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HISTOPATHOLOGICAL AND IMMUNOCVTOCHEMICAL STUDIES IN AGE-ASSOCIA­
TED DEMENTIAS -  The im p o r ta n c e  o f  r ig o r o u s  h i s t o p a t h o l o g i c a l  
c r i t e r i a  f o r  c l a s s i f i c a t i o n  o f  p r o g r e s s i v e  de m en t ia  d i s o r d e r s .

I r i n a  A l a f u z o f f ,  D epa rtm en t  o f  P a th o lo g y ,  U n i v e r s i t y  o f  Umeå, 
Sweden.

Dem en tia  i s  an a g e - a s s o c ia te d  o r g a n ic  b r a i n  d i s o r d e r ,  r e c o g n iz ­
a b le  by th e  e s s e n t i a l  f e a t u r e s  o f  p s y c h o lo g i c a l  o r  b e h a v io r a l  
a b n o r m a l i t y  a s s o c ia te d  w i t h  perm anent d y s f u n c t i o n  o f  th e  b r a i n  
i n t e r f e r i n g  w i t h  s o c i a l  and o c c u p a t io n a l  f u n c t i o n i n g .
There  a re  two c l i n i c a l  and t h r e e  h i s t o p a t h o l o g i c a l  fo rm s o f  
de m e n t ia  1) p r im a r y  d e g e n e r a t i v e  d e m e n t ia , (PDD), o r  A l z h e i ­
m e r 's  d e m e n t ia / S e n i le  d e m en t ia  o f  A lz h e im e rs  ty p e  (AD/SDAT) 
w h ic h  i s  a s s o c ia te d  w i t h  c l i n i c a l  f e a t u r e s  o f  u n i f o r m  p r o g r e s ­
s io n  and i n s i d i o u s  o n s e t  o f  symptoms and h i s t o p a t h o l o g i c a l l y  i -  
d e n t i f i e d  by th e  o c c u r re n c e  o f  n e u r o f i b r i l l a r y  t a n g le s  (NFT) and 
s e n i l e / n e u r i t i c  p la q u e s  (SP/NP) i n  v a r i o u s  c o r t i c a l  and s u b c o r -  
t i c a l  r e g io n s ;  2) v a s c u la r  d e m e n t ia , o r  m u l t i - i n f a r c t  d e m en t ia  
(M ID ) ,  w h ich  i s  a s s o c ia te d  w i t h  c l i n i c a l  f e a tu r e s  o f  s te p w is e  
p r o g r e s s  and p a tc h y  d i s t r i b u t i o n  o f  d e f i c i t s ,  and h i s t o p a t h o l o ­
g i c a l l y  i d e n t i f i e d  by th e  o c c u r re n c e  o f  m u l t i p l e  l a r g e  a n d /o r  
s m a l l  h a e m o rrh a g ic  a n d /o r  is c h a e m ic  i n f a r c t s  i n  v a r i o u s  c o r t i c a l  
and s u b c o r t i c a l  r e g io n s  and 3) i n t e r m e d ia t e  fo rm  o f  d e m en t ia  
o r  "m ix e d ”  ( " c o m b in e d " )  d e m en t ia  (A D -M ID ) , w h ich  i s  h i s t o p a t h o -  
l o g i c a l l y  a s s o c ia te d  w i t h  th e  c o e x is t a n c e  o f  symptoms and l e ­
s io n s  o b se rve d  i n  AD/SDAT and MID, and c l i n i c a l l y  r e f e r r e d  t o  
th e  MID g ro u p .  The D S M - I I I  c r i t e r i a  s e p a r a te  th e  demented i n t o  
two g ro u p s ,  AD/SDAT and MID, w h i l e  t h e r e  a re  no u n iq u e  c l i n i c a l  
c r i t e r i a  f o r  th e  AD-MID p a t i e n t s .  The c l i n i c a l  d ia g n o s is  o f  
d e m e n t ia  a c c o r d in g  t o  th e  D S M - I I I  c r i t e r i a  was shown t o  be i n ­
s u f f i c i e n t  . H i s t o p a t h o l o g i c a l  d i a g n o s t i c  c r i t e r i a  were p o s tu ­
l a t e d  by us f o r  1) p a t h o l o g i c a l  changes d e v e lo p in g  i n  m e n ta l l y  
u n im p a i re d  a g e in g ,  2) AD/ SPAT, 3) MID and 4 )  AD-MID.
These h i s t o p a t h o l o g i c a l  c la s s e s  c o u ld  be s e p a r a te d , by means 
o f  m u l t i v a r i a t e  d a ta  a n a l y s i s .  The p a th o lo g y  i n  AD-MID was 
shown n o t  t o  be m e re ly  a l i n e a r  c o m b in a t io n  o f  th e  AD/SDAT 
and MID p a th o lo g y .
I n t r a t h e c a l  s y n t h e s i s  o f  I g ,  o l i g o c l o n a l  bands o r  o t h e r  abnorm al 
p r o t e i n s  i n  th e  CSF c o u ld  n o t  be d e m o n s tra te d  i n  aged non-demen- 
te d  and demented p a t i e n t s .
The b l o o d - c e r e b r o s p in a l  b a r r i e r  (B-CSF-B) o r  b l o o d - b r a i n  b a r r i e r  
(BBB) f u n c t i o n  a l t e r s  w i t h  age and t h i s  a l t e r a t i o n  was shown to  
be more p ronounced  i n  MID and AD-MID p a t i e n t s .  I n  MID and AD- 
MID p a t i e n t s  th e  BBB a l t e r a t i o n  i n v o l v e s  p r i m a r i l y  th e  g re y  
m a t t e r  w h i l e  i n  AD/SDAT p a t i e n t s  th e  a l t e r a t i o n  wou ld  appear 
t o  i n v o l v e  o n ly  th e  w h i t e  m a t t e r .  The BBB d y s f u n c t i o n  and a 
p o s s ib l e  complement a c t i v a t i o n , e i t h e r  th ro u g h  a n t i b o d y - a n t i -  
gen a c t i v a t i o n  o r  o t h e r  complement a c t i v a t o r s ,  was v i s u a l i z e d  i n  
MID and AD-MID p a t i e n t s  as p e r i v a s c u l a r  serum p r o t e i n  depo­
s i t s  i n  th e  g re y  m a t t e r ,  a lw a y s  w i t h  a c a p i l l a r y  i n  th e  c e n t e r .  
The o c c u r re n c e  o f  some serum p r o t e i n s  i n  p la q u e s , and th e  
p r e v i o u s l y  d e s c ib e d  l o c a l i z a t i o n  o f  p la q u e s  i n  c lo s e  r e l a t i o n ­
s h ip  t o  th e  c a p i l l a r i e s ,  s u g g e s t  t h a t  a l t e r e d  BBB f u n c t i o n  and 
serum f a c t o r s  may be i n v o l v e d  i n  th e  e t i o l o g y  and m a t u r a t io n  o f  
p la q u e s  w h i l e  th e  e t i o l o g y  and m a t u r a t i o n  o f  t a n g le s  may n o t  be 
d i r e c t l y  dependent on th e s e  f a c t o r s ,  as th e y  were ne v e r  l a b e l l e d  
w i t h  any o f  th e  a n t i s e r a  s t u d i e d .
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A B B R E V I A T I O N S  

AD A lz h e im e r ' s  d is e a s e
AD-MID "m ix e d "  o r  "c o m b in e d "  d e m e n t ia ,  i . e .  h i s t o p a t h o l o g i c a l  

c o e x is ta n c e  o f  d e g e n e r a t i v e  and v a s c u la r  changes t o  a 
g r e a t e r  e x c t e n t  th a n  i s  seen i n  non-demented p a t i e n t s  

A lb  a lb u m in
ANF A lz h e im e r  n e u r o f i b r i l l a r y  t a n g le s
A P f /R p f  a b s o l u t e / r a t e  number o f  p la q u e s  i n  f r o n t a l  c o r t e x
APh/RPh a b s o l u t e / r a t e  number o f  p la q u e s  i n  h ippocampus
A T f /R T f  a b s o l u t e / r a t e  number o f  t a n g le s  i n  f r o n t a l  c o r t e x
ATh/RTh a b s o l u t e / r a t e  number o f  t a n g le s  i n  h ippocampus
BBB b l o o d - b r a i n  b a r r i e r
B-CSF-B b l o o d - c e r e b r o s p in a l  f l u i d  b a r r i e r
BP B od ian  s i l v e r  s t a i n i n g  w i t h  p e r i o d i c  a c id  S c h i f f  (PAS)
BRA b r a i n  r e a c t i v e  a n t i b o d ie s
BSA b o v in e  serum a lb u m in
C1q, C3c complement f a c t o r s
CNS c e n t r a l  n e rv o u s  sys tem
CRP C - r e a c t i v e  p r o t e i n
CSF c e r e b r o s p in a l  f l u i d
CVD c e r e b r o v a s c u la r  d is e a s e
D p e r i v a s c u la r  d e p o s i t s  o f  serum p r o t e i n s
ECG e le c t r o c a r d io g r a m
EEG e le c t r o e n c e p h a lo g r a m
F f i b r i n o g e n
GFAP g l i a l  f i b r i l l a r y  a c i d i c  p r o t e i n
HE h e m a t o x y l in - e o s in
IEF i s o e l e c t r i c  fo c u s in g
I f  m ic r o s c o p ic  i n f a r c t s  i n  f r o n t a l  c o r t e x
Ig  im m u n o g lo b u l in
Ih  m ic r o s c o p ic  i n f a r c t s  i n  h ippocam pus
ISO-DALT te c h n iq u e  f o r  h ig h  r e s o l u t i o n  tw o - d im e n s io n a l  

e l e c t r o p h o r e s i s  
MID m u l t i - i n f a r c t  d e m en t ia
NFT n e u r o f i b r i l l a r y  t a n g le
NP n e u r i t i c  p la q u e  o r  amorphous p la q u e  o r  s m a l l  p la q u e

o r  p la q u e  w i t h o u t  a m y lo id  c o re  o r  " im m a tu re "  p la q u e  
P p la q u e
PA p re a lb u m in
PAGE p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s
PAP p e r o x i d a s e - a n t i p e r o x id a s e  t e c h n iq u e
PBS ph osp ha te  b u f f e r e d  s a l i n e
PC p r i n c i p a l  component
PDD p r im a r y  d e g e n e r a t i v e  d e m en t ia
PHF p a i r e d  h e l i c a l  f i l a m e n t s
PLS p a r t i a l  l e a s t  squ a re s  m o d e l l i n g  i n  l a t e n t  v a r i a b l e s
S h i s t o p a t h o l o g i c a l  d e m en t ia  s c o r e ,  i . e .  th e  sum o f  r a t e

number o f  t a n g le s  and p la q u e s  i n  f r o n t a l  c o r t e x  and 
hippocampus

SDAT s e n i l e  d e m en t ia  o f  A l z h e im e r ' s  ty p e
SIMCA s o f t  in d e p e n d e n t  m o d e l l i n g  o f  c la s s  a n a lo g ie s
SP s e n i l e  p la q u e  o r  dense p la q u e  o r  l a r g e  p la q u e  o r  amy­

l o i d  p la q u e  o r  c l a s s i c a l  p la q u e  o r  "m a tu re "  p la q u e  
T t a n g le
vB von Braunmühl s i l v e r  s t a i n i n g
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A B S T R A C T

HISTOPATHOLOGICAL AND IMMUNOCYTOCHEMICAL STUDIES IN AGE-ASSOCIA­
TED DEMENTIAS -  The im p o r ta n c e  o f  r i g o r o u s  h i s t o p a t h o l o g i c a l  
c r i t e r i a  f o r  c l a s s i f i c a t i o n  o f  p r o g r e s s i v e  de m en t ia  d i s o r d e r s .

I r i n a  A l a f u z o f f ,  D epa r tm en t  o f  P a th o lo g y ,  U n i v e r s i t y  o f  Umeå, 
Sweden.

Dem entia  i s  an a g e - a s s o c ia te d  o r g a n ic  b r a i n  d i s o r d e r ,  r e c o g n iz ­
a b le  by th e  e s s e n t i a l  f e a t u r e s  o f  p s y c h o lo g i c a l  o r  b e h a v io r a l  
a b n o r m a l i t y  a s s o c ia te d  w i t h  perm anent d y s f u n c t i o n  o f  th e  b r a i n  
i n t e r f e r i n g  w i t h  s o c i a l  and o c c u p a t i o n a l  f u n c t i o n i n g .
There  a re  two c l i n i c a l  and t h r e e  h i s t o p a t h o l o g i c a l  fo rm s o f  
de m en t ia  1) p r im a r y  d e g e n e r a t i v e  d e m e n t ia , (PDD), o r  A l z h e i ­
m e r 's  d e m e n t ia / S e n i le  d e m en t ia  ö f  A lz h e im e rs  ty p e  (AD/SDAT) 
w h ic h  i s  a s s o c ia te d  w i t h  c l i n i c a l  f e a t u r e s  o f  u n i f o r m  p r o g r e s ­
s io n  and i n s i d i o u s  o n s e t  o f  symptoms and h i s t o p a t h o l o g i c a l l y  i -  
d e n t i f i e d  by th e  o c c u r re n c e  o f  n e u r o f i b r i l l a r y  t a n g le s  (NFT) and 
s e n i l e / n e u r i t i c  p la q u e s  (SP/NP) i n  v a r i o u s  c o r t i c a l  and s u b c o r -  
t i c a l  r e g io n s ;  2) v a s c u la r  d e m e n t ia , o r  m u l t i - i n f a r c t  de m en t ia  
(M ID ) ,  w h ich  i s  a s s o c ia te d  w i t h  c l i n i c a l  f e a t u r e s  o f  s te p w is e  
p r o g re s s  and p a tc h y  d i s t r i b u t i o n  o f  d e f i c i t s ,  and h i s t o p a t h o l o ­
g i c a l l y  i d e n t i f i e d  by th e  o c c u r re n c e  o f  m u l t i p l e  l a r g e  a n d /o r  
s m a l l  h a e m o rrh a g ic  a n d /o r  is c h a e m ic  i n f a r c t s  i n  v a r i o u s  c o r t i c a l  
and s u b c o r t i c a l  r e g io n s  and 3) i n t e r m e d ia t e  fo rm  o f  de m en t ia  
o r  "m ix e d "  ( " c o m b in e d " )  d e m en t ia  (A D -M ID ),  w h ich  i s  h i s t o p a t h o -  
l o g i c a l l y  a s s o c ia te d  w i t h  th e  c o e x is t a n c e  o f  symptoms and l e ­
s io n s  o b se rve d  i n  AD/SDAT and MID, and c l i n i c a l l y  r e f e r r e d  to  
th e  MID g ro u p .  The D S M - I I I  c r i t e r i a  s e p a r a te  th e  demented i n t o  
two g ro u p s ,  AD/SDAT and MID, w h i l e  t h e r e  a re  no u n iq u e  c l i n i c a l  
c r i t e r i a  f o r  th e  AD-MID p a t i e n t s .  The c l i n i c a l  d i a g n o s i s  o f  
de m en t ia  a c c o r d in g  t o  th e  D S M - I I I  c r i t e r i a  was shown t o  be i n -  
s u f f i c i e n t . H i s t o p a t h o l o g i c a l  d i a g n o s t i c  c r i t e r i a  were p o s t u ­
l a t e d  by us f o r  1) p a t h o l o g i c a l  changes d e v e lo p in g  i n  m e n ta l l y  
u n im p a i re d  a g e in g ,  2) AD/ SPAT, 3) MID and 4 )  AD-MID.
These h i s t o p a t h o l o g i c a l  c la s s e s  c o u ld  be s e p a r a te d , by means 
o f  m u l t i v a r i a t e  d a ta  a n a l y s i s .  The p a th o lo g y  i n  AD-MID was
shown n o t  t o  be m e re ly  a l i n e a r  c o m b in a t io n  o f  th e  AD/SDAT
and MID p a th o lo g y .
I n t r a t h e c a l  s y n t h e s i s  o f  I g ,  o l i g o c l o n a l  bands o r  o t h e r  abnorm al 
p r o t e i n s  i n  th e  CSF c o u ld  n o t  be d e m o n s tra te d  i n  aged non-demen- 
t e d  and demented p a t i e n t s .
The b l o o d - c e r e b r o s p in a l  b a r r i e r  (B-CSF-B) o r  b l o o d - b r a i n  b a r r i e r  
(BBB) f u n c t i o n  a l t e r s  w i t h  age and t h i s  a l t e r a t i o n  was shown to  
be more p ronounced i n  MID and AD-MID p a t i e n t s .  In  MID and AD- 
MID p a t i e n t s  th e  BBB a l t e r a t i o n  i n v o l v e s  p r i m a r i l y  th e  g re y  
m a t t e r  w h i l e  i n  AD/SDAT p a t i e n t s  th e  a l t e r a t i o n  wou ld  appear 
t o  i n v o l v e  o n ly  th e  w h i t e  m a t t e r .  The BBB d y s f u n c t i o n  and a
p o s s ib l e  complement a c t i v a t i o n , e i t h e r  th ro u g h  a n t i b o d y - a n t i -
gen a c t i v a t i o n  o r  o t h e r  complement a c t i v a t o r s ,  was v i s u a l i z e d  in  
MID and AD-MID p a t i e n t s  as p e r i v a s c u l a r  serum p r o t e i n  depo­
s i t s  i n  th e  g re y  m a t t e r ,  a lw ays  w i t h  a c a p i l l a r y  i n  th e  c e n t e r .  
The o c c u r re n c e  o f  some serum p r o t e i n s  i n  p la q u e s , and th e  
p r e v i o u s l y  d e s c ib e d  l o c a l i z a t i o n  o f  p la q u e s  i n  c lo s e  r e l a t i o n ­
s h ip  to  th e  c a p i l l a r i e s ,  s u g g e s t  t h a t  a l t e r e d  BBB f u n c t i o n  and 
serum f a c t o r s  may be in v o l v e d  i n  th e  e t i o l o g y  and m a t u r a t io n  o f  
p la q u e s  w h i l e  th e  e t i o l o g y  and m a t u r a t i o n  o f  t a n g le s  may n o t  be 
d i r e c t l y  dependent on th e s e  f a c t o r s ,  as th e y  were ne ve r  l a b e l l e d  
w i t h  any o f  th e  a n t i s e r a  s t u d ie d .
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I N T R O D U C T I O N

Dem entia  i s  an a g e - a s s o c ia te d  o r g a n ic  b r a i n  d i s o r d e r ,  r e c o g ­

n i z a b le  by th e  e s s e n t i a l  f e a t u r e  o f  p s y c h o lo g i c a l  o r  b e h a v io ­

r a l  a b n o r m a l i t y  a s s o c ia te d  w i t h  pe rm anent d y s f u n c t i o n  o f  th e  

b r a i n  and i n t e r f e r i n g  w i t h  s o c i a l  and o c c u p a t i o n a l  f u n c t i o n  

( *  1 9 8 0 ) .

CLINICAL STUDIES

The most common ty p e  o f  d e m e n t ia  i s  th e  p r im a r y  d e g e n e ra t iv e  

d e m en t ia  (PDD), commonly r e f e r r e d  t o  as A lz h e im e r ' s  d i s e a s e /  

S e n i l e  de m en t ia  o f  A lz h e im e r  ty p e  (AD/SDAT), w h ich  a c c o u n ts  

f o r  a p p r o x im a te l y  50-70% o f  th e  cases i n  an a u to p s y  m a t e r i a l  

( T o m l in s o n  1 9 80 ) .  V a s c u la r  d e m en t ia  o r  m u l t i - i n f a r c t  demen­

t i a  (MID) and th e  "m ix e d "  o r  "c o m b in e d "  d e m en t ia  (AD-MID) ac ­

c o u n ts  f o r  abou t  15% each o f  th e  demented cases  i n  an a u to p s y  

m a t e r i a l  ( T o m linson  19 8 0 ) .

E s s e n t i a l  f e a t u r e s  i n  AD/SDAT a re  th e  p re sen ce  o f  d e m en t ia  o f  

i n s i d i o u s  o n s e t  and g r a d u a l  p r o g r e s s io n ,  i n v o l v i n g  m u l t i - f a ­

c e t t e d  lo s s  o f  i n t e l l e c t u a l  a b i l i t i e s ,  such as memory, ju d g e ­

m ent,  a b s t r a c t  t h i n k i n g  and o t h e r  advanced c o r t i c a l  f u n c t i o n s ,  

as w e l l  as change i n  p e r s o n a l i t y  and b e h a v io u r  ( Roth 1955, 

S l a t e r  and Roth 1 9 7 0 ) .  W ith  p r o g r e s s io n  o f  th e  d is e a s e ,  th e  

p a t i e n t  m ig h t  be c o m p le te ly  mute and i n a t t e n t i v e .  T h is  l a t e  

s ta g e  le a d s  i n e v i t a b e l y  t o  d e a th .  The p r e v a le n c e  i s  2-4% a t  an 

age o f  65 and in c r e a s e s  w i t h  age p a r t i c u l a r l y  a f t e r  75 (_̂_

1980, A d o l f s s o n  e t  a l  1 9 8 1 ) .  The d i s o r d e r  i s  more common i n  

women tha n  i n  men and f i r s t  deg ree  r e l a t i v e s  o f  p robands w i t h  

AD/SDAT a re  f o u r  t im e s  more l i k e l y  t o  d e v e lo p  th e  d is e a s e  com­

p a red  w i t h  th e  members o f  th e  g e n e r a l  p o p u la t i o n  (*_ 19 8 0 ) .

