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Summary. - T h e  reproduction o f  amyotrophic  leukospongios i s  ( A L )  
a g e n t  in t h e  central  n e r v o u s  s y s t e m  (CNS) o f  g u i n e a  p igs  w a s  
accompanied b y  local d i s turbance  o f  blood-brain barrier  (BBB), 
w h i c h  m a n i f e s t e d  in p a s s i n g  o f  horseradish  perox idase  t h r o u g h  t h e  
e n d o t h e l i u m  o f  s o m e  o f  capillaries ( 1 0 - 1 4 % ) .  T h e  dis turbance o f  
B B B  f u n c t i o n  coincided w i t h  dystrophic  c h a n g e s  in a n u m b e r  o f  
pericapillary astrocyte  f o o t  p r o c e s s e s  a n d  in pericytes.  In t h e  wal l s  
o f  a l tered v e s s e l s  w e  o b s e r v e d  congofi l ic  (amyloid) deposits ,  which  
f o r m e d  i m m u n o c o m p l e x e s  w i t h  monoclonal  ant ibodies  t o  t h e  A L  
a g e n t  protein PrP 2 7 - 3 0  k D .  B y  electron microscopic t h e  deposi t s  
cons i s ted  o f  m a s s e s  o f  filaments w i t h  d iameter  o f  5 - 1 0  n m  located 
b e t w e e n  t h e  b a s e m e n t  m e m b r a n e  a n d  e n d o t h e l i u m  o f  t h e  v e s s e l s .  

Key words: amyotrophic leukospongiosis; prion protein; blood-brain 
barrier; amyloid 

Introduction 

A m y o t r o p h i c  leukospongios i s  ( A L )  i s  a lethal  neurodegenera t ive  h u m a n  
disease  w i t h  preferent ia l  les ion o f  spinal  cord m o t o n e u r o n s ,  astrogl iosis  a n d  
deve loping  o f  spongios i s  in t h e  w h i t e  matter .  A L  b e l o n g s  t o  t h e  g r o u p  o f  trans-
m i s s i v e  s p o n g i f o r m  encephalopathies  (Creutzfeldt-Jacob d i sease  (CJD) a n d  
scrapie) (Kolomiets  et al, 1988). E v i d e n c e  f o r  t h e  occurrence o f  prion PrP 
protein a n d  characteristic infect ious  scrapie-associated f ibr i l s  ( S A F )  in A L  w a s  
g i v e n  in o u r  p r e v i o u s  w o r k s  (Votyakov  et al., 1987a;  Poleshchuk  et al., 1990). 
T h e  nature  o f  t h e  d i sease  a g e n t s  (prions) h a s  n o t  b e e n  invest igated suf f ic ient ly  
u p  t o  n o w  a n d  m u c h  l e s s  data h a v e  b e e n  accumulated  a b o u t  t h e  mechanism(s)  
h o w  t h e y  d a m a g e  t h e  blood-brain barrier  (BBB), including t h e  sensi t iv i ty  o f  
pericapillar astrocytes  a n d  per icytes  t o  their  cytodestruct ive  action. T h e r e  are  
s o m e  communicat ions  a b o u t  t h e  d is turbance  o f  transendothel ial  t ransport  in 
brain capillaries dur ing  prion reproduction (Wisn iewsk i  et al., 1983; L o s s i n s k y  
et al., 1987; Poleshchuk  et al., 1990). H o w e v e r ,  invest igat ions  o n  t h e  role  o f  
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pericapillar astrocytes  a n d  pericytes  in t h e  pathogenes i s  o f  d i sease  are  f r a g m e n ­
ta ry  a n d ,  i n  m a n y  respec t s ,  con t rad ic to ry ,  a n d  a s  f o r  A L ,  s u c h  analys is  w a s  n o t  
p e r f o r m e d  ye t .  

W e  inves t iga ted  t h e  d e p e n d e n c e  o f  B B B  f u n c t i o n  o n  t h e  d e g r e e  o f  expres ­
s ion  o f  s t ruc tu ra l  c h a n g e s  in  endo the l i ocy t e s ,  pe r icy tes  a n d  pericapil lar  a s t ro ­
cy t e s  w h e n  r e p r o d u c t i o n  o f  A L  a g e n t  is o b s e r v e d  in  g u i n e a  pig  C N S .  I n  addi ­
t i o n ,  w e  c o n d u c t e d  t h e  ind ica t ion  o f  p r i o n  amy lo id  filaments (aggregates  o f  A L  
a g e n t  p ro t e in  P r P  2 7 - 3 0  k D )  i n  d i f f e r e n t  cell t ypes .  

