a c t iv it y . 
In  c o n s e q u e n c e , t h e  b re a k d o w n  o f  g ly c o lip id s  o c c u r s , m a in ly  g lo b o t r ia o s y lc e ram id e  (G b 3 ) a n d  it s  d e a c y la te d  fo rm , 
g lo b o t r ia o s y ls p h in g o s in e  (ly s o -G b 3 ), am o n g  o th e r  s p h in g o lip id s . T h e  ly s o so m a l s u b s t ra te  a c c u m u la t io n  is  t h e  o n s e t  o f  
t h is  ly s o so m a l s to ra g e  d is o rd e r  th a t  c a n  le a d  to  li fe -th re a te n in g  c o m p lic a t io n s .
M a le  p a t ie n t s  u su a lly  p re s e n t  v e r y  lo w  α-G a l a c t iv it y  a n d  m a rk e d  s u b s t ra te  a c c u m u la t io n , a n d  a t  le a s t  s o m e  o f  t h e  c lin ic a l 
h a llm a rk s . In  fe m a le s , h o w e v e r, t h e re  is  a  w id e  ra n g e  o f  p h e n o t y p e s  – f ro m  c o m p le te ly  a s ym p to m a t ic  to  s e v e re  “m e n -
lik e ” – le a d in g  to  g re a t  c o n t ro v e r s y  re g a rd in g  c lin ic a l d ia g n o s is  a n d  th e ra p e u t ic  d e c is io n s . N o n -ra n d o m  X  c h ro m o so m e  
in a c t iv a t io n  p a t te rn  is  t h e  m o s t  c o m m o n  h y p o th e s is  to  e x p la in  s u c h  v a r ie t y  o f  p h e n o t y p e s . N e v e r th e le s s  s o m e  a u th o r s  
s t a te  th a t  m o s t  h e te ro z y g o u s  c a r r ie r s  e n d  u p  p re s e n t in g  c lin ic a l s ig n s , o n ly  w ith  s o m e  y e a r s  d e la y  w h e n  c o m p a re d  to  
m a le s .

P A T I E N T S  A N D  M E T H O D S  D a ta  c o n c e rn in g  le u k o c y te s  a n d  p la sm a  α-G a l a c t iv it y  to g e th e r  w ith  p la sm a  a n d  u r in e  
s u b s t ra te  a c c u m u la t io n  fo r  1 4 0  m a le s  a n d  2 0 9  fe m a le s  w e re  o b ta in e d . C o r re la t io n  am o n g  b io c h em ic a l p a ram e te r s  a n d  
w ith  th e  m o le c u la r  d e fe c t  w a s  e v a lu a te d .

R E S U LT S  T h e  m o s t  p re v a le n t  g e n e t ic  v a r ia n t  is  c .3 3 7 T>C  p .(F 1 1 3 L ) fo u n d  in  5 0%  o f  m a le s  a n d  fe m a le s .
M a le s  u su a lly  p re s e n t  a  c o r re la t io n  o f  re d u c e d  α-G a l a c t iv it y  w ith  in c re a s e d  s u b s t ra te  a c c u m u la t io n . In  th is  g ro u p  it  w a s  
p o s s ib le  to  id e n t if y  s o m e  g e n e t ic  v a r ia n t-sp e c ifi c  p a t te rn s . O n e  in te re s t in g  fi n d in g  is  t h a t  fo r  t h e  c .8 2 7 G >A  p .(S 2 7 6N ) 
g e n e t ic  v a r ia n t  th e  p la sm a  α-G a l a c t iv it y  is  p e r fe c t ly  n o rm a l in  p la sm a  a lth o u g h  th e  v e r y  lo w  a c t iv it y  in  le u k o c y te s .
H e te ro z y g o u s  fe m a le s  s h o w  le s s  p ro n o u n c e d  e ff e c t  o n  s u b s t ra te  a c c u m u la t io n  a n d  e n z ym e  d e fi c ie n c y . T h e  v a r ia b ilit y  o f  
p a t te rn s  w ith in  c a r r ie r s  o f  t h e  s am e  g e n e t ic  v a r ia n t  is  a ls o  n o t ic e d .

C O N C L U S I O N S  S o m e  g e n e t ic  v a r ia n t s  w h o se  p a th o g e n ic it y  is  s o m e h o w  q u e s t io n e d  a re  in d e e d  a s s o c ia te d  w ith  m ild e r  
b io c h em ic a l p h e n o t y p e s . 
P la sm a  α-G a l a c t iv it y  is  n o t  re c o m m e n d e d  a s  o n ly  d ia g n o s is  t e s t in g  d u e  to  th e  p o s s ib ilit y  o f  f a ls e  n e g a t iv e s .
H e te ro g e n e it y  am o n g  h e te ro z y g o u s  fe m a le s  s h o u ld  b e  fu r th e r  e v a lu a te d  w ith  re la t io n  to  X  c h ro m o so m e  in a c t iv a t io n  
p ro fi le .
 



S E S S I O N  I V

C R O S S T A L K  A M O N G S T   
I N T R A C E L L U L A R  O R G A N E L L E S
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C H A I R P E R S O N S

I S A B E L  T A V A R E S  D E  A L M E I D A ,   P h D
 Fa c u ld a d e  Fa rm á c ia  U n iv e r s id a d e  L is b o a , L is b o a , P T

H U G O  R O C H A ,  P h D  
In s t it u to  N a c io n a l d e  S a ú d e  D r. R ic a rd o  J o rg e , P o r to , P T
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F A T T Y  A C I D  M E T A B O L I S M :  I N T R A C E L L U L A R  I N T E R A C T I O N S  

R O N A L D  J .  A .  W A N D E R S  

A m s t e r d a m  U n i v e r s i t y  M e d i c a l  C e n t e r ,  A c a d e m i c  M e d i c a l  C e n t e r ,  D e p t s .   
P e d i a t r i c s & L a b o r a t o r y  M e d i c i n e ,  L a b o r a t o r y  G e n e t i c  M e t a b o l i c  D i s e a s e s ,  M e i b e r g d r e e f  9 ,  1 1 0 5  A Z ,  

A m s t e r d a m ,  T h e  N e t h e r l a n d s

Fa t t y  a c id s  s e r v e  a  v a r ie t y  o f  d iff e re n t  fu n c t io n s  in  h u m a n  m e ta b o lism . F ir s t , FA s  a re  a n  im p o r t a n t  s o u rc e  o f  e n e rg y  b o th  
u n d e r  fe d  a s  w e ll a s  f a s te d  c o n d it io n s  w ith  FA s  b e in g  th e  m a in  o x id iz a b le  s u b s t ra te  fo r  t h e  h e a r t  u n d e r  a ll c o n d it io n s . 
S e c o n d ly , FA s  a re  im p o r t a n t  b u ild in g  b u ild in g  b lo c k s  fo r  a  v a r ie t y  o f  d iff e re n t  lip id  s p e c ie s  in c lu d in g  t r ig ly c e r id e s , 
p h o sp h o lip id s , s p h in g o lip id s , c h o le s te ro l e s te r s , c a rd io lip in , am o n g  o th e r s . F u r th e rm o re , FA s  a re  im p o r t a n t  s ig n a lin g  
m o le c u le s  fo r  in s t a n c e  b y  a c t in g  a s  a n c h o r in g  u n it s  t u rn in g  c e r t a in  p ro te in s  f ro m  s o lu b le  to  m em b ra n e -b o u n d  p ro te in s . 
FA s  a re  d e r iv e d  f ro m  d ie t a r y  s o u rc e s  b u t  e x c e p t  f ro m  lin o le ic  a c id  a n d  lin o le n ic  a c id , t h e s e  FA s  c a n  a ls o  b e  s y n th e s iz e d  
e n d o g e n o u s ly  f ro m  a c e t y l-C o A  u n it s  v ia  th e  FA S -c o m p le x . S u b s e q u e n t  s te p s  o f  e lo n g a t io n  a n d  d e s a tu ra t io n  w ill t h e n  
a llo w  th e  fo rm a t io n  o f  a  w id e  v a r ie t y  o f  a c y l-C o A  s p e c ie s  w h ic h  c a n  s u b s e q u e n t ly  b e  in c o rp o ra te d  in to  m u lt ip le  lip id  
s p e c ie s . A c y l-C o A  e s te r s  a re  a ls o  o b lig a to r y  fo r  t h e  fo rm a t io n  o f  lo n g -c h a in  a lc o h o ls  re q u ire d  fo r  t h e  s y n th e s is  o f  e th e r-
lin k e d  p h o sp h o lip id s  b y  m e a n s  o f  t h e  tw o  a c y l-C o A  re d u c ta s e s  FA R 1  a n d  FA R 2 . A ll t h e s e  lip id s  a ls o  u n d e rg o  b re a k d o w n  in  
th e  ly s o so m e  o r  o th e rw is e  a s  p a r t  o f  t h e ir  li fe  c y c le  a n d  b y  d o in g  s o  FA s  a re  re le a s e d  a n d  w ill fi ll u p  th e  in t ra c e llu la r  f a t t y  
a c id  p o o l to  s t a r t  a  n e w  c y c le  o f  a c y l-C o A  e s te r  fo rm a t io n  o r-if  d e em e d  n e c e s s a r y - th e s e  a c y l-C o A s  u n d e rg o  b re a k d o w n  
v ia  b e ta -o x id a t io n  e ith e r  in  th e  m ito c h o n d r io n  o r  in  th e  p e ro x is o m e . P ro p e r  f a t t y  a c id  h o m e o s ta s is  re q u ire s  th e  c o n c e r te d  
a c t io n  b e tw e e n  d iff e re n t  s u b c e llu la r  c o m p a r tm e n t s  e a c h  e q u ip p e d  w ith  d iff e re n t  e n z ym e  s y s te m s  a n d  t ra n sp o r te r s  
a n d  m u lt ip le  g e n e t ic  d e fi c ie n c ie s  a ff e c t in g  FA  h o m e o s ta s is  h a v e  b e e n  id e n t ifi e d  th ro u g h  th e  y e a r s .T h is  in c lu d e s  th e  
m ito c h o n d r ia l f a t t y  a c id  o x id a t io n  d e fi c ie n c ie s  in  w h ic h  d iff e re n t  a c y l-C o A s  a n d  a c y lc a rn it in e s  a c c u m u la te  w ith  a ll it s  
d e t r im e n ta l c o n s e q u e n c e s . O u r  o w n  re c e n t  w o rk  in  c a rd io m yo c y te s  to  b e  p re s e n te d  a t  t h e  m e e t in g  s h o w s  th a t  th e  to x ic it y  
is  c a u s e d  fo re m o s t  b y  th e  a c c u m u la t in g  a c y lc a rn it in e s . F u r th e rm o re , d e ta ile d  s tu d ie s  in  a  p a t ie n t  w ith  e le v a te d  v e r y -lo n g -
c h a in -fa t t y  a c id s  le d  to  th e  d is c o v e r y  o f  a  n e w  p la y e r  in v o lv e d  in  th e  in t ra c e llu la r  m e ta b o lism  o f  FA s  (s e e  F e rd in a n d u s s e  e t  
a l.(2 0 1 7 ) J .M e d .G e n e t .5 4 ,3 3 0 -3 3 8 ).T h e  p ro te in  in v o lv e d  is  a  p e ro x is o m a l m em b ra n e -b o u n d  p ro te in  e x p o s e d  to  th e  c y to so l 
w h ic h  in te ra c t s  w ith  th e  E R -b o u n d  p ro te in  VA P B  a n d  b y  d o in g  s o , it  b r in g s  th e  tw o  o rg a n e lle s  i .e . t h e  p e ro x is o m e  a n d  
e n d o p la sm ic  re t ic u lu m  c lo s e  to g e th e r  s o  th a t  lip id s  c a n  m o v e  f ro m  o n e  to  th e  o th e r  o rg a n e lle . T h e  A C B D 5 -VA P B -c o m p le x  is  
ju s t  o n e  o f  a  g ro w in g  g ro u p  o f  s o -c a lle d  te th e r in g  p ro te in s  w h ic h  s e r v e  to  b r in g  o rg a n e lle s  to g e th e r  fo r  t h e  g re a te r  b e n e fi t  
o f  m e ta b o lite  e x c h a n g e  a n d  s p e c ifi c  in te ra c t io n  b e tw e e n  o rg a n e lle s  ra th e r  th a n  th ro u g h  u n sp e c ifi c  m e ta b o lite  t ra n s fe r  
t h ro u g h  th e  c y to so l.
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N E W  P E R S P E C T I V E S  I N  F A T T Y  A C I D  O X I D A T I O N  D I S O R D E R S  

U T E  S P I E K E R K O E T T E R

D e p a r t m e n t  o f  P e d i a t r i c s  a n d  A d o l e s c e n t  M e d i c i n e ,  U n i v e r s i t y  C h i l d r e n ’s  H o s p i t a l ,   
U n i v e r s i t y  o f  F r e i b u r g ,  G e r m a n y

Fa t t y  a c id  o x id a t io n  d is o rd e r s  a re  a  h e te ro g e n e o u s  g ro u p  o f  d is e a s e s  p re s e n t in g  w ith  d iff e re n t  p h e n o t y p e s  a ls o  in  c a s e  o f  
t h e  s am e  u n d e r ly in g  e n z ym e  d e fe c t  a n d  g e n o t y p e . In  a d d it io n , m a n y  a s ym p to m a t ic  in d iv id u a ls  w ith  c o n fi rm e d  d is e a s e  
h a v e  b e e n  id e n t ifi e d  th ro u g h  n e w b o rn  a n d  fam ily  s c re e n in g . T h e y  re q u ire  a n  e a r ly  r is k  a s s e s sm e n t  o f  t h e  e x p e c te d  
p h e n o t y p e  a n d  a n  in d iv id u a liz e d  t re a tm e n t  s t a r t in g  f ro m  th e  t im e  o f  d ia g n o s is .

C u r re n t  th e ra p e u t ic  in te r v e n t io n s  a re  s t i ll  m a in ly  b a s e d  o n  d ie t a r y  m o d ifi c a t io n s . E x p e r im e n ta l d ie t a r y  th e ra p ie s  in c lu d in g  
o d d -c h a in  m e d iu m  fa t t y  a c id s  a n d  k e to n e  b o d ie s  h a v e  b e e n  re c e n t ly  s tu d ie d  in  c lin ic a l t r ia ls  in  o rd e r  to  p ro v e  th e ir  e ffi c a c ie s . 
N e w  s tu d ie s  o n  k e to n e  b o d y  t re a tm e n t  in  v e r y  lo n g -c h a in  a c y l-C o A  d e h yd ro g e n a s e  d e fi c ie n c y  p ro v e  it s  e ff e c t iv e n e s s  a s  
w e ll a s  re s p e c t iv e  s tu d ie s  in  m u lt ip le -a c y l-C o A  d e h yd ro g e n a s e  d e fi c ie n c y  a n d  k e to n e  s y n th e s is  d e fe c t s . T h e  e ff e c t s  o f  o d d -
c h a in  m e d iu m  c h a in  fa t t y  a c id s  h a v e  b e e n  s tu d ie d  in  p a t ie n t s  in  c o m p a r is o n  to  e v e n -c h a in  m e d iu m  c h a in  fa t t y  a c id s  a n d  
it  re m a in s  c h a lle n g in g  to  id e n t if y  c le a r  c lin ic a lly  m e a n in g fu l d iff e re n c e s .

O v e ra ll, t h e  m a in  t re a tm e n t  g o a l is  s t i ll  to  im p ro v e  e n e rg y  e x p e n d itu re  a n d  to  a v o id  c a t a b o lic  s t re s s . S in c e  fa t  re s t r ic t io n  
g e n e ra lly  re s u lt s  in  h ig h e r  c a rb o h yd ra te  lo a d s  a n d  o f te n  w e ig h t  g a in  in  p a t ie n t s  w ith  LC -FA O D s , in c re a s in g  th e  p ro te in  
in t a k e  is  a  n e w  d ie t a r y  a p p ro a c h  w h ic h  m a in ta in s  m e ta b o lic  c o n t ro l a n d  h e lp s  to  p re s e r v e  le a n  b o d y  m a s s  a c c o rd in g  to  
fi r s t  d a ta . 

In  c o n c lu s io n , in d iv id u a liz e d  th e ra p y  c o n c e p t s  n e e d  to  b e  b ro u g h t  o n  it s  w a y . In  o rd e r  to  re a liz e  th e s e , a n  in te rn a t io n a l 
in te rd is c ip lin a r y  fa t t y  a c id  o x id a t io n  g u id e lin e  g ro u p  h a s  b e e n  fo rm e d  in  2 0 1 9 . T h e  a im s  a re  d e fi n in g  th e  c u r re n t  v a r y in g  
s t a n d a rd s  o n  t re a tm e n t , d ia g n o s t ic  p ro c e d u re s  a n d  m o n ito r in g  fo r  t h e  g ro u p  o f  FA O  d is o rd e r  p a t ie n t s  in  d iff e re n t  c o u n t r ie s . 

G u id e lin e s  a re  o v e rd u e , d e sp ite  th e  fa c t  t h a t  e v id e n c e  fo r  d iff e re n t  t re a tm e n t  m e a su re s  is  s t i ll  s c a rc e . W ith  a  p e r s o n a liz e d  
t re a tm e n t  a p p ro a c h , c o n s e n su s  m a y  b e  e a s ie r  a n d  d o e s  t a k e  in d iv id u a l c o m p e n sa to r y  m e c h a n ism s  a n d  in d iv id u a l 
e n v iro n m e n ta l c o n d it io n s  m o d u la t in g  d is e a s e  in to  a c c o u n t .
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A N  O V E R V I E W  O F  C O M P L E X  L I P I D  S Y N T H E S I S  A N D  R E L A T E D  D I S O R D E R S  

F R É D É R I C  M .  V A Z

A m s t e r d a m  U M C ,  A m s t e r d a m ,  T h e  N e t h e r l a n d s

Fa t t y  a c id s  s e r v e  a  v a r ie t y  o f  d iff e re n t  fu n c t io n s  in  h u m a n  m e ta b o lism . F ir s t , FA s  a re  a n  im p o r t a n t  s o u rc e  o f  e n e rg y  b o th  T h e  
n u m b e r  o f  in b o rn  e r ro r s  o f  m e ta b o lism  c a u s e d  b y  d e fe c t s  in  c o m p le x  lip id  m e ta b o lism  is  e x p a n d in g  ra p id ly . T h is  re la t iv e ly  
u n c h a r te d  p a r t  o f  m e ta b o lism  is  in c re a s in g ly  e x p lo re d  a n d  th is  h a s  b e e n  g re a t ly  s t im u la te d  b y  th e  id e n t ifi c a t io n  o f  n e w  
g ro u p s  o f  p a t ie n t s  b y  n e x t  g e n e ra t io n  s e q u e n c in g  w h ic h  a re  c h a ra c te r iz e d  b y  c o m b in a t io n  w ith  lip id o m ic s  t ra n s la t io n a l 
re s e a rc h  e ff o r t s . O u r  a im  is  p ro v id e  a  g e n e ra l o v e r v ie w  o f  t h e  m a in  lip id  s y n th e s is  p a thw a y s  a n d  re la te  th is  to  th e  c lin ic a l 
s ym p to m a to lo g y  o f  t h e  d is o rd e r s  w h ile  a ls o  p re s e n t in g  e x am p le s  o f  h o w  a  lip id o m ic s  a p p ro a c h  c a n  c o n t r ib u te  to  b io m a rk e r  
d is c o v e r y  a n d  to  th e  u n d e r s t a n d in g  o f  p a th o lo g y  fo r  t h e s e  t y p e  o f  d is o rd e r s .
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A  C L I N I C A L  A P P R O A C H  T O  C O M P L E X  L I P I D  S Y N T H E S I S  D I S O R D E R S  

J E A N -M A R I E  S A U D U B R A Y  

P a r i s ,  F r a n c e

C o m p le x  m o le c u le s  d is o rd e r s  h a v e  b e e n  fo r  a  lo n g  t im e  re s t r ic te d  to  ly s o so m e  s to ra g e  d is o rd e r s  lin k e d  to  c a t a b o lic  d e fe c t s  
o f  S p h in g o lip id s  (S P L ), O lig o s a c c h a r id e s  a n d  G ly c o p ro te in s . F ro m  a n o th e r  h a n d , d e fe c t s  o f  lo n g , v e r y  lo n g  a n d  u lt ra  lo n g  
c h a in  fa t t y  a c id  (V L /U LC FA ) s y n th e s is  a n d  re m o d e lin g  a n d  th e ir  in c o rp o ra t io n  in to  a n d  re le a s e  f ro m  p h o sp h o lip id s  (P L ), 
a n d  S P L  w e re  a lm o s t  ig n o re d . P e ro x y so m e  in c lu d in g  p la sm a lo g e n s  d e fe c t s  w e re  c o n s id e re d  a s  a n  in d e p e n d e n t  g ro u p  o f  
d is e a s e s  d e sp ite  th e y  s h a re  m a n y  p a thw a y s  a n d  c lin ic a l fi n d in g s  w ith  c o m p le x  lip id  s y n th e s is  a n d  re m o d e lin g  d is o rd e r s . 
W ith in  th e  la s t  1 0  y e a r s  o v e r  o n e  h u n d re d  d is e a s e s  re la te d  to  in h e r ite d  d e fe c t s  o f  P L  a n d  S P L  s y n th e s is  a n d  re m o d e lin g  
w e re  re p o r te d . T h e y  a ls o  in c lu d e d  s e v e ra l n e w  n o n  m ito c h o n d r ia l FA  m e ta b o lism  d is o rd e r s  lik e  e lo n g a s e s  d e fe c t s  a n d  th e  
a lre a d y  w e ll k n o w n  p e ro x y so m e  d e fe c t s . 

W h ile  th e  a s s o c ia te d  c lin ic a l p h e n o t y p e  is  c u r re n t ly  d iffi c u lt  to  o u t lin e , w ith  o n ly  a  fe w  p a t ie n t s  id e n t ifi e d , it  a p p e a r s  th a t  
a ll o rg a n s  a n d  s y s te m s  m a y  b e  a ff e c te d . T h e  m a in  c lin ic a l p re s e n ta t io n s  th a t  c a n  b e  is o la te d  o r  d iv e r s e ly  c o m b in e d  a re  :

1 ) D is e a s e s  a ff e c t in g  th e  c e n t ra l a n d  p e r ip h e ra l n e r v o u s  s y s te m . C o m p le x  lip id  s y n th e s is  d is o rd e r s  p ro d u c e  p ro m in e n t  
m o to r  m a n ife s t a t io n s  d u e  to  u p p e r  a n d /o r  lo w e r  m o to n e u ro n  d e g e n e ra t io n . M o to r  s ig n s  a re  o f te n  c o m p le x , a s s o c ia te d  
w ith  o th e r  n e u ro lo g ic a l a n d  e x t ra n e u ro lo g ic a l s ig n s . F o u r  n e u ro lo g ic a l p h e n o t y p e s , s p a s t ic  p a ra p le g ia , n e u ro d e g e n e ra t io n  
w ith  b ra in  iro n  a c c u m u la t io n , p e r ip h e ra l n e u ro p a th ie s ,a n d  m o v em e n t  d is o rd e r s  d e s e r v e  s p e c ia l a t te n t io n . 

2 ) M u s c u la r / c a rd ia c  p re s e n ta t io n s  p re s e n t in g  a s  c o n g e n it a l m u s c u la r  d y s t ro p h y , o r  B a r th  a n d  S e n g e r s  s y n d ro m e s

3 ) S k in  s ym p to m s  m o s t ly  re p re s e n te d  b y  s y n d ro m ic  (n e u ro c u ta n e o u s  s y n d ro m e  lik e  S jo g re n  L a r s s o n  , E LO V  1 ,4 , R e fs u m  
d is e a s e  ) a n d  n o n  s y n d ro m ic  a u to so m a l re c e s s iv e  c o n g e n it a l ic h th y o s is  (A R C I)

4 ) R e t in a l d y s t ro p h ie s  w ith  s y n d ro m ic  a n d  n o n  s y n d ro m ic  re t in it is  p ig m e n to s a , L e b e r  c o n g e n it a l am a u ro s is , c o n e  ro d  
d y s t ro p h y , S t a rg a rd t  d is e a s e . 

5 ) C o n g e n it a l b o n e  d y sp la s ia s  a re  s e e n  in  d e fe c t iv e  s y n th e s is  o f  P la sm a lo g e n  lik e  C h o n d ro d y sp la s ia  p u n c ta ta  t y p e s  1 -3 , 
C h o le s te ro l lik e  in  Sm ith  L em li O p it z  s y n d ro m e , P h o sp h a t id y l in o s it id e s  lik e  O p s y sm o d y sp la s ia  a n d  P h o sp h a t id y l s e r in e  lik e  
in  L e n z  M a je w sk i h y p e ro s to t ic  d w a r fi sm  s y n d ro m e . 

6 ) L iv e r  p re s e n ta t io n s  c h a ra c te r iz e d  m a in ly  b y  t ra n s ie n t  n e o n a ta l c h o le s t a t ic  ja u n d ic e  a n d  n o n  a lc o h o lic  liv e r  s te a to s is  w ith  
h y p e r t r ig ly c e r id em ia  a re  s e e n  in  n e u t ra l lip id  d e fe c t s  lik e  in  th e  C h a n a r in  D o r fm a n n  s y n d ro m e  .

(7 ) O th e r  p re s e n ta t io n s  lik e  R e n a l ,im m u n e  o r  in te s t in a l s ig n s  m a y  a ls o  b e  s e e n

L ip id o m ic s  a n d  m o le c u la r  fu n c t io n a l s tu d ie s  c o u ld  h e lp  to  e lu c id a te  th e  m e c h a n ism (s ) o f  d o m in a n t  v e r s u s  re c e s s iv e  
in h e r it a n c e  o b s e r v e d  fo r  t h e  s am e  g e n e  in  a  g ro w in g  n u m b e r  o f  t h e s e  d is o rd e r s



S E S S I O N  V

N E W  I N S I G H T S  I N  C A R B O H Y D R A T E  
D I S O R D E R S
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C H A I R P E R S O N S

E L I S A  L E Ã O  T E L E S ,  M D  

R e fe re n c e  C e n te r  o f  M e ta b o lic  D is e a s e s , C e n t ro  H o sp it a la r  U n iv e r s it á r io  S ã o  J o ã o , P o r to , P T

P A T R Í C I A  J A N E I R O ,  M D  
R e fe re n c e  C e n te r  o f  M e ta b o lic  D ise a se , C e n t ro  H o sp ita la r  U n iv e rs itá r io  L isb o a  N o r te , H o sp . S ta . M a r ia , L isb o a , P T
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U P D A T E  I N  D I S O R D E R S  O F  G A L A C T O S E  M E T A B O L I S M  T Y P E  1  A N D  T Y P E  2 .

 
E S T E L A  R U B I O -G O N Z A L O

M a a s t r i c h t  U n i v .  M e d i c a l  C e n t e r ,  M a a s t r i c h t ,  N L

Ty p e  1  g a la c to s em ia , G A LT  d e fi c ie n c y :

T h e  c u r re n t  c o rn e r s to n e  o f  t re a tm e n t , d ie t , h a s  p ro v e n  e ff e c t iv e  to  t re a t  t h e  n e o n a ta l m a n ife s t a t io n s  b u t  n o t  in  p re v e n t in g  
b u rd e n so m e  c o m p lic a t io n s . M o s t  a ff e c te d  p a t ie n t s  d e v e lo p  b ra in  im p a irm e n t s  (8 5 .0% ), p r im a r y  o v a r ia n  in su ffi c ie n c y  
(7 9 .7% ) a n d  a  d im in is h e d  b o n e  m in e ra l d e n s it y  (2 6 .5% ) a c c o rd in g  to  d a ta  f ro m  5 0 9  p a t ie n t s  in c lu d e d  in  th e  G a lN e t  re g is t r y . 
N e w b o rn  s c re e n in g , a g e  a t  o n s e t  o f  d ie t a r y  t re a tm e n t , s t r ic tn e s s  o f  t h e  g a la c to s e -re s t r ic te d  d ie t , p .G ln 1 8 8A rg  m u ta t io n  
a n d  G A LT  e n z ym e  a c t iv it y  in fl u e n c e  th e  c lin ic a l p ic tu re . D e te c t io n  b y  n e w b o rn  s c re e n in g  a n d  c o m m e n c em e n t  o f  d ie t  in  
th e  fi r s t  w e e k  o f  li fe  a re  a s s o c ia te d  w ith  a  m o re  fa v o ra b le  o u tc o m e . A  h o m o z y g o u s  p .G ln 1 8 8A rg  m u ta t io n , G A LT  e n z ym e  
a c t iv it y  o f  ≤ 1%  a n d  s t r ic t  g a la c to s e  re s t r ic t io n  a re  a s s o c ia te d  w ith  a  le s s  f a v o ra b le  o u tc o m e .

T h e  p a th o p h y s io lo g y  is  c o m p le x  a n d  n o t  y e t  fu lly  e lu c id a te d . G a l-1 -P  is  n e c e s s a r y  b u t  n o t  s u ffi c ie n t  fo r  e x p re s s io n  o f  t h e  
h u m a n  p h e n o t y p e . O th e r  c u r re n t ly  d e s c r ib e d  c o n t r ib u t in g  fa c to r s  in c lu d e  g a la c to s e  m e ta b o lite s  a c c u m u la t io n , U D P -
h e x o s e s  a lte ra t io n s  a n d  s u b s e q u e n t  im p a ire d  g ly c o s y la t io n , E R  s t re s s  w ith  s u b s e q u e n t  U P R  in d u c t io n  a n d  s ig n a llin g  
p a thw a y  a lte ra t io n s , a n d  o x id a t iv e  s t re s s . S t ru c tu ra l a n d  fu n c t io n a l s tu d ie s  s h o w  th a t  s o m e  G A LT  d is e a s e -c a u s in g  m u ta t io n s  
g iv e  r is e  to  m is fo ld e d  v a r ia n t s  w ith  a  h ig h e r  p ro p e n s it y  fo r  a g g re g a t io n  a n d  a lte re d  s t a b ilit y . 

S e v e ra l a n im a l m o d e ls  h a v e  b e e n  d e v e lo p e d  th a t  (p a r t ly ) m im ic  th e  p h e n o t y p e  th a t  a llo w  u s  to  a d v a n c e  o u r  c o m p re h e n s io n  
o f  t h e  c o m p le x  p la y in g  fi e ld  o f  t h e  h e re d it a r y  m e ta b o lism  o f  g a la c to s e . D iff e re n t  e x p re s s io n  o f  t h e  L e lo ir  p a thw a y  
c o m p o n e n t s  a n d  a lte rn a t iv e  g a la c to s e  d is p o s a l ro u te s  in  th e  d iff e re n t  t is s u e s , c o m b in e d  w ith  s p e c ifi c  t is s u e  d em a n d s , 
e p ig e n e t ic  a n d  e n v iro n m e n ta l f a c to r s , u rg e  to  re v is it  o u r  u n d e r s t a n d in g .

R e c e n t ly  s e v e ra l a n im a l m o d e ls  h a v e  b e e n  d e v e lo p e d  th a t  (p a r t ly ) m im ic  th e  p h e n o t y p e  th a t  a llo w  u s  to  a d v a n c e  o u r  
c o m p re h e n s io n  o f  t h e  c o m p le x  p la y in g  fi e ld  o f  t h e  h e re d it a r y  m e ta b o lism  o f  g a la c to s e . N e w  th e ra p e u t ic  a p p ro a c h e s  
a re  c u r re n t ly  b e in g  e v a lu a te d  w h ic h  c a n  b e  d iv id e d  in  2  g ro u p s : i) t re a tm e n t s  to  re s to re  th e  e n z ym e  G A LT  a c t iv it y  a n d  
i i) t re a tm e n t s  fo c u s e d  o n  re d u c t io n  o f  a c c u m u la te d  m e ta b o lite s  o r  d o w n s t re am  p h e n o m e n a . T h e  g ro u p  t a rg e t in g  th e  
G A LT  e n z ym e  d e fi c ie n c y  in c lu d e s  h u m a n  G A LT  m e s s e n g e r  R N A  a n d  G A LT  m o d u la to r s . T h e  g ro u p  a im e d  a t  in fl u e n c in g  
th e  m e ta b o lic  re a c t io n s  t r ig g e re d  b y  th is  d e fi c ie n c y  c o n s is t s  o f  G A L K  a n d  A R  in h ib ito r s , a n d  E R  s t re s s  re d u c e r s . F o r  t h e s e  
s t ra te g ie s  to  b e  o p t im a l, t h e  w in d o w  o f  o p p o r tu n it y  fo r  t re a tm e n t  n e e d s  to  b e  w e ll-c h a ra c te r iz e d , e .g . n e o n a ta l a n d  e a r ly  
in fa n c y , o r  t h ro u g h  a d o le s c e n c e  o r  li fe lo n g  t re a tm e n t . 

Ty p e  2  g a la c to s em ia , G A L K  d e fi c ie n c y :

B e y o n d  c a ta ra c t , t h e  p h e n o t y p ic  s p e c t ru m  s  q u e s t io n a b le . D a ta  f ro m  th e  G a lN e t  re g is t r y  in  3 3  p a t ie n t s  s h o w  th a t  n e o n a ta l 
i lln e s s  is  re p e a te d ly  re p o r te d , w ith  e le v a te d  t ra n s am in a s e s  b e in g  th e  m o s t  f re q u e n t ly  o b s e r v e d  a b n o rm a lit y . D ie t  t re a tm e n t  
is  e ff e c t iv e  a n d  N B S  h a s  a  b e n e fi c ia l e ff e c t . N e u ro lo g ic a l c o m p lic a t io n s  h a v e  b e e n  re p o r te d  in  p a t ie n t s . Ye t , t h e y  a re  ra re  
a n d  it  is  u n c le a r  w h e th e r  th e y  a re  re la te d  to  th e  G A L K  d e fi c ie n c y . O th e r  in fo rm a t io n  o n  fo llo w -u p  is  s o  lim ite d  am o n g  th e  
p a t ie n t s  th a t  n o  c o n c lu s io n s  c a n  b e  d raw n . M a n y  p a t ie n t s  w ith  th is  e n t it y  a re  n o t  re g u la r ly  s e e n  in  fo llo w -u p .
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C H A I R P E R S O N S

D O M I N G O  G O N Z Á L E Z -L A M U Ñ O ,  M D ,  P h D
H o sp . U n iv . M a rq u é s  d e  Va ld e c illa , S a n ta n d e r, E S

A N A  P A U L A  L E A N D R O ,  P h D  
Fa c u ld a d e  d e  Fa rm á c ia  d a  U n iv e r s id a d e  L is b o a , L is b o a , P o r tu g a l
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E N Z Y M E  S U B S T I T U T I O N  T H E R A P Y :   
P E G V A L I A S E  F O R  T H E  T R E A T M E N T  O F  P K U  

A N I A  C .  M U N T A U  
 

C h i l d r e n s  H o s p i t a l ,  U n i v .  M e d i c a l  C e n t e r  E p p e n d o r f ,  H a m b u r g ,  D E

Tre a tm e n t  fo r  li fe  is  re c o m m e n d e d  fo r  p a t ie n t s  s u ff e r in g  f ro m  p h e n y lk e to n u r ia  (P K U ) a r is in g  f ro m  p h e n y la la n in e  h y d ro x y la s e  
d e fi c ie n c y . H o w e v e r, t h e  d ie t a r y  t re a tm e n t  is  b u rd e n so m e  a n d  it  is  a s s o c ia te d  w ith  s ig n ifi c a n t  p s y c h o so c ia l c o n s e q u e n c e s . 
M a n y  a d o le s c e n t  a n d  a d u lt  P K U  p a t ie n t s  s h o w  lo n g -te rm  m e ta b o lic  d e ra n g em e n t  d e sp ite  e x is t in g  m a n a g em e n t . A  s tu d y  
am o n g  in -c lin ic  a d u lt  p a t ie n t s  w ith  P K U  a c t iv e ly  m a n a g e d  w ith  d ie t  in  th e  U S  s h o w e d  th a t  7 2%  o f  p a t ie n t s  h a v e  b lo o d  
p h e n y la la n in e  c o n c e n t ra t io n s  a b o v e  6 0 0  µm o l/l, w h ile  1 8%  o f  p a t ie n t s  e v e n  d is p la y  b lo o d  p h e n y la la n in e  c o n c e n t ra t io n s  
a b o v e  1 .2 0 0  µm o l/l. T h e s e  h ig h  p h e n y la la n in e  le v e ls  m a y  le a d  to  n e u ro c o g n it iv e  a n d  n e u ro p s y c h ia t r ic  s ym p to m s  s u c h  a s  
la c k  o f  c o m p re h e n s io n , t ro u b le  o f  fo c u s in g , in a b ilit y  to  c o m p le te  t a s k s , s le e p in g  p ro b le m s , d e p re s s io n , a n d  a n x ie t y . 
 
T h is  d em o n s t ra te s  th a t  a lte rn a t iv e  t re a tm e n t s  fo r  P K U  p a t ie n t s  a re  u rg e n t ly  n e e d e d . In  2 0 1 9 , P e g v a lia s e , t h e  fi r s t  e n z ym e  
s u b s t it u t io n  th e ra p y  fo r  p a t ie n t s  s u ff e r in g  f ro m  p h e n y la la n in e  h y d ro x y la s e  d e fi c ie n c y , w a s  a p p ro v e d  fo r  t h e  t re a tm e n t  o f  
p a t ie n t s  1 6  y e a r s  o r  o ld e r  w ith  u n s a t is fa c to r y  m e ta b o lic  c o n t ro l. C o m p a re d  to  th e  c u r re n t  d ie t a r y  t re a tm e n t  th is  t h e ra p y  is  
in v a s iv e  a n d  re q u ire s  a  lo t  o f  e ff o r t s  f ro m  b o th  p a re n t s  a n d  s p e c ia liz e d  P K U  t re a tm e n t  te am s . H e re  w e  s h o w  h o w  to  s e t  u p  
th e  c lin ic  fo r  t h e  in t ro d u c t io n  o f  p e g v a lia s e  t re a tm e n t , h o w  to  e v a lu a te  p a t ie n t s  e lig ib le  fo r  t re a tm e n t , a n d  h o w  to  p re p a re  
th e  p a t ie n t  fo r  t h is  n e w  th e ra p e u t ic  a p p ro a c h .
 
S in c e  O c to b e r  2 0 1 9  2 1  p a t ie n t s  w e re  t re a te d  w ith  p e g v a lia s e . S e v e ra l c a s e  s tu d ie s  w ill d em o n s t ra te  th a t  p e g v a lia s e  
t re a tm e n t  n e e d s  a n  in d iv id u a liz e d  a p p ro a c h  fo r  e v e r y  s in g le  p a t ie n t . W e  w ill d is c u s s  d iff e re n t  c o u r s e s  to  e ffi c a c y  a n d  th e  
s o m e t im e s  c h a lle n g in g  s a fe t y  p ro fi le  o f  t h is  n e w  d ru g  in c lu d in g  in je c t io n  s ite  re a c t io n s , a r th ra lg ia , a n d  a c u te  s y s te m ic  
h y p e r s e n s it iv it y  re a c t io n  th a t  n e e d  p a r t ic u la r  a t te n t io n  f ro m  t re a t in g  p h y s ic ia n s .
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E X P A N D IN G  T H E  U S E  O F  S U B S T R A T E  R E D U C T I O N  T H E R A P Y :  N I T I S I N O N E  
F O R  T H E  T R E A T M E N T  O F  A L K A P T O N U R IA

 
L A K S H M I N A R A YA N  R A N G A N A T H

R o y a l  L i v e r p o o l  U n i v .  H o s p i t a l ,  L i v e r p o o l ,  U K   
 

A lk a p to n u r ia  (A K U ) is  a n  a u to so m a l re c e s s iv e  d is o rd e r  c h a ra c te r is e d  b y  a  la c k  o f  h o m o g e n t is a te  1 ,2  d io x y g e n a s e  e n z ym e  
le a d in g  to  a c c u m u la t io n  o f  h o m o g e n t is ic  a c id  (H G A ). D e p o s it io n  o f  H G A  a s  m e la n in -lik e  p ig m e n t  in  c o n n e c t iv e  t is s u e s  
o f  t h e  b o d y  re s u lt s  in  th e  m u lt is y s te m  d am a g e  in  A K U . T h e  c lin ic a l fe a tu re s  o f  A K U  in c lu d e  s p o n d y lo a rh t ro p a th y , a o r t ic  
&  m it ra l v a lv e  v a lv e  d is e a s e , o s te o p e n ia , f ra c tu re s , ru p tu re s  o f  t e n d o n s /m u s c le /lig am e n t s , h e a r in g  im p a irm e n t , a n d  
lit h ia s is  (re n a l, p ro s t a te , s a liv a r y , g a ll b la d d e r ). T h e  d ia g n o s is  is  s u sp e c te d  b y  e x te rn a l o c h ro n o s is  in  e y e s  a n d  e a r s , e a r ly  
a r th r it is  a n d  d a rk  u r in e , a n d  c o n fi rm e d  b y  m e a su rem e n t  o f  u r in e  h o m o g e n t is ic  a c id . C lin ic a l a s s e s sm e n t  in v o lv e d  m u lt ip le  
m o d a lit ie s  to  t ra c k  th e  m u lt is y s te m  in v o lv em e n t  in  th is  c o n d it io n  w ith  a  v a r ia b le  p h e n o t y p e . G e n e ra t in g  a  c o m p o s ite  
s c o re  n am e ly  a lk a p to n u r ia  s e v e r it y  s c o re  in d e x  is  u s e fu l fo r  p ro g n o s t ic  a n d  m o n ito r in g  p u rp o s e s . N it is in o n e  in h ib it s  
p -h y d ro z y p h e n y lp y ru v a te  d io x y g e n a s e  a n d  p re v e n t s  th e  fo rm a t io n  o f  H G A  f ro m  t y ro s in e . H o w e v e r, a ll p a t ie n t s  re c e iv in g  
n it is in o n e  th e re fo re  e x h ib it  in c re a s e d  c irc u la t in g  a n d  t is s u e  t y ro s in e  le v e ls . Ty ro s in a em ia  c a n  c a u s e  v is u a l im p a irm e n t  d u e  
to  b u ild -u p  in  th e  c o rn e a . P a t ie n t s  re c e iv e  re g u la r  s lit -lam p  e x am in a t io n  to  e n su re  s a fe  u s a g e . In  S e p tem b e r  2 0 2 0 , E u ro p e a n  
M e d ic in e s  A g e n c y  a u th o r is e d  th e  u s e  o f  n it is in o n e  in  a d u lt  A K U , fo llo w in g  th e  s u c c e s s fu l re p o r t  o f  t h e  p h a s e  I I I  r a n d o m is e d  
c lin ic a l t r ia l o f  n it is in o n e  in  A K U , c a lle d  S u it a b ilit y  o f  n it is in o n e  in  a lk a p to n u r ia  2  (S O N IA  2 ).
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C H A I R P E R S O N S
 

D U L C E  Q U E L H A S ,  M S c  
C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to , In s t it u to  J a c in to  M a g a lh ã e s , P o r to , P o r tu g a l

I S A B E L  R I V E R A ,  P h D  

Fa c u ld a d e  d e  Fa rm á c ia  d a  U n iv e r s id a d e  L is b o a , L is b o a , P o r tu g a l
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R E C E N T  A D V A N C E S  I N  G E N E  T R A N S F E R  T H E R A P Y  T O  T H E  C N S  I N  
LY S O S O M A L  S T O R A G E  D I S E A S E S  

 
N I C O L I N A  C R I S T I N A  S O R R E N T I N O  

T e l e t h o n  I n s t i t u t e  o f  G e n e t i c s  a n d  M e d i c i n e ,  P o z z u o l i ,  N a p l e s ,  I t a l y

Ly so so m a l S to ra g e  D is o rd e r s  (L S D ) a re  a  g ro u p  o f  in h e r ite d  m e ta b o lic  d is e a s e s  c a u s e d  b y  th e  d e fi c ie n c y  o f  h y d ro ly t ic  
e n z ym e s  in v o lv e d  in  th e  d e g ra d a t io n  o f  m a c ro m o le c u le s  in c lu d in g  s p h in g o lip id s , g ly c o s am in o g ly c a n s , g ly c o p ro te in s  a n d  
g ly c o g e n  th a t  a c c u m u la te s  in to  th e  ly s o so m e s . T h e  s to ra g e  o f  u n d e g ra d e d  m a te r ia ls  t r ig g e r s  a  c a s c a d e  o f  s e c o n d a r y  e v e n t s  
in  d iff e re n t  t is s u e s  a n d  o rg a n s  c a u s in g  a  c o m p le x  p h e n o t y p e  o f  t h e s e  d is o rd e r s  c h a ra c te r iz e d  b y  th e  v a r ia b le  a s s o c ia t io n  
o f  s y s te m ic  m a n ife s t a t io n s . T h e  m e ta b o lic  d e fe c t  c a n  p r im a r ily  a ff e c t  th e  C e n t ra l N e r v o u s  S y s te m  (C N S ) le a d in g  to  th e  
n e u ro n a l d e a th , m ic ro g lia l a n d  a s t ro g lia l a c t iv a t io n , in fl am m a to r y  p ro c e s s e s , a n d  a x o n a l d e g e n e ra t io n . T h e  t re a tm e n t  
o f  n e u ro d e g e n e ra t io n  re p re s e n t s  th e  m a in  g o a l o f  t h e ra p e u t ic  a p p ro a c h e s  d e v e lo p m e n t  fo r  t h e  L S D s . C u r re n t ly , t h e re  
is  n o  e ff e c t iv e  th e ra p y  fo r  t h e  t re a tm e n t  o f  C N S  p a th o lo g y  a n d  e x is t in g  c lin ic a l a p p ro v e d  p ro to c o ls  t r y  to  a lle v ia te  th e  
s o m a t ic  s ym p to m s  ra th e r  th a n  t re a t  t h e  c a u s e s  o f  t h e  d is e a s e . T h e  m o s t  a v a ila b le  th e ra p e u t ic  s t ra te g ie s  a re  b a s e d  o n  
th e  d e liv e r y  o f  fu n c t io n a l ly s o so m a l e n z ym e s  b y  u s in g  th e  e n z ym e  re p la c em e n t  th e ra p y  (E R T ) o r  A d e n o  A s so c ia te d  
V ira l (A AV ) v e c to r s  m e d ia te d  g e n e  th e ra p y  p ro to c o ls . T h e s e  t re a tm e n t s  re ly  o n  th e  m e c h a n ism  o f  c ro s s -c o r re c t io n  th a t  
a llo w s  th e  s p re a d in g  o f  fu n c t io n a l e n z ym e  in to  a ff e c te d  c e lls  b y  m a n n o se -6 -p h o sp h a te  re c e p to r  m e d ia te d  e n d o c y to s is . 
H o w e v e r, d u e  th e  lim it a t io n s  o f  E R T  in  te rm s  o f  h a lf -li fe  o f  t h e  h u m a n  e n z ym e , t re a tm e n t  c o s t s  a n d  in a b ilit y  to  c ro s s  th e  
b lo o d  b ra in  b a r r ie r  (B B B ), t h e  A AV-g e n e  th e ra p y  a p p ro a c h  p o te n t ia lly  re p re s e n t s  th e  m o re  a c h ie v a b le  s t ra te g y  fo r  t h e  
t re a tm e n t  o f  n e u ro p a th o lo g y  in  L S D . T h e  A AVs  e ffi c ie n t ly  in fe c t  d iv id in g  a n d  n o n -d iv id in g  c e ll t y p e s , p e r s is t  a s  e p is o m e s , 
a n d  g u a ra n te e  a  lo n g -te rm  effi c a c y . D u r in g  th e  la s t  d e c a d e , w e  a n d  o th e r  re s e a rc h e r s  d e v e lo p e d  n e w  A AV  g e n e  th e ra p y  
p ro to c o ls  b y  th e  d e s ig n in g  m o re  e ffi c ie n t  a n d  s a fe  A AV  a d m in is t ra t io n  ro u te s , s e le c t in g  s p e c ifi c  A AV  c a p s id s  w ith  h ig h  C N S  
t ro p ism  a n d  e n g in e e r in g  th e  ly s o so m a l e n z ym e s  in  o rd e r  to  e n h a n c e  th e ir  a c t iv it y . A ll t h e s e  s t ra te g ie s  a llo w e d  to  b y p a s s  
th e  B B B  o b s ta c le , m in im iz e  th e  im m u n e  re sp o n s e , im p ro v e  th e  C N S  t a rg e t in g  a n d  b io d is t r ib u t io n  a n d  re s c u e  th e  C N S  
s to ra g e  p a th o lo g y  in  n e u ro p a th ic  L S D s  s u c h  a s  M u c o p o ly s a c c h a r id o s e s . A  s p e c ia l m e n t io n  h a s  to  b e  d o n e  to  th e  im p o r t a n t  
re s u lt s  o b ta in e d  b y  th e  in t ra th e c a l A AV 9 -m e d ia te d  g e n e  th e ra p y  th a t  a t  m o m e n t  re p re s e n t s  o n e  o f  m o s t  p o w e r fu l g e n e  
th e ra p y  a p p ro a c h  fo r  d iff e re n t  n e u ro d e g e n e ra t iv e  L S D s . In  c o n c lu s io n , t h a n k s  to  th e s e  e x c it in g  a n d  re c e n t  a d v a n c e s , A AV-
g e n e  th e ra p y  p ro to c o ls  a c h ie v e d  b o th  s u c c e s s fu l p re c lin ic a l a n d  c lin ic a l t r ia ls  re s u lt s  o v e rc o m in g  p re v io u s  lim it a t io n s  a n d  
m o v in g  fo rw a rd  in  s e v e ra l d ire c t io n s  in  th e  L S D s  t re a tm e n t .
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E M E R G I N G  T H E R A P I E S  I N  T H E  H E R E D I T A R Y  P O R P H Y R I A S   

J E A N -C H A R L E S  D E Y B A C H  

B i o c h e m i s t r y  D e p a r t m e n t ,  L o u i s  M o u r i e r  H o s p i t a l ,  P a r i s ,  F R

P o rp h y r ia s  a re  ra re  in h e r ite d  d is o rd e r s  c a u s e d  b y  s p e c ifi c  e n z ym e  d y s fu n c t io n s  in  th e  h a em  s y n th e s is  p a thw a y, w h ic h  re s u lt  
in  a b n o rm a l a c c u m u la t io n  o f  s p e c ifi c  p a thw a y  in te rm e d ia te s . P o rp h y r in s  a re  p h o to re a c t iv e  a n d  c a u s e  p h o to c u ta n e o u s  
le s io n s  o n  s u n lig h t-e x p o s e d  a re a s  in  m o s t  o f  t h e  p o rp h y r ia s , w h e re a s  a c c u m u la t io n  o f  t h e  e a r ly  p o rp h y r in  p re c u r s o r s  
d -am in o le v u lin ic  a c id  (A L A ) a n d  p o rp h o b ilin o g e n  (P B G ) is  re la te d  to  a c u te  n e u ro v is c e ra l a t t a c k s  in  a c u te  h e p a t ic  p o rp h y r ia s  
(A H P s ). T h e  v a r io u s  s ym p to m s  o f  t h e  d iff e re n t  p o rp h y r ia s  d e p e n d  o n  th e  c h em ic a l c h a ra c te r is t ic s  o f  t h e  p a thw a y  
in te rm e d ia te s  th a t  a c c u m u la te . T h e ir  v a r ia b le  c lin ic a l e x p re s s io n  d e p e n d s  o n  th e  s e v e r it y  o f  t h e  u n d e r ly in g  e n z ym a t ic  
a b n o rm a lit y  a n d  th e  a c t iv it y  o f  t h e  fi r s t  a n d  ra te -lim it in g  A L A  s y n th a s e  e n z ym e s  o f  t h e  p a thw a y, t h ro u g h  in d u c e d  e x p re s s io n  
o f  t h e  h o u s e k e e p in g  A LA S1  g e n e  in  th e  liv e r  a n d  t is s u e  s p e c ifi c  in d u c e d  e x p re s s io n  o f  t h e  A LA S2  g e n e  in  th e  b o n e  m a r ro w . 

A c t iv a t io n  o f  A H P s  re s u lt s  f ro m  in d u c t io n  o f  h e p a t ic  A LA S1  b y  e x o g e n o u s  o r  e n d o g e n o u s  fa c to r s  in  th e  p re s e n c e  o f  in h e r ite d  
d e fi c ie n c y  o f  1  o f  4  d o w n s t re am  e n z ym e s  in  th e  p a thw a y. T h is  re s u lt s  in  th e  a c c u m u la t io n  o f  p o rp h y r in  p re c u r s o r s , A L A , P B G  
a n d  p o rp h y r in s , le a d in g  to  n e u ro lo g ic a l s ym p to m s . A  th e ra p e u t ic  in te r fe re n c e  R N A  (g iv o s ira n , A ln y lam  P h a rm a c e u t ic a ls ) 
t h a t  t a rg e t s  h e p a t ic  A LA S1  m R N A  p ro d u c t io n  is  c u r re n t ly  u n d e rg o in g  c lin ic a l t r ia ls  p h a s e  3  in  A H P s  a n d  ju s t  re c e n t ly  
a p p ro v e d  fo r  c lin ic a l u s e  (G iv la a r i®) b y  th e  EM A  a n d  F D A . M e a nw h ile , t r ia ls  a im e d  a t  re s c u in g  th e  m e ta b o lic  b lo c k a g e  b y  
g e n e  o r  m R N A  th e ra p ie s  a re  o n g o in g  fo r  a c u te  in te rm it te n t  p o rp h y r ia  (A IP ) th e  m o s t  p re v a le n t  A H P. 