The e t i o l o g y  o f  AD/SDAT i s  unknown, b u t  v a r i o u s  s p e c u la t i o n s  

a re  f l o u r i s h i n g  on in v o lv e m e n t  o f  p o s s i b l e  endogenous ( g e n e t i -  

c a l ,  im m u n o lo g ic a l ,  e n d o c r i n o l o g i c a l )  and p r e c i p i t a t i n g  ( v i r u ­

s e s ,  n e u r o t o x i c  s u b s ta n c e s )  f a c t o r s  ( O ld s to n e  and D ic k s o n  

1974, C rapper and De B on i 1978, Fudenberg e t  a l  19 8 4 ) .
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The d e m en t ia  a s s o c ia te d  w i t h  v a s c u la r  changes (MID) shows, 

c o n t r a r y  t o  AD/SDAT, an a b r u p t  o n s e t ,  a s te p w is e  and f l u c t u a ­

t i n g  d e t e r i o r a t i o n  i n  i n t e l l e c t u a l  f u n c t i o n i n g  w i t h  r a p id  

changes t h a t ,  e a r l y  i n  th e  c o u rs e  o f  th e  d is e a s e ,  le a v e s  some 

o f  th e  i n t e l l e c t u a l  f u n c t i o n  r e l a t i v e l y  i n t a c t  ( H a c h in s k i  e t  

a l  1974, 19 7 5 ) .  D is tu r b a n c e s  i n  memory, a b s t r a c t  t h i n k i n g ,

ju d g e m e n t ,  im p u ls e  c o n t r o l  and p e r s o n a l i t y  a re  common. P a t ­

t e r n s  o f  d e f i c i t s  depend upon w h ic h  r e g io n s  o f  th e  b r a i n  a re  

a f f e c t e d  ( F i s h e r  1968, H a c h in s k i  1979, de Reuck e t  a l  

1 9 8 2 ) .  F o c a l  n e u r o l o g i c a l  s ig n s  and symptoms a re  p r e s e n t ,  and 

c e r e b r o v a s c u la r  d is e a s e s  (CVD) has been r e l a t e d  t o  th e  e t i o l o ­

gy o f  th e  d i s o r d e r  ( H a c h in s k i  1975, Rosen e t  a l  1980, 

B i r k e t t  and R a sk in  1 9 82 ) .

C l i n i c a l  d i a g n o s t i c  c r i t e r i a

D S M - I I I  c r i t e r i a  ( *  1 9 8 0 ) ,  th e  most w id e l y  used c l i n i c a l  c l a s ­

s i f i c a t i o n  c r i t e r i a  f o r  d e m e n t ia s ,  were i n t r o d u c e d  i n  1980 by 

th e  Am er ican  P s y c h i a t r i c  A s s o c i a t i o n .  A c c o rd in g  t o  th e s e  c r i ­

t e r i a  t h e r e  a re  two m a jo r  fo rm s  o f  p r o g r e s s i v e  de m en t ia  d i s o r ­

d e r s ,  nam ely ,  AD/SDAT and MID. The m a jo r  p r i n c i p l e s  i n  th e s e  

c r i t e r i a  a re  l i s t e d  b e lo w :

c r i t e r i a  f o r  AD/SDAT: 1) c l i n i c a l  s ig n s  o f  d e m e n t ia ,

2) i n s i d i o u s  o n s e t  o f  symptoms,

3) u n i f o r m  p r o g r e s s io n  o f  th e  d is e a s e ,

4 )  no s ig n s  o f  o t h e r  s p e c i f i c  causes  o f  

de m en t ia  ;

c r i t e r i a  f o r  MID: 1) c l i n i c a l  s ig n s  o f  d e m e n t ia ,

2) s te p w is e  p r o g r e s s io n  o f  th e  d is e a s e ,

3) p a tc h y  d i s t r i b u t i o n  o f  d e f i c i t s ,

4 )  e x i s ta n c e  o f  f o c a l  n e u r o l o g i c a l  s ig n s  

and symptoms,

5) e v id e n c e s  o f  c a r d i o / c e r e b r o v a s c u la r  

d i s e a s e s .
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To s i m p l i f y  th e  c l i n i c a l  d i f f e r e n t i a t i o n  between AD/SDAT and 

MID th e  " H a c h in s k i  s c o r e "  ( H a c h in s k i  e t  a l  1975) was i n t r o ­

d uced .  Symptoms and s ig n s ,  such as a b r u p t  o n s e t ,  s te p w is e  de­

t e r i o r a t i o n ,  f l u c t u a t i n g  c o u r s e ,  n o c t u r n a l  c o n f u s io n ,  d e p re s ­

s i o n ,  s o m a t ic  c o m p la in t s ,  e m o t io n a l  i n c o n t i n e n c e ,  h y p e r te n s io n  

s t r o k e  d i s tu r b a n c e s ,  a s s o c ia te d  a r t e r i o s c l e r o s i s ,  n e u r o l o g i c a l  

s ig n s  o r  symptoms, were s c o re d  by t h i s  method. P a t i e n t s  w i t h  a 

s c o re  unde r f o u r  were c l a s s i f i e d  as AD/SDAT p a t i e n t s  and th o s e  

w i t h  a s c o re  above seven were c l a s s i f i e d  as MID p a t i e n t s .

S ta n d a r d iz e d  o p e r a t i o n a l  c r i t e r i a ,  e . g .  th e  D S M - I I I  (_* 1980) 

c r i t e r i a ,  d e s c r ib e d  above , and th e  N I M H - c r i t e r i a  ( McKhann e t  

a l  1 9 8 4 ) ,  have d e s ig n a te d  a g ro up  o f  p r o g r e s s iv e  de m en t ia  

d i s o r d e r s ,  e i t h e r  presumed AD/SDAT o r  MID. A c c o rd in g  t o  th e  

N I M H - c r i t e r i a  f o r  d e f i n i t i o n  o f  d e f i n i t e  AD/SDAT, a com b i­

n a t i o n  o f  s p e c i f i c  c l i n i c a l  d a ta  and h i s t o p a t h o l o g i c a l  d a ta  

a re  r e q u i r e d .  W ith  th e  e x c e p t io n  o f  a s tu d y  i n v e s t i g a t i n g  th e  

r e l i a b i l i t y  o f  th e  " H a c h in s k i  s c o r e "  ( Rosen e t  a l  1980) and 

a s tu d y  i n v e s t i g a t i n g  th e  s p e c i f i c i t y  o f  th e  c l i n i c a l  d ia g n o ­

ses o f  de m en t ia  w i t h  h i s t o p a t h o l o g i c a l  v e r i f i c a t i o n  ( Todorov 

e t  a l  19 75 ) ,  l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on th e  v a l i d i t y  

o f  th e  d i f f e r e n t  c l i n i c a l  c r i t e r i a .

HISTOPATHOLOGICAL STUDIES

The d i a g n o s t i c  h a l lm a r k s  f o r  AD/SDAT a re  n e u r o f i b r i l l a r y  t a n ­

g l e s  (NFT) and s e n i l e / n e u r i t i c  p la q u e s  (SP/NP) and f o r  MID 

m a c r o - /m ic r o s c o p ic  i n f a r c t s  i n  c o r t i c a l  and s u b c o r t i c a l  a r e ­

as .

Among o t h e r  s t r u c t u r a l  changes o f  th e  b r a i n  i n  a g e in g  and de­

m e n t ia  a r e :  b r a i n  a t r o p h y , n e u ro n a l  l o s s , d e n d r i t i c  a t ­

rop hy  , a c c u m u la t io n  o f  l i p o f u s c i n , H i ra n o  b o d ie s  and g ra -

n u lo v a c u o la r  d e g e n e ra t io n  ( T o m linson  1980, B run 19 83 ) .
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N e u r o f i b r i l l a r y  t a n g le s  (NFT)

N e u r o f i b e r s  i n  th e  m a tu re  ne u ro ns  a re  o f  two p r i n c i p a l  c l a s ­

s e s :  n e u r o tu b u le s  (d ia m e te r  240 A ) ,  i d e n t i c a l  t o  m ic r o tu b u le s

i n  o t h e r  t i s s u e s ;  and n e u r o f i l a m e n t s  (d ia m e te r  100 A ) ,  members 

o f  th e  c la s s  o f  i n t e r m e d ia t e  f i l a m e n t s  ( T e r r y  and D a v ie s  

1 9 8 0 ) .  The n e u r o f i b r i l l a r y  t a n g le  i s  an ab n o rm a l,  i n t r a c y t o p -  

la s m ic  a r g e n t o p h i l i c  mass o f  n e u r o f i b e r s ,  p a s s in g  th ro u g h  th e  

p e r i k a r y o n ,  a round  th e  n u c le u s  to w a rd s  th e  a p i c a l  d e n d r i t e  and 

o f t e n  e x te n d in g  o u t  i n t o  one o r  more n e u r i t e s  ( T om lin s o n  

1980, T e r r y  and D a v ie s  19 8 0 ) .  The n e u r o f i b e r s  t h a t  fo rm  th e  

t a n g le  a re  d i f f e r e n t  f rom  th e  no rm a l t y p e s  i n  th e  sense t h a t  

t h e y  a re  p a i r e d  h e l i c a l  f i l a m e n t s  (PHF), each member o f  th e  

PHF m ea s u r in g  a p p r o x im a te l y  100 A i n  d ia m e te r  ( I q b a l  e t  a l  

1978, W is n ie w s k i  and S o i f e r  1 9 7 9 ) .  PHF have been de m o n s tra ­

te d  a l s o  i n  non-dem ented i n d i v i d u a l s .  They do n o t  show s i m i l a ­

r i t i e s  w i t h  no rm a l n e u r o f i l a m e n t s ,  m ic r o t u b u le s ,  a c t i n  o r  myo­

s i n  f i b e r s  ( G r u n d k e - Iq b a l  e t  a l  1 9 8 2 ,1 9 8 4 ) .  In  some t a n g le s  

t h e r e  a re  an a d m ix tu r e  o f  n o r m a l l y  a p p e a r in g  f i l a m e n t s ,  n o r ­

m a l l y  a p p e a r in g  t u b u le s  and th e  PHF. T a n g le s ,  b u i l t  up by t h e ­

se c h a r a c t e r i s t i c  PHF, a re  a l s o  fou nd  i n  d i s o r d e r s  o t h e r  th a n  

AD/SDAT. They a re  fo u n d ,  f o r  exa m p le ,  i n  th e  n e o c o r te x  i n  de ­

m e n t ia  p u g i l i s t i c a ,  G u a m -P a rk in s o n ' s d e m en t ia  com p lex ,  Down's 

syndrom e, p o s t e n c e p h a l i t i c  P a r k in s o n is m ,  and i n  o c c a s io n a l  

cases  o f  s u b a c u te  s c l e r o s i n g  p a n e n c e p h a l i t i s  (SSPE) and Tube­

ro u s  s c l e r o s i s  ( W is n ie w s k i  and S o i f e r  1 9 79 ) .  The e t i o l o g y  o f  

t h e  t a n g le s  i s  unknown.

S e n i l e / N e u r i t i c  p la q u e s  (5P/NP)

W h i le  th e  t a n g le  i s  p r i m a r i l y  w i t h i n  t h e  p e r i k a r y o n  th e  s e n i -  

l e / n e u r i t i c  p la q u e s  (SP/NP) occupy th e  n e u r o p h i l ,  where th e y  

a re  o f t e n  a d ja c e n t  t o  th e  c a p i l l a r i e s  ( M iyakawa e t  a l  1979,

1 9 8 2 ) .  There a re  two m o r p h o lo g ic a l  t y p e s  o f  p la q u e s :  1) th e  

amorphous o r  n e u r i t i c  p la q u e s ,  s m a l l  i n  s i z e ,  c o n s i s t i n g  o f  a 

c l u s t e r  o f  f o u r  o r  f i v e  d i s te n d e d  n e u r i t e s  and 2) th e  d i s c r e t e  

o r  s e n i l e  p la q u e s ,  l a r g e  i n  s i z e ,  w i t h  a u n i f o r m  d e n s e ly  s t a i ­

ned a m y lo id  c o re  a round  w h ich  t h e r e  i s  f r e q u e n t l y  an u n s ta in e d
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h a lo  su r ro u n d e d  by a r g e n t o p h i l i c  ro d s  and g r a n u la s  ( T o m l in ­

son 1980, G ibson e t  a l  19 8 3 ) .  The a m y lo id  c o re  i s  made up 

l a r g e l y  o f  e x t r a c e l l u l a r  a m y lo id  i n  th e  fo rm  o f  70 -90  A f i l a ­

m en ts ,  g u i t e  d i f f e r e n t  i n  t e x t u r e  and d e n s i t y  from th e  no rm a l 

n e u r o f i l a m e n t s  and from  th e  i n d i v i d u a l  f i b r i l s  o f  PHF ( T e r r y  

and D a v ies  19 80 ) .  A s t r o c y t i c  p ro c e s s e s  and o c c a s io n a l  m ic r o ­

g l i a  a re  p r e s e n t  i n  and a round  th e  p la q u e s .  L o c a l  neu rons  o f  

d i f f e r e n t  t y p e s  c o n t r i b u t e  w i t h  t h e i r  d e n d r i t e s  and axons t o  

th e  p la q u e s  ( P ro b s t  e t  a l  1 9 8 3 ) .  The two m orp h o lo g ic a T  t y ­

p e s ,  s e n i l e  and n e u r i t i c  p la q u e s  and th e  " i n t e r m e d ia t e "  form  

a re  most f r e q u e n t l y  found  t o g e t h e r  i n  th e  same p a t i e n t ,  a l t ­

hough i n  many, one o r  th e  o t h e r  p re d o m in a te s  ( G ibson e t  a l

1 9 8 3 ) .  As th e  d e g e n e ra t io n  p r o g r e s s e s ,  th e  p la q u e s  seems t o  

l a r g e l y  " d is a p p e a r "  (B run  and E ng lund  1 9 81 ) .  The e t i o l o g y  o f  

p la q u e s  i s  unknown.

In  AD/SDAT p a t i e n t s ,  th e  t a n g le s  and p la q u e s  were ob se rve d  i n  

b o th  c o r t i c a l  and s u b c o r t i c a l  a re a s  w i t h  a c c e n t u a t i o n  i n  th e  

b a s a l  m e d ia l  t e m p o ra l  l i m b i c  a re a s ,  th e  p o s t e r i o r  c i n g u l a t e  

g y ru s  and s u p e r i o r  p a r i e t a l  lo b e  ( Brun and E ng lund  1981, 

Brun  1 9 83 ) .

The number o f  th e s e  l e s i o n s  were found  t o  in c r e a s e  w i t h  th e  

p r o g r e s s  o f  th e  d e m en t ia  ( B le s s e d  e t  a l  1968, B a l l  

19 76 ,1 97 7 ,  P e r r y  e t  a l  1978, T o m linson  e t  a l  1970, 1980,

W i lc o c k  and E s i r i  1982, G ibson e t  a l  19 83 ) .

M a c ro s c o p ic  and m ic r o s c o p ic  i n f a r c t s

M a c r o s c o p ic /m ic r o s c o p ic  i n f a r c t s  (h a e m o r rh a g ic  o r  i s c h a e m ic )  

o f  a t o t a l  volume g r e a t e r  th a n  100 ml ( T om linson  e t  a l  1968, 

1 9 7 0 ,1 9 8 0 ) ,  i n f a r c t s  l o c a l i z e d  i n  p e r i v e n t r i c u l a r  w h i t e  m a t t e r  

o r  th e  tha lam u s  ( de Reuck e t  a l  1982) o r  i n v o l v i n g  th e  h i p ­

pocampus ( f i s h e r  1968, C o r s e l l i s  1976) have been p o in te d  

o u t  as a cause o f  some o f  th e  c l i n i c a l  symptoms o f  m u l t i - i n ­

f a r c t  d e m e n t ia .  The r e s u l t s  o f  th e  p o s i t i v e  c o r r e l a t i o n  b e t ­

ween th e  c l i n i c a l  f e a t u r e s  i n  MID and th e  h i s t o p a t h o l o g i c a l  

f i n d i n g s  o f  m u l t i p l e  m ic r o s c o p ic  i n f a r c t s  i n  c o r t i c a l  and s u b -  

c o r t i c a l  r e g io n s  ( Rosen e t  a l  1980) s u p p o r t  th e  e x i s ta n c e  o f
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a s e p a ra te  c la s s  o f  v a s c u la r  d e m e n t ia  i n  w h ich  v a r i o u s  haemor- 

r a g i c  o r  is c h a e m ic  l e s i o n s  a re  o f  e t i o l o g i c a l  im p o r ta n c e ,  t h e ­

se l e s i o n s  may be caused by v a r i o u s  c o m p l i c a t i o n s ,  such as 

th r o m b o s is ,  em bol ism  and haem orrhages .

H i s t o p a t h o l o g i c a l  d i a g n o s t i c  c r i t e r i a

The h i s t o p a t h o l o g i c a l  d ia g n o s e s  o f  AD/SDAT and MID a re  based 

on th e  g u a n t i t a t i o n  r a t h e r  th a n  o c c u r re n c e  o f  t a n g le s ,  p la g u e s  

and m ic r o s c o p ic  i n f a r c t s  i n  th e  b r a i n ,  as th e s e  " l e s i o n s "  a re  

a l s o  ob se rve d  i n  non-dem ented i n d i v i d u a l s ,  a l th o u g h  t o  a l e s ­

s e r  de g re e .  In  some cases  th e  c o r re s p o n d e n c e  between l e s i o n s  

and c l i n i c a l  symptoms m ig h t  be d i s p u t a b le ,  e s p e c i a l l y  i n  th e  

b o r d e r l i n e  between no rm a l aged p a t i e n t s  on th e  one hand and 

p a t i e n t s  w i t h  e a r l y  s ta g e s  o f  de m e n t ia  on th e  o t h e r .  D i f f e r e n t  

i n v e s t i g a t o r s  a t t a c h  d i f f e r e n t  s i g n i f i c a n c e  t o  s m a l l  i n f a r c t s  

and a s m a l l  number o f  d e g e n e r a t i v e  changes making th e  g u a n t i -  

t a t i o n s  n o t  f u l l y  c o m p a ra b le .  In  th e  AD-MID mixed de m en t ia  

b o th  AD/SDAT and MID l e s i o n s  a re  seen i n  c o e x is t a n c e .

IMMUNOLOGICAL AND IMMUNÛCYTOCHEMICAL STUDIES

The g e n e t i c a l l y  c o n t r o l l e d  ( G reenberg  and Y un is  1968, S t u t -  

tman 1974, Y un is  and Lane 1979) im m u n o lo g ic a l  re s p o n s e ,  

b o th  c e l l u l a r  and h u m o ra l ,  has been shown t o  d e c l i n e  w i t h  age 

( Y un is  and G reenberg  1968, N o rd in  and Makinodan 1974, 

W a l fo rd  e t  a l  1974, Kay 1 9 7 9 ) ,  i n f l u e n c i n g  th e  d is e a s e  

p a t t e r n  ( Makinodan 19 7 9 ) .  The d e c l i n e  i n  f u n c t i o n  was shown 

t o  be more s e v e re  i n  demented p a t i e n t s  compared w i t h  a g e -m a t­

ched c o n t r o l s  ( K a l t e r  and K e l l y  1975, J a n c o v ic *  e t  a l  

1977, T a v o la to  and A r g e n t i e r o  19 8 0 ) .

Plasma Ig

IgG , IgM and IgA c o n c e n t r a t i o n s  have been shown to  be depen­

d e n t  upon age, sex and ra c e  i n  h e a l t h y  pe rs o n s  (B u c k e ly  and 

Dorsey  1 9 71 ) .  A g r a d u a l  upward t r e n d  i n  p lasma IgG and IgA 

c o n c e n t r a t i o n s  i n  s u r v i v i n g  h e a l t h y  i n d i v i d u a l s  and a s e l e c t i -



15

ve m o r t a l i t y  o f  e l d e r l y  p e o p le  w i t h  r e l a t i v e  im m u n o d e f ic ie n c y  

has been d e s c r ib e d  ( B u c k le y  e t  a l  19 7 4 ) .  In  demented p a t i ­

e n ts  th e  c o n c e n t r a t i o n s  o f  p lasma IgG and IgA were b o th  found  

t o  be lo w e r  ( T a v o la to  and A r g e n t i e r o  1980, P e n t la n d  e t  a l

1982) and h ig h e r  ( K a l t e r  and K e l l y  1975, Cohen and E is d o r -  

f e r  1980a) th a n  th o s e  fou nd  i n  age-m a tched  m e n ta l l y  u n im p a i ­

re d  c o n t r o l s .  The more im p a i r e d  p a t i e n t s  were found  to  have 

lo w e r  p lasm a -Ig G  l e v e l s  ( Cohen e t  a l  1976, E i s d o r f e r  and 

Cohen 1 9 80 ) ,  s u g g e s t in g  a more s e v e re  im p a irm e n t  o f  imm unolo­

g i c a l  f u n c t i o n  i n  demented compared w i t h  non-dem ented i n d i v i ­

d u a l s .

C e r e b r o s p in a l  f l u i d  Ig

No l o c a l  o r  i n t r a t h e c a l  p r o d u c t i o n  o f  p lasm a Ig  i n  th e  CNS i n  

demented p a t i e n t s  has been ob s e rv e d  ( J on ke r  e t  a l  1 9 82 ) .  A 

s l i g h t  e l e v a t i o n ,  o f  b o th  a lb u m in  and IgG i n  th e  CSF w i t h  age 

( T i b b l i n g  e t  a l  1977, K obatake  e t  a l  1980) was obse rve d  

and t h i s  e l e v a t i o n  was found  t o  be s l i g h t l y  h ig h e r  i n  p a t i e n t s  

w i t h  c l i n i c a l  symptoms o f  d e m en t ia  ( Bock e t  a l  1974, Bo­

n in g  1979, Jon ke r  e t  a l  19 8 2 ) .

A u t o - a n t i b o d ie s

The f re q u e n c y  o f  a u t o - a n t i b o d ie s  ( a n t i b o d ie s  formed i n  re s p o n ­

se t o ,  and r e a c t i n g  a g a i n s t ,  one o f  th e  i n d i v i d u a l s  own no rm a l 

a n t i g e n i c  endogenous body c o n s t i t u e n t s )  i n  p lasma i n  e l d e r l y  

p e rs o n s  has been found  t o  in c r e a s e  w i t h  age ( Y un is  and Green­

b e rg  1968, W a l t f o r d  e t  a l  1974, Good and Y un is  1974,

B lu m e n th a l  1976, Mayer e t  a l  1976, B e re g i  e t  a l  19 78 ) .  

A u t o - a n t i b o d ie s  were o b se rve d  more f r e q u e n t l y  i n  demented com­

p a re d  w i t h  non-dem ented i n d i v i d u a l s  ( Mayer e t  a l  1976, 

Tkach and Hokama 1978, Cohen and E i s d o r f e r  1980b, W a t ts  

e t  a l  1981) and i n  p a t i e n t s  w i t h  c a r d io v a s c u l a r  d is e a s e  o r  

c e r e b r o v a s c u la r  l e s i o n s  ( s t r o k e )  compared w i t h  age-m atched 

c o n t r o l s  ( B e r r y  and R iches  1974, B e re g i  e t  a l  1 9 78 ) .  B r a in  

r e a c t i v e  a n t i b o d ie s  (BRA) ( a u t o - a n t i b o d i e s ,  d i r e c t e d  to w a rd s  

th e  b r a i n  t i s s u e ) ,  have been d e m o n s tra te d  i n  aged m ice ( Nan-
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dy 1 9 72 ) ,  i n  aged, non-dem ented humans ( Mayer e t  a l  1976, 

W a t ts  e t  a l  1981 ) and i n  demented p a t i e n t s  ( Mayer e t  a l

1976, Tkach and Hokama 1978, Nandy 1978, Cohen and E i s -  

d o r f e r  1980b, W a t ts  e t  a l  1 9 81 ) .