Materials and Methods 

Virus. The AL agent (AL-D strain), was deposited at the State virus collection at the D.  I. 
Ivanovsky Institute o f  Virology o f  the C.I.S., Academy o f  Medical Sciences under Nr 2206. 

Experimental animals. The  28 outbred guinea pigs (wt 250-300 g) were divided in two groups. 
The  first group o f  animals (18) was inoculated retrobulbarly, the second group - intracerebral^ as 
previously described (Kolomiets  et al., 1988; Poleshchuk et al., 1988). In the first group (I) charac­
teristic clinical signs - hair shedding, muscle atrophy, extremity paresis and paralysis - developed 
in 5 - 6  weeks p.i. (35-50 days). From group I six animals were investigated o n  day 14 in the stage o f  
preclinical signs (AL agent titre in CNS was 3.5-4.1 log ID50), six animals were investigated o n  day 
28 at the stage o f  the first clinical signs (titre was 5-5.6 log  IĎ50) and  six animals  o n  day 40 p.i. at the  
preterminal stage (titre was  6-6.2 log ID 5 0 ) .  

In animals with intracerebral inoculation (group II) characteristical s igns deve loped  b y  16-18 
weeks  after inoculation - the titre o f  the  A L  agent in the CNS was 5.2-6.2 log  ID50. T h e  brains o f  
animals  were  removed  for  investigation in the  preterminal stage (96-110 days p.i.). 

Control animals( 15) were  given a 10 % suspension f r o m  the brain o f  healthy individual  w h o  d i e d  
in a car accident: 8 animals  were  injected retrobulbarly and 7 intracerebral^ (group I a n d  II 
controls, respectively). 

Electron microscopy and histological investigations. Intravascular perfusion o f  narcotic animals  
w i th  4 % glutaraldehyde in 0.1 mol/1 cacodylate b u f f e r  (pH 7.2) was  performed for  15 m i n .  T h e  
brain was removed  and  cerebrum, cerebel lum and spinal cord were  cut into pieces o f  1-3 m m .  T h e  
pieces were  e m b e d d e d  into paraffin for histological investigation and  into Araldit  for  ultrastruc-
tural analysis b y  routine methods.  

immunocytochemical detection o f  A L  agent antigen in brain sections was  m a d e  b y  immune-pero-
xidase m e t h o d  us ing monoclonal  antibody to PrP protein (Votyakov  et al., 19876). Brain a n d  
spinal c o l u m n  sections were  treated b y  sod ium azid (NajN)  solution containing hydrogen pero­
xide (H2O2) and then the sections, after being rinsed in salt-phosphate buffer, were treated with 
the peroxidase-labelled monoclonal anti-PrP antibody. The  latter was obtained (Kolomiets, N .  
D.) from the cell strain ALMA-7 (deposited in C.I.S. National collection o f  continuous cell lines 
under N19-2-8). Diaminobenzidine (DAMB) was used as substrate for visualization o f  the peroxi­
dase. AL agent protein PrP 27-30 was demonstrated in the sections as accumulation o f  dark brown 
complexes. The coded preparations were estimated o n  the scale: - ,  ± ,  + ,  + + ,  I I I .  

Histochemical demonstration o f  amyloid deposits has been performed with the help o f  Congo 
red staining by a standard technique in sections (4-5 f i m  thick). Under polarized light amyloid 
displayed green-gold birefringence. 

Morpho/unctional examination o f  BBB was performed with the peroxidase technique o f  
Gracham and Karnowsky (1966) modified by Wisniewski et al. (1983) in 9 animals o f  group I in 
different stages o f  disease, in 3 animals o f  group II in preterminal stage (96-110 days) and in 3 
guinea pigs o f  control groups I and II. Briefly 50 mg o f  horseradish peroxidase (HRP) (Sigma Type 
II) in 0,5 ml o f  balance salt solution were injected in animal's heart 1.5-2 hr before brain fixation. 
Then the brain and spinal cord were removed, and cut into blocks about 1x1x3 m m  in size. The 
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blocks were  fixed w i t h  a mixture consisting o f  1 % glutaraldehyde a n d  2 % paraformaldehyde and  
the histochemical  reaction was  m a d e  w i t h  D A M B  tetrahydrochlorid. For HRP control, the  reac­
tion was performed in the absence o f  DAMB.  Thereafter, tissue blocks were postfixed in 1 % 
osmium tetroxide in sodium cacodylate buffer, dehydrated and embedded into Araldit by routine 
techniques. Histochemical reaction products were seen o n  ultrathin sections as amorphic or 
granular electronopaque materials. 