P o rp h y r in s  a c c u m u la te  a n d  m a y  c a u s e  t y p ic a l c u ta n e o u s  p h o to s e n s it iv it y  le s io n s  in  p o rp h y r ia  c u ta n e a  t a rd a  (P C T ), t h e  m o s t  
c o m m o n  a n d  n o n  a c u te  p o rp h y r ia . P C T  is  re a d ily  t re a te d  w ith  re p e a te d  p h le b o to m ie s  o r  lo w -d o se  h y d ro x y c h lo ro q u in e , 
w h ic h  a re  e q u a lly  e ff e c t iv e . N o w a d a y s  h e p a t it is  C  is  a  m a jo r  s u s c e p t ib ilit y  f a c to r  in  m a n y  p a t ie n t s  w ith  P C T, a n d  th e  
p o s s ib ilit y  t h a t  D A A s  c a n  b e  e ff e c t iv e  a s  in it ia l t re a tm e n t  fo r  b o th  c o n d it io n s  is  u n d e r  in v e s t ig a t io n .

In  e r y th ro p o ie t ic  p o rp h y r ia s  re s u lt in g  f ro m  d y s fu n c t io n s  in  o th e r  p a thw a y  e n z ym e s , c o m - p e n s a to r y  in d u c t io n  o f  
e r y th ro id  A LA S2  o r  g a in - o f-fu n c t io n  A LA S2  m u ta t io n s , le a d  to  p o rp h y r in  a c c u m u la t io n  a n d  v a r ia b le  t y p e s  o f  c u ta n e o u s  
p h o to s e n s it iv it y  d e p e n d in g  o n  th e  s ite  o f  t h e  e n z ym a t ic  d e fe c t . 

P ro te c t io n  f ro m  su n lig h t  e x p o su re  is  t h e  c o rn e r s to n e  o f  m a n a g em e n t  fo r  t h e s e  tw o  c o n d it io n s . In c re a s e d  s k in  m e la n in  
p ro d u c t io n  a f te r  t re a tm e n t  w ith  a fam e la n o t id e  h a s  in c re a s e d  s ig n ifi c a n t  lig h t  to le ra n c e  a n d  q u a lit y  o f  li fe  in  E P P  p a t ie n t  
a n d  a  t re a tm e n t  a p p ro v e d  b y  EM A  (S c e n e s s e®, C lin u v e l P h a rm a c e u t ic a ls ). H o w e v e r  a d d it io n a l n o v e l t h e ra p ie s  b a s e d  o n  th e  
e t io lo g ie s  a n d  p a th o g e n e s is  o f  t h e s e  c o n d it io n s , ie . p ro to p o rp h y r in  h y p e rp ro d u c t io n  a n d  a c c u m u la t io n  b y  e ith e r  A LA S2  
in d u c t io n  o r  F E C H  m u ta t io n s , a re  u n d e r  d e v e lo p m e n t , s u c h  a s  th e  a n t is e n s e  o lig o n u c le o t id e  (A O N ) s t ra te g y  to  in c re a s e  
e x p re s s io n  o f  t h e  h y p o m o rp h ic  F E C H  a lle le  (IV S 3 -4 8  T>C , fo u n d  in  th e  g re a t  m a jo r it y  o f  p a t ie n t s  w ith  E P P ), w h ic h  is  n o w  
in  p re c lin ic a l d e v e lo p m e n t . A lte rn a t iv e ly , in h ib ito r s  o f  e r y th ro id  A LA S2  a n d  s u p p re s s io n  o f  e r y th ro id  h a em  s y n th e s is  a re  
a d d it io n a l in n o v a t iv e  a p p ro a c h e s  w ith  p o te n t ia l fo r  t re a t in g  a ll e r y th ro p o ie t ic  p o rp h y r ia s . 
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E M E R G I N G  T H E R A P I E S  F O R  M I T O C H O N D R I A L  D I S E A S E  

S H A M IM A  R A H M A N   
 

U C L  G r e a t  O r m o n d  S t r e e t  I n s t i t u t e  o f  C h i l d  H e a l t h ,  L o n d o n ,  U K

P r im a r y  m ito c h o n d r ia l d is e a s e s  a re  d e v a s t a t in g  g e n e t ic  d is o rd e r s  a ff e c t in g  th e  s t ru c tu re  a n d /o r  fu n c t io n  o f  t h e  
m ito c h o n d r ia , d y n am ic  o rg a n e lle s  th a t  a c t  a s  c e llu la r  p o w e r  s t a t io n s  a n d  s ig n a llin g  h u b s . A t  p re s e n t , c u ra t iv e  th e ra p ie s  a re  
la c k in g  fo r  t h e  v a s t  m a jo r it y  o f  m ito c h o n d r ia l d is e a s e s , w ith  th e  p o s s ib le  e x c e p t io n  o f  s o m e  d is o rd e r s  o f  t h e  b io s y n th e s is  
o f  c o e n z ym e  Q 10 , a n  e s s e n t ia l m ito c h o n d r ia l e le c t ro n  c a r r ie r  a n d  a n t io x id a n t . A  p le th o ra  o f  e m e rg in g  th e ra p ie s  is  a t  a  
p re c lin ic a l o r  e a r ly  c lin ic a l s t a g e  o f  d e v e lo p m e n t . T h e s e  th e ra p ie s  c a n  b e  d iv id e d  b ro a d ly  in to  p h a rm a c o lo g ic a l a n d  g e n e t ic  
a p p ro a c h e s . P h a rm a c o lo g ic a l t h e ra p ie s  c a n  b e  s u b d iv id e d  fu r th e r  in to  d is e a s e -sp e c ifi c  a n d  d is e a s e -a g n o s t ic  a p p ro a c h e s . 
A n  e x am p le  o f  a  d is e a s e -sp e c ifi c  th e ra p y  is  n u c le o s id e  s u p p le m e n ta t io n  fo r  t h ym id in e  k in a s e  2  (T K 2 ) d e fi c ie n c y ; d is e a s e -
a g n o s t ic  a p p ro a c h e s  t a rg e t  re a c t iv e  o x y g e n  s p e c ie s , m ito c h o n d r ia l m em b ra n e  lip id s , m ito c h o n d r ia l b io g e n e s is  a n d  
m ito p h a g y . G e n e t ic  a p p ro a c h e s  c a n  a ls o  b e  s u b d iv id e d , in to  th o s e  th a t  t a rg e t  th e  m ito c h o n d r ia l D N A  a n d  th o s e  a im in g  to  
c u re  n u c le a r  g e n e  d e fe c t s . T h e  fo rm e r  in c lu d e  m e th o d s  to  s e le c t iv e ly  d e s t ro y  m u ta n t  m ito c h o n d r ia l D N A , e .g . u s in g  z in c  
fi n g e r  n u c le a s e s  o r  m ito c h o n d r ia l TA L E N s , o r  b y  a llo to p ic  e x p re s s io n  o f  m ito c h o n d r ia lly  e n c o d e d  p ro te in s . A AV  a n d /o r  
le n t iv ira l m e d ia te d  g e n e  th e ra p y  h a s  n o w  b e e n  re p o r te d  in  m o u se  m o d e ls  o f  a  h a n d fu l o f  m ito c h o n d r ia l d is o rd e r s  c a u s e d  
b y  n u c le a r  g e n e  d e fe c t s . T h e  re c e n t  f a i lu re  o f  a  P h a s e  3  t r ia l o f  e lam ip re t id e , a  S z e to -S c h ille r  t e t ra p e p t id e  th a t  a im s  to  
s t a b iliz e  c a rd io lip in , h ig h lig h t s  th e  e x t re m e  c h a lle n g e s  in  d em o n s t ra t in g  e ffi c a c y  o f  a n y  o f  t h e  a b o v e  e m e rg in g  th e ra p ie s  
in  a  fi e ld  b lig h te d  b y  h e te ro g e n e it y  a n d  c o m p le x it y  a t  e v e r y  le v e l (c lin ic a l, b io c h em ic a l a n d  g e n e t ic ).
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G E N E T I C  S U B S T R A T E  R E D U C T I O N  T H E R A P Y  F O R  
M U C O P O LY S A C C H A R I D O S E S  T Y P E  I I I :  T O W A R D  A  S I R N A -C O N T A I N I N G  

N A N O P A R T I C L E  T A R G E T E D  T O  B R A I N  C E L L S
C o u t i n h o  M F 1 ,2 * ;  S a n t o s  J I 1 ,3 * ;  G a s p a r  P 4 ;  P r a t a  M J 3 ,5 ;  J u r a d o  A S 6 ,7 ;  P e d r o s o  d e  L im a  M C 6 ;  A l v e s  S 1 ,2

1  R e s e a rc h  a n d  D e v e lo p m e n t  U n it , D e p a r tm e n t  o f  H u m a n  G e n e t ic s , IN S A , P o r to , P o r tu g a l; 
2  C e n te r  fo r  t h e  S tu d y  o f  A n im a l S c ie n c e , C E C A -IC E TA , U n iv e r s it y  o f  P o r to , P o r to , P o r tu g a l;  

3  B io lo g y  d e p a r tm e n t , Fa c u lt y  o f  S c ie n c e s , U n iv e r s it y  o f  P o r to , P o r tu g a l;  
4  N e w b o rn  S c re e n in g , M e ta b o lism  a n d  G e n e t ic s  U n it , D e p a r tm e n t  o f  H u m a n  G e n e t ic s , IN S A , P o r to , P o r tu g a l; 

5  i3 S  – In s t it u te  o f  R e s e a rc h  a n d  In n o v a t io n  in  H e a lth /IPAT IM U P  – In s t it u te  o f  M o le c u la r  P a th o lo g y  a n d  Im m u n o lo g y  o f  t h e  
U n iv e r s it y  o f  P o r to , P o r tu g a l; 6  C e n te r  fo r  N e u ro s c ie n c e  a n d  C e ll B io lo g y , U n iv e r s it y  o f  C o im b ra , C o im b ra , P o r tu g a l;  

7  D e p a r tm e n t  o f  L ife  S c ie n c e s , Fa c u lt y  o f  S c ie n c e  a n d  Te c h n o lo g y , U n iv e r s it y  o f  C o im b ra , C o im b ra , P o r tu g a l

*T h e s e  a u t h o r s  c o n t r i b u t e d  e q u a l l y  t o  t h e  w o r k

P r e s e n t i n g  a u t h o r  e -m a i l :  f r a n c i s c a . c o u t i n h o @ i n s a .m i n -s a u d e .p t

A B S T R A C T :  T h e  c la s s ic a l t h e ra p e u t ic  a p p ro a c h  fo r  L S D s , e n z ym e  re p la c em e n t  th e ra p y , w o u ld  h a rd ly  r is e  a s  a  p o te n t ia lly  
s u c c e s s fu l to o l to  re d u c e  th e  d is e a s e  b u rd e n  in  M P S  I I I  p a t ie n t s , a s  it  is  lo n g  k n o w n  to  h a v e  n o  im p a c t  o n  n e u ro p a th o lo g y . 
A  te m p t in g  a lte rn a t iv e , h o w e v e r, w o u ld  b e  to  b lo c k  s u b s t ra te  a c c u m u la t io n  u p s t re am , b y  d e c re a s in g  it s  s y n th e s is . T h a t  
c o n c e p t  is  k n o w n  a s  s u b s t ra te  re d u c t io n  th e ra p y  (S R T ). 
H a v in g  th is  in  m in d , w e  d e s ig n e d  a n  R N A -b a s e d  s t ra te g y  b a s e d  u p o n  th e  s e le c t iv e  d o w n re g u la t io n  o f  o n e  g e n e  in v o lv e d  in  
th e  v e r y  e a r ly  s t a g e s  o f  t h e  g ly c o s am in o g ly c a n s ’ (G A G ) b io s y n th e th ic  c a s c a d e . O u r  g o a l is  to  p ro m o te  a n  e ff e c t iv e  re d u c t io n  
o f  t h e  a c c u m u la t in g  s u b s t ra te , u lt im a te ly  d e c re a s in g  o r  d e la y in g  M P S ’ s ym p to m s . A s  to o ls  to  a c h ie v e  s u b s t ra te  re d u c t io n , 
w e  a re  e v a lu a t in g  a  s p e c ifi c  t y p e  o f  a n t is e n s e  o lig o n u c le o t id e s , a b le  to  t r ig g e r  a  n a tu ra lly -o c c u r r in g  p o s t -t ra n s c r ip t io n a l 
g e n e  s i le n c in g  p ro c e s s  c a lle d  R N A  in te r fe re n c e : t h e  sm a ll in te r fe r in g  R N A s  (s iR N A s ). S o  fa r, t h e  o b ta in e d  re s u lt s  a re  q u ite  
p ro m is in g  w ith  m a rk e d  d e c re a s e s  o f  t h e  t a rg e t  m R N A  le v e ls  in  fi b ro b la s t  c e ll l in e s  fo r  a ll t h e  d iff e re n t  M P S  I I I  d is e a s e  s u b -
t y p e s . In it ia l s tu d ie s  a d d re s s in g  th e  o v e ra ll s to ra g e  o f  s u lp h a te d  G A G s  u s e d  e ith e r  th e  ro u t in e  a lc ia n  b lu e  o r  a  m o d ifi e d , 
m o re  s e n s it iv e  1 ,9 -d im e th y lm e th y le n e  b lu e  a s s a y  a t  d iff e re n t  t im e  p o in t s . N e v e r th e le s s , t h e  lo w  c o n fl u e n c y  le v e ls  re q u ire d  
fo r  s iR N A  t ra n s fe c t io n  d id  n o t  a llo w  d e te c t io n  o f  G A G s  e x c re te d  to  th e  c u ltu re  m e d ia . S im ila r  p ro b le m s  h a v e  b e e n  n o te d  b y  
o th e r  a u th o r s , in c lu d in g  o v e r- a n d  u n d e r-e s t im a t io n  o f  s u lp h a te d  G A G s . T h is  is  p a r t ic u la r ly  re le v a n t  in  sm a ll s am p le s , lik e  
th e  o n e s  w e  h a v e  b e e n  u s in g . In  f a c t , e v e n  th e  d ire c t  a s s e s sm e n t  o f  t h e  in t ra ly s o so m a l s u p h a te d  G A G s  o n  th o s e  s am p le s , 
w h ile  m o re  re lia b le , d o e s  s h o w  s o m e  lim it a t io n s . T h a t  is  w h y  w e  a re  c u r re n t ly  im p lem e n t in g  a  n o v e l, m o re  s e n s it iv e  m e th o d  
fo r  G A G  d e te c t io n  b y  liq u id  c h ro m a to g ra p h y  a n d  q u a n t ifi c a t io n  w ith  e le c t ro sp ra y  io n iz a t io n –ta n d em  m a s s  s p e c t ro m e t r y  
(S a v ille  e t  a l., 2 0 1 8 ). T h u s , a d d it io n a l d a ta  o n  th e  e ff e c t  o f  t h e  d e s ig n e d  s iR N A s  o n  s u b s t ra te  a c c u m u la t io n  w ill b e  c o lle c te d  
o v e r  th e  n e x t  m o n th s  a n d  o th e r  m e th o d s  w ill b e  u s e d  to  fu r th e r  a d d re s s  th is  is s u e . 

H e re  w e  p re s e n t  a n  o v e r v ie w  o n  th e  c u r re n t  re s u lt s  o f  t h is  p ro je c t , w h ile  d is c u s s in g  it s ’ n e x t  s te p s , n am e ly  th e  d e v e lo p m e n t  
a n d  e v a lu a t io n  o f  v e c to r s  fo r  in  v iv o  d e liv e r y . O u r  g o a l is  to  d e v e lo p  t a rg e te d  s t a b le  n u c le ic  a c id  lip id  p a r t ic le s  (t -S N A L P s ) 
c o u p le d  w ith  d iff e re n t  lig a n d s , w h ic h  p ro m o te  c e ll u p ta k e  o f  t h e  ‘a n t i-G A G ’ s iR N A s  in  a  v a r ie t y  o f  c e lls , in c lu d in g  n e u ro n s .

A C K N O W L E D G M E N T S :  T h is  w o rk  w a s  p a r t ia lly  s u p p o r te d  b y  th e  P o r tu g u e s e  S o c ie t y  fo r  M e ta b o lic  D is o rd e r s  
(S o c ie d a d e  P o r tu g u e s a  d e  D o e n ç a s  M e ta b ó lic a s , S P D M  - B o ls a  S P D M  d e  a p o io  à  in v e s t ig a ç ã o  D r. A g u in a ld o  C a b ra l 2 0 1 8 ).

R E F E R E N C E S :
S a v ille  J T, M c D e rm o t t  B K , F le t c h e r  JM , F u lle r  M . D is e a s e  a n d  s u b t y p e  s p e c ifi c  s ig n a tu re s  e n a b le  p re c is e  d ia g n o s is  o f  t h e  
m u c o p o ly s a c c h a r id o s e s . G e n e t  M e d . 2 0 1 9 ; 2 1 :7 5 3–7 5 7 . 



S E S S I O N  V I I I

E X P A N D I N G  T H E  C O N C E P T  O F  
N E U R O M E T A B O L I C  D I S O R D E R S



C H A I R P E R S O N S

S O F I A  D U A R T E ,  M D  
R e fe re n c e  C e n te r  o f  M e ta b o lic  D is e a s e s , C e n t ro  H o sp it a la r  U n iv e r s it á r io  L is b o a  C e n t ra l, L is b o a , P T

J O Ã O  D U R Ã E S ,  M D  
R e fe re n c e  C e n te r  o f  M e ta b o lic  D is e a s e s , C e n t ro  H o sp it a la r  e  U n iv e r s it á r io  d e  C o im b ra , C o im b ra , P T
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C E L L U L A R  N E U R O M E T A B O L I S M :  A  T E N T A T I V E  T O  C O N N E C T  C E L L  
B I O L O G Y  A N D  M E T A B O L I S M  I N  N E U R O L O G Y   

A N G E L E S  G A R C Í A -G A Z O R L A
 

S a n t  J o a n  d e  D é u  C h i l d r e n ’s  H o s p i t a l ,  B a r c e l o n a ,  E S

In b o rn  e r ro r s  o f  m e ta b o lism  (IEM s ) a re  p a r t ic u la r ly  p re v a le n t  a s  d is e a s e s  o f  t h e  n e r v o u s  s y s te m . T h is  is  e s p e c ia lly  t ru e  
n o w  th a t  a  b ro a d e r, m o re  in c lu s iv e  d e fi n it io n  o f  IEM  is  a c c e p te d . M o re o v e r, t h e  w h o le  g ro u p  o f  n e u ro m e ta b o lic  d is o rd e r s , 
m a n y  o f  t h em  la c k in g  b io m a rk e r s , is  e x p e c te d  to  e x p e r ie n c e  s u b s ta n t ia l g ro w th  in  th e  n e a r  fu tu re  a s  a  re s u lt  o f  a d v a n c e d  
g e n e t ic  d ia g n o s t ic  t e c h n iq u e s . In  f a c t , w e  c o u ld  e a s ily  fi n d  m a jo r  n e u ro lo g ic a l s ym p to m s  in  a ro u n d  8 0%  o f  th e  w h o le  
g ro u p  o f  IEM s . B e c a u s e  th is  im p lie s  a n  im p o r t a n t  c h a lle n g e  fo r  b o th  n e u ro lo g is t s  a n d  m e ta b o lic  p h y s ic ia n s , it  is  n e c e s s a r y  
to  re d e fi n e  o u r  a p p ro a c h  to  th e s e  d is e a s e s .

T h e  “C e llu la r  N e u ro m e ta b o lism ” a im s  to  in te g ra te  b io c h em is t r y  a n d  c e ll b io lo g y  b a s e d  o n  th e  p e c u lia r it ie s  o f  t h e  n e r v o u s  
s y s te m , w h ic h  is  h ig h ly  c o m p a r tm e n ta liz e d . In  f a c t , d iff e re n t  c e ll c o m p a r tm e n t s  (n e u ro n a l s o m a , a x o n s , s y n a p t ic  te rm in a l, 

g lia -c o n n e c t io n s…) b e h a v e  a s  u n iq u e  m ic ro e n v iro n m e n t s  w ith  s p e c ifi c  m e ta b o lic  p ro p e r t ie s . 

D u r in g  th e  t a lk , a  te n ta t iv e  a p p ro x im a t io n  to  th is  in te g ra t iv e  o v e r v ie w  w ill b e  d e v e lo p e d . F o r  t h is  p u rp o s e  w e  w ill c o n s id e r  
h o w  th e  m a in  c a te g o r ie s  o f  IEM , a c c o rd in g  to  th e  re c e n t ly  p u b lis h e d  s im p lifi e d  c la s s ifi c a t io n , h a v e  a n  im p a c t  in  th e  d iff e re n t  
c e ll c o m p a r tm e n t s  o f  t h e  n e r v o u s  s y s te m . T h is  m e a n s  to  e x p lo re  h o w  d is o rd e r s  o f  s im p le , c o m p le x  m o le c u le s  a n d  e n e rg y  
d e fe c t s  b e h a v e  in  th e  b ra in  f ro m  a  c e llu la r  a n d  b io c h em ic a l p e r s p e c t iv e . C o n v e r s e ly , w e  w ill a s s e s s  th e  m e ta b o lic  b e h a v io r  
o f  m a jo r  c e llu la r  p ro c e s s e s  s u c h  a s  t raffi c k in g  a n d  s ig n a lin g  a n d  th e ir  re la te d  n e u ro lo g ic a l s ym p to m s  a n d  d is e a s e s . 

A lth o u g h  th is  is  a  c o m p le x  a n d  in c o m p le te  te n ta t iv e , it  c o u ld  b e  a  s t a r t in g  p o in t  to  t ra in  th e  c lin ic a l t h in k in g  fo r  a  m u lt ip le  
le v e l a p p ro a c h  th a t  in c lu d e s  m e ta b o lism  a n d  c e ll b io lo g y . In c re a s in g  k n o w le d g e  a b o u t  th e  p a th o p h y s io lo g y  o f  d is o rd e r s  
a s  w e ll a s  b ig  d a ta  a p p lic a t io n  w ill p ro b a b ly  h e lp  to  b e t te r  d e fi n e  th is  a n d  s im ila r  a p p ro a c h e s  in  th e  fu tu re . 
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N E O N A T A L  S E I Z U R E S  - A R E  W E  T H E R E  Y E T  ?

 
B A R B A R A  P L E C K O

 
D e p a r t m e n t  o f  P e d i a t r i c  a n d  A d o l e s c e n t  M e d i c i n e ,  M e d i c a l  U n i v e r s i t y  o f  G r a z ,  A u s t r i a

R e c e n t  y e a r s  h a v e  b ro u g h t  m a jo r  p ro g re s s  in  th e  fi e ld  o f  e p ile p t ic  e n c e p h a lo p a th ie s  th a t  a re  c a u s e d  b y  in b o rn  e r ro r s  o f  
m e ta b o lism  (IEM ). T h o u g h  ra re , t h e ir  e a r ly  re c o g n it io n  is  c ru c ia l to  e n a b le  s p e c ifi c  t re a t - m e n t  a n d  a v o id  ir re v e r s ib le  b ra in  
d am a g e . H y p o g ly c em ia  a n d  e le c t ro ly te  im b a la n c e  in c lu d in g  h y p o m a g - n e s em ia  m u s t  b e  ru le d  o u t  b e fo re  s c re e n in g  fo r  
IEM . D ia g n o s t ic  w o rk -u p  fo r  IEM  is  b a s e d  o n  a g e  o f  o n - s e t , s e iz u re  s e m io lo g y , E E G  c h a ra c te r is t ic s , c o n c o m ita n t  c lin ic a l 
o r  ra d io lo g ic  fi n d in g s  a n d  th e  id e n t ifi c a - t io n  o f  s p e c ifi c  b io m a rk e r s  in  b o d y  fl u id s . T h e  la rg e s t  g ro u p  o f  IEM  m a n ife s t in g  
w ith  n e o n a ta l s e iz u re s  is  t h a t  o f  c o fa c to r  d e fi c ie n c ie s , in c lu d in g  v it am in  B 6  d e p e n d e n t  e p ile p s ie s , d ih y d ro fo la te  
re d u c ta s e  a n d  m o - ly b d e n um  c o fa c to r  d e fi c ie n c y , t h a t  a re  a ll am e n a b le  to  s p e c ifi c  t re a tm e n t .
E v e r y  n e w b o rn  w ith  m yo c lo n ic  s e iz u re s  th a t  a re  re s is t a n t  to  c o m m o n  a n t ic o n v u ls a n t s  s h o u ld  b e  in v e s t i- g a te d  fo r  v it am in  
B 6  d e p e n d e n t  e p ile p s ie s  a n d  re c e iv e  a  s t a n d a rd is e d  c o fa c to r  t r ia l w ith  p y r id o x in e  3 0  m g /k g /d  in  tw o  s in g le  d o s a g e s , i f  
in e ff e c t iv e  fo llo w e d  b y  a d d -o n  o f  fo lin ic  a c id  3 -5  m g /k g /d  a n d  a  sw it c h  to  P L P, 3 0 -6 0m g /k g /d . V it am in e  B 6  d e p e n d e n t  
e p ile p s ie s  c a n  o c c u r  d u e  to  d iff e re n t  IEM , th a t  c a n  b e  s e p a - ra te d  b y  d is t in c t  b io m a rk e r s  (Ta b le  1 ). T h e s e  in c lu d e  A n t iq u it in  
d e fi c ie n c y , P y r id o x (am )in e  5 ’-p h o sp h a te  o x id a s e  d e fi c ie n c y , s e v e re  fo rm s  o f  c o n g e n it a l h y p o p h o sp h a ta s ia  a n d  P y r id o x a l 
5 ’-p h o sp h a te  b in d in g  p ro te in  (P L P B P -fo rm e r ly  P R O S C ) d e fi c ie n c y . In  A n t iq u it in  d e fi c ie n c y  a d d -o n  t re a tm e n t  w ith  a  ly s in e  
re - s t r ic te d  d ie t  a n d  a rg in in e  s u p p le m e n ta t io n  m ig h t  im p ro v e  c o g n it iv e  o u tc o m e . R e c e n t  re s e a rc h  h a s  u n ra v - e le d  a  
c o n s id e ra b le  p y r id o x in e  re sp o n s e  in  p a t ie n t s  w ith  m u ta t io n s  in  th e  p o ta s s iu m  c h a n n e l K C N Q 2 . A s  P L P  is  a  c o fa c to r  o f  t h e  
g ly c in e  c le a v a g e  s y s te m , e le v a te d  g ly c in e  m a y  b e  p re s e n t  in  p la sm a  a n d  C S F  o f  p a t ie n t s  w ith  B 6  d e p e n d e n t  e p ile p s ie s  
a n d  m is le a d  to  th e  d ia g n o s is  o f  n o n -k e to t ic  h y p e rg ly c in em ia  (N K H ). M e g a lo b la s t ic  a n em ia  o r  p a n c y to p e n ia  a lo n g  
n e o n a ta l s e iz u re s  a n d  ra p id ly  p ro g re s s in g  m ic ro - c e p h a ly  s h o u ld  a le r t  c lin ic ia n s  to  th in k  a b o u t  fo la te  c y c le  d e fe c t s , s u c h  
a s  d ih y d ro fo la te  re d u c ta s e  d e fi - c ie n c y . P a t ie n t s  w ith  is o la te d  s u lfi te  o x id a s e  o r  m o ly b d e n um  c o fa c to r  d e fi c ie n c y  p re s e n t  
w ith  p o o r  fe e d in g  b e fo re  th e  o n s e t  o f  b ila te ra l to n ic -c lo n ic  s e iz u re s . M R I s h o w s  b ra in  e d em a , fo llo w e d  b y  m u lt ic y s t ic  
g re y  a n d  w h ite  m a t te r  d e g e n e ra t io n . S u p p le m e n ta t io n  o f  p re c u r s o r  Z  is  a v a ila b le  fo r  m o ly b d e n um  c o fa c to r  d e fi c ie n c y  
t y p e  A  b u t  n e e d s  e a r ly  re c o g n it io n  to  b e n e fi t  th e  p a t ie n t .
S o m e  ra re  o rg a n o a c id u r ia s , m ito c h o n d r io p a th ie s  a n d  p e ro x is o m a l d is o rd e r s  m a y  a ls o  p re s e n t  w ith  n e o - n a ta l s e iz u re s  w ith  
o r  w ith o u t  d y sm o rp h ic  s ig n s  b u t  la c k  s p e c ifi c  t re a tm e n t  o p t io n s .

B i o m a r k e r s  f o r  n e o n a t a l  s e i z u r e s  d u e  t o  I E M  t a b l e  1

D is o r d e r P la sm a C S F U r in o t h e r s

A n t iq u i t in  d e fi c ie n c y P ip e c o l ic  a c id A A S A

P N P O  d e fi c ie n c y P y r id o x a m in e V a n i l la c t a t e

C o n g . h y p o p h o s p h a t a s ia A lk a l in e  p h o s p h a t a s e

P L P B P  d e fi c ie n c y - - - N o  b io m a r k e r

N K H a m in o a c id s a m in o a c id s G ly c in e  C S F /p la sm a  r a t io

M O C O D  a n d  IS O D s u lfo c y s t e in e

Z e l lw e g e r  S y n d r o m e V L C FA

M it o c h o n d r io p a t h ie s la c t a t e la c t a t e

D ih y d r o fo la t e  r e d u c t a s e  d e f . M e t h y lt e t r a h y d r o fo la t e m e g a lo b l. e r y .

O r g a n o a c id u r ia s  (e g  D 2 O H G A ) O rg a n ic  a c id s
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G O T 2  D E F I C I E N C Y :  A  N O V E L  M A L A T E -A S P A R T A T E  S H U T T L E  D I S E A S E  
T H A T  L E A D S  T O  E A R LY -I N F A N T I L E  E N C E P H A L O P A T H Y  

 
R Ú B E N  R A M O S  

M e m o r i a l  S l o a n  K e t t e r i n g  C e n t e r ,  N Y ,  U S A

E a r ly -in fa n t ile  e n c e p h a lo p a th ie s  w ith  e p ile p s y  a re  d e v a s t a t in g  c o n d it io n s  th a t  d em a n d  a c c u ra te  d ia g n o s is  to  g u id e  p ro p e r  
m a n a g em e n t . W h o le  e x o m e  s e q u e n c in g  in  fo u r  c h ild re n  f ro m  th re e  in d e p e n d e n t  fam ilie s  w ith  in te lle c tu a l d is a b ilit y  
a n d  e p ile p s y  re v e a le d  lo s s -o f-fu n c t io n  m u ta t io n s  in  G O T 2 . G O T 2  e n c o d e s  th e  m ito c h o n d r ia l g lu t am a te  o x a lo a c e ta te  
t ra n s am in a s e  (G O T 2 ), a  p y r id o x a l 5 ’-p h o sp h a te -d e p e n d e n t  e n z ym e . G O T 2  p la y s  a n  e s s e n t ia l ro le  in  th e  m a la te  a sp a r t a te  
s h u t t le  (M A S ) b y  c a t a ly z in g  th e  re v e r s ib le  in te rc o n v e r s io n  o f  o x a lo a c e ta te  a n d  g lu tam a te  in to  a sp a r t a te  a n d  α-k e to g lu ta ra te . 
T h e  M A S  p ro v id e s  a  m e c h a n ism  fo r  n e t  t ra n s fe r  o f  N A D H  re d u c in g  e q u iv a le n t s  a c ro s s  th e  in n e r  m ito c h o n d r ia l m em b ra n e , 
re g u la t in g  g ly c o ly s is  a n d  la c t a te  m e ta b o lism . B io c h em ic a lly , a ll G O T 2 -d e fi c ie n t  p a t ie n t s  p re s e n te d  w ith  h y p e r la c t a te m ia  
a n d  h y p e ram m o n em ia , w h ile  th e  m o s t  s e v e re ly  a ff e c te d  p a t ie n t  p re s e n te d  a ls o  lo w  p la sm a  s e r in e  a n d  h y p e rc it ru llin em ia .
W e  c h a ra c te r iz e d  th e  fu n c t io n a l c o n s e q u e n c e s  o f  t h e  o b s e r v e d  m u ta t io n s  b y  m e a su r in g  th e  e n z ym e  a c t iv it y  a n d  b y  c e ll 
a n d  a n im a l m o d e ls . In  v it ro  a n a ly s is  o f  G O T 2  a c t iv it y  in  th e  p a t ie n t s ’ fi b ro b la s t s  re v e a le d  s t ro n g  d e c re a s e s  in  th e  e n z ym e  
a c t iv it y . W e  p e r fo rm e d  s t a b le  is o to p e  a n a ly s is  in  th e  p a t ie n t s ’ c e lls  a n d  fo u n d  a n  im p a ire d  s e r in e  d e  n o vo  b io s y n th e s is . To  
fu r th e r  in v e s t ig a te  th e  c a u s a l re la t io n sh ip  b e tw e e n  G O T 2  d e fi c ie n c y  a n d  s e r in e  p ro d u c t io n , w e  g e n e ra te d  G O T 2 -k n o c k o u t  
H E K 2 9 3  c e lls  a n d  c o n fi rm e d  a  s t ro n g  im p a irm e n t  in  s e r in e  d e  n o v o  b io s y n th e s is . H y p o th e s iz in g  th a t  th e  d e fe c t  in  p ro d u c in g  
s e r in e  w a s  s e c o n d a r y  to  in c re a s e d  c y to so lic  N A D H /N A D + ra t io , w e  te s te d  th e  e ff e c t  o f  g ly c e ro l a n d  p y ru v a te  o n  s e r in e  
b io s y n th e s is  a n d  fo u n d  th a t  p y ru v a te  re s to re s  s e r in e  p ro d u c t io n  in  th e  G O T 2 -k n o c k o u t  c e lls . A d d it io n a lly , k n o c k d o w n  o f  
g o t2a  in  z e b ra fi sh  re s u lte d  in  a  b ra in  d e v e lo p m e n ta l d e fe c t  a s s o c ia te d  w ith  s e iz u re -lik e  e le c t ro e n c e p h a lo g ra p h y  s p ik e s , 
w h ic h  c o u ld  b e  re s c u e d  b y  s u p p le m e n t in g  p y r id o x in e  a n d  s e r in e  to  th e  fi sh  w a te r.
A lth o u g h  fu tu re  re s e a rc h  o n  th is  M A S  d e fe c t  is  n e e d e d  to  fu lly  c h a ra c te r iz e  th e  p h e n o t y p ic  a n d  g e n o t y p ic  s p e c t ru m  o f  
t h e  d is e a s e , to  id e n t if y  b io m a rk e r s  a n d  e v a lu a te  th e ra p e u t ic  in te r v e n t io n s , o u r  fi n d in g s  s t ro n g ly  s u g g e s t  t h a t  s e r in e , 
v it am in  B 6  a n d  p y ru v a te  s u p p le m e n ta t io n  m a y  b e  im p o r t a n t  th e ra p e u t ic  o p t io n s  in  c o r re c t in g  th e  c lin ic a l a n d  b io c h em ic a l 
a b n o rm a lit ie s  o b s e r v e d  in  G O T 2  d e fi c ie n c y . N o w a d a y s , t h e  tw o  m o s t  s e v e re ly  a ff e c te d  p a t ie n t s  a re  u n d e r  s e r in e  a n d  
v it am in  B 6  t re a tm e n t , s h o w in g  a  c o m p le te  c o n t ro l o f  t h e ir  s e iz u re s .
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M I T O C H O N D R I A L  B I O E N E R G E T I C S  I N  N E U R O D E G E N E R A T I O N   
( I N V I T E D  S H O R T  C O M M U N I C A T I O N ) 

V A N E S S A  A .  M O R A I S  
 

M i t o c h o n d r i a l  B i o l o g y  a n d  N e u r o d e g e n e r a t i o n  L a b . ,  I n s t .  M e d i c i n a  M o l e c u l a r  ( IM M ),   
U n i v e r s i d a d e  d e  L i s b o a ,  L i s b o a ,  P T  

M ito c h o n d r ia  a re  o rg a n e lle s  k n o w n  a s  th e  “p o w e rh o u s e s” o f  t h e  c e lls , a s  t h e y  a re  re sp o n s ib le  fo r  p ro d u c in g  9 0%  o f  th e  
e n e rg y  n e c e s s a r y  to  m a in ta in  a n d  s u p p o r t  c e ll s u r v iv a l. W h e n  m ito c h o n d r ia  f a i l to  p ro d u c e  e n o u g h  e n e rg y  to  s u s t a in  c e ll 
l i fe , d e g e n e ra t io n  o f  t h e  c e lls , t h e  t is s u e  a n d  u lt im a te ly  th e  o rg a n  o c c u r s . M ito c h o n d r ia l d y s fu n c t io n  c a n  b e  c a u s e d  b y  
m ito c h o n d r ia l o r  n u c le a r  D N A  m u ta t io n s  o r  c a n  b e  a c q u ire d  d u e  to  m e ta b o lic , a g in g  o r  e n v iro n m e n ta l s t re s s . D is e a s e s  
a s s o c ia te d  w ith  m ito c h o n d r ia l d y s fu n c t io n  a re  v e r y  c o m m o n , in c lu d in g  a g in g -a s s o c ia te d  d is e a s e s  a n d  m e ta b o lic  d is o rd e r s . 
D e sp ite  s ig n ifi c a n t  a d v a n c e s  in  re c o g n iz in g , d ia g n o s in g  a n d  t re a t in g  p a t ie n t s  w ith  m ito c h o n d r ia l d is e a s e s , e ff e c t iv e  
t re a tm e n t s  th a t  a re  t a rg e te d  to  th e  s p e c ifi c  d e fi c it  in  a  p a t ie n t  a re  s t i ll  la c k in g . 

To  a d d re s s  th e  u n m e t  d ia g n o s t ic  a n d  th e ra p e u t ic  n e e d s  o f  p a t ie n t s  a ff e c te d  b y  m ito c h o n d r ia l d is o rd e r s  w e  w ill a p p ly  a  
p re c is io n  m e d ic in e  a p p ro a c h  th a t  in te g ra te s  th e  d e v e lo p m e n t  o f  n o v e l to o ls  fo r  n o n -in v a s iv e  te s t in g  th a t  w ill d e fi n e  th e  
g e n e t ic  a n d  b io e n e rg e t ic s  p ro fi le  o f  m ito c h o n d r ia  p re s e n t  in  affl ic te d  in d iv id u a ls . F o r  t h is , w e  h a v e  a t t a in e d  b io lo g ic a l 
s am p le s  (b lo o d  a n d  s k in  fi b ro b la s t s ) f ro m  p a t ie n t s  affl ic te d  w ith  a n  a p p a re n t  m e ta b o lic  d is o rd e r  p h e n o t y p e . To  d e te rm in e  
th e  m ito c h o n d r ia l g e n o m e , w e  h a v e  e x t ra c te d  m tD N A  f ro m  th e s e  b io lo g ic a l s am p le s  a n d  p e r fo rm e d  w h o le  g e n o m e  

s e q u e n c in g  (W G S ). W e  u s e d  th e  A p p lie d  B io s y s te m s™ P re c is io n  ID  m tD N A  W h o le  G e n o m e  P a n e l in  c o n ju n c t io n  w ith  

th e  Io n  To r re n t™ Io n  S 5™. P e r fo rm in g  b io in fo rm a t ic s  a n a ly s is , w e  a re  a b le  to  d e te rm in e  m u ta t io n  ra te  a n d  h e te ro p la sm y  
le v e ls . To  d e te rm in e  th e  m ito c h o n d r ia l b io e n e rg e t ic s  p ro fi le , w e  a re  a s s e s s in g  o x y g e n  c o n su m p t io n  ra te s  a n d  d e te rm in in g  
m ito c h o n d r ia l m o rp h o lo g y . T h e s e  a s s a y s  e n a b le  th e  d e te rm in a t io n  o f  t h e  b io e n e rg e t ic s  p ro fi le  o f  e a c h  b io lo g ic a l s am p le  
th ro u g h  c o m p a r is o n  to  a g e -m a tc h  h e a lth y  c o n t ro ls . 

T h u s , d e fi n in g  th e  b io e n e rg e t ic s  p ro fi le  o f  e a c h  in d iv id u a l, c o m p ile d  w ith  th e ir  g e n e t ic  a n d  c lin ic a l p ro fi le  w ill a llo w  
a p p ro p r ia te  t re a tm e n t  a n d  p ro g n o s is  fo r  t h e s e  in d iv id u a ls .



S E S S I O N  I X

A G E I N G  I N  I N H E R I T E D   
M E T A B O L I C  D I S O R D E R S
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C H A I R P E R S O N S

A N A B E L A  O L I V E I R A ,  M D  
C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  N o r te , H o sp . S t a . M a r ia , L is b o a , P T

A L V A R O  H E R M I D A ,  M D ,  P h D
H o sp it a l C lín ic o  U n iv e r s it a r io  d e  S a n t ia g o  d e  C o m p o s te la , S a n t ia g o  d e  C o m p o s te la , E S
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A G E  R E L A T E D  M E T A B O L I C  C H A N G E S  I N  I N H E R I T E D   
M E T A B O L I C  D I S O R D E R S  

 
F A N N Y  M O C H E L   

 
B r a i n  a n d  S p i n e  I n s t i t u t e ,  P i t i é  - S a l p ê t r i é r e  U n i v .  H o s p i t a l ,  P a r i s ,  F R  

 

A n  in c re a s in g  n u m b e r  o f  a d u lt -o n s e t  in h e r ite d  m e ta b o lic  d is e a s e s  (IM D ) h a v e  n o w  b e e n  re c o g n iz e d , a s  n e w  m e ta b o lo m ic s  
a n d  m o le c u la r  d ia g n o s t ic  t e c h n iq u e s  h a v e  b e c o m e  a v a ila b le . I  w ill d is c u s s  p o s s ib le  m e c h a n ism s  u n d e r ly in g  p h e n o t y p ic  
v a r ia b ilit y  in  a d u lt  v e r s u s  c h ild re n  w ith  IM D . S p e c ifi c a lly , p h e n o t y p ic  s e v e r it y  a n d  a g e  o f  o n s e t  is  e x p e c te d  to  b e  m o d u la te d  
b y  d iff e re n c e s  in  re s id u a l p ro te in  a c t iv it y  p o s s ib ly  d r iv e n  b y  v a r io u s  g e n e t ic  f a c to r s . P h e n o t y p ic  v a r ia b ilit y  m a y  a ls o  o c c u r  in  
th e  c o n te x t  o f  s im ila r  p ro te in  e x p re s s io n , w h ic h  s u g g e s t s  th e  in te r v e n t io n  o f  e n v iro n m e n ta l, o n to g e n ic  a n d  a g e in g  fa c to r s .

L ik e w is e , e n v iro n m e n ta l f a c to r s  p la y  a n  im p o r t a n t  ro le  in  th e  p re c ip it a t io n  o f  IM D  a t  a n y  a g e , b u t  t r ig g e r s  o f  IM D  m a in ly  
s e e n  in  a d u lt s  e n c o m p a s s  p ro lo n g e d  fa s t in g , h y p e rc a ta b o lic  s t a tu s , c e r t a in  d ie t s  o r  d ru g s  a n d  p re g n a n c ie s . T h e  lo n g -te rm  
a c c u m u la t io n  o f  to x ic  m e ta b o lite s  c a n  a ls o  b e  a t  s t a k e  in  s o m e  t y p ic a l a d u lt -o n s e t  IM D . O n to g e n ic  f a c to r s  m a y  u n d e r lie  
im p o r t a n t  p h e n o t y p ic  v a r ia b ilit y  in  IM D  a s  m e ta b o lic  n e tw o rk s  a n d  in te r-o rg a n  in te ra c t io n s  e v o lv e  w ith  a g e . A g e in g  it s e lf  
m a y  in fl u e n c e  th e  e x p re s s io n  o f  IM D  d u e  to  a d d it io n a l c e llu la r  m o d ifi c a t io n s . T h is  is  e s p e c ia lly  t ru e  fo r  t h e  m a in te n a n c e  o f  
e n e rg y  h o m e o s ta s is  in  th e  n e r v o u s  s y s te m  th a t  is  c h a lle n g e d  w ith  c e llu la r  a g e in g , a s  w e ll a s  t h e  a c c u m u la t io n  m ito c h o n d r ia l 
D N A  m u ta t io n s  a c c u m u la te  w ith  a g e , in c re a s in g  s o m a t ic  m u ta t io n s , d e fe c t iv e  a u to p h a g y  a n d  in c re a s e d  r is k  fo r  p ro te in  
a g g re g a t io n . In  th e  e ra  o f  e x p a n d e d  n e w b o rn  s c re e n in g , u n d e r s t a n d in g  m e c h a n ism s  u n d e r ly in g  p e d ia t r ic  v e r s u s  a d u lt  
p h e n o t y p ic  d iff e re n c e s  is  e v e n  m o re  c r it ic a l. M e ta b o lo m ic s  a n d  lip id o m ic s  s t a n d  o u t  am o n g  o m ic s  a s  th e  s tu d y  o f  t h e  e n d  
p ro d u c t s  o f  c e llu la r  p ro c e s s e s , t h e re fo re  a re  m o re  lik e ly  to  b e  re p re s e n ta t iv e  o f  c lin ic a l p h e n o t y p e s  th a n  g e n e t ic  v a r ia n t s  
o r  c h a n g e s  in  g e n e  e x p re s s io n .
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I N B O R N  M E T A B O L I S M  D E F E C T S  I N  C O M M O N   
N E U R O D E G E N E R A T I V E  D I S O R D E R S  

L E O N O R  C O R R E I A  G U E D E S  

N e u r o l o g y  D e p a r t .  C .  H o s p .  U n i v .  L i s b o a  N o r t e ,  H .  S t a .  M a r i a ,  L i s b o a ,  P T
  

T h e  c a u s e  o f  c o m m o n  n e u ro d e g e n e ra t iv e  d is e a s e s , a s  P a rk in s o n ’s  d is e a s e , a re  s t i ll  la rg e ly  u n k n o w n , b u t  a s  th e  g e n e t ic  
b a s is  o f  ra re  s u b g ro u p s  is  u n c o v e re d , a ls o  re la te d  m e ta b o lic  d e fe c t s  a re  a s s o c ia te d  w ith  th e s e  la rg e ly  la te  a d u lt  o n s e t  
n e u ro d e g e n e ra t iv e  d is o rd e r s . H a v in g  P a rk in s o n ’s  d is e a s e  a s  a  p a ra d ig m , v a r io u s  n o w  re la te d  m e ta b o lic  c h a n g e s  in  
n e u ro d e g e n e ra t iv e  d is o rd e r s  w ill b e  p re s e n te d , a s  w e ll a s  n e w  d e v e lo p m e n t s  in  th e ra p e u t ic  s t ra te g ie s  h a v in g  th e  c o r re c t io n  
o f  t h e  m e ta b o lic  d e fe c t  a s  t a rg e t . 

A d d it io n a lly , fo r  t h e  d is c u s s io n  o n  p o s s ib le  c o m m o n  p a thw a y s , c lin ic a l c a s e s  w ill b e  p re s e n te d  fo r  i llu s t ra t in g  th e  
p h e n o t y p ic a l o v e r la p  a n d  d iffi c u lt  d iff e re n t ia l d ia g n o s is  b e tw e e n  m o re  c o m m o n  n e u ro d e g e n e ra t iv e  d is e a s e s  a n d  ra re  
m e ta b o lic  d is o rd e r s . 
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E T H I C A L  I S S U E S  I N  T H E  T R E A T M E N T  O F  E L D E R LY  P A T I E N T S  
 

P A T R Í C I O  A G U I A R   
 

I n t e r n a l  M e d i c i n e  D e p a r t .  C .  H o s p .  U n i v .  L i s b o a  N o r t e ,  H .  S t a .  M a r i a ,  L i s b o a ,  P T

T h e  im p ro v em e n t  in  th e  h e a lth  c a re , t h e  a p p ro v a l o f  n e w  t re a tm e n t s  a n d  th e  re c o g n it io n  o f  la te -o n s e t  / a t te n u a te d  
p h e n o t y p e s  le d  to  a n  in c re a s e d  s u r v iv a l in  p a t ie n t s  w ith  in h e r ite d  m e ta b o lic  d is o rd e r s  (IM D ). T h is  f a c t  g e n e ra te d  n e w  
c h a lle n g e s  in  th e  fo llo w -u p  o f  a d u lt  p a t ie n t s  w ith  IM D , in c lu d in g  t re a tm e n t  re la te d  e th ic a l is s u e s .

T h e  p re s e n c e  o f  c o g n it iv e  im p a irm e n t  in  s e v e ra l IM D  im p o se s  e th ic a l is s u e s  re la te d  g o  t re a tm e n t  in it ia t io n  a n d  
d is c o n t in u a t io n , b e c a u s e  m o s t  o f  t h e  a v a ila b le  t re a tm e n t s  d o  n o t  c ro s s  th e  b lo o d -b ra in  b a r r ie r  a n d  th e  p a t ie n t s  m a y  
e x p e r ie n c e  im p ro v em e n t  o r  s t a b iliz a t io n  o f  s o m a t ic  m a n ife s t a t io n , w ith  c o n c u r re n t  p ro g re s s io n  in  c o g n it iv e  d is a b ilit ie s . 
M u c o p o ly s a c c h a r id o s is  a ff e c t in g  th e  c e n t ra l n e r v o u s  s y s te m  a re  e x am p le s  o f  t h e s e  t y p e s  o f  d is o rd e r s  a n d  fe w  e x p e r t  
c o n s e n su s  s t a te m e n t s  h a v e  b e e n  p u b lis h e d  a b o u t  th is  e th ic a l is s u e . 

In  d is o rd e r s  n o t  a ff e c t in g  th e  c o g n it iv e  fu n c t io n  o th e r  t re a tm e n t  re la te d  e th ic a l is s u e s  h a v e  e m e rg e d , b e c a u s e  th e  p a t ie n t s  
p re s e n t  a  n e a r  n o rm a l li fe  e x p e c ta n c y  a n d  m o s t  o f  t h e  a v a ila b le  t re a tm e n t s  h a v e  n o t  b e e n  te s te d  in  th is  a g e  g ro u p  a n d  
in  p a t ie n t s  w ith  la te -o n s e t  p h e n o t y p e s . M o re o v e r, t h e  p re s e n c e  o f  ir re v e r s ib le  o rg a n  d am a g e  o r  o th e r  c o n d it io n s  c le a r ly  
re d u c in g  li fe  e x p e c ta n c y  m a y  a ff e c t  th e  t re a tm e n t  e ffi c a c y . T h e re fo re , s e v e ra l g u id e lin e s  h a v e  b e e n  p u b lis h e d  a b o u t  
t re a tm e n t  in it ia t io n  a n d  te rm in a t io n  c r it e r ia .

C o n c lu d in g , t h e  d e v e lo p m e n t  a n d  a p p ro v a l o f  n e w  t re a tm e n t s  is  w a r ra n te d  in  IM D , b u t  e th ic a l is s u e s  a b o u t  t re a tm e n t  o f  
a n  a g e in g  p o p u la t io n  w ith  ir re v e r s ib le  d am a g e  s h o u ld  b e  s y s te m a t ic a lly  a d d re s s e d .    



S E L E C T E D
P O S T E R S
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S E L E C T E D  P O S T E R S  |  A M I N O  A C I D  D I S O R D E R S

E X P R E S S I O N ,  P U R I F I C A T I O N  A N D  F U N C T I O N A L  C H A R A C T E R I Z A T I O N   
O F  T H E  H U M A N  T Y R O S I N E  A N D  T R Y P T O P H A N  H Y D R O X Y L A S E S  

 
P O -3 5

R .  S o u s a 1
;  D .  N u n e s

1
;  R .  P a d a n h a

2
;  R .  R u s s o

2
;  P .  M .  P .  G ó i s 2 ;  P .  L e a n d r o

1
;  C .  S .  T o m é 1  

1  B io c h em is t r y  a n d  H u m a n  B io lo g y , M e ta b o lism  a n d  G e n e t ic s  G ro u p , R e s e a rc h  In s t it u te  fo r  M e d ic in e s  (iM e d .U L is b o a ), 
Fa c u lt y  o f  P h a rm a c y , U n iv e r s id a d e  d e  L is b o a , L is b o a , P o r tu g a l;  

2  P h a rm a c e u t ic a l C h em is t r y  a n d  T h e ra p e u t ic s , B io O rg a n ic  C h em is t r y  G ro u p , R e s e a rc h  In s t it u te  fo r  M e d ic in e s  (iM e d .
U L is b o a ), Fa c u lt y  o f  P h a rm a c y , U n iv e r s id a d e  d e  L is b o a , L is b o a , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - c o s t a r i t a @ e d u .u l i s b o a .p t  

T h e  a ro m a t ic  am in o  a c id  h y d ro x y la s e s  (A A A H s ) p h e n y la la n in e  h y d ro x y la s e  (PA H ), t r y p to p h a n  h y d ro x y la s e  (T P H ) a n d  
t y ro s in e  h y d ro x y la s e  (T H ) c a t a ly z e  th e  in it ia l s te p s  in  th e  b io s y n th e s is  o f  c a te c h o lam in e  a n d  s e ro to n in  n e u ro t ra n sm it te r s . 
T h e s e  h o m o te t ram e r ic  e n z ym e s  s h a re  a n  id e n t ic a l s t ru c tu re , a n d  u s e  n o n -h em e  iro n , t h e  c o fa c to r  (6 R )-L-e r y th ro -5 ,6 ,7 ,8 -
te t ra h y d ro b io p te r in  (B H 4 ), a n d  O 2  to  h y d ro x y la te  th e ir  re s p e c t iv e  am in o  a c id  s u b s t ra te . M u ta t io n s  in  th e  g e n e s  th a t  c o d ify  
th e s e  e n z ym e s  c a n  a ff e c t  th e ir  fo ld in g , c a t a ly s is  a n d /o r  re g u la t io n , le a d in g  to  p h y s io lo g ic a l c h a n g e s  w ith  s e v e re  c lin ic a l 
o u tc o m e s  s u c h  a s  n e u ro lo g ic a l a n d  m o to r  d is a b ilit ie s . T h e s e  In b o rn  E r ro r s  o f  M e ta b o lism  (IEM ) a re  ra re   a n d  a lb e it  t h e  
c lin ic a l a d v a n c e s  a c c o m p lis h e d  in  th e  la s t  d e c a d e s , p h a rm a c o lo g ic a l a p p ro a c h e s  to  th e  t re a tm e n t  o f  h PA H , hT H  a n d  hT P H  
a re  s t i ll  v e r y  lim ite d  o r  e v e n  u n a v a ila b le .