O l i g o c l o n a l  and o t h e r  abnorm a l Ig

A n o th e r  im m u n o lo g ic a l  d i s t u r b a n c e ,  th e  p r o d u c t i o n  o f  o l i g o c l o ­

n a l  I g  ( I g  p roduced  as a r a t h e r  l i m i t e d  r e a c t i o n  t o  a a n t i g e ­

n i c  s t i m u l a t i o n )  was shown t o  be a s s o c ia te d  w i t h  d is e a s e s  such 

as s u b a c u te  s c l e r o s i n g  p a n e n c e p h a l i t i s  and d is e a s e s  w h ic h  a re  

presumed to  be i n f e c t i o u s ,  such as m u l t i p l e  s c l e r o s i s  ( I i v a -  

n a in e n  1981, Mehta e t  a l  1982 a , b , c ) .  O l i g o c l o n a l  Ig  p r o ­

d u c t i o n  has been o b se rve d  i n  th e  CSF o f  demented p a t i e n t s  

( W i l l i a m s  e t  a l  19 8 0 ) .  O l i g o c l o n a l  a n t i b o d ie s  have a l s o  been 

o b s e rve d  i n  some p a t i e n t s  w i t h  a m y lo id  m ic r o a n g io p a th y  a s s o ­

c i a t e d  w i t h  c l i n i c a l  s ig n s  o f  d e m e n t ia  ( S c h u l l e r  e t  a l  1982) 

O th e r  abnorm al CSF p r o t e i n  components have been d e m o n s tra te d  

i n  v a r i o u s  n e u r o l o g i c a l  d i s e a s e s ,  i n c l u d i n g  dem en t ia  ( S iden  

1980, W ik k e ls ö  e t  a l  1981, W ik k e ls ö  and B lo m s tra n d  19 82 ) .

A n t i g e n i c i t y  o f  p la q u e s  and t a n g le s

I t  has been shown t h a t  p la q u e s  a re  r e l a t e d  t o  c a p i l l a r i e s  

( Miyakawa e t  a l  1982) and t h a t  th e y  a re  b u i l t  up by a m y lo id  

o f  unknown o r i g i n  ( Mandybur 1975, C o rn w e l l  and W estermark 

1980, G len ne r  1981, M o u n t jo y  e t  a l  1 9 8 2 ) .  P laque  a m y lo id  

has been shown to  c o n t a i n  d i f f e r e n t  serum p r o t e i n s ,  such as 

a lb u m in ,  p re a lb u m in  and f i b r i n o g e n  ( Katenkamp e t  a l  1970, 

Powers e t  a l  1981, Shiraham a e t  a l  19 8 2 ) ,  d i f f e r e n t  immu­

n o g l o b u l i n s  and d i f f e r e n t  complement f a c t o r s  ( Katenkamp e t  

a l  1970, I s h i i  and Haga 1 9 75 ,1 97 6 ,  Powers e t  a l  1981, 

T o rack  and Lynch 1981, E ike le nbo om  and Stam 1982 ) .  These 

r e s u l t s  have em phasized th e  p r o b a b le  im p o r ta n c e  o f  th e  serum 

f a c t o r s  and th e  im m u n o lo g ic a l  mechanism f o r  th e  deve lopm ent o f  

p la q u e s .  T ang le s  have been v i s u a l i z e d  w i t h  an a n t i s e r a  t o  p r e -  

a lb u m in  (Sh iraham a e t  a l  1 9 82 ) .
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B lo o d - c e r e b r o s p in a l  f l u i d  b a r r i e r  and b l o o d - b r a i n  b a r r i e r  

f u n c t i o n

The f i n d i n g s  l i s t e d  above o f  serum p r o t e i n s  i n  p la q u e s  and 

t h e i r  r e l a t i o n s h i p  t o  v e s s e l  w a l l s  r a i s e s  th e  q u e s t io n  o f  th e  

im p o r ta n c e  o f  th e  b l o o d - c e r e b r o s p in a l  f l u i d  b a r r i e r  (B-CSF-B) 

o r  b l o o d - b r a i n  b a r r i e r  (BBB) f u n c t i o n  i n  th e  p a th o g e n e s is  o f  

d e m e n t ia .  The f u n c t i o n  o f  th e  b a r r i e r  i s  m o d i f ie d  by changes 

i n  b lo o d  p r e s s u r e  ( H o u t h o f f  e t  a l  1 9 8 1 ) ,  by e p i l e p t i c  s e i z u -  

r e s  ( A a r l i  1983) and by d ru g s  ( P re s k o rn  e t  a l  19 8 1 ) .

The b a r r i e r  f u n c t i o n  a l t e r  w i t h  age ( Bock e t  a l  1974, Ti b b -  

l i n g  e t  a l  1977, K oba take  e t  a l  1980) and t h i s  a l t e r a t i o n  

was found  t o  be more s e v e re  i n  AD/SDAT p a t i e n t s  ( W is n ie w s k i  

and K o z lo w s k i  1 9 82 ) .

THE AIMS OF THE PRESENT INVESTIGATIONS WERE

t o  e v a lu a t e  th e  b l o o d - c e r e b r o s p in a l  f l u i d  b a r r i e r  f u n c t i o n  i n  

non-dem ented and demented p a t i e n t s  ( I )  and t o  i n v e s t i g a t e  th e  

p o s s i b i l i t y  o f  l o c a l  Ig  p r o d u c t i o n  i n  th e  CNS i n  demented and 

non-dem en ted p a t i e n t s  and t o  examine th e  o c c u r re n c e  o f  o l i g o -  

c l o n a l  Ig  and b r a i n  s p e c i f i c  p r o t e i n s  i n  th e  plasma and CSF o f  

aged non-dem ented and demented p a t i e n t s  ( I I ) .  Because o f  th e  

v a r i a b l e  r e s u l t s  r e p o r t e d  on th e  s t u d i e s  o f  p lasma c o n te n t s  o f  

p r o t e i n s ,  among o t h e r s ,  i n  c l i n i c a l l y  c l a s s i f i e d  demented 

p a t i e n t s  we c o n s id e r e d  i t  o f  im p o r ta n c e  t o  i n v e s t i g a t e  th e  

r e l i a b i l i t y  and th e  v a l i d i t y  o f  t h e  D S M - I I I  c l a s s i f i c a t i o n  

( I I I ) .  Based on th e  f i n d i n g s  o f  in c r e a s e d  t r a n s u d a t i o n  th ro u g h  

th e  B-CBF-B i n  MID p a t i e n t s  an im m u nocy to chem ica l  t e c h n iq u e  

was employed on b r a i n  t i s s u e  t o  v i s u a l i z e  i f  p o s s ib le  th e  

o c c u r re n c e  o f  serum p r o t e i n s  i n  th e  b r a i n  t i s s u e  ( I V , V ) .  

F i n a l l y ,  because o f  th e  g r e a t  d is c r e p a n c y  between th e  c l i n i c a l  

and h i s t o p a t h o l o g i c a l  c l a s s i f i c a t i o n s ,  s t r i c t  h i s t o p a t h o l o g i -  

c a l  c r i t e r i a  f o r  non-dem en ted  and demented p a t i e n t s  were p o s ­

t u l a t e d .  The " f u n c t i o n "  o f  th e  c r i t e r i a  was t e s t e d  by means o f  

m u l t i v a r i a t e  d a ta  a n a l y s i s  ( V I ) .
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M A T E R I A L S  

PATIENTS ( I - V I )

Two c a t e g o r i e s  o f  p a t i e n t s  were i n v e s t i g a t e d :  1) a m b u la to ry

p a t i e n t s  ( I —I I ) ,  who were i n v e s t i g a t e d  unde r s ta n d a r d iz e d  co n ­

d i t i o n s  d u r in g  t h e i r  s t a y  a t  t h e  D e p a r tm e n t  o f  I n t e r n a l  M ed i­

c i n e ,  Umeå U n i v e r s i t y  h o s p i t a l ,  f o r  p u rpo ses  o f  th e  re s e a rc h  

p r o j e c t ,  and 2) i n s t i t u t i o n a l i z e d  p a t i e n t s  ( I I I —V I ) ,  who d ie d  

a t  Umedalen h o s p i t a l  o r  a t  t h e  G e r i a t r i c  c l i n i c ,  Umeå U n iv e r ­

s i t y  h o s p i t a l .

PLASMA AND CEREBROSPINAL FLUID ( I ,  I I )

Sample c o l l e c t i o n  was p e r fo rm e d  un de r  s t a n d a r d iz e d  c o n d i t i o n s .  

C e r e b r o s p in a l  f l u i d  (CSF) sam ples were o b ta in e d  by a r o u t i n e  

lum ba r  p u n c tu r e  p ro c e d u re  and f r o z e n  i n  a l i q u o t s  u n t i l  a n a l y ­

zed .  B lo od  samples were c o l l e c t e d  i n  h e p a r in i z e d  tu b e s  and 

p lasm a ,  a f t e r  s e p a r a t i o n  by c e n t r i f u g a t i o n ,  was f r o z e n  u n t i l  

a n a ly z e d .

BRAIN TISSUE ( I I I - V I )

F o l l o w in g  a g ro s s  e x a m in a t io n  o f  th e  b r a i n  a t  a u to p s y ,  t i s s u e  

was ta k e n  f rom  two r e g io n s  o f  th e  r i g h t  he m is p h e re ,  th e  f r o n ­

t a l  c o r t e x  (Broadmann a re a  10) and th e  a n t e r i o r  p a r t  o f  th e  

h ipp ocam p a l f o r m a t io n .  These r e g io n s ,  on a c c o u n t  o f  th e  o c c u r ­

re n c e  o f  d e g e n e r a t iv e  l e s i o n s ,  r e p r e s e n t  th e  ex t rem e s  ( Brun

1 9 8 3 ) .  The t i s s u e  p ie c e s  were f i x e d  i n  10% b u f f e r e d  n e u t r a l  

f o r m a l i n  ( Romeis 1968) and b i s e c t e d ;  one h a l f  was embedded 

i n  p a r a f f i n  b lo c k s  and t h e  o t h e r  h a l f  was used t o  p re p a re  f r o ­

zen s e c t i o n s .

M E T H O D S

CLINICAL INVESTIGATION ( I - V I )

Most p a t i e n t s  s t u d ie d  were i n v e s t i g a t e d  by means o f  a p s y c h o -  

g e r i a t r i c  and n e u r o lo g i c  e x a m in a t io n ,  EEG, ECG, and i n  some
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c a s e s ,  C T -scan . The demented p a t i e n t s  had been f o l l o w e d  c l i ­

n i c a l l y  f o r  s e v e r a l  y e a rs  and th e  c l i n i c a l  d ia g n o s e s  o f  AD/ 

SDAT and MID were based on t h e  D S M - I I I  c l a s s i f i c a t i o n  ( I : 4 3 ,  

I I ; 2 7 ,  1 1 1 :91 ,  I V :1 3 ,  V :8  and VI : 55 demented p a t i e n t s )

( *  1980) (T a b le  1 ) .

Table 1. Schematic presentation of five  operationally defined c l in i ­

cal classes of patients with progressive dementia (according 

to DSM-III c la s s ific a tio n , *1980)

C lin ic a l

diagnosis

Type of 

progress

Cerebrovascular 

risk factors
Neurological 

signs or symptoms

AD/SDAT uniform absent absent

probable AD/SDAT uniform present absent

MID stepwize present/absent present

probable MID stepwize present/absent absent

probable MID uniform present present

P a t i e n t s  whose d e m en t ia  was o f  n o n - p r o g r e s s iv e  t y p e  o r  was o f  

known e t i o l o g y ,  such as t h a t  caused  by a l c o h o l  abuse , i n f e c ­

t i o u s  d is e a s e s ,  m e t a b o l i c  d i s o r d e r s ,  t raum a and tu m o rs ,  were 

e x c lu d e d .  H e a l th y  age-m a tched  v o l u n t e e r s  w i t h o u t  s i g n s  o f  de­

m e n t ia  o r  im m u no log ic  d i s o r d e r s  were  in c lu d e d  as c o n t r o l s .

ROCKET IMMUNOELECTROPHORESIS ( I ,  I I )

R o cke t  im m u n o e le c t ro p h o re s is  ( L a u r e l l  1972) r e p r e s e n t s  a 

s im p le ,  q u ic k  and r e p r o d u c ib l e  method f o r  d e t e r m in a t i o n  o f  a 

s i n g l e  p r o t e i n  i n  a p r o t e i n  m i x t u r e .  The e l e c t r o p h o r e s i s  i s  

p e r fo rm e d  i n  ag a ro se  g e l  c o n t a i n i n g  a m o n o s p e c i f i c  a n t is e r u m .  

The i d e n t i f i c a t i o n  o f  t h e  p r o t e i n  i s  r e v e a le d  by th e  r o c k e t -  

shaped p r e c i p i t a t e s ,  and th e  q u a n t i f i c a t i o n  i s  based upon mea-
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s u r i n g  th e  h e ig h t  o f  t h e s e  p r e c i p i t a t e s .

The c o n c e n t r a t i o n s  o f  a lb u m in  and t h e  m a jo r  c la s s e s  o f  c i r c u ­

l a t i n g  im m u n o g lo b u l in s  i n  p lasma and CSF ( 43 demented and 16 

non-dem en ted p a t i e n t s ) were d e te rm in e d  u s in g  com m e rc ia l  human 

p lasm a sample as a s ta n d a r d  and r a b b i t  a n t i -h u m a n  a lb u m in ,  

IgG , IgM, and IgA as a n t i b o d i e s .

T r a n s u d a t io n  (pa ssag e )  o f  IgG th r o u g h  th e  b l o o d - c e r e b r o s p in a l  

f l u i d - b a r r i e r  (B -CSF-B) and l o c a l  s y n t h e s i s  o f  IgG i n  th e  CNS 

were c a l c u l a t e d  a c c o r d in g  t o  p r e v i o u s l y  d e s c r ib e d  f o rm u la s  

( S h u l l e r  and Sagar 1 9 8 1 ) .  L o c a l  s y n t h e s i s  was a l s o  e v a lu a te d  

by means o f  th e  CSF-IgG in d e x  ( L i n k  and T i b b l i n g  1 9 77 ) .

The B-CSF-B f u n c t i o n  was g r a p h i c a l l y  d e m o n s tra te d  by an eva ­

l u a t i o n  g raph  f o r  th e  p r o t e i n  p r o f i l e  i n  th e  CNS b u i l t  up by 

th e  A l b - ,  and I g G - r a t i o s  ( G an ro t  and L a u r e l l  1974, R e ib e r  

1980) ( F ig u r e  1 ) .

F ig u r e  1 . E v a lu a t i o n  g ra ph  f o r  p r o t e i n  p r o f i l e .
IgG r a t i o  = C S F - IgG /p la sm a- IgG  x 10, A lb  r a t i o  = C S F - A lb /p la s -  
m a-A lb  x 10. 1) no rm a l ra n g e ,  2) B-CSF-B d y s f u n c t i o n  w i t h  p r o ­
p o r t i o n a l l y  in c r e a s e d  IgG 3) B-CSF-B d y s f u n c t i o n  w i t h  d i s p r o -  
p o r t i o n a l l y  in c r e a s e d  IgG , 4) B-CSF-B d y s f u n c t i o n  w i t h  a d d i ­
t i o n a l  in c r e a s e d  IgG, l o c a l l y  p ro du ced  i n  CNS, 3) range  o f  v a ­
lu e s  w i t h  IgG s y n t h e t i z e d  l o c a l l y  i n  th e  CNS and 0) b i o l o g i ­
c a l l y  i r r e l e v a n t  ra n g e .
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ISOELECTRIC FOCUSING WITH IMMUNOEIXATION ( I I )

I s o e l e c t r i c  fo c u s in g  ( IE F )  i s  a method based on th e  v a r i a b i l i ­

t y  o f  th e  p r o t e i n  cha rg e  w i t h  th e  pH o f  th e  s u r r o u n d in g s .  A t  a 

pH s i m i l a r  t o  th e  i s o e l e c t r i c  p o i n t  o f  t h e  p r o t e i n  th e  p r o t e i n  

ch a rg e  i s  z e r o ,  w h ich  b r i n g s  th e  p r o t e i n  t o  a s t a n d s t i l l  on 

th e  p o ly a c r y la m id e  g e l  i n  th e  e l e c t r i c  f i e l d .  U s ing  t h i s  m e t­

hod ,  p r o t e i n s  i n  a m ix t u r e  a re  s e p a ra te d  from  each o t h e r  and 

th e n  i d e n t i f i e d  by means o f  im m u n o f i x a t io n  ( Mehta e t  a l  

1 9 8 2 a ,b ) .

T h in  l a y e r  p o ly a c r y la m id e  g e ls  were p r e p a r e d ,  and c o n c e n t r a te d  

CSF ( 27 demented and 5 no n -d e m e n te d ) and d i l u t e d  plasma ( 23 

demented and 10 non-dem ented p a t i e n t s ) were a p p l i e d  t o  th e  

g e l .  A f t e r  th e  f o c u s in g  was c o m p le te d  th e  IgG bands were i d e n ­

t i f i e d  by im m u n o f i x a t io n .

HIGH RESOLUTION TWO-DIMENSIONAL POLYACRYLAMIDE GEL 

ELECTROPHORESIS ( I I )

I n  h ig h  r e s o l u t i o n  t w o - d im e n s io n a l  p o ly a c r y la m id e  g e l  e l e c t ­

r o p h o r e s i s ,  a m ix t u r e  o f  p r o t e i n s  a re  s e p a ra te d  a c c o r d in g  t o  

th e  i s o e l e c t r i c  p o i n t  i n  th e  f i r s t  d im e n s io n  and th e  m o le c u la r  

w e ig h t  by sodium d o d e c y l  s u l f a t e  e l e c t r o p h o r e s i s  i n  th e  second 

d im e n s io n  t o  o b t a i n  a u n i f o r m  d i s t r i b u t i o n  o f  p r o t e i n  " s p o t s "  

a c ro s s  a tw o - d im e n s io n a l  g e l  ( A nderson  and Anderson 1977, 

1979, J e l lu m  and T h o rs ru d  1 9 8 2 ) .

The ISO-DALT sys tem  was used (A nderson  e t  Anderson 1978 a , b ) ,

and th e  a n a l y s i s  was p e r fo rm e d  on d i l u t e d  p lasma samples ( 17 

demented and 2 non-dem ented p a t i e n t s ) and c o n c e n t r a te d  CSE 

sam ples ( 2 demented and one non-dem ented p a t i e n t s ) .  A f t e r  

s e p a r a t i o n  i n  th e  second d im e n s io n  th e  g e ls  were s t a in e d  w i t h  

Coomassie B r i l l i a n t  B lu e ,  and p h o to g ra p h e d .
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IMMUNOCYTOCHEMISTRY ( I V , V )

The p e r o x id a s e - a n t i p e r o x id a s e  (PAP) method ( S te r n b e r g e r  

1979) i s  an a l t e r n a t i v e  t o  p e r o x id a s e  c o n ju g a te  and immuno­

f lu o r e s c e n c e  p ro c e d u re s ,  w i t h  t h e  ad van ta ge  o f  enhanced s e n s i ­

t i v i t y  ( e s t im a te d  a t  100 t o  1000 t im e s  t h a t  o f  im m u n o f lu o re s ­

c e n c e ) .  Im m unoperox idase p ro c e d u re s  a re  used f o r  d e t e c t i o n  and 

d e m o n s t r a t io n  o f  c e l l  s u r f a c e  a n t i g e n s ,  i n t r a c e l l u l a r  a n t ig e n s  

and a n t ig e n s  d i s t r i b u t e d  i n  th e  e x t r a c e l l u l a r  space .  The de­

t e c t i o n  o f  th e  a n t ig e n  i n  d i f f e r e n t  l o c a l i z a t i o n s  i s  dependent 

on th e  mode o f  e x p osu re  o f  th e  t i s s u e  t o  th e  im m unoperox idase  

sy s te m .  F o l l o w in g  f i x a t i o n ,  c o n t r a r y  t o  th e  case w i t h  v i a b l e  

c e l l s ,  t h e r e  a re  v a r y i n g  deg re es  o f  p e n e t r a t i o n  i n t o  th e  c e l l s  

A c c o rd in g  t o  t h i s  t e c h n iq u e ,  i n  th e  f i r s t  (J_) s te p  ( F ig u r e  

2 ) ,  th e  s e c t i o n s  were in c u b a te d  w i t h  p r im a r y  a n t i s e r a  ( a n t i s e ­

r a  t o  th e  a n t ig e n  o f  i n t e r e s t ) .  T h is  s te p  was f o l l o w e d  (_2) 

by a seco nd a ry  a n t i s e r a ,  such as th e  g o a t  a n t i r a b b i t  IgG, a p p ­

l i e d  i n  e x c e s s .  Under th e s e  c o n d i t i o n s  one o f  th e  c o m b in in g  

s i t e s  o f  t h e  seco nd a ry  a n t ib o d y  r e a c te d  w i t h  th e  p r im a r y  a n t i ­

body and th e  second b i n d in g  s i t e  rem a ined  f r e e .  In  th e  t h i r d  

s te p  (_3 ) ,  a p u r i f i e d  p e r o x i d a s e - a n t i p e r o x id a s e  (PAP) complex 

f rom  r a b b i t  was a p p l i e d  on th e  s e c t i o n s .  The r e a c t i o n  was th e n  

d e v e lo p e d  (A.) w i t h  h y d rog en  p e r o x id e  as s u b s t r a t e  and 3 '3  

d ia m in o b e n z id in e  t e t r a c h l o r i d e  as e l e c t r o n  d o n o r ,  y i e l d i n g  a 

b row n , i n s o l u b l e  p r o d u c t .

i ( -f -f I % %
A A A A A A A A

H-----^  ---- 1— ---- 1------------- ^ ---- 1— * *  * *

Tissue antigen  X

F ig u r e  2 . P r i n c i p l e s  o f  p e r o x i d a s e - a n t i p e r o x id a s e  t e c h n ig u e .
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The d e p a r a f f i n i z e d  and r e h y d r a te d  b r a i n  t i s s u e  s e c t i o n s  

( IV :  13 demented and 6 non-dem en ted p a t i e n t s ,  V; 8 demented 

and 6 non-dem ented p a t i e n t s ,  V I :  33 demented and 19 non-demen- 

t e d  p a t i e n t s ) were examined f o r  th e  p re sen ce  o f  serum p r o ­

t e i n s  u s in g  a somewhat m o d i f i e d  v e r s i o n  o f  th e  PAP t e c h n iq u e .