Ultrathin sections were studied in electron microscope JEM 100CX-II. 

Results 

I n  his tological  p r e p a r a t i o n s  w e  o b s e r v e d  n o  dys t roph i c  o r  i n f l a m m a t o r y  
c h a n g e s  i n  endo the l i ocy t e s ,  pe r i cy tes  a n d  b a s e m e n t  m e m b r a n e  o f  a n i m a l s  
g r o u p  I n e i t h e r  i n  t h e  precl inical  s t age  n o r  i n  t h e  s t age  o f  t h e  first clinical s igns .  
I n  t h e s e  s t ages  t h e  degene ra t i ve  c h a n g e s  w e r e  s e e n  i n  n e u r o n s ,  a c c o m p a n i e d  
w i t h  as t rogl ios is  a n d  f o r m a t i o n  o f  s p o n g i o u s  cavi t ies  i n  w h i t e  m a t t e r  (Kolo-
m i e t s  et al., 1988). T h e  h y p e r t r o p h i c  e n d o t h e l i o c y t e s  o f  t h e  capil laries i n  
l im i t ed  a r e a s  o f  C N S  w e r e  o b s e r v e d  i n  a n i m a l s  o f  b o t h  g r o u p s  I a n d  I I  a t  t h e  
p r e t e r m i n a l  s t age  o f  d i sease .  O n l y  t h e s e  c h a n g e s  w e r e  o b s e r v e d  i n  d i f f e r e n t  
p o r t i o n s  o f  b r a i n  a n d  sp ina l  co rd ,  m o r e  o f t e n  t h e y  w e r e  d e t e c t e d  i n  a r ea s  o f  
n e u r o n a l  d a m a g e  ( i n  a r t e r io r  h o r n s  o f  sp ina l  c o r d  a n d  i n  t h e  c o r t e x  o f  c e r e b r u m  
a n d  c e r e b e l l u m ) .  

H i s t o c h e m i c a l  s t a in ing  w i t h  C o n g o  r e d  s h o w e d  t h a t  t h e  g u i n e a  p igs  o f  
g r o u p s  I a n d  I I  i n  p r e t e r m i n a l  s t a g e  o f  d i sease  h a d  a f e w  congof i l ic  (amylo id)  
depos i t s  i n  t h e  wal ls  o f  ce r t a in  sma l l  a n d  large ves se l s  (F ig  l a ) .  I n  a p a r t  o f  
s ec t ions  la rger  amy lo id  m a s s e s  w e r e  f o u n d  f o r m i n g  speci f ic  d e p o s i t s  b e l o w  t h e  
i n t e r n a l  e las t ic  m e m b r a n e  o f  a r te r ia l  wal ls  i n  p i a  m a t e r .  N o  amy lo id  p l a q u e s  
w e r e  s e e n  direct ly  i n  t h e  C N S  t i s sue .  

U s i n g  a n t i b o d i e s  t o  A L  P r P  2 7 - 3 0 ,  a l i t t le  a m o u n t  o f  A L  p r o t e i n  P r P  2 7 - 3 0  
w a s  d e t e c t e d  i n  t h e  n e r v o u s  t i s s u e  o f  g r o u p  I a n i m a l s  b e f o r e  t h e  d e v e l o p m e n t  
o f  t h e  clinical s igns  o f  d i sease .  H o w e v e r ,  i n  t h i s  s t age  w e  f o u n d  n o  d i f f e r e n c e s  
i n  s t a in ing  o f  t h e  wal ls  o f  t h e  ves se l s  a s  c o m p a r e d  t o  con t ro l s .  I n t e n s i v e  b r o w n  
s t a in ing  o f  sma l l  a r ea s  i n  t h e  wal ls  o f  ce r t a in  ves se l s  (Fig.  l b )  w a s  n o t e d  i n  t h e  
m a j o r i t y  o f  a n i m a l s  w i t h  t h e  a p p e a r a n c e  o f  t h e  first clinical s igns  i n  g r o u p  I a n d  
I I  ( 78 -90  % )  a t  t h e  p r e t e r m i n a l  s t age  o f  d i sease .  R e m a r k a b l y ,  f o r m a t i o n  o f  a 
la rge  an t i gen -an t ibody  c o m p l e x e s  i n  t h e s e  s t ages  t o o k  p lace  a l so  i n  t h e  n u c l e u s  
a n d  pe r ika ryons  o f  s o m e  d e g e n e r a t i n g  n e u r o n s  (Fig .  l c ) .  