 T h e  u s e  o f  sm a ll m o le c u le s  th a t  s t a b iliz e  (p h a rm a c o lo g ic a l c h a p e ro n e s ) o r  a c t iv a te  (a c t iv it y  c h a p e ro n e s ) th e  d y s fu n c t io n a l 
e n z ym e s  h a v e  e m e rg e d  a s  a  th e ra p e u t ic  a p p ro a c h  fo r  IEM s . O u r  te am  h a s  d e s ig n e d  a  c o m p o u n d  lib ra r y  to w a rd s  th e  
h u m a n  A A A H s  in  o rd e r  to  id e n t if y  h it  c o m p o u n d s  fo r  t h e  d e v e lo p m e n t  o f  n e w  t re a tm e n t s  fo r  A A A H s  d e fi c ie n c y . T h is  
lib ra r y  h a s  b e e n  te s te d  a n d  v a lid a te d  a s  m o d u la to r s  o f  h PA H . H e re in  w e  p re s e n t  th e  p ro d u c t io n , p u r ifi c a t io n  a n d  fu n c t io n a l 
c h a ra c te r iz a t io n  o f  t h e  is o fo rm  1  o f  re c o m b in a n t  h u m a n  T H  (hT H 1 ) a n d  is o fo rm  2  o f  T P H  (hT P H 2 ). T h e  c D N A s  w e re  c lo n e d  
in to  th e  p H T P 1  c lo n in g  v e c to r, c o m p r is in g  a  H is 6  a n d  M B P  t a g s  a t  t h e  p ro te in  N -te rm in u s . T h e  e ff e c t  o f  c u ltu re  m e d ia , 
in d u c t io n  t im e  a n d  te m p e ra tu re  w e re  in v e s t ig a te d  in  o rd e r  to  o p t im iz e  th e  h e te ro lo g o u s  e x p re s s io n  o f  hT H 1  a n d  hT P H 2  
in  E . c o li  B L 2 1 (D E 3 ) c e lls . Affi n it y  c h ro m a to g ra p h y  b a s e d  o n  th e  H is 6  o r  M B P  t a g s  a n d  s iz e  e x c lu s io n  c h ro m a to g ra p h y  
w e re  o p t im iz e d  fo r  p ro te in  p u r ifi c a t io n . E n z ym a t ic  a c t iv it ie s  a n d  k in e t ic  p a ram e te r s  w e re  d e te rm in e d  th ro u g h  fl u o r im e t r ic  
d e te c t io n  o f  t h e  re a c t io n  p ro d u c t s  L-D o p a  (hT H 1 ) a n d  5 -h y d ro x y t r y p to p h a n  (hT P H 2 ). P re lim in a r y  a s s a y s  to  s tu d y  th e  a b ilit y  
o f  o u r  c o m p o u n d  lib ra r y  to  m o d u la te  th e  e n z ym e s ’ s t a b ilit y  a n d  a c t iv it y , a s  w e ll a s  t h e ir  s p e c ifi c it y  to w a rd s  h PA H , hT H 1  a n d  
hT P H 2 , a re  o n g o in g .

T h is  w o rk  w a s  s u p p o r te d  b y  F u n d a ç ã o  p a ra  a  C iê n c ia  e  Te c n o lo g ia  (F C T ), p ro je c t  P T D C /M E D -Q U I/2 9 7 1 2 /2 0 1 7 .
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P O -3 9  

 
A  D i a s 1 ;  R .  R .  L o p e s

1
;  P .  L e a n d r o

1
;  L .  G o n ç a l v e s

2
;  M .  L .  C o r v o 2

1  B io c h em is t r y  a n d  H u m a n  B io lo g y  , iM e d .U L , F F U L , G ro u p  o f  M e ta b o lism  a n d  G e n e t ic s , L is b o n , P o r tu g a l;  
2  G a le n ic  P h a rm a c y  a n d  P h a rm a c e u t ic a l Te c h n o lo g y , iM e d .U L , F F U L , L is b o n , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - a d r i a n a -d i a s @ c a m p u s .u l . p t  

P h e n y lk e to n u r ia  (P K U ) is  t h e  m o s t  p re v a le n t  g e n e t ic  d is o rd e r  o f  t h e  am in o  a c id  m e ta b o lism , a n d  is  d u e  to  m u ta t io n s  
a ff e c t in g  th e  PA H  g e n e  w h ic h  e n c o d e s  fo r  t h e  liv e r  h u m a n  p h e n y la la n in e  h y d ro x y la s e  (h PA H ). T h is  p ro te in  is  re s p o n s ib le  
fo r  t h e  c o n v e r s io n  o f  p h e n y la la n in e  (L-P h e ) in to  t y ro s in e  (L-Ty r ). P re s e n t ly , m o re  e ffi c ie n t  th e ra p ie s  a re  s t i ll  la c k in g , b e in g  
d ie te t ic  re s t r ic t io n  a n d  c o fa c to r  s u p p le m e n ta t io n  th e  m a in  a v a ila b le  a p p ro a c h e s  to  t re a t  P K U  p a t ie n t s . H u m a n  PA H  is  a  
h o m o te t ram e r  w ith  e a c h  s u b u n it  (5 0  k D a ) p re s e n t in g : a n  N -te rm in a l re g u la to r y  d o m a in , a  c a t a ly t ic  d o m a in  a n d  a  C -te rm in a l 
o lig o m e r iz a t io n  d o m a in  re sp o n s ib le  fo r  d im e r iz a t io n  a n d  s u b s e q u e n t  te t ram e r iz a t io n . A n  e n z ym e  re p o s it io n  th e ra p y  
(E R T ) in v o lv in g  h PA H  a d m in is t ra t io n  is  c h a lle n g in g  m a in ly  d u e  to  th e  p ro te in  in s t a b ilit y  (h ig h  s e n s it iv it y  to  e n v iro n m e n t  
c o n d it io n s ), h ig h  m o le c u la r  m a s s  (2 0 0  k D a ) a n d  n e c e s s a r y  m a in te n a n c e  o f  t h e  b io lo g ic  te t ram e r ic  s t a te . A n  a t t ra c t iv e  
a p p ro a c h  to  o v e rc o m e  th e s e  c o n s t ra in t s  in v o lv e s  th e  fo rm u la t io n  o f  t h e  p ro te in  a s  w e ll d e s ig n  d ru g  d e liv e r y  s y s te m , n am e ly  
in  e n z ym o so m e s . T h is  a p p ro a c h  h a s  a lre a d y  b e e n  d e v e lo p e d  fo r  o th e r  e n z ym e s  a s  fo r  e x am p le  fo r  s u p e ro x id e  d ism u ta s e  
(S O D ) w h e re  it  h a s  b e e n  p ro v e d  to  e ffi c ie n t ly  m a in ta in  th e  e n z ym a t ic  a c t iv it y  a n d  s t ru c tu ra l s t a b ilit y  w h ile  in d u c in g  a  lo w e r  
im m u n e  re sp o n s e  (C o r v o  M . L . e t  a l, P h a rm  R e s  (2 0 1 5 )3 2 :9 1 -1 0 2 ).

In  th is  w o rk , w e  p e r fo rm e d  o p t im iz a t io n  o f  t h e  a s s a y  c o n d it io n s  fo r  h PA H  m o d ifi c a t io n  fo r  fu r th e r  c o v a le n t  a t t a c h m e n t  o f  
t h e  e n z ym e  to  lip o so m e s  (e n z ym o so m e ). To  th is  e n d , re c o m b in a n t  h PA H  w a s  p ro d u c e d  a n d  p u r ifi e d  u s in g  a  p re v io u s ly  
o p t im iz e d  p ro k a r y o t ic  e x p re s s io n  s y s te m . T h e  h o m o te t ram e r ic  s p e c ie s , is o la te d  b y  s iz e  e x c lu s io n  c h ro m a to g ra p h y , w e re  
m o d ifi e d  u s in g  d iff e re n t  ra t io s  o f  h PA H :m o d ifi e r  a g e n t  (1 :1 ; 4 :1  a n d  8 :1 ). T h e  s u c e s s fu l m o d ifi e d  h PA H  w a s  is o la te d  a n d  
te s te d  fo r  e n z ym e  a c t iv it y , L-P h e  p re -a c t iv a t io n , t h e rm o s ta b ilit y  a n d  q u a n t ifi c a t io n . B y  c o m p a r in g  th e  o b ta in e d  d a ta  
w ith  th o s e  fo u n d  fo r  t h e  n o n -m o d ifi e d  h PA H , w e  o b s e r v e d  n o  s ig n ifi c a n t  c h a n g e s  in  th e  e n z ym a t ic  a c t iv it y  a n d  a  s lig h t  
in c re a s e  in  th e  m e lt in g  te m p e ra tu re  (Tm ) o f  t h e  m o d ifi e d  h PA H . T h e s e  d a ta  in d ic a te  th a t  th e  m o d ifi e d  p ro te in  p re s e r v e s  
th e  c a t a ly t ic  fu n c t io n  a n d  s t a b ilit y . I t  is  n o w  p o s s ib le  to  c o n t in u e  o u r  s tu d ie s  a n d  c o v a le n t ly  a t t a c h  th e  m o d ifi e d  h PA H  to  
lip o so m e  p re p a ra t io n s . 

T h is  w o rk  w a s  s u p p o r te d  b y  F u n d a ç ã o  p a ra  a  C iê n c ia  e  Te c n o lo g ia  (F C T ), p ro je c t  P T D C /M E D -Q U I/2 9 7 1 2 /2 0 1 7 . 
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H Y D R O X Y L A S E  B Y  S M A L L  M O L E C U L E S  
 

P O -4 1
A  B o r g e s 1 ;  R  L o p e s

1
;  R  P a d a n h a

3
;  R  R u s s o

3
;  L  G o n ç a l v e s

2
;  P  G ó i s

3
;  P  L e a n d r o

1  

1  B io c h em is t r y  a n d  H u m a n  B io lo g y , M e ta b o lism  a n d  G e n e t ic s  G ro u p ; iM E D .U lis b o a , Fa c u lt y  o f  P h a rm a c y , U n iv e r s it y  o f  
L is b o n , L is b o a , P o r tu g a l; 2  G a le n ic  P h a rm a c y  a n d  P h a rm a c e u t ic a l Te c h n o lo g y , N a n o s t ru c tu re d  S y s te m s  fo r  O v e rc o m in g  
B io lo g ic a l B a r r ie r s ; iM E D .U L is b o a , Fa c u lt y  o f  P h a rm a c y , U n iv e r s it y  o f  L is b o n , L is b o a , P o r tu g a l; 3  P h a rm a c e u t ic a l C h em is t r y  
a n d  T h e ra p e u t ic s , B iO rg a n ic  C h em is t r y  G ro u p ; iM E D .U lis b o a , Fa c u lt y  o f  P h a rm a c y , U n iv e r s it y  o f  L is b o n , L is b o a , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - a l i c e m a d e i r a b o r g e s @ g m a i l . c o m  

P h e n y lk e to n u r ia  (P K U ; O M IM  # 2 6 1 6 0 0 ) is  a n  a u to so m a l re c e s s iv e  d is o rd e r, c a u s e d  m o s t ly  b y  m is s e n s e  m u ta t io n  in  th e  
PA H  g e n e , w h ic h  e n c o d e s  p h e n y la la n in e  h y d ro x y la s e  (h PA H ). T h e  m a jo r it y  o f  t h e s e  m u ta t io n s  re s u lt  in  m is fo ld e d  h PA H  
v a r ia n t s  w h ic h , in  th e  c e llu la r  c o n te x t , w ill fo rm  s o lu b le  a g g re g a te s  t a rg e te d  fo r  d e g ra d a t io n , le a d in g  to  a  lo s s -o f-fu n c t io n  
p h e n o t y p e . A m o n g  th e s e  v a r ia n t s , t h e  p .G 4 6 S  is  c o n s id e re d  a s  a n  e x c e lle n t  m o d e l to  th e  in  v it ro  s tu d y  o f  t h e  h PA H  
a g g re g a t io n  p ro c e s s , a s  it  p re s e n t s  a  h ig h  te n d e n c y  to  s e lf -a s s o c ia te  a n d  fo rm  n o n -am y lo id  fi b r ils , w h e n  o v e re x p re s s e d  in  
E .C o li , a n d  to  b e  ra p id ly  d e g ra d e d  in  e u k a r y o t ic  s y s te m s . T h e  p re s e n c e  o f  t h e  m a lto s e  b in d in g  p ro te in  (M B P ) N -te rm in a lly  
to  p .G 4 6 S  s t a b iliz e s  it  a n d  s o lu b le  m e ta s t a b le  te t ram e rs  a re  o b ta in e d . U p o n  M B P  t a g  c le a v a g e  w ith  F X a  p ro te a s e  th e  h PA H  
p .G 4 6 S  a g g re g a te s  in  a  p ro c e s s  e ffi c ie n t ly  fo llo w e d  in  v it ro .

O u r  a im  w a s  to  id e n t if y , am o n g  a n  in -h o u s e  c o m p o u n d  lib ra r y , m o le c u le s  a b le  to  m o d u la te  th is  b e h a v io r  in  v it ro , a n d  to  
c h a ra c te r iz e  th e  u n d e r ly in g  m e c h a n ism  b y  s tu d y in g  th e  fu ll le n g th  (F L ) a n d  a  t ru n c a te d  fo rm  o f  p .G 4 6 S  re p re s e n t in g  th e  
u n s ta b le  N -te rm in a l re g u la to r y  d o m a in  (N 1 -1 1 8 ) h a rb o r in g  th e  a llo s te r ic  s it e . F o r  t h is , t h e  p .G 4 6 S  fo rm s  w e re  e x p re s s e d  in  
a  p ro k a r y o t ic  s y s te m  in  fu s io n  w ith  th e  M B P  t a g  a n d  p u r ifi e d  (affi n it y  a n d  s iz e  e x c lu s io n  c h ro m a to g ra p h y ). T h e  ra te  o f  s e lf -
a s s o c ia t io n  o f  t h e  is o la te d  F L  te t ram e rs  a n d  N 1 -1 1 8  d im e rs  w e re  s tu d ie d  b y  re a l-t im e  tu rb id im e t r y , u p o n  c le a v a g e  o f  t h e  
M B P  t a g , in  th e  p re s e n c e  a n d  a b s e n c e  o f  s tu d ie d  m o le c u le s . T h e  e ff e c t  o f  t h e s e  c o m p o u n d s  o n  th e  F X a  a c t iv it y  w a s  fi r s t ly  
s c re e n e d  in  o rd e r  to  ru le  o u t  a n  in h ib ito r y  e ff e c t  th a t  c o u ld  in fl u e n c e  th e  c le a v a g e  ra te .

F ro m  th e  te s te d  m o le c u le s  a t  le a s t  2  d e la y e d  th e  p .G 4 6 S -F L  a g g re g a t io n , 3  in h ib ite d  a n d  3  h a d  n o  in fl u e n c e  o n  th e  
a g g re g a t io n  b e h a v io r. In te re s t in g ly , w h e n  s tu d y in g  th e  e ff e c t  o n  th e  p .G 4 6 S -N 1 -1 1 8 , a ll c o m b in a t io n s  w e re  o b ta in e d  (F L  
a g g re g a t io n /N 1 -1 1 8  a g g re g a t io n  in h ib it io n ; F L  a g g re g a t io n  in h ib it io n /N 1 -1 1 8  a g g re g a t io n ; e t c ). T h e s e  d a ta  s u g g e s t  t h a t  
m o le c u le s  m ig h t  b e  b in d in g  to  th e  re g u la to r y  d o m a in  in  d iff e re n t  lo c a t io n s  (a llo s te r ic  s it e  o r  in  a n o th e r  s it e ). Id e n t ifi c a t io n  
o f  a  b in d in g  s ite  fo r  m o le c u le s  s t a b iliz in g  th e  h PA H  p ro te in  a t  a  s it e  d iff e re n t  f ro m  th e  c a t a ly t ic  c e n te r  o r  a llo s te r ic  s it e  
(re g u la to r y  d o m a in ) c o u ld  le a d  to  a  n e w  c la s s  o f  m o le c u le s  d e s ig n e d  to  a c t  a s  h PA H  s t a b iliz e r s  (p h a rm a c o lo g ic a l c h a p e ro n e s ).

Wo rk  s u p p o r te d  b y  F C T, p ro je c t  P T D C /M E D -Q U I/2 9 7 1 2 /2 0 1 7
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M A P L E  S Y R U P  U R I N E  D I S E A S E  (M S U D ):   
T H E  I N T E R P L A Y  O F  P L A S M A  B I O M A R K E R S

P O -7 2
J o ã o  C a i o 1 ,  C r i s t i n a  F l o r i n d o 1 ,  P a t r i c i a  J a n e i r o 2 ,  R i t a  J o t t a 2 ,  A n a  G a s p a r 2  a n d  I s a b e l  T a v a r e s  d e  A lm e i d a 1  

1  M e t&G e n  L a b o ra to r y , iM e d , Fa c u lt y  o f  P h a rm a c y  U n iv e r s it y  o f  L is b o a , L is b o a , P o r tu g a l 
2  H e re d it a r y  M e ta b o lic  D is e a s e  R e fe re n c e  C e n te r. M e ta b o lic  U n it , P a e d ia t r ic  D e p a r tm e n t , S a n ta  M a r ia ’s  H o sp it a l - L is b o n  
N o r th  U n iv e r s it y  H o sp it a l C e n te r, E P E , P a e d ia t r ic  U n iv e r s it y  C lin ic , Fa c u lt y  o f  M e d ic in e , U n iv e r s it y  o f  L is b o a , L is b o a , 

P o r tu g a l

M SU D  is  a  m e ta b o lic  d is e a s e  c a u s e d  b y  a  d e fi c ie n c y  in  th e  b ra n c h e d -c h a in  α-k e to  a c id  d e h y d ro g e n a s e  c o m p le x , le a d in g  
to  th e  a c c u m u la t io n  o f  b ra n c h e d -c h a in  k e to  a c id s  (B C K A s ) a n d  th e ir  c o r re sp o n d in g  b ra n c h e d -c h a in  am in o  a c id s  (B C A A ) 
in  t is s u e s  a n d  b lo o d s t re am . T h e  a s s o c ia te d  n e u ro to x ic  m e c h a n ism s  h a v e  b e e n  a t t r ib u te d  to  th e  a c c u m u la t io n  o f  le u c in e  
(L e u ) a n d  o f  k e to -is o c a p ro ic  (K IC ).  L e u  a n d  o th e r  la rg e  n e u t ra l am in o  a c id s  s h a re  th e  s am e  t ra n sp o r te r  t h ro u g h  th e  b lo o d  
b ra in  b a r r ie r  (B B B ), h a v in g  L e u  a  m u c h  h ig h e r  affi n it y . Im b a la n c e  t ra n sp o r t  o f  L N AT 1  s u b s t ra te s  a c ro s s  th e  B B B  a lte r s  
p ro te in  tu rn o v e r  a n d  m o n o am in e  n e u ro t ra n sm it te r  m e ta b o lism . M o re o v e r, c h ro n ic  e le v a t io n  o f  L E U  / K IC  d is tu rb  c e re b ra l 
t ra n s am in a t io n  fl u x e s  th u s  d e p le t in g  th e  b ra in  o f  g lu t am a te /g lu tam in e  a n d  m a y  in d u c e  m ito c h o n d r ia l d y s fu n c t io n  th ro u g h  
th e  in h ib it io n  o f  α-k e to g lu ta ra te  a n d  p y ru v a te  d e h y d ro g e n a s e  c o m p le x e s , w ith  re p e rc u s s io n  o n  th e  K re b s  c y c le  fl u x  a s  w e ll 
a s  o n  th e  o x id a t iv e  h o m e o s ta s is .

To  p ro v id e  n e w  in s ig h t s  in  th e  m e ta b o lic  in te rp la y  o f  B C A A s  a n d  re sp e c t iv e  B C K A s  w ith  o th e r  m e ta b o lic  p la y e r s  fo r  lo n g -
te rm  d is e a s e  p ro c e s s  in  M SU D , w e  e v a lu a te d  th e  c o r re la t io n  b e tw e e n  B C C A s /B C K A s  a n d  b e tw e e n  th o s e  a n d  o th e r  n o n -
e s s e n t ia l am in o  a c id s  (A la , G ln ) a n d  n e u ro t ra n sm it te r  s u b s t ra te s  (Ty r ). F o r  t h is  p u rp o s e  1 1  M SU D  p a t ie n t s  w e re  in c lu d e d  in  
th is  s tu d y  a n d  th e  s e le c te d  m e ta b o lite s  w e re  e v a lu a te d  in  th e  p la sm a  s am p le s  c o lle c te d  fo r  t re a tm e n t  m o n ito r in g . B C K A s  
w e re  a n a ly s e d  a s  q u in o x a lin o l-TM S  d e r iv a t iv e s  b y  G C -M S  a n d  am in o  a c id s  w e re  e v a lu a te d  b y  G C -F ID  a f te r  e x t ra c t io n  / 
d e r iv a t iz a t io n  u s in g  E Z :fa a s t  am in o  a c id  a n a ly s is  k it  o r  a s  O PA -d e r iv a t iv e s  b y  H P LC .

T h e  re s u lt s  s h o w e d :  s t ro n g  re c ip ro c a l re la t io n sh ip  (S R R ) b e tw e e n  L e u  a n d  K IC  (S p e a rm a n  c o r re la t io n  c o effi c ie n t  (S C C ) 
=-0 .9 4 1 9 ; p <0 .0 0 0 1 ). W e  o b s e r v e d  th a t  e v e n  w h e n  L e u  is  w ith in    t h e  n o rm a l ra n g e , in  M SU D , K IC  (2 5  - 4 2  µM ) is  a b o v e  th e  
c o n t ro l v a lu e  (N .D . o r  v e s t ig ia l).T h e  p a ir s  Va l/KM V  a n d  I le /K IV  d o  n o t  s h o w  a  s ig n ifi c a n t  c o r re la t io n , p ro b a b ly  b e c a u s e  th e  
d ie t  is  Va l a n d  I le  s u p p le m e n te d , b u t  th e  e ff e c t  o f  h ig h  le v e ls  o f  K M V  a n d  K IV  is  n o t  w e ll k n o w n ; K IC  a n d  L e u  p re s e n t  a  S R R  
w ith  A la  (S C C = -0 .8 9 0 1 ; p <0 .0 0 1  a n d  S C C = -0 .8 2 4 1 ; p <0 .0 0 1 ) a n d  G ln  (S C C = -0 .7 5 8 6 ; 0 .0 0 1<p<0 .0 0 5  a n d  S C C = -0 .7 1 8 6 ; 
0 .0 0 1< p <0 .0 0 5 ); S R R  b e tw e e n  K IC  o r  L e u  w ith  Ty r  h a s  le s s  s ig n ifi c a n c e  (S C C =-0 .5 4 1 7 5 8 ; p <0 .0 1 ). 

T h e s e  o b s e r v a t io n s  p o in t  to  th e  p o te n t ia l re le v a n c e  o f  t h e  m e ta b o lite s  re la t io n sh ip  fo r  am in o  a c id s  le v e ls  a d ju s tm e n t s  a n d  
in d ic e s  o f  m e ta b o lic  re s p o n s e .
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G A L A C T O S E  I N T R A C E L L U L A R  M E T A B O L I T E S :  I T S  R O L E  F O R  
G A L A C T O S E M I A  D I E T E T I C  T R E A T M E N T  M A N A G E M E N T

P O -6 9
C  F l o r i n d o 1

;  R  J o t t a
2
;  P  J a n e i r o

2
;  A  G o m e s 1 ;  J  C a i o

1
;  A  G a s p a r

2
;  I  R i v e r a

1
;  I T  A lm e i d a 1  

1  M e t&G e n , iM e d .U L is b o a , Fa c u lt y  o f  P h a rm a c y , U n iv e r s it y  o f  L is b o n , L is b o n , P o r tu g a l;  
2  C H LN , H o sp it a l d e  S a n ta  M a r ia , M e ta b o lic  U n it , P a e d ia t r ic  D e p a r tm e n t , L is b o n , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - c r i s t i n a fl o r i n d o @ ff .u l i s b o a .p t  

G a la c to s em ia s  a re  in b o rn  e r ro r s  o f  g a la c to s e  (G a l) m e ta b o lism  c a u s e d  b y  a  d e fi c ie n c y  in  o n e  o f  t h e  e n z ym e s  th a t  p a r t ic ip a te  
in  th e  c a t a b o lic  p a thw a y  o f  G a l: g a la c to k in a s e  (G A L K ), g a la c to s e -1 -p h o sp h a te  u r id y lt ra n s fe ra s e  (G A LT ) a n d  U D P -g a la c to s e  
4 -e p im e ra s e  (G A L E ). T h e  b lo c k a g e  o f  t h e  m e ta b o lic  p a thw a y  le a d s  to  th e  a c c u m u la t io n  o f  G a l a n d  it s  d e r iv a t iv e s : g a la c to s e -
1 -p h o sp h a te  (G a l-1 -P ) a n d  g a la c t ito l (G t i). C u r re n t ly , t h e  o n ly  t re a tm e n t  is  re s t r ic t io n  o f  g a la c to s e . C la s s ic  g a la c to s em ia  (C G ) 
is  c a u s e d  b y  G A LT  d e fi c ie n c y  a n d  p re s e n t s  lo n g -te rm  c o m p lic a t io n s  e v e n  o n  a  g a la c to s e  re s t r ic te d  d ie t . T h is  is  p ro b a b ly  d u e  
to  th e  in te rp la y  o f  a c c u m u la te d  G a l-1 -P  w ith  o th e r  m e ta b o lic  p a thw a y s . G A L K  d e fi c ie n c y  (G A L K -D ) h a s  a  m ild e r  p h e n o t y p e  
w ith  th e  m a jo r  c lin ic a l o u tc o m e  b e in g  th e  fo rm a t io n  o f  c a t a ra c t s  d u e  to  g a la c t ito l a c c u m u la t io n .

To  p ro v id e  a  d e e p e r  u n d e r s t a n d in g  o f  t h e  b io m a rk e r s  th a t  m a y  re fl e c t  a  d ie t a r y  c o m p lia n c e  in  a  lo n g -te rm  d is e a s e  p ro c e s s , 
a s  w e ll a s  a  m a rk e r  fo r  d iff e re n t ia l b io c h em ic a l d ia g n o s is , C G  (n =9 ) a n d  G A L K -D  (n =2 ) p a t ie n t s  o n  g a la c to s e -re s t r ic te d  d ie t , 
w e re  re g u la r ly  m o n ito re d  fo r : re d  b lo o d  c e lls  (R B C ) G a l-1 -P  a n d  G t i, p la sm a  G a l a n d  u r in a r y  G t i  a n d  G a l. G a l a n d  G t i  w e re  
q u a n t ifi e d  b y  s t a b le  is o to p e -d ilu t io n  G C /M S -S IM  a n d  G A L-1 -P  w a s  a s s e s s e d  b y  a  s t a n d a rd  s p e c t ro p h o to m e t r ic  e n z ym a t ic  
a s s a y .

O u r  re s u lt s  s h o w e d  th a t :

(1 ) fo r  C G  a n d  G A L K -D  g ro u p s , o n  a  g a la c to s e -re s t r ic te d  d ie t , t h e  u r in a r y  G t i  le v e ls , a s  w e ll a s  t h e  R B C  G t i  c o n te n t , 
w e re  n o t  s ig n ifi c a n t ly  d iff e re n t  b e tw e e n  b o th  g ro u p s : u r in a r y  G t i  fo r  G A L K -D   a n d  C G  p a t ie n t s  w a s , re s p e c t iv e ly  1 9 6 .0  
m m o l/m o l C rn  (m e a n , n =3  ra n g e  1 6 4 .5 -2 1 2 .8 ) a n d  1 8 5 .4  m m o l/m o l C rn  (m e a n , n =9 ; ra n g e  1 1 7 .9 - 3 3 3 .6 ); a g e -
p a ire d  h e a lth y  c o n t ro ls  9 .8  (m e a n , n =1 2 ; ra n g e  2 .1  - 3 1 .0 ). R B C  G t i  m e a n  c o n te n t  fo r  G A L K -D  a n d  C G  p a t ie n t s  w a s  
6 .5±0 .1  (n =4 ) a n d  4 .9±1 .7  µm o l/L  (n =1 9 ), re s p e c t iv e ly ; a g e -p a ire d  n o rm a l c o n t ro ls  1 .1±1 .0  µm o l/L  (m e a n , n =1 5 );  
(2 ) fo r  C G  p a t ie n t s , R B C  G a l-1 P  a n d  G t i, a lth o u g h  w ith o u t  s ig n ifi c a n t  c o r re la t io n , G li  c o r ro b o ra te  th e  ro le  o f  G a l-1 -P  in  d ie t  
m o n ito r in g ;

(3 ) u r in a r y  G t i  w a s  g re a t ly  in c re a s e d  in  G A L K -D  p a t ie n t s  (>2 4 0 0  µm o l/m m o l C rn ), c o n c o m ita n t ly  w ith  n o rm a l R B C  G a l-1 -P  
le v e ls  a n d  h ig h  G a l, in  a  la c to s e  c o n ta in in g  d ie t .

O u r  re s u lt s  c le a r ly  p o in t  to  th e  u s e fu ln e s s  o f  u r in a r y  G t i  a s  a  p re d ic t  m a rk e r  o f  G A L K -D . U r in a r y  a n d  R B C  G t i, in  G A L K -D , 
re fl e c t  t h e  d ie t a r y  c o m p lia n c e . In  C G , it  m a y  h a v e  a  ro le  in  d ie t  m a n a g em e n t  s in c e  it  re s p o n d s  e a r lie r  t h a n  G a l-1 -P  to  a  d ie t  
im b a la n c e .
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B I O P S Y C H O S O C I A L  P R O F I L E  O F  1 4 9  P K U  P A T I E N T S  F R O M  N E W B O R N  
S C R E E N I N G  F O L L O W E D –U P  A T  C G M /C H U P  T H R O U G H O U T  L I F E  

 
P O -1 9

C a r l a  C a r m o n a ;  M F  A lm e i d a 1 ,2 ,3
;  C A  S o a r e s

1 ,3
;  A  B a n d e i r a

1 ,2
;  A  C u n h a

1 ,2
;  S  R o c h a

1 ,2
;  A  G u im a s 1 ,2 ;   

R  R i b e i r o 1 ,2
;  A M  F o r t u n a 1 ,2 ,3

;  E  M a r t i n s 1 ,2 ,3  

1  C e n t ro  d e  G e n é t ic a  M é d ic a , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to  (C H U P ) , P o r to , P o r tu g a l;  
2  C e n t ro  d e  R e fe rê n c ia  n a  á re a  d e  D o e n ç a s  H e re d it á r ia s  d o  M e ta b o lism o , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to -C H U P, 
P o r to , P o r tu g a l; 3  U n it  fo r  M u lt id is c ip lin a r y  R e s e a rc h  in  B io m e d ic in e  (U M IB ), A b e l S a la z a r  In s t it u te  o f  B io m e d ic a l S c ie n c e s , 

U n iv e r s it y  o f  P o r to , P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - c a r l a . c a r m o n a @ c h p o r t o .m i n -s a u d e .p t  

I N T R O D U C T I O N :  S tu d ie s  o n  p a t ie n t s  w ith  p h e n y lk e to n u r ia  (P K U ) w h o  s t a r te d  d ie t  a f te r  n e w b o rn  s c re e n in g  s h o w e d  
th a t  th e  g lo b a l in te lle c tu a l im p a irm e n t  m a y  b e  p re v e n te d  b y  th e  in it ia t io n  o f  a  d ie t  s t r ic t ly   p h e n y la la n in e  (P h e )-re d u c e d  
a n d  s u p p le m e n te d  w ith  P h e -f re e  am in o  a c id  m ix tu re  to  m a in ta in  lo w  P h e  le v e ls  d u r in g  c h ild h o o d . H o w e v e r, a  s lig h t ly  
d e c re a s e d  in te lle c tu a l q u o t ie n t  (IQ ) a n d  s p e c ifi c  c o g n it iv e  im p a irm e n t s  h a v e  b e e n  re p o r te d  in  e a r ly  t re a te d  p a t ie n t s . O v e r  
th e  y e a r s , w e  t r ie d  to  in v e s t ig a te  th e s e  e v id e n c e s  a ls o  o b s e r v e d  in  th e  re g u la r  fo llo w  u p  o f  o u r  p a t ie n t s . T h e  a im  w a s  to  
u n d e r s t a n d  r is k  f a c to r s  a n d  re d e fi n e  th e  b lo o d  P h e  v a lu e s  th a t  m a y  b e  c o n s id e re d  a s  g o o d  d ie t a r y  c o n t ro l to  a c h ie v e  th e  
b e s t  g lo b a l d e v e lo p m e n t  o f  o u r  p a t ie n t s .

M E T H O D S :  W e  s tu d ie d  1 4 9  P K U  p a t ie n t s  (7 1  fe m a le s  a n d  7 8  m a le s ) a g e d  1  to  3 8  y e a r s  e a r ly  d ia g n o s e d  a t  t h e  n e o n a ta l 
s c re e n in g . T h e  n e o n a ta l s c re e n in g  b lo o d  P h e  c o n c e n t ra t io n s  w e re  c o n s id e re d  a s  in d e p e n d e n t  v a r ia b le : a c c o rd in g  to  P K U  
c la s s ifi c a t io n , w e  h a v e  th re e  g ro u p s  -  h y p e rp h e n y la la n im em ia  (s c re e n in g  v a lu e s  f ro m  2 ,5  m g /d L  to  5 ,9  m g /d L ), m o d e ra te  
P K U  (s c re e n in g  v a lu e s  f ro m  6 ,0  m g /d L  to  2 0  m g /d L ) a n d  c la s s ic a l P K U  (s c re e n in g  v a lu e s  > 2 0  m g /d L ).W e  c o n s id e re d  
P a t ie n t ’s  o u tc o m e  w a s  e v a lu a te d  a c c o rd in g  to  th e  g lo b a l q u o t ie n t  d e v e lo p m e n t  (Q D )/ in te llig e n c e  q u o t ie n t  (IQ ) v a lu e  o n  
th e  G r iffi th s  M e n ta l D e v e lo p m e n t  S c a le s , W e c h s le r  In te llig e n c e  S c a le  fo r  C h ild re n  (W IS C -II I) a n d  W e c h s le r  A d u lt  In te llig e n c e  
S c a le  (WA IS -II I), t h e  q u a lit y  o f  d ie te t ic  c o n t ro l (Q D C ), a s  w e ll a s  e d u c a t io n a l le v e l, s c h o o l c u r r ic u lu m , a n d  c o m o rb id it ie s . 
D iff e re n c e s  b e tw e e n  g ro u p s  w e re  a n a ly s e d . 

R E S U LT S :  W e  o b s e r v e d  s ig n ifi c a n t  d iff e re n c e s  b e tw e e n  th e  P K U  g ro u p s  a c c o rd in g  P K U  c la s s ifi c a t io n  o n  D Q /IQ  g lo b a l 
v a lu e s  a n d  Q D C  a f te r  t h e  a g e  o f  6 , w ith  c la s s ic a l P K U  p a t ie n t s  h a v in g  th e  lo w e r  m e a n  D Q /IQ  g lo b a l v a lu e s , t h e  w o rs e  d ie t a r y  
c o m p lia n c e , t h e  b ig g e r  p e rc e n ta g e  o f  in d iv id u a ls  w ith  a d a p te d  c u r r ic u lu m  o r  s p e c ia l e d u c a t io n  a n d  m o re  s e v e re  c o m o rb id it ie s . 
P a t ie n t s  w ith  h y p e rp h e n y la la n in em ia  w e re  th e  o n ly  o n e s  s h o w in g  a  g o o d  Q D C  in  a ll g ro u p s  o f  a g e , w ith  a n n u a l m e d ia n s  
o f  P h e  < 6  m g /d L . P a t ie n t s  b o rn  a f te r  1 9 9 2  h a v e  a  b e t te r  m e ta b o lic  c o n t ro l w ith  c o n s e q u e n t ia l b e t te r  p e r fo rm a n c e  o n  th e  
n e u ro c o g n it iv e  e v a lu a t io n s . C o n c lu s io n : T h e s e  re s u lt s  p o in t  to  th e  n e e d  fo r  a  re g u la r  p s y c h o lo g ic a l fo llo w -u p  in  th e  m ild  a n d  
c la s s ic a l fo rm s  o f  t h e  d is e a s e  w ith  a n  in te r v e n t io n  in  d iff e re n t  c o n te x t s  to  o p t im iz e  a  g o o d  m e ta b o lic  c o n t ro l t h ro u g h o u t  li fe .  
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A R T I F I C I A L  I N T E L L I G E N C E  (A I )  I N  R A R E  D I S E A S E S :   
I S  T H E  F U T U R E  B R I G H T E R ?  

P O -4 4
R  F r a n c i s c o  

1  D e p a r tm e n t  o f  li fe  s c ie n c e s , Fa c u lt y  o f  S c ie n c e  a n d  Te c h n o lo g y  (F C T ), N O VA  L is b o n  U n iv e r s it y , L is b o a , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - r a b . f r a n c i s c o @ c a m p u s . f c t . u n l . p t  

I N T R O D U C T I O N :  T h e  am o u n t  o f  d a ta  c o lle c te d  a n d  m a n a g e d  in  (b io )m e d ic in e  is  in c re a s in g . T h u s , t h e re  is  a  n e e d  to  
e ffi c ie n t ly  c o lle c t , a n a ly z e  a n d  c h a ra c te r iz e  a ll t h is  in fo rm a t io n . A r t ifi c ia l in te llig e n c e  (A I) h o ld s  a  g re a t  p ro m is e  in  th is  a re a  
a n d  is  b e in g  s u c c e s s fu lly  a p p lie d  to  b a s ic  re s e a rc h , d ia g n o s is , d ru g  d is c o v e r y  a n d  c lin ic a l t r ia l d e v e lo p m e n t . R a re  d is e a s e s  
(R D s ) w h ic h  a re  s e v e re ly  u n d e r re p re s e n te d  in  b a s ic  a n d  c lin ic a l re s e a rc h  c a n  p a r t ic u la r ly  b e n e fi t  f ro m  A I te c h n o lo g ie s . T h e  
a b ilit y  o f  A I t e c h n o lo g ie s  to  in te g ra te  a n d  a n a ly z e  d a ta  f ro m  d iff e re n t  s o u rc e s  c a n  in c re a s e  d ia g n o s is , t h e  k n o w le d g e  o f  
d is e a s e  p a th o p h y s io lo g y  a n d  b o o s t  t h e ra p y  d e v e lo p m e n t  in  R D s . 

O B J E C T I V E S :  T h is  re v ie w  a im s  to  c o lle c t  a n d  s u m m a r iz e  th e  A I a p p ro a c h e s  a lre a d y  b e in g  a p p lie d  to  R D s , w ith  a  s p e c ia l 
fo c u s  o n  C o n g e n it a l D is o rd e r s  o f  G ly c o s y la t io n  (C D G ), a  p a r t ic u la r ly  o rp h a n  R D .

M E T H O D S :  A  d o u b le  a n d  t r ip le  c o m b in a t io n  o f  s p e c ifi c  k e y w o rd s  re la te d  to  R D s , C D G , A I a n d  M e d ic in e /P h a rm a c e u t ic s  
w a s  u s e d  to  s e a rc h  th e  M e d lin e  d a ta b a s e , u s in g  P u b M e d , th ro u g h  it s  A P I in te r fa c e  E n t re z  P ro g ram m in g  U t ilit ie s . To  u s e  A P I 
w e  w ro te  a  P y th o n  p ro g ram m in g  la n g u a g e  s c r ip t  u s in g  lib ra r ie s  f ro m  th e  b io p y th o n  p ro je c t . A  to t a l o f  6 1 5  a r t ic le s  w e re  
fo u n d  a n d  a f te r  s e le c t io n , 7 2  w e re  in c lu d e d  in  th is  re v ie w .

R E S U LT S :  W e  h a v e  fo u n d  4 4  A I a n d  m a c h in e -le a rn in g  m e th o d s  u s e d  in  R D s  fo r : 1 ) m u ta t io n  d e te c t io n , p re d ic t io n  
a n d  c la s s ifi c a t io n ; 2 ) g e n o t y p e -p h e n o t y p e  in te g ra t io n ; 3 ) m e d ic a l d e c is io n  s u p p o r t  s y s te m s  (D S S ); 4 ) b io c h em ic a l 
fi n g e rp r in t in g ; 5 ) d is e a s e  c la s s ifi c a t io n  a n d  c h a ra c te r iz a t io n  a n d  6 ) T h e ra p e u t ic  a p p ro a c h e s  (d ru g  re p o s it io n in g , c lin ic a l 
t r ia ls , p a t ie n t  re g is t r ie s , e t c .). F o r  C D G , A I h a s  b e e n  u s e d  fo r : 1 ) d is e a s e  m e c h a n ism s  e lu c id a t io n ; 2 ) d ia g n o s is , c la s s ifi c a t io n  
a n d  c h a ra c te r iz a t io n  a n d  3 ) th e ra p y  d is c o v e r y .

C O N C L U S I O N S :  R D s  fa c e  m u lt ip le  c h a lle n g e s  b u t  th e  a b ilit y  o f  A I t e c h n o lo g ie s  to  in te g ra te  k n o w le d g e  f ro m  s e v e ra l (b io )
m e d ic a l a re a s  w ill u lt im a te ly  b o o s t  th e ra p e u t ic  a p p ro a c h e s  in  R D s .
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S P E C I A L  L O W  P R O T E I N  F O O D S  A V A I L A B L E  I N  P O R T U G A L :   
W H A T  W E  K N O W ?   

 
P O -0 1

A C  X a v i e r 1 ;  S  M e x i a 2
;  P A  N u n e s

2
;  P  J a n e i r o

3
;  R  J o t t a

3
;  A L  R o d r i g u e s

3
;  A  G a s p a r

3
;  L  M e n d e s 1  

1  D ie te t ic , E s c o la  S u p e r io r  d e  Te c n o lo g ia  d a  S a ú d e  d e  L is b o a  , L is b o n , P o r tu g a l;  
2  D ie te t ic  a n d  N u t r it io n  , H o sp it a l d e  S a n ta  M a r ia , C H U LN , L is b o n , P o r tu g a l; 3  P e d ia t r ic  D e p a r te m e n t ,  

R e fe re n c e  C e n te r  fo r  M e ta b o lic  D is e a s e s , C H U LN , L is b o n , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - x a v i e r . a . c a t a r i n a @ g m a i l . c o m  

B A C K G R O U N D  In h e r ite d  m e ta b o lic  d is e a s e  (IM D ) a re  c h a ra c te r iz e d  b y  g e n e t ic  d e fe c t s  t h a t  a ff e c t s  p ro te in  
s y n th e s is . T h e s e  g e n e t ic  d e fe c t s  le a d s  to  c h a n g e s  in  n u t r ie n t s  m e ta b o lism  le a d in g  to  in to x ic a t io n  d is o rd e r s .  
IM D  a re  d iv id e d  in to  g ro u p s  a c c o rd in g ly  to  a ff e c te d  m e ta b o lism . Am in o a c id o p a th ie s  a ff e c t s  am in o  a c id  (A A ) a n d  p ro te in  
m e ta b o lism , w h e re  e s s e n t ia l A A  a re  n e ith e r  d e g ra d e d  o r  p ro d u c e d  e n d o g e n o u s ly  le a d in g  to  th e  a c c u m u la t io n  o f  s o m e  
s u b s ta n c e s  a n d  d e fi c it  in  o th e r s .

T h e  m a n a g em e n t  o f  t h e s e  d is o rd e r s  is  b a s e d  o n  n u t r it io n a l c a re , i .e . t h ro u g h  a  lo n g -te rm  n a tu ra l p ro te in  re s t r ic t io n . S o th e s e  
p a t ie n t s  re q u ire  a  s p e c ia l lo w  p ro te in  (S L P ) fo o d  p ro d u c t s , d e s ig n e d  to  p ro v id e  e n o u g h  m a c ro  a n d  m ic ro n u t r ie n t s  to  e n su re  
m e ta b o lic  c o n t ro l a n d  n o rm a l g ro w th . 

T h e  s tu d y  a im  w a s  to  c o m p a re  th e  d iff e re n c e s  o f  m a c ro n u t r ie n t s  (e n e rg y , p ro te in s , f a t , s a tu ra te d  fa t t y  a c id s , c a rb o h yd ra te s , 
s u g a r s  a n d  s o d iu m ) b e tw e e n  S L P  a n d  re g u la r  fo o d  p ro d u c t s .

M E T H O D S  In  A p r il 2 0 1 9  d a ta  o n  th e  n u t r it io n a l c o m p o s it io n  o f  S L P  fo o d  p ro d u c t s  a v a ila b le  in  P o r tu g a l w e re  c o lle c te d  
f ro m  th e  in fo rm a t io n  p ro v id e d  b y  th e  b ra n d s . T h e  in fo rm a t io n  le d  to  th e  c re a t io n  o f  a n  S P S S ® d a t a b a s e . T h e  n u t r it io n a l 
c o m p o s it io n  o f  re g u la r  fo o d  p ro d u c t s  w a s  o b ta in e d  f ro m  th e  P o r tu g u e s e  F o o d  C o m p o s it io n  Ta b le , e x c e p t  s o m e  p ro d u c t s  
w h o se  in fo rm a t io n  w a s  c o lle c te d  f ro m  th e ir  la b e ls . T h e  p ro d u c t s  w e re  d iv id e d  in to  s u b g ro u p s . N u t r it io n a l c o m p o s it io n  is  
e x p re s s e d  in  w e ig h t  p e r  1 0 0 g  o r  1 0 0m l o f  t h e  p ro d u c t .

R E S U LT S  T h e  fa t  c o n te n t  in  S L P  b re a d s  is  h ig h e r  th a n  in  re g u la r  o n e s  (4 .7 4 g  a n d  2 .7 7 g /1 0 0 g , re s p e c t iv e ly , p =0 .0 4 0 ). L o w  
p ro te in  m ilk  re p la c e r s  h a v e  m o re  fa t  (p =0 .0 4 3 ) a n d  s a tu ra te d  fa t t y  a c id s  (p =0 .0 2 ) (2 .6 8 g  a n d  1 .5 3 g /1 0 0m l, re s p e c t iv e ly ) 
w h e n  c o m p a re d  w ith  p la n t-b a s e d  b e v e ra g e s  (1 .4  a n d  0 .3 8 g /1 0 0m l, re s p e c t iv e ly , p =0 .0 2 ). S L P  b re a k fa s t  c e re a ls  h a v e  a  
h ig h e r  c o n te n t  in  c a rb o h yd ra te s  (C H O ) (9 2 .2 3 g  to  7 7 .2 7 g /1 0 0 g , p =0 .0 3 4 ) a n d  s u g a r s (3 5 .6 g  v s . 1 9 .3 8 g /1 0 0 g , p =0 .0 5 ) 
th a n  re g u la r  o n e s . M e a t  s u b s t it u te s  s h o w  a  s ig n ifi c a n t  d iff e re n c e  in  C H O  (p =0 .0 4 6 ) a n d  s u g a r s  (p =0 .0 4 3 ). D e s e r t s  h a v e  a  
s ig n ifi c a n t  d iff e re n c e  in  C H O  (p =0 .0 2 1 ) a n d  s u g a r s  (p =0 .0 2 ) c o n te n t . M o s t  S L P  fo o d  p ro d u c t s  id e n t ifi e d  a  lim ite d  n u m b e r  
o f  m in e ra l c o n te n t s  a n d  d id n ’t  d e c la re  v it am in  c o n te n t .

D I S C U S S I O N  In  S L P  fo o d  p ro d u c t s  th e re  is  a  n e e d  fo r  a  m o re  d e ta ile d  a n d  c o m p le te  la b e l. A lth o u g h  th e s e  p ro d u c t s  h a v e  a  
lo w  p ro te in  c o n te n t  th e  o th e r  m a c ro n u t r ie n t s  m a y  b e  h ig h e r  th a n  in  th e  re g u la r  fo o d  p ro d u c t s  w h ic h  m a y  p ro m p t  c h a n g e s  
in  n u t r it io n a l.



th
11th . 12th . 13th November 2020
V I R T U A L  S Y M P O S I U M

8 8 16TH INTERNATIONAL SYMPOSIUM OF THE PORTUGUESE SOCIETY FOR METABOLIC DISORDERS 11TH 12TH 13TH NOVEMBER  2020 | VIR TUAL SYMPOSIUM

S E L E C T E D  P O S T E R S  |  D I E T E T I C S  A N D  N U T R I T I O N

M I C R O N U T R I E N T S  I N T A K E  F R O M  P R O T E I N  S U B S T I T U T E S   
I N  P A T I E N T S  W I T H  P H E N Y L K E T O N U R I A :  E F S A  R E C O M M E N D A T I O N S  

A D E Q U A C Y  A S S E S S M E N T  
 

P O -2 0  

M I  G a m a 1 ,2
;  M F  A lm e i d a 2 ,3 ,4

;  C  S o u s a  B a r b o s a
2 ,3

;  M  G o m e s 1 ,2 ;  M  P e r e s 1 ,2 ;  E  P i n t o
1 ,2

;  A  M a c D o n a l d 5
;  J C  R o c h a

2 ,3 ,6 , 7  

1  Fa c u ld a d e  d e  C iê n c ia s  d a  N u t r iç ã o  e  A lim e n ta ç ã o , U n iv e r s id a d e  d o  P o r to  (U P ), P o r to , P o r tu g a l; 2  C e n t ro  d e  G e n é t ic a  
M é d ic a , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to  (C H U P ), P o r to , P o r tu g a l; 3  C e n t ro  d e  R e fe rê n c ia  n a  á re a  d e  D o e n ç a s  

H e re d it á r ia s  d o  M e ta b o lism o  , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to  (C H U P ), P o r to , P o r tu g a l; 4  U n it  fo r  M u lt id is c ip lin a r y  
R e s e a rc h  in  B io m e d ic in e  , A b e l S a la z a r  In s t it u te  o f  B io m e d ic a l S c ie n c e s  U n iv e r s it y  o f  P o r to  - U M IB /IC B A S /U P, P o r to , 

P o r tu g a l; 5  D ie te t ic , B irm in g h am  C h ild re n ’s  H o sp it a l, B irm in g h am  , E n g la n d ; 6  C e n t re  fo r  H e a lth  Te c h n o lo g y  a n d  S e r v ic e s  
R e s e a rc h , C IN T E S IS , P o r to , P o r tu g a l; 7  N u t r it io n  &  M e ta b o lism , N o v a  M e d ic a l S c h o o l - Fa c u ld a d e  d e  C iê n c ia s  M é d ic a s , 

U n iv e r s id a d e  N o v a  d e  L is b o a , L is b o n , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - i n e s r g a m a @ g m a i l . c o m  

B A C K G R O U N D :  T h e  s e v e re  d ie t a r y  re s t r ic t io n s  u s e d  in  P K U  t re a tm e n t , m a y  le a d  to  m ic ro n u t r ie n t  im b a la n c e . O p t im a l 
m in e ra l a n d  v it am in  s u p p le m e n ta t io n  is  n o t  w e ll d e fi n e d  in  P K U . C o n s id e r in g  th a t  m o s t  p ro te in  s u b s t it u te s  (P S ) a re  a  w e ll 
e s t a b lis h e d  s o u rc e  o f  m ic ro n u t r ie n t s , w e  a im e d  to  a n a ly s e  th e  m ic ro n u t r ie n t  a d e q u a c y  %  (M A ) f ro m  P S  a c c o rd in g  to  E F S A  
re c o m m e n d a t io n s .

M E T H O D S :  A  s am p le  o f  6 4  e a r ly  t re a te d  P K U  p a t ie n t s , t a k in g  p re s c r ib e d  P S , w h o  c o m p le te d  th e  a n n u a l n u t r it io n a l 
s t a tu s  e v a lu a t io n  (A N S E ) in  2 0 1 8  w a s  s tu d ie d . T h e y  w e re  a g e d  2 0 .6±9 .1 y  (5 2%  fe m a le s ; 1  H PA , 3 8  m ild  P K U , 2 5  c la s s ic a l 
P K U ). 5 1  p a t ie n t s  w e re  o n  a  lo w  p h e n y la la n in e  d ie t  t re a tm e n t  o n ly  w h ils t  1 3  w e re  o n  B H 4  a n d  d ie t  t re a tm e n t . P a t ie n t ’s  
w e ig h t  (k g ), P S  in t a k e  (g  o f  p ro te in  e q u iv a le n t /d a y ) a n d  m ic ro n u t r ie n t  in t a k e  f ro m  P S  w a s  c o lle c te d  a n d  c o m p a re d  w ith  
E F S A  m ic ro n u t r ie n t  re c o m m e n d a t io n s . D e fi c ie n t  o r  e x c e s s iv e  M A  w a s  c o n s id e re d  w h e n  in t a k e s  w e re  < 9 0%  o r  > 1 1 0% . 
M ic ro n u t r ie n t  in t a k e  w a s  n o t  c a lc u la te d  f ro m  n a tu ra l p ro te in  s o u rc e s .

R E S U LT S :  M e a n  w e ig h t  o f  p a t ie n t s  w a s  5 4 .8±1 9 .4  k g  a n d  m e d ia n  in t a k e  o f  p ro te in  e q u iv a le n t  f ro m  P S  w a s  0 .8 6  g /k g /
d a y  (4 5 .3±1 8 .2  g /d a y ). M o re  th a n  5 0%  o f  p a t ie n t s  e x c e e d e d  th e  M A  fo r  C a  (n =4 2 ), F e  (n =5 5 ), Z n  (n =4 8 ), P  (n =3 7 ), I  (n =4 2 ), 
c h o lin e  (n =3 8 ), v it am in  A  (n =3 7 ), B 1  (n =5 4 ), B 2  (n =3 5 ) a n d  B 7  (n =3 9 ). A t  le a s t  5 0%  o f  p a t ie n t s  h a d  a  d e fi c ie n t  M A  fo r  C u  
(n =5 2 ), S e  (n =4 1 ), K  (n =6 4 ), M g  (n =36 ), F  (n =6 4 ), M n  (n =54 ), M o  (n =43 ), v it am in  D  (n =4 2 ), E  (n =3 7 ), K  (n =3 2 ), C  (n =3 2 ) 
a n d  B 1 2  (n =41 ).