HISTOPATHOLOGY ( V I )

S ix  m ic ro n  s e c t i o n s  o f  th e  p a r a f f i n  embedded m a t e r i a l  were 

s t a in e d  by d i f f e r e n t  m ethods :

1. h e m a t o x y l in - e o s in  s t a i n  ( F ig u r e  3 c ) ,

2. B od ia n  s i l v e r  s t a i n  ( B od ia n  1936) w i t h  p e r i o d i c  a c id  

S c h i f f  (PAS) ( F ig u r e  3a) and

3. p e r o x i d a s e - a n t i p e r o x id a s e  s t a i n i n g  method u s in g  a n t i -h u m a n  

IgG as th e  p r im a r y  a n t ib o d y  ( F ig u r e  3 d ) .

Twenty m ic ro n  s e c t i o n s  o f  th e  f i x e d  f r o z e n  m a t e r i a l  were s t a i ­

ned w i t h :

4 .  von Braunmühl s i l v e r  s t a i n  ( F ig u r e  3b) ( Romeis 1968 ) .

The a b s o lu t e  number o f  p la q u e s  and t a n g le s  was cou n te d  i n  f i v e  

ran do m ly  s e l e c t e d  f i e l d s  a t  a m a g n i f i c a t i o n  o f  125x on b o th  

Bod ian-PAS and von B raunm ühl s t a in e d  s e c t i o n s .  The a b s o lu t e  

number o f  th e  t a n g le s  (T )  and p la q u e s  (P ) on th e  Bod ian-PAS 

s t a i n e d  s e c t i o n s  ( F ig u r e  1a) were r a t e d  on a f o u r - s t e p  s c a le  

(T a b le  2 ) .  M ic r o s c o p ic  i n f a r c t s  ( I )  were o b se rve d  on th e  he ­

m a t o x y l i n - e o s i n  s t a in e d  s e c t i o n s  ( F ig u r e  3c )  and were r a t e d  t o  

t h r e e  deg rees  o f  s e v e r i t y  ( T a b le  2 ) .  P e r i v a s c u la r  serum p r o ­

t e i n  d e p o s i t s  (D) were o b s e rv e d  on im m u n o c y to c h e m ic a l ly  s t a i ­

ned s e c t i o n s  ( F ig u r e  3d, T a b le  2 ) .
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F ig u r e  3 . L i g h t  m ic ro g ra p h s  o f  AD/SDAT h ippocam pus. T ang les  
(T )  and p la g u e s  (P) s t a in e d  by a) Bod ian-PAS and b) von B rau n ­
mühl s i l v e r  s t a i n s .  L i g h t  m ic ro g ra p h s  o f  MID h ippocam pus. 
M ic r o s c o p ic  i n f a r c t  ( I )  s t a in e d  by c )  h e m a t o x y l in - e o s in  s t a i n  
and p e r i v a s c u la r  IgG d e p o s i t s  (D) s t a in e d  by d) p e r o x id a s e -  
a n t i p e r o x id a s e  m e tho do log y  (PAP) i n  f r o n t a l  c o r t e x .  M a g n i f i c a ­
t i o n s  a ,b ,a n d  d 290x and c 160x.
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Table 2» Grading o f  the m ic ro scop ic  f i n d in g s .

O bse rva t ion

plaques

A bso lu te  number

not observed 

0.1 -  5.0

5.1 -  10.0 

over 10.1

Rate number

0

1

2

3

ta n g le s

h is to p a th o lo g i c a l  

dementia score

not observed 

0.1 -  10.0

10.1 -  20.0 

over 20.1

0

1

2

3

0 - 1 2

m ic ro scop ic

i n f a r c t s no t observed

occas iona l

widespread

p e r iv a s c u la r  serum

p r o te in  d e p o s i ts  * * * *  no t observed

observed

plaques and ta n g le s  counted in  f i v e  randomly s e le c te d  

f i e l d s  in  m a g n i f i c a t io n  125x on Bodian PAS s ta in e d  sec­

t i o n s :  the ab so lu te  number i s  the mean o f  the  f i v e  values 

the sum o f  r a te  number o f  p laques and ta n g le s  in  the f r o n ­

t a l  c o r te x  and the hippocampus, 

noted on the h e m a to x y l in -e o s in  s ta in e d  s e c t io n s  

d a rk ly  s ta in e d  d e p o s i ts  o f  IgG around the c a p i l l a r i e s  in  

the  grey m a t te r  observed by the  immunocytochemical t e c h n i ­

que ( A la f u z o f f  e t  a l  1985a, 1985b).
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STATISTICS ( I - V I )

S i g n i f i c a n t  d i f f e r e n c e s  were d e te rm in e d  u s in g  S t u d e n t ' s  t - t e s t  

and th e  F - t e s t .  The c o r r e l a t i o n s  between d i f f e r e n t  v a r i a b l e s  

were c a l c u l a t e d  u s in g  l i n e a r  r e g r e s s io n  a n a l y s i s .

M u l t i v a r i a t e  d a ta  a n a l y s i s  ( V I )

A method o f  p a t t e r n  r e c o g n i t i o n ,  s o f t  in d e p e n d e n t  m o d e l l i n g  o f  

c l a s s  a n a lo g ie s  (SIMCA), i n c l u d i n g  p r i n c i p a l  component m ode l­

l i n g  (PC) ( F ig u r e  4) and th e  p a r t i a l  l e a s t  sgu are s  m o d e l l i n g  

i n  l a t e n t  v a r i a b l e s  (PLS) ( F ig u r e  5) were used t o  d e f i n e  th e  

d i f f e r e n t  c la s s e s  o f  d e m en t ia  (Wold e t  a l  1983, 19 8 4 a ,b ) .

O b jc c r
D ata o f one o b je c t

X

F ig u r e  4 . D raw ing  e x p l a i n i n g  th e  w o rk in g  o f  p r i n c i p a l  com­
ponen t  (PC) a n a l y s i s ,  a )  Data m a t r i x  f o r  p r i n c i p a l  component 
(PC) a n a l y s i s  where _x i s  one measured v a lu e  f o r  one o b j e c t ,  
b )  M u l t i ( 3 )d im e n s io n a l  space ,  where a l l  v a r i a b l e  d a ta  f o r  one 
o b je c t  a re  re p r e s e n te d  by th e  p o s i t i o n  o f  a s i n g l e  p o i n t  *  . 
The v a r i a b l e s  used a re  a u to s c a le d  so t h a t  th e  v a r i a n c e  i s  
e g u a l  t o  one. T h is  i s  done t o  g i v e  each v a r i a b l e  e q u a l  i n f l u ­
ence on th e  m o d e l l i n g ,  c )  The d a ta  a re  l e a s t  squ are s  t  mo­
d e l l e d  by a l i n e  t h ro u g h  th e  a v e ra g e .  T h is  l i n e  i s  th e  f i r s t  
p r i n c i p a l  component PC1. The e q u a t i o n  o f  PC1 i s  d e f in e d  by th e  
l o a d in g  v e c t o r  pj_. Each a d d i t i o n a l  component w i l l  reduce  th e  
r e s i d u a l  v a r ia n c e .  The number o f  s i g n i f i c a n t  components f o r  
each c la s s  model i s  d e te rm in e d  by c ro s s  v a l i d a t i o n .  The id e a  
i s  t o  red uce  th e  r e s i d u a l  v a r ia n c e  as f a r  as p o s s ib le  w i t h o u t  
lo o s in g  p r e d i c t a b i l i t y .  The second p r i n c i p a l  com ponent,  PC2, 
i s  a l i n e  £2 p e r p e n d i c u l a r  t o  p1 .
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R e p re s e n t in g  th e  p a t i e n t s  as p o i n t s  i n  a m u l t i - d im e n s i o n a l  

s pa ce ,  th e  method p r o j e c t s  th e  p o i n t  swarm o f  th e  d a ta  s e t  o r  

p a r t s  o f  i t  down i n  a f e w - d im e n s io n a l  subspace w h ich  can be 

p l o t t e d .

War
Obj

n

O

Classes

I

II

Dummy

lo o .......
010........

O O l

o
Y

PL S

F ig u r e  3 . P r i n c i p l e s  o f  p a r t i a l  l e a s t  s q u a re s  m o d e l l i n g  i n  
l a t e n t  v a r i a b l e s  (P LS ) .  The i n f o r m a t i o n  o f  f i r s t  X. and s e ­
cond d a ta  m a t r i x e s  i s  com bined t o  fo rm  th e  PLS p l o t .  The 
f i r s t  d a ta  m a t r i x  i s  fo rm ed by th e  in d e p e n d e n t  v a r i a b l e s ,  th e  
second one i s  formed by th e  c la s s  dependen t v a r i a b l e s  w h ich  
" t i l t s "  th e  p la n e s  f o r  th e  f i r s t  d a ta  m a t r i x .  T h is  im p roves  
t h e  r e l a t i o n s h i p  be tween th e  o b je c t s  and th e  v a r i a b l e s  i n  th e  
fo rm ed c la s s e s .

T h is  p r o v id e s  an e f f i c i e n t  way t o  c o n v e r t  th e  d a ta  t a b l e  t o  a 

few i n f o r m a t i v e  f i g u r e s  show ing  th e  r e l a t i o n s h i p  between th e  

p a t i e n t s  and th e  v a r i a b l e s .
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R E S U L T S

IMMUNOLOGICAL STUDIES ( I ,  I I )

Plasma and c e r e b r o s p in a l  f l u i d  c o n c e n t r a t i o n s  o f  Ig

MID p a t i e n t s  were found  t o  have s i g n i f i c a n t l y  h ig h e r  c o n c e n t ­

r a t i o n s  o f  p lasm a -Ig G  and s l i g h t l y  h i g h e r  p la s m a - Ig A  th a n  b o th  

t h e  AD/SDAT and th e  c o n t r o l  p a t i e n t s .  The p lasm a-IgM  c o n c e n t ­

r a t i o n s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  f rom  th e  c o n t r o l s .  CSF- 

A lb  was s i g n i f i c a n t l y  h i g h e r  i n  th e  MID g ro up  compared e i t h e r  

w i t h  c o n t r o l s  o r  w i t h  th e  AD/SDAT p a t i e n t s .  CSF-Alb was h ig h e r  

i n  th e  AD/SDAT g roup  th a n  th e  c o n t r o l s .  The IgG c o n c e n t r a t i o n s  

i n  CSF f o r  th e  AD/SDAT p a t i e n t s  were s i g n i f i c a n t l y  lo w e r  tha n  

f o r  th e  MID p a t i e n t s .  The c o n c e n t r a t i o n s  o f  A lb  and IgG i n  

p lasm a and CSF a re  p r e s e n te d  as c u m u la t i v e  c u rv e s  i n  F ig u r e  6.

B lo o d - c e r e b r o s p in a l  f l u i d  b a r r i e r  f u n c t i o n

T r a n s u d a t io n  (passage)  o f  IgG th ro u g h  B-CSF-B was h ig h e s t  i n  

t h e  MID p a t i e n t s  f o l l o w e d  by th e  AD/SDAT p a t i e n t s  and lo w e s t  

i n  th e  c o n t r o l  p a t i e n t s  ( F ig u r e  7 ) .

Cumulative '/.

wo

T ran  sudat ion  ( m g / l )
too 150 200 300

F ig u r e  7 . Serum p r o t e i n  t r a n s u d a t i o n  (passage) th ro u g h  
b l o o d - c e r e b r o s p in a l  f l u i d  b a r r i e r  (B-CSF-B) i n  non-demented 
( / ) ,  AD/SDAT ( / )  and MID ( / )  p a t i e n t s  i n  c u m u la t i v e  c o n c e n t r a ­
t i o n s  .
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The e v a lu a t i o n  g raph  f o r  th e  p r o t e i n  p r o f i l e  f o r  CSF showed 

t h a t  b o th  th e  AD/SDAT and th e  MID g ro up s  f e l l  i n t o  an a rea  

w h ic h  R e ib e r  d e s ig n a te d  as b i o l o g i c a l l y  i r r e l e v a n t  ( F ig u r e  8 ) .

-ratioG -ra tio

Alfr-ratio.Alb - rat io

iG - ratio I gG- ratio

,Alb-ratio

F ig u r e  8 . P r o t e in  p r o f i l e  by R e ib e r ' s  g raph  i n  non-dem ented 
and demented p a t i e n t s .  (F o r  d e f i n i t i o n  see F ig u r e  1 ) .  a) e x ­
p l a n a t i o n  f o r  p r i n i p l e s ,  b)  no n -dem en ted ,  c )  MID and d) AD/ 
SDAT p a t i e n t s .  Male ( • )  and fem a le  (©) p a t i e n t s .

L o c a l  s y n t h e s i s  o f  Ig

A c c o r d in g  t o  th e  c a l c u l a t i o n s  based on th e  fo rm u la s  f o r  l o c a l

s y n t h e s i s  d e s c r ib e d  p r e v i o u s l y  ( S h u l l e r  and Sagar 1981,

L i n k  and T i b b l i n g  1977) t h e r e  were no s ig n s  o f  l o c a l  s y n th e ­

s i s  o f  IgG i n  th e  CNS i n  e i t h e r  o f  th e  d e m en t ia  g ro u p s .

O l i g o c l o n a l  bands and o t h e r  abno rm a l Ig

M a tc h in g  p a i r s  o f  CSF and p lasma sam ples from  p a t i e n t s  w i t h
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MID and AD/SDAT showed an absence o f  o l i g o c l o n a l  IgG bands i n  

im m u n o f ix a t io n  f o l l o w i n g  i s o - e l e c t r i c  fo c u s in g  ( IE F )  and were 

s i m i l a r  t o  th o s e  seen i n  th e  age-m atched  non-dem ented i n d i v i ­

d u a ls  .

No d i f f e r e n c e s  were seen i n  th e  p r o t e i n  p a t t e r n  o f  p lasma and 

CSF samples i n  tw o - d im e n s io n a l  PAGF between AD/SDAT p a t i e n t s ,  

MID p a t i e n t s  and non-dem ented i n d i v i d u a l s .  No d e t e c t a b le  

amounts o f  b r a i n  s p e c i f i c  p r o t e i n s  i n  th e  plasma a n d /o r  CSF 

were o b s e rv e d .

CFINICAF STUDIES ( I I I )

The v a l i d i t y  o f  th e  D S M - I I I  c r i t e r i a  f o r  AD/SDAT and MID were 

t e s t e d  w i t h  th e  h i s t o p a t h o l o g i c a l  v e r i f i c a t i o n  o f  th e  d ia g n o ­

s i s  (67 demented p a t i e n t s ) .  A demented p a t i e n t  g roup  (91 

p a t i e n t s )  w i t h  mean age o f  o n s e t  o f  70 y e a rs  and mean d u r a t i o n  

o f  th e  d is e a s e  o f  7 y e a rs  was s t u d ie d .  C l i n i c a l l y  th e s e  demen­

te d  cases  were c l a s s i f i e d  as AD/SDAT 25%, p ro b a b le  SDAT 27%, 

MID 13% and p r o b a b le  MID 34%. H i s t o p a t h o l o g i c a l l y  th e  demented 

cases  were c l a s s i f i e d  i n  t h r e e  d i f f e r e n t  g ro u p s ,  nam ely ,  AD/ 

SDAT, MID and AD-MID. O f th e  demented p a t i e n t s  45% f u l f i l l e d  

th e  h i s t o p a t h o l o g i c a l  c r i t e r i a  f o r  AD/SDAT, 33% f o r  MID and 

21% o f  th e  demented cases  were ty p e d  as AD-MID p a t i e n t s .  H i s ­

t o p a t h o l o g i c a l  d ia g n o s is  w i t h  r e s p e c t  t o  c l i n i c a l  d ia g n o s i s  i n  

p a t i e n t s  w i t h  AD/SDAT and MID a re  l i s t e d  i n  Tab le  3.

Table 3 .  Comparison between c lin ic a l and histopathological diagnoses

Histopathological C lin ica l diagnosis (D S M -III)
diagnosis (n) AD/SDAT probable MID probable prot

AD/SDAT MID MID

AD/SDAT (30) 12 (57%) 9 (47%) 1 5 3

MID (22) 6 4 5 (71%) 7 (47%) 0
SDAT/MID (14) 3 5 1 3 2

NORMAL ( 1) 0 1 0 0 0

(%) confirmation rate



32

C l i n i c a l  c h a r a c t e r i s t i c s  i n  p a t i e n t s  w i t h  h i s t o p a t h o l o g i c a l l y  

v e r i f i e d  de m en t ia  a re  l i s t e d  i n  T ab le  4 .

Table 4 . C l in ic a l  ch arac te r is t ic s  of the h is to patho lo g ica l ly  

c la s s i f ie d  dementia patients

Histopatholog ical Age of Duration of Hyper­ Diabetes Heart
diagnosi s (n) onset the disease tension m ell i tus diseases

AD/SDAT (30) 71.0+8.6 6.9+3.7 23.3% 10.0% 26.7%
MID (22) 70.1+8.3 6.0+2.8 45.5% 9.1% 50.0%
AD-MID (14) 69.4+7.7 7.0+2.9 42.9% 21.4% 63.44%

TOTAL (66) 70.5+8.3 6 .6+3.2 34.3% 12.1% 42.4%

The s e n s i t i v i t y  ( t h e  e x a c tn e s s  o f  th e  i n c l u s i o n  c r i t e r i a )  and 

s p e c i f i c i t y  ( t h e  e x a c tn e s s  o f  th e  e x c l u s io n  c r i t e r i a ) ,  f o r  th e  

D S M - I I I  c r i t e r i a  were c a l c u l a t e d  f o r  th e  d i a g n o s is  SDAT/5DAT 

p r o b a b le ,  and MID/MID p r o b a b le  (T a b le  3 ) .

T a b le  3 . S p e c i f i c i t y  /  s e n s i t i v i t y  o f  th e  D S M - I I I  
c l a s s i f i c a t i o n .

C l i n i c a l  H i s t o p a t h o l o g i c a l  d ia g n o s is
d ia g n o s is  AD/SDAT NON-AD/SDAT

(MID) (NON-MID)

AD/SDAT 21 19
(MID) (1 2 ) (1 5 )

NON-AD/SDAT 9 18
(NON-MID) (1 0 ) (30 )

TOTAL 30
(2 2 )

37
(45 )

S e n s i t i v i t y  AD/SDAT: 70 % ( 2 1 / 3 0 ) ,  (M ID ) :  5 4 .5  % ( 1 2 /2 2 )  

S p e c i f i c i t y  AD/SDAT: 51 % ( 1 9 / 3 7 ) ,  (M ID ) :  33 .3  % ( 1 5 /4 5 )
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IMMUNOCYTOCHEMICAL STUDIES ( IV ,V )

A n t i g e n i c i t y  o f  t a n g le s  and p la q u e s

In  b o th  demented and non-dem en ted i n d i v u d u a l s ,  p la q u e s  c o u ld  

be v i s u a l i z e d  w i t h  a n t i - I g G ,  -C1q and -C3c ( E ig u r e  9 ) .

S t r i k i n g l y ,  no s t a i n i n g  o f  p la q u e s  was ob se rve d  w i t h  a n t i - A l b ,  

a n t i - p r e a lb u m in  o r  a n t i - f i b r i n o g e n  s e ra  d e s p i t e  th e  g e n e ra l  

s t a i n i n g  o f  some a re a s  o f  th e  s e c t i o n .  N e u r o f i b r i l l a r y  t a n g le s  

were n o t  v i s u a l i z e d  w i t h  any o f  th e  a n t i s e r a  s t u d ie d .

B lo o d - b r a i n  b a r r i e r  f u n c t i o n

In  61?0 o f  th e  MID ca s e s ,  im m u n o s ta in in g  w i t h  a n t i s e r a  t o  serum 

p r o t e i n s  re v e a le d  th e  p re s e n c e  o f  numerous dense d e p o s i t s  o f  

serum p r o t e i n s  a round  c a p i l l a r i e s  i n  l a y e r s  1-4  i n  th e  g re y  

m a t t e r  o f  th e  f r o n t a l  c o r t e x  ( F ig u r e s  1 0 a ,b )  and h ippocam pus.

E ig u r e  9 . A s e c t i o n  o f  f r o n t a l  
g y ru s  o f  a SDAT case s t a in e d  w i t h  
A - IgG  serum ( 1 : 5 0 0 ) .  No te  th e  
s t a i n i n g  o f  th e  s e n i l e  p la q u e ,  
p re d o m in a n t ly  th e  p la q u e  c o r e .  
M a g n i f i c a t i o n  300x. The t i s s u e  
was from  a 82 y e a r - o l d  male p a t i ­
e n t  w i t h  c l i n i c a l  and h i s t o p a t h o -  
l o g i c a l  d ia g n o s i s  o f  SDAT, d u r a ­
t i o n  o f  th e  d is e a s e  s i x  y e a r s .
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F ig u r e  1 0 . S e v e n t y - s i x - y e a r - o l d  male p a t i e n t  w i t h  MID. Du­
r a t i o n  o f  th e  d is e a s e  3 y e a r s .  T is s u e  ta k e n  from  f r o n t a l  c o r ­
t e x .  A -IgG  serum ( 1 : 5 0 0 ) .  N o t i c e  th e  l o c a l i z a t i o n  o f  th e  pe­
r i v a s c u l a r  IgG d e p o s i t s  i n  th e  g ra y  m a t t e r .  M a g n i f i c a t i o n s  
a)  45x and b) 225x.

non-dem ented age-m atched  c o n t r o l s  a l l  

p r o t e i n s  s t u d ie d  were shown t o  be p r e s e n t  i n  th e  t i s s u e  

v e s s e ls  o f  th e  w h i t e  m a t te r  ( F ig u r e

B o th  i n  demented and 

serum

s u r r o u n d in g  most la r g e  

11).