U l t r a s t r u c t u r e  o f  t h e  C N S  vesse l s  d i d  n o t  r evea l  a n y  c h a n g e s  i n  t h e  C N S  o f  
t h e  g r o u p  I a n i m a l s  a t  14 day .  A m o n g  m i c r o t u b u l e s ,  m i t o c h o n d r i o n s  a n d  o t h e r  
o rgane l l s  p inocy t ic  ves ic les  ( 5 - 6  p e r  s e c t i o n  o f  o n e  cell) w e r e  s e e n  i n  t h e  cyto­
p l a s m  o f  e n d o t h e l i a l  cells.  T h e  basa l  m e m b r a n e  o f  capil laries cons i s t ed  o f  
a m o r p h o u s  ma te r i a l  w i t h  l o w  e l e c t r o n  dens i ty .  

Ast rogl ia l  s h e a t h  o f  capil laries s h o w e d  m o s t l y  n o  vis ible  s t ruc tu ra l  a l tera­
t i ons .  O n l y  i n  a l i t t le  p a r t  ( u p  t o  5 - 7  % )  o f  astrogl ial  f o o t  p r o c e s s e s  m i n o r  
dys t roph i c  c h a n g e s  w e r e  revea led ,  s u c h  a s  e n g l i h t m e n t  o f  t h e  ma t r ix ,  m i t o -
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chondrial hyper throphy  w i t h  destruct ion o f  t h e  part  o f  m e m b r a n e  a n d  appea­
r a n c e  o f  o s m i o p h i l i c  inc lus ions .  A t  d a y  2 8  p.i .  still n o  s t ruc tu ra l  c h a n g e s  o f  C N S  
vesse l s  occu r r ed .  T h e  r a t e  o f  capil lars w i t h  d i s t u r b a n c e  o f  astroglial  s h e a t h  
r e m a i n e d  t h e  s a m e  o r  s l ight ly i n c r e a s e d  ( f r o m  8 - 1 1  t o  10 -14  %) b u t  t h e  n u m b e r  
o f  f o o t  p r o c e s s e s  w i t h  d y s t r o p h i c  s igns  s u c h  a s  a l m o s t  f u l l  d i sappear ing  o f  
mat r ix ,  d i s r u p t i o n  o f  m i t o c h o n d r i o n s  a n d  a p p e a r a n c e  o f  mye l in l ike  s t r u c t u r e s  
ab rup t ly  i nc reased .  D i s t i n c t  astrogl ial  f o o t  p r o c e s s e s  s h o w e d  swel l ing,  l o s s  o f  
s t ruc tu ra l  c o m p o n e n t s  a n d  g a i n e d  t h e  a p p e a r a n c e  o f  " e m p t y "  vacuo les .  
D e s p i t e  o f  de s t ruc t ive  c h a n g e s  t h e  g a p  j u n c t i o n s  b e t w e e n  astroglial  f o o t  
p rocesses  r e m a i n e d  in tac t .  A l o n g  w i t h  dys t roph i c  c h a n g e s  i n  a p o r t i o n  o f  f o o t  
p rocesses  c h a n g e s  o c c u r r e d  s u c h  a s  a c c u m u l a t i o n  o f  f i l a m e n t o u s  s t r u c t u r e s  
( d i a m e t e r  o f  7 - 1 0  n m )  a r r a n g e d  a t  r a n d o m  o r ,  rare ly ,  i n  paral lel .  W e  fa i led  t o  
d e t e r m i n e  t h e  n a t u r e  a n d  f i n e  s t r u c t u r e  o f  filaments b e c a u s e  o f  t h e i r  l i m i t e d  
n u m b e r  a n d  s c a n t i n e s s  o f  t h e  m e t h o d  o f  u l t r a t h i n  sec t ions .  