D I S C U S S I O N :  S in c e  P S  is  p re s c r ib e d  a c c o rd in g  to  p ro te in  n e e d s , a g e , w e ig h t , P S  c o m p o s it io n  a n d  d is e a s e  s e v e r it y  it  w ill 
a lte r  p ro te in  e q u iv a le n t  in t a k e  a n d  c o m p ro m is e  M A . M o re  ro b u s t  d a ta  o n  fu ll d ie t a r y /n u t r ie n t  in t a k e  in  P K U  is  n e e d e d  in  
o rd e r  to  b e t te r  in te rp re t  m ic ro n u t r ie n t  s t a tu s  in  P K U .
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C H A R A C T E R I Z A T I O N  O F  F O O D  P A T T E R N S  I N  P A T I E N T S  W I T H  
P H E N Y L K E T O N U R I A  

 
P O -2 1  

M  G o m e s 1 ,2 ;  M F  A lm e i d a 1 ,3 ,4
;  C   S o u s a  B a r b o s a

1 ,3
;  M I  G a m a 1 ,2

;  M  P e r e s 1 ,2 ;  E  P i n t o
1 ,2

;  A  M c D o n a l d 5
;  J C  R o c h a

1 ,3 ,6 , 7  

1  C e n t ro  d e  G e n é t ic a  M é d ic a , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to  (C H U P ), P o r to , P o r tu g a l; 2  Fa c u ld a d e  d e  C iê n c ia s  
d a  N u t r iç ã o  e  A lim e n ta ç ã o , U n iv e r s id a d e  d o  P o r to  (U P ), P o r to , P o r tu g a l; 3  C e n t ro  d e  R e fe rê n c ia  n a  á re a  d e  D o e n ç a s  

H e re d it á r ia s  d o  M e ta b o lism o , C e n t ro  U n iv e r s it á r io  H o sp it a la r  d o  P o r to  (C H U P ), P o r to , P o r tu g a l; 4  U n it  fo r  M u lt id is c ip lin a r y  
R e s e a rc h  in  B io m e d ic in e , A b e l S a la z a r  In s t it u te  o f  B io m e d ic a l S c ie n c e s , U n iv e r s it y  o f  P o r to -U M IB /IC B A S /U P, P o r to , 

P o r tu g a l; 5  D ie te t ic , B irm in g h am  C h ild re n ’s  H o sp it a l, B irm in g h am , E n g la n d ; 6  C e n t re  fo r  H e a lth  Te c h n o lo g y  a n d  S e r v ic e s  
R e s e a rc h , C IN T E S IS , P o r to , P o r tu g a l; 7  N u t r it io n  &  M e ta b o lism , N o v a  M e d ic a l S c h o o l - Fa c u ld a d e  d e  C iê n c ia s  M é d ic a s , 

U n iv e r s id a d e  N o v a  d e  L is b o a , L is b o a , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - m e l a n i e _g o m e s 9 7 @ h o t m a i l . c o m  

B A C K G R O U N D :  T h e  d ie t a r y  P K U  t re a tm e n t  im p o se s  a  s p e c ia l fo o d  p a t te rn . W e  a im e d  to  a n a ly s e  th e  fo o d  p a t te rn  in  P K U  
p a t ie n t s : t y p e /d a ily  d is t r ib u t io n  o f  p ro te in  s u b s t it u te  (P S ) u s e d  a n d  n a tu ra l p ro te in  (N P ) s o u rc e s .

M E T H O D S :  A  s am p le  o f  9 9  e a r ly  t re a te d  P K U  p a t ie n t s  (4 6%  fe m a le s ; 2 4  H PA , 4 8  m ild  P K U  a n d  2 7  c la s s ic a l P K U ), a g e d  
1 9 .3±8 .2  y , w ith  a n  a n n u a l n u t r it io n a l s t a tu s  e v a lu a t io n  in  2 0 1 8  w a s  s tu d ie d . In  th e  s am p le , 8 2  p a t ie n t s  w e re  o n  d ie t  
t re a tm e n t  a n d  1 7  o n  d ie t+B H 4  th e ra p y . In t a k e s  o f  to t a l p ro te in  (T P, g /k g ), N P  (g /k g ) a n d  p ro te in  e q u iv a le n t  f ro m  P S  (P E , 
g /k g ) w e re  c o lle c te d . S o u rc e s  o f  N P, t y p e  o f  P S  a n d  it s  a d m in is t ra t io n  fo rm /m e a l d is t r ib u t io n  w e re  re c o rd e d  f ro m  p a t ie n t ’s  
d ie t a r y  fi le s .

R E S U LT S :  M o s t  p a t ie n t s  w e re  t a k in g  P S  (n =6 4 ); 5 3  (8 3%) e x c lu s iv e ly  f ro m  P h e -f re e  L-am in o  a c id  s u p p le m e n t s  (L-A A ) a n d  
1 0  (1 6%) f ro m  g ly c o m a c ro p e p t id e  ± L-A A . P S  p o w d e re d  w a s  u s e d  b y  4 8%  o f  th e  p a t ie n t s ; liq u id  P S  b y  8%  a n d  4 2%  w e re  
o n  p o w d e re d  a n d  liq u id  P S . P S  w a s  t a k e n  w ith  b re a k fa s t , a f te rn o o n  s n a c k  a n d  b e d t im e  s u p p e r  (9 7% , 8 4%  a n d  7 8%  o f  th e  
p a t ie n t s , re s p e c t iv e ly ). M o s t  p a t ie n t s  (N =57 ) to o k  th e  P S  in  a t  le a s t  3  d o s e s . N P  (g /k g ) c o n t r ib u te d  a  m e d ia n  o f  3 4%  [2 5%-
5 1%] w h ils t  P S  c o n t r ib u te d  6 6%  [4 9%-7 5%] o f  T P  in t a k e . P o ta to , f ru it , r ic e  a n d  v e g e ta b le s  w e re  c o n su m e d  b y  >9 1%  o f  th e  
9 9  p a t ie n t s  (9 9% , 9 8% , 9 5%  a n d  9 0%  re sp e c t iv e ly ). M ilk /y o g u r t  w a s  c o n su m e d  b y  7 0% , w h ile  p u ls e s  (3 0%), c h e e s e /h am  
(3 3%) a n d  m e a t /fi sh /e g g  (4 4%) w e re  th e  le a s t  in g e s te d  fo o d  g ro u p s , t h e s e  p a t ie n t s  h a d  a  m e d ia n  N P  (g /k g ) o f  1 .4 ; 1 .4 ; 1 .5 , 
re s p e c t iv e ly . H ig h  b io lo g ic a l p ro te in  c o n ta in in g  fo o d s  w e re  p re s c r ib e d  in  > 5 8%  o f  th e  H PA  p a t ie n t s , a n d  in  B H 4  t re a te d  
p a t ie n t s  it  w a s  > 4 7% .

D I S C U S S I O N :  M o s t  p a t ie n t s  w e re  t a k in g  P S , m a in ly  in  liq u id  fo rm  a n d  d iv id e d  a t  le a s t  in  3  m e a ls . B H 4  p a t ie n t s  s h o w e d  
h ig h e r  in t a k e s  o f  h ig h  b io lo g ic a l p ro te in , a lth o u g h  n o t  a s  lib e ra l a s  in  H PA  p a t ie n t s . In  P K U , fu r th e r  re s e a rc h  is  n e e d e d  to  
c la r if y  t h e  b e s t  fo o d  p ro te in  s o u rc e s  a n d  it s  im p a c t  o n  n u t r it io n a l s t a tu s .
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T H E  C H A L L E N G E S  O F  I N T E R P R E T I N G  M I C R O N U T R I E N T S   
A D E Q U A C Y  I N  P H E N Y L K E T O N U R I A  U S I N G  D I F F E R E N T  N U T R I T I O N A L  

R E C O M M E N D A T I O N S   
 

P O -2 2  

M I  G a m a 1 ,2
;  M F  A lm e i d a 2 ,3 ,4

;  C  S o u s a  B a r b o s a
2 ,3

;  M  G o m e s 1 ,2 ;  M  P e r e s 1 ,2 ;  E  P i n t o
1 ,2

;  A  M a c D o n a l d 5
;  J C  R o c h a

2 ,3 ,6 , 7  

1  Fa c u ld a d e  d e  C iê n c ia s  d a  N u t r iç ã o  e  A lim e n ta ç ã o , U n iv e r s id a d e  d o  P o r to  (U P ), P o r to , P o r tu g a l; 2  C e n t ro  d e  G e n é t ic a  
M é d ic a , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to  (C H U P ), P o r to , P o r tu g a l; 3  C e n t ro  d e  R e fe rê n c ia  n a  á re a  d e  D o e n ç a s  

H e re d it á r ia s  d o  M e ta b o lism o  , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to  (C H U P ), P o r to , P o r tu g a l; 4  U n it  fo r  M u lt id is c ip lin a r y  
R e s e a rc h  in  B io m e d ic in e , A b e l S a la z a r  In s t it u te  o f  B io m e d ic a l S c ie n c e s , U n iv e r s it y  o f  P o r to -U M IB /IC B A S /U P, P o r to , 

P o r tu g a l; 5  D ie te t ic , B irm in g h am  C h ild re n ’s  H o sp it a l, B irm in g h am  , E n g la n d ; 6  C e n t re  fo r  H e a lth  Te c h n o lo g y  a n d  S e r v ic e s  
R e s e a rc h  , C IN T E S IS , P o r to , P o r tu g a l; 7  N u t r it io n  &  M e ta b o lism , N o v a  M e d ic a l S c h o o l - Fa c u ld a d e  d e  C iê n c ia s  M é d ic a s , 

U n iv e r s id a d e  N o v a  d e  L is b o a , L is b o n , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - i n e s r g a m a @ g m a i l . c o m  

B A C K G R O U N D :  In  P K U  re c e n t  U n ite d  S t a te s  a n d  E u ro p e a n  g u id e lin e s  fo llo w  d is t in c t  re c o m m e n d a t io n s , F o o d  a n d  
N u t r it io n  B o a rd  (F N B ) a n d  E u ro p e a n  F o o d  S a fe t y  A u th o r it y  (E F S A ) re sp e c t iv e ly . W e  re p o r t  in  P K U  p a t ie n t s , t h e  m ic ro n u t r ie n t  
a d e q u a c y  (M A ) f ro m  p ro te in  s u b s t it u te s  (P S ) u s in g  F N B  o r  E F S A  re c o m m e n d a t io n s .

 
M E T H O D S :  A  s am p le  o f  6 4  e a r ly  t re a te d  P K U  p a t ie n t s  a g e d  2 0 .6±9 .1  y  (5 2%  fe m a le s ; 1  H PA , 3 8  m ild  P K U  a n d  2 5  c la s s ic a l 
P K U ) w a s  s tu d ie d . A ll p a t ie n t s  w e re  p re s c r ib e d  a  P S  a n d  c o m p le te d  th e  a n n u a l n u t r it io n a l s t a tu s  e v a lu a t io n  (A N S E ) in  2 0 1 8 . 
5 1  p a t ie n t s  w e re  o n  a  lo w  p h e n y la la n in e  d ie t  t re a tm e n t  o n ly  w h ils t  1 3  w e re  o n  B H 4  a n d  d ie t  t re a tm e n t . P a t ie n t  w e ig h t  (k g ), 
p ro te in  e q u iv a le n t  (g /k g /d a y ) a n d  m ic ro n u t r ie n t  in t a k e  f ro m  P S  w e re  c o lle c te d . M A  w a s  c o n s id e re d  d e fi c ie n t  o r  e x c e s s iv e  
w h e n  m ic ro n u t r ie n t  in t a k e s  w e re  < 9 0%  o r  >1 1 0%  o f  th e  F N B  o r  E F S A  re c o m m e n d a t io n s , re s p e c t iv e ly .

R E S U LT S :  M e a n  w e ig h t  o f  p a t ie n t s  w a s  5 4 .8±1 9 .4  k g  a n d  m e d ia n  p ro te in  e q u iv a le n t  in t a k e  f ro m  P S  w a s  0 .8 6 g /k g /d a y  
(4 5 .3±1 8 .2  g /d a y ). F o r  C u , S e , M o , V it . D  a n d  V it . B 1 2 , t h e  m e a n /m e d ia n  %  o f  M A  w a s  s y s te m a t ic a lly  h ig h  w h e n  u s in g  F N B  
a n d  lo w  a c c o rd in g  to  E F S A , re s p e c t iv e ly : C u  (1 4 5 ;6 5 ), S e  (1 1 2 ;7 7 ), M o  (1 2 2 ;7 1 ), V it . D  (1 1 5 ;7 7 ) a n d  V it . B 1 2  (1 5 3 ;7 7 ). T h e re  
w e re  in c o n s is te n t  re s u lt s  fo r  t h e  o th e r  m ic ro n u t r ie n t s : P  (1 0 8 ;1 2 3 ), M g  (9 6 ;8 0 ), c h o lin e  (9 9 ;1 1 9 ), V it . K  (6 3 ;9 3 ), V it . C  (1 1 4 ;9 0 ), 
V it . B 5  (1 1 6 ;1 0 7 ), V it . B 6  (1 4 3 ;1 0 3 ) a n d  V it . B 9  (8 3 ;1 0 6 ). 

D I S C U S S I O N :  A  d iff e re n t  M A  f ro m  P S  w a s  o b s e r v e d  in  p a t ie n t s  w ith  P K U  a c c o rd in g  to  i f  F N B  o r  E F S A  re c o m m e n d a t io n s  
w e re  u s e d . F N B  g e n e ra lly  re c o m m e n d e d  lo w e r  in t a k e  o f  m ic ro n u t r ie n t s , re s u lt in g  in  in c re a s e d  M A  fo r  C u , S e , M o , V it . D  a n d  
V it . B 1 2 . O u r  re s u lt s  s u g g e s t  t h a t  c o n s e n su s  a b o u t  n u t r it io n a l re q u ire m e n t s  s h o u ld  b e  w ith in  th e  E u ro p e a n  P K U  g u id e lin e s , 
p re v e n t in g  m is le a d in g  in te rp re t a t io n  o f  M A .
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C H A R A C T E R I Z A T I O N  O F  T H E  A D U LT  M S U D  P O P U L A T I O N   
F O L L O W E D  A T  C E N T R O  H O S P I T A L A R  U N I V E R S I T Á R I O  L I S B O A  N O R T E  - 

H O S P I T A L  D E  S A N T A  M A R I A  
 

P O -2 3  

A n a b e l a  S a n t o s  G u e r r a 1
;  D a n i e l  G o m e s 2 ;  A n a b e l a   O l i v e i r a

2
;  P a t r i c i a  N u n e s

1  

1  S e r v iç o  D ie te t ic a  e  N u t r iç ã o , C e n t ro  H o sp it a la r  U n iv e r s it á r io  L is b o a  N o r te  - H o sp it a l d e  S a n ta  M a r ia  , L is b o a , P o r tu g a l;  
2  S e r v iç o  M e d ic in a  1  C , C e n t ro  H o sp it a la r  U n iv e r s it á r io  L is b o a  N o r te  - H o sp it a l d e  S a n ta  M a r ia  , L is b o a , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - a n a b e l a s g u e r r a @ g m a i l . c o m  

M ap le  S y ru p  U r in e  D is e a s e  (M SU D ) is  a  h e re d it a r y  d is o rd e r  o f  t h e  b ra n c h e d -c h a in  am in o  a c id  (A A ) m e ta b o lism  re su lt in g  
f ro m  a  d e fi c it  in  th e  b ra n c h e d -c h a in  a lp h a -k e to  a c id  d e h y d ro g e n a s e  c o m p le x , re s p o n s ib le  fo r  t h e  m e ta b o lism  o f  le u c in e , 
is o le u c in e  a n d  v a lin e . E a r ly  d ia g n o s is  is  e s s e n t ia l to  p re v e n t  n e u ro lo g ic a l d am a g e . T h e  t re a tm e n t  c o n s is t s  o f  d ie t  w ith  
n a tu ra l p ro te in  re s t r ic t io n , s u p p le m e n te d  w ith  b ra n c h e d -c h a in -f re e  am in o  a c id  m ix tu re , in  o rd e r  to  s a t is f y  p ro te in , m in e ra l 
a n d  v it am in  n e e d s . S o m e  p a t ie n t s  a re  a ls o  re sp o n s iv e  to  th e  e n z ym e  c o -fa c to r  t h iam in e .

A t  o u r  c e n te r, 6  a d u lt  p a t ie n t s  w ith  M SU D  a re  c u r re n t ly  u n d e r  fo llo w -u p , 1  m a le  a n d  5  fe m a le s . T h e  a v e ra g e  a g e s  a re  2 9 .3  
± 8 .2  y e a r s . T h e y  h a v e  a n  a v e ra g e  w e ig h t  o f  5 8 k g  ± 1 0 .2 k g . T h e re  a v e ra g e  B o d y  M a s s  In d e x  (BM I) is  2 3 k g  / m 2  ± 3 .6 k g  
/ m 2 . T h e  m e a n  la s t  L E U  s e ru m  le v e l w a s  5 .6m g /d l (4 2 6 .1µm /L ) ± 1 .8m g  / d l (1 3 6 .9  µm /L ). O f  a ll t h e  p a t ie n t s , o n ly  o n e  
fe m a le  w ith  th iam in e -re sp o n s iv e  M SU D  is  o n  a n  u n re s t r ic te d  d ie t , w ith  n o  n e e d  fo r  s u p p le m e n ta t io n  w ith  A A  m ix tu re . T h e  
re m a in d e r  h a v e  a n  a v e ra g e  o f  5 1 .4 g , ± 8 .3 g  o f  s y n th e t ic  p ro te in  in t a k e , w h ic h  is  e q u iv a le n t  to  0 .8 g /k g  ± 0 .2 g  o f  s y n th e t ic  
p ro te in .

C O N C L U S I O N :  O u r  M SU D  p o p u la t io n  h a s  a  n o rm a l BM I. A c c o rd in g  to  th e  la te s t  g u id e lin e s , L E U  m e a su rem e n t s  in  th e  la s t  
a p p o in tm e n t  a re  a b o v e  th e  re c o m m e n d e d  (3 0 0  µm /L ). P a t ie n t  a d h e re n c e  to  d ie t  t h ro u g h o u t  li fe  is  fu n d am e n ta l to  p re v e n t  
M SU D  d e c o m p e n sa t io n s , t h e re fo re  a d u lt  p a t ie n t s  n e e d  to  b e  e n c o u ra g e d  to  m a in ta in  p ro te in  re s t r ic t io n  e v e n  th o u g h  th e y  
w e re  s t a b le  d u r in g  a d o le s c e n c e .
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S E R U M  V I T A M I N  D  L E V E L S  I N  P A T I E N T S  W I T H  P H E N Y L K E T O N U R I A  
 

P O -2 4
C a t a r i n a  d e  S o u s a  B a r b o s a 1 ,2

;  J ú l i o  C é s a r  R o c h a
1 ,2 ,3 , 4

;  N u n o   S i l v a
5 ,6

;  F r a n c j a n  v a n  S p r o n s e n  
7
;   

M a n u e l a  F e r r e i r a  d e  A lm e i d a 1 ,2 ,8
;  M a r i a  J o ã o  P e n a 5

;  C l á u d i a  C a m i l a  D i a s 4 ,9 ;  A n i t a  M a c D o n a l d 1 0
;   

N u n o  B o r g e s 4 ,1 1 ;  J o ã o  T i a g o  G u im a r ã e s 5 ,6 ,1 2  

1  C e n t ro  d e  R e fe rê n c ia  n a  á re a  d a s  D o e n ç a s  H e re d it á r ia s  d o  M e ta b o lism o , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to , P o r to , 
P o r tu g a l; 2  C e n t ro  d e  G e n é t ic a , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to , P o r to , P o r tu g a l; 3  N u t r it io n  a n d  M e ta b o lism , 

N o v a  M e d ic a l S c h o o l, Fa c u ld a d e  d e  C iê n c ia s  M é d ic a s , U n iv e r s id a d e  N o v a  d e  L is b o a , L is b o a , P o r tu g a l; 4  C IN T E S IS , C e n t re  
fo r  H e a lth  Te c h n o lo g y  a n d  S e r v ic e s  R e s e a rc h  , P o r to , P o r tu g a l; 5  D e p a r t am e n to  d e  B io m e d ic in a , U n id a d e  d e  B io q u ím ic a , 

Fa c u ld a d e  d e  M e d ic in a , U n iv e r s id a d e  d o  P o r to , P o r to , P o r tu g a l; 6  S e r v iç o  d e  P a to lo g ia  C lín ic a , C e n t ro  H o sp it a la r  d e  
S ã o  J o ã o , P o r to , P o r tu g a l; 7  B e a t r ix  C h ild re n ’s  H o sp it a l, U n iv e r s it y  M e d ic a l C e n te r  G ro n in g e n , U n iv e r s it y  o f  G ro n in g e n , 
G ro n in g e n , N e th e r la n d s ; 8  U n it  fo r  M u lt id is c ip lin a r y  R e s e a rc h  in  B io m e d ic in e , A b e l S a la z a r  In s t it u te  o f  B io m e d ic a l 

S c ie n c e s , U n iv e r s it y  o f  P o r to -U M IB /IC B A S /U P, P o r to , P o r tu g a l; 9  D e p a r tm e n t  o f  C o m m u n it y  M e d ic in e , In fo rm a t io n  a n d  
H e a lth  D e c is io n  S c ie n c e s  (M E D C ID S ), Fa c u lt y  o f  M e d ic in e , U n iv e r s it y  o f  P o r to , P o r to , P o r tu g a l; 1 0  D ie te t ic s , B irm in g h am  
Wom e n ’s  a n d  C h ild re n ’s  H o sp it a l, B irm in g h am , U n ite d  K in g d o m ; 1 1  F C N AU P, Fa c u lt y  o f  N u t r it io n  a n d  F o o d  S c ie n c e s , 
U n iv e r s id a d e  d o  P o r to , P o r to , P o r tu g a l; 1 2  P IU n it , In s t it u te  o f  P u b lic  H e a lth , U n iv e r s id a d e  d o  P o r to , P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - c a t a r i n a -s -@ h o t m a i l . c o m  

B A C K G R O U N D :  D a ta  o n  v it am in  D  (V itD ) s t a tu s  in  P K U  p o p u la t io n  is  s c a rc e . T h is  s tu d y  a im e d  to  e v a lu a te  V itD  s t a tu s  in  
P K U  p a t ie n t s  c o m p a re d  w ith  a g e -m a tc h e d  n o n  P K U  c o n t ro ls , u s in g  s e ru m  2 5 (O H )D  le v e ls . W e  a ls o  lo o k e d  a t  t h e  in fl u e n c e  
o f  t h e  a n th ro p o m e t r y , b o d y  c o m p o s it io n  a n d  s e a so n  v a r ia t io n  o n  V itD  le v e ls  in  b o th  g ro u p s .

M E T H O D S :  T h is  is  a  P o r tu g u e s e  re t ro sp e c t iv e  c ro s s -s e c t io n a l s tu d y , in c lu d in g  8 0  e a r ly  t re a te d  p a t ie n t s  (1 4 .0  ± 6 .5  
y e a r s ; 4 5 .0%  fe m a le s ) a n d  a g e -m a tc h e d  7 5  c o n t ro ls  (1 6 .5  ± 8  y e a r s ; 6 0 .0%  fe m a le s ). T h e y  p e r fo rm e d  a  n u t r it io n a l s t a tu s  
e v a lu a t io n  d u r in g  2 0 1 0  o r  2 0 1 1 , c o lle c t in g  d a ta  o n  a n th ro p o m e t r y , b o d y  c o m p o s it io n  a n d  s e ru m  2 5 (O H )D . P a r t ic ip a n t s  
w e re  c la s s ifi e d  w ith  V itD  a d e q u a c y  (V itD a ) w h e n  s e ru m  2 5 (O H )D  le v e ls  w e re  ≥ 2 0  n g /m L  (5 0 .0  n m o l/L ) a c c o rd in g  to  th e  
In s t it u te  o f  M e d ic in e  (IO M ). W h e n  s e ru m  2 5 (O H )D  w a s  < 2 0  n g /m L  th e y  w e re  c o n s id e re d  w ith  V itD  in a d e q u a c y  (V itD i).
A d d it io n a lly , in  P K U  p a t ie n t s , d a ta  o n  V itD  in t a k e  [f ro m  am in o  a c id  m ix tu re s  (A AM ) (n =80 ) a n d  m u lt iv it am in /m in e ra l 
s u p p le m e n t s  (M V S ) (n =2 5 )] w a s  a ls o  c o lle c te d .

R E S U LT S :  W e  fo u n d  h ig h e r  m e a n  s e ru m  2 5 (O H )D  (n g /m L ) a n d  lo w e r  V itD i p re v a le n c e  in  p a t ie n t s  c o m p a re d  w ith  c o n t ro ls  
(2 5 .6 7  ± 8 .7 4  v s  1 7 .8 9  ± 7 .3 0 , p <0 .0 0 1  a n d  2 7 .5%  v s  6 5 .3% , p <0 .0 0 1 , re s p e c t iv e ly ). T h e re  w e re  n o  d iff e re n c e s  in  s e ru m  
2 5 (O H ) le v e ls  b e tw e e n  n o rm a l w e ig h t  a n d  o v e rw e ig h t /o b e s e  p a t ie n t s  (2 6 .3 9  ± 9 .5 3  v s . 2 4 .2 5  ± 6 .8 9 ; p =0 .3 0 4 ). In  c o n t ro ls , 
a  s im ila r  t re n d  w a s  fo u n d  (1 7 .3 4  ± 6 .9 5  v s . 1 9 .5 1  ± 8 .2 5 ; p = 0 .2 6 5 ). A ls o , b o d y  fa t  %  w a s  n o t  d iff e re n t  b e tw e e n  p a r t ic ip a n t s  
w ith  V itD a  o r  V itD i (p a t ie n t s : 2 3 .5 5  ± 9 .8 9  v s . 1 9 .8 6  ± 9 .5 9 , p =0 .1 3 7 ; c o n t ro ls : 2 3 .6 2  ± 1 2 .1 0  v s . 2 2 .8 0  ± 8 .3 0 , p =0 .7 6 1 ). O u r  
re s u lt s  s h o w e d  a  t re n d  fo r  a  h ig h e r  s e ru m  [2 5 (O H )D ] in  c o n t ro ls  b e tw e e n  A u g u s t  a n d  N o v em b e r. In  c o n t ra s t , a  s e a so n a l 
v a r ia t io n  o f  s e ru m  2 5 (O H )D  le v e ls  w a s  n o t  o b s e r v e d  in  P K U  p a t ie n t s . T h e re  w a s  a  p o s it iv e  a s s o c ia t io n  b e tw e e n  th e  to t a l 
V itD  in t a k e  f ro m  A AM  a n d  M V S , a n d  th e  s e ru m  [2 5 (O H )D ] in  p a t ie n t s  w ith  P K U  (r=0 .2 4 9 , p =0 .0 2 6 ).

D I S C U S S I O N :  O u r  re s u lt s  s h o w e d  th a t  V itD  s t a tu s  in  P K U  p a t ie n t s  is  b e t te r  t h a n  in  c o n t ro ls . W e ig h t , b o d y  fa t  a n d  s e a so n  
d id  n o t  in fl u e n c e  s e ru m  [2 5 (O H )D ] o f  P K U  p a t ie n t s . N u t r it io n a l m o n ito r in g  is  e s s e n t ia l in  P K U , a n d  th e  u s e  o f  A AM  a n d  M V S  
p la y s  a n  im p o r t a n t  ro le  in  m ic ro n u t r ie n t  a d e q u a c y .



th
11th . 12th . 13th November 2020
V I R T U A L  S Y M P O S I U M

9 3 16TH INTERNATIONAL SYMPOSIUM OF THE PORTUGUESE SOCIETY FOR METABOLIC DISORDERS 11TH 12TH 13TH NOVEMBER  2020 | VIR TUAL SYMPOSIUM

S E L E C T E D  P O S T E R S  |  D I E T E T I C S  A N D  N U T R I T I O N

P R E V A L E N C E  A N D  I N C I D E N C E  O F  O V E R W E I G H T   
A N D  O B E S I T Y  I N  P A T I E N T S  W I T H  P H E N Y L K E T O N U R I A :   

T H E  1 0  Y E A R -L O N G I T U D I N A L  T N S P K U  S T U D Y  
 

P O -2 6   

C a t a r i n a  d e  S o u s a  B a r b o s a 1 ,2
;  J ú l i o  C é s a r  R o c h a

1 ,2 ,3 , 4
;  M a n u e l a  F e r r e i r a  d e  A lm e i d a 1 ,2 ,5

;   

A n a b e l a  B a n d e i r a 2
;  E s m e r a l d a  M a r t i n s 2 ,5 ;  S a r a  R o c h a

2
;  A r l i n d o  G u im a s 2 ;  R o s a  R i b e i r o

2
;   

C l á u d i a  C a m i l a  D i a s 4 ,6 ;  A n i t a  M a c D o n a l d 7
;  N u n o  B o r g e s

4 ,8  

1  C e n t ro  d e  G e n é t ic a , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to , P o r to , P o r tu g a l; 2  C e n t ro  d e  R e fe rê n c ia  n a  á re a  d a s  D o e n ç a s  
H e re d it á r ia s  d o  M e ta b o lism o , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to , P o r to , P o r tu g a l; 3  N u t r it io n  a n d  M e ta b o lism , 

N o v a  M e d ic a l S c h o o l, Fa c u ld a d e  d e  C iê n c ia s  M é d ic a s , U n iv e r s id a d e  N o v a  d e  L is b o a , L is b o a , P o r tu g a l; 4  C IN T E S IS , C e n t re  
fo r  H e a lth  Te c h n o lo g y  a n d  S e r v ic e s  R e s e a rc h , P o r to , P o r tu g a l; 5  U n it  fo r  M u lt id is c ip lin a r y  R e s e a rc h  in  B io m e d ic in e , A b e l 
S a la z a r  In s t it u te  o f  B io m e d ic a l S c ie n c e s , U n iv e r s it y  o f  P o r to -U M IB /IC B A S /U P, P o r to , P o r tu g a l; 6  D e p a r tm e n t  o f  C o m m u n it y  
M e d ic in e , In fo rm a t io n  a n d  H e a lth  D e c is io n  S c ie n c e s  (M E D C ID S ), Fa c u lt y  o f  M e d ic in e , U n iv e r s it y  o f  P o r to , P o r to , P o r tu g a l;  
7  D ie te t ic s , B irm in g h am  Wom e n ’s  a n d  C h ild re n ’s  H o sp it a l, B irm in g h am , U n ite d  K in g d o m ; 8  F C N AU P, Fa c u lt y  o f  N u t r it io n  

a n d  F o o d  S c ie n c e s , U n iv e r s id a d e  d o  P o r to , P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - c a t a r i n a -s -@ h o t m a i l . c o m  

B A C K G R O U N D :  In  p h e n y lk e to n u r ia  (P K U ), t h e re  is  lim ite d  d a ta  o n  o v e rw e ig h t  (O VW ) a n d  o b e s it y  (O B ) t re n d s . W e  a im e d  
to  d e s c r ib e  th e  p re v a le n c e  a n d  in c id e n c e  o f  O VW+O B  o f  P K U  p a t ie n t s  o f  a  P o r tu g u e s e  re fe re n c e  c e n t re .

M E T H O D S :  9 4  P K U  p a t ie n t s , a g e d  1 4 .0±7 .8  y  (4 8 .9%  fe m a le s ; 1 8  H PA , 4 3  m ild  P K U , 2 8  c la s s ic a l P K U , 5  la te  t re a te d ) h a v e  
c o m p le te d  a t  le a s t  a n  a n n u a l n u t r it io n a l s t a tu s  e v a lu a t io n  (A N S E ), e v e r y  2  y e a r s  (b ie n n iu m ), f ro m  2 0 0 9  to  2 0 1 8 . N u t r it io n a l 
in t a k e , m e ta b o lic  c o n t ro l a n d  a n th ro p o m e t r y  d a ta  w a s  c o lle c te d . O u t  o f  t h e  9 4  p a t ie n t s , 6 2  w e re  e x c lu s iv e ly  d ie t  t re a te d  
a n d  3 2  s t a r te d  B H 4  t re a tm e n t  in  2 0 1 5  (1 9  re m a in e d  o n  B H 4  u n t il 2 0 1 8 ).

R E S U LT S :  In  th e  1 s t  v s . la s t  b ie n n iu m  m e a n  d ie t a r y  in t a k e s  w e re : n a tu ra l p ro te in  (g /k g ) 0 .6 2  ± 0 .5 1  v s . 0 .8 7  ± 0 .6 4 ; p ro te in  
e q u iv a le n t  (g /k g ) 1 .0 8  ± 0 .4 0  v s . 0 .5 6  ± 0 .4 3 ; to t a l p ro te in  (g /k g ) 1 .7 0  ± 0 .6 3  v s . 1 .4 2  ± 0 .4 1 ; a n d  p h e n y la la n in e  (P h e ; m g /
d a y ) 8 0 0 .7  ± 4 8 6 .2  v s . 2 4 3 4 .6  ± 1 7 7 8 .1 , re s p e c t iv e ly . A n n u a l m e d ia n  b lo o d  [P h e ] ra n g e d  b e tw e e n  5 .0  [3 .7 -8 .3 ] m g /d l in  
2 0 0 9  a n d  7 .0  [4 .8 -9 .9 ] m g /d l in  2 0 1 8 . O VW+O B  p re v a le n c e  a lo n g  e a c h  b ie n n iu m  w a s : 2 4 , 3 0 , 3 2 , 3 2  a n d  3 3% . In  a d u lt s  
(>1 8 y  in  2 0 0 9 ) O VW+O B  p re v a le n c e  s h o w e d  a  t re n d  o f : 3 3 , 2 9 , 3 8 , 3 8 , 3 8% . In  e a c h  b ie n n iu m , O VW+O B  p re v a le n c e  (% ) 
s e em e d  to  b e  s y s te m a t ic a lly  h ig h e r  in  fe m a le s  v s . m a le s : 2 8  v s . 2 1 ; 3 7  v s . 2 3 ; 3 5  v s . 2 9 ; 3 7  v s . 2 7 ; 3 7  v s . 2 9 . C o m p a r in g  th e  
1 s t  a n d  th e  la s t  A N S E  f ro m  e a c h  p a t ie n t  w e  fo u n d  th a t  1 2%  o f  n o rm a l w e ig h t  p a t ie n t s  d e v e lo p e d  O VW  o r  O B . O u t  o f  1 9  
p a t ie n t s  u n d e r  B H 4  th e ra p y , O VW+O B  p re v a le n c e  in  2 0 1 5 -2 0 1 6  a n d  2 0 1 7 -2 0 1 8  w a s : 2 6  v s . 2 1% . O n ly  2 /1 9  (1 1%) b e c am e  
O VW  f ro m  th e  1 s t  to  th e  la s t  A N S E .

D I S C U S S I O N :  A  t re n d  fo r  a n  in c re a s e d  p re v a le n c e  o f  O VW+O B  th ro u g h o u t  th e  1 0 y  s tu d y  w a s  fo u n d , w ith  h ig h e r  
e x p re s s io n  in  a d u lt s  a n d  fe m a le s . T h e  1 0 y  in c id e n c e  o f  O VW+O B  w a s  1 2% . A lth o u g h  th e  in c id e n c e  w a s  n o t  h ig h e r  in  B H 4  
t re a te d  p a t ie n t s , s tu d ie s  w ith  a  lo n g e r  d ru g  e x p o su re  a re  w a r ra n te d .



th
11th . 12th . 13th November 2020
V I R T U A L  S Y M P O S I U M

9 4 16TH INTERNATIONAL SYMPOSIUM OF THE PORTUGUESE SOCIETY FOR METABOLIC DISORDERS 11TH 12TH 13TH NOVEMBER  2020 | VIR TUAL SYMPOSIUM

S E L E C T E D  P O S T E R S  |  D I E T E T I C S  A N D  N U T R I T I O N

K E T O G E N I C  D I E T  A N D  D R U G -R E S I S T A N T  E P I L E P S Y  I N  A D U LT S :   
T H E  E X P E R I E N C E  O F  A  T E R T I A R Y -C A R E  C E N T R E  I N  P O R T U G A L   

P O -4 9  

P  F a u s t i n o 1
;  C  F o n s e c a

2
;  F  S a l e s

1
;  M C  M a c á r i o 1

;  C  B e n t o
1  

1  N e u ro lo g y  D e p a r tm e n t , C e n t ro  H o sp it a la r  e  U n iv e r s it á r io  d e  C o im b ra , C o im b ra , P o r tu g a l;  
2  N u t r it io n  a n d  D ie te t ic s  U n it , C e n t ro  H o sp it a la r  e  U n iv e r s it á r io  d e  C o im b ra , C o im b ra , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - p f a u s t i n o 2 1 @ g m a i l . c o m  

B A C K G R O U N D :  D ru g -re s is t a n t  e p ile p s y  re p re s e n t s  a b o u t  2 5%  o f  a ll e p ile p t ic  p a t ie n t s . S u rg e r y  m a y  b e  c o n s id e re d , b u t  
o th e r  n o n -p h a rm a c o lo g ic a l t re a tm e n t s  a re  p o s s ib le , s u c h  a s  k e to g e n ic  d ie t . T h is  is  m a in ly  u s e d  in  p a e d ia t r ic  p a t ie n t s , b u t  is  
b e c o m in g  a n  a lte rn a t iv e  in  a d u lt s . F u r th e r  e x p e r ie n c e  a n d  d a ta  o n  it s  e ff e c t iv e n e s s  a n d  s a fe t y  is  n e e d e d .

O B J E C T I V E :  To  d e s c r ib e  th e  e x p e r ie n c e  o f  a  te r t ia r y -c a re  e p ile p s y  c e n t re  in  P o r tu g a l in  th e  m a n a g em e n t  o f  a d u lt  p a t ie n t s  
w ith  d ru g -re s is t a n t  e p ile p s y  o n  k e to g e n ic  d ie t .

M E T H O D S :  W e  p e r fo rm e d  a  d e s c r ip t iv e  s tu d y  a n d  in c lu d e d  4  a d u lt  p a t ie n t s  w ith  d ru g -re s is t a n t  e p ile p s y  a n d  f re q u e n t  
s e iz u re s . T h e s e  p a t ie n t s  w e re  re fu s e d  fo r  s u rg e r y  a n d  a  k e to g e n ic  d ie t  w a s  in it ia te d .

R E S U LT S :  P a t ie n t  1 : 2 7 -y e a r-o ld  fe m a le  w ith  b ila te ra l p a r ie to -o c c ip it a l fo c a l c o r t ic a l d y sp la s ia  (F C D ) a n d  d a ily  s e iz u re s  
(2 -3 /d a y ) d e sp ite  a  p o ly d ru g  re g im e n  w ith  z o n is am id e  (Z N S ), p h e n o b a rb it a l, ru fi n am id e  (R U F ), le v e t ira c e tam  (LV T ), 
e x te n d e d -re le a s e  c a rb am a ze p in e  a n d  c lo b a z am  (C L B ). Va g u s  n e r v e  s t im u la t io n  (V N S ) h a d  n o  b e n e fi t . O n  k e to g e n ic  d ie t , 
t h e re  w a s  > 5 0%  re d u c t io n  in  s e iz u re  f re q u e n c y . S h e  s h o w e d  a n  e a r ly  a n d  s ig n ifi c a n t  c lin ic a l a n d  e le c t ro g ra p h ic  b e n e fi t  
a n d  m a in ta in e d  th e  d ie t  fo r  3  y e a r s . S h e  is  n o w  o n  a n  a d a p te d  lo w -c a rb , lo w -c a lo r ie  d ie t , m a in ta in in g  g o o d  s e iz u re  c o n t ro l 
(m a x . 5  d a y s  w ith o u t  s e iz u re s ).  P a t ie n t  2 : 2 5 -y e a r-o ld  fe m a le  w ith  a  le f t  p a r ie to -o c c ip it a l F C D  a n d  d a ily  s e iz u re s  (3 -4 /d a y ) 
d e sp ite  t re a tm e n t  w ith  Z N S , o x c a rb a ze p in e  a n d  LV T. R e fu s e d  fo r  s u rg e r y  a f te r  in v a s iv e  s tu d y , s h e  is  o n  a  k e to g e n ic  d ie t  fo r  
1  y e a r, w ith  > 5 0%  re d u c t io n  in  s e iz u re  f re q u e n c y . H o w e v e r, p a re n t s  a re  c o n s id e r in g  to  s to p  th e  d ie t  g iv e n  a n  e ff o r t /b e n e fi t  
e v a lu a t io n . P a t ie n t  3 : 3 2 -y e a r-o ld  m a le  w ith  h y p o x ic -is c h em ic  u le g y r ia  a n d  d a ily  s e iz u re s  (2 -3 /d a y ) d e sp ite  t re a tm e n t  w ith  
LV T, lam o t r ig in e  (LTG ), e s lic a rb a ze p in e  a n d  c lo n a ze p am . H e  s h o w e d  n o  s ig n ifi c a n t  c lin ic a l b e n e fi t  w ith  th e  k e to g e n ic  d ie t , 
p ro b a b ly  d u e  to  p o o r  c o m p lia n c e . P a t ie n t  4 : 2 2 -y e a r-o ld  m a le  w ith  e x te n s iv e  b ila te ra l p o lym ic ro g y r ia  a n d  d a ily  s e iz u re s  
d e sp ite  t re a tm e n t  w ith  R U F, LV T, v a lp ro a te , LTG  a n d  C L B , a n d  a ls o  V N S  fo r  5  y e a r s . H e  s t a r te d  k e to g e n ic  d ie t  a  m o n th  a g o  
a n d  w ill b e  re v a lu a te d  n e x t  w e e k . In  a ll p a t ie n t s  th e  d ie t  w a s  w e ll to le ra te d .

D I S C U S S I O N :  K e to g e n ic  d ie t  a p p e a r s  to  b e  a n  e ff e c t iv e  a n d  w e ll to le ra te d  n o n -p h a rm a c o lo g ic a l a p p ro a c h  in  a d u lt s  w ith  
d ru g -re s is t a n t  e p ile p s y , e v e n  w ith o u t  a  m e ta b o lic  a e t io lo g y . A d a p te d  d ie t s  in  a d u lt s  m a y  h e lp  im p ro v e  c o m p lia n c e .
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P S Y C H O S O C I A L  F A C T O R S  A N D  M E T A B O L I C  C O N T R O L  I N  P K U  P A T I E N T S  
F O L L O W E D -U P  A T  C H U P  B E F O R E  A N D  A F T E R  F U L L  S U B S I D Y  O F  D I E T A R Y  

P R O D U C T S  U S E D  I N  T H E  N U T R I T I O N A L  T R E A T M E N T  
 

P O -5 2  

F F A  M o r a i s 1 ;  R B  C o s t a
1 ,2

;  E  M a r t i n s 3 ,4 ,5 ;  C  C a r m o n a 3 ,4 ,5
;  M F  A lm e i d a 3 ,4 ,5  

1  M e d ic in a , Fa c u ld a d e  C iê n c ia s  d a  S a ú d e /U n iv e r s id a d e  d a  B e ira  In te r io r, C o v ilh ã , P o r tu g a l;  
2  P e d ia t r ia , C e n t ro  H o sp it a la r  U n iv e r s it á r io  C o v a  d a  B e ira , C o v ilh ã , P o r tu g a l; 3  C e n t ro  G e n é t ic a  M é d ic a , C e n t ro  H o sp it a la r  
U n iv e r s it á r io  d o  P o r to , P o r to , P o r tu g a l; 4  C e n t ro  d e  R e fe rê n c ia  D o e n ç a s  H e re d it á r ia s  d o  M e ta b o lism o , C e n t ro  H o sp it a la r  
U n iv e r s it á r io  d o  P o r to , P o r to , P o r tu g a l; 5  U n it  fo r  M u lt id is c ip lin a r y  R e s e a rc h  in  B io m e d ic in e /U M IB , In s t it u to  C iê n c ia s  

B io m é d ic a s  A b e l S a la z a r, P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - f r a n c i s c a . a lm e i d a .m o r a i s @ h o t m a i l . c o m  

B A C K G R O U N D :  A  n a tu ra l p ro te in  a n d  p h e n y la la n in e  (P h e )-re s t r ic te d  d ie t , s u p p le m e n te d  w ith  p ro te in  s u b s t it u te s  a n d  
s p e c ia l lo w  p ro te in  fo o d s  (S L P F ) re m a in s  th e  m a in s t a y  t re a tm e n t  o f  p h e n y lk e to n u r ia  (P K U ). H ig h  P h e  le v e ls  a re  a s s o c ia te d  
w ith  n e u ro to x ic  e ff e c t s  th a t  m a y  in te r fe re  w ith  n e u ro c o g n it iv e  d e v e lo p m e n t  a n d  s o c io -a ff e c t iv e  o u tc o m e s . To  fa c ilit a te  
d ie t  c o m p lia n c e , S L P F  w e re  fu lly  re im b u rs e d  in  P o r tu g a l s in c e  J u n e  2 0 0 5 . O u r  a im  w a s  to  c o m p a re  P K U  p a t ie n t s  b e fo re  
a n d  a f te r  t h e  fu ll re im b u rs em e n t  o f  S L P F  t a k in g  in to  a c c o u n t  th e ir  m e ta b o lic  c o n t ro l, c o g n it iv e  o u tc o m e s  a n d  p s y c h o so c ia l 
a s p e c t s .

M E T H O D S :  A  re t ro sp e c t iv e  o b s e r v a t io n a l s tu d y  w a s  c o n d u c te d  o n  5 2  P K U  p a t ie n t s  c o n s id e r in g  tw o  a g e  g ro u p s : G ro u p  
A  - <1 2  y e a r s  a n d  g ro u p  B  - ≥1 2  y e a r s  a t  0 1 /0 1 /2 0 0 6 , in  tw o  p e r io d s  (0 1 /0 1 /1 9 9 7 -3 1 /1 2 /2 0 0 5  b e fo re  re im b u rs em e n t  a n d  
0 1 /0 1 /2 0 0 6 -3 1 /1 2 /2 0 1 4  a f te r  re im b u rs em e n t ). T h e  in c lu s io n  c r it e r ia  w e re : P K U  p a t ie n t s  e a r ly  d ia g n o s e d  a t  t h e  n e o n a ta l 
s c re e n in g , fo llo w e d -u p  a t  C e n t ro  H o sp it a la r  U n iv e r s it a r io  d o  P o r to  (C H U P ), w ith  b lo o d  P h e  le v e ls  a t  s c re e n in g  ≥6  m g /d L , 
fo llo w in g  a  re s t r ic te d  P h e  d ie t  s u p p le m e n te d  w ith  S L P F. G e n d e r, a g e , P K U  c la s s ifi c a t io n , m e ta b o lic  c o n t ro l, g lo b a l q u o t ie n t  
d e v e lo p m e n t  (Q D )/in te llig e n c e  q u o t ie n t  (IQ ), s c h o o l c u r r ic u lu m  a n d  c o m o rb id it ie s  w e re  e v a lu a te d .

R E S U LT S :  W e  o b s e r v e d  s ig n ifi c a n t  d iff e re n c e s  b e tw e e n  th e  tw o  a g e  g ro u p s , w ith  th e  g ro u p  A  (<1 2  y e a r s ) h a v in g  a  b e t te r  
m e ta b o lic  c o n t ro l t h a n  th e  g ro u p  B  in  b o th  p e r io d s  o f  t im e  (p <0 ,0 0 5 ). C o n s id e r in g  th e  d iff e re n c e s  in  m e ta b o lic  c o n t ro l in  
b o th  p e r io d s  o f  t im e , w e  o b s e r v e d  a  s ig n ifi c a n  t  d e c re a s e d  in  a v e ra g e  a n n u a l m e d ia n s  o f  P h e  b e tw e e n  th e  tw o  p e r io d s  
(b e fo re /a f te r  re im b u rs em e n t ) in  th e  g ro u p  B  (≥1 2  y e a r s ) (p <0 ,0 0 5 ). W e  a ls o  fo u n d  s ig n ifi c a n t  im p ro v em e n t  in  IQ  b e tw e e n  
th e  tw o  p e r io d s  in  g ro u p  A  (p <0 ,0 0 5 ), d e sp ite  n o  s ig n ifi c a n t  d iff e re n c e s  w e re  o b s e r v e d  o n  IQ  v a lu e s  b e tw e e n  th e  tw o  
g ro u p s . C o m o rb id it ie s  w e re  m o re  f re q u e n t  in  th e  g ro u p  B  (≥1 2  y e a r s ) (A :2 0%  v s  B :5 4%). A  n o rm a l s c h o o l c u r r ic u lu m  w a s  
m o re  f re q u e n t ly  o b s e r v e d  in  b o th  g ro u p s  (A :7 3%  a n d  B :6 5%). 

D I S C U S S I O N :  F u ll re im b u rs em e n t  o f  S L P F  im p ro v e d  s ig n ifi c a n t ly  th e  d ie t a r y  c o m p lia n c e  re s u lt in g  o n  a  b e t te r  m e ta b o lic  
c o n t ro l a n d  a llo w in g  a  b e t te r  n e u ro c o g n it iv e  a n d  s o c io a ff e c t iv e  d e v e lo p m e n t . S tu d ie s  t a k in g  in to  a c c o u n t  o th e r s  v a r ia b le s  
th a t  m a y  in te r fe re  w ith  th e s e  o u tc o m e s  s h o u ld  b e  d o n e .
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P R O T E I N  C O N F O R M A T I O N A L  A N A LY S I S  – A  K E Y  T O O L  T O  U N D E R S T A N D  
M U LT I P L E  A C Y L -C O A  D E H Y D R O G E N A S E  D E F I C I E N C Y  (M A D D )  

P O -1 1

B á r b a r a  J .  H e n r i q u e s 1 ;  T â n i a  G .  L u c a s
1
;  C l á u d i o  M .  G o m e s 1  

1  D e p a r t am e n to  d e  Q u ím ic a  e  B io q u ím ic a , Fa c u ld a d e  d e  C iê n c ia s , U n iv e r s id a d e  d e  L is b o a , B io s y s te m s  a n d  In te g ra t iv e  
S c ie n c e s  In s t it u te , Fa c u ld a d e  d e  C iê n c ia s , U n iv e r s id a d e  d e  L is b o a , 1 7 4 9 -0 1 6  L is b o a , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - b j h e n r i q u e s @ f c . u l . p t  

M u lt ip le -C o A  d e h yd ro g e n a s e  d e fi c ie n c y  (M A D D ) is  a n  in b o rn  d is o rd e r  o f  f a t t y  a c id  a n d  am in o  a c id  m e ta b o lism  c a u s e d  
b y  m u ta t io n s  in  th e  g e n e s  e n c o d in g  fo r  h u m a n  e le c t ro n  t ra n s fe r  fl a v o p ro te in  (E T F ) a n d  it s  p a r tn e r  e le c t ro n  t ra n s fe r  
fl a v o p ro te in :u b iq u in o n e  o x id o re d u c ta s e  (E T F :Q O ). A lb e it  a  ra re  d is e a s e , e x te n s iv e  n e w b o rn  s c re e n in g  p ro g ram s  c o n t r ib u te d  
to  a  w id e r  c o v e ra g e  o f  M A D D  g e n o t y p e s . H o w e v e r, t h e  im p a c t  o f  n o n -le th a l m u ta t io n s  o n  E T F :Q O  fu n c t io n  re m a in s  s c a rc e ly  
u n d e r s to o d  f ro m  a  s t ru c tu ra l p e r s p e c t iv e .

H e re  w e  re v is it  a  r ib o fl a v in  re sp o n s iv e -M A D D  (R R -M A D D ) c lin ic a lly  re le v a n t  v a r ia n t , t h e  E T F :Q O -p . P ro 4 5 6 Le u , in  o rd e r  to  
c la r if y  h o w  th e  m u ta t io n  a ff e c t s  e n z ym e  s t ru c tu re  a n d  fo ld in g . Ta k in g  a d v a n ta g e  o f  t h e  h ig h e r  e x p re s s io n  le v e ls  o f  t h e  
b a c te r ia l R h o d o b a c te r  s p h a e ro id e s  (R s ) E T F :Q O  in  E . c o li , a n d  it s  6 7  %  s e q u e n c e  id e n t it y  w ith  th e  m a tu re  h u m a n  E T F :Q O  
p ro te in , w e  p e r fo rm e d  a  d e ta ile d  in  v it ro  in v e s t ig a t io n  o n  R s  E T F :Q O -p .P ro 3 8 9 Le u  v a r ia n t  (h o m o lo g  o f  t h e  h u m a n  R R -
M A D D  v a r ia n t ) a s  a  p ro x y  fo r  t h e  e ff e c t s  o n  th e  h u m a n  p ro te in .

T h e  in  v it ro  b io c h em ic a l a n d  b io p h y s ic a l in v e s t ig a t io n s  s h o w e d  th a t , w h ile  th e  m u ta t io n  d o e s  n o t  s ig n ifi c a n t ly  a ff e c t  th e  
p ro te in  α/β fo ld , it  in t ro d u c e s  te r t ia r y  s t ru c tu re  a n d  fl a v in  c o fa c to r  p la s t ic it y . M o re o v e r, t h is  v a r ia n t  p re s e n t s  a  h ig h e r  
ra te  o f  FA D  re le a s e  u n d e r  th e rm a l s t re s s  a s  in  fe v e r  e p is o d e s  a n d  in c re a s e d  fl a v in  th e rm o la b ilit y . T h e re fo re , a lth o u g h  th is  
c lin ic a l m u ta t io n  o c c u r s  in  th e  u b iq u in o n e  d o m a in , it s  e ff e c t  lik e ly  p ro p a g a te s  to  th e  n e a rb y  FA D  b in d in g  d o m a in , p ro b a b ly  
in fl u e n c in g  e le c t ro n  t ra n s fe r  a n d  re d o x  p o te n t ia ls . 