F ig u r e  11 . A s e c t i o n  from  f r o n ­
t a l  g y ru s  s t a in e d  w i t h  A - IgG  s e ­
rum ( 1 :5 0 0 )  show ing  th e  occu re n c e  
o f  IgG i n  th e  s u r r o u n d in g s  o f  th e  
v e s s e ls  o f  th e  w h i t e  m a t t e r .  Mag­
n i f i c a t i o n  25x. Same case as i n  
f i g u r e  9.
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The i n t e n s i t y  o f  t h i s  s t a i n i n g  g r a d u a l l y  dec reased  w i t h  th e  

d i s t a n c e  from  th e  v e s s e l .  No such im m u n o s ta in in g  was ob se rve d  

i n  any o f  th e  no rm a l age-m atched  c o n t r o l s .  In  demented cases 

and i n  n o r m a l l y  aged c o n t r o l s  s t a i n i n g  o f  th e  ne u ro ns  and 

g l i a l  c e l l s  w i t h i n  th e  d i f f u s i o n  a re a  was observed  w i t h  d i f ­

f e r e n t  a n t i s e r a ,  e x c e p t  w i t h  th e  a n t i s e r a  t o  f i b r i n o g e n .

HISTOPATHOLOGICAL STUDIES ( V I )

D e s c r i p t i o n  o f  th e  non-dem en ted p a t i e n t s

T an g le s  were n o t  ob s e rv e d  i n  th e  f r o n t a l  c o r t e x  o f  non-demen- 

te d  p a t i e n t s .  The p r e v a le n c e  o f  p la q u e s  i n  th e  f r o n t a l  c o r t e x  

was 63%. In  th e  h ippocam pus ,  th e  t a n g le s  were seen i n  42% and 

p la q u e s  i n  68% o f  th e  c a s e s .

The range  f o r  th e  h i s t o p a t h o l o g i c a l  d e m en t ia  s c o re  ( t h e  sum o f  

t h e  r a t e  number o f  t a n g le s  and p la q u e s  i n  th e  f r o n t a l  c o r t e x  

and th e  h ippocam pus) was between 0 and 4 (F o r  d e f i n i t i o n  o f  

th e  g r a d in g  see Tab. 2 ) .  P re v a le n c e  o f  t a n g le s  and p la q u e s  

t o g e t h e r  i n  b o th  a re as  o f  th e  b r a i n  s t u d ie d  was 89%.

The s e v e r i t y  o f  m ic r o s c o p ic  i n f a r c t s  seen i n  th e  f r o n t a l  c o r ­

t e x  was e s t im a te d  as 0 -2  ( p r e v a le n c e  74%) and i n  th e  h ippocam ­

pus as 0-1 (79%).

The p e r i v a s c u la r  d e p o s i t s  were n o t  o b se rve d  i n  non-demented 

cases  (T a b le  6 ) .

The number o r  s e v e r i t y  o f  th e  l e s i o n  seen i n  t h e  non-dem ented 

p a t i e n t  was used t o  d e f i n e  th e  "n o rm a l  l i m i t s "  f o r  th e  no rm a l 

a g e in g  p ro c e s s .  In  AD/SDAT th e  p r im a r y  l e s i o n s  a re  p la q u e s  and 

t a n g le s  i n  MID v a s c u la r  l e s i o n s .  In  AD-MID b o th  ty p e s  o f  l e s i ­

ons a re  c o e x i s t a n t .  The h i s t o p a t h o l o g i c a l  c r i t e r i a  f o r  th e  

t h r e e  d i f f e r e n t  de m en t ia  t y p e s ,  nam e ly ,  AD/SDAT, MID and AD—  

MID were p o s t u la t e d  based on th e  number o r  degree  o f  th e s e  

l e s i o n s  i n  non-dem ented p a t i e n t s  (T a b le  7 ) .
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Table 6 . Histopathological findings in non-demented aged patients

Case No APf RPf AT f RTf APh RPh ATh RTh s I f / I h
1 0 .0 0 0 .0 0 0 .0 0 1 .0 1 1 0 /  1
2 0 .0 0 0 .0 0 0 .3 1 0 .0 0 1 0 / 0
3 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 1 /  0
4 0 .0 0 0 .0 0 3.5 1 0 .0 0 1 1 /  1
3 0 .0 0 0 .0 0 0 .0 0 0 .6 1 1 0 / 0
6 1 .0 1 0 .0 0 14.0 3 0 .0 0 4 1 /  1
7 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 0 /  1
8 4 .2 1 0 .0 0 9 .5 2 3 .2 1 4 2 /  1
9 6 .2 2 0 .0 0 1 .0 1 0 .0 0 3 1 /  1

10 3 .3 1 0 .0 0 2 .5 1 1 .0 1 3 0 /  1
11 0 .0 0 0 .0 0 0 .0 0 2 .0 1 1 1 /  1
12 1 .6 1 0 .0 0 2 .5 1 1.7 1 3 2 /  1
13 1 .0 1 0 .0 0 3 .0 1 0 .0 0 2 1 /  1
14 1 .4 1 0 .0 0 3 .8 1 3 .2 1 3 1 /  1
13 0 .2 1 0 .0 0 0 .0 0 0 .0 0 1 1 /  1
16 2 .5 1 0 .0 0 5 .0 1 0 .0 2 4 1 /  1
17 4 .0 1 0 .0 0 9 .0 2 0 .0 0 3 1 /  1
18 3 .4 1 0 .0 0 5 .0 1 0 .0 0 2 1 /  1
19 5 .3 2 0 .0 0 9 .5 2 0 .0 0 4 1 /  0
m+S.D. 1.8+2,.0 0.0+0, .0 3.6+4..1 1.7+4 .6
md (R) 1 ( 0 -2 ) 0 ( 0 ) 1 ( 1 - 2) 0 ( 0 - 2 ) 2 ( 0 - 4 )

A -  absolu te  number o f  changes,

P -  s e n i l e / n e u r i t i c  p laques,  

f  -  the f r o n t a l  c o r te x ,

R -  r a te  number o f  changes ( f o r  d e f i n i t i o n  see Table  2)

T -  n e u r o f i b r i l l a r y  ta n g le s ,  

h -  the hippocampus,

S -  h is to p a t h o lo g ic a l  dementia score ( f o r  d e f i n i t i o n  see Table 2) 

I -  m icroscopic i n f a r c t s ,

D -  p e r iv a s c u la r  serum p r o t e in  d e p o s i ts ,  

m -  mean and S.D. -  standard d e v ia t io n ,  

md -  median and (R) -  range.

For d e f i n i t i o n  o f  grad ing  o f  m icroscopic f in d in g s  see Table  2.
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T ab le  7 . The c r i t e r i a  f o r  th e  h i s t o p a t h o l o g i c  ty p e s  o f  th e

d e m e n t ia s .  The c r i t e r i a  l i s t e d  a re  based on a c c e p ta b le  

"n o rm a l l i m i t s "  o f  dem en tia  changes seen i n  non-demen- 

te d  aged i n d i v i d u a l s  ( f o r  r e fe r e n c e  see T ab le  6 ) .

Non-demented i n d i v i d u a l

no t a n g le s  i n  th e  f r o n t a l  c o r t e x ;  

v a r i a b l e  number o f  p la q u e s ;  

dem en tia  sco re  upp to  4 ;  

m ic ro s c o p ic  i n f a r c t s  i n  th e  f r o n t a l  

c o r t e x  0 -2  and i n  th e  hippocampus 0-1 ; 

no p e r i v a s c u la r  serum p r o t e i n  d e p o s i t s .

Dementia  w i t h  p r im a ry  d e g e n e ra t iv e  changes -  AD/SDAT

e i t h e r  ta n g le s  i n  th e  f r o n t a l  c o r t e x ,  v a r i a b l e  

number o f  p laques and dem en tia  sco re  o f  a t  l e a s t  4 

o r  no ta n g le s  i n  th e  f r o n t a l  c o r t e x ,  v a r i a b l e  number 

o f  p laq ues  and dem entia  s c o re  ove r  4 ; 

m ic ro s c o p ic  i n f a r c t s  i n  th e  f r o n t a l  c o r t e x  

0 -2 ,  and the  hippocampus 0 -1 ;  

no p e r i v a s c u la r  serum p r o t e i n  d e p o s i t s .

Dementia w i t h  p r im a ry  v a s c u la r  changes -  MID 

no t a n g le s  i n  th e  f r o n t a l  c o r t e x ;  

v a r i a b l e  number o f  p la q u e s ;  

dem en tia  sco re  up to  4;

m ic ro s c o p ic  i n f a r c t s  i n  th e  f r o n t a l  c o r t e x  

0 -2 ,  and the  hippocampus 2;

occu rence  o f  p e r i v a s c u la r  serum p r o t e i n  d e p o s i t s .  

Dementia w i t h  b o th  d e g e n e ra t iv e  and v a s c u la r  changes -  AD-MID 

ta n g le s  i n  the  f r o n t a l  c o r t e x ;  

v a r i a b l e  number o f  p la q u e s ;  

dem en tia  sco re  ove r  4;

m ic ro s c o p ic  i n f a r c t s  i n  th e  f r o n t a l  c o r t e x

0 - 2 ,  and the  hippocampus 2;

occu rence  o f  p e r i v a s c u la r  serum p r o t e i n  d e p o s i t s .

For d e f i n i t i o n  o f  g ra d in g  o f  m ic r o s c o p ic  f i n d i n g s  see Tab le  ?.
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D e s c r i p t i o n  o f  th e  demented cases  w i t h  d e f i n i t e  d ia g n o s is

The h i s t o p a t h o l o g i c a l  f i n d i n g s  i n  demented p a t i e n t s  a re  l i s t e d  

i n  Tab le  8.

Table 8 . Histopathological findings in demented patien ts .
C las s if ic a t io n  according to c r i t e r i a  l is te d  in Table 7.

Case No APf RPf AT f RTf APh RPh ATh RTh s I f / I h D Clin.

I H istopathologically  c la s s i f ie d  as AD/SDAT
a) In agreement with c l in ic a l  diagnosis

2 17.2 3 6.1 1 30.0 3 48.0 3 10 1 / 1 _ SDAT
4 10.6 3 12.5 2 5.0 1 2.4 1 7 1 / 1 - SDAT
6 6.5 2 7.1 1 11.0 3 30.0 3 9 1 / 1 - SDAT
8 3.0 1 1.0 1 3.0 1 2.0 1 4 1 / 0 - SDAT
9 19.2 3 4.1 1 11.2 3 5.4 1 8 1 / 1 - SDAT

10 9.8 2 6.6 1 6.1 2 9.2 1 6 2 / 1 - SDAT
12 10.5 3 8.0 1 12.0 3 14.0 2 9 0 / 1 - SDAT
13 7.1 2 11.4 10.0 2 27.7 3 9 0 / 1 - SDAT
14 17.5 3 3.0 1 15.5 3 15.0 2 9 1 / 1 - SDAT
15 5.0 1 2.4 1 20.0 3 10.0 1 6 1 / 1 - SDAT
17 17.5 3 3.0 1 10.5 3 3.2 1 8 0 / 1 _ SDAT
21 9.3 2 21.7 10.2 3 32.9 3 11 0 / 1 _ SDAT
22 0.0 0 1.2 1 13.5 3 15.6 2 6 0 / 1 - SDAT
24 4.1 1 2.1 1 3.6 1 8.6 2 5 0 / 0 _ SDAT
25 8.5 2 7.1 11.7 3 40.7 3 10 0 / 0 _ SDAT
31 4.6 1 2.4 1 7.1 2 15.1 2 6 0 / 1 _ SDAT
32 2.5 1 1.5 1 14.0 3 10.0 1 6 1 / 1 - SDAT

b) In disagreement with c l in ic a l diagnosis

33 2.5 1 0.0 0 13.0 3 23.3 3 7 2 / 1 _ MID
37 2.2 1 0.2 1 4.0 1 0.3 1 4 1 / 0 _ MID
39 22.5 3 7.6 1 37.0 3 12.7 2 9 2 / 1 _ MID
41 1.5 1 0.0 0 14.0 3 16.7 2 6 0 / 1 _ MID
48 25.3 3 5.9 1 6.0 2 19.5 3 9 1 / 1 _ MID
50 11.9 3 3.4 1 11.3 3 38.3 3 10 1 / 0 _ MID
51 4.9 2 1.4 1 3.3 1 4.7 1 5 2 / 1 _ MID
52 7.0 1 4.0 1 12.0 3 15.0 2 7 2 / 1 _ MID
54 8.0 2 0.0 0 14.0 3 1.0 1 6 2 / 1 _ NUD
55 5.1 2 1.6 1 6.7 2 21.8 3 8 1 / 1 - NUD

I I Histopathologically  c la s s i f ie d  as MID
a) In agreement with c l in ic a l  diagnosis

34 0.0 0 0.0 0 0.3 1 3.0 1 2 1 / 2 _ MID
36 3.3 1 0.0 0 6.0 2 10.0 1 4 1 / 2 + MID
38 3.3 1 0.0 0 0.7 1 0.0 0 2 1 / 0 + MID
40 1.0 1 0.0 0 1.6 1 0.4 1 3 2 / 2 + MID
44 0.0 0 0.0 0 0.0 0 0.0 0 0 2 / 2 _ MID
45 0.3 1 0.0 0 3.1 1 8.7 1 3 2 / 2 + MID
49 2.4 1 0.0 0 3.0 1 8.0 1 3 2 / 2 + MID

b) In disagreement with c l in ic a l diagnosis

5 0.0 0 0.0 0 0.0 0 0.0 0 0 2 / 2 SDAT
7 0.0 0 0.0 0 0.1 1 0.1 1 2 2 / 2 _ SDAT

27 0.0 0 0.0 0 0.0 0 0.0 0 0 1 / 2 SDAT
28 0.0 0 0.0 0 0.0 0 2.0 1 1 1 / 0 + SDAT
29 1.0 1 0.0 0 1.0 1 1 .0 1 3 2 / 2 _ SDAT
30 0.0 0 0.0 0 0.0 0 3.2 1 1 0 / 2 + SDAT



39

I I I  H is t o p a th o lo g ic a l ly  c l a s s i f i e d  as AD-MID

1 12.7 3 2 .7 1 15.2 3 18.2 2 9 2 / 2 + SDAT
3 5.5 2 3 .0 1 26 .5 3 4.1 1 7 2 / 2 - SDAT

11 10.2 3 4 .7 1 3 .0 1 4.1 1 6 2 / 1 + SDAT
16 10.0 2 3 .5 1 19.2 3 4.1 1 7 1 / 2 - SDAT
18 6 .3 2 1.9 1 10.7 3 27 .7 3 9 1 / 0 + SDAT
19 11.8 3 3 .0 1 6 .0 2 4 .0 1 7 1 / 1 + SDAT
20 4 .5 1 0 .5 1 4 .2 1 6 .6 1 4 2 / 2 - SDAT
23 2 .6 1 1.1 1 16.2 3 35 .6 3 8 2 / 2 - SDAT
26 7.2 2 21.1 3 13.4 3 29 .0 3 11 1 / 2 + SDAT
35 9 .6 2 4 .8 1 11.9 3 20.1 3 9 0 / 2 + MID
42 5.7 2 7 .0 1 10.7 3 21 .7 3 9 2 / 2 + MID
43 1.7 1 0 .0 0 21.7 3 39 .0 3 7 2 / 2 - MID
46 9 .5 2 2 .2 1 15.7 3 12.9 2 8 1 / 2 - MID
47 6 .5 2 0 .2 1 7 .5 2 15.7 2 7 1 / 2 - MID
53 6 .7 2 0 .0 0 4 .7 1 20 .8 3 6 1 / 2 + MID

m+S.D. 6 .6+6 .0 3.3+4 .7 9.4+7,.8 13 .6+12 .3

md (R) 2 (0 - 3 ) 1 ( 0 -3 ) 2 ( 0 -3 ) 1 ( 0 -3 ) 7(4--11)

A -  absolute  number o f  changes,
P -  s e n i l e / n e u r i t i c  p laques,
f  -  the f r o n ta l  c o r te x ,
R -  r a te  number o f  changes ( f o r  d e f i n i t i o n  see Table 2 ) ,
T -  n e u r o f i b r i l l a r y  ta n g le s ,
h -  the hippocampus,
S -  h is to p a th o lo g ic  dementia score ( f o r  d e f i n i t i o n  see Table 2 ) ,
I -  microscopic in f a r c t s ,
D -  p e r iv a s c u la r  serum p r o t e in  d e p o s i ts ,
m+S.D. -  the mean and standard d e v ia t io n  o f  a l l  demented cases,
md (R) -  median and range o f  a l l  demented cases.
For d e f i n i t i o n  o f  grading o f  microscopic f in d in g s  see Table 2.

There  were s e ve n tee n  cases  w i t h  d e f i n i t e  d i a g n o s is  o f  AD/

SDAT ( c l i n i c a l  and h i s t o p a t h o l o g i c a l  d ia g n o s e s  i n  ag reem ent)  

( T a b le  8 , 9 ) .  I n  th e s e  cases  th e  p r e v a le n c e  o f  t a n g le s  was 100% 

i n  b o th  th e  f r o n t a l  c o r t e x  and th e  h ippocam pus. The p la q u e s  

were seen i n  94% o f  th e  cases  i n  th e  f r o n t a l  c o r t e x  and i n  

e v e ry  case i n  th e  h ippocam us .  The ran ge  o f  th e  h i s t o p a t h o l o g i ­

c a l  de m en t ia  s c o re  was 4 - 1 1  and th e  p r e v a le n c e  o f  t a n g le s  

and p la q u e s  t o g e t h e r  i n  b o th  b r a i n  a re a s  s t u d ie d  was 100%. The 

s e v e r i t y  o f  m ic r o s c o p ic  i n f a r c t s  seen i n  th e  f r o n t a l  c o r t e x  

was e s t im a te d  as 0 -2  ( p r e v a le n c e  53%) and i n  th e  h ippocam pus 

as 0-1 ( p r e v a le n c e  82%). The p e r i v a s c u l a r  d e p o s i t s  were n o t  

o b s e rv e d  i n  AD/SDAT c a s e s .
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Table 9 . D e s c r ip t io n  o f  the p a t ie n ts  " w ith  d e f i n i t e  d iagnosis"

V a r ia b le s : Non-demented Demented

n=19 n=24

AD/SDAT MID

Number M/F 1 3 / 6 1 1 / 6 7 / 0

Age 74 .3  + 10 .3 77 .7  + 8 .6 76 .0  4 6 .6

D ura t ion  o f

disease 0 6.1 ±  3 .2 3 .9  4 2 .4

B ra in  weight 1293 + 113 1223 4 168 1393 4 81

A r t e r io s c le r o s i s 1 (0  -  3) 1 (0 -  2) 2 (1 -  3)

Macroscopic i n f a r c t s 0 (0  -  2) 0 (0 -  2) 2 (0  -  2)

The f r o n t a l  c o r tex

plaques: abs.number 1 .8  + 2 .0 9 .0  4 3 .9 1 .3  4  1.3

r a te  number 1 (0 -  2) 2 (0 -  3) 1 (0 -  1)
ta n g le s :  abs.number 0 6 .0  4  3 .3 0

r a te  number 0 1 (1 -  3) 0
m icroscopic in f a r c t s 1 (0 -  2) 1 (0  -  2) 2 ( 1 - 2 )

The hippocampus

plaques: abs.number 3 .6  4 4.1 11.4 + 6 .3 2.1  4 2.1
r a te  number 1 (0 -  2) 3 (1 -  3) 1 (0  -  2)

ta n g le s :  abs.number 1.7 + 4 ,6 17.1 4 13 .9 4 .4  4 4 .3
r a te  number 0 (0  -  2) 2 (1 -  3) 1 (0 -  1)

microscopic in f a r c t s 1 (0 -  1) 1 (0  -  1) 2 (0 -  2)

H is to p a th o lo q ic a l  dementia score

2 (0  -  4) 8 (4 - 1 1 ) 3 (0 -  4)
P e r iv a s c u la r  serum p r o t e in  deposits  (+ )

0 ?0 0 ?0 72 %

X X  + X X  = mean + S.D.

x(x  -  x)  = median (range)

fo r  d e f i n i t i o n  o f  grad ing o f  microscopic f in d in g s  see Table 2.

There  were seven cases  w i t h  d e f i n i t e  d ia g n o s i s  o f  MID 

(T a b le  8 , 9 ) .  T ang les  were n o t  o b se rve d  i n  th e  f r o n t a l  c o r t e x
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and i n  th e  h ippocam pus th e y  were seen i n  71% o f  th e  c a s e s .  The 

p r e v a le n c e  o f  p la q u e s  was 71% i n  th e  f r o n t a l  c o r t e x  and 86% i n  

th e  h ippocam pus. The ran ge  o f  th e  h i s t o p a t h o l o g i c a l  de m en t ia  

s c o re  was 0 -4  and th e  p r e v a le n c e  o f  t a n g le s  and p la q u e s  t o g e t ­

h e r  i n  b o th  b r a i n  a re a s  s t u d ie d  was 86%. The s e v e r i t y  o f  m ic ­

r o s c o p i c  i n f a r c t s  seen i n  th e  f r o n t a l  c o r t e x  was e s t im a te d  as

1-2  and i n  th e  h ippocam pus as 2 ( p r e v a le n c e  86%). The p e r i v a s ­

c u l a r  d e p o s i t s  were seen i n  th e  g re y  m a t t e r  i n  71% o f  th e  MID 

c a s e s .

M u l t i v a r i a t e  d a ta  a n a l y s i s

M u l t i v a r i a t e  d a ta  a n a l y s i s  by p r i n c i p a l  component (PC) m od e l­

l i n g  ( Wold e t  a l  1983, 19 84 a ,b )  w i t h  age, s e x ,  g ro s s  n e u r o -  

a n a to m ic a l  and h i s t o p a t h o l o g i c a l  changes as th e  t e s t e d  v a r i a b ­

l e s  r e v e le d  t h a t  f o u r  h i s t o p a t h o l o g i c a l  g ro u p s  (non -dem en ted ,  

AD/SDAT, MID and AD-MID) can be s e p a ra te d  w i t h  some o v e r la p  

( F ig u r e  1 2 a ,b ) .

A n a ly s i s  by th e  p a r t i a l  l e a s t  squ a re s  m o d e l l i n g  i n  l a t e n t  v a ­

r i a b l e s  (P LS ),  e m p lo y in g  o n ly  th o s e  cases w i t h  d e f i n i t e  d i ­

agnoses (SIMCA c la s s e s )  c l e a r l y  s e p a ra te d  th e  no n-dem en ted , 

AD/SDAT and MID g ro up s  f rom  one a n o th e r  ( F ig u r e  1 3 a ,b ) .