O v e ra ll, o u r  re s u lt s  p ro v id e  a  m o le c u la r  ra t io n a l fo r  t h e  d e c re a s e d  e n z ym e  a c t iv it y  o b s e r v e d  in  p a t ie n t s  a n d  s u g g e s t  t h a t  
c o m p ro m is e d  FA D  in te ra c t io n s  in  E T F :Q O  m ig h t  a c c o u n t  fo r  t h e  k n o w n  r ib o fl a v in  re sp o n s iv e n e s s  o f  t h is  v a r ia n t .
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N E P H R O T I C  S Y N D R O M E  I N  A N  A D O L E S C E N T  W I T H  M U LT I P L E   
A C Y L -C O A  D E H Y D R O G E N A S E  D E F I C I E N C Y  - A  C O I N C I D E N T A L  F I N D I N G  

O R  A  L A T T E R  C O M P L I C A T I O N ?  

P O -3 3

N S  A lm e i d a 2
;  C  N e v e s

1
;  C  C a r m o 1

;  N  B a p t i s t a
3
;  S  M o r e i r a 3

;  P  G a r c i a
3
;  C  G o m e s 1 ;  L  D i o g o

3  

1  P e d ia t r ic  N e p h ro lo g y  U n it , P e d ia t r ic  H o sp it a l o f  C o im b ra , H o sp it a l a n d  U n iv e r s it y  C e n te r  o f  C o im b ra , C o im b ra , P o r tu g a l 
; 2  P e d ia t r ic  D e p a r tm e n t  , To n d e la -V is e u  H o sp it a l C e n te r, V is e u , P o r tu g a l; 3  R e fe re n c e  C e n te r  fo r  H e re d it a r y  M e ta b o lism  

D is e a s e s , H o sp it a l a n d  U n iv e r s it y  C e n te r  o f  C o im b ra , C o im b ra , P o r tu g a l ;  

P r e s e n t i n g  A u t h o r  - 6 9 9 7 @ h s t v i s e u .m i n -s a u d e .p t  

I N T R O D U C T I O N :  M u lt ip le  a c y l-C o A  d e h yd ro g e n a s e  d e fi c ie n c y  (M A D D ) is  a  ra re  in b o rn  d is o rd e r  o f  e le c t ro n  t ra n sp o r t  
fl a v o p ro te in  m e ta b o lism , d u e  to  E T FA , E T F B  o r  E T F D H  g e n e  m u ta t io n s , w ith  im p a irm e n t  o f  f a t t y  a c id  o x id a t io n  a n d  th e  
c a t a b o lism  o f  a  fe w  am in o  a c id s . L it t le  re n a l im p a c t  h a s  b e e n  d e s c r ib e d  in  th e s e  p a t ie n t s , e x c e p t  fo r  c o n g e n it a l re n a l c y s t  
d y sp la s ia  in  s e v e re  fo rm s .

C A S E  D E S C R I P T I O N :  W e  p re s e n t  a n  1 8 YO  b o y  d ia g n o s e d  w ith  M A D D  a t  t h e  a g e  o f  4 YO , in  th e  s e q u e n c e  o f  g lo b a l 
d e v e lo p m e n ta l d e la y  d e te c te d  o n  th e  2 n d  s e m e s te r  o f  li fe , le u k o d y s t ro p h y  a n d  in te rm it te n t  v o m it in g . D ia g n o s is , b a s e d  
o n  m e ta b o lite  a n d  e n z ym a t ic  a n a ly s is , w a s  c o n fi rm e d  b y  th e  d e te c t io n  o f  a  c .1 6 0 1 C >T  m u ta t io n  in  th e  E T F D H  g e n e  in  
h o m o z y g o s it y . H e  w a s  t re a te d  w ith  a  lo w -fa t  d ie t  w ith  m o d e ra te ly  re s t r ic te d  p ro te in , r ib o fl a v in  a n d  le v o c a rn it in e . 
E v o lu t io n  w a s  m a rk e d  b y  s e v e ra l e p is o d e s  o f  m e ta b o lic  d e c o m p e n sa t io n  (v o m it in g , p ro s t ra t io n  w ith  o r  w ith o u t  
h y p o g ly c em ia  a n d  m y a lg ia ) a n d  m o d e ra te  in te lle c tu a l d e fi c it , w ith  s t a b iliz a t io n  o f  b ra in  M R I le s io n s . G ro w th  w a s  n o rm a l. 
A t  1 7  YO , h e  p re s e n te d  w ith  a n o re x ia  a n d  p ro g re s s iv e  a s th e n ia  o f  3 -m o n th  le n g th  w h ic h  c a u s e d  s ig n ifi c a n t  w e ig h t  lo s s  
(2 1%  in  1  y e a r ) a n d  in a b ilit y  to  w a lk . L a te r  o n , e d em a  em e rg e d . In v e s t ig a t io n  re v e a le d  n e p h ro t ic  p ro te in u r ia  (8 8m g /m 2 /h ; 
p ro te in /c re a t=5 ,6m g /m g ), h y p o a lb u m in em ia  a n d  h y p e rc h o le s te ro le m ia . G lo m e ru la r  fi lt ra t io n  ra te  (G F R ), C 3 , C 4 , c a rd ia c  
a n d  re n a l u lt ra s o u n d  w e re  n o rm a l. N o  e v id e n c e  o f  m e ta b o lic  c r is is , r h a b d o m yo ly s is  o r  m e ta b o lic  a c id o s is  w a s  fo u n d . K id n e y  
b io p s y  re v e a le d  fo c a l a n d  s e gm e n ta l m e sa n g ia l p ro life ra t iv e  g lo m e ru lo n e p h r it is , w ith  a  p re d o m in a n c e  o f  C 3  d e p o s it s . 
A f te r  4  w e e k s  o n  p re d n is o lo n e  6 0m g  id  a n d  c o e n z ym e  Q 1 0  1 0 0m g  id , a p p e t ite  im p ro v e d  a n d  h e  c o u ld  w a lk  a g a in . A lo n g  
w ith  p ro te in u r ia  im p ro v em e n t , p re d n is o lo n e  w a s  g ra d u a lly  re d u c e d . E n a la p r il w a s  in t ro d u c e d  a t  1 0  w e e k s , re a c h in g  n o n -
n e p h ro t ic  p ro te in u r ia  (p ro te in /c re a t=0 ,9m g /m g ). C u r re n t ly , o n  p re d n is o lo n e  2 0m g  o n  a lte rn a te  d a y s , e n a la p r il 1 0m g /d a y , 
h e  p re s e n t s  n o n -s ig n ifi c a t iv e  p ro te in u r ia  a n d  m a in ta in s  n o rm a l G F R .

D I S C U S S I O N :  To  o u r  k n o w le d g e , t h is  is  t h e  fi r s t  M A D D  p a t ie n t  w ith  n e p h ro t ic  s y n d ro m e . A lth o u g h  th e  a s s o c ia t io n  c o u ld  
b e  c o in c id e n ta l, t h e re  a re  re p o r t s  o f  M A D D  d u e  to  E T F D H  g e n e  m u ta t io n s  w ith  s e c o n d a r y  C o Q 1 0  d e fi c ie n c y . In te re s t in g ly , 
n e p h ro t ic  s y n d ro m e  is  o n e  o f  t h e  c lin ic a l p re s e n ta t io n s  o f  C o Q 1 0  s y n th e s is  d e fi c ie n c y .  F u r th e r  s tu d ie s  a re  n e e d e d  to  c la r if y  
w h e th e r  th e  n e p h ro t ic  s y n d ro m e  is  a  la t te r  c o m p lic a t io n  o f  M A D D .
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I N S I G H T S  I N T O  T H E  S T R U C T U R E  O F  V A R I O U S  M E D I U M -C H A I N  A C Y L -C O A  
D E H Y D R O G E N A S E  V A R I A N T S   

 
P O -3 4  

C .  A .  C .  M a d e i r a 1
;  C .   A n s e lm o 1

;  F .  V .   V e n t u r a
1
;  P .   L e a n d r o

1  

1  M e ta b o lism  a n d  G e n e t ic s  G ro u p , R e s e a rc h  In s t it u te  fo r  M e d ic in e s  (iM e d .U L is b o a ),  
Fa c u lt y  o f  P h a rm a c y , U n iv e r s id a d e  d e  L is b o a , L is b o n , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - c a m a d e i r a @ ff .u l i s b o a .p t  

M e d iu m -c h a in  a c y l-C o A  d e h yd ro g e n a s e  d e fi c ie n c y  (M C A D D ), t h e  m o s t  c o m m o n  in b o rn  e r ro r  o f  m ito c h o n d r ia l f a t t y  
a c id  β-o x id a t io n  (m FAO ), re s u lt s  f ro m  a n  im p a ire d  a c t iv it y  o f  m e d iu m -c h a in  a c y l-C o A  d e h yd ro g e n a s e  (M C A D ). T h is  
h o m o te t ram e r  fl a v o p ro te in , in v o lv e d  in  th e  fi r s t  s te p  o f  m FAO , c a t a ly s e  th e  d e h y d ro g e n a t io n  o f  m e d iu m -c h a in  a c y l-C o A s  
(C 6 -C 1 2 ). E a c h  h u m a n  M C A D  (h M C A D ) m o n o m e r  (4 3 .6  k D a ) is  a r ra n g e d  in  th re e  s t ru c tu ra l d o m a in s : tw o  a lp h a -h e lic a l 
d o m a in s  in  b o th  N - a n d  C -te rm in u s  a n d  a n  in te rm e d ia r y  b e ta -sh e e t  d o m a in . M a n y  o f  t h e  id e n t ifi e d  h M C A D  am in o  a c id  
s u b s t it u t io n s  a re  a s s o c ia te d  w ith  p ro te in  m is fo ld in g  a n d  a  lo s s -o f-fu n c t io n  p h e n o t y p e  a ff e c t in g  M C A D D  p a t ie n t s  d u r in g  
m e ta b o lic  s t re s s  e p is o d e s . A s  M C A D D  is  c o n s id e re d  a  c o n fo rm a t io n a l d is o rd e r  w ith o u t  a n  a v a ila b le  p h a rm a c o lo g ic a l 
t re a tm e n t , id e n t ifi c a t io n  o f  sm a ll m o le c u le s  a s  s t a b iliz e r s  o f  t h e  h M C A D  s t ru c tu re  w ill h a v e  th e  p o te n t ia l to  re s c u e  p ro te in  
fu n c t io n , re p re s e n t in g  a n  a t t ra c t iv e  th e ra p e u t ic  s t ra te g y  to  d e c re a s e  th e  m o rb id it y  a n d  m o r ta lit y  a s s o c ia te d  w ith  M C A D D . 
To  id e n t if y  t h is  c la s s  o f  c o m p o u n d s  a  d e e p  u n d e r s t a n d in g  o f  t h e  im p a c t  o f  t h e  id e n t ifi e d  am in o  a c id  s u b s t it u t io n s  o n  
h M C A D  s t ru c tu re  a n d  re sp o n s e  to  it s  c o fa c to r  (FA D +) is  n e c e s s a r y .

W ith  th is  a im , v a r io u s  h M C A D  v a r ia n t s  w e re  re c o m b in a n t ly  p ro d u c e d  a n d  s t ru c tu ra lly  s tu d ie d . A f te r  p ro te in  p u r ifi c a t io n , 
t h e  o lig o m e r ic  p ro fi le , p ro te o ly s is  s u s c e p t ib ilit y , t h e rm o s ta b ilit y , FA D  c o n te n t  a n d  a p p a re n t  FA D + b in d in g  affi n it y  w e re  
d e te rm in e d . In te re s t in g ly  f ro m  th e  s tu d ie d  v a r ia n t s , t h e  p .Y 3 7 2N  w a s  re c o v e re d  m o s t ly  a s  d im e rs  (6 7% ) w h ile  th e  p .Y 4 8 C  
a ls o  p re s e n te d  a  h ig h  c o n te n t  o f  d im e rs  (2 1% ). Tw o  v a r ia n t s  w e re  u n a b le  to  re sp o n d  to  FA D + (p .D 1 4 3 V  a n d  p .Y 3 7 2N ). 
R e s is t a n c e  o f  h M C A D  v a r ia n t s  to  p ro te a s e  d e g ra d a t io n  w a s  n o t  s ig n ifi c a n t ly  a ff e c te d , e x c e p t  fo r  t h e  p .D 1 4 3 V  a n d  p .Y 3 7 2N  
s u g g e s t in g  a  d e s t a b iliz e d  te r t ia r y  s t ru c tu re . FA D + in d u c e d  a  m o re  r ig id  c o n fo rm a t io n  (e x c e p t  fo r  t h e  m u ta n t s  u n a b le  to  
in c o rp o ra te  FA D +). T h e  p .Y 4 8 C  a n d  p .Y 3 7 2N  a ls o  d em o n s t ra te d  a  lo w e r  th e rm a l s t a b ilit y .

Am o n g  th e  s tu d ie d  h M C A D  v a r ia n t s  th e  p .Y 4 8 C , p .D 1 4 3 V  a n d  p .Y 3 7 2N  a re  th e  v a r ia n t s  p re s e n t in g  h ig h e r  s t ru c tu ra l 
c h a n g e s . Ta k e n  to g e th e r  o u r  d a ta  in d ic a te  th a t  d iff e re n t  s t ru c tu ra l e v e n t s  a re  le a d in g  to  h M C A D  im p a ire d  a c t iv it y  a n d  th a t  
p ro b a b ly  n o t  a ll t h e  s tu d ie d  v a r ia n t s  p re s e n t  a  lo w e r  s t a b ilit y . F o r  t h e s e  v a r ia n t s  o th e r  m e c h a n ism s  m u s t  b e  in v e s t ig a te d .

Wo rk  s u p p o r te d  b y  F C T, p ro je c t  P T D C /B IA -B Q M /2 9 5 7 0 /2 0 1 7
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F U N C T I O N A L  E V A L U A T I O N  O F  V A R I O U S  H U M A N  M E D I U M  C H A I N   
A C Y L -C O A  D E H Y D R O G E N A S E  (H M C A D ) V A R I A N T S  U S I N G  T H E  N A T U R A L  
E L E C T R O N  A C C E P T O R :  I N S I G H T S  I N T O  T H E  I N T E R A C T I O N  W I T H  T H E  

E L E C T R O N  T R A N S F E R R I N G  P R O T E I N  
 

P O - 4 0  

C a r o l i n a   A n s e lm o 1
;  C a t a r i n a   M a d e i r a 1

;  F á t im a   V e n t u r a 1
;  A n a  P a u l a  L e a n d r o

1  

1  D B B H , R e s e a rc h  In s t it u te  fo r  M e d ic in e s  (iM e d .U L is b o a ), Fa c u lt y  o f  P h a rm a c y , U n iv e r s id a d e  d e  L is b o a , L is b o a , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - c a r o l i n a . a n s e lm o @ c a m p u s .u l . p t  

M e d iu m -c h a in  a c y l-C o A  d e h yd ro g e n a s e  (M C A D ) b e lo n g s  to  th e  a c y l-C o A  d e h yd ro g e n a s e  fam ily  in v o lv e d  in  th e  
m ito c h o n d r ia l f a t t y  ? -o x id a t io n  p a thw a y. H u m a n  M C A D  (h M C A D ) is  a  fl a v o e n z ym e  re sp o n s ib le  fo r  t h e  d e h y d ro g e n a t io n  o f  
m e d iu m -c h a in  a c y l-C o A  (c h a in  le n g th  C 6 -C 1 2 ) a n d  c o n t r ib u te s  to  th e  p ro d u c t io n  o f  e n e rg y  b y  fe e d in g  th e  re sp ira to r y  c h a in . 
T h is  c o m m u n ic a t io n  in v o lv e s  h M C A D  in te ra c t io n  w ith  th e  m a t r ix  s o lu b le  e le c t ro n  t ra n s fe r r in g  p ro te in  (E T F ), a  fl a v o p ro te in  
w h ic h  in  t u rn  in te ra c t s  w ith  E T F -Q O , a  m ito c h o n d r ia l in te rn a l m em b ra n e  e n z ym e  th a t  fi n a lly  t ra n s fe r s  t h e  e le c t ro n s  to  
u b iq u in o n e  (re sp ira to r y  c h a in ). M C A D  d e fi c ie n c y  (M C A D D ) is  a n  a u to so m a l re c e s s iv e  h e re d it a r y  d is e a s e  c a u s e d  b y  
m u ta t io n s  in  th e  A C A D M  g e n e . A b o u t  9 0%  o f  M C A D D  p a t ie n t s  p re s e n t  th e  p .K 3 0 4 E  m u ta t io n  (m a tu re  p ro te in  n u m b e r in g ). 
In  th e  re m a in in g  M C A D D  p a t ie n t s  ra re  m u ta t io n s  h a v e  b e e n  id e n t ifi e d  b u t  th e ir  c h a ra c te r iz a t io n  is  s t i ll  m is s in g . T re a tm e n t  
o f  M C A D D  re lie s  o n  a  d ie te t ic  a p p ro a c h  to  a v o id  h y p o g ly c a em ia , w h ic h  c a n  le a d  to  c o m a  a n d  d e a th . 

D u e  to  th e  id e n t ifi e d  h ig h  n u m b e r  o f  m is s e n s e  m u ta t io n s  re s u lt in g  in  m is fo ld e d  h M C A D  v a r ia n t s , M C A D D  is  c o n s id e re d  
a  lo s s -o f-fu n c t io n  c o n fo rm a t io n a l d is o rd e r, b e in g  a  c a n d id a te  fo r  t h e  t re a tm e n t  w ith  sm a ll m o le c u le s  a b le  to  s t a b iliz e  
c o n fo rm a t io n a lly  u n s ta b le  v a r ia n t s . 

In  th is  w o rk  w e  a im e d  to  c la r if y  t h e  m o le c u la r  m e c h a n ism  o f  te n  h M C A D  v a r ia n t s  b y  s tu d y in g  th e ir  in te ra c t io n  
w ith  E T F. F o r  t h is , re c o m b in a n t  h M C A D  v a r ia n t s  a n d  th e  h e te ro d im e r ic  E T F  w e re  p ro d u c e d  in  a  h e te ro lo g o u s  
e x p re s s io n  s y s te m  a n d  fu r th e r  p u r ifi e d . T h e  h M C A D  v a r ia n t s  w e re  c h a ra c te r iz e d  b y  e n z ym e  a c t iv it y  a n d  
k in e t ic  p a ram e te r s  (K m , Vm a x  a n d  K c a t ) d e te rm in a t io n  u s in g  a n  U V-sp e c t ro p h o to m e t r ic  a s s a y , t h e  o c t a n o y l-
C o A  a s  th e  s u b s t ra te  a n d  th e  a r t ifi c ia l re d o x  p a ir  (PM S /D C P IP ). T h e  T 1 /2  v a lu e s  w e re  a ls o  d e te rm in e d  
a s  th e  th e rm a l e n z ym e  in a c t iv a t io n  p ro fi le s  s t ro n g ly  c o r re la te s  w ith  p ro te in  c o n fo rm a t io n a l c h a n g e s .  
W h e n  c o m p a re d  to  th e  w ild -t y p e  fo rm , a  re d u c e d  s p e c ifi c  e n z ym a t ic  a c t iv it y  w a s  o b s e r v e d  fo r  a ll h M C A D  v a r ia n t s  w ith  
th e  p .Y 3 7 2N  a n d  p .G 3 7 7 V  p re s e n t in g  n o  a c t iv it y . T h e  h M C A D  v a r ia n t s  p re s e n te d  lo w e r  Vm a x  b u t  d iff e re n t  e ff e c t s  o n  th e  
c a t a ly t ic  e ffi c ie n c y  d u e  to  d iff e re n t  affi n it ie s  fo r  t h e  s u b s t ra te  (lo w e r  o r  h ig h e r ). T h e  m a jo r it y  o f  t h e  s tu d ie d  v a r ia n t s  a ls o  
p re s e n te d  lo w e r  T 1 /2 . E n z ym e  a c t iv it y  a n d  p u ll-d o w n  a s s a y s  in  th e  p re s e n c e  o f  E T F  a re  o n g o in g  in  o rd e r  to  s tu d y  h M C A D /
E T F  in te ra c t io n s .

Wo rk  s u p p o r te d  b y  F C T, p ro je c t  P T D C /B IA -B Q M /2 9 5 7 0 /2 0 1 7
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L O N G  C H A I N S  M I T O C H O N D R I A L  F A T T Y  A C I D  O X I D A T I O N  D I S O R D E R S  
(M F A O D ) – O N E  P A T H W A Y ,  D I F F E R E N T  S T O R I E S  

 
P O -6 5

I  A y r e s  P e r e i r a ;  T  C a m p o s 1 ;  E  R o d r i g u e s
1
;  H  S a n t o s

1 ,2
;  P  C h a v e s

3
;  T  C a r d o s o

3
;  C  V a s c o n c e l o s

4
;   

H  R o c h a 5
;  L  V i l a r i n h o

5
;  E  L e ã o  T e l e s

1  

1  C e n t ro  d e  R e fe rê n c ia  d e  D o e n ç a s  H e re d it á r ia s  d o  M e ta b o lism o , S e r v iç o  P e d ia t r ia ,, C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  S ã o  
J o ã o , P o r t  C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  S ã o  J o ã o , P o r to , P o r to , P o r tu g a l; 2  U n id a d e  d e  N e u ro c iê n c ia s  d a  C r ia n ç a  e  d o  
A d o le s c e n te , D e p a r t am e n to  d e  P e d ia t r ia , C e n t ro  H o sp it a la r  V ila  N o v a  G a ia  e  E s p in h o , V ila  N o v a  d e  G a ia , P o r tu g a l; 3  C e n t ro  

d e  R e fe rê n c ia  d e  D o e n ç a s  H e re d it á r ia s  d o  M e ta b o lism o , S e r v iç o  d e  M e d ic in a , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  S ã o  
J o ã o , P o r to , P o r to , P o r tu g a l; 4  C e n t ro  d e  R e fe rê n c ia  d e  D o e n ç a s  H e re d it á r ia s  d o  M e ta b o lism o , S e r v iç o  d e  N u t r iç ã o , C e n t ro  
H o sp it a la r  U n iv e r s it á r io  d e  S ã o  J o ã o , P o r to , P o r to , P o r tu g a l; 5  U n id a d e  d e  R a s t re io  N e o n a ta l, M e ta b o lism o  e  G e n é t ic a , 

D e p a r t am e n to  d e  G e n é t ic a  H u m a n a , In s t it u to  N a c io n a l d e  S a ú d e  D r. R ic a rd o  J o rg e , P o r to , P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - i s a b b a p @ g m a i l . c o m  

Lo n g  c h a in s  M FAO D  h a v e  a  w id e  s p e c t ru m  o f  c lin ic a l p re s e n ta t io n s , ra n g in g  f ro m  s e v e re  n e o n a ta l h y p o g ly c a em ia  w ith  
la c t ic  a c id o s is , c a rd io m yo p a th y  a n d  h e p a to p a th y , to  m ild e r  fo rm s  p re s e n t in g  a t  la te r  a g e s  a s  c h ro n ic  w e a k n e s s , re c u r re n t  
rh a b d o m yo ly s is  o r  c a rd io m yo p a th y . 

R e t ro sp e c t iv e  a n a ly s e s  o f  t h e  L o n g -c h a in  β-O x id a t io n -D e fe c t s  a n d  C a rn it in e  C y c le  D e fe c t s  e v a lu a te d  in  a  N a t io n a l R e fe re n c e  
C e n te r  fo r  In b o rn  E r ro r s  o f  M e ta b o lism .

T h ir te e n  p a t ie n t s  w e re  in c lu d e d , fo u r  C a rn it in e  p a lm ito y lt ra n s fe ra s e  I I  d e fi c ie n c y  (C P T II-D ), o n e  C a rn it in e  a y lc a rn it in e  
t ra n s lo c a s e  d e fi c ie n c y  (C A C T-D ), fo u r  Ve r y -lo n g -c h a in  a c y l-C o A  d e h yd ro g e n a s e  d e fi c ie n c y  (V LC A D -D ), a n d  fo u r  L o n g -c h a in  
3 -h y d ro x y a c y l-C o A  d e h yd ro g e n a s e  d e fi c ie n c y  (LC H A D -D ). C A C T-D  p re s e n te d  a t  4 8 h  o f  li fe  w ith  s e v e re  h y p o g ly c a em ia  
a n d  h y p e ram m o n a em ia  d y in g  w ith in  5  d a y s . O f  t h e  C P T II-D , o n e  h a d  s e v e re  n e o n a ta l o n s e t  w ith  h ip e ram m o n a em ic  
c o m a  a n d  p ro g re s s iv e  h y p e r t ro p h ic  c a rd io m yo p a th y  a n d  m yo p a th y , d y in g  a t  4  y e a r s -o f-a g e , tw o  p re s e n te d  in  th e  fi r s t  
3 -y e a r s -o f-a g e  a s  in te rm e d ia te  fo rm s , a n d  o n e  a t  a d o le s c e n c e  a s  re c u r re n t  rh a b d o m yo ly s is . A ll V LC A D -D  w e re  d ia g n o s e d  
p re -s ym p to m a t ic a lly  o n  n e o n a ta l s c re e n in g . Tw o  LC H A D -D  p a t ie n t s  w e re  d e te c te d  o n  n e o n a ta l s c re e n in g , o n e  w ith  
rh a b d o m yo ly s is  a n d  h e p a t it is  a t  e v a lu a t io n ; o n e  p a t ie n t  p re s e n te d  in  th e  2 n d  y e a r-o f-li fe  w ith  h e a r t  f a i lu re  a n d  o th e r  a t  
4 -y e a r s -o f-a g e  w ith  re c u r re n t  rh a b d o m yo ly s is .

A t  fo llo w -u p , n o n e  o f  t h e  s u r v iv in g  C P T II-D  (1 , 1 3  a n d  1 6  y e a r s -o ld ) o r  V LC A D -D  (1 0 , 2  y e a r s  a n d  7  m o n th s -o ld ; o n e  lo s t  to  
fo llo w -u p ) h a s  c a rd ia c , n e u ro lo g ic  o r  o p h th a lm o lo g ic a l in v o lv em e n t ; t h re e  p a t ie n t s  h a v e  m ild  d e v e lo p m e n ta l d is o rd e r s . 
O f  t h e  LC H A D -D  (6 ,1 0 -1 6  y e a r s -o ld ), 7 5%  d e v e lo p e d  c a rd io m yo p a th y  w ith  v e n t r ic u la r  d y s fu n c t io n  a n d  s e n s it iv e  a x o n a l 
p o ly n e u ro p a th y  (1 0 -1 6  y e a r s -o ld ) a n d  a ll re t in o p a th y ; 5 0%  h a v e  d e v e lo p m e n t  d is o rd e r s  a n d  5 0%  p s y c h ia t r ic  c o m o rb id it ie s ; 
o b e s it y  is  p re s e n t  in  7 5% . T h e  m a jo r it y  o f  p a t ie n t  h a d  m u lt ip le  m e ta b o lic  c r is e s  w ith  rh a b d o m yo ly s is .  

T h e  a u th o r s  h ig h lig h t  th e  v a r ia b le  p re s e n ta t io n  a n d  n a tu ra l h is to r y  o f  L o n g  c h a in s  M A F O D  in fl u e n c e d  b y  re s id u a l e n z ym e  
a c t iv it y , a g e  o f  p re s e n ta t io n  a n d  e x p o su re  to  s t re s s . C A C T-D  a n d  n e o n a ta l fo rm s  o f  C P T II-D  a re  p a r t ic u la r ly  s e v e re  w ith  a  h ig h  
m o r ta lit y  r is k . LC H A D -D  is  a s s o c ia te d  w ith  s ig n ifi c a n t  lo n g -te rm  m o rb id it y , w ith  c a rd ia c , n e u ro lo g ic  a n d  o p h th a lm o lo g ic a l 
d y s fu n c t io n . V LC A D -D  a n d  la te r  fo rm s  o f  C P T II-D  f re q u e n t ly  h a v e  a  m ild e r  p h e n o t y p e  w ith  re c u r re n t  rh a b d o m yo ly s is  b e in g  
th e  m a in  c o n c e rn .
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P O R P H Y R I A :  T H E  N E G L E C T E D  D I A G N O S I S  
 

P O -1 5
 

F i l i p a  F e r r e i r a 1
;  L a u r a  V i l a r i n h o

1 ,2  

1  N e w b o rn  S c re e n in g , M e ta b o lic  a n d  G e n e t ic s  U n it , D e p a r tm e n t  o f  H u m a n  G e n e t ic s , N a t io n a l In s t it u te  o f  H e a lth   
D r  R ic a rd o  J o rg e , P o r to , P o r tu g a l; 2  R e s e a rc h  a n d  D e v e lo p m e n t  U n it , D e p a r tm e n t  o f  H u m a n  G e n e t ic s , N a t io n a l In s t it u te  o f  

H e a lth  D r  R ic a rd o  J o rg e , P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - fi l i p a . f e r r e i r a @ i n s a .m i n -s a u d e .p t  

T h e  p o rp h y r ia s  a re  a  g ro u p  o f  e ig h t  ra re  m o s t ly  in h e r ite d  m e ta b o lic  d is o rd e r s  re s u lt in g  f ro m  a  v a r ia b le  o f  e ig h t  c a t a ly t ic  
d e fe c t  e n z ym e s  in v o lv e d  in  th e  h em e  b io s y n th e s is  p a thw a y, d e p e n d in g  o n  th e  s p e c ifi c  e n z ym e  in v o lv e d . P o rp h y r ia s  a re  
c la s s ifi e d  in to  tw o  m a jo r  c a te g o r ie s : 1 ) t h e  a c u te  o r  in d u c ib le  p o rp h y r ia s  a n d  2 ) th e  c h ro n ic  c u ta n e o u s  p o rp h y r ia s . A c u te  
a t t a c k s  o f  p o rp h y r ia , n am e ly  a c u te  in te rm it te n t  p o rp h y r ia  (A IP ), p o rp h y r ia  v a r ie g a te  (V P ), c o p ro p o rp h y r ia  h e re d it a r y  
(H C P ), a n d  p o rp h y r ia  d u e  to  s e v e re  d e fi c ie n c y  o f  d e lt a -am in o le v u lin ic  a c id  (A L A ) d e h y d ra ta s e  (A L A D P ), a lth o u g h  th e y  a re  
m u lt is y s te m  d is e a s e s  w ith  a  v a r ie t y  o f  c lin ic a l fe a tu re s  o r  s ym p to m s , th e re  a re  n o  p a th o g n o m o n ic  s ig n s , b u t  th e s e  a c u te  
p o rp h y r ia s  h a v e  in  c o m m o n  th e  a b d o m in a l p a in . 

M a n y  d iff e re n t  e n v iro n m e n ta l f a c to r s  o r  p a th o lo g ic a l c o n d it io n s  o f te n  p la y  a  k e y  ro le  in  t r ig g e r in g  th e  c lin ic a l e x a c e rb a t io n  
(a c u te  p o rp h y r ic  a t t a c k ) o f  t h e s e  d is e a s e s . P ro g n o s is  is  g o o d  if  t h e  c o n d it io n  is  re c o g n iz e d  e a r ly  a n d  t re a te d  a g g re s s iv e ly , 
o th e rw is e  c o u ld  b e  fa t a l. 

T h e  p a t te rn s  o f  p o rp h y r in  a c c u m u la t io n  in  e r y th ro c y te s  a n d  p la sm a  a n d  e x c re t io n  o f  t h e  h em e  p re c u r s o r s  in  u r in e  a n d  fe c e s  
a llo w  fo r  t h e  d e te c t io n  a n d  d iff e re n t ia t io n  o f  t h e  p o rp h y r ia s . In  o rd e r  to  o b ta in  a n  a c c u ra te  d ia g n o s is  o f  a c u te  p o rp h y r ia , 
t h e  k n o w le d g e  a n d  th e  u s e  o f  a p p ro p r ia te  d ia g n o s t ic  to o ls  a re  m a n d a to r y . R a n d o m  u r in a r y  p o rp h o b ilin o g e n  (P B G - H o e s c h  
te s t ) is  t h e  m o s t  im p o r t a n t  ra p id  a n d  e a s y  te s t  fo r  d ia g n o s is  a n  a c u te  p o rp h y r ia . T h e n , in  th e  s e t t in g  o f  a  p o s it iv e  u r in a r y  
P B G  s c re e n in g  te s t , t h e  d ia g n o s is  o f  a n  a c u te  p o rp h y r ia  is  c o n fi rm e d  b y  m e a su r in g  q u a n t it a t iv e  A L A , a n d  a ls o  s c re e n in g  th e  
p o rp h y r in s  p ro fi le  f ro m  th e  s am e  u r in e  s am p le  th a t  w a s  u s e d  fo r  t h e  in it ia l ra p id  s c re e n in g  te s t . H ig h -p e r fo rm a n c e  liq u id  
c h ro m a to g ra p h y  (H P LC ) is  t h e  s t a n d a rd  s e n s it iv e  m e th o d  fo r  d iff e re n t ia t in g  th e  t y p e s  o f  p o rp h y r ia .

In  P o r tu g a l, t h e re  is  lit t le  o r  n o n e  k n o w le d g e  a b o u t  p o rp h y r ia  p re v a le n c e  in  o u r  p o p u la t io n . W e  in te n d  w ith  th is  s tu d y , 
fi r s t  a le r t  fo r  t h e  n e c e s s it y  o f  t h in k in g  p o rp h y r ia  in  p re s e n c e  o f  a n  u n e x p la in e d  s e v e re  a b d o m in a l p a in , t h e n , s c re e n in g  
fo r  t h e  a c u te  a t t a c k s  o f  p o rh y r ia , p ro v id in g  s o m e  re c o m m e n d a t io n s  fo r  t h e  d ia g n o s t ic  s te p s  o f  a n  a c u te  p o rp h y r ia  a n d  
fi n a lly , t h e  m o re  w e  k n o w  a b o u t  th e s e  d is e a s e s  th e  m o re  w e  c a n  c o n t r ib u te  to  th e  u n d e r s t a n d in g  o f  p o rp h y r ic  n e u ro p a th y  
p a th o g e n e s is .

K e y w o rd s—A c u te  p o rp h y r ia ; A b d o m in a l p a in ; H a em  m e ta b o lism , D ia g n o s t ic  to o ls
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A C U T E  I N T E R M I T T E N T  P O R P H Y R I A  P R E S E N T I N G   
A S  S U B A R A C H N O I D  H A E M O R R H A G E  
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A M  V a l a d a s 1 ;  D C  G o m e s 1 ,2 ;  A  O l i v e i r a

1 ,2
;  C  F l o r i n d o

3
;  I T  A lm e i d a 3  

1  C lín ic a  U n iv e r s it á r ia  d e  M e d ic in a  1 , C H U LN  – H o sp it a l d e  S a n ta  M a r ia , L is b o a , P o r tu g a l;  
2  C e n t ro  d e  R e fe rê n c ia  d e  D o e n ç a s  H e re d it á r ia s  d o  M e ta b o lism o , C H U LN  – H o sp it a l d e  S a n ta  M a r ia , L is b o a , P o r tu g a l;  

3  M e t&G e n  L a b o ra to r y , Fa c u ld a d e  d e  Fa rm á c ia  d a  U L is b o a , L is b o a , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - a n a . v a l a d a s @ c a m p u s .u l . p t  

A c u te  in te rm it te n t  p o rp h y r ia  (A IP ) (O M IM  #  1 7 6 0 0 0 ), a n  a u to so m a l d o m in a n t  d is o rd e r, o c c u r s  in  h e te ro z y g o te s  fo r  a n  H M B S  
p a th o g e n ic  v a r ia n t  th a t  c a u s e s  re d u c e d  a c t iv it y  o f  t h e  e n z ym e  p o rp h o b ilin o g e n  d e am in a s e . 

I t ’s  v e r y  lo w  p e n e t ra n c e  a n d  n o n sp e c ifi c  n e u ro v is c e ra l s ym p to m s  c a n  o f te n  m is le a d  to  w ro n g  d ia g n o s is .

W e  p re s e n t  th e  c a s e  o f  a  p re v io u s ly  h e a lth y  3 8 -y e a r-o ld  fe m a le  p a t ie n t  w h o  c a r r ie d  a  p a th o g e n ic  v a r ia n t  o n  H M B S  g e n e . I t  
w a s  id e n t ifi e d  w h e n  s h e  w a s  1 0  y e a r s  o ld  fo llo w in g  a  fam ily  s c re e n in g  s tu d y . S h e  h a d  n o  h is to r y  o f  p o rp h y r ia  a t t a c k s , w a sn ’t  
o n  a n y  re g u la r  m e d ic a t io n s  a n d  d id n ’t  h a v e  a n y  m e d ic a l fo llo w -u p .

A f te r  tw o  w e e k s  o f  a  c a rb o h yd ra te  re s t r ic te d  d ie t  to  lo s e  w e ig h t , s h e  p re s e n te d  to  th e  e m e rg e n c y  d e p a r tm e n t  w ith  a b d o m in a l 
p a in , n a u s e a , v o m it in g  a n d  u n u su a lly  d a rk  u r in e . S h e  u n d e rw e n t  a n  a b d o m in a l C T  w h ic h  w a s  n o rm a l a n d  w a s  d is c h a rg e d  
w ith  th e  d ia g n o s is  o f  g a s t ro e n te r it is . Tw o  d a y s  la te r  s h e  w a s  t a k e n  to  th e  e m e rg e n c y  d e p a r tm e n t  w ith  a  g e n e ra liz e d  to n ic -
c lo n ic  s e iz u re . O n  a d m is s io n  s h e  p re s e n te d  w ith  G C S  1 2 , w ith  n e c k  s t iff n e s s , s e v e re  t ra n s ie n t  h y p e r te n s io n  a n d  t a c h y c a rd ia . 
L a b o ra to r y  fi n d in g s  o f  e u v o le m ic  h y p o n a t re m ia  (1 2 9  m E q /L ), e le v a te d  t ra n s am in a s e s  (a sp a r t a te  t ra n s am in a s e  o f  2 4 5  U /L  
a n d  a la n in e  t ra n s am in a s e  o f  7 5  U /L ) a n d  rh a b d o m yo ly s is  (c re a t in e  k in a s e  o f  1 5 5 7 9  IU /L ). A  H o e s c h  te s t  w a s  p e r fo rm e d  in  
th e  e m e rg e n c y  d e p a r tm e n t , w ith  a  p o s it iv e  re s u lt . C ra n io c e re b ra l C T  re v e a le d  a  s u b a ra c h n o id  h a em o r rh a g e  o f  t h e  S y lv ia n  
fi s su re . A n g io g ra p h y  c o n fi rm e d  th e  d ia g n o s is  o f  a n  a n e u r y sm  o f  t h e  le f t  m id d le  c e re b ra l a r te r y  t r i fu rc a t io n . S h e  u n d e rw e n t  
a  c ra n io to m y  w ith  c lip p in g  o f  t h e  a n e u r ism  a n d  w a s  a d m it te d  to  th e  in te n s iv e  c a re  u n it  fo r  n e u ro lo g ic a l s u r v e illa n c e . 
S h e  w a s  m e d ic a te d  w ith  a  4 -d a y  c o u r s e  o f  h em in  a n d  w a s  h y d ra te d  w ith  d e x t ro s e  in  n o rm a l s a lin e , w ith  n o  re c u r re n c e  o f  
a b d o m in a l p a in , h y p e r te n s io n  a n d  s e iz u re s . T h e  c h ro m a to g ra p h ic  p ro fi le  o f  p o rp h y r in s  in  th e  u r in e  w ith  H P LC -fl u o re s c e n c e  
d e te c t io n  d em o n s t ra te d  a  u ro p o rp h y r in  o f  8 6 1  u g /L  (R .V. < 2 0  u g /L ), a  c o p ro p o rp h y r in  o f  1 6 5 0  u g /L  (R .V. < 5 0  u g /L ) a n d  
to t a l u r in e  p o rp h y r in s  o f  2 7 5 0  u g /L  (R .V. < 1 0 0  u g /L ).

T h is  ra re  p re s e n ta t io n  d em o n s t ra te s  th e  im p o r t a n c e  o f  t h e  e a r ly  d ia g n o s is  o f  A IP  a t t a c k s . In  th is  s p e c ifi c  c a s e , w e  p ro p o s e  
th a t  th e  t ra n s ie n t  h y p e r te n s io n  d u r in g  th e  a t t a c k  m a y  h a v e  c a u s e d  th e  ru p tu re  o f  t h e  in t ra c ra n ia l a n e u r y sm . T h e  p re v io u s  
k n o w le d g e  o f  t h e  c a r r ie r  s t a te  fo r  a n  H M B S  p a th o g e n ic  v a r ia n t  w a s  e s s e n t ia l b e c a u s e  it  le a d e d  to  a d e q u a te  t re a tm e n t  o f  
t h e  A IP  a t t a c k .
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N E O N A T A L  P R E S E N T A T I O N  O F  T H I A M I N E  M E T A B O L I S M  D Y S F U N C T I O N  
S Y N D R O M E  2  - A  C A S E  R E P O R T  
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A I  F E R R A Z 1
;  L  D i o g o

1
;  J  R i b e i r o

2
;  C  P e r e i r a

2
;  H  A r a ú j o

1
;  L  V i l a r i n h o

3  

1  C e n t ro  d e  R e fe rê n c ia  d e  D o e n ç a s  H e re d it á r ia s  d o  M e ta b o lism o , H o sp it a l P e d iá t r ic o , C e n t ro  H o sp it a la r  U n iv e r s it á r io  
d e  C o im b ra , C o im b ra , P o r tu g a l; 2  N e u ro p e d ia t r ia , C e n t ro  d e  D e s e n v o lv im e n to  d a  C r ia n ç a  , H o sp it a l P e d iá t r ic o , C e n t ro  
H o sp it a la r  U n iv e r s it á r io  d e  C o im b ra , C o im b ra  , P o r tu g a l; 3  U n id a d e  d e  R a s t re io  N e o n a ta l M e ta b o lism o  e  G e n é t ic a , 

In s t it u to  N a c io n a l d e  S a ú d e  D o u to r  R ic a rd o  J o rg e , P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - a n a i b f e r r a z @ h o t m a i l . c o m  

I N T R O D U C T I O N :  T h iam in e  m e ta b o lism  d y s fu n c t io n  s y n d ro m e -2  (T H M D 2 ; M IM #6 0 7 4 8 3 ), is  a  ra re  a u to so m a l re c e s s iv e  
d is o rd e r  c a u s e d  b y  m u ta t io n s  in  th e  S LC N 1 9A 3  g e n e . I t  is  c h a ra c te r iz e d  b y  a c u te  e p is o d e s  o f  e n c e p h a lo p a th y  a n d  s ym m e t r ic  
le s io n s  in  b a s a l g a n g lia , t h a lam i o r  p e r ia q u e d u c ta l g re y  m a t te r, a n d  le s s  f re q u e n t ly  in  th e  c o r te x , w ith  a  d ram a t ic  re s p o n s e  
to  b io t in  a n d /o r  th iam in e  s u p p le m e n ta t io n . 

C A S E  R E P O R T :  W e  d e s c r ib e  a  fe m a le  n e w b o rn , t h e  fi r s t  c h ild  o f  n o n -c o n s a n g u in e o u s  h e a lth y  p a re n t s , b o rn  a f te r  
u n e v e n t fu l p re g n a n c y  a n d  d e liv e r y . E x te n d e d  n e w b o rn  s c re e n in g  w a s  n o rm a l. P o o r  fe e d in g  a n d  fa ilu re  to  th r iv e  w e re  
a  c o m p la in t  s in c e  b ir th . S h e  p re s e n te d  to  th e  h o sp it a l w ith  ir r it a b ilit y  a n d  e p is o d e s  o f  le th a rg y  f ro m  th e  a g e  o f  2 5  d a y s . 
A b s e n c e  o f  v is u a l in te re s t , w e a k  c r y , a n d  g e n e ra liz e d  h y p o to n ia  w ith  p e r io d s  o f  o p is th o to n o s  a n d  s e iz u re s  w e re  n o t ic e d . 
B ra in  M R I re v e a le d  e x te n s iv e  a n d  re la t iv e ly  s ym m e t r ic a l le s io n s  w ith  re s t r ic te d  d iff u s io n , in v o lv in g  a ll c e re b ra l lo b e s , w ith  
p o s te r io r  p re d ile c t io n , t h e  s p le n iu m  o f  c o rp u s  c a llo s u m , th e  le n t ifo rm  n u c le u s  a n d  in te rn a l c a p su le , w ith  e x te n s io n  to  
c e re b ra l p e d u n c le s  a n d  p ro tu b e ra n c e . M R  s p e c t ro s c o p y  s u g g e s te d  th e  p re s e n c e  o f  a  la c t a te  p e a k . E le c t ro e n c e p h a lo g ram  
d is c lo s e d  e n c e p h a lo p a th ic  b a s e lin e  rh y th m  a n d  m u lt ifo c a l p a ro x y sm a l a c t iv it y . In it ia l in v e s t ig a t io n , in c lu d in g  am in o  
a c id s , o rg a n ic  a c id s  a n d  a c y lc a rn it in e s  w a s  in c o n c lu s iv e , e x c e p t  fo r  m o d e ra te  h y p e r la c t a c id em ia  (3 .7  m m o l/L ; r.v .<2 ,1 ). 
A n  o ra l m u lt iv it am in  c o c k ta il (th iam in e , b io t in , r ib o fl a v in  a n d  c o -e n z ym e  Q 1 0 ) w a s  s t a r te d  o n  d a y  3 0  o f  li fe . S h e  im p ro v e d  
d ram a t ic a lly  a f te r  1  to  2  d a y s  (c o n s c io u sn e s s  re c o v e re d  a n d  s e iz u re s  a n d  fe e d in g  d iffi c u lt ie s  c e a s e d ) a n d  w a s  d is c h a rg e d  
o n  d a y  fi v e  o f  m u lt iv it am in  t re a tm e n t . G e n e t ic  a n a ly s is  re v e a le d  a  p re v io u s  re p o r te d  p a th o g e n ic  h o m o z y g o u s  m u ta t io n  o f  
S LC 1 9A 3  (c .7 4 d u p T ).

C u r re n t ly  s h e  is  t h re e  m o n th s -o ld  a n d  is  o n  th iam in e  (3 0m g /k g /d a y ) a n d  b io t in  (2 0m g /d a y ) s u p p le m e n ta t io n . D e sp ite  
th e  in it ia l im p ro v em e n t  a n d  a d e q u a te  w e ig h t  g a in , g e n e ra liz e d  h y p e r to n ia , n o t io n  o f  im p a ire d  v is io n  a n d  in c o n s ta n t  e y e  
p u r s u it  a re  p re s e n t .

C O N C L U S I O N :  A lth o u g h  ra re , v it am in -re sp o n s iv e  d is o rd e r s  lik e  T H M D 2  sh o u ld  b e  e a r ly  a d d re s s e d  a n d  t re a te d , e v e n  
b e fo re  d ia g n o s t ic  c o n fi rm a t io n , s in c e  s ym p to m a t ic  t re a tm e n t  c a n  b e  a c h ie v e d  a n d  fi n a l d ia g n o s is  is  n o t  d e la y e d .  T H M D 2  
sh o u ld  b e  c o n s id e re d  in  a n y  in fa n t  w ith  a c u te  e p ile p t ic  e n c e p h a lo p a th y .
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H Y P O P H O S P H A T A S I A :  F R O M  T H E  C L I N I C A L  P R E S E N T A T I O N  T O  T H E  
D I A G N O S I S  
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S  M  R o c h a 1
;  A  P  G u im a s 1 ;  M  F  A lm e i d a 1

;  R  R i b e i r o
1  

1  U n id a d e  d e  D o e n ç a s  H e re d it á r ia s , C e n t ro  H o sp it a la r  d o  P o r to , P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - s a r a i s a b e l r o c h a @ g m a i l . c o m  

H y p o p h o sp h a ta s ia  is  a  ra re  in h e r ite d  d is o rd e r  c h a ra c te r iz e d  b y  a b n o rm a l m in e ra liz a t io n  o f  b o n e s  a n d /o r  te e th , in  th e  
p re s e n c e  o f  re d u c e d  a c t iv it y  o f  s e ru m  a lk a lin e  p h o sp h a ta s e . T h e  re a l p re v a le n c e  o f  t h is  d is e a s e  is  n o t  k n o w n , b u t  th e  
p re v a le n c e  o f  t h e  s e v e re  fo rm  h a s  b e e n  e s t im a te d  in  1 /3 0 0 .0 0 0  b ir th s  in  E u ro p e .

T h e  c lin ic a l s p e c t ru m  is  v e r y  w id e  a n d  s ix  d iff e re n t  c lin ic a l fo rm s  h a v e  b e e n  d e s c r ib e d : i) p re n a ta l b e n ig n  fo rm ; i i) p e r in a ta l 
le th a l fo rm ; i i i) c h ild h o o d -o n s e t  fo rm ; iv ) a d u lt  fo rm ; v ) o d o n to h y p o p h o sp h a ta s ia ; a n d  v i) p s e u d o h y p o p h o sp h a ta s ia . E a c h  
fo rm  h a s  a  d iff e re n t  c lin ic a l p re s e n ta t io n , d iff e re n t  le v e ls  o f  s e v e r it y  a n d  d iff e re n t  p ro g n o s is .

T h e  d ia g n o s is  is  b a s e d  o n  la b o ra to r y  a n d  m o le c u la r  te s t in g  o f  A L P L  g e n e  to  d e te c t  m u ta t io n s . 

T h e  a u th o r s  p re s e n t  a  c a s e  o f  a  4 4  y e a r s  o ld  fe m a le  w ith  o s te o a r t ic u la r  p a in , s in c e  h e r  c h ild h o o d , w h ic h  h a s  b e e n  in c re a s e d  
a lo n g  th e  y e a r s ; s h e  re p o r te d  a n  e p is o d e  o f  m u s c le  p a ra ly s is  a t  a g e  o f  1 7 , m u lt ip le  b o n e  f ra c tu re s  w ith  m in im a l t ra u m a  
(fi s t , h u m e ru s , r ib s , m e ta ta r s u s , c o c c y x  a n d  k n e e ) a n d  d o c u m e n te d  o s te o p o ro s is  a t  t h e  a g e  o f  3 0 . S h e  w a s  o b s e r v e d  b y  
d iff e re n t  m e d ic a l s p e c ia lt ie s  a n d  h a d  p e r fo rm e d  a n  e x h a u s t iv e  in v e s t ig a t io n , w h ic h  w a s  n o t  c o n c lu s iv e . T h e  d ia g n o s is  
o f  h y p o p h o sp h a ta s ia  w a s  a c h ie v e d  a f te r  tw e n t y -e ig h t  y e a r s  o f  c lin ic a l s ym p to m s .  A t  t h e  m o m e n t , t h is  p a t ie n t  is  u n d e r  
s u p p o r t iv e  s ym p to m a t ic  t re a tm e n t , w ith  a n a lg e s ic  a n d  o r th o p e d ic  m a n a g em e n t , a n d  in  e v a lu a t io n  fo r  e n z ym e  re p la c em e n t  
th e ra p y .   

T h e  a u th o r s  e x p o s e  th e  c a s e , d is c u s s  th e  d iff e re n t ia l d ia g n o s is  a n d  e x p la in  th e  p a r t ic u la r it ie s  o f  h y p o p h o sp h a ta s ia . 
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M E N K E S  D I S E A S E  - D I A G N O S T I C  C H A L L E N G E   
A N D  T H E  N E E D  F O R  E A R LY  T R E A T M E N T  

 
P O -7 0

 
A n a b e l a  B a n d e i r a 1

;  C a r o l i n a   F r a g a
3
;  I n ê s  C a s c a i s

3
;  J o a n a  C o r r e i a

1
;  M a r g a r i d a  C o e l h o 1

;   

E s m e r a l d a  M a r t i n s 1 ;  R u b e n  R o c h a
2  

1  U n id a d e  d e  D o e n ç a s  M e ta b ó lic a s  C M IN  - C e n t ro  d e  R e fe rê n c ia  , C e n t ro  U n iv e r s it a r io  H o sp it a la r  d o  P o r to , P o r to , P o r tu g a l; 
2  S e r v iç o  d e  N e u ro p e d ia t r ia  - C M IN , C e n t ro  U n iv e r s it a r io  H o sp it a la r  d o  P o r to , P o r to , P o r tu g a l; 3  S e r v iç o  d e  P e d ia t r ia - C M IN  , 

C e n t ro  U n iv e r s it a r io  H o sp it a la r  d o  P o r to , P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - a n a b e l a . o l . b a n d e i r a @ s a p o .p t  

I N T R O D U C T I O N :  M e n k e s  d is e a s e  is  a  ra re , x -lin k e d  re c e s s iv e  d is e a s e , t h a t  a ff e c t s  c o p p e r  le v e ls  in  th e  b o d y , c a u s e d  b y  
m u ta t io n s  in  th e  AT P 7A  g e n e .  I t  is  c h a ra c te r iz e d  b y  s p a r s e , k in k y  h a ir ; f a i lu re  to  th r iv e  a n d  d e te r io ra t io n  o f  t h e  n e r v o u s  
s y s te m . W e a k e n e d  b o n e s  (o s te o p o ro s is ) a re  c o m m o n  a n d  c a n  re s u lt  in  f ra c tu re s  S u p p le m e n ta t io n  w ith  c o p p e r  h is t id in e  
s h o w e d  im p ro v em e n t  in  p ro g n o s is , p a r t ic u la r ly  i f  s t a r te d  b e fo re  th e  1 0 th  d a y  o f  li fe . I t  is  in te n d e d  to  re v ie w  c a s e s  o f  M e n k e s  
d is e a s e  fo llo w e d  in  c o n su lt a t io n  o f  M e ta b o lic  D is e a s e s .

M E T H O D S : O b s e r v a t io n a l re t ro sp e c t iv e  s tu d y  o f  p a t ie n t s  w ith  M e n k e s  d is e a s e  fo llo w e d  in  C H U P, b e tw e e n  2 0 0 2  a n d  2 0 1 9 . 
T h e  c lin ic  p re s e n ta t io n , b io c h em ic a l p a ram e te r s  a n d  t re a tm e n t  w e re  a n a ly z e d .