The re m a in in g  demented cases  w i t h o u t  d e f i n i t e  d ia g n o s is  

(31 p a t i e n t s )  were f o r  t h e i r  v i s u a l  c l a s s i f i c a t i o n  i n t o  th e  

c o n s t r u c t e d  SIMCA c la s s e s  p r o j e c t e d  i n t o  th e  c a l c u l a t e d  PLS 

model and p l o t e d  ( F ig u r e  1 4 ) .  The p r o b a b i l i t i e s  f o r  membership 

o f  th e s e  cases t o  th e  PC m ode ls  o f  th e  c la s s e s  c o n s t r u c t e d  on 

th e  p a t i e n t s  w i t h  d e f i n i t e  d ia g n o s i s  and on p a t i e n t s  h i s t o -  

p a t h o l o g i c a l l y  t y p e d  as AD-MID were d e te rm in e d  (T a b le  1 0 ) .  

The r e s u l t s  o f  th e s e  a n a ly s e s  r e v e a le d  t h a t  some o f  th e s e  31 

p a t i e n t s  were in d e e d  members o f  one o f  th e  SIMCA c la s s e s  (AD/ 

SDAT: case numbers 4 8 ,3 4 ;  MID: case numbers 7 ,2 8 ,2 9 ,3 7  and

AD-M ID :case numbers 33 ,52  and 5 5 ) .  The AD-MID cases  were sepa­

r a b le  i n  th e  t w o - d im e n s io n a l  space i n  th e  PLS p l o t  ( F ig u r e  

1 3 ) .  The r e s u l t s  on th e  PC and PLS a n a ly s e s  s u g g e s t  t h a t  th e  

AD-MID cases m ig h t  be c o n s id e r e d  as a s e p a r a te  d e m e n t ia  c l a s s .
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F ig u r e  12a . P r i n c i p a l  component a n a l y s i s  i n  non-dem ented and 
demented p a t i e n t s .
The v a r i a b l e  lo a d in g  p l o t  e m p lo y in g  age, s e x ,  g ro s s  n e u ro a n a -  
t o m ic a l  and h i s t o p a t h o l o g i c a l  p a ra m e te r .  V a r i a b le s  f u r t h e s t  
f rom  th e  o r i g i n  a re  th o s e  w i t h  th e  h i g h e s t  s e p a r a t i o n  power.
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F ig u r e  12 b . P r i n c i p a l  component (PC) a n a l y s i s  i n  non-demen- 
te d  and demented p a t i e n t s .
The PC p a t t e r n  o f  a l l  19 non-dem en ted  and 55 demented p a t i e n t s  
i n  m u l t i - d im e n s i o n a l  v a r i a b l e  space as seen th ro u g h  a t w o - d i ­
m e n s io n a l  window. N o t i c e  th e  s e p a r a t i o n  i n t o  f o u r  d i f f e r e n t  
g ro u p s .  Non-demented (lì), h i s t o p a t h o l o g i c a l l y  c l a s s i f i e d  AD/ 
SDAT ((0)) and MID ([nj) p a t i e n t s  w i t h  d e f i n i t e  d i a g n o s i s ,  AD/
SDAT (H i and MID ( n ^  p a t i e n t s  w i t h o u t  d e f i n i t e  d ia q n o s is  and 
AD-MID (n ^  p a t i e n t s .
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F ig u r e  13 a . A n a ly s i s  o f  t h e  non-dem en ted  and demented p a t i ­
e n t s  w i t h  d e f i n i t e  d i a g n o s i s  by th e  p a r t i a l  l e a s t  s q u a re s  
m o d e l l i n g  i n  l a t e n t  v a r i a b l e s  (P L 5 ) .
The v a r i a b l e  l o a d in g  p l o t  e m p lo y in g  th e  same p a ra m e te rs  as i n  
F ig u r e  12a b u t  i n  th e  p re s e n c e  o f  th e  c l i n i c a l  d i a g n o s i s .  The 
PLS c la s s e s  were m a n u a l ly  formed a c c o r d in g  t o  th e  r u l e  t h a t  
o b j e c t s  s e l e c t e d  t o  a c la s s  a re  i n  some way supposed s i m i l a r .  
The c la s s e s  used were fo rm ed o f  p a t i e n t s  w i t h  a d e f i n i t e  
d i a g n o s i s  ( c l i n i c a l  and h i s t o p a t h o l o g i c a l  d ia g n o s e s  i n  a g re e ­
m en t)  and t h e r e  were no " o u t l i e r s "  w i t h i n  each formed c l a s s .
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F ig u r e  1 3 b . A n a ly s i s  o f  th e  non-dem en ted  and demented p a t i ­
e n t s  w i t h  d e f i n i t e  d i a g n o s i s  by PLS.
The PLS m o d e l l i n g  p a t t e r n s  show ing  th e  t h r e e  form ed SIMCA 
c la s s e s ,  e v e ry  p o i n t  r e p r e s e n t i n g  an i n d i v i d u a l  case .  N o t i c e  
th e  c l e a r  s e p a r a t i o n  o f  th e  c la s s e s .  Non-demented (n), AD/SDAT 
(®) and MID (QÏI> p a t i e n t s  w i t h  d e f i n i t e  d i a g n o s i s .
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F ig u r e  1 4 . The PL5 m o d e l l i n g  p a t t e r n s  on non-dem ented and 
demented cases b o th  w i t h  and w i t h o u t  d e f i n i t e  d ia g n o s e s .
The v a r i a b l e  l o a d in g  p l o t  same as i n  F ig u r e  13a. Some o f  th e  
u n c l a s s i f i e d  cases were found  t o  be members o f  AD/SDAT and MID 
c la s s e s .  N o t i c e  th e  s e p a r a te  " g r o u p "  o f  c a s e s ,  h i s t o p a t h o l o g i -  
c a l l y  c l a s s i f i e d  as AD-MID p a t i e n t s .  Non-demented (n), AD/SDAT 
(©) and MID {rjjP w i t h  d e f i n i t e  d i a g n o s i s  AD/SDAT ( H#) and MID 
( n ^  w i t h o u t  d e f i n i t e  d i a g n o s i s  and AD-MID (n ^  p a t i e n t s .
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Table 10. C la s s if ic a tio n  o f the dementia cases without d e f in ite  diagnosis.

Case C lin . H istopath. P ro b a b ility  o f not membership.
No diagn. diagn. Nondemented AD7SDAT MID AD-MID

1. AD/SDAT AD-MID 1.000 * * * 1.000 * * * 1.000 * * * 0.827
3. AD/SDAT AD-MID 1.000 * * * 1.000 * * * 1.000 * * * 0.306
5. AD/SDAT MID 0.998 * * 1.000 * * * 0.997 ** 1.000 * * *
7. AD/SDAT MID 0.882 0.999 * * * 0.655 0.999 »**

11. AD/SDAT AD-MID 1.000 * * * 1.000 * * * 0.998 * * 0.375
16. AD/SDAT AD-MID 1.000 * * * 0.961 * 1.000 * * * 0.808
18. AD/SDAT AD-MID 1.000 * * * 1.000 * * * 1.000 * * * 0.613
19. AD/SDAT AD-MID 1.000 #** 1.000 * * * 0.999 *# * 0.783
20. AD/SDAT AD-MID 0.723 0.999 **# 0.935 0.669
23. AD/SDAT AD-MID 1.000 * * * 1.000 * * * 1.000 * * * 0.651
26. AD/SDAT AD-MID 1.000 *■** 1.000 **# 1.000 *■** 0.650
27. AD/SDAT MID 1.000 * * * 1.000 *« * 0.964 * 1.000 * * *
28. AD/SDAT MID 1.000 * * * 1.000 * * * 0.935 1.000 * * *
29. AD/SDAT MID 0.939 0.999 **# 0.774 0.999 * * *
30. AD/SDAT MID 1.000 * * * 1.000 * * * 0.998 *.# 0.999 * * *
33. MID AD/SDAT 1.000 * * * 0.999 #«* 0.999 # ** 0.819
35. MID AD-MID 1.000 * * * 1.000 -*•** 0.999 * * * 0.392
37. MID AD/SDAT 0.982 * * 0.978 * 0.732 0.999 * * *
39. MID AD/SDAT 1.000 0.999 * * * 1.000 * * * 1.000 * * *
41. MID AD/SDAT 0.998 ** 0.997 * * 0.999 * * * 0.999 * * *
42. MID AD-MID 1.000 1.000 * * * 0.999 #** 0.307
43. MID AD-MID 1.000 * * * 0.999 * * * 1.000 * * * 0.056
46. MID AD-MID 1.000 -*** 0.936 0.999 * * * 0.708
47. MID AD-MID 1.000 0.995 * * 0.999 * * * 0.471
48. MID AD/SDAT 1.000 * * * 0.938 1.000 -**-* 0.999 * * *
50. MID AD/SDAT 1.000 * * * 0.998 * * 1.000 #** 0.995 * *
51. MID AD/SDAT 0.630 0.855 0.960 * 0.702
52. MID AD/SDAT 1.000 * * * 0.964 * 0.999 * * * 0.826
53. MID AD-MID 1.000 * * * 1.000 * * * 1.000 * * * 0.191
54. NUD AD/SDAT 1.000 * * * 0.821 0.999 * * * 0.829
55. NUD AD/SDAT 1.000 * * * 0.897 0.998 ** 0.778

A p r in c ip a l component (PC) m odelling o f each o f the formed classes (non-demen 
ted , demented "with d e f in ite  diagnosis" i . e .  AD/SDAT and MID, and fo r h is to -  
p a th o lo g ica lly  c la s s if ie d  AD-MID cases) was performed. Using the distance o f 
each case to the models i . e .  classes in  space, the p ro b a b ility  o f class mem­
bership was ca lcu la ted  by F -te s t fo r p a tien ts  "without d e f in ite  diaqnosis". 
This was done to fin d  both the members o f the classes and the " o u tlie rs "  (not 
a member o f the formed c lasses).

F - te s t:  *  p < 0 .0 5 , * *  p < 0.01 and * * *  p < 0 .001.

Case numbers 7, 29, 46, 54 and 55 showed p ro b a b ility  o f being members o f two 
classes and case numbers 20 and 51 showed p ro b a b ility  o f being members of 
three classes. In these cases note the lowest p ro b a b ility  for membership.
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In  o r d e r  t o  v e r i f y  t h a t  th e  p a th o lo g y  i n  th e s e  AD-MID cases 

were n o t  m e re ly  a l i n e a r  c o m b in a t io n  o f  t h e  p a th o lo g y  i n  AD/ 

SDAT and MID, th e s e  cases  were t e s t e d  on a PLS model c a l c u l a ­

te d  f o r  th e  lumped d e f i n i t e  d e m e n t ia  c a s e s .  The AD-MID g ro up  

rem a ined  s e p a ra te  f rom  th e  lumped cases  ( F - t e s t  on th e  2.5% 

l e v e l ) .  The l a c k  o f  a d d i t i v i t y  m ig h t  r o u l e  o u t  th e  n o t i o n  t h a t  

th e  AD-MID cases were m e re ly  a r e f l e c t i o n  o f  cases w h ic h ,  f o r  

exam p le ,  s t a r t e d  w i t h  AD/SDAT and th e n  de v e lo p e d  MID, o r  v i c e  

v e r s a ,  s in c e  th e  use o f  p o s t -m o r te m  t i s s u e  a lw ays  r e f l e c t s  th e  

end s ta g e  o f  th e  d i s e a s e ,  u n le s s  seco n d a ry  i l l n e s s  can o b f u ­

s c a te  th e  i n t e r p r e t a t i o n .

S ix  o f  t h e  r e m a in in g  u n c l a s s i f i e d  cases  were " o u t l i e r s "  w i t ­

h o u t  any membership t o  th e  n o n -d e m e n te d , AD/SDAT, MID o r  

AD-MID (SIMCA) c la s s e s  and one case showed h ig h  p r o b a b i l i t y  o f  

b e in g  a member o f  th e  non-dem en ted  c l a s s .

Summary on c l a s s i f i c a t i o n  o f  demented cases  by m u l t i v a r i a t e  

d a ta  a n a l y s i s

A t o t a l  o f  n in e te e n  cases  (17 w i t h  and 2 w i t h o u t  d e f i n i t e  

d i a g n o s i s )  were found  t o  b e lo n g  t o  th e  AD/SDAT, e le v e n  cases 

(7  w i t h  and 4 w i t h o u t  d e f i n i t e  d i a g n o s i s )  t o  th e  MID and 

e ig h te e n  (15 w i t h  and 3 w i t h o u t  h i s t o p a t h o l o g i c a l  d ia g n o s i s  o f  

AD-MID) t o  th e  AD-MID c la s s e s .

R em ain ing  seven cases  were u n c l a s s i f i e d  by means o f  th e  m u l t i ­

v a r i a t e  d a ta  a n a l y s i s .

A s c h e m a t ic  p r e s e n t a t i o n  o f  th e  r e l a t i o n s h i p s  between th e  a) 

c l i n i c a l  D S M - I I I  c l a s s i f i c a t i o n ,  b )  h i s t o p a t h o l o g i c a l  c l a s s i ­

f i c a t i o n  a c c o r d in g  t o  th e  c r i t e r i a  l i s t e d  i n  T ab le  7 and c )  

SIMCA c l a s s i f i c a t i o n s  i s  g iv e n  i n  T a b le  15.
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C o r r e l a t i o n s  between d i f f e r e n t  v a r i a b l e s  i n  th e  non-dem ented 

and demented cases w i t h  d e f i n i t e  d ia g n o s is

I n  th e  non-dem ented aged i n d i v i d u a l s ,  t h e r e  was a p o s i t i v e  

c o r r e l a t i o n  between age and b o th  th e  number o f  p la q u e s  i n  th e  

f r o n t a l  c o r t e x  and w i t h  th e  h i s t o p a t h o l o g i c a l  de m en t ia  s c o r e .  

The number o f  p la q u e s  i n  th e  f r o n t a l  c o r t e x  showed p o s i t i v e  

c o r r e l a t i o n  w i t h  th e  number o f  p la q u e s  i n  th e  h ippocam pus. A 

n e g a t i v e  c o r r e l a t i o n  was ob s e rv e d  between age and b r a i n  

w e ig h t .

I n  th e  AD/SPAT p a t i e n t s  w i t h  d e f i n i t e  d ia g n o s i s ,  i n  c o n t ­

r a s t  t o  th e  non-dem ented p a t i e n t s ,  t h e  age o f  th e  p a t i e n t  was 

n e g a t i v e l y  c o r r e l a t e d  w i t h  th e  number o f  p la q u e s  i n  th e  f r o n ­

t a l  c o r t e x .  I n  th e  h ippocam pus numerous p la q u e s  were seen i n  

c o m b in a t io n  w i t h  a h ig h  number o f  t a n g le s .

I n  th e  MID p a t i e n t s  w i t h  d e f i n i t e  d i a g n o s i s ,  th e  degree  o f  

m ic r o s c o p ic  i n f a r c t s  seen i n  th e  f r o n t a l  c o r t e x  was most s e v e ­

r e  i n  th e  o l d e r  p a t i e n t s .  The number o f  p la q u e s  i n  th e  h ip p o ­

campus c o r r e l a t e d  w i t h  th e  number o f  t a n g le s  i n  th e  MID p a t i ­

e n t s .

Com parison o f  c o u n ts  o f  t a n g le s  and p la q u e s  by two s i l v e r  

s t a i n i n g  methods

O v e r a l l ,  t h e  c o u n ts  o f  p la q u e s  and t a n g le s  were s l i g h t l y  h i g ­

h e r  w i t h  von Braunmühl s i l v e r  s t a i n i n g  method th a n  found  w i t h  

t h e  Bod ian-PAS s i l v e r  s t a i n i n g  method (T a b le  1 1 ) .  However, th e  

a b s o lu t e  number o f  p la q u e s  and t a n g le s  v i s u a l i z e d  w i t h  th e s e  

two s t a i n i n g  methods a re  n o t  f u l l y  c o m p a ra b le ,  as th e  t h i c k ­

ness o f  th e  s e c t i o n s  d i f f e r e d  (B o d ia n  PAS: 6 m ic ro n ,  von

Brau nm ü h l:  20 m ic ro n )  and, th o ugh  n e ig h b o u r in g  and ta k e n  f rom

same t i s s u e  b l o c k ,  th e  s e c t i o n s  were n o t  a d ja c e n t .
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Table 11. Comparison of the counts of tangles and plaques visualized by 

von Braunmühl (vB) and Bodian PAS (BP) s ilv e r  sta ins.

Mean Standard Range
Deviation

Control cases APfvB 2.1 3.3 0 -  7.7
n = 17 BP 0.5 0.7 0 -  1.8

ATfvB 0.0 0.0 0 -  0 .0
BP 0.0 0.0 0 -  0 .0

APhvB 3.0 4.0 0 -  10.0
BP 2.2 3.3 0 -  9.0

AThvB 1.5 0.9 0 -  6.4
BP 1.2 2.4 0 -  2.0

Demented APfvB 11.8 11.6 0 -  40.0 *
n = 27 BP 4.5 4.4 0 -  15.0 *

ATfvB 4.9 7.1 0 -  31.7
BP 3.1 5.0 0 -  22.0

APhvB 12.7 12.6 0 -  49.0
BP 7.7 7.8 0 -  34.0

AThvB 16.7 16.4 0 -  63.0
BP 12.0 14.5 0 -  60.0

AP -  absolute number of plaques, 
f  -  the fron ta l cortex,
AT -  absolute number of tangles, 
h -  the hippocampus.

A ll numbers are avarages of five  counts carried  out at 
magnification 125x.

* S ign ifican t d ifference in counts (p<0.005) carried out 
on vB and BP stained sections.

stained sections in the dementia class were compared.
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D I S C U S S I O N

IMMUNOLOGICAL FINDINGS

P eop le  o v e r  65 y e a rs  w i t h o u t  c o g n i t i v e  im p a irm e n t  had h i g h e r  

p la sm a -Ig G  l e v e l s  ( I )  compared t o  r e f e r e n c e  v a lu e s  f o r  30 -  

y e a r - o l d  i n d i v i d u a l s  ( B u c k le y  e t  a l  1 9 7 4 ) .  S im i l a r  e l e v a t i o n  

i n  p lasm a -Ig G  have been r e p o r t e d  e a r l i e r  ( B u c k le y  and Dorsey  

1 9 7 1 ) ,  and m ig h t  be e x p la in e d  by an in c r e a s e d  s y n t h e s is  o f  IgG 

i n  e l d e r l y  p e o p le  ( Makinodan 1979) .  H ig h e r  IgG c o n c e n t r a ­

t i o n s  m ig h t  i n d i c a t e  a w e l l - f u n c t i o n i n g  immune system  n e cessa ­

r y  f o r  s u r v i v a l  ( W a l fo rd  1 9 74 ) .

P lasm a-IgG  l e v e l s  i n  th e  MID g ro up  were h ig h e r  compared t o  

age-m atched  c o n t r o l s  ( I ) ,  s u g g e s t in g  a more a c t i v e  immune r e s -  

po nce .  The e l e v a t i o n  i n  p lasm a -Ig G  may i n d i c a t e  an in c r e a s e  i n  

a u t o - a n t i b o d y  c o n c e n t r a t i o n ,  fou nd  b o th  i n  p a t i e n t s  w i t h  c a r ­

d i o v a s c u la r  d is e a s e s  ( B e r e g i  e t  a l  1978) and i n  p a t i e n t s  

w i t h  c e r e b r o v a s c u la r  l e s i o n s  ( s t r o k e )  ( B e r r y  and R iches  

1 9 7 4 ) .

The MID p a t i e n t s  had h i g h e r  CSF-IgG c o n c e n t r a t i o n s  th a n  th e  

AD/SDAT p a t i e n t s  ( I )  b u t  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  th a n  

th o s e  found  i n  non-dem ented c o n t r o l s .  These f i n d i n g s ,  i n  a d d i ­

t i o n  t o  low  CSF-IgG in d e x  ( I )  and th e  low  v a lu e  o f  l o c a l  s y n ­

t h e s i s  o f  IgG ( I ) ,  speak a g a in s t  an i n t r a t h e c a l  IgG p r o d u c t i o n  

i n  th e  CNS i n  demented p a t i e n t s .

When compared w i t h  h e a l t h y  i n d i v i d u a l s  be tween 21 and 30 y e a rs  

o f  age ( E e g -O lo fs s o n  e t  a l  1 9 8 1 ) ,  u n im p a i re d  aged p a t i e n t s  

showed h i g h e r  v a lu e s  i n  CSF-A lb ( I ) ,  i n d i c a t i n g  an a l t e r a t i o n  

i n  B-CSF-B f u n c t i o n  w i t h  age, i n  agreem ent w i t h  a s tu d y  by 

T i b b l i n g  e t  a l  (1977) and K obatake  e t  a l  ( 1 9 8 0 ) .

The MID and th e  AD/SDAT p a t i e n t s  had e le v a te d  CSF-Alb c o n c e n t ­

r a t i o n s  ( I ) ,  s u g g e s t in g  e i t h e r  a l e s s  "d e n s e "  b a r r i e r  f u n c t i o n  

o r  a lo w e r  CSF t u r n o v e r  i n  th e  CNS. The in c r e a s e d  A lb  r a t i o  i n  

th e  MID g roup  i s  c o n s i s t e n t  w i t h  b o th  s u g g e s t io n s .

C o n t r a s t i n g  r e s u l t s  f o r  th e  B-CSF-B f u n c t i o n  i n  demented i n d i ­

v i d u a l s  and, e s p e c i a l l y ,  f o r  th e  c l i n i c a l  g ro up  o f  AD/SDAT, 

have been r e p o r t e d  ( Bock e t  a l  1974, J on ke r  e t  a l  1982
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L e o n a rd i  e t  a l  1985, E lo v a a ra  e t  a l  1 9 85 a ) .