R E S U LT S :  4  c a s e s  w e re  d ia g n o s e d .   In  th re e  c a s e s , c lin ic a l s u sp ic io n    a ro s e  f ro m  f ra c tu re s  in  th e  n e o n a ta l p e r io d   a n d  
e p ile p s y  a n d  in  a  p a t ie n t  fo r  e p ile p s y  a t  3  m o n th s , a s s o c ia te d  w ith  d y sm o rp h ia  a n d  t y p ic a l h a ir. A ll h a d  h y p o to n ia , lo w  
w e ig h t  a n d  p s y c h o m o to r  d e la y , b u t  o n ly  3  h a d  t y p ic a l h a ir.  N o n e  o f  t h em  h a d  fam ily  h is to r y . T h e  d ia g n o s is  w a s  e s t a b lis h e d  
b e tw e e n  th e  1 s t  a n d  6 th  m o n th  o f  li fe  b y  d e c re a s e d  s e ru m  c o p p e r  a n d  c e ru lo p la sm in  a n d  c o n fi rm e d  b y  m o le c u la r  s tu d y . 
A  m o th e r  c a r r ie s  th e  m u ta t io n ; in  a n o th e r  c a s e  th e  m o th e r  re fu s e d  th e  g e n e t ic  s tu d y . Tw o  c h ild re n  b e g a n  t re a tm e n t  w ith  
c o p p e r  h is t id in e , b e tw e e n  th e  3 rd  a n d  5 th  m o n th s  o f  li fe . T h e y ’re  b o th  a liv e , w ith  2 0  m o n th s  a n d  th re e  y e a r s  o ld . T h e y  h a v e  
s e v e re  p s y c h o m o to r  d e la y . T h e  tw o  u n t re a te d  c a s e s  d ie d  a t  2 2  a n d  2 3m o n th s .

C O N C L U S I O N :  T h e  d ia g n o s is  o f  M e n k e s ’ d is e a s e  in  th e  n e o n a ta l p e r io d  is  v e r y  d iffi c u lt , m a k in g  th e  s t a r t  o f  t re a tm e n t  
aw a y  fo r  t h e  id e a l p e r io d .  T h e  m o s t  s p e c ifi c  s ig n s  o f  t h e  d is e a s e  a p p e a r  la te r  in  li fe , c o n t r ib u t in g  fo r  t h e  d e la y  in  d ia g n o s is  
a n d  th is  w a y  c o m p ro m is in g    h e  p ro g n o s is .
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C B L G  R E M E T H Y L A T I O N  D E F E C T  – A  R A R E  E T H I O L O G Y   
O F  M A C R O C Y T I C  A N E M I A
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I s a b e l  B r i t o 1 ,  J o ã o  F r a n c o 1 ,  R a q u e l  M a i a 2 ,  P a u l a  K j ö l l e r s t r ö m 2 ,  D i a n a  A n t u n e s 3 ,  A n a  C r i s t i n a  F e r r e i r a 4  

1  P e d ia t r ic  S e r v ic e , H o sp it a l G a rc ia  d ’O r t a , A lm a d a , P o r tu g a l; 2  H em a to lo g y  U n it , P e d ia t r ic  D e p a r tm e n t , H o sp it a l D o n a  
E s te fâ n ia , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  C e n t ra l, L is b o a , P o r tu g a l; 3  G e n e t ic s  S e r v ic e , P e d ia t r ic  D e p a r tm e n t , 
H o sp it a l D o n a  E s te fâ n ia , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  C e n t ra l, L is b o a , P o r tu g a l; 4  R e fe re n c e  C e n te r  o f  

In h e r ite d  M e ta b o lic  D is e a s e s , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  C e n t ra l, L is b o a , P o r tu g a l

 
P r e s e n t i n g  A u t h o r  - ? ? ? ? ? ? ?  

B A C K G R O U N D :  C o b a lam in  G  (C b lG ) d e fe c t  is  a  ra re  in b o rn  e r ro r  o f  in t ra c e llu la r  c o b a lam in  m e ta b o lism  c a u s e d  b y  
d e fi c ie n c y  o f  m e th io n in e  s y n th a s e  (M IM  2 5 0 9 4 0 ), le a d in g  to  a n  im p a irm e n t  in  h o m o c y s te in e  to  m e th io n in e  re m e th y la t io n . 
P a t ie n t s  u su a lly  p re s e n t  in  in fa n c y  w ith  fa i lu re  to  th r iv e , fe e d in g  p ro b le m s , d e v e lo p m e n ta l d e la y , m u s c u la r  h y p o to n ia , 
c o g n it iv e  im p a irm e n t  a n d  m a c ro c y t ic  a n em ia  w ith  m e g a lo b la s t ic  fe a tu re s . 

C A S E  R E P O R T :  W e  re p o r t  t h e  c a s e  o f  a  1 5  m o n th -o ld -g ir l, fi r s t  c h ild  o f  a  h e a lth y  u n re la te d  c o u p le , w ith  u n e v e n t fu l fu ll-
te rm  p re g n a n c y , d e liv e r y  a n d  n e o n a ta l p e r io d  a n d  e x c lu s iv e ly  b re a s t fe d  u n t il 5  m o n th s , w h o  p re s e n te d  a t  6  m o n th s  o f  a g e  
w ith  p o o r  w e ig h t  g a in , g lo b a l d e v e lo p m e n ta l d e la y  a n d  h y p o to n ia . L a b o ra to r y  in v e s t ig a t io n  s h o w e d  s e v e re  a r re g e n e ra t iv e  
m a c ro c y t ic  a n em ia  (H b  5 ,2  g /d L , M C V  1 0 2  fL ), m o d e ra te  n e u t ro p e n ia  (6 1 0  x 1 0^6 ) a n d  e le v a te d  L D H . V it am in  B 1 2  a n d  fo lic  
a c id  d e fi c ie n c y  w e re  e x c lu d e d . B o n e  m a r ro w  b io p s y  e x c lu d e d  d y s e r y th ro p o ie s is . 

F u r th e r  in v e s t ig a t io n  s h o w e d  m a rk e d ly  e le v a te d  h o m o c y s te in e  (1 3 0  µm o l/l), lo w  p la sm a  m e th io n in e  a n d  n o rm a l u r in a r y  
m e th y lm a lo n ic  a c id , s u g g e s t in g  a  C b lE /C b lG  d is o rd e r  o f  in t ra c e llu la r  c o b a lam in  m e ta b o lism .

Tre a tm e n t  w a s  s t a r te d  w ith  h y d ro x o c o b a lam in , b e ta in e , fo lic  a c id  a n d  L-c a rn it in e  T h e re  w a s  a n  e x c e lle n t  h em a to lo g ic a l a n d  
b io c h em ic a l re s p o n s e  a n d  s ig n ifi c a n t  im p ro v em e n t  o n  n e u ro c o g n it iv e  d e v e lo p m e n t . G e n e t ic  te s t in g  (N e x t-G e n e ra t io n  
S e q u e n c in g  p a n e l fo r  g e n e s  a s s o c ia te d  v it am in  B 1 2  d e fi c ie n c y ) re v e a le d  tw o  v a r ia n t s  in  h e te ro z y g o s it y  in  th e  M T R  g e n e : 
a  p a th o g e n ic  f ram e sh if t  c .2 1 0 1 d e l v a r ia n t  a n d  a n  u n c e r t a in  c lin ic a l s ig n ifi c a n c e  (m is s e n s e ) c .1 2 2 8 G >A  v a r ia n t  s u p p o r t in g  
C b lG  d e fi c ie n c y . P a re n ta l s tu d ie s  a re  o n g o in g

C O M M E N T S :  C o b a lam in  m e ta b o lism  d e fe c t s  a re  a  v e r y  ra re  c a u s e  o f  m e g a lo b la s t ic  a n em ia  a n d  a  h ig h  le v e l o f  s u sp ic io n  
is  n e e d e d , e s p e c ia lly  a f te r  e x c lu d in g  th e  m a in  c a u s e s , a s  v it am in  B 1 2  a n d  fo lic  a c id  d e fi c ie n c y . In  th e  p re s e n te d  c a s e  th e  
c la s s ic  t r ia d  o f  h y p e rh o m o c y s te in em ia  w ith  n o rm a l le v e ls  o f  m e th y lm a lo n ic  a c id  a n d  lo w  le v e ls  o f  m e th io n in e  s t ro n g ly  
s u g g e s te d  th e  d ia g n o s is , le a d in g  to  p ro m p t  t re a tm e n t . 
In  p re v io u s ly  re p o r te d  c a s e s  e a r ly  t re a tm e n t  c o r re c t s  c y to lo g ic a l a b n o rm a lit ie s , im p ro v e s  b io c h em ic a l p a ram e te r s  b u t  h a s  
lim ite d  e ff e c t  o n  n e u ro c o g n it iv e  im p a irm e n t  a n d  o p h th a lm o lo g ic  a n d  C N S  c h a n g e s  te n d  to  p ro g re s s  d e sp ite  it . In  th e  
p re s e n te d  c a s e  a  d e v e lo p m e n ta l im p ro v em e n t  w a s  n o te d  in  th e  b e g in n in g , b u t  lo n g  te rm  fo llo w -u p  is  re q u ire d . 
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A  N O V E L  V A R I A N T  O F  S S R 4  C O N G E N I T A L  D I S O R D E R   
O F  N -L I N K E D  G LY C O S Y L A T I O N :  A  C A S E  R E P O R T  
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S .  L e m o s  F e r r e i r a 1

;  M .  A m o r im 1
;  T .  K a y

1
;  A .  C .   F e r r e i r a

2  

1  G e n e t ic  S e r v ic e , P e d ia t r ic  D e p a r tm e n t , H o sp it a l D o n a  E s te fâ n ia , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  C e n t ra l, 
L is b o a , P o r tu g a l; 2  R e fe re n c e  C e n te r  o f  In h e r ite d  M e ta b o lic  D is e a s e s , H o sp it a l D o n a  E s te fâ n ia , C e n t ro  H o sp it a la r  

U n iv e r s it á r io  d e  L is b o a  C e n t ra l, L is b o a , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - s u s a n a s a l f e r r e i r a @ g m a i l . c o m  

B A C K G R O U N D :  S S R 4 -C D G  is  a  c o n g e n it a l d is o rd e r  o f  N -lin k e d  g ly c o s y la t io n  (C D G -N -lin k e d ) c a u s e d  b y  m u ta t io n s  in  th e  
g e n e  S S R 4  (X q 2 8 ) th a t  e n c o d e s  o n e  o f  fo u r  s ig n a l s e q u e n c e  re c e p to r  p ro te in s  in v o lv e d  in  th e  t ra n s lo c o n  (T R A P ) c o m p le x , 
w h ic h  a id s  in  th e  t ra n s lo c a t io n  o f  p ro te in s  a c ro s s  th e  m em b ra n e  o f  t h e  e n d o p la sm ic  re t ic u lu m . S S R 4  m u ta t io n  re d u c e s  
e x p re s s io n  o f  T R A P, in d u c e s  E R  s t re s s  a n d  le a d s  to  u n d e rg ly c o s y la t io n . O n ly  9  c a s e s  w e re  re p o r te d  s o  fa r.

C A S E  R E P O R T :  W e  p re s e n t  a n  1 1 -y e a r-o ld  m a le , re fe r re d  to  g e n e t ic  o u tp a t ie n t  c lin ic  fo r  in v e s t ig a t io n  o f  f a c ia l d y sm o rp h ism  
(d e e p  s e t  e y e s , la rg e  e a r s , la rg e  m o u th , w ith  w id e ly  s p a c e d  te e th ), m ic ro c e p h a ly , f a i lu re  to  th r iv e , g lo b a l d e v e lo p m e n ta l 
d e la y , in te lle c tu a l d is a b ilit y , h y p o to n y , s t ra b ism u s  a n d  h y p e ro p ia .

E x te n s iv e  g e n e t ic  in v e s t ig a t io n  te rm in a te d  in  m o le c u la r  a n a ly s is  w ith  e x o m e  s e q u e n c e  th a t  re v e a le d  a  d e  n o v o  v a r ia n t  
in  S S R 4  g e n e  in v o lv in g  e x o n  4  in  h em iz y g o z it y . T h is  m u ta t io n  w a s  n o t  d e s c r ib e d  in  th e  lit e ra tu re , h o w e v e r  c o n s is t  in  
th e  re p la c em e n t  o f  a rg in in e  w ith  a  s to p -c o d o n , c .2 6 8 C >T  p .(A rg 9 0 *), o r ig in a t in g  a  t ru n c a te  p ro te in . D a ta b a s e  a n a ly s is  
s u g g e s te d  th e  v a r ia n t  is  p a th o g e n ic  a n d  p re d ic t  a  lo s s  o f  S S R 4  fu n c t io n . A n o th e r  m u ta t io n  w a s  id e n t ifi e d  in  K C N H 2  g e n e  
re sp o n s ib le  fo r  lo n g  Q T  s y n d ro m e  (A D ), to  th is  p o in t  a s ym p to m a t ic .

F u r th e r  c h a ra c te r iz a t io n  o f  S S R 4 -C D G  d ia g n o s is  in c lu d e d : n o rm a l t ra n s am in a s e s , c o a g u la t io n  a n d  e n d o c r in o lo g ic  te s t s ; 
t h in  c o rp u s  c a llo s u m ; n o rm a l e c h o c a rd io g ram  a n d  p ro lo n g e d  Q Tc . In v e s t ig a t io n  o f  t ra n s fe r r in  is o fo rm  p a t te rn , u s u a lly  
a b n o rm a l in  S S R 4 -C D G , is  o n g o in g .

C O M M E N T S :  O u r  p a t ie n t  p h e n o t y p e  s h o w s  m a n y  o v e r la p p in g  fe a tu re s  w ith  th e  p re v io u s  n in e  S S R 4 -C D G  c a s e s  re p o r te d  
in  th e  lit e ra tu re . H o w e v e r, t h e s e  c lin ic a l fe a tu re s  a re  c o m m o n ly  s e e n  in  m a n y  C D G  s u b t y p e s  a s  w e ll o th e r  g e n e t ic  d is e a s e s . 
O n ly  e x o m e  s e q u e n c in g  te c h n iq u e s  p ro v id e d  a n  e x p la n a t io n  fo r  t h e  c lin ic a l fi n d in g s , im p ro v e d  m e d ic a l fo llo w -u p  a n d  
t re a tm e n t  o f  c o m p lic a t io n s , a n d  g a v e  g e n e t ic  c o u n s e llin g  to  th e  fam ily .

K E Y W O R D S :  C o n g e n it a l d is o rd e r s  o f  N -lin k e d  g ly c o s y la t io n , s ig n a l s e q u e n c e  re c e p to r  s u b u n it  4 , t ra n s lo c o n -a s s o c ia te d  
p ro te in , n e u ro lo g ic a l a b n o rm a lit ie s .
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R  F r a n c i s c o  

1  D e p a r tm e n t  o f  li fe  s c ie n c e s , Fa c u lt y  o f  S c ie n c e s  a n d  Te c h n o lo g y  (F C T ), N O VA  L is b o n  U n iv e r s it y , L is b o a , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - r a b . f r a n c i s c o @ c a m p u s . f c t . u n l . p t  

M a rq u e s -d a -S ilv a  D .a ,b ,c , F ra n c is c o  R .a ,b ,c  , B ra s il S .a ,b ,c , P a s c o a l C .a ,b ,c , d o s  R e is  F e r re ira  V.b ,c , M o ra v a  E .c ,d , J a e k e n  J .c ,e , 
a  U C IB IO , D e p a r t am e n to  C iê n c ia s  d a  V id a , Fa c u ld a d e  d e  C iê n c ia s  e  Te c n o lo g ia , U n iv e r s id a d e  N O VA  d e  L is b o a , P o r tu g a l 

b  P o r tu g u e s e  A s s o c ia t io n  fo r  C D G , L is b o a , P o r tu g a l 
c  C D G  &  A llie s  – P ro fe s s io n a ls  a n d  P a t ie n t  A s s o c ia t io n s  In te rn a t io n a l N e tw o rk  (C D G  &  A llie s  – P PA IN ), P o r tu g a l 

d  D e p a r tm e n t  o f  C lin ic a l G e n o m ic s , C IM , M a y o  C lin ic , R o c h e s te r, M N , U n ite d  S t a te s  
e  C e n te r  fo r  M e ta b o lic  D is e a s e s , U Z  a n d  K U  L e u v e n , L e u v e n , B e lg iu m

  
 
 
C o n g e n it a l d is o rd e r s  o f  g ly c o s y la t io n  (C D G ) a n d  th e ir  d ia g n o s is  a re  c o n t in u o u s ly  u p d a te d  re s e a rc h  to p ic s . C D G  d ia g n o s is  
is  m o s t  o f  t h e  t im e s  a  c h a lle n g e  d u e  to  th e  fa c t  t h a t  C D G  a re  a  ra p id ly  g ro w in g  fam ily  o f  g e n e t ic  d is e a s e s  o f  o v e r  1 3 0  
d iff e re n t  t y p e s  b u t  a ls o  b e c a u s e  th e re  is  h u g e  in t ra  a n d  in te r  c lin ic a l h e te ro g e n e it y . M o re o v e r, t h e  c la s s ic a l s c re e n in g  te s t , 
s e ru m  t ra n s fe r r in  is o e le c t ro fo c u s in g , h a s  s o m e  p it fa lls  a s  it  c a n n o t  b e  u s e d  fo r  e v e r y  C D G  t y p e  a n d  c a n  a ls o  g e n e ra te  fa ls e  
n e g a t iv e s  e v e n  fo r  PM M 2 -C D G , th e  m o s t  f re q u e n t  N -g ly c o s y la t io n  d e fe c t .

T h e  o b je c t iv e  o f  t h is  w o rk  w a s  to  a d d re s s  th e  c h a lle n g e s  o f  C D G  d ia g n o s is  b y  re p re s e n t in g  a n  o v e r v ie w  o f  t h e  d iff e re n t  
a p p ro a c h e s  th a t  h e lp  C D G  d ia g n o s is . W e  p e r fo rm e d  a  lit e ra tu re  re v ie w  a n d  id e n t ifi e d  th e  c lin ic a l a n d  b io c h em ic a l h a llm a rk s  
o f  t h e s e  d is e a s e s  a s  w e ll a s  t h e  b io c h em ic a l a n d  g e n e t ic  t e s t in g  a v a ila b le . A  lis t  o f  s ym p to m s  o n  d iff e re n t  id e n t ifi e d  C D G  is  
a ls o  p ro v id e d . 

T h is  w o rk  re s u lte d  in  th e  fo llo w in g  p ra c t ic a l to o ls : (1 ) C lin ic a l m a n ife s t a t io n s  re p o r te d  in  C D G  p e r  o rg a n /s y s te m ; (2 ) 
B io c h em ic a l a n d  la b o ra to r y  fi n d in g s  re p o r te d  in  C D G  p e r  o rg a n /s y s te m ; (3 ) C lin ic a l fe a tu re s  s u g g e s t iv e  o f  d is t in c t  C D G ; 
a n d  (4 ) a  d ia g n o s t ic  d e c is io n  t re e  in  fa c e  o f  a  p a t ie n t  w ith  a  s u sp ic io n  o f  C D G . 

W e  h o p e  th a t  th is  w o rk  c a n  a c t  a s : (i) a  C D G  d ia g n o s is  s im p lifi e d  g u id e  fo r  h e a lth c a re  p ro fe s s io n a ls  b u t  a ls o  fo r  f am ilie s  
a n d  re s e a rc h e r s ; (i i) a n  aw a re n e s s  a n d  lo b b y in g  to o l to  h e lp  in  th e  e ff e c t iv e n e s s  a n d  p ro m p tn e s s  o f  C D G  d ia g n o s is . (Wo rk  
p u b lis h e d  a s  s c ie n t ifi c  w o rk : M o l G e n e t  M e ta b . 2 0 1 9  J a n ; 1 2 6 (1 ):1 -5 . d o i: 1 0 .1 0 1 6 /j.ym gm e .2 0 1 8 .1 1 .0 0 3 .)
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G  P a d e i r a 1
;  M  P i t a  G r o z 5 ;  S  D u a r t e

2
;  D  Q u e l h a s

4
;  A  F e r r e i r a

3  

1   P e d ia t r ic  D e p a r tm e n t , H o sp it a l D o n a  E s te fâ n ia , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  C e n t ra l, L is b o n , P o r tu g a l; 2  
N e u ro p e d ia t r ic  S e r v ic e   P e d ia t r ic  D e p a r tm e n t , H o sp it a l D o n a  E s te fâ n ia , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  C e n t ra l, 
L is b o n , P o r tu g a l; 3  R e fe re n c e  C e n te r  o f  In h e r ite d  M e ta b o lic  D is e a s e s ,  C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  C e n t ra l, 
L is b o n , P o r tu g a l; 4  B io c h em ic a l G e n e t ic s  U n it ,, C e n t ro  d e  G e n é t ic a  M é d ic a  J a c in to  d e  M a g a lh ã e s , C e n t ro  H o sp it a la r  
U n iv e r s it á r io  d o  P o r to , P o r to , P o r tu g a l; 5  D ie te t ic  S e r v ic e , H o sp it a l D o n a  E s te fâ n ia , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  

L is b o a  C e n t ra l, L is b o n , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - g o n c a l o _p a d e i r a @ h o t m a i l . c o m  

B A C K G R O U N D :  Va r ia n t s  in  th e  S LC 3 5A 2  g e n e  (M IM #3 0 0 8 9 6 ), o n  th e  X  c h ro m o so m e , c o d e s  fo r  t h e  t ra n sp o r te r  o f  U D P -
g a la c to s e  to  th e  G o lg i a p p a ra tu s  a n d  re s u lt s  in  a  N -lin k e d  c o n g e n it a l d is o rd e r  o f  g ly c o s y la t io n  (C D G ). T h e  p h e n o t y p e  
in c lu d e s  d e v e lo p m e n ta l d e la y , e a r ly  e p ile p t ic  e n c e p h a lo p a th y  w ith  h y p s a r rh y th m ia , h y p o to n ia , d y sm o rp h ic  fe a tu re s , 
s k e le t a l a b n o rm a lit ie s  a n d  c o r t ic a l v is u a l im p a irm e n t . 

A s  so m e  C D G s  h a v e  b e e n  su c c e s s fu lly  t re a te d  w ith  h e xo se  su p p lem e n ta t io n  (e .g ., g a la c to se  fo r  P G M 1-C D G , fu c o se  fo r  S LC 35C 1 -
C D G , o r  m an n o se  fo r  M P I-C D G ) it  w a s  b e e n  c o n s id e re d  a  p o ss ib ilit y  in  S LC 35A 2 -C D G . T h e  ra t io n a l is  th a t  g a la c to se  m ig h t  
b e  a b le  to  in c re a se  th e  c y to so lic  U D P -g a la c to se  c o n c e n t ra t io n  a n d  b y  th is  w ay  in c re a se  g a la c to se  t ra n sp o r t  a n d  u se  in  th e  
G o lg i a p p a ra tu s . We  re p o r t  o u r  e x p e r ie n c e  w ith  a  s ix -m o n th  t r ia l o f  o ra l D -g a la c to se  su p p lem e n ta t io n  in  a  fem a le  p a t ie n t  w ith  
S LC 35A 2 -C D G .

C A S E  R E P O R T :  A  2 -y e a r-o ld  fe m a le  p a t ie n t  w ith  a  d ia g n o s is  o f  S LC 3 5A 2 -C D G , p re s e n te d  a t  2  m o n th s  o f  a g e  w ith  e p ile p t ic  
e n c e p h a lo p a th y  w ith  h y p s a r rh y th m ia , d e v e lo p m e n ta l d e la y , a x ia l h y p o to n ia , lim b  h y p e r to n ia  a n d  s lig h t  d y sm o rp h ic  
fe a tu re s . E p ile p s y  w a s  d iffi c u lt  to  c o n t ro l w ith  m u lt ip le  t r ia ls  o f  m e d ic a t io n  in c lu d in g  A C T H , to p iram a te , v ig a b a t r in  a n d  
le v e t ira c e tam . W ith  th e  a s s o c ia t io n  o f  k e to g e n ic  d ie t , p a r t ia l c o n t ro l o f  s e iz u re s  w a s  a c h ie v e d . 

D u e  to  p ro m is in g  re p o r t s  o n  th e  u s e  o f  D -g a la c to s e , s h e  s t a r te d  o n  th e  d o s e  o f  1 g /K g /d a y , 4 q id , w ith  a d ju s tm e n t s  o n  h e r  
k e to g e n ic  d ie t . 

A f te r  s ix  m o n th s  o f  s u p p le m e n ta t io n , t h e  m o th e r  re p o r te d  s lig h t  im p ro v em e n t  in  a t te n t io n , s o c ia l in te ra c t io n  a n d  h e a d  
c o n t ro l. S e iz u re s  c o n t ro l w a s  d iffi c u lt  to  c o m p a re  a s  th e re  w e re  te m p o ra l in c re a s e  d u r in g  re sp ira to r y  in fe c t io n s . T h e  o n ly  
s id e  e ff e c t  re p o r te d  w a s  t ra n s ie n t  a b d o m in a l p a in , w ith o u t  d ia r rh e a . A s  th e  p a t ie n t  h a d  s e v e ra l c o n t ro ls  w ith  a b n o rm a l t y p e  
2  t ra n s fe r r in  is o e le c t r ic  fo c u s in g  (T IE F ), it  w a s  u s e d  a s  a  b io m a rk e r  fo r  t h e ra p y  e ffi c a c y  m o n ito r in g . In  s p ite  o f  t ra n s fe r r in  
g ly c o s y la t io n  fo c u s in g  p a t te rn  c o m p le te ly  n o rm a liz e d  a f te r  t h e ra p y , n o  im p ro v em e n t s  o n  E E G  w e re  n o te d .

C O M M E N T S :  In  o u r  c a s e , o ra l D -g a la c to s e  w a s  w e ll to le ra te d , a n d  im p ro v em e n t  in  a t te n t io n , s o c ia l c o n ta c t  a n d  h e a d  
c o n t ro l w a s  o b s e r v e d , w h ils t  d u b io u s  e ff e c t  o n  e p ile p s y . A s  re p o r te d  p re v io u s ly , T IE F  c o m p le te ly  n o rm a liz e d . C o m b in in g  
g a la c to s e  s u p p le m e n ta t io n  a n d  k e to g e n ic  d ie t  w a s  a  c h a lle n g in g  is s u e . A  lo n g e r  fo llo w -u p  is  n e e d e d  to  a s c e r t a in  
th e ra p e u t ic  e ffi c a c y .
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A  G u im a s ;  S  R o c h a
1
;  R  R i b e i r o

1
;  M  A lm e i d a 1

;  E  M a r t i n s 1  

1  H e re d it a r y  M e ta b o lic  U n it , N a t io n a l R e fe re n c e  C e n te r  o f   C e n t ro  H o sp it a la r  e  U n iv e r s it á r io  d o  P o r to , P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - a r l g u im a s @ g m a i l . c o m  

T h e  h e re d it a r y  d is o rd e r s  o f  m e ta b o lism  h a v e  a  h id e  s p e c t ru m  o f  c lin ic a l m a n ife s t a t io n s . T h e  t y p e  in to x ic a t io n s  a n d  e n e rg y  
d e fi c ie n c ie s  m a y  h a v e  a c u te  e v e n t s  o f  m e ta b o lic  d e c o m p e n sa t io n . T h e s e  e p is o d e s  c a n  b e  s e v e re  a n d  c o u ld  le a v e  p e rm a n e n t  
s e q u e la  o r  e v e n  c a u s e  d e a th .

D u r in g  th e  la s t  1 0  y e a r s  o u r  c e n te r  t re a te d  s e v e ra l a d u lt s  w ith  a c u te  m e ta b o lic  d e c o m p e n sa t io n s . M o s t  o f  t h e s e  p a t ie n t s  
h a d  a  k n o w n  m e ta b o lic  d is o rd e r  b u t  in  s o m e  p a t ie n t s  th e  d ia g n o s is  w a s  m a d e  in  th e  s e t t in g  o f  t h e  a c u te  e v e n t .

T h e  re v is io n  o f  a ll t h e s e  e v e n t s  is  a  n e e d e d  re fl e c t io n ,  to  o p t im iz e  th e  c a re  o f  t h is  p a t ie n t s  th a t  f a c e  th is  c r it ic a l e v e n t  in  
th e ir  li fe .

T h e  n a t io n a l re fe re n c e  c e n te r s  m u s t  b e  re sp o n s ib le  fo r  t h e  a d e q u a te  m a n a g em e n t  o f  t h is  a c u te  e v e n t s .  T h e y  m u s t  p ro v id e  
c lin ic a l g u id e lin e s  a n d  c lin ic a l g u id a n c e  to  o th e r  h o sp it a ls  t h a t  h a v e  d o  d e a l w ith  th e s e  s it u a t io n s .
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E s m e r a l d a  M a r t i n s 1 ;  H e a t h e r  A .  L a u
2
;  D a v i d  V i s k o c h i l

3
;  P r a n o o t  T a n p a i b o o n

4
;  A n t o n i o  G o n z a l e z -M e n e s e s  

L o p e z 5 ;  J u l i e  T a y l o r
8
;  T r i c i a  C im m s 9 ;  B e t s y  C .  M a l k u s 9 ;  T i n g  C h a n g

6
;  L i n  Z h a n g

7
;  D e b o r a h  M a r s d e n 1 0

;  

A g n i e s z k a  J u r e c k a 6  

1  M e ta b o lic  D is e a s e s  U n it , C e n t ro  H o sp it a la r  D o  P o r to , P o r to , P o r tu g a l;  
2  D e p a r tm e n t  o f  N e u ro lo g y , N YU  S c h o o l o f  M e d ic in e , N e w  Yo rk , U S A ; 3  D e p a r tm e n t  o f  P e d ia t r ic s , U n iv e r s it y  o f  U ta h , S a lt  

L a k e  C it y , U S A ; 4  D iv is io n  o f  G e n e t ic s  a n d  M e ta b o lism , C h ild re n ’s  N a t io n a l H e a lth  S y s te m , W a sh in g to n  D C , U S A ;  
5  S e r v ic io  d e  P e d ia t r ía , H o sp it a l U n iv e r s it a r io  V irg e n  d e l R o c ío  a n d  U n iv e r s id a d  d e  S e v illa , S e v illa , S p a in ;  

6  C lin ic a l D e v e lo p m e n t , U lt ra g e n y x  P h a rm a c e u t ic a l In c ., N o v a to , U S A ; 7  B io m e t r ic s , U lt ra g e n y x  P h a rm a c e u t ic a l In c ., 
N o v a to , U S A ; 8  C lin ic a l B io a n a ly t ic s , U lt ra g e n y x  P h a rm a c e u t ic a l In c ., N o v a to , U S A ; 9  C O R E , U lt ra g e n y x  P h a rm a c e u t ic a l In c ., 

N o v a to , U S A ; 1 0  M e d ic a l S t ra te g y , U lt ra g e n y x  P h a rm a c e u t ic a l In c ., N o v a to , U S A ;  

P r e s e n t i n g  A u t h o r  - e s m e r a l d a .d i a @ c h p o r t o .m i n -s a u d e .p t  

Ve s t ro n id a s e  a lfa  (re c o m b in a n t  h u m a n  b e ta -g lu c u ro n id a s e ) is  a n  e n z ym e  re p la c em e n t  th e ra p y  fo r  M u c o p o ly s a c c h a r id o s is  
(M P S ) V II , a  h ig h ly  h e te ro g e n e o u s , u lt ra -ra re  d is e a s e . U X 0 0 3 -C L 2 0 3  w a s  a n  o p e n -la b e l t r ia l d e s ig n e d  to  in v e s t ig a te  th e  
s a fe t y  a n d  e ffi c a c y  o f  v e s t ro n id a s e  a lfa  (4m g /k g  IV  e v e r y  o th e r  w e e k ) in  s u b je c t s  w ith  M P S  V II  <5  y e a r s  o ld . E ig h t  s u b je c t s  
(1 .6 -5  y e a r s ) e n ro lle d ; 7  c o m p le te d  th e  4 8 -w e e k  T re a tm e n t  P e r io d  a n d  c o n t in u e d  u p  to  2 .6  y e a r s  (4 4 -1 3 6  w e e k s ; m e d ia n  
9 5 .1  w e e k s ). U r in a r y  g ly c o s am in o g ly c a n  (u G A G ) d e rm a ta n  s u lfa te  d e c re a s e d  s ig n ifi c a n t ly  (p <0 .0 0 0 1 ) f ro m  b a s e lin e  (B L ) b y  
L S  m e a n  o f   6 0%  a t  W e e k  4 , w ith  re d u c t io n  s u s t a in e d  a t  W e e k  4 8  ( 6 1% ) a n d  th ro u g h o u t  th e  s tu d y . A ll s u b je c t s  a c h ie v e d  
≥5 0%  re d u c t io n  in  u G A G s . Im p ro v em e n t  in  h e ig h t  z -s c o re s  (m e a n  (S D ) z -s c o re  c h a n g e  o f  0 .1 9 6  (0 .3 0 ) f ro m  -2 .6 3 0  (1 .1 7 ) a t  
B L  to  -2 .0 4 5  (0 .2 7 ) a t  W e e k  4 8 ) a n d  a  p o s it iv e  t re n d  to w a rd  in c re a s e d  g ro w th  v e lo c it y  f ro m  a  m e a n  (S D ) z -s c o re  o f   2 .5 9  (1 .4 9 ) 
a t  B L  to   0 .3 9  (2 .1 0 ) p o s t -B L  (p =0 .2 7 ), w e re  o b s e r v e d . B L  h e p a to m e g a ly  re s o lv e d  in  3 /3  s u b je c t s  a s s e s s e d  b y  u lt ra s o u n d  
a n d  5 /6  s u b je c t s  a s s e s s e d  b y  p h y s ic a l e x am in a t io n  (P E ) b y  e n d  o f  s tu d y ; B L  s p le n o m e g a ly  re s o lv e d  in  1 /3  s u b je c t s  a s s e s s e d  
b y  u lt ra s o u n d  a n d  2 /2  s u b je c t s  a s s e s s e d  b y  P E . A ll s u b je c t s  e x p e r ie n c e d  a t  le a s t  o n e  t re a tm e n t-em e rg e n t  a d v e r s e  e v e n t  
(T E A E ); 5  s u b je c t s  (6 2 .5% ) e x p e r ie n c e d  T E A E s  a s s e s s e d  a s  re la te d  to  s tu d y  d ru g . T h re e  s u b je c t s  (3 7 .5% ) e x p e r ie n c e d  s e r io u s  
T E A E s ; m o s t  w e re  k n o w n  c o m p lic a t io n s  o f  M P S  V II . F o u r  s u b je c t s  (5 0 .0% ) e x p e r ie n c e d  m ild  o r  m o d e ra te  in fu s io n -a s s o c ia te d  
re a c t io n s  (IA R s ). N o  s u b je c t s  d is c o n t in u e d  d u e  to  A E s  o r  IA R s . A ll s u b je c t s  d e v e lo p e d  a n t i-d ru g  a n t ib o d ie s  a n d  3  d e v e lo p e d  
n e u t ra liz in g  a n t ib o d ie s , a lth o u g h  n o  a s s o c ia t io n  w ith  u G A G  re d u c t io n  w a s  a p p a re n t . S a fe t y  w ith  lo n g -te rm  e x p o su re  w a s  
c o n s is te n t  w ith  k n o w n  s a fe t y  p ro fi le  o f  v e s t ro n id a s e  a lfa ; n o  n e w  s a fe t y  c o n c e rn s  w e re  id e n t ifi e d . L o n g -te rm  v e s t ro n id a s e  
a lfa  t re a tm e n t  d em o n s t ra te d  s u s t a in e d  re d u c t io n s  in  u G A G s , c o n t in u e d  g ro w th , a n d  im p ro v e d  h e p a to sp le n o m e g a ly  in  
c h ild re n  w ith  M P S  V II  <5  y e a r s  o ld . 
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S a r a   F e r r e i r a 1
;  J o a n a  A z e v e d o

2
;  S ó n i a  S i l v a

3
;  S a n d r a  F e r r e i r a

4
;  S ó n i a  L e m o s 5 ;  J o a n a  A lm e i d a 1

;   

C a r l a  C a s e i r o 6
;  P a u l a  G a r c i a

1  

1  C h ild  D e v e lo p m e n ta l C e n te r, H o sp it a l P e d iá t r ic o , C e n t ro  H o sp it a la r  e  U n iv e r s it á r io  d e  C o im b ra , C o im b ra , P o r tu g a l;  
2  C lin ic a l H a em a to lo g y  S e r v ic e ,, H o sp it a l P e d iá t r ic o , C e n t ro  H o sp it a la r  e  U n iv e r s it á r io  d e  C o im b ra , C o im b ra , P o r tu g a l;  

3  O n c o lo g y  S e r v ic e , H o sp it a l P e d iá t r ic o , C e n t ro  H o sp it a la r  e  U n iv e r s it á r io  d e  C o im b ra , C o im b ra , P o r tu g a l;  
4  H e p a to lo g y  a n d  L iv e r  T ra n sp la n t  D e p a r tm e n t , H o sp it a l P e d iá t r ic o , C e n t ro  H o sp it a la r  e  U n iv e r s it á r io  d e  C o im b ra , 

C o im b ra , P o r tu g a l; 5  Im u n o  A lle rg o lo g y  a n d  Im m u n o d e fi c ie n c y  U n it , H o sp it a l P e d iá t r ic o , C e n t ro  H o sp it a la r  e  U n iv e r s it á r io  
d e  C o im b ra , C o im b ra , P o r tu g a l; 6  U n id a d e  d e  B io q u ím ic a  G e n é t ic a , C e n t ro  d e  G e n é t ic a  M é d ic a  J a c in to  d e  M a g a lh ã e s , 

C H U P, P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - f e r r e i r a . s a r a m a r g a r i d a @ g m a i l . c o m  

N ie m a n n  P ic k  D is e a s e  (N P D ) t y p e  A  o r  n e u ro lo g ic  a c id  s p h in g o m ye lin a s e  d e fi c ie n c y  is  a  ra re  a u to so m a l re c e s s iv e  m e ta b o lic  
d is o rd e r  c h a ra c te r iz e d  b y  ly s o so m a l lip id  s to ra g e  a n d  re s u lt s  f ro m  p a th o g e n ic  v a r ia n t s  in  SM P D 1  g e n e . H em o p h a g o c y t ic  
lym p h o h is t io c y to s is  s y n d ro m e  (H LH ) is  c h a ra c te r iz e d  b y  a  h y p e r in fl am m a to r y  s t a te  a n d  p h a g o c y to s is  o f  b lo o d  c e lls  b y  
m a c ro p h a g e s . I t  c a n  b e  p r im a r y , c a u s e d  b y  p a th o g e n ic  v a r ia n t s  in  H LH -a s s o c ia te d  g e n e s  o r  s e c o n d a r y , d u e  to  a n  in a b ilit y  
o f  t h e  im m u n e  s y s te m  to  a d e q u a te ly  re s t r ic t  s t im u la to r y  e ff e c t s  o f  v a r io u s  t r ig g e r s , in c lu d in g  in h e r ite d  m e ta b o lic  d is e a s e s . 
B o th  d is o rd e r s  c a n  h a v e  s im ila r  s ym p to m s , s o  d iff e re n t ia l d ia g n o s is  is  e s s e n t ia l fo r  t h e ra p e u t ic , p ro g n o s t ic  a n d  c o u n s e llin g  
is s u e s . 

C A S E  R E P O R T :  W e  re p o r t  t h e  c a s e  o f  a  7 -m o n th -o ld  b o y , w ith  u n e v e n t fu l p re n a ta l a n d  n e o n a ta l b a c k g ro u n d . H e  h a d  
In fl u e n z a  A  a t  3  m o n th s  o f  a g e . N o  o th e r  re le v a n t  p a th o lo g ic a l h is to r y . D u r in g  a n  a c u te  i lln e s s  e p is o d e , h e  p re s e n te d  
w ith  d ia g n o s t ic  c r it e r ia  fo r  h em o p h a g o c y t ic  lym p h o h is t io c y to s is  s y n d ro m e : fe v e r, h e p a to sp le n o m e g a ly , p a n c y to p e n ia , 
h y p e r t r ig ly c e r id em ia , h y p e r fe r r it in em ia  a n d  m ild  b o n e  m a r ro w  h em o p h a g o c y to s is . U n d e r  th is  c o n te x t , h e  w a s  a d m it te d  in  
th e  H em a to -o n c o lo g y  u n it . T h e  fe v e r  s o lv e d  w ith in  th e  fi r s t  2 4  h o u r s  o f  a d m is s io n  a n d  th e  h em a to lo g ic  p a ram e te r s  q u ic k ly  
im p ro v e d .  H o w e v e r, h e p a to sp le n o m e g a ly  w ith  h e p a t ic  c y to ly s is , h y p e r t r ig ly c e r id em ia  a n d  m ild  th ro m b o c y to p e n ia  a n d  
a n em ia  p e r s is te d . M o le c u la r  g e n e t ic  te s t  fo r  H LH  d id n ’t  d is c lo s e  p a th o g e n ic  v a r ia n t s . U p o n  fo llo w -u p , d e v e lo p m e n ta l 
d e la y  (G lo b a l D e v e lo p m e n t  in d e x  2 2 ) a n d  fa ilu re  to  th r iv e  w e re  n o t ic e d . T h e re fo re  in b o rn  m e ta b o lic  d is e a s e  d ia g n o s is  
w a s  c o n s id e re d . B o n e  m a r ro w  a n d  liv e r  b io p s ie s  w e re  p e r fo rm e d  a t  1 3  m o n th s , s u g g e s t in g  N ie m a n n  P ic k  D is e a s e . T h e  
d ia g n o s is  w a s  c o n fi rm e d  b y  lo w  a c id  s p h in g o m ye lin a s e  e n z ym e  a c t iv it y  in  le u k o c y te s  (0 ,0 9  n m o l/h /m g  p ro te in ; R R  0 ,3 9  a  
1 ,3 8 ), a n d  a  n e w  p o te n t ia l p a th o g e n ic  v a r ia n t  (c .1 1 0 0 G >A /p .G 3 6 7 E ), in  a p p a re n t  h o m o z y g o s it y  in  SM P D 1  g e n e , w a s  fo u n d .

C O M M E N T S :  T h is  c a s e  i llu s t ra te s  th e  im p o r t a n c e  to  m a in ta in  h ig h  s u sp ic io n  in  d iff e re n t ia l d ia g n o s is  e s p e c ia lly  w h e n  
th e  c o u r s e  o f  d is e a s e  is  a t y p ic a l. In  o u r  c a s e , d e sp ite  fu lfi lm e n t  o f  H LH  d ia g n o s t ic  c r it e r ia  d u r in g  a n  a c u te  fe b r i le  i lln e s s , a  
m e t ic u lo u s  s e a rc h  fo r  u n d e r ly in g  d is e a s e s  w a s  p e r fo rm e d , le a d in g  to  N P D  t y p e  A  d e fi n it iv e  d ia g n o s is . To  o u r  k n o w le d g e , 
t h e re  is  o n ly  o n e  c a s e  re p o r t  in  th e  lit e ra tu re  o f  H LH  fe a tu re s  a s s o c ia te d  w ith  N P D  t y p e  A . 
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M .  F .  C o u t i n h o 1 ,2
;  J .  I .  S a n t o s

1 ,3
;  L .  M a t o s 1 ,2 ;  M .  J .  P r a t a 3 ,4

;  S .  A l v e s
1 ,2  

1  R e s e a rc h  a n d  D e v e lo p m e n t  U n it , D e p a r tm e n t  o f  H u m a n  G e n e t ic s , N a t io n a l H e a lth  In s t it u te  D o u to r  R ic a rd o  J o rg e , P o r to , 
P o r tu g a l; 2  U n iv e r s it y  o f  P o r to , C e n te r  fo r  t h e  S tu d y  o f  A n im a l S c ie n c e , C E C A -IC E TA , P o r to , P o r tu g a l;  

3  D e p a r tm e n t  o f  B io lo g y , Fa c u lt y  o f  S c ie n c e s , U n iv e r s it y  o f  P o r to , P o r to , P o r tu g a l;  
4  U n iv e r s it y  o f  P o r to , i3 S  – H e a lth  re s e a rc h  a n d  in n o v a t io n  in s t it u te , P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - f r a n c i s c a . c o u t i n h o @ i n s a .m i n -s a u d e .p t  

M u c o p o ly s a c c h a r id o s is  t y p e  I I I  is  a  s u b g ro u p  o f  ra re , n e u ro n o p a th ic  L S D , w h ic h  h a s  b e e n  o n e  o f  o u r  re s e a rc h  fo c u s e s  o v e r  
th e  la s t  d e c a d e . D u r in g  th e s e  y e a r s , w e  h a v e  m o le c u la r ly  c h a ra c te r iz e d  th e  P o r tu g u e s e  M P S  I I I  p o p u la t io n . M o re  re c e n t ly , 
w e  h a v e  a ls o  d e s ig n e d  R N A -b a s e d  m e th o d s  to  e ith e r  c o r re c t  s p e c ifi c  m u ta t io n s  o r  a c t iv e ly  p ro m o te  s u b s t ra te  re d u c t io n  
b y  in h ib it in g  it s  b io s y n th e s is . W h a te v e r  th e  c a s e , t h e  th e ra p e u t ic  p o te n t ia l o f  t h e  R N A  d ru g s  u n d e r  d e v e lo p m e n t  h a s  b e e n  
a d d re s s e d  in  p a t ie n t s ’ fi b ro b la s t s  w ith  p ro m is in g  re s u lt s . N e v e r th e le s s , t h o s e  c e ll l in e s  h a rd ly  q u a lif y  a s  th e  m o s t  s u it a b le  
o n e s  to  a d d re s s  th e  d ru g s ’ fu ll p o te n t ia l. Id e a lly , w e  s h o u ld  te s t  e a c h  d ru g  o n  it s  t a rg e t  c e lls /t is s u e s . T h u s , t a k in g  in to  
a c c o u n t  th a t  o u r  m a jo r  g o a l is  to  a c h ie v e  b ra in  d e liv e r y  o f  t h e ra p e u t ic  R N A  d ru g s , w e  re c o g n iz e  th a t  it  w o u ld  b e  c ru c ia l to  
te s t  t h o s e  s am e  m o le c u le s  n o t  o n ly  in  p a t ie n t  fi b ro b la s t s  a n d  m o d e l n e u ro n a l c e ll l in e s , b u t  a ls o  in  p a t ie n t  n e u ro n a l c e lls . 
S t i ll, t h e  in a b ilit y  to  a c c e s s  liv e  n e u ro n s  f ro m  a ff e c te d  in d iv id u a ls  re m a in s  a  c h a lle n g e .

H e re  w e  p re s e n t  a n  a lte rn a t iv e  a p p ro a c h  to  g e n e ra te  p a t ie n t-d e r iv e d  M P S  I I I  n e u ro n a l c e ll l in e s  th ro u g h  a  n o n -in v a s iv e , 
c o s t  e ff e c t iv e  a p p ro a c h  u s in g  d e n ta l p u lp  s te m  c e lls  (D P S C ). T h e  p la s t ic it y  o f  D P S C s  h a s  b e e n  d em o n s t ra te d  b y  s e v e ra l 
in d e p e n d e n t  te am s , w h o  h a v e  s h o w n  th a t  th e y  s e lf -m a in ta in  th ro u g h  s e v e ra l p a s s a g e s , h o ld in g  p o te n t ia l to  g iv e  r is e  to  a  
v a r ie t y  o f  c e lls  in c lu d in g  fu n c t io n a lly  a c t iv e  n e u ro n s . N e v e r th e le s s , to  th e  b e s t  o f  o u r  k n o w le d g e , t h is  s o r t  o f  t e c h n o lo g y  
h a sn ’t  y e t  b e e n  a p p lie d  to  s am p le s  o b ta in e d  f ro m  L S D  p a t ie n t s . O u r  g o a l is  to  e s t a b lis h  o n e  s u c h  p ro to c o l in  h o u s e , to  
g e n e ra te  M P S  I I I  n e u ro n s  f ro m  n o rm a lly  s h e d  d e c id u o u s  “b a b y ” te e th . O n c e  e s t a b lis h e d , t h o s e  n e u ro n a l c e ll l in e s  w ill 
c o n s t it u te  a  v a lu a b le  p la t fo rm  to  a d d re s s  fu r th e r  a d d re s s  R N A  d ru g s ’ e ffi c ie n c y  in  v it ro .

O u r  c u r re n t  g o a l is  to  d r iv e  o u r  p e e r s ’ a t te n t io n  to  th is  p ro je c t  a n d  p ro m o te  it  am o n g  th e  P o r tu g u e s e  m e d ic a l c o m m u n it y  
o n  in h e r ite d  m e ta b o lic  d is o rd e r s . In  s u m m a r y , t h is  is  a  c a ll fo r  c o lla b o ra to r s : i f  y o u ’re  a  c lin ic ia n  fo llo w in g  u p  M P S  I I I  c h ild re n  
w h o  a re  c u r re n t ly  lo s in g  th e ir  b a b y  te e th , p le a s e  c o n s id e r  c o n ta c t in g  u s .

 
A c k n o w le d gm e n t s : 

T h is  w o rk  is  p a r t ia lly  s u p p o r te d  b y  th e  P o r tu g u e s e  S o c ie t y  fo r  M e ta b o lic  D is o rd e r s  (B o ls a  S P D M  d e  a p o io  à  in v e s t ig a ç ã o  D r. 
A g u in a ld o  C a b ra l 2 0 1 8 ; 2 0 1 9 D G H 1 6 2 9 /S P D M 20 1 8 I&D ) a n d  S a n fi lip p o  C h ild re n ’s  F o u n d a t io n  (2 0 1 9D G H 1 6 5 6 /S C F 2 0 1 9 I&D ).
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J I  S a n t o s 1 ,2 ;  L  M a t o s 1 ,3 ;  P A  O l i v e i r a
4
;  M  G o n ç a l v e s 4 ;  M J  P i r e s 4 ;  M F  C o u t i n h o 1 ,3

;  M J  P r a t a 2 ,5
;  S  A l v e s

1 ,3  

1  D e p a r tm e n t  o f  H u m a n  G e n e t ic s , N a t io n a l H e a lth  In s t it u te  D r. R ic a rd o  J o rg e , P o r to , P o r tu g a l; 2  B io lo g y  D e p a r tm e n t , 
Fa c u lt y  o f  S c ie n c e s  o f  U n iv e r s it y  o f  P o r to , P o r to , P o r tu g a l; 3  C E C A -IC E TA , C e n te r  fo r  t h e  S tu d y  A n im a l S c ie n c e  o f  U n iv e r s it y  
o f  P o r to , P o r to , P o r tu g a l; 4  C ITA B , C e n te r  fo r  t h e  R e s e a rc h  a n d  Te c h n o lo g y  o f  A g ro -E n v iro n m e n ta l a n d  B io lo g ic a l S c ie n c e s , 

V ila  R e a l, P o r tu g a l; 5  i3 s , H e a lth  R e s e a rc h  a n d  In n o v a t io n  In s t it u te  o f  U n iv e r s it y  o f  P o r to , P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - j u l i a n a . s a n t o s @ i n s a .m i n -s a u d e .p t  

S p lic in g  is  a n  e s s e n t ia l c e llu la r  p ro c e s s  to  g e n e ra te  m a tu re  t ra n s c r ip t s  f ro m  p re -m R N A . O n e  o f  t h e  m o s t  im p o r t a n t  f a c to r s  
fo r  m R N A  t ra n s c r ip t io n  is  t h e  U 1 sn R N A , a  s p lic e o so m a l c o m p o n e n t  th a t  re c o g n iz e s  5 ’ s p lic e  s it e  (s s ) a t  s p e c ifi c  re g io n s  in  
p re -m R N A . S p lic in g  m u ta t io n s  re p re s e n t  o n e  o f  t h e  m o s t  f re q u e n t  (~2 0%) g e n e t ic  d e fe c t s  in  M u c o p o ly s a c c h a r id o s is  I I IC  
(M P S  I I IC ), a  L S D  c a u s e d  b y  m u ta t io n s  in  th e  H G SN AT  g e n e , e n c o d in g  a n  e n z ym e  in v o lv e d  in  h e p a ra n  s u lp h a te  d e g ra d a t io n . 
E x o n -s k ip p in g  h a s  b e e n  d em o n s t ra te d  a s  p ro b a b ly  th e  m o s t  f re q u e n t  a b e r ra n t  s p lic in g  d e fe c t , a n d  o c c u r s  d u e  to  m u ta t io n s  
in  th e  5 ’s s . A p p lic a t io n  o f  m o d ifi e d  U 1 sn R N A s  to  im p ro v e  re c o g n it io n  o f  m u ta te d  5 ’s s  re p re s e n t  a  p o te n t ia l t h e ra p e u t ic  
s t ra te g y  to  re c o v e r  th e  n o rm a l s p lic in g  p ro c e s s .

c .2 3 4+1G >A  is  a  f re q u e n t  m u ta t io n  am o n g  p a t ie n t s  f ro m  th e  M e d ite r ra n e a n  b a s in  (P o r tu g a l, S p a in , M o ro c c o  a n d  Tu n is ia ). 
I t ’s  lo c a te d  in  th e  + 1  p o s it io n  o f  in t ro n  2  o f  H G SN AT  g e n e  a n d  le a d s  to  th e  s k ip p in g  o f  e x o n  2 . W e  d em o n s t ra te d  in  fi b ro b la s t  
c e lls  t h a t  a  m o d ifi e d  U 1 sn R N A  v e c to r  (c o m p r is in g  e x o n s  1  to  3 ) d e s ig n e d  to  im p ro v e  th e  d e fi n it io n  o f  e x o n  2  5 ’s s  o f  t h e  
H G SN AT  c a n  re s to re  th e  s p lic in g  d e fe c t  c a u s e d  b y  th is  m u ta t io n  (M a to s  e t  a l., 2 0 1 4 ). C u r re n t ly  o u r  g o a l is  to  e v a lu a te  
in  v iv o  th e  th e ra p e u t ic  p o te n t ia l o f  t h a t  m o d ifi e d  U 1  s n R N A  b y  te s t in g  it  in  m ic e  e x p re s s in g  th e  h u m a n  s p lic in g  d e fe c t .  
W e  g e n e ra te d  fu ll-le n g th  (H G SN AT  c D N A  s e q u e n c e  p lu s  p a r t  o f  in t ro n s  1  a n d  2 ) s p lic in g  c o m p e te n t  c o n s t ru c t s  o f  w ild -t y p e  
(w t ) a n d  c .2 3 4+1G >A  H G SN AT  b y  c lo n in g  th e  w t  o r  t h e  m u ta te d  H G SN AT  s p lic in g -c o m p e te n t  c a s s e t te s  in to  th e  p c D N A  
3 .1  b a c k b o n e . T h e n , w e  t ra n s fe c te d  th e  c o n s t ru c t s  in to  C O S -7  c e lls  to  c h e c k  if  t h e  s p lic in g  p a t te rn  w a s  re p ro d u c e d . W e  
p ro c e e d e d  fo r  in  v iv o  s tu d ie s  u s in g  th e  c o n s t ru c te d  p la sm id  v e c to r s  to  p ro m o te  t ra n s ie n t  e x p re s s io n  o f  t h e  h u m a n  H G SN AT  
w t  o r  m u ta n t  in  c 5 7 b l/6  m ic e . W e  a d m in is t ra te d  th e  p H G SN AT  o r  p H G SN AT+1G  c o n s t ru c t s  in  m ic e  b y  h y d ro d y n am ic  
in je c t io n  (u s in g  th e  t a il v e in ). A f te r  4 8 h  a n im a ls  w e re  s a c r ifi c e d , t h e  liv e r  w a s  c o lle c te d  a n d  th e  a n a ly s is  b y  m o le c u la r  
b io lo g y  p e r fo rm e d . U n fo r tu n a te ly , n o  e v id e n c e  o f  e ff e c t iv e  p H G SN AT  c D N A  g e n e  e x p re s s io n  w a s  o b s e r v e d . W e  w ill n o w  
re p e a t  th e  p ro to c o l o f  in  v iv o  p ro c e d u re s  w ith  s o m e  a lte ra t io n s , s u c h  a s  a  d iff e re n t  m ic e  s t ra in , a n  o p t im iz e d  in je c t io n  
v o lu m e  (in c re a s in g  fo r  8 -9%  o f  th e  m ic e  b o d y  w e ig h t  in s te a d  7% ) a n d  th e  in c lu s io n  o f  a  c o m m e rc ia l d e liv e r y  s o lu t io n  in  
th e  p ro to c o l to  e n h a n c e  th e  t ra n s fe c t io n  e ffi c ie n c y .
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C Y S T I N O S I S  - A  R A R E  B U T  C R U C I A L  D I A G N O S I S
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F  U r b a n o 1
;  C  S a l g a d o

1
;  I  L e a l

2
;  C  S im ã o 1  

1  D e p a r t am e n to  d e  P e d ia t r ia ,  H o sp it a l d e  S a n ta  M a r ia , C e n t ro  H o sp it a la r  U n iv e r s it á r io  L is b o a  N o r te , L is b o n , P o r tu g a l;  
2  S e r v iç o  d e  O f t a lm o lo g ia , H o sp it a l d e  S a n ta  M a r ia , C e n t ro  H o sp it a la r  U n iv e r s it á r io  L is b o a  N o r te , L is b o n , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - fi l i p a u r b a n o . i n t @ g m a i l . c o m  

N e p h ro p a t ic  c y s t in o s is  is  a  ra re  a n d  a u to so m a l re c e s s iv e  d is e a s e , c a u s e d  b y  C T N S  g e n e  m u ta t io n s , w ith  a  c o n s e q u e n t  e a r ly  
ly s o so m a l c y s t in e  a c c u m u la t io n  in  v ir t u a lly  a ll t is s u e s . T h e  k id n e y  is  t h e  fi r s t  a ff e c te d  o rg a n  a n d  in fa n t ile  n e p h ro p a th ic  
c y s t in o s is  is  t h e  m o s t  f re q u e n t  a n d  s e v e re  v a r ia n t . 

S e v e n te e n  m o n th s -o ld  g ir l w ith  a  n o rm a l h e ig h t-w e ig h t  ra t io  e v o lu t io n  u n t il 1 4  m o n th s  o ld , w h e n  p a re n t s  n o te d  p o ly d ip s ia , 
p o ly u r ia  a n d  h e ig h t-w e ig h t  s t a g n a t io n . S h e  w a s  a d m it te d  o n  h o sp it a l a n d  b lo o d  te s t s  s h o w e d  c h ro n ic  k id n e y  d is e a s e  (s t a g e  
I I Ia ) w ith  h y p o n a t ra em ia , h y p o k a la em ia , h y p o p h o sp h o rem ia , h y p o c a lc em ia  h y p o u r ic a em ia  a n d  h y p e rc h lo re m ic  m e ta b o lic  
a c id em ia . U r in a r y  te s t s  s h o w e d  g ly c o su r ia , p ro te in u r ia  a n d  lo w  s o d iu m  a n d  p o ta s s iu m . T h e  d ia g n o s t ic  o f  Fa n c o n i S y n d ro m e  
w a s  ra is e d . X -ra y  o f  lo n g  b o n e s  s h o w e d  c h a n g e s  c o m p a t ib le  w ith  r ic k e t s . C a rd io lo g ic a l e v a lu a t io n  a n d  re n a l u lt ra s o u n d  
w e re  n o rm a l.  T h a t  t im e , t h e re  w e re  n o  c r y s t a ls  o f  c y s t in e  in  th e  e y e s . T h e  h y p o th e s is  o f  d ia g n o s is  o f  in fa n t ile  n e p h ro p a t ic  
c y s t in o s is  w a s  ra is e d  a n d  th e  d e te rm in a t io n  o f  in t ra le u k o c y t ic  c y s t in e  re v e le a d  a  h ig h  v a lu e  o f  0 .4 6γm o l/g  p ro te in . G e n e t ic  
s tu d y  s h o w e d  th e  m u ta t io n  d e lA C G , c o n fi rm in g  th e  d is e a s e . T re t am e n t  w ith  c y s te am in e  w a s  s t a r te d  (1 5 0m g , e v e r y  6 h ) a s  
w e ll a s  c o n s e r v a t iv e  re n a l t h e ra p y , w ith  s u c c e s s iv e  a d ju s te m e n t s . 

A t  2 1  m o n th s , t h e  o p h th a lm o lo g ic a l e v a lu a t io n  s h o w e d  a lre a d y  c y s t in e  c r y s t a ls  in  th e  le f t  e y e  a n d  th e ra p y  w ith  c y s te am in e  
e y e  d ro p s  (3 .8m g /m L , 1  d ro p  e v e r y  6 h ) w a s  s t a r te d . S h e  is  c u r re n t ly  3  y e a r s  o ld , in  th e  3 rd  p e rc e n t ile  o f  w e ig h t , u n d e r  th e  
3 rd  p e rc e n t ile  o f  h e ig h t , c lin ic a lly  a n d  a n a ly t ic a lly  s t a b le , w ith o u t  p ro g re s s io n  o f  r ic k e t s  a n d  w ith  a s ym p to m a t ic  c y s t in e  
c r y s t a ls  o n ly  in  th e  o c u la r  e p ith e liu m , w ith o u t  o th e r  im p o r t a n t  s y s te m ic  m a n ife s t a t io n s .

I t  is  n e c e s s a r y  to  h a v e  a  h ig h  d e g re e  o f  s u sp ic io n  fo r  t h is  d is e a s e , in  o rd e r  to  s t a r t  t a rg e te d  th e ra p y  e a r ly  a n d  a n  a d e q u a te  
m u lt id is c ip lin a r y  fo llo w -u p  o f  t h e s e  p a t ie n t s . To  im p ro v e  a d h e re n c e  to  th e ra p y  a n d  q u a lit y  o f  li fe , w ith o u t  d is tu rb in g  th e  
q u a lit y  o f  n ig h t  s le e p , t h e  u s e  o f  t h e ra p y  w ith  g re a te r  d o s e  c o m fo r t  is  a n  im p o r t a n t  f a c to r.
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T H E  T O P  T E N  R E S E A R C H  P R I O R I T I E S  F O R  R A R E  M I T O C H O N D R I A L  
D I S E A S E S :  R E S U LT S  O F  A  P A T I E N T /H E A LT H  P R O F E S S I O N A L  P R I O R I T Y  

S E T T I N G  P A R T N E R S H I P

P O -1 2
S h a m im a  R a h m a n 1

; L y n d s e y  B u t t e r w o r t h
2
; C a t h e r in e  F e e n e y

3
; T r a c e y   G r a v e s

4
; S a r a h   H o lm e s 5 ;   

A m y   H u n t e r 6 ; J o   L o w n d e s
7
; J e n n y   S h a r p e

8
; R h y s   T h o m a s 9 ; S h e e la   U p a d h y a y a

1 0
; M a r c e la   V o t r u b a 1 1

;   

L i n d s a y   W e a v e r 1 3 ; R u s s e l l   W h e e le r 1 2

1 M ito ch o n d ria l R e se a rch  G ro u p , U C L  G re a t  O rm o n d  S tre e t  In st itu te  o f C h ild  H e a lth , Lo n d o n , U n ite d  K in g d om ; 2 S c ie n ce  
C om m un ic a t io n , Th e  L ily  Fo u n d a tio n , Wa rlin g h am , Su rre y, U n ite d  K in g d om ; 3 D e p a r tm en t o f N e u ro sc ie n ce s, H ig h ly  Sp e c ia lise d  
S e rv ice  fo r  R a re  M ito ch o n d ria l D ise a se , N ew ca stle , U n ite d  K in g d om ; 4 N e u ro lo g y, H in ch in g b ro o ke  an d  Ad d e n b ro o ke ’s  H o sp ita ls, 

C am b rid g e , U n ite d  K in g d om ; 5 Q u e e n  Sq u a re  C e n tre  fo r  N e u rom u scu la r D ise a se s, N a t io n a l H o sp ita l fo r  N e u ro lo g y  an d  
N e u ro su rg e ry, Lo n d o n , U n ite d  K in g d om ; 6 D ire c to r o f R e se a rch , G e n e tic  A llia n ce  U K , Lo n d o n , U n ite d  K in g d om ; 7 O x fo rd  C e n tre  
fo r  G e n om ic  M ed ic in e ,, O x fo rd  U n ive rs ity  H o sp ita ls  N H S  Fo u n d a tio n  Tru st, O x fo rd , U n ite d  K in g d om ; 8 R e se a rch  C om m un ic a t io n s, 
M u scu la r D y stro p h y  U K , Lo n d o n , U n ite d  K in g d om ; 9 We llcom e  Tru st  C e n tre  fo r  M ito ch o n d ria l R e se a rch , N ew ca stle  U n ive rs ity, 
N ew ca stle , U n ite d  K in g d om ; 10 JLA  Ad v ise rs, Th e  Jam e s  L in d  A llia n ce , S o u th am p to n , U n ite d  K in g d om ; 11 S ch o o l o f O p tom e try  
an d  Vis io n  S c ie n ce s, Th e  U n ive rs ity  H o sp ita l o f Wa le s  an d  C a rd iff  U n ive rs ity, C a rd iff , U n ite d  K in g d om ; 12 Tru ste e s, LH O N  So c ie ty, 

H o ck le y, E sse x , U n ite d  K in g d om ; 13 C h ie f E xe cu tive , M e tab o lic  Su p p o r t  U K , C h e ste r, U n ite d  K in g d om ; 

P r e s e n t in g  A u t h o r  - s h a m im a .r a h m a n @ u c l .a c .u k

B A C K G R O U N D : P r im a ry  m ito ch o n d ria l d ise a se s  a re  se ve re  in h e rite d  d iso rd e rs  in  w h ich  th e  fu n c t io n  o f th e  m ito ch o n d ria  is  
aff e c te d  b y  a  n u c le a r o r  m ito ch o n d ria l g e n e tic  m u ta t io n . Th e se  d iso rd e rs  c u rre n tly  la c k  e ff e c t ive  d ise a se -m o d ify in g  th e rap ie s  
an d  a re  fre q u e n tly  life -lim it in g  an d /o r d isab lin g . Th e  P rio r ity  S e tt in g  Pa r tn e rsh ip s  (P SPs) a re  an  e stab lish e d  an d  co lla b o ra t ive  
m e th o d o lo g y  th a t  b r in g s  p a t ie n ts, p a t ie n t  o rg an isa t io n  re p re se n ta t ive s  an d  c lin ic ian s  to g e th e r to  tr y  to  e stab lish  th e  m o st  p re ss in g  
an d  u n an sw e re d  re se a rch  p rio r it ie s  fo r  a  sp e c ifi c  d ise a se .

A IM : To  id e n tify  th e  u n an sw e re d  q u e st io n s  ab o u t ra re , p r im a ry, m ito ch o n d ria l d ise a se s  from  p a tie n t, c a re r a n d  c lin ic a l p e rsp e c t ive s ; 
a n d  to  p rio r it ise  th o se  th a t  p a t ie n ts, c a re rs  an d  c lin ic ian s  ag re e  a re  th e  m o st  im p o r tan t  q u e st io n s  fo r re se a rch  to  ad d re ss. 
 
M E T H O D S :  Th e  to p  te n  re se a rch  p rio r it ie s  w e re  e stab lish e d  th ro u g h  a  s tru c tu re d  p ro ce ss  o f w e b -b a se d  q u e st io n n a ire s, lite ra tu re  
se a rch in g  an d  fa ce -to -fa ce  w o rk sh o p s. A t  e ve ry  s tag e  w e  a c t iv e ly  so u g h t to  b e  in c lu s ive  o f p e o p le  w ith  v isu a l im p a irm en t an d  from  
m in o rity  e th n ic  g ro u p s. 

R E S U LT S :  A n  in it ia l w e b -b a se d  q u e st io n n a ire , a sk in g  a ll p a t ie n ts  aff e c te d  b y  p rim a ry  m ito ch o n d ria l d ise a se , th e ir  c a re rs  an d  
c lin ic ian s  to  p o se  th e ir  im p o r tan t  re se a rch  q u e st io n s, y ie ld e d  709  q u e st io n s. Th e se  709  q u e st io n s  (from  50  p a t ie n ts, 47  c a re rs  an d  
50  c lin ic ian s) w e re  g ro u p e d  in to  th em e s  an d  fi lte re d  to  e xc lu d e  s ta tem en ts  th a t  w e re  p e rso n a l s to r ie s  ra th e r th an  an sw e rab le  
q u e st io n s. E x te n s ive  lite ra tu re  se a rch in g  th e n  d e te rm in e d  w h ich  o f th e se  q u e st io n s  a re  u n an sw e re d  b a se d  o n  cu rre n t  e v id e n ce , 
re su lt in g  in  a  lis t  o f 42  d isc re te , a n sw e rab le  q u e st io n s. A ll p a t ie n ts, c a re rs  an d  c lin ic ian s  w e re  in v ite d  to  p r io r it ise  th e se  42  q u e st io n s  
an d  ran k  th em  from  ‘im p o r tan t ’ to  ‘le ss  im p o r tan t ’ u s in g  a  w e b -p la tfo rm . Th is  id e n tifi e d  24  q u e st io n s  th a t  w e re  ta ke n  fo rw a rd  to  
a  fa ce -to -fa ce  w o rk sh o p  a tte n d e d  b y  a  d ive rse  ran g e  o f p a t ie n ts, c a re rs, c h a rity  re p re se n ta t ive s  an d  c lin ic ian s, w h e re  th e  re la t iv e  
m e rits  a n d  s tre n g th s  o f e a ch  q u e st io n  w a s  d e b a te d  to  c re a te  a  d e fin it iv e  ‘to p  10  o f u n an sw e re d  re se a rch  q u e st io n s  fo r p r im a ry  
m ito ch o n d ria l d iso rd e rs’. 

D I S C U S S IO N : Th e  M ito ch o n d ria l D ise a se  P rio r ity  S e tt in g  Pa r tn e rsh ip  h o p e s  th a t  b y  id e n tify in g  th e  p rio r ity  q u e st io n s  fo r re se a rch , 
w e  w ill e n su re  th a t  fu tu re  re se a rch  is  fo cu se d  o n  th e  issu e s  th a t  m a tte r m o st  to  p e o p le  w ith  m ito ch o n d ria l d ise a se , th e ir  c a re rs  an d  
re la t iv e s  an d  th e  h e a lth ca re  p ro fe ss io n a ls  w h o  su p p o r t  th em .
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L E I G H  S Y N D R O M E  A N D  M I T O C H O N D R I A L  D N A  – R E I N F O R C I N G  T H I S  
R E L A T I O N  I N  G E N E T I C  S C R E E N I N G

P O -1 3
M a n u e l a  B a l d o 1

;  E s m e r a l d a  M a r t i n s 2 ;  L a u r a  V i l a r i n h o
1 ,3  

1  U n id a d e  d e  In v e s t ig a ç ã o  e  D e s e n v o lv im e n to , D e p a r t am e n to  d e  G e n é t ic a  H u m a n a , In s t it u to  N a c io n a l d e  S a ú d e  D o u to r  
R ic a rd o  J o rg e  (IN S A ), P o r to , P o r tu g a l; 2  C e n t ro  M a te rn o -In fa n t il d o  N o r te  (C M IN ), C e n t ro  H o sp it a la r  U n iv e r s it á r io  d o  P o r to , 
P o r to , P o r tu g a l; 3  U n id a d e  d e  R a s t re io  N e o n a ta l, M e ta b o lism o  e  G e n é t ic a  H u m a n a , D e p a r t am e n to  d e  G e n é t ic a  H u m a n a , 

In s t it u to  N a c io n a l d e  S a ú d e  D o u to r  R ic a rd o  J o rg e  (IN S A ), P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - m a n u e l a .b a l d o @ i n s a .m i n -s a u d e .p t  

M ito c h o n d r ia l d is o rd e r s  o f  e n e rg y  g e n e ra t io n  a re  th e  m o s t  f re q u e n t  g ro u p  o f  in b o rn  e r ro r s  o f  m e ta b o lism  f re q u e n t ly  
m a n ife s t in g  a s  L e ig h  S y n d ro m e . T h is  s y n d ro m e  is  t h e  m o s t  c o m m o n  p re s e n ta t io n  p h e n o t y p e  in  e a r ly  y e a r s  o f  li fe , 
a lth o u g h  m a y  m a n ife s t  a t  a n y  a g e  g ro u p . L e ig h  s y n d ro m e  c la s s ic a lly  p re s e n t s  p re d o m in a n t  n e u ro lo g ic a l s ym p to m s  s u c h  
a s  n e u ro d e v e lo p m e n t  d e la y , h y p o to n ic  to n u s , s e iz u re s , o p h th a lm o lo g ic a l im p a irm e n t  a n d  p ro g re s s iv e  a p n e a  c r is is . B ra in  
im a g in g  in v e s t ig a t io n  d is p la y s  s ym m e t r ic a l b a s a l g a n g lia  a n d  b ra in  s te m  le s io n s  w h ic h  a re  a s s o c ia te d  to  th is  s y n d ro m e . 
T h e  in v e s t ig a t io n  p a thw a y  to w a rd s  d ia g n o s is  in c lu d e s  b io c h em ic a l a n d  m o le c u la r  a n a ly s is  to  c o n fi rm  th e  s u sp ic io n .  
B e s id e s  te c h n iq u e s  p ro g re s s e s  in  g e n e t ic  e v a lu a t io n , a n  im p o r t a n t  m a jo r  s te p  in  p e r fo rm in g  m o le c u la r  a n a ly s is  is  t h e  
m ito c h o n d r ia l D N A  c o n te n t . In  th e s e  p re s e n ta t io n s  s o m e  v a r ia n t s  a re  s t r ik in g ly  im p o r t a n t  to  b e  c h e c k e d . U n lik e  n u c le a r  
D N A  th e  m ito c h o n d r ia l n u c le ic  a c id  m a te r ia l is  c o m p o se d  b y  a  d o u b le  c irc u la r  m o le c u le  c o n ta in in g  3 7  g e n e s  th a t  
h a v e  a lre a d y  b e e n  d e ta ile d . R e c e n t  in v e s t ig a t io n s  h a v e  p ro v e n  to  c o r re la te  a lre a d y  d e s c r ib e d  m u ta t io n s  to  m o re  th a n  
o n e  p h e n o t y p e . T h is  e x p a n d in g  k n o w le d g e  o f  a s s o c ia t io n  h a s  e n h a n c e d  th e  n e e d  to  a n a ly z e  m ito c h o n d r ia l D N A  w h e n  
in v e s t ig a t in g  m ito c h o n d r ia l d is o rd e r s  a n d  if  a s s o c ia te d  to  b io c h em ic a l s tu d ie s  e ff e c t iv e  re s u lt s  m a y  b e  g iv e n  in  o p t im a l 
t im e . T h e  m o s t  f re q u e n t  a s s o c ia te d  v a r ia n t  is  t h e  m .8 9 9 3  T>C /G  in  AT P 6  w h ic h  re p re s e n t s  a  N e u ro p a th y , A ta x ia  a n d  
R e t in it is  P ig m e n to s a  (N A R P )/ M a te rn a lly  In h e r ite d  L e ig h  S y n d ro m e  (M IL S ) p h e n o t y p e s . T h is  m u ta t io n  m a y  p ro d u c e  in  
b io c h em ic a l am in o  a c id  a n a ly s is  h y p o c it ru llin em ia , w h ic h  m a y  c o n t r ib u te  to  th e  in v e s t ig a t io n . T h e  c lin ic a l p ic tu re  p re s e n t s  
b a s ic a lly  a c c o rd in g  to  m u ta t io n  lo a d  o f  t h is  v a r ia n t , e x p e c t in g  M IL S  p h e n o t y p e  in  h ig h e r  ra te s  a n d  N A R P  p h e n o t y p e  
in  lo w e r  ra te s . S o  fa r, n e a r ly  3 0  m u ta t io n s  a lre a d y  d e s c r ib e d  in  m ito c h o n d r ia l D N A  a re  a s s o c ia te d  to  L e ig h  s y n d ro m e  
in  is o la te d  m a n n e r  o r  a s s o c ia te d  to  o th e r  d is o rd e r. T h e  m u ta t io n s  m o s t  f re q u e n t ly  re la t in g  L e ig h  s y n d ro m e  to  a n o th e r  
m ito c h o n d r ia l p h e n o t y p e s  a re : m .3 2 4 3  A>G , m . 3 6 9 7  G >A , m .9 1 7 6  T>C /G , m .1 0 1 9 1 T>C , m .1 3 5 1 3  G >A . T h e  in c re a s e  
in  d ia g n o s e d  c a s e s  g e n e t ic a lly  u n d e r lin e d  b y  m ito c h o n d r ia l m u ta t io n s  p ro v e s  th e  im p o r t a n c e  o f  a n a ly z in g  m tD N A  
in  L e ig h  s y n d ro m e  in  fi r s t  m o le c u la r  a p p ro a c h  a n d  p ro c e e d in g  in  c o m p le x it y  a n a ly s is  w h e n e v e r  re q u ire d  in  e a c h  c a s e .    
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N O V E L  N U B P L  V A R I A N T S  R E V E A L E D  B Y  W H O L E -E X O M E   
S E Q U E N C I N G  I N  A  C H I L D  W I T H  A T A X I C  G A I T  

 

P O -2 8
R  Q u e n t a l 1 ;  A  G r a n g e i a

1 ,3
;  E  R o d r i g u e s

2
;  I  A l o n s o

5
;  M  L e ã o 1 ,4  

1  S e r v iç o  d e  G e n é t ic a  M é d ic a , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  S ã o  J o ã o , P o r to , P o r tu g a l; 2  S e r v iç o  d e  P e d ia t r ia , C e n t ro  
H o sp it a la r  U n iv e r s it á r io  d e  S ã o  J o ã o , P o r to , P o r tu g a l; 3  i3 S  - In s t it u to  d e  In v e s t ig a ç ã o  e  In o v a ç ã o  e m  S a ú d e , U n iv e r s id a d e  
d o  P o r to , P o r to , P o r tu g a l; 4  S e r v iç o  d e  G e n é t ic a  M é d ic a , Fa c u ld a d e  d e  M e d ic in a  d a  U n iv e r s id a d e  d o  P o r to , P o r to , P o r tu g a l; 

5  U n IG E N e  e  C G P P, IB M C , i3 S  - In s t it u to  d e  In v e s t ig a ç ã o  e  In o v a ç ã o  e m  S a ú d e , U n iv e r s id a d e  d o  P o r to , P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - q u e n t a l r i t a @ g m a i l . c o m  

W ith  th e  a d v a n c e  o f  g e n e t ic  te c h n ic s , m a in ly  o f  n e x t  g e n e ra t io n  s e q u e n c in g , t h e re  is  a n  in c re a s in g  n u m b e r  o f  p a t ie n t s  w ith  
a  p re v io u s ly  n o t  re c o g n iz e d  d is e a s e  o r  s y n d ro m e  th a t  is  b e in g  d ia g n o s e d . 

W e  p re s e n t  a n  1 1  y e a r s -o ld  b o y  w ith  n o n -c o n s a n g u in e o u s  h e a lth y  p a re n t s  a n d  o n e  y o u n g e r  h e a lth y  b ro th e r. T h e  c h ild  w a s  
b o rn  a t  t e rm  a f te r  a n  u n e v e n t fu l p re g n a n c y  w ith  n o rm a l b ir th  s o m a to m e t r y .  H e  h a d  a n  a p p a re n t ly  n o rm a l p s y c h o m o to r  
d e v e lo p m e n t  a n d  g ro w th , s t a tu re  a n d  o c c ip ito f ro n ta l c irc u m fe re n c e  u n t il 5  m o n th s  o f  a g e , w h e n  h e  s t a r te d  w ith  fe e d in g  
d iffi c u lt ie s  (v o m it in g  a n d  fo o d  re fu s a l). G lo b a l d e v e lo p m e n t  d e la y  w a s  n o t ic e d  a t  8  m o n th s . H e  s t a r te d  to  w a lk  a t  3 ,5  y e a r s  
o f  a g e  w ith  a t a x ic  g a it  a n d  h a d  e x p re s s iv e  la n g u a g e  d e la y . P s y c h o m e t r ic  e v a lu a t io n  re v e a le d  a  lo w -a v e ra g e  s c o re . B ra in  
M R I p e r fo rm e d  a t  4  y e a r s  o f  a g e  s h o w e d  c e re b e lla r  a t ro p h y  a n d  a  c e r v ic a l s y r in g o m ye lic  c a v it y  a t  C 6 -C 7  le v e l w ith o u t  m a s s  
e ff e c t . T h e re  w a s  n o  in v o lv em e n t  o f  in te rn a l o rg a n s . D u r in g  d e v e lo p m e n t  h e  is  s h o w in g  p ro g re s s iv e  im p ro v em e n t  in  h is  
m o to r  s k ills , w ith  le s s  s e v e re  g a it  a t a x ia , a n d  d y s a r th r ia .

W h o le -e x o m e  s e q u e n c in g  (W E S ) w a s  p e r fo rm e d  a f te r  e x te n s iv e  e t io lo g ic  in v e s t ig a t io n , re v e a lin g  c o m p o u n d  h e te ro z y g o u s  
v a r ia n t s , b o th  c la s s ifi e d  a s  o f  u n c e r t a in  s ig n ifi c a n c e , in  N U B P L  g e n e , e n c o d in g  a n  a s s em b ly  fa c to r  fo r  m ito c h o n d r ia l c o m p le x  
І. O n e  o f  t h e  v a r ia n t s  - c .2 7 0_2 7 5 d e l - is  n o v e l a n d  le a d s  to  th e  d e le t io n  o f  tw o  am in o  a c id s  (p .(L e u 9 2_A la 9 3 d e l)); t h e  o th e r  
v a r ia n t  - c .8 9 7 G >A , p .(G lu 2 9 9=) - is  n o t  fo u n d  in  a n y  d a ta b a s e  o f  h u m a n  v a r ia t io n  a n d  is  p re d ic te d  to  a ff e c t  a  d o n o r  s p lic e  
s it e . R e sp ira to r y  c h a in  e n z ym e  a s s a y  in  m u s c le  is  u n d e rw a y  to  in v e s t ig a te  c o m p le x  I  d e fi c ie n c y .

A u to so m a l re c e s s iv e  N U B P L  p a th o g e n ic  v a r ia n t s  w e re  fi r s t  re p o r te d  a s  b e in g  a s s o c ia te d  w ith  c o m p le x  I  d e fi c ie n c y  in  2 0 1 0 . 
S in c e  th e n , 1 3  p a t ie n t s  (1 0  fam ilie s ) h a v e  b e e n  d e s c r ib e d , p re s e n t in g  le u k o e n c e p h a lo p a th y  w ith  a t a x ia , d y s to n ia , s p a s t ic it y  
a n d  d y s a r th r ia . R e c e n t ly , o n e  p a t ie n t  w a s  re p o r te d  w ith  m u lt is y s te m ic  in v o lv em e n t . M o s t  o f  t h e s e  p a t ie n t s  e x h ib it  a  d is t in c t  
p a t te rn  in  b ra in  M R I in v o lv in g  th e  c e re b e lla r  c o r te x , d e e p  w h ite  m a t te r  a n d  c o rp u s  c a llo s u m  a t  e a r ly  s t a g e , p ro g re s s in g  to  
s e v e re  c e re b e lla r  a t ro p h y  a n d  b ra in s te m  in v o lv em e n t  a t  a  la te r  s t a g e .

T h is  c a s e  re p o r t  d em o n s t ra te s  th e  re le v a n c e  o f  W E S  in  d ia g n o s in g  p a t ie n t s  w ith  ra re  d is e a s e s  a n d  b r in g s  fu r th e r  in s ig h t  
in to  th e  N U B P L  g e n e t ic  a n d  c lin ic a l k n o w le d g e , b y  s h o w in g  a  c h ild  w ith  a  le s s  s e v e re  p h e n o t y p e  th a t  is  p ro g re s s iv e ly  
im p ro v in g .
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A M I N O A C Y L -T R N A  S Y N T H E T A S E  D I S O R D E R S :   
A N  E M E R G I N G  G R O U P  O F  M I T O C H O N D R I A L  D I S E A S E S  

 

P O -3 0
C e l i a  N o g u e i r a 1

;  C  P e r e i r a
1
;  L  S i l v a

1
;  P  J a n e i r o

2
;  A  G a s p a r

2
;  M  R o d r i g u e s 3 ;  A  B a n d e i r a

4
;  E  M a r t i n s 4 ;   

M  M a g a l h ã e s 5 ;  J  D a m á s i o 5
;  S  S e q u e i r a

6
;  P  S o u s a

7
;  L  V i l a r i n h o

1  

1  G e n é t ic a  H u m a n a , In s t it u to  N a c io n a l d e  S a ú d e  D o u to r  R ic a rd o  J o rg e , P o r to , P o r tu g a l; 2  P e d ia t r ia  - D o e n ç a s  M e ta b ó lic a s , 
C e n t ro  H o sp it a la r  L is b o a  N o r te , E P E , L is b o a , P o r tu g a l; 3  G e n é t ic a , C e n t ro  H o sp it a la r  L is b o a  N o r te , E P E , L is b o a , P o r tu g a l; 
4  P e d ia t r ia  - D o e n ç a s  M e ta b ó lic a s , C e n t ro  H o sp it a la r  e  U n iv e r s it á r io  d o  P o r to , E P E , P o r to , P o r tu g a l; 5  N e u ro lo g ia , C e n t ro  
H o sp it a la r  e  U n iv e r s it á r io  d o  P o r to , E P E , P o r to , P o r tu g a l; 6  P e d ia t r ia  - D o e n ç a s  M e ta b ó lic a s , C e n t ro  H o sp it a la r  L is b o a  

C e n t ra l, E P E , L is b o a , P o r tu g a l; 7  P e d ia t r ia , H o sp it a l C e n t ra l d o  F u n c h a l, F u n c h a l, P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - c e l i a . n o g u e i r a @ i n s a .m i n -s a u d e .p t  

B A C K G R O U N D :  P a th o lo g ie s  a s s o c ia te d  w ith  m ito c h o n d r ia l d y s fu n c t io n s  in v o lv e  a  la rg e  n u m b e r  o f  g e n e t ic  d e fe c t s  w ith  
d iff e re n t  in h e r it a n c e  m e c h a n ism s , e ith e r  m a te rn a lly  o r  m e n d e lia n , c a u s e d  b y  m u ta t io n s  in  m ito c h o n d r ia l a n d  n u c le a r  
g e n o m e , re s p e c t iv e ly . T h e  n u c le u s -e n c o d e d  m ito c h o n d r ia l am in o a c y l-tR N A  s y n th e ta s e s  (m t-a a R S s ) a re  k e y  c o m p o n e n t s  
o f  t h e  m ito c h o n d r ia l t ra n s la t io n  a p p a ra tu s . M u ta t io n s  in  th e s e  e n z ym e s  c a n  le a d  to  v a s t ly  d iv e r s e  d is e a s e s , o c c u r r in g  a t  
d iff e re n t  s t a g e s  in  li fe , a n d  in v o lv in g  d iff e re n t  t is s u e s . T h e  fi r s t  d e s c r ip t io n  o f  a  s e r ie s  o f  m u ta t io n s  in  a n  m t-a a R S s  c a u s in g  
a  p a r t ic u la r  le u k o d y s t ro p h y  d a te s  b a c k  to  2 0 0 7 . In  o n ly  1 3  y e a r s , b y  N e x t  G e n e ra t io n  S e q u e n c in g  (N G S ) te c h n o lo g y , 
m u ta t io n s  in  e a c h  o f  t h e  n u c le a r  g e n e s  c o d in g  fo r  1 9  m t-a a R S s  h a v e  b e e n  c o r re la te d  to  h u m a n  d is e a s e s , w ith  p le io t ro p ic  
c lin ic a l m a n ife s t a t io n s , a lth o u g h  p re d o m in a n t ly  a ff e c t in g  th e  c e n t ra l n e r v o u s  s y s te m . 

P A T I E N T S  A N D  M E T H O D S :  In  th is  s tu d y  w e  p re s e n t  1 0  p a t ie n t s , m a in ly  c h ild re n , w ith  le u k o e n c e p h a lo p a th y , h ig h  la c t a te , 
fe e d in g  d iffi c u lt ie s , h y p o to n ia , m yo p a th y , d y s to n ia , d e v e lo p m e n t  d e la y , c e re b ra l c a lc ifi c a t io n s , e p ile p s y , o p h th a lm o p a re s is , 
h y p e ru r ic e m ia , am o n g  o th e r s . 

P a th o g e n ic  v a r ia n t s  in  m t-a a R S s  g e n e s  (D A R S 2 , E A R S 2 , L A R S 2 , S A R S 2 , VA R S 2  a n d  WA R S 2 ) w e re  id e n t ifi e d  b y  N G S , w h ic h  
w a s  p e r fo rm e d  in  a  M iS e q  I llu m in a  in s t ru m e n t  u s in g  a  c u s to m  g e n e  p a n e l w ith  2 0 9  n u c le a r  g e n e s  in v o lv e d  in  m ito c h o n d r ia  
m e ta b o lism , a p p ly in g  S u re S e le c t  Q X T  t a rg e t  e n r ic h m e n t  s y s te m  f ro m  A g ile n t .

R E S U LT S :  T h e  s tu d ie d  p a t ie n t s  h a rb o re d  1 8  p a th o g e n ic  v a r ia n t s  in  m t-a a R S s , b e in g  1 1  p re v io u s ly  re p o r te d  in  th e  lit e ra tu re  
a n d  s e v e n  n o v e l v a r ia n t s  p ro b a b ly  p a th o g e n ic . T h e  id e n t ifi e d  v a r ia n t s  w e re  c o n fi rm e d  b y  S a n g e r  s e q u e n c in g  in  th e  in d e x  
c a s e s  a n d  in  th e ir  re la t iv e s .

D I S C U S S I O N  A N D  C O N C L U S I O N :  In  th e  n e w  e ra  o f  g e n o m ic s , re p o r te d  m u ta t io n s  in  th e s e  g e n e s  a re  in c re a s in g  fa s t ly , 
h a v in g  th is  s tu d y  c o n t r ib u te d  to  e x p a n d  th e  m u ta t io n a l la n d s c a p e  o f  p a th o g e n ic  v a r ia n t s  in  m t-a a R S s  g e n e s . D e fe c t s  in  
m ito c h o n d r ia l t ra n s la t io n  a re  a s s o c ia te d  w ith  c o m b in e d  m ito c h o n d r ia l re s p ira to r y  c h a in  d e fe c t s  a n d  p ro d u c e  d iv e r s e  
c lin ic a l p h e n o t y p e s  f ro m  n e o n a ta l p e r io d  to  a d u lth o o d , w ith  th e  m o s t  s e v e re  p re s e n t in g  in  in fa n c y  a s  m e ta b o lic  d is o rd e r s . 
H o w e v e r, n e u ro lo g ic a l fe a tu re s  te n d  to  m a n ife s t  la te r  in  li fe . T h u s , w h ile  t re a tm e n t s  fo r  m ito c h o n d r ia l d is e a s e s  a re  c u r re n t ly  
s c a rc e , t h e  m o le c u la r  c h a ra c te r iz a t io n  w ill b e  im p o r t a n t  fo r  a n  a c c u ra te  g e n e t ic  c o u n s e lin g  a n d  a  p re n a ta l d ia g n o s is  fo r  
t h e  a ff e c te d .
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S D H A  R E L A T E D  D I S O R D E R  A S S O C I A T E D  W I T H  C O N T I N U O U S  
S P I K E  A N D  W A V E S  D U R I N G  S L O W -W A V E  S L E E P  S Y N D R O M E  W I T H O U T  

N E C R O T I Z I N G  L E U K O E N C E P H A L O P A T H Y   
 

P O -4 5
H  S a n t o s 1 ;  I  A i r e s  P e r e i r a

2
;  J  T e n e n t e

2
;  J  N u n e s

5
;  C  P e r e i r a

3
;  L  V i l a r i n h o

3
;  M  L e ã o 4

;  M  V i l a  R e a l 1  

1  C h ild  a n d  A d o le s c e n c e  N e u ro s c ie n c e s  U n it , P e d ia t r ic s  D e p a r tm e n t , C e n t ro  H o sp it a la r  d e  V ila  N o v a  d e  G a ia /E sp in h o , 
V ila  N o v a  d e  G a ia , P o r tu g a l; 2  P e d ia t r ic s  D e p a r tm e n t , C e n t ro  H o sp it a la r  d e  V ila  N o v a  d e  G a ia /E sp in h o , V ila  N o v a  d e  G a ia , 
P o r tu g a l; 3  N e o n a ta l S c re e n in g , M e ta b o lism  &  G e n e t ic s  U n it , H u m a n  G e n e t ic s  D e p a r tm e n t , N a t io n a l In s t it u te  o f  H e a lth  
D r  R ic a rd o  J o rg e , P o r to , P o r tu g a l; 4  M e d ic a l G e n e t ic s  D e p a r tm e n t , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  S ã o  J o ã o , P o r to , 
P o r tu g a l; 5  N e u ro r ra d io lo g y  D e p a r tm e n t , C e n t ro  H o sp it a la r  d e  V ila  N o v a  d e  G a ia /E sp in h o , V ila  N o v a  d e  G a ia , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - m a r i a . h e l e n a . s a n t o s @ c h v n g .m i n -s a u d e .p t  

I N T R O D U C T I O N :  Le ig h  sy n d rom e  is  a  su b a c u te  n e c ro t iz in g  le u ko e n c e p h a lo p a th y  w ith  d iff e re n t  g e n e t ic  b a c kg ro u n d s. It  
is  c h a ra c te r ize d  b y  n e u ro lo g ic a l a n d /o r  m u lt io rg a n ic  d e com p e n sa t io n s  w ith  a c u te  illn e s s , d e v e lo p em e n ta l d e la y, h y p o to n ia , 
a ta x ia , e p ile p sy  a n d  a  v a r ie t y  o f  e x t ra n e u ro lo g ic a l m an ife s ta t io n s . It  c a n  b e  m ito c h o n d r ia l o r  n u c le a r  g e n e  a s so c ia te d , a lth o u g h  
in  th e  la s t  c a se  g e n e s  a re  u su a lly  in v o lv e d  in  m ito c h o n d r ia l fu n c t io n  a n d  m a in te n a n c e .
 
C A S E  R E P O R T :   A  3 0  m o n th  o ld  g ir l, d a u g h te r  o f  h e a lth y  p a re n ts , w ith  n o  k n ow n  c o n sa n g u in it y, w a s  o b se r v e d  in  n e u ro p e d ia t r ic  
o u tp a t ie n t  d e p a r tm e n t  b y  to ew a lk in g . S h e  h a d  a  s lig h t  d e v e lo pm e n ta l d e la y  a n d  in a d e q u a te  re c ip ro c a l in te ra c t io n . S h e  w a s  
s ta r te d  o n  o c c u p a t io n a l th e ra p y. A t  4 5m o n th s  sh e  in it ia te d  p a r t ia l c r is e s  o f  le f t  u p p e r  a rm  d u r in g  s le e p ; a t  5 1  m o n th s  c o n t in u o u s  
sp ik e  w av e  o f  s le e p  (C SW S ) p a t te rn  w a s  d ia g n o se d , n e e d in g  p re d n iso n e  t re a tm e n t  fo r  9  m o n th s . C lin ic a lly  sh e  h a d  w o rse n in g  
g a it  d is tu rb a n c e  a n d  se v e re  ta n t rum s, w ith  n o  o th e r  m an ife s ta t io n s . C om p lem e n ta r y  e x am s  sh ow e d  s lig h t  b lo o d  la c ta te  
e le v a t io n  a n d  t ra c e s  o f  g lu ta r ic  a c id  in  u r in e , w ith  p o s te r io r  n o rm a liz a t io n , a n d  3 Te s la  c e re b ra l M R I w ith  sp e c t ro sc o p y  w a s  n o rm a l.  
S h e  w a s  o b se r v e d  in  g e n e t ic  o u tp a t ie n t  d e p a r tm e n t  a n d  a n  e p ile p sy  g e n e t ic  p a n e l sh ow e d  a  h om o z yg o u s  c .1 7 86G >C  v a r ia n t , 
n o n -d e sc r ib e d , p ro b a b ly  p a th o g e n ic , in  e xo n  1 3  o f  SD H A  g e n e , u su a lly  a s so c ia te d  w ith   Le ig h  sy n d rom e . B o th  p a re n ts  w e re  
h e te ro z yg o u s  fo r  th e  p a th o g e n ic  v a r ia n t . M ito c h o n d r ia l re sp ira to r y  c h a in  e n z ym e  a s sa y  re v e a le d  a n  iso la te d  2 2%  p a r t ia l 
c o m p le x  II d e fe c t , c o n fi rm in g  b io c h em ic a lly  th e  g e n e t ic  re su lt s . 
S h e  is  n ow  6  y e a rs  o ld , h a s  a  m o d e ra te  d e v e lo pm e n ta l d e la y, a  s lig h t  a ta x ia , d y sa r th r ia  a n d  m ild  b e h a v io u ra l d is tu rb a n c e . S h e  w a s  
s ta r te d  o n  a c e ta zo lam id e  w h e n  C SW S  p a t te rn  re in it ia te d  (p a re n ts  re fu se d  p re d n iso n e ) a lo n g  w ith  v a lp ro ic  a c id  a n d  c lo b a zam , w ith  
n o rm a liz a t io n  o f  E E G . U n t il n ow , sh e  h a s  n o t  h a d  a n y  e p iso d e  o f  a c u te  d e com p e n sa t io n , b u t  h a s  n e v e r  fa c e d  a n y  s ig n ifi c a n t  illn e s s .  
S h e  h a s  sp e e c h  a n d  o c c u p a t io n a l th e ra p y, p sy c h o lo g ic a l a n d  sp e c ia l e d u c a t io n  su p p o r t  a n d  w a s  in it ia te d  o n  m e th y lp h e n id a te  
w ith  g o o d  b e h a v io ra l re sp o n se .
 
D I S C U S S I O N :  T h e  p a t ie n t  h a s  g e n e t ic  a n d  b io c h em ic a l fe a tu re s  o f  n u c le a r  g e n e  e n co d e d  Le ig h  sy n d rom e , a lth o u g h  sh e  d o e s  
n o t  fu llfi l th e  c om p le te  c lin ic a l o r  im ag in g  c r ite r ia . To  o u r  k n ow le d g e , th is  is  th e  fi rs t  c a se  o f  SD H A  re la te d  d iso rd e r  w ith o u t  
le u ko e n c e p h a lo p a th y  w ith  c o n t in u o u s  sp ik e  a n d  w av e s  d u r in g  s lo w -w ave  s le e p  sy n d rom e .
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P Y R U V A T E  D E H Y D R O G E N A S E  C O M P L E X  D E F I C I E N C Y  I N  P O R T U G A L :  
C L I N I C A L ,  B I O C H E M I C A L  A N D  M O L E C U L A R  C H A R A C T E R I Z A T I O N ,  

P R O S P E C T  O F  G E N O T Y P E -P H E N O T Y P E  C O R R E L A T I O N  
 

P O -5 1
H a n a  P a v l u  P e r e i r a 1

;  M a r i a  J o ã o  S i l v a 1
;  C r i s i t i n a  F l o r i n d o

1
;  A n a  L u í s a  R o d r i g u e s

2
;  P a t r í c i a  J a n e i r o

2
;   

A n a b e l a  O l i v e i r a 3
;  D a n i e l  G o m e s 3 ;  S í l v i a  S e q u e i r a

4
;  A n a  C r i s t i n a  F e r r e i r a

4
;  S o fi a  D u a r t e

4
;   

A n a b e l a  B a n d e i r a 5
;  E s m e r a l d a  M a r t i n s 5 ;  R o s e l i  G o m e s 6 ;  S é r g i a  S o a r e s

6
;  I s a b e l  T a v a r e s  d e  A lm e i d a 1

;   

J o ã o  B .  V i c e n t e 7
;  I s a b e l  R i v e r a

1  

1  D B H B , M e ta b o lism  &  G e n e t ic s  G ro u p , R e s e a rc h  In s t it u te  fo r  M e d ic in e s  (iM e d .U L is b o a ), Fa c u lt y  o f  P h a rm a c y , 
U n iv e r s id a d e  d e  L is b o a , L is b o a , P o r tu g a l; 2  D e p a r tm e n t  o f  P e d ia t r ic s , H o sp it a l S a n ta  M a r ia , L is b o a , P o r tu g a l;  

3  D e p a r tm e n t  o f  M e d ic in e , H o sp it a l S a n ta  M a r ia , L is b o a , P o r tu g a l; 4  D e p a r tm e n t  o f  P e d ia t r ic s , H o sp it a l D . E s te fâ n ia , 
L is b o a , P o r tu g a l; 5  D e p a r tm e n t  o f  P e d ia t r ic s , H o sp it a l S a n to  A n tó n io , P o r to , P o r tu g a l;  

6  D e p a r tm e n t  o f  N e u ro p e d ia t r ic s , H o sp it a l P e d ro  H is p a n o , M a to s in h o s , P o r tu g a l;  
7  In s t it u to  d e  Te c n o lo g ia  Q u ím ic a  e  B io ló g ic a  A n tó n io  X a v ie r, U n iv e r s id a d e  N o v a  d e  L is b o a , O e ira s , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - h a n a @ ff .u l . p t  

T h e  p y ru v a te  o x id a t io n  ro u te  c o n s t it u te s  a  fu n d am e n ta l p a thw a y  in  a e ro b ic  e n e rg y  m e ta b o lism , b r id g in g  th e  g ly c o ly t ic  
p a thw a y  in  th e  c y to so l w ith  th e  t r ic a rb o x y lic  a c id  c y c le  a n d  o x id a t iv e  p h o sp h o r y la t io n  in  th e  m ito c h o n d r ia . P y ru v a te  
is  ir re v e r s ib ly  c o n v e r te d  to  a c e t y l-C o A  b y  th e  P y ru v a te  D e h yd ro g e n a s e  C o m p le x  (P D C ), c o n s is t in g  o f  m u lt ip le  c o p ie s  o f  
t h re e  c a t a ly t ic  a n d  o n e  s t ru c tu ra l c o m p o n e n t s , re s p e c t iv e ly : p y ru v a te  d e h y d ro g e n a s e  (E 1 ), d ih y d ro lip o y l-ly s in e -re s id u e  
a c e t y lt ra n s fe ra s e  (E 2 ), d ih y d ro lip o y l d e h y d ro g e n a s e  (E 3 ) a n d  E 3  b in d in g  p ro te in  (E 3 B P ).
Im p a ire d  P D C  a c t iv it y  le a d s  to  c e llu la r  e n e rg y  d e p r iv a t io n  a n d  in a d e q u a te  re m o v a l o f  p y ru v a te  a n d  la c t a te  re s u lt s  in  
la c t ic  a c id em ia . T h e  h e te ro g e n o u s  c lin ic a l p re s e n ta t io n  o f  P D C  d e fi c ie n c y  ra n g e s  f ro m  p ro g re s s iv e  n e u ro lo g ic a l a n d  
n e u ro m u s c u la r  d e g ra d a t io n  to  c h ro n ic  n e u ro lo g ic a l d y s fu n c t io n .
T h e  p re c is e  d ia g n o s is , in c lu d in g  th e  id e n t ifi c a t io n  o f  t h e  g e n e t ic  d e fe c t , is  im p o r t a n t  a n d  d e c is iv e  fo r  t h e  a p p ro p r ia te  
s e le c t io n  o f  t h e  th e ra p e u t ic  s t ra te g y , w h ic h  m a y  t a rg e t  th e  m e ta b o lic  p a thw a y  v ia  k e to g e n ic  d ie t , o r  t h e  d y s fu n c t io n a l 
c o m p le x  th ro u g h  it s  re g u la to r y  s y s te m  (d ic h lo ro a c e ta te ) o r  it s  s t im u la t io n  b y  c o fa c to r (s ).
H e re in  w e  d e s c r ib e  a n d  d is c u s s  th e  p ro fi le s  o f  1 3  P D C  d e fi c ie n t  p a t ie n t s , c o m b in in g  in fo rm a t io n  o n  th e  
a s s o c ia te d  c lin ic a l, b io c h em ic a l, e n z ym a t ic  a n d  g e n o t y p ic  s p e c t ra . T h e  c o h o r t  re p re s e n t s  a ll re g io n s  o f  P o r tu g a l. 
T h e  c lin ic a l fe a tu re s  w e re  e v a lu a te d  b y  th e  p h y s ic ia n s  fo llo w in g  th e  p a t ie n t s , P D C  a c t iv it y  w a s  a s s a y e d  b y  a  s t a n d a rd  
m e th o d  o f  [1 -1 4 C ]-p y ru v a te  d e c a rb o x y la t io n  a n d  s e q u e n c e  a n a ly s is  w a s  p e r fo rm e d  b y  S a n g e r  s e q u e n c in g . In  s i lic o  im p a c t  
o f  t h e  m u ta t io n s  w a s  s tu d ie d  u s in g  th e  P o ly P h e n -2  s e r v e r  a n d  SW IS S -M O D E L .
A ll p a t ie n t s  h a d  th e  c lin ic a l o n s e t  b e tw e e n  th e  n e o n a ta l p e r io d  a n d  in fa n c y  a n d  m a n ife s te d  d iff e re n t  d e g re e s  o f  
n e u ro lo g ic a l in v o lv em e n t . A ll p a t ie n t s  d is p la y e d  e le v a te d  le v e ls  o f  p la sm a  la c t a te  a n d  p y ru v a te  a n d  s ig n ifi c a n t ly  re d u c e d  
P D C  a c t iv it y . In te re s t in g ly , m o s t  o f  t h e  p a t ie n t s  re a c h e d  a d u lth o o d . Te n  d iff e re n t  m u ta t io n s  a ff e c t in g  th re e  g e n e s , P D H A 1  
(5 4  % ), P D H X  (3 8  % ) a n d  D L D  (8  % ) h a v e  b e e n  id e n t ifi e d . T h e  m o s t  s t r ik in g  e v id e n c e  is  a  re la t iv e ly  h ig h  in c id e n c e  o f  
E 3 B P  d e fi c ie n c y . A c c o rd in g  to  th e  d a ta  f ro m  th is  s u b s e t  o f  p a t ie n t s , t h e  s e v e r it y  o f  t h e  p h e n o t y p e  ro u g h ly  re s em b le s  th e  
g e n o t y p e , d e p e n d in g  o n  th e  m u ta t io n  t y p e  a n d  th e  a ff e c te d  P D C -su b u n it .
 
s t ra te g ic  p ro je c t  U ID /D T P /0 4 1 3 8 /2 0 1 9 , g ra n t  S F R H /B D /9 1 7 2 9 /2 0 1 2 ), iN O VA 4H e a lth  R e s e a rc h  U n it  (L IS B O A -0 1 -0 1 4 5 -F E D E R -0  
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C O U L D  A R G I N I N E  A S P A R T A T E  B E  A  P R O M I S I N G  T R E A T M E N T  
F O R  F U M A R I C  A C I D U R I A ?  

 

P O -5 5  

M J  P a l h a 1
;  P  L i p a r i  P i n t o

1
;  P  J a n e i r o

1
;  T  M o r e n o 1

;  S  M e x i a 1
;  I  J a r d im

1
;  I  T a v a r e s  d e  A lm e i d a 2

;  

 L  V i l a r i n h o
3
;  M  G r a z i n a 4

;  A  G a s p a r
1  

1  P a e d ia t r ic s , H o sp it a l d e  S a n ta  M a r ia  - C H U LN , L is b o n , P o r tu g a l; 2  M e t&G e , iM e d .U L is b o a , Fa c u ld a d e  d e  Fa rm á c ia , 
U L is b o a , L is b o n , P o r tu g a l; 3  E x p a n d e d  N e w b o rn  S c re e n in g  M e ta b o lism  a n d  G e n e t ic s  U n it , H u m a n  G e n e t ic s  D e p a r tm e n t , 
D r. R ic a rd o  J o rg e  N a t io n a l H e a lth  In s t it u te , O p o r to , P o r tu g a l; 4  C e n t re  fo r  N e u ro s c ie n c e s  a n d  c e ll B io lo g y , , U n iv e r s it y  o f  

C o im b ra , C o im b ra , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - m a r i a j o a o p a l h a @ g m a i l . c o m  

B A C K G R O U N D :  F u m a r ic  a c id u r ia  is  a  ra re  a u to so m a l re c e s s iv e  m e ta b o lic  d is e a s e , c h a ra c te r iz e d  b y  d e v e lo p m e n ta l d e la y , 
h y p o to n ia , s e iz u re s  a n d  d y sm o rp h ic  f a c ia l fe a tu re s . N o  s p e c ifi c  t re a tm e n t s  a re  a v a ila b le  a n d  m a n y  c h ild re n  d o n ’t  s u r v iv e  
c h ild h o o d . Sm ith  a n d  R o b in so n  c o n s t ru c te d  a  m o d e l o f  fu m a ra s e  d e fi c ie n c y  s h o w in g  AT P  p ro d u c t io n  im p ro v em e n t  b y  
am in o  a c id s  in v o lv e d  in  m a la te -a sp a r t a te  s h u t t le .
  