The f i n d i n g s  o f  lo w e r  IgG r a t i o  and CSF-IgG in d e x  i n  th e  AD/ 

SDAT g roup  a lo n g  w i t h  th e  m o d e ra te ly  h ig h e r  t r a n s u d a t i o n  v a lu e  

compared t o  th e  c o n t r o l s  and t h e  o b s e r v a t i o n  t h a t  b o th  MID and 

AD/SDAT g roups  f e l l  i n t o  th e  s o - c a l l e d  b i o l o g i c a l l y  i r r e l e v a n t  

a re a  ( I )  has n o t  been re p ro d u c e d  by o t h e r s  ( L e o n a rd i  e t  a l  

19 8 4 ) .  T h is  d i f f e r e n c e  i s  p r i m a r i l y  based on th e  p r o p o r t i o n a l ­

l y  lo w e r  CSF and plasma c o n c e n t r a t i o n s  o f  IgG tha n  A lb  i n  ou r  

s tu d y  compared w i t h  t h e  r e s u l t s  o f  L e o n a rd i  e t  a l  ( 1 9 8 4 ) .

Some o f  th e  p o s s ib le  e x p la n a t i o n s  f o r  th e s e  d i f f e r e n t  r e s u l t s  

a r e :  a) d i f f e r e n c e s  i n  c l i n i c a l  c l a s s i f i c a t i o n ,  b) d i f f e r e n c e s  

i n  c o l l e c t i o n  p ro c e d u re  o f  th e  i n v e s t i g a t e d  m a t e r i a l ,  c )  d i f ­

f e r e n c e s  i n  th e  s to r a g e  t im e  o f  th e  m a t e r i a l  ( t h e  s t a b i l i t y  o f  

th e  i n v e s t i g a t e d  p r o t e i n s  i n  -7 0  C i s  n o t  s u f f i c i e n t l y  e s t a b ­

l i s h e d  and c )  d i f f e r e n c e s  i n  th e  m e tho do log y  used.

B o th  i n f e c t i o u s  d is e a s e s  and d is e a s e s  w h ic h  a re  presumed t o  be 

i n f e c t i o u s  have been a s s o c ia te d  w i t h  th e  p re sen ce  o f  o l i g o c l o -  

n a l  a n t i b o d ie s  i n  th e  CSF ( I i v a n a in e n  e t  a l  1981, Mehta e t  

a l  1 9 8 2 b ,c ) .  P r o t e i n  bands,  p r o b a b ly  r e p r e s e n t i n g  o l i g o c l o n a l  

I g  p r o d u c t i o n ,  have b o th  been and n o t  been d e m o n s tra te d  i n  CSF 

sam ples from  demented p a t i e n t s  ( W i l l i a m s  e t  a l  1980, E lo ­

v a a ra  e t  a l  1985b, W ik k e ls ö  e t  a l  19 8 1 ) .  No such "b a n d s "  

however were d e m o n s tra te d  by us ( I I ) .  O l i g o c l o n a l  Ig  p r o d u c t i ­

on by p lasma c e l l s  i n  CSF m ig h t  be i n i t i a t e d  by an u n s p e c i f i c  

r e a c t i o n  t o  th e  t i s s u e  damage found  i n  th e  l a t e  s ta g e s  o f  de­

g e n e r a t i v e  de m en t ia  and e a r l y  i n  th e  c o u rs e  o f  v a s c u la r  demen­

t i a .

The la c k  o f  p r e c i s e  c r i t e r i a  f o r  th e  c l i n i c a l  c l a s s i f i c a t i o n  

o f  AD-MID may i n  c o m b in a t io n  w i t h  th e  e t i o l o g y  o f  o l i g o c l o n a l  

a n t i b o d ie s  p r o v id e  a p o s s ib l e  e x p la n a t i o n  f o r  th e  c o n t r a s t i n g  

r e s u l t s .

The t w o - d im e n s io n a l  PAGE method i s  a r e l i a b l e  p ro c e d u re  f o r  

a n a l y s i s  o f  a com plex m ix t u r e  o f  p r o t e i n s .  CNS s p e c i f i c  p r o ­

t e i n s  and a l s o  abnorm a l C S F-Ig  components have been found  t o
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be p r e s e n t  ( S iden  1980, W ik k e ls ö  e t  a l  1981) and a b sen t  i n  

v a r i o u s  n e u r o l o g i c a l  d i s e a s e s ,  i n c l u d i n g  de m en t ia  ( H a r r i n g to n  

e t  a l  19 8 4 ) .  No e n r ic h m e n t  o f  u n ig u e  p r o t e i n s  i n  e i t h e r  p l a s ­

ma o r  CSF c o u ld  be i d e n t i f i e d  i n  th e  demented p a t i e n t s  ( I I )  as 

v i s u a l i z e d  by tw o - d im e n s io n a l  PAGE. T h is  does n o t  e x c lu d e  th e  

p o s s ib le  o c c u r re n c e  o f  CNS s p e c i f i c  p r o t e i n s  i n  p lasm a, as th e  

c o n c e n t r a t i o n s  o f  p lasma p r o t e i n s  g r e a t l y  exceed th e  l e v e l s  o f  

p r o t e i n s  i n  th e  CSF, t h e re b y  m aking th e  d e t e c t i o n  o f  b r a i n  

s p e c i f i c  p r o t e i n s  d i f f i c u l t .

CLINICAL FINDINGS

In  c l i n i c a l  use th e  D S M - I I I  c r i t e r i a  were found  t o  be i n s u f f i ­

c i e n t  f o r  th e  c l a s s i f i c a t i o n  o f  p r o g r e s s i v e  de m en t ia  d i s o r d e r s

( I I I ) .  The c l i n i c a l  c h a r a c t e r i s t i c s  o f  AD/SDAT and MID were 

h e te ro g e n o u s  ( I I I ) .  O n ly  a subgroup  o f  th e  i n v e s t i g a t e d  p a t i ­

e n t s  f u l f i l l e d  th e  D S M - I I I  c r i t e r i a  f o r  d e f i n i t e  d ia g n o s i s  

( I I I , V I ) .  The d ia g n o s i s  o f  d e m en t ia  i s  based on c l i n i c a l  s ig n s  

caused by r a t h e r  e x t e n s i v e  damages t o  th e  CNS, making i t  d i f ­

f i c u l t  t o  d i s t i n g u i s h  between d i f f e r e n t  p a t t e r n s  o r  pa thog ram s 

i n  b e h a v io r a l  a l t e r a t i o n s .  The in c r e a s e d  f re g u e n c y  o f  c a r d i o - /  

c e r e b r o v a s c u la r  d is e a s e s  w i t h  age, l e a d in g  t o  is c h a e m ic  a n d /o r  

h a e m o rrh a g ic  damage o f  th e  b r a i n  parenchym a, a l s o  makes i t  

d i f f i c u l t  t o  ob s e rv e  t h e  s p e c i f i c  "sym ptom s" caused by th e  a l ­

t e r a t i o n  i n  f u n c t i o n  o f  a s p e c i f i c  n e u ro n a l  " g r o u p " .

T here  i s  c l e a r l y  a need f o r  more p r e c i s e  c l i n i c a l  c r i t e r i a  f o r  

AD/SDAT, MID and AD-MID p a t i e n t s .

IMMUNOCYTOCHEMISTRY

B lo o d - b r a i n  b a r r i e r  f u n c t i o n  i n  MID and AD-MID

The c u r r e n t  h i s t o p a t h o l o g i c a l  c r i t e r i a  f o r  v a s c u la r  de m en t ia  

a re  th e  d e s t r u c t i o n  o f  100 ml o r  more o f  b r a i n  t i s s u e  (Tom- 

l i n s o n  19 8 0 ) ,  t i s s u e  d e s t r u c t i o n  l o c a l i z e d  i n  th e  tha lam u s
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and p e r i v e n t r i c u l a r  space o f  w h i t e  m a t t e r  ( de Reuck e t  a l

1 9 8 2 ) ,  o r  b i l a t e r a l  d e s t r u c t i o n  o f  th e  hippocampus ( C o r s e l -  

1 i s  1 9 76 ) .

U s in g  im m unocy to chem ica l  m e th o d o lo g y ,  l e s i o n s  were v i s u a l i z e d  

i n  v a s c u la r  de m en t ia  w h ic h  have n o t  been shown p r e v i o u s l y  by 

c o n v e n t i o n a l  h i s t o p a t h o l o g i c a l  p ro c e d u re s  ( I V ) .  These l e s i o n s  

c o n s i s t  o f  d e p o s i t s  o f  serum p r o t e i n s  i n  s h a r p l y  dem arca ted  

a re a s  i n  th e  g re y  m a t t e r ,  a lw a y s  w i t h  a c a p i l l a r y  i n  th e  ce n ­

t e r .  The p re sen ce  o f  f i b r i n o g e n  b e s id e s  o t h e r  serum p r o t e i n s  

such as A lb ,  PA, and IgG i n  th e s e  l e s i o n s  i n d i c a t e  s e v e re  

changes i n  th e  p e r m e a b i l i t y  o f  th e  c a p i l l a r y  w a l l s  i n  th e  a re a  

o f  th e  c e r e b r a l  c o r t e x  i n v e s t i g a t e d .  B lo o d  c e l l s  were n o t  ob­

s e rv e d  i n  th e  n e u r o p h i l ,  and no th ro m b o -e m b o l ie s  were ob se rve d  

i n  any o f  th e  c a s e s ,  i n d i c a t i n g  t h a t  th e s e  l e s io n s  do n o t  r e p ­

r e s e n t  h a e m o rrh a g ic  a n d /o r  is c h a e m ic  i n f a r c t s .  That th e s e  l e ­

s io n s  have been m o s t ly  fou nd  i n  a s s o c i a t i o n  w i t h  c o r t i c a l  c a ­

p i l l a r i e s  b u t  n o t  w i t h  th e  v e s s e ls  o f  t h e  w h i t e  m a t te r  may 

p o i n t  o u t  a d e f e c t  i n  th e  c o r t i c a l  c a p i l l a r y  sys tem  and th u s  

be p a t h o g e n e t i c a l l y  d i f f e r e n t  from  m a c r o /m ic r o s c o p ic  i n f a r c t s .

The p e r i v a s c u la r  serum p r o t e i n  d e p o s i t s  obse rved  ( I V )  may 

e x p l a i n ,  1) th e  h ig h e r  t r a n s u d a t i o n  o f  serum p r o t e i n s  t h ro u g h  

th e  B-C5F-B o b se rve d  i n  MID p a t i e n t s  ( I I ) ,  2) th e  "consump­

t i o n "  o f  IgG by CNS ( I I )  and th e  d e c rea se  o f  r e g io n a l  b lo o d  

f l o w  shown i n  MID p a t i e n t s  ( H a c h in s k i  e t  a l  1975, Lavy e t  

a l  1 9 7 8 ) .

A l th o u g h  th e  c o n c e n t r a t i o n  o f  C3 i n  no rm a l serum i s  known t o  

be ab ou t  1 7 - f o l d  h i g h e r  th a n  C1q ( Brown e t  a l  1 9 84 ) ,  th e  

s i z e  o f  th e  p e r i v a s c u la r  d e p o s i t s  s t a in e d  w i t h  a n t i s e r a  t o  

human C1q was g r e a t e r  th a n  t h a t  l a b e l l e d  w i t h  a n t i s e r a  t o  C3c

( I V ) .  These f i n d i n g s  may i n d i c a t e  th e  p re sen ce  o f  a n t i g e n - a n -  

t i b o d y  com plexes i n  th e  p e r i v a s c u l a r  serum p r o t e i n  d e p o s i t s  

s in c e  C1 i s  known t o  b in d  t o  a n t i g e n - a n t i b o d y  com plexes 

th ro u g h  th e  s u b u n i t  C1q. I t  i s  t e m p t in g  t o  sug g e s t  t h a t  p e r i ­

v a s c u la r  d e p o s i t s  m ig h t  be due t o  t h e  b i n d in g  o f  a n t ib o d y  t o  

b r a i n  t i s s u e .  T h is  may be c o n s id e r e d  as a s u p p o r t  t o  th e  

h y p o t h e s is  t h a t  th e  e l e v a t i o n  i n  p la sm a -Ig G  i n  MID ( I I )  i s  

caused by a u t o - a n t i b o d y  p r o d u c t i o n ,  w i t h  p o s s ib le  r e a c t i v i t y
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to w a rd s  b r a i n  t i s s u e .  However, th e  p re sen ce  o f  C1q i n  th e  pe­

r i v a s c u l a r  d e p o s i t s  m ig h t  be due t o  f a c t o r s  o t h e r  th a n  a n t i -  

b o d y - a n t ig e n  com plexes s in c e  a v a r i e t y  o f  o t h e r  s u b s ta n c e s ,  

such a s ,  th e  l i p i d  A component o f  l i p o p o l y s a c c a r i d e s  ( Cooper 

e t  a l  19 7 6 ) ,  RNA v i r u s e s  ( Cooper and M o r r i s o n  1978) and CRP 

com p lexes  ( K ap lan  and V o la n a k is  1974, S ie g e l  e t  a l  1 9 74 ) ,  

a l s o  a c t i v a t e  complement by b i n d in g  C1q i n  th e  absence o f  an -  

t i b o d y - a n t i g e n  com p le xes .  On th e  o t h e r  hand , i t  i s  p o s s ib le  

t h a t  th e  p re sen ce  o f  C1q i n  th e  l e s i o n s  m ig h t  be due t o  c a t a ­

b o l i c  d i f f e r e n c e s  between th e  serum p r o t e i n s .  The s p e c i f i c  

changes i n  th e  c a p i l l a r y  f u n c t i o n  o f  th e  g re y  m a t te r  i n  th e  

v a s c u la r  de m en t ia  m ig h t  be an e t i o p a t h o l o g i c  f a c t o r  in v o l v e d  

i n  th e  d is e a s e .

B lo o d - b r a i n  b a r r i e r  f u n c t i o n  i n  AD/SDAT

In  b o th  non-dem ented and demented p a t i e n t s  t r a n s u d a t i o n  o f  s e ­

rum p r o t e i n s  th ro u g h  th e  v e s s e l  w a l l s  was v i s u a l i z e d  as oc c u ­

re n c e  o f  serum p r o t e i n s  i n  th e  s u r r o u n d in g s  o f  th e  v e s s e ls  i n  

th e  w h i t e  m a t t e r .  There were no o b v io u s  d i f f e r e n c e s  i n  t h i s  

d i f f u s i o n ,  v i s u a l i z e d  w i t h  d i f f e r e n t  a n t i s e r a  t o  serum p r o ­

t e i n s ,  between th e  demented and th e  no n-dem en ted , aged i n d i v i ­

d u a l s .  These f i n d i n g s  i n d i c a t e  t h a t  th e  BBB f u n c t i o n  was comp­

rom is e d  e q u a l l y  i n  AD/SDAT and i n  non -dem en ted ,  aged i n d i v i ­

d u a ls  ( V ) ,  c o n t r a r y  t o  a n o th e r  s tu d y  where a l t e r a t i o n  i n  BBB 

f u n c t i o n  i n  AD/SDAT was o b s e rve d  ( W is n ie w s k i  and K o z lo w s k i

1 9 8 2 ) .  I n  b o th  demented and no rm a l aged i n d i v i d u a l s  a b road  

s pe c tru m  o f  v a r i a t i o n  o f  th e  i n t e n s i t y  o f  t h e  p r o t e i n  s t a i n i n g  

s u r r o u n d in g  th e  v e s s e ls  was o b se rve d  w i t h o u t  any c o r r e l a t i o n  

t o  age, cause o f  d e a th  o r  t im e  between d e a th  and a u to p s y .  The­

se d i f f e r e n c e s  may be due t o  th e  f a c t  t h a t  BBB f u n c t i o n  i s  

l a b i l e ,  i n f l u e n c e d  by d ru g s  ( P re s k o rn  e t  a l  1981 ) ,  h y p e r t e n ­

s io n  ( H o u t h o f f  e t  a l  1 9 8 1 ) ,  e p i l e p t i c  s e i z u r e s  ( A a r l i

1983) and, p o s s i b l y ,  by a d r e n e r g i c  a c t i v i t y  ( Mann e t  a l  

1 9 8 2 ) .
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A n t i g e n i c i t y  o f  p la q u e  and t a n g le s

The im m u n o s ta in in g  o f  p la q u e s  w i t h  a n t i s e r a  t o  IgG and t o  th e

complement components C1q and C3c and w i t h  no r e a c t i o n  w i t h  

a n t i s e r a  t o  o t h e r  serum p r o t e i n s  s t u d ie d  s u g g e s t  t h e  p re sen ce  

o f  a n t i g e n - a n t i b o d y  com p lexes  i n  p la q u e s  ( V ) .  T h is  c o n c lu s io n  

i s  s u p p o r te d  by p r e v io u s  s t u d i e s ,  w h ic h  showed im m u n o g lo b u l in s  

( Katenkamp e t  a l  1970, Powers e t  a l  1981, I s h i i  and Haga

19 75 ,1 97 6 )  and complement f a c t o r s  i n  p la q u e s  i n  AD/5DAT ( Po­

wers  e t  a l  1981, E ike le nbo om  and Stam 1 9 82 ) .  The o c c u r re n c e

o f  I g  and complement i n  th e  p la q u e s  (V ) and th e  l o c a l i z a t i o n  

o f  p la q u e s  i n  c lo s e  r e l a t i o n s h i p  t o  v e s s e l  w a l l s  ( Miyakawa e t  

a l  1979 ,1982)  s u g g e s t  th e  p o s s ib le  i m p l i c a t i o n  o f  serum f a c ­

t o r s  i n  deve lopm en t a n d /o r  m a t u r a t io n  o f  p la q u e s .  T h is  hyp o ­

t h e s i s  p a r t l y  s u p p o r ts  th e  c o n c lu s io n  o f  "c o n s u m p t io n "  o f  Ig  

by th e  CNS ( I ) .  N o n - d e te c ta b le  c o n c e n t r a t i o n s  o f  b r a i n  r e a c t i ­

ve a n t i b o d ie s  i n  th e  CSF ( I )  and th e  la c k  o f  i n t r a t h e c a l  p r o ­

d u c t i o n  o f  a n t i b o d ie s  i n  th e  CSF o f  AD/SDAT p a t i e n t s  ( I )  sup ­

p o r t  t h e  c o n t e n t i o n  t h a t  th e  serum p r o t e i n s  m ig h t  be th e  s o u r ­

ce o f  IgG i n  th e  p la q u e s .  Thus, i t  seems p o s s ib le  t h a t ,  th e  

e t i o l o g y  and m a t u r a t io n  o f  p la q u e s  i n  no rm a l aged and demented 

s u b je c t s  may be a consequence o f  an a l t e r e d  B-CSF-B ( I )  /  BBB 

( I , I V , V ) f u n c t i o n  and serum f a c t o r s .  The e t i o l o g y  and m a tu ra ­

t i o n  o f  t a n g le s  may n o t ,  on th e  o t h e r  hand , be d i r e c t l y  depen­

d e n t  on th e s e  f a c t o r s ,  because th e y  were n e ve r  l a b e l l e d  w i t h  

any o f  th e  a n t i s e r a  used i n  ou r  s t u d y ,  a l th o u g h  t h i s  f i n d i n g  

i s  c o n t r a r y  t o  th e  r e p o r t  o f  Shiraham a e t  a l  (1 9 8 1 ) ,  who 

found  t h a t  t a n g le s  were l a b e l l e d  w i t h  a n t i s e r a  t o  p re a lb u m in .

HIST0PATH0L0GY

AD/SDAT and MID t o g e t h e r  c o n s t i t u t e  a b ou t  90% o f  a l l  d e m en t ia  

c a s e s .  As y e t ,  th e  s e l e c t i o n  c r i t e r i a  f o r  th e  d ia g n o s e s  o f  

t h e s e  d is e a s e s  a re  n o t  c o m p le te ly  e s t a b l i s h e d .  Non-demented 

aged cases  can be s e p a ra te d  f rom  th e  demented p a t i e n t s  n o t  

o n ly  c l i n i c a l l y  b u t  a l s o  h i s t o p a t h o l o g i c a l l y . A l th o u g h  even by 

b o th  c l i n i c a l  and h i s t o p a t h o l o g i c a l  work up a number o f  cases  

a re  d i f f i c u l t  t o  d ia g n o s e .  Because o f  th e  d i f f i c u l t y  t o  d i a g ­
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nose such b o r d e r l i n e  cases  th e  te rm s  " p o s s i b l e "  and " p r o b a b le "  

f o r  d ia g n o s e s  were i n t r o d u c e d .  To a v o id  a l l  do ub t  i n  th e  h i s -  

t o p a t h o l o g i c a l  d i f f e r e n t i a t i o n  o f  th e  demented p a t i e n t s ,  ope­

r a t i o n a l  h i s t o p a t h o l o g i c a l  c r i t e r i a  f o r  AD/SDAT, MID and AD—  

MID were p o s t u la t e d  and use d .  The use o f  th e  h i s t o p a t h o l o g i c a l  

de m e n t ia  s c o r e ,  i . e .  t h e  sum o f  th e  d e g e n e r a t iv e  changes seen 

i n  th e  f r o n t a l  c o r t e x  and th e  h ippocam pus , s i m p l i f i e d  th e  as ­

sessment o f  th e  h i s t o p a t h o l o g i c a l  d ia g n o s e s .  In  53% o f  th e  

c l i n i c a l l y  c l a s s i f i e d  AD/SDAT cases  and i n  33% o f  th e  c l i n i ­

c a l l y  c l a s s i f i e d  MID c a s e s ,  th e  c l i n i c a l  d ia g n o s is  a c c o r d in g  

t o  th e  D S M - I I I  c l a s s i f i c a t i o n  c o r re s p o n d e d  t o  th e  h i s t o p a t h o ­

l o g i c a l  d ia g n o s is  a c c o r d in g  t o  o u r  p o s t u la t e d  c r i t e r i a .  The 

lo w  c l i n i c a l  t o  h i s t o p a t h o l o g i c a l  c o r r e l a t i o n  i n  AD/SDAT and 

e s p e c i a l l y  i n  MID d e m o n s tra te s  t h a t  th e  d ia g n o s is  o f  th e s e  two 

m a jo r  p r o g r e s s iv e  d e m e n t ia s  i s  n o t  made w i t h  c e r t a i n t y  w i t h  

c u r r e n t  c l i n i c a l  c r i t e r i a .

The demented c la s s e s ,  namely AD/SDAT and MID ( i n c l u d i n g  o n ly  

p a t i e n t s  w i t h  d e f i n i t e  d i a g n o s i s  i . e .  SIMCA c l a s s e s ) ,  were 

shown t o  be homogenous when t e s t e d  by m u l t i v a r i a t e  d a ta  a n a l y ­

s i s .  These c la s s e s  were s e p a r a b le  by means o f  th e  PLS m ethod, 

and th e  p a t t e r n  o f  c l a s s  f o r m a t io n  was o b s e rve d  a l s o  i n  th e  PC 

p l o t  i n  w h ich  th e  i n f o r m a t i o n  f rom  th e  c l i n i c a l  d ia g n o s e s  was 

n o t  used .