C A S E  R E P O R T :   A u th o r s  re p o r t  a  7 -y e a r-o ld  b o y ’s  c a s e  w ith  fu m a ra s e  d e fi c ie n c y  o n  a rg in in e  a sp a r t a te  s u p p le m e n ta t io n  
a n d  lo w  g ly c o s e  in d e x  (G I) s p e c ifi c  d ie t . S ym p to m a t ic  m a n ife s t a t io n  s t a r te d  in  p o s tn a ta l p e r io d  w ith  t a c h y p n o e a  a n d  
a sp h y x ia . B y   6  m o n th s  it  w a s  n o te d  g lo b a l d e v e lo p m e n ta l d e la y , m ic ro c e p h a ly , h y p o to n ia , h y p e r la x it y  a n d  d is t a l d y s to n ic  
p o s tu re s . M e ta b o lic  s tu d ie s  s h o w e d  p e r s is te n t  e le v a te d  u r in a r y  fu m a r ic  a n d  s u c c in ic  a c id s . M o le c u la r  F H  g e n e  te s t  re v e a le d  
c o m p o u n d  h e te ro z y g o s it y  c .4 3 1 G >A ; c .1 4 3 1_1 4 3 3 d u p A A A  c o n fi rm in g  th e  d ia g n o s is . F u m a ra s e  e n z ym a t ic  a c t iv it y  s h o w e d  
re d u c e d  le v e l (1 1 .7% ). A t  2 2  m o n th s  h e  w a s  h o sp it a liz e d  w ith  a  s e v e re  m e ta b o lic  a c id o s is  a n d  s t a r te d  a  lo w  g ly c a em ic  
in d e x  d ie t  s u p p le m e n te d  b y  M C To il, D H A , L-c a rn it in e  a n d  a rg in in e  a sp a r t a te  5 -1 0 g /d a y .
H e  m a in ta in e d  th e  t re a tm e n t  p la n  fo r  t h re e  y e a r s  a n d  b u t  h e  m a in ta in e d  s t a t ic  d e v e lo p m e n ta l d e la y  a n d  d y s to n ia , a n d  
m e ta b o lic  d e c o m p e n sa t io n s  d id  n o t  im p ro v e d . 
 
D I S C U S S I O N :  T h e re  a re  fe w  p u b lis h e d  re p o r t s  o f  d ie t a r y  in te r v e n t io n s  in  F H D . L o w  p ro te in  d ie t  s h o w e d  n o  e ffi c a c y  
(B aşt uğ e t  a l. 2 0 1 4 ; K im o n is  e t  a l 2 0 1 2 ). H ig h  g lu c o s e  in t a k e  c a u s e d  m in im a l in c re a s e  in  AT P  p ro d u c t io n  b u t  la rg e  
in c re a s e  in  la c t a te  (Sm ith  a n d  R o b in so n  2 0 1 1 ). A c c o rd in g  to  Ew b a n k  2 0 1 1 , k e to g e n ic  d ie t  is  n o t  re c o m m e n d e d . 
S u p p le m e n ta t io n  w ith  a sp a r t a te  a n d  a  lo w  G I d ie t  w e re  s u g g e s te d  b y  Sm ith  a n d  R o b in so n  (2 0 1 1 ) d u e  to  a  p o s it iv e  e ff e c t  
o b s e r v e d  in  AT P  p ro d u c t io n  in  v it ro .
R y d e r  e t  a l (2 0 1 7 ) s t a r te d  a  h ig h  fa t  lo w  c a rb o h yd ra te  d ie t  o n  a  g ir l w ith  9%  fu m a ra s e  a c t iv it y  a n d  a  g e n o t y p e  p re v io u s ly  
lin k e d  to  s e v e re  p h e n o t y p e . A lth o u g h , o u r  c a s e  d id  n o t  s h o w  a n y  im p ro v em e n t . 
F u r th e r  s tu d ie s  a re  n e c e s s a r y  to  e v a lu a te  th e  c lin ic a l im p a c t  o f  t h is  t h e ra p y .
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P O -0 7  

J o a n a  V .  R i b e i r o 1
;  C l á u d i o  M .  G o m e s 1 ;  B á r b a r a   J .  H e n r i q u e s

1  

1  D e p a r t am e n to  d e  Q u ím ic a  e  B io q u ím ic a , Fa c u ld a d e  d e  C iê n c ia s , U n iv e r s id a d e  d e  L is b o a , B io s y s te m s  a n d  In te g ra t iv e  
S c ie n c e s  In s t it u te  - B io IS I, Fa c u ld a d e  d e  C iê n c ia s , U n iv e r s id a d e  d e  L is b o a , L is b o n , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - m j v r i b e i r o @ f c . u l . p t  

G lu ta r ic  A c id u r ia  t y p e  I  (G A -I) is  a n  a u to so m a l re c e s s iv e  n e u ro m e ta b o lic  d is o rd e r  c a u s e d  b y  m u ta t io n s  in  th e  G C D H  g e n e . 
T h is  g e n e  e n c o d e s  fo r  g lu t a r y l-C o A  d e h yd ro g e n a s e  (G C D H ), a  m ito c h o n d r ia l h o m o te t ram e r ic  fl a v o p ro te in , w ith  a  n o n -
c o v a le n t ly  b o u n d  fl a v in  a d e n in e  d in u c le o t id e  (FA D ) c o fa c to r  p e r  s u b u n it , w h ic h  is  in v o lv e d  in  ly s in e , h y d ro x y ly s in e  a n d  
t r y p to p h a n  m e ta b o lism  [1 ]. T h e  s e v e r it y  o f  G A -I is  v e r y  b ro a d , v a r y in g  f ro m  le th a l c a s e s  to  m ild e r  fo rm s  o f  t h e  d is e a s e  
d e p e n d in g  o n  th e  n a tu re  o f  t h e  m u ta t io n s  [2 ]. In  m ild e r  c a s e s  d is e a s e  s ym p to m s  c a n  b e  t r ig g e re d  b y  s t re s s  c o n d it io n s , 
lik e  fe v e r  o r  f a s t in g , s u g g e s t in g  a n  im p o r t a n t  ro le  fo r  e n v iro n m e n t  a n d  c e llu la r  f a c to r s  in  d is e a s e  o n s e t  [3 ]. F u r th e rm o re , 
it  is  k n o w n  fo r  o th e r  m e ta b o lic  d is o rd e r s  a s s o c ia te d  w ith  d e fe c t s  in  fl a v o p ro te in s  th a t  FA D  c e llu la r  a v a ila b ilit y  c a n  a ls o  
m o d u la te  th e  fo ld in g  a n d  a c t iv it y  o f  d is e a s e  v a r ia n t s  [3 ]. A ls o , t h e re  a re  s o m e  re p o r t s  o f  G A -I p a t ie n t s  s h o w in g  a  p o s it iv e  
re sp o n s e  to  r ib o fl a v in  s u p p le m e n ta t io n  [4 ]. 

To  e lu c id a te  o n  th e  m o le c u la r  m e c h a n ism  b e h in d  th e  th e ra p e u t ic  e ff e c t s  o f  r ib o fl a v in  s u p p le m e n ta t io n  o n  G A -I p a t ie n t s , 
w e  u s e d  a s  a  m o d e l t h e  G C D H -p .Va l4 0 0M e t  v a r ia n t , t h a t  h a s  b e e n  p re v io u s ly  d e s c r ib e d  w ith  im p a ire d  FA D  b in d in g  [2 ]. F ir s t , 
w e  o b s e r v e d  th a t  E . c o li  re c o m b in a n t  e x p re s s io n  o f  h u m a n  G C D H -p .Va l4 0 0M e t  re s u lt s  o n ly  in  th e  p ro d u c t io n  o f  G C D H  a p o  
fo rm , c o m p le te ly  d e p le te d  o f  FA D  c o fa c to r. E v e n  s o  w e  w e re  a b le  to  p u r if y  G C D H -p .Va l4 0 0M e t  a p o  fo rm , a n d  in v e s t ig a te , 
e m p lo y in g  s e v e ra l b io c h em ic a l a n d  b io p h y s ic a l m e th o d o lo g ie s , t h e  e ff e c t s  o f  a d d in g  e x te rn a l fl a v in  o n  th e  c o n fo rm a t io n a l 
q u a lit y  o f  t h is  v a r ia n t . W e  o b s e r v e d  a n  in c re a s e  in  th e  p ro te in ’s  s t a b ilit y  a n d  p ro te o ly t ic  re s is t a n c e . F u r th e rm o re , a d d in g  
e x te rn a l fl a v in  a ls o  re s c u e d  th e  G C D H -p .Va l4 0 0M e t  v a r ia n t  e n z ym a t ic  a c t iv it y . O u r  re s u lt s  s u g g e s t  t h a t  s o m e  m is fo ld e d  
G C D H  d is e a s e -v a r ia n t s  c a n  b e  re s c u e d  b y  in c re a s in g  c e llu la r  FA D  c o n te n t  th ro u g h  r ib o fl a v in  s u p p le m e n ta t io n , a s  o b s e r v e d  
in  o th e r  m e ta b o lic  d is e a s e s .

 
 
R e f e r e n c e s

1 .	 S t ra u s s , K .A ., e t  a l. (2 0 0 3 ) Am  J  M e d  G e n e t  C  S em in  M e d  G e n e t

2 .	 R ib e iro , J .V., e t  a l. (2 0 1 9 ) B io c h im  B io p h y s  A c ta  P ro te in s  P ro te o m
3 .	 H e n r iq u e s , B .J ., e t  a l. (2 0 0 9 ) J  B io l C h em
4 .	 C h a lm e rs , R .A ., M .D . B a in , a n d  J . Z s c h o c k e  (2 0 0 6 ) M o l G e n e t  M e ta b
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P O -3 6  

M  M e l o 1
;  J P  M o n t e i r o 2

;  A  P e r e i r a
3
;  L  V i l a r i n h o

4
;  D  A n t u n e s

1
;  A C  F e r r e i r a

5  

1  S e r v iç o  d e  G e n é t ic a  M é d ic a , H o sp it a l D o n a  E s te fâ n ia , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  C e n t ra l, L is b o a , P o r tu g a l; 
2  S e r v iç o  d e  P e d ia t r ia , Á re a  M a te rn a  e  In fa n t il, H o sp it a l G a rc ia  d ’O r t a , A lm a d a , P o r tu g a l; 3  L a b o ra tó r io  d e  G e n é t ic a , C e n t ro  
d e  M e d ic in a  L a b o ra to r ia l G e rm a n o  d e  S o u s a , L is b o a , P o r tu g a l; 4  U n id a d e  d e  R a s t re io  N e o n a ta l, M e ta b o lism o  e  G e n é t ic a , 
D e p a r t am e n to  d e  G e n é t ic a  H u m a n a , In s t it u to  N a c io n a l R ic a rd o  J o rg e , P o r to , P o r tu g a l; 5  C e n t ro  d e  R e fe rê n c ia  d e  D o e n ç a s  

H e re d it á r ia s  d o  M e ta b o lism o , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  C e n t ra l, L is b o a , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - m a f a l d a .m e l o @ c h l c .m i n -s a u d e .p t  

B A C K G R O U N D :  G ly c e ro l k in a s e  d e fi c ie n c y  (G K D , M IM  3 0 7 0 3 0 ) is  a  ra re  X -lin k e d  d is o rd e r  th a t  m a y  o c c u r  a s  a n  is o la te d  
fo rm  c a u s e d  b y  a  p a th o g e n ic  v a r ia n t  in  G K  g e n e , o r  a s  p a r t  o f  X p 2 1  c o n t ig u o u s  g e n e  s y n d ro m e  in v o lv in g  G K  a n d  N R 0 B 1  
g e n e s  w ith  o r  w ith o u t  D A X 1 , IL 1 R A P L , a n d  D M D  g e n e s . In d iv id u a ls  w ith  is o la te d  G K D  m a y  b e  a s ym p to m a t ic  (o n ly  d e te c te d  
b y  p s e u d o  h y p e r t r ig ly c e r id em ia ) o r  s ym p to m a t ic  w ith  e p is o d e s  o f  v o m it in g , a c id o s is  a n d  le th a rg y  th a t  m a y  p ro g re s s  
to  c o m a . In d iv id u a ls  w ith  c o m p le x  G K D  m a y  a ls o  h a v e  fe a tu re s  o f  c o n g e n it a l a d re n a l h y p o p la s ia , D u c h e n n e  m u s c u la r  
d y s t ro p h y , o r  d e v e lo p m e n ta l d e la y .
 
C A S E  R E P O R T :  O u r  c a s e  is  a  6  y e a r-o ld  b o y , t h e  s e c o n d  c h ild  o f  n o n -c o n s a n g u in e o u s  p a re n t s , fo llo w e d  in  m e ta b o lic  
a n d  n e u ro lo g y  o u tp a t ie n t  c lin ic  fo r  h y p e r t r ig ly c e r id em ia  a n d  b o rd e r lin e  p s y c h o m o to r  d e v e lo p m e n t . H e  h a d  n o  h is to r y  
o f  a d re n a l c r is is , n o  d y sm o rp h ic  fe a tu re s , n o  m u s c le  s ym p to m s , a n d  n o rm a l c re a t in e  k in a s e . A t  4  y e a r s  o f  a g e , a f te r  a  m ild  
in fe c t io n , h e  w a s  a d m it te d  fo r  v o m it in g , s o m n o le n c e  a n d  d e h yd ra t io n . L a b o ra to r y  a n a ly s is  s h o w e d  m a rk e d  m e ta b o lic  
k e to a c id o s is  (p H  7 .0 7 , p C O 2  1 8  m m H g , H C O 3 - 8 .9  m m o l/L , u r in a r y  k e to n e s  8 0  m g /d L ) w ith  n o rm a l g ly c a em ia . In t ra v e n o u s  
fl u id s  a n d  b ic a rb o n a te  w e re  in it ia te d  a n d  th e  p a t ie n t  p ro g re s s iv e ly  im p ro v e d . O rg a n ic  a c id s  a n a ly s is  in  c r is is  s h o w e d  
e le v a te d  3 -h y d ro x y b u t y r ic  a c id , 2 -h y d ro x y b u t y r ic  a c id , 2 -h y d ro x y is o v a le r ic  a c id , a n d  h ig h  le v e ls  o f  g ly c e ro l. G ly c e ro l w a s  
c o n fi rm e d  in  p la sm a  o u t s id e  c r is is  (2 5 .5  μm o l/L ). G K  g e n e  s e q u e n c in g  re v e a le d  a  p re v io u s ly  u n re p o r te d  h em iz y g o u s  
v a r ia n t  in  e x o n  3  (c .2 1 3_2 1 4 d e l, p .C y s7 2 Te r ), c la s s ifi e d  a s  lik e ly  p a th o g e n ic . T h is  n o n s e n s e  v a r ia n t  re s u lt s  in  a  p re m a tu re  
s to p  c o d o n  a t  am in o  a c id  7 2 , w h ic h  o r ig in a te s  a  t ru n c a te d  p ro te in .
 
C O M M E N T S :  O u r  p a t ie n t  p re s e n ta t io n  s u g g e s te d  th e  is o la te d  G K D  d ia g n o s is , s in c e  h e  h a d  m e ta b o lic  k e to a c id o s is  
e p is o d e s , g ly c e ro le m ia  a n d  h y p e r t r ig ly c e r id em ia , w ith o u t  m a n ife s t a t io n s  o f  X p 2 1  c o n t ig u o u s  g e n e  d e le t io n s , s u c h  a s  
d y sm o rp h ic  fe a tu re s , m o to r  d e fi c ie n c y  (D M D  g e n e ) o r  a d re n a l in s u ffi c ie n c y  (N R 0 B 1  g e n e ). G K  g e n e  s e q u e n c in g  c o n fi rm e d  
o u r  c lin ic a l h y p o th e s is . In  G K D  p a t ie n t s , g e n e t ic  a n a ly s is  is  im p o r t a n t  to  id e n t if y  t h e  u n d e r ly in g  m o le c u la r  m e c h a n ism , 
w h ic h  is  c r it ic a l fo r  p a t ie n t  m a n a g em e n t , p ro g n o s is  a n d  g e n e t ic  c o u n s e lin g .
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C O M B I N E D  M A L O N I C  A N D  M E T H Y L M A L O N I C  A C I D U R I A  –  
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J  F  D u r o 1
;  I  S i l v a

1
;  C  F l o r i n d o

3
;  I  T  A lm e i d a 3

;  A  L o p e s
2
;  C  N o g u e i r a

2
;  L  V i l a r i n h o

2
;  A  O l i v e i r a

4
;  D  C  G o m e s 1 ,4  

1  C lín ic a  U n iv e r s it á r ia  d e  M e d ic in a  1  , C H U LN  – H o sp it a l S a n ta  M a r ia , L is b o a , P o r tu g a l;  
2  U n id a d e  d e  R a s t re io  N e o n a ta l M e ta b o lism o  e  G e n é t ic a , IN S A , P o r to , P o r tu g a l; 3  M e t&G e n  L a b o ra to r y ,  

Fa c u ld a d e  d e  Fa rm á c ia  d a  U L is b o a , L is b o a , P o r tu g a l; 4  C e n t ro  d e  R e fe rê n c ia  d e  D o e n ç a s  H e re d it á r ia s  d o  M e ta b o lism o , 
C H U LN  – H o sp it a l S a n ta  M a r ia , L is b o a , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - d a n i e l c c g o m e s @ g m a i l . c o m  

B A C K G R O U N D :  C o m b in e d  m a lo n ic  a n d  m e th y lm a lo n ic  a c id u r ia  (C M AM M A , O M IM  #  6 1 4 2 6 5 ) is  a  ra re  re c e s s iv e  d is o rd e r, 
w ith  a  c a lc u la te d  in c id e n c e  o f  1 :3 0 .0 0 0 , c a u s e d  b y  h o m o z y g o u s  o r  c o m p o u n d  h e te ro z y g o u s  m u ta t io n s  in  th e  A C S F 3  g e n e  
w h ic h  e n c o d e s  a n  a c y l-C o A  s y n th e ta s e . P h e n o t y p e  is  e x t re m e ly  v a r ia b le , ra n g in g  f ro m  a s ym p to m a t ic  p a t ie n t s  id e n t ifi e d  
a s  a  re s u lt  o f  n e w b o rn  u r in e  s c re e n in g  p ro g ram  to  c h ild re n  w ith  d e v e lo p m e n ta l d e la y  a n d  fa ilu re  to  th r iv e . In  th o s e  w h o  
w e re  d ia g n o s e d  a s  a d u lt s , s ym p to m s  m a y  in c lu d e  n e u ro lo g ic a l a n d  p s y c h ia t r ic  fe a tu re s  th a t  c a n  m im ic  A lz h e im e r ’s  d is e a s e . 

C A S E  R E P O R T :  W e  p re s e n t  a  2 2 -y e a r-o ld  fe m a le  p a t ie n t  re fe r re d  f ro m  a n o th e r  h o sp it a l fo r  in v e s t ig a t io n  o f  c o g n it iv e  
d e v e lo p m e n t  d e la y . S h e  is  t h e  fi r s t  c h ild  o f  g ip s y  c o n s a n g u in e o u s  p a re n t s  a n d  h a s  2  h e a lth y  b ro th e r s . H e r  n e o n a ta l 
p e r io d  w a s  c o m p lic a te d  b y  s e p s is . S h e  h a d  re g u la r  m o to r  s k ills  d e v e lo p m e n t  b u t  h a d  m ild  le a rn in g  d iffi c u lt ie s  (c o u ld n ’t  
fi n is h  h e r  s e v e n th  g ra d e ) a n d  b e h a v io r  d is tu rb a n c e s . S h e  a ls o  h a d  g ra d e  3  o b e s it y , t y p e  2  d ia b e te s  a n d  h y p e r te n s io n . A  
s c re e n in g  fo r  in h e r ite d  m e ta b o lic  c o n d it io n s  p e r fo rm e d  w h e n  s h e  w a s  1 0  y e a r s  a g e  re v e a le d  a  m o d e ra te  to  h ig h  e x c re t io n  
o f  m e th y lm a lo n ic  a c id  (2 0 4 -8 3 5  m m o l/m o l C r ; R .V. < 1 4 ). P la sm a  h o m o c y s te in e , v it am in  B 1 2  a n d  fo lic  a c id  w e re  w ith in  th e  
re sp e c t iv e  re fe re n c e  ra n g e s . Ta k in g  in to  a c c o u n t  th e  b io c h em ic a l p a t te rn  a  d e fi c ie n c y  o f  t h e  m u ta s e  (m u t- , w ith  re s id u a l 
a c t iv it y ) o r  a  d e fe c t  o f  it s  c o fa c to r  A d o C b l (C b lA , C b lB  o r  C b lD -M M A  g e n e s ) w e re  e v a lu a te d  b y  g e n e  s e q u e n c in g  b u t  n o  
p a th o g e n ic  v a r ia n t s  w e re  fo u n d .  F in a lly , a  N G S  p a n e l id e n t ifi e d  p .G lu 3 5 9 Ly s  (c .G 1 0 7 5A ) m u ta t io n  in  h o m o z y g o s it y  in  
A C S F 3  g e n e , p re v io u s ly  d e s c r ib e d  in  C M AM M A  p a t ie n t s .

D I S C U S S I O N  A N D  C O N C L U S I O N S :  T h e  b io c h em ic a l d ia g n o s is  o f  C M AM M A  c a n  b e  e a s ily  m is s e d . T h e  e x c re t io n  o f  
m a lo n ic  a c id  (M A ) m a y  b e  n o rm a l o r  ju s t  s lig h t ly  e le v a te d . F u r th e rm o re , in  th e  u r in a r y  o rg a n ic  a c id s  G C -M S  a n a ly s is , M A  
m a y  b e  o v e r la p p e d  b y  m e th y lm a lo n ic  a c id  (M M A ) d u e  to  th e ir  s im ila r  c h ro m a to g ra p h ic  b e h a v io r. In d e e d , in  th e  a n a ly z e d  
u r in e  s am p le s  n o  M A  w a s  d e te c te d . T h e  d ia g n o s is  o f  C M AM M A  w a s  fi n a lly  c o n fi rm e d  b y  N G S  w h ic h  is  in  a g re em e n t  w ith  
th e  p a t ie n t ’s  c lin ic a l p ic tu re  a n d  th e  s c a rc e  c a s e s  p u b lis h e d . L o n g -te rm  fo llo w -u p  is  n e e d e d  to  u n d e r s t a n d  th e  n a tu ra l 
h is to r y  o f  t h is  d is o rd e r.
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G  P a d e i r a 1
;  P  L o p e s

2
;  S  J a c i n t o

3
;  S  D u a r t e

3
;  L  V i l a r i n h o

6
;  D  A n t u n e s

5
;  A  F e r r e i r a

4  

1   P e d ia t r ic  D e p a r tm e n t , H o sp it a l D o n a  E s te fâ n ia , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  C e n t ra l, L is b o n , P o r tu g a l;  
2  C e n t ro  d e  E s tu d o s  d o  B e b é  e  d a  C r ia n ç a   P e d ia t r ic  D e p a r tm e n t , H o sp it a l D o n a  E s te fâ n ia , C e n t ro  H o sp it a la r  U n iv e r s it á r io  

d e  L is b o a  C e n t ra l, L is b o n , P o r tu g a l; 3  N e u ro p e d ia t r ic  S e r v ic e   P e d ia t r ic  D e p a r tm e n t , H o sp it a l D o n a  E s te fâ n ia , C e n t ro  
H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  C e n t ra l, L is b o n , P o r tu g a l; 4  R e fe re n c e  C e n te r  o f  In h e r ite d  M e ta b o lic  D is e a s e s ,  C e n t ro  
H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  C e n t ra l, L is b o n , P o r tu g a l; 5  G e n e t ic  S e r v ic e , P e d ia t r ic  D e p a r tm e n t , H o sp it a l D o n a  
E s te fâ n ia , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  C e n t ra l, L is b o n , P o r tu g a l; 6  N e w b o rn  S c re e n in g , M e ta b o lism  a n d  

G e n e t ic s  U n it , H u m a n  G e n e t ic s  D e p a r tm e n t , In s t it u to  N a c io n a l d e  S a ú d e  D r  R ic a rd o  J o rg e , P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - g o n c a l o _p a d e i r a @ h o t m a i l . c o m  

B A C K G R O U N D :  Is o la te d  m e th y lm a lo n ic  a c id em ia  is  c a u s e d  b y  c o m p le te  o r  p a r t ia l d e fi c ie n c y  o f  t h e  e n z ym e  m e th y lm a lo n y l-
C o A  m u ta s e  (m u t0  o r  m u t–), a  d e fe c t  in  th e  t ra n sp o r t  o r  s y n th e s is  o f  it s  c o fa c to r, a d e n o s y l-c o b a lam in  (c b lA , c b lB , o r  c b lD -
M M A ), o r  d e fi c ie n c y  o f  t h e  e n z ym e  m e th y lm a lo n y l-C o A  e p im e ra s e . T h e  k n o w le d g e  o f  t h e  u n d e r ly in g  e n z ym a t ic  d e fe c t  a n d  
g e n o t y p e  (M U T, M M A A , M M A B , M M A D H C  o r  M C E E ) is  o f  g re a t  im p o r t a n c e  s in c e  re s id u a l e n z ym e  a c t iv it y  a n d  v it am in -B 1 2  
re sp o n s iv e n e s s  in fl u e n c e s  th e  c lin ic a l c o u r s e  a n d  c a n  b e  a s s o c ia te d  w ith  a  b e t te r  lo n g  te rm  o u tc o m e . T h e  c b lD -M M A  is  
am o n g  th e  ra re s t  o f  t h e  d is o rd e r s  o f  in t ra c e llu la r  c o b a lam in  m e ta b o lism , w ith  o n ly  s e v e n  c a s e s  re p o r te d  s o  fa r. 

C A S E  R E P O R T :  W e  re p o r t  t h e  c a s e  o f  a  5 -y e a r-o ld  g ir l, 2 n d  c h ild  o f  c o n s a n g u in e o u s  h e a lth y  p a re n t s  f ro m  B a n g la d e sh , 
b o rn  in  P o r tu g a l a f te r  a n  u n e v e n t fu l g e s t a t io n , d e liv e r y  a n d  n e o n a ta l p e r io d . T h e  m e ta b o lic  n e w b o rn  s c re e n in g  w a s  
n e g a t iv e . S h e  h a d  p o o r  w e ig h t  g a in , fe e d in g  d iffi c u lt ie s  w ith  p ro te in  a v e r s io n  a n d  m o d e ra te  m o to r  a n d  la n g u a g e  d e la y . A t  
fo u r  y e a r s  o f  a g e  s h e  w a s  a d m it te d  fo r  v o m it in g , fe v e r, p ro s t ra t io n , a t a x ia , a n d  d e h yd ra t io n , s e v e re  m e ta b o lic  a c id o s is  (p H  
7 ,1 0 1 , p C O 2  1 6  m m H g , H C O 3 - 5 ,1  m m o l/L ) w ith  in c re a s e d  a n io n  g a p  3 5 ,7  m m o l/L , h y p e r la c t a c id em ia  a n d  h y p e rm o n em ia . 
A f te r  c o r re c t io n  w ith  in t ra v e n o u s  fl u id s , t h e re  w a s  c o m p le te  c lin ic a l a n d  m e ta b o lic  re c o v e r y .

L a b o ra to r y  in v e s t ig a t io n  in  c r is is  s h o w e d  m a s s iv e  am o u n t s  o f  u r in a r y  m e th y lm a lo n ic  a c id  (3 ,7 4 5  m ic ro m o l/m m o l c re a t in in e ), 
e le v a te d  p ro p io n y lc a rn it in e  (C 3 ), n o rm a l p la sm a  to ta l h o m o c y s te in e  a n d  B 1 2  v it am in . M ic ro a r ra y  s h o w n  a  re g io n  o f  lo s s  o f  
h e te ro z ig o s it y  2 q 2 2 .1 q 3 1 .1  (1 4 1 ,3 4 8 ,3 3 9 -1 7 0 ,4 4 5 ,8 8 0 ) w h ic h  in c lu d e d  M M A D H C  g e n e . N G S  a n a ly s is  re v e le a d  a  c .2 2 8 d u p  
v a r ia n t  in  h o m o z y g o s it y  in  M M A D H C  g e n e , c o n fi rm in g  th e  d ia g n o s is  o f  c b lD –M M A .

M e a nw h ile , re s p o n s e  to  h y d ro x ic o b a lam in  w a s  c o n fi rm e d  b y  th e  te s t  a c c o rd in g  to  F o w le r, a n d  h y d ro x ic o b a lam in  
in t ram u s c u la r  w e e k ly  w a s  s t a r te d  w ith  g o o d  c lin ic a l a n d  m e ta b o lic  e v o lu t io n . 

C O M M E N T S :  W e  re p o r t  a  ra re  c a s e  c b lD -M M A  p re s e n t in g  w ith  a n  in te rm e d ia te  p h e n o t y p e  w ith  fe e d in g  d iffi c u lt ie s , f a i lu re  
to  th r iv e , d e v e lo p m e n ta l d e la y  a n d  a n  e p is o d e  o f  s e v e re  m e ta b o lic  a c id o s is . A s  th e s e  c h ild re n  a re  a t  r is k  fo r  a  c a t a s t ro p h ic  
d e c o m p e n sa t io n  it  is  o f  e x t re m e ly  im p o r t a n c e  to  m a k e  a  c o r re c t  a n d  t im e ly  d ia g n o s is .

T h is  c a s e  w a s  n o t  d e te c te d  in  n e w b o rn  s c re e n in g  p ro b a b ly  b e c a u s e  it  w a s  a  m ild e r  p h e n o t y p e  a n d  b e c a u s e  th e  C 3  c u t -o ff  
a t  th a t  t im e  w a s  h ig h e r  th a n  th a t  c u r re n t ly
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P O -6 6  

S  S o u s a  N u n e s 1 ;  A  I  D i a s
2
;  M  Z e g r e  A m o r im 1

;  A  C  F e r r e i r a
3  

1  G e n e t ic  S e r v ic e , P e d ia t r ic  D e p a r tm e n t , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  C e n t ra l, E P E , L is b o a , P o r tu g a l;  
2  N e u ro p e d ia t r ic s  S e r v ic e , P e d ia t r ic  D e p a r tm e n t , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  C e n t ra l, E P E , L is b o a , P o r tu g a l;  

3  R e fe re n c e  C e n te r  o f  In h e r ite d  M e ta b o lic  D is e a s e s , C e n t ro  H o sp it a la r  U n iv e r s it á r io  d e  L is b o a  C e n t ra l, E P E , L is b o a , 
P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - s o fi a . f s n @ g m a i l . c o m  

B A C K G R O U N D :  Z e llw e g e r  s p e c t ru m  d is o rd e r  (Z S D ) is  a  g ro u p  o f  ra re  a u to so m a l re c e s s iv e  d is o rd e r s  c a u s e d  b y  m u ta t io n s  
in  m o re  th a n  1 2  g e n e s  th a t  e n c o d e  a  g ro u p  o f  p ro te in s  e s s e n t ia l fo r  t h e  fo rm a t io n  a n d  n o rm a l fu n c t io n  o f  t h e  p e ro x is o m e s . 
M u ta t io n s  in  th e  P E X 1  g e n e  a re  fo u n d  in  n e a r ly  7 0%  o f  a ff e c te d  in d iv id u a ls . T h e  Z S D  p h e n o t y p ic  s p e c t ru m  is  b ro a d , 
ra n g in g  f ro m  m ild  m a n ife s t a t io n s  to  th e  m o s t  s e v e re  fo rm , c h a ra c te r iz e d  b y  a  d is t in c t iv e  fa c ia l a p p e a ra n c e , v is u a l a n d  
h e a r in g  im p a irm e n t , h y p o to n ia , d e v e lo p m e n ta l d e la y , s e iz u re s , h e p a t ic  d y s fu n c t io n , re n a l c y s t s  a n d  b o n e  a b n o rm a lit ie s .  
 
C A S E  R E P O R T :  H e re  w e  re p o r t  a  c a s e  o f  a  9 -m o n th -o ld  m a le  re fe r re d  to  o u r  c lin ic  b y  d e v e lo p m e n ta l d e la y , d y sm o rp h ic  
f a c ia l fe a tu re s  a n d  v is u a l d e fi c it . T h e  p ro b a n d  is  t h e  fi r s t  c h ild  o f  a  n o n -c o n s a n g u in e o u s  c o u p le  f ro m  C a p e  Ve rd e , b o rn  
a f te r  3 9  w e e k s  g e s t a t io n  b y  e u to c ic  d e liv e r y  w ith  a d e q u a te  s o m a to m e t r y . H e  h a d  s e iz u re s  o n  th e  fi r s t  m o n th s  o f  li fe . 
A t  c lin ic a l o b s e r v a t io n  h e  h a d  d is t in c t iv e  fa c ie s  (e p ic a n th u s , fl a t te n e d  fa c e , b ro a d  n a s a l b r id g e , h ig h  fo re h e a d , lo w -s e a t  
e a r s ), la rg e  a n te r io r  fo n ta n e l w ith  w id e  s u tu re s , c o n v e rg e n t  s t ra b ism u s  w ith  n y s t a g m u s  m o v em e n t s , g lo b a l h y p o to n ia  
w ith  lo w e r  lim b  s p a s t ic it y  a n d  h e p a to sp le n o m e g a ly . D ia g n o s t ic  in v e s t ig a t io n  s h o w e d  in c re a s e d  t ra n s am in a s e s  w ith  
o th e rw is e  n o rm a l liv e r  fu n c t io n ; n o rm a l e c h o c a rd io g ram , re n a l u lt ra s o u n d  a n d  s k e le to n  X -ra y . O p h th a lm o lo g ic  
e v a lu a t io n  s h o w e d  p e r s is te n t  h y p e rp la s t ic  p r im a r y  v it re o u s . E E G  d em o n s t ra te d  s lo w  a n o m a ly  w ith  m o d e ra te  
e p ile p t ifo rm  a c t iv it y  o v e r  th e  le f t  p o s te r io r  t e m p o ra l re g io n . B ra in  M R I e v id e n c e d  b ila te ra l t e m p o ra l p o la r  s e q u e l 
in ju r ie s  o f  h em o r rh a g ic  v a s c u la r  n a tu re . M e ta b o lic  in v e s t ig a t io n  re v e a le d  e le v a te d  h e x a c o s a n o ic  a c id  o n  v e r y  lo n g  
c h a in  fa t t y  a c id s  s tu d y  a n d  p e ro x is o m a l d y s fu n c t io n  p ro fi le  o n  u r in a r y  o rg a n ic  a c id s . N e x t  G e n e ra t io n  S e q u e n c in g  
(N G S ) p a n e l id e n t ifi e d  2  p a th o g e n ic  v a r ia n t s  in  P E X 1  g e n e , s u g g e s t in g  th e  d ia g n o s is  o f  Z e llw e g e r  s p e c t ru m  d is o rd e r. 
H e  s t a r te d  o n  e a r ly  in te r v e n t io n  p ro g ram . P a re n t s ’ g e n e t ic  s tu d y  is  o n g o in g  to  c o n fi rm  th e  c o m p o u n d  h e te ro z y g o s it y .

 
C O M M E N T S :  W e  e m p h a s iz e  th e  im p o r t a n c e  o f  N G S  s e q u e n c in g  in  th e  d ia g n o s is  o f  ra re  d is e a s e s  a s  w e ll a s  t h e  im p o r t a n c e  
o f  a  m u lt id is c ip lin a r y  a p p ro a c h .
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J  C o r r e i a 1
;  A  B a n d e i r a

1
;  M  C o e l h o 1

;  C  N o g u e i r a
2
;  D  Q u e l h a s

3
;  M  F e r r e i r a  d e  A lm e i d a 3

;  E  M a r t i n s 1  

1  C e n t ro  R e fe rê n c ia  D o e n ç a s  H e re d it á r ia s  M e ta b o lism o , C e n t ro  H o sp it a la r  U n iv e r s it á r io  P o r to , P o r to , P o r tu g a l; 2  U n id a d e  
d e  R a s t re io  N e o n a ta l, M e ta b o lism o  e  G e n é t ic a , In s t it u to  N a c io n a l d e  S a ú d e  D o u to r  R ic a rd o  J o rg e , P o r to , P o r tu g a l; 
3  C e n t ro  d e  G e n é t ic a  M é d ic a  J a c in to  M a g a lh ã e s , C e n t ro  d e  R e fe rê n c ia  D o e n ç a s  H e re d it á r ia s  M e ta b o lism o , C e n t ro  

H o sp it a la r  U n iv e r s it á r io  P o r to , P o r to , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - j b c o r r e i a @ s a p o .p t  

B A C K G R O U N D :  C it r in  d e fi c ie n c y  is  a n  a u to so m a l re c e s s iv e  in b o rn  e r ro r  o f  m e ta b o lism . T h re e  m a in  p h e n o t y p e s  o f  h a v e  
b e e n  re p o r te d , in c lu d in g  n e o n a ta l in t ra h e p a t ic  c h o le s t a s is  c a u s e d  b y  c it r in  d e fi c ie n c y  (N IC C D ) d u r in g  in fa n c y , f a i lu re  to  
th r iv e  a n d  d y s lip id em ia  c a u s e d  b y  c it r in  d e fi c ie n c y  (F T T D C D ) in  o ld e r  c h ild re n , a n d  re c u r re n t  h y p e ram m o n em ia  w ith  
n e u ro p s y c h ia t r ic  s ym p to m s  in  c it ru llin em ia  t y p e  2  (C T LN 2 ).

C A S E  R E P O R T :  W e  p re s e n t  tw o  u n re la te d  p a t ie n t s , b o th  b o rn  a t  t e rm  to  P o r tu g u e s e  n o n  c o n s a n g u in e o u s  p a re n t s , w ith  
a n  a p p ro p r ia te  b ir th  w e ig h t . 

P a t ie n t  1  w a s  a d m it te d  a t  4 -m o n th -o ld  d u e  to  a  p ro lo n g e d  n o n  c h o le s t a t ic  ja u n d ic e  a n d  fa ilu re  to  th r iv e . H e  h a d  m ild  
e le v a te d  h e p a t ic  e n z ym e s  a n d  n o rm a l c o a g u la t io n  p ro fi le  a n d  b lo o d  c o u n t . In fe c t io u s  c a u s e s  a n d  ⍺-1  a n t it r y p s in  d e fi c ie n c y  
w e re  e x c lu d e d . P la sm a  am in o  a c id s  re v e a le d  in c re a s e d  c it ru llin e  a n d  m e th io n in e . U r in a r y  o rg a n ic  a c id s  s h o w e d  p e r s is te n t  
e x c re t io n  o f  p -h y d ro x y p h e n y lla c t ic  a n d  p -h y d ro x y p h e n y lp y ru v ic  a c id s . B lo o d  g a la c to s e  w a s  n o rm a l. J a u n d ic e  re s o lv e d  a t  
5 -m o n th -o ld  b u t  f a i lu re  to  th r iv e  m a in ta in e d , d e sp ite  in c re a s e d  c a lo r ic  in t a k e . D u e  to  p e r s is te n t  b io c h em ic a l re s u lt s , c it r in  
d e fi c ie n c y  w a s  s u sp e c te d . T h e  m o le c u la r  a n a ly s is  s h o w e d  tw o  n e w  p a th o g e n ic  v a r ia n t s  (c .1 0 5 6_1 0 6 0 d e lA  a n d  c .1 2 3 1 -
1 G >A ) in  S LC 2 5A 1 3  g e n e .

P a t ie n t  2  w a s  re fe r re d  a t  6 -m o n th -o ld  a f te r  a  s ym p to m a t ic  h y p o g ly c em ia  e p is o d e  a s s o c ia te d  w ith  fa ilu re  to  th r iv e , ra is e d  
liv e r  e n z ym e s , d y s lip id em ia  a n d  d iff u s e  liv e r  s te a to s is  w ith o u t  h e p a to m e g a ly . A m m o n ia  a n d  b lo o d  g a la c to s e  w e re  n o rm a l 
a n d  th e re  w a s  n o  h is to r y  o f  ja u n d ic e . P la sm a  am in o  a c id s  s h o w e d  c it ru llin e , m e th io n in e  a n d  th re o n in e  e le v a t io n . 

T h e  d ia g n o s e  o f  c it r in  d e fi c ie n c y  w a s  c o n fi rm e d  b y  m o le c u la r  a n a ly s is  (h o m o z y g o u s  fo r  t h e  c .1 2 3 1 -1 G >A  v a r ia n t ).  
D ie t a r y  in te r v e n t io n  in  b o th  p a t ie n t s  in c lu d e d  in c re a s e d  fa t  a n d  p ro te in  in t a k e , re s t r ic t io n  o f  c a rb o h yd ra te s  a n d  m e d iu m -
c h a in  t r ig ly c e r id e  s u p p le m e n ta t io n , w ith  g ro w th  c u r v e s  n o rm a liz a t io n  a n d  b io c h em ic a l im p ro v em e n t .  N o w  a t  1 3  a n d  2  
y e a r s  o ld  re sp e c t iv e ly , t h e y  re m a in  u n d e r  d ie t a r y  t re a tm e n t  a n d  a s ym p to m a t ic .

  
D I S C U S S I O N :  D u r in g  th e  p e r io d  a f te r  N IC C D  re c o v e r y  a n d  C T LN 2  o n s e t , s e v e ra l c lin ic a l m a n ife s t a t io n s  h a v e  b e e n  re p o r te d  
in c lu d in g  fa t ig u e , f a t t y  liv e r, g ro w th  im p a irm e n t /fa ilu re  to  th r iv e , h y p o g ly c em ia , d y s lip id em ia  a n d  p a n c re a t it is . W e  p re s e n t  
tw o  p a t ie n t s  w ith  s im ila r  m a n ife s t a t io n s , b u t  th a t  b e g u n  d u r in g  in fa n c y  a n d  w ith  n o  N IC C D  h is to r y , w h ic h  c o n t r ib u te s  to  
e lu c id a te  th e  c lin ic a l s p e c t ru m  o f  t h is  d is e a s e . 
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O S T E O P O R O S I S :  G E N E  I N T E R A C T I O N  B E T W E E N  P O LY M O R P H I S M S  I N  
G E N E S  R E L A T E D  T O  I R O N  M E T A B O L I S M  

 

P O -1 4  

L a u r a  A g u i a r 1 ,2 ,6 ;  J o a n a   F e r r e i r a
1 ,2 ,6

;  C r i s t i n a   M o n t e i r o 3
;  M á r i o  R u i   M a s c a r e n h a s 4 ,6 ;  Â n g e l a   I n á c i o

1 ,2 ,6
;   

P a u l a   F a u s t i n o 5 ,6
;  M a n u e l  B i c h o 1 ,2 ,6  

1  In s t it u to  d e  In v e s t ig a ç ã o  C ie n t ífi c a  B e n to  d a  R o c h a  C a b ra l, In s t it u to  d e  In v e s t ig a ç ã o  C ie n t ífi c a  B e n to  d a  R o c h a  C a b ra l, 
L is b o n , P o r tu g a l; 2  L a b o ra tó r io  d e  G e n é t ic a , Fa c u ld a d e  d e  M e d ic in a  d a  U n iv e r s id a d e  d e  L is b o a , L is b o n , P o r tu g a l, 

L is b o n , P o r tu g a l; 3  C e n t ro  d e  E s tu d o s  d a  P e r fo rm a n c e  H u m a n a , Fa c u ld a d e  d e  M o t r ic id a d e  H u m a n a  d a  U n iv e r s id a d e  
d e  L is b o a , L is b o n , P o r tu g a l, L is b o n , P o r tu g a l; 4  C lín ic a  d e  E n d o c r in o lo g ia , D ia b e te s  e  M e ta b o lism o  d e  L is b o a , C lín ic a  d e  
E n d o c r in o lo g ia , D ia b e te s  e  M e ta b o lism o  d e  L is b o a , L is b o n , , P o r tu g a l; 5  D e p a r t am e n to  d e  G e n é t ic a  H u m a n a , In s t it u to  
N a c io n a l d e  S a ú d e  D o u to r  R ic a rd o  J o rg e , , L is b o n , P o r tu g a l; 6  In s t it u to  d e  S a ú d e  Am b ie n ta l, Fa c u ld a d e  d e  M e d ic in a  d a  

U n iv e r s id a d e  d e  L is b o a , L is b o n , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - l a u r a m s a g u i a r @ h o t m a i l . c o m  

O s te o p o ro s is  is  a  c o m m o n  m e ta b o lic  b o n e  d is e a s e  c h a ra c te r iz e d  b y  re d u c e d  b o n e  m a s s  a n d  in c re a s e d  r is k  o f  f ra g ilit y  
f ra c tu re s . T h e  p a th o g e n e s is  o f  t h is  d is e a s e  is  c o m p le x  a n d  in fl u e n c e d  b y  m u lt ip le  r is k  f a c to r s , w h e re  g e n e t ic  f a c to r s  p la y  
a n  im p o r t a n t  ro le . O s te o p o ro s is  a n d  iro n  m e ta b o lism  h a v e  a n  im p o r t a n t  re la t io n sh ip . I ro n  o v e r lo a d  s u p p re s s e s  o s te o b la s t  
fo rm a t io n  a n d  a ls o  s t im u la te s  o s te o c la s t  re s o rp t io n  o f  b o n e , s u g g e s t in g  th a t  p o lym o rp h ism s  in  g e n e s  a ff e c t in g  iro n  
h o m e o s ta s is  c a n  in c re a s e  th e  s u s c e p t ib ilit y  fo r  t h e  d e v e lo p m e n t  o f  o s te o p o ro s is . 

In  th e  p re s e n t  s tu d y , w e  a im e d  to  a n a ly s e  th e  e p is t a t ic  re la t io n sh ip  b e tw e e n  tw o  iro n  m e ta b o lism  re la te d  g e n e s  - h a p to g lo b in  
(H p ) a n d  H F E  – in  o s te o p o ro s is . W e  a ls o  s tu d ie d  th e  BM P 2  g e n e . To  a c h ie v e  th is , 3 1 3  p a t ie n t s  w ith  o s te o p o ro s is  a n d  4 5 0  
c o n t ro ls  w ith  n o rm a l b o n e  m in e ra l d e n s it y  w e re  e n ro lle d . H a p to g lo b in  p h e n o t y p e  w a s  d e te rm in e d  b y  p o ly a c r y lam id e  
g e l e le c t ro p h o re s is  (PA G E ) a n d  H F E  p o lym o rp h ism s  (H 6 3D  a n d  C 2 8 2 Y ) w e re  e v a lu a te d  b y  P C R -R F L P. B M P 2  p o lym o rp h ism  
(c .5 7 0 A>T ) w a s  e v a lu a te d  b y  P C R -A RM S . A ll s t a t is t ic a l t e s t s  w e re  p e r fo rm e d  w ith  S P S S  2 4 .0  s o f tw a re . R e su lt s  s h o w e d  th a t , 
n o  s ig n ifi c a n t  d iff e re n c e s  w e re  fo u n d  b e tw e e n  th e  tw o  p o p u la t io n s  (p a t ie n t s  v s  c o n t ro ls ) c o n c e rn in g  H p  p h e n o t y p e s  o r  
H F E  (H 6 3D  a n d  C 2 8 2 Y ) g e n o t y p e s . H o w e v e r, in d iv id u a ls  t h a t  h a v e  c o -in h e r ite d  th e  H p  2 .2  a n d  th e  H F E_H 6 3D  H H  h a v e  a n  
in c re a s e d  r is k  fo r  d e v e lo p in g  o s te o p o ro s is  [p =0 .0 4 9 ; O R  (9 5%  C I) = 2 .5 0 9  (1 .0 0 3 -6 .2 7 9 )] (a d ju s te d  fo r  a g e  a n d  b o d y  m a s s  
in d e x ).

In  s u m m a r y , a  s ig n ifi c a n t  e p is t a t ic  in te ra c t io n  w a s  d e te c te d  b e tw e e n  h a p to g lo b in  a n d  H F E  a n d  o s te o p o ro s is , w h e re  H p  
2 .2  in  c o m b in a t io n  w ith  H F E_H 6 3D  H H  g e n o t y p e  a p p e a r s  to  in c re a s e  th e  r is k  fo r  d e v e lo p in g  o s te o p o ro s is . S in c e  th e s e  
g e n e s  a re  re la te d  to  iro n  m e ta b o lism , th e  re s u lt s  o f  t h is  s tu d y  re in fo rc e  a n  im p o r t a n t  a c t io n  o f  t h is  m e ta b o lism  in  th e  
d e v e lo p m e n t  o f  o s te o p o ro s is .
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M E T A B O L I C  M A P P I N G  A S  A  T A R G E T   
F O R  O P T IM I Z E D  H E A R T  F A I L U R E  T H E R A P Y  

P O -6 8  

C a r l a  M a r t i n s 1 ;  R i t a  A r a u j o
1
;  J o ã o  C a r v a l h o

1  

1  In te rn a l M e d ic in e  D e p a r tm e n t , C H E D V  - C e n t ro  H o sp it a la r  E n t re  D o u ro  e  Vo u g a , S a n ta  M a r ia  d a  F e ira , P o r tu g a l;  

P r e s e n t i n g  A u t h o r  - m a r t i n s . c a r l a m r t @ g m a i l . c o m  

H e a r t  f a i lu re ’s  in c id e n c e  is  s t i ll  in c re a s in g  w o r ld w id e  a n d  it ’s  m o r t a lit y  ra te  is  a  m a t te r  o f  c o n c e rn , d e sp ite  c o n t in u in g  
th e ra p e u t ic  in n o v a t io n s . In fl am m a t io n  is  a  w e ll-k n o w n  p a th o p h y s io lo g ic a l m e d ia to r  a s  is , re c e n t ly , m e ta b o lic  m o d u la t io n . 
E v e n  th o u g h , th e re ’s  n o  c le a r ly  s t a b lis h e d  m e ta b o lic  o r  in fl am m a t io n  p a t te rn  w h ic h  a c c u ra te ly  p re d ic t s  h e a r t  f a i lu re  
(H F ) p ro g n o s is . A d d it io n a lly , in  s p ite  o f  p ro te o m ic s  e v o lu t io n , c la s s ic  2 -d im e n s io n a l e le c t ro p h o re s is  (2 -D E ) c o n t in u e s  a  
re c o g n iz e d  m e th o d  in  s c re e n in g  a n a ly s is  o f  p ro te in ’s  p a t te rn .

Am o n g  a  c o h o r t  o f  2 5 0  H F  p a t ie n t s  fo llo w e d  in  o u r  e x te rn a l c o n su lt a t io n  w e  u s e d  to  s e e  (in  a p p ro x im a te ly  2 8%  o f  
th em ) a  s e r ic  p ro te in  e le c t ro p h o re t ic  p a t te rn  w h ic h  h a s  b e e n  re la te d  to  w o rs e  p ro g n o s is . T h is  p a t te rn  is  c h a ra c te r iz e d  
b y  lo w  a lb u m in  a n d  t ra n s fe r r in  a n d  h ig h  o ro so m u c o id  a n d  h a p to g lo b in . In  f a c e  o f  t h is  w e  h y p o th e s is e d  th a t  it  
c o u ld  b e  p a r t ia lly  e x p la in e d  b y  s o m e  u n re c o g n iz e d  ly s o so m a l d is o rd e r s  o r  o th e r  u n k n o w n  m e ta b o lic  d is e a s e .  
S o , w e  s tu d ie d  th e s e  p a t ie n t s  a n a ly s in g  c e r t a in  e n z ym a t ic  a c t iv it ie s  o n  p e r ip h e ra l b lo o d , in  o rd e r  to  ro u g h ly  a s c e r t a in  th is  
t h e s is . 

W e  in v e s t ig a te d  5 0  p a t ie n t s  a n d  a lm o s t  6 7%  o f  th em  h a d  a lte ra t io n s , a t  le a s t  in  o n e  o f  t h e  n e x t  k e y  e n z ym e s : a lp h a -
g lu c o s id a s e , b e ta -g a la c to s id a s e , b e ta -d -q u ito t r io s id a s e , a lf a -id u ro n id a s e  a n d  b e ta -g lu c o s id a s e . A lth o u g h  n o t  fu lfi llin g  
c r it e r ia  fo r  m a jo r  lis o zo m a l d is e a s e s  a s  G a u c h e r, P o m p e  o r  Fa b r y , in  m o s t  o f  t h em , in v e s t ig a t io n  p ro c e e d e d  to  g e n o m ic  
D N A  a n a ly s is .

T h e s e  p a t ie n t s  h a v e  c le a r ly  a  d iff e re n t  m e ta b o lic  p a t te rn  w h e n  c o m p a re d  to  H F  p a t ie n t s  w ith  n o rm a l s e r ic  e le c t ro p h o re s is . 
T h e  p ro b le m  is  t h a t  w e  re a lly  d o n ’t  k n o w  it  y e t , o r  in  w h ic h  w a y  it  in te r fe re s  in  H F ’s  p a th o p h y s io lo g y . A t  th e  e n d  o f  t h is  
s tu d y , w e  in te n t  to  c la r if y  t h is , a n d , h o p e fu lly , to  c o n t r ib u te  w ith  a n o th e r  v a lu a b le  th e ra p e u t ic  t a rg e t .

  
 
 
 
 