U s in g  th e  m u l t i v a r i a t e  d a ta  a n a l y s i s  35% o f  th e  demented p a t i ­

e n t s  were found  t o  be members o f  th e  AD/SDAT (SIMCA) c l a s s ,  

20% were found  t o  b e lo n g  t o  th e  MID (SIMCA) c la s s  and 32% c a ­

ses fo rm ed a s e p a ra te  c la s s  o f  AD-MID d e m e n t ia .  The c l i n i c a l  

d i a g n o s i s  d i d  n o t  p r o v id e  us w i t h  any " c l u e s "  f o r  th e  c l a s s i ­

f i c a t i o n  o f  AD-MID c a s e s ,  as h a l f  o f  t h e  cases  were c l a s s i f i e d  

as AD/SDAT cases and th e  o t h e r  h a l f  as MID c a s e s .  The AD-MID 

cases  were c l e a r l y  s e p a r a b le  i n  t h e  PLS p l o t  s t r o n g l y  i n d i c a t ­

i n g  t h a t  AD-MID cases r e p r e s e n t  a s e p a r a te  and in d e p e n d e n t  de­

m e n t ia  c l a s s .  One p a t i e n t  showed h ig h  p r o b a b i l i t y  o f  b e in g  a 

member o f  th e  c la s s  o f  non-dem ented p a t i e n t s ,  s u g g e s t in g  t h a t  

t h i s  p a t i e n t  m ig h t  r e p r e s e n t  a b o r d e r l i n e  d e m en t ia  c a se .  S ix  

cases  d i d  n o t  f i t  i n t o  any o f  th e  fo rm ed SIMCA c la s s e s  and we­

r e  c o n s id e r e d  as " o u t l i e r s " .  The i n f o r m a t i o n  a v a i l a b l e  was n o t  

s a t i s f a c t o r y  f o r  th e  c l a s s i f i c a t i o n  o f  th e s e  o u t l i e r "  c a s e s .
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H i s to p a th o lo g y  i n  aged non-dem ented i n d i v i d u a l s

The p r e v a le n c e  o f  t a n g le s  and p la g u e s  ( t h e  h i s t o p a t h o l o g i c a l  

de m e n t ia  s c o re  g r e a t e r  th a n  z e r o )  i n  th e  c la s s  o f  non-dem ented 

p a t i e n t s  was as h ig h  as 89%. O th e r  i n v e s t i g a t o r s  have r e p o r t e d  

s i m i l a r  v a lu e s  79% ( T o m l in s o n  1 9 8 0 ) ,  83% ( Matsuyama and

Nakumara 1 9 78 ) ,  84-97% ( B le s s e d  e t  a l  1 9 68 ) ,  a l th o u g h  lo w e r

v a lu e s  have been r e p o r t e d  by U l r i c h  (1982) 25% and Dayan

(1 9 70 )  21.4%. The d i f f e r e n t  p re v a le n c e s  o f  th e  d e g e n e ra t iv e

changes seen i n  d i f f e r e n t  s t u d ie s  a re  p r o b a b ly  due t o  th e  d i f ­

f e r e n t  age ranges  o f  th e  p a t i e n t s  and d i f f e r e n t  a re a s  o f  th e  

b r a i n  s t u d ie d .  I n  th e  p r e s e n t  s tu d y  i n  non-dem ented p a t i e n t s ,  

t h e  number o f  p la q u e s  i n  b o th  th e  f r o n t a l  c o r t e x  and th e  h i p ­

pocampus and, c o n s e q u e n t ly ,  th e  n u m e r ic a l  v a lu e  o f  th e  h i s t o ­

p a t h o l o g i c a l  d e m en t ia  s c o r e ,  in c r e a s e d  w i t h  age ( V I ) .

T an g le s  were n o t  o b se rve d  i n  th e  f r o n t a l  c o r t e x  and th e  r a t e  

number o f  t a n g le s  i n  th e  h ippocam pus was 0-1 and exceeded o n ly  

i n  a s i n g l e  85 y e a rs  o l d  p a t i e n t  ( V I ) .  The number o f  t a n g le s  

i n  th e  h ippocampus in c r e a s e d  s l i g h t l y  w i t h  age ( V I ) ,  a r e s u l t  

com p a ra b le  w i t h  o t h e r  r e p o r t s  ( Dayan 1970, B a l l  1 9 76 ) .  I t  

has been r e p o r t e d  t h a t  th e  number o f  t a n g le s  in c r e a s e  w i t h  th e  

th e  number o f  p la q u e s  ( T o m l in s o n  e t  a l  1968) i n  non-demen­

t e d ,  aged i n d i v i d u a l s .  No such s i g n i f i c a n t  r e l a t i o n s h i p  c o u ld  

be d e m o n s tra te d  i n  ou r  s tu d y  ( V I ) ,  s u p p o r t i n g  t h e  p o s s i b i l i t y  

o f  a s e p a ra te  p a th o lo g y  i n v o l v e d  i n  th e  f o r m a t io n  o f  th e s e  two 

l e s i o n s .

Based on th e  f i n d i n g s  above , t h e r e  seems t o  be no do ub t  t h a t  

d e g e n e r a t i v e  changes and s p e c i f i c a l l y  p la q u e s  a re  common i n  

aged non-dem ented i n d i v i d u a l s  and t h a t  th e  s e v e r i t y  o f  th e s e  

d e g e n e r a t i v e  changes and c o n s e q u e n t ly  th e  h i s t o p a t h o l o g i c a l  

d e m e n t ia  s c o re  in c r e a s e s  w i t h  a d v a n c in g  age. The h i s t o p a t h o ­

l o g i c a l  dem en tia  s c o re  n e v e r  exceeded a v a lu e  o f  f o u r  i n  no n -  

demented i n d i v i d u a l s ,  i n d i c a t i n g  a " l i m i t a t i o n "  i n  th e  dege­

n e r a t i o n  p ro c e s s  r e l a t e d  t o  a g e in g .

The p re v a le n c e  o f  m a c ro s c o p ic  i n f a r c t s  was 16% and o f  m ic r o ­

s c o p ic  i n f a r c t s  i n  th e  f r o n t a l  c o r t e x  and h ippocam pus 74% and 

79%, r e s p e c t i v e l y  ( V I ) ,  com parab le  w i t h  th e  f r e q u e n c y  o f  s o f t ­

e n in g s  r e p o r t e d  p r e v i o u s l y  ( T om lin s o n  e t  a l  1 9 6 8 ) .  The s e -
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v e r i t y  o f  v a s c u la r  changes o b se rve d  i n  non-dem ented p a t i e n t s  

was s m a l l .  W idespread i n f a r c t s  i n  th e  f r o n t a l  c o r t e x  were seen 

o n ly  i n  two i n v e s t i g a t e d  cases  and n e v e r  i n  th e  h ippocam pus.

H i s to p a th o lo g y  i n  AD/SDAT w i t h  d e f i n i t e  d ia g n o s i s

In  th e  AD/SDAT c l a s s ,  th e  number o f  p la q u e s ,  b o th  i n  th e  f r o n ­

t a l  c o r t e x  and th e  h ippocam pus , c o r r e l a t e d  n e g a t i v e l y  w i t h  age 

( V I ) ,  i n  agreem ent w i t h  p r e v io u s  r e s u l t s  ( G ibson e t  a l  1983) 

S i m i l a r ,  tho ugh  weaker c o r r e l a t i o n ,  was a l s o  obse rve d  between 

age and number o f  t a n g le s  i n  th e  f r o n t a l  c o r t e x  and th e  h ip p o ­

campus ( V I ) .  C o n s e q u e n t ly ,  th e  h i s t o p a t h o l o g i c a l  d e m en t ia  s c o ­

r e  showed n e g a t i v e  c o r r e l a t i o n  w i t h  age i n  AD/SDAT p a t i e n t s .  

The c o n t r o v e r s y  ov e r  th e  p la q u e /a g e  c o r r e l a t i o n  i n  non-demen- 

te d  and AD/SDAT p a t i e n t s  m ig h t  be e x p la in e d  by th e  p re d o m ina n ­

cy  o f  d i f f e r e n t  fo rm s o f  p la q u e s  i n  " h e a l t h "  and " d i s e a s e " .  I t  

has been shown t h a t ,  i n  AD/SDAT p a t i e n t s ,  th e  m a j o r i t y  o f  p l a ­

ques a re  o f  an amorphous fo rm  ( n e u r i t i c  p la q u e s  o r  p la q u e s  

w i t h o u t  a m y lo id  c o r e ) .  I n  non-dem ented p a t i e n t s  th e  d i s c r e t e  

fo rm  ( s e n i l e  p la q u e s  o r  p la q u e  w i t h  a m y lo id  c o re )  d o m in a te  

( G ibson e t  a l  1 9 83 ) .  The amorphous p la q u e s  were shown t o  o c ­

c u r  i n  i n c r e a s in g  numbers up t o  60 y e a rs  o f  age and, a f t e r  

t h a t ,  i n  d e c r e a s in g  num bers . The d i s c r e t e  p la q u e s  on th e  c o n t ­

r a r y  showed a ten den cy  t o  s lo w ly  i n c r e a s e ,  s t a r t i n g  a t  ab ou t

63 y e a rs  o f  age ( G ibson e t  a l  19 8 3 ) .

The c o r r e l a t i o n  between age and th e  number o f  t a n g le s  was lo w ,  

mak ing  i t  i m p r a c t i c a l  t o  a n a ly s e  th e s e  c o r r e l a t i o n s .  C o n t r a r y  

t o  th e  n e g a t i v e  c o r r e l a t i o n  a g e /p la q u e s  w i t h  th e  c o u rs e  o f  th e  

d is e a s e ,  b o th  th e  number o f  p la q u e s  and ta n g le s  in c r e a s e d  

s l i g h t l y  b o th  i n  th e  f r o n t a l  c o r t e x  and th e  h ippocam pus. I n  

t h i s  s t u d y ,  o l d e r  p a t i e n t s  had a s h o r t e r  d u r a t i o n  o f  th e  d i s e ­

ase th a n  younger ones .  T h is  f i n d i n g  i s  p r o b a b ly  more r e l a t e d  

t o  th e  g r e a t e r  c a r d i o - / c e r e b r o v a s c u l a r  and i n f e c t i o u s  r i s k  

f a c t o r s ,  as a cause o f  d e a th  a t  h ig h  age, th a n  i n d i c a t i n g  a 

d i f f e r e n c e  i n  th e  p r o g re s s  o f  th e  d e m e n t ia .

The deg ree  o f  m ic r o s c o p ic  i n f a r c t s  i n  th e  f r o n t a l  c o r t e x  and 

th e  h ippocam pus showed a s l i g h t  n e g a t i v e  c o r r e l a t i o n  w i t h  th e
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age o f  th e  p a t i e n t ,  c o n t r a r y  t o  th e  p o s i t i v e  c o r r e l a t i o n  seen 

i n  th e  non-dem en ted ,  aged i n d i v i d u a l s ,  s u p p o r t i n g  th e  n o t i o n  

t h a t  AD/SDAT p a t i e n t s  have a le s s  damaged m ic r o v a s c u la t u r e  i n  

th e  CNS compared w i t h  th e  non-dem ented aged ( F is h e r  1968 ) .  

F in d in g s  d is c u s s e d  above w ou ld  s u g g e s t  t h a t  AD/SDAT i s  n o t  

m e re ly  an a c c e le r a t e d  t y p e  o f  no rm a l a g e in g  p ro c e s s  b u t  a sp e ­

c i f i c  r e a c t i o n  t o  a p a t h o l o g i c a l  e v e n t  w h ic h  le a d s  t o  a h i s t o -  

p a t h o l o g i c a l  p i c t u r e  o f  d e g e n e ra t io n  g u a l i t a t i v e l y  i f  n o t  

q u a n t i t a t i v e l y  seen i n  non-dem ented aged i n d i v i d u a l s .

The s i m i l a r  v a r i a b i l i t y  o f  p la q u e  and t a n g le  c o u n ts  do n o t  

p r o v id e  us w i t h  more i n f o r m a t i o n  as t o  w h e th e r  th e  p la q u e  and 

t a n g le  f o r m a t io n s  a re  s e p a r a te  in d e p e n d e n t  " re s p o n s e s "  t o  an 

unknown m u tu a l / n o n - m u tu a l  mechanism o r  a combined dependent 

resp on se  t o  an unknown m u tu a l  mechanism.

H i s to p a th o lo g y  i n  MID w i t h  d e f i n i t e  d ia g n o s i s

A s l i g h t  n e g a t i v e  c o r r e l a t i o n  between th e  p la q u e  c o u n t  and th e  

age and th e  d u r a t i o n  o f  t h e  d is e a s e  was found  i n  th e  MID 

c l a s s .  These p a r t l y  s i m i l a r  (age )  and p a r t l y  c o n t r o v e r s i a l  

( d u r a t i o n  o f  th e  d is e a s e )  c o r r e l a t i o n s  t o  th o s e  seen i n  th e  

AD/SDAT cases a re  p r o b a b ly  due t o  th e  d e s t r u c t i o n  o f  th e  b r a i n  

t i s s u e  by i n f a r c t s .  These f i n d i n g s  n e i t h e r  s u p p o r t  no r  d i s p u te  

th e  n o t i o n  t h a t  MID i s  i n  some way r e l a t e d  t o  AD/SDAT.

The age o f  th e  p a t i e n t  and th e  degree  o f  m ic r o s c o p ic  i n f a r c t s  

i n  th e  f r o n t a l  c o r t e x  showed a s i g n i f i c a n t  p o s i t i v e  c o r r e l a ­

t i o n ,  c o n t r a r y  t o  th e  c o r r e l a t i o n  seen i n  th e  AD/SDAT p a t i e n t s  

and s i m i l a r  t o  th e  c o r r e l a t i o n  seen i n  th e  non-dem en ted ,  aged 

p a t i e n t s .  W idespread i n f a r c t s  were commonly seen i n  MID p a t i ­

e n t s ,  and th e  h ipp ocam p a l f o r m a t io n  was a lw ays  in v o l v e d .  The 

number o f  p a t i e n t s  i n  th e  MID c la s s  was low  (seven  c ase s )  and 

more d e t a i l e d  a n a l y s i s  o f  t h e  r e l a t i o n s h i p s  o f  th e  i n v e s t i g a ­

te d  v a r i a b l e s  was t h e r e f o r e  n o t  p o s s i b l e .

I t  i s  n e v e r t h e le s s  seen s p e c i f i c a l l y  w i t h  th e  PC p l o t  o f  th e  

who le  m a t e r i a l  t h a t  th e  p a t t e r n  o f  th e  v a r i a b i l i t y  o f  th e  pa­

ra m e te rs  s t u d ie d  i s  i n  MID cases  s i m i l a r  t o  t h a t  seen i n  th e  

non -dem en ted ,  aged i n d i v i d u a l s  and t h a t  t h e r e  do n o t  seem t o

be any m a jo r  s i m i l a r i t i e s  be tween MID and AD/SDAT c a s e s .



62

H i s to p a th o lo g y  i n  AD-MID

P a t i e n t s ,  h i s t o p a t h o l o g i c a l l y  c l a s s i f i e d  as AD-MID c a s e s ,  were 

c l e a r l y  s e p a ra b le  from  th e  m a jo r  d e m en t ia  fo rm s i n  th e  t w o - d i ­

m e n s io n a l  space by m u l t i v a r i a t e  d a ta  a n a l y s i s .

The p a th o lo g y  i n  th e s e  cases  was shown n o t  t o  be m e re ly  a 

l i n e a r  c o m b in a t io n  o f  th e  p a th o lo g y  i n  AD/SDAT and MID, p le a d ­

in g  f o r  a s p e c i f i c  de m e n t ia  t y p e . R e t r o s p e c t i v e  i n v e s t i g a ­

t i o n s  o f  th e  case h i s t o r i e s ,  c l i n i c a l  symptoms and s ig n s  a re  

needed, as no u n iq u e  c l i n i c a l  c r i t e r i a  f o r  AD-MID de m en t ia  

t y p e  i s  d e s c r ib e d  e a r l i e r .

C O N C L U S I O N S

In  summary, th e  p u b l i c a t i o n s  i n c lu d e d  i n  t h i s  t h e s i s  have s t u ­

d ie d  1) th e  o c c u r re n c e  o f  some " l e s i o n s "  t y p i c a l  i n  d e m e n t ia s ,  

2) th e  r e l a t i o n s h i p  between th e s e  l e s i o n s  and th e  c l i n i c a l  

c l a s s i f i c a t i o n  commonly i n  use and 3) th e  p o s s ib le  o c c u r re n c e  

o f  some p a t h o l o g i c a l  s ig n s  t y p i c a l  f o r  d e m en t ia  i n  p lasma and 

CSF.

When i n v e s t i g a t i n g  th e  p lasma and CSF, th e  p a t i e n t s  s t u d ie d  

were c l i n i c a l l y  c l a s s i f i e d  a c c o r d in g  t o  th e  c l a s s i f i c a t i o n  

w h ich  f u r t h e r  on was shown t o  have b o th  low  s e n s i t i v i t y  and 

s p e c i f i c i t y  when th e  c l i n i c a l  d i a g n o s i s  was v e r i f i e d  by h i s -  

t o p a t h o l o g i c a l  v e r i f i c a t i o n ,  m ak ing ,  o f  c o u rs e ,  th e  r e s u l t s  

p u b l i s h e d ,  d i s p u t a b le .

The h i s t o p a t h o l o g i c a l  s tu d y  r e v e a le d  th e  e x i s ta n c e  o f  a sepa­

r a t e  h i s t o p a t h o l o g i c a l  d e m en t ia  t y p e ,  nam e ly ,  AD-MID.

To a v o id  s i m i l a r  " u n p le a s a n t "  s u r p r i s e s  i n  th e  f u t u r e  th e  a u t ­

h o r  s t r e s s e s  th e  im p o r ta n c e  o f  u s in g  u n v a r y in g  f i n d i n g s  r a t h e r  

th a n  c l a s s i f i c a t i o n s  w h ic h  p r o b a b ly  w i l l  change w i t h  t im e  when 

d i f f e r e n t  f i n d i n g s  a re  l a t e r  p r e s e n te d .

The D 5 M - I I I  c r i t e r i a  a re  i n s u f f i c i e n t  t o  be used as a g u id e  

f o r  p r e c i s e  c l i n i c a l  c l a s s i f i c a t i o n  o f  d e m e n t ia s . T h is  i s  

p r o b a b ly  due t o  a w ide  h e t e r o g e n e i t y  i n  th e  d is e a s e  g roup  com­

monly r e f e r r e d  t o  as d e m en t ia  d i s o r d e r s .
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U s in g  th e  t r a d i t i o n a l  h i s t o p a t h o l o g i c a l  m e th o d o lo g y ,  e s t im a ­

t i n g  th e  s e v e r i t y  o f  p la q u e s ,  t a n g le s  and m ic r o s c o p ic  i n f a r c t s  

i n  two c o r t i c a l  r e g io n s ,  h i s t o p a t h o l o g i c a l  c r i t e r i a  f o r  t h r e e  

d e m e n t ia  ty p e s  namely AD/SDAT, MID and AD-MID were p o s t u la t e d  

These h i s t o p a t h o l o g i c a l  c la s s e s  were c l e a r l y  s e p a ra b le  by 

means o f  th e  m u l t i v a r i a t e  d a ta  a n a l y s i s .  The AD-MID p a th o lo g y  

was shown t o  be n o t  m e re ly  a l i n e a r  c o m b in a t io n  o f  t h a t  o f  

AD/SDAT and MID b u t  a de m e n t ia  fo rm  o f  i t s  own.

The BBB o r  B-CSF-B f u n c t i o n  was shown t o  be a l t e r e d  i n  un im ­

p a i r e d  aged, AD/SDAT, MID and AD-MID p a t i e n t s .  I n  cases o f  

MID and AD-MID p a t i e n t s ,  v e s s e ls  o f  b o th  g re y  and w h i t e  m a t te r  

were in v o l v e d  w h i l e  i n  AD/SDAT p a t i e n t s  o n ly  w h i t e  m a t t e r  

seems t o  be a f f e c t e d .

No i n t r a t h e c a l  s y n t h e s i s  o f  I g ,  o l i g o c l o n a l  I g  o r  o t h e r  ab­

no rm a l p r o t e i n s  c o u ld  be d e m o n s tra te d  i n  aged o r  demented pa­

t i e n t s  . The p e r i v a s c u l a r  serum p r o t e i n  d e p o s i t s  i n  th e  

g re y  m a t te r  were v i s u a l i z e d  as d e n s e ly  s t a i n e d ,  s h a r p l y  de­

m a rc a te d  a re as  a round th e  c a p i l l a r i e s  w h i l e  i n  th e  t r a n s u d a ­

t i o n  o f  th e  serum p r o t e i n s  t r o u g h  th e  BBB, m a in ly  i n  th e  

w h i t e  m a t t e r , th e  i n t e n s i t y  o f  th e  s t a i n i n g  g r a d u a l l y  dec ­

re a s e d  away from  th e  i n v o l v e d  v e s s e l .  The p e r i v a s c u la r  depo­

s i t s  o f  IgG, C1q and C3c a round  v e s s e ls  may i n v o l v e  complement 

a c t i v a t i o n  by a n t ig e n - a n t i b o d y  b i n d in g .

The l o c a l i z a t i o n  o f  p la q u e s  i n  th e  s u r r o u n d in g s  o f  th e  v e s ­

s e l s  and th e  v i s u a l i z a t i o n  o f  IgG, C1q and C3c as some o f  th e  

c o n s t i t u t i e n t s  o f  p l a q u e s , p o i n t  t o  th e  p o s s i b i l i t y  t h a t  th e  

e t i o l o g y  and m a t u r a t io n  o f  p la q u e s  i n  th e  no rm a l aged and th e  

demented may i n v o l v e  1) compromised BBB f u n c t i o n ,  2) serum 

f a c t o r s  and 3) th e  im m u n o lo g ic a l  sy s te m , w h i l e  th e  t a n g le s  may 

n o t  be d i r e c t l y  dependent upon th e s e  f a c t o r s ,  as th e y  were 

n e v e r  l a b e l l e d  i n  ou r  s tu d y  w i t h  any o f  th e  a n t i s e r a .
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