By  day  4 0  p.i . ,  a s  a r u l e ,  i n  capillars,  s u r r o u n d e d  b y  m o d i f i e d  dys t roph i c  as t ro­
cy te  f o o t  p r o c e s s e s  a n d  occas ional ly  a l so  i n  capil laries w i t h o u t  s u c h  vis ible  
s t ruc tura l  d i s t u r b a n c e  o f  t h e i r  as t rocyt ic  s h e a t h ,  t h e  e n d o t h e l i a l  c h a n g e s  
cons i s t ed  o f  increas ingly  t r a n s l u c e n t  h y a l o p l a s m  w i t h  d e s t r u c t i o n  o f  s o m e  o f  
cy top lasmic  organel l s ,  i nc reas ing  o f  m a t r i x  d e n s i t y  o f  s o m e  m i t o c h o n d r i a  a n d  
w i t h  a c c u m u l a t i o n  o f  p inocy to t i c  ves ic les  ( 2 - 3  f o l d  inc reas ing  i n  a m o u n t ) .  T h e  
vesic les  w e r e  a r r a n g e d  a l o n g  t h e  l u m i n a l  p l a sma t i c  m e m b r a n e  g r o u p e d  i n  
smal l  c h a i n s  o r  b a n d s .  T h e  i n c r e a s e d  n u m b e r  o f  ves ic les  w a s  m a i n l y  o b s e r v e d  
i n  t h e  e n d o t h e l i u m  o f  capil laries,  w h i c h  w e r e  s u r r o u n d e d  b y  dys t roph ic  as t ro­
cytic  f o o t  p r o c e s s e s  (de s t ruc t i on  o f  cel l  o rgane l l s ,  f r a g m e n t a t i o n  o f  p l a s m o -
l e m m a  w i t h  d i s appea rance  o f  g a p  j u n c t i o n s  b e t w e e n  t h e  as t rocyt ic  f o o t  
p rocesses ) .  

A t  t h i s  s t age  i n v o l v e m e n t  o f  a f e w  pe r i cy te s  i n t o  pa tho log i c  c h a n g e s  d e s e r v e s  
a t t en t i on .  S o m e  o f  t h e  pe r i cy tes  b e c a m e  swol l en ,  m e m b r a n e o u s  a n d  o s m i o p ­
hi l ic  i nc lu s ions  a c c u m u l a t e  i n  t h e i r  cy top l a sm d u e  t o  d e s t r u c t i o n  o f  cel l  o rga­
ne l les .  Occas ional ly  t h e  d y s t r o p h i c  c h a n g e s  i n  t h e  pe r i cy tes  w e r e  m o r e  
p r o f o u n d  u p  t o  d i s in tegra t ion  o f  all cel l  u l t r a s t r u c t u r e  w i t h  o b v i o u s  nuc leo lys i s  
(Fig.  2) .  I n  s u c h  capil laries i n c l u s i o n s  f o r m e d  b e t w e e n  t h e  e n d o t h e l i u m  a n d  
b a s e m e n t  m e m b r a n e .  T h e y  c o n s i s t e d  o f  b a n d s  ( a r r anged  regular ly  o r  a t  
r a n d o m )  o f  amylo id l ike  filamentous s t r u c t u r e s  ( d i a m e t e r  o f  5 - 1 0  n m )  (Fig.  2b) .  

Fig. 1 
Changes o f  guinea pig neural tissue in experimental A L  

la: Brain cortex, amyloid in the vessel wall (arrows), Congo red staining, magn. x 400. 
lb: Spinal cord white matter, thoracal segment Th-1. The  A L  agent antigen in the vessel wall 

(arrows). Indirect immunoperoxidase method with monoclonal antibody to  the 27-30 PrP 
protein o f  A L  agent. Magn. x 700. 

lc: Spinal cord anterior horn, thoracal segment Th-1. Antigen-antibody complexes in the 
nucleus (short arrow) and in cytoplasm (long arrow) o f  neurons. Indirect IP method, magn. x 
640. 
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For legend see page 300. 
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F o r  legend  see page 300. 
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Despi te  o f  d e e p  dystrophic  c h a n g e s  in t h e  pericytes  w e  did  n o t  o b s e r v e  a n  
o p e n i n g  o f  t ight  j u n c t i o n s  b e t w e e n  endothel ial  cells.  A t  t h e  s a m e  t i m e  in s o m e  
cases  separate  erythrocytes  p a s s e d  t h r o u g h  B B B  into  neurophi l .  

Ultrastructural  invest igat ion o f  g r o u p  II g u i n e a  p i g  bra ins  at  preterminal  
s t a g e  o f  d i s e a s e  (intracerebral inoculation) s h o w e d  di s turbances  o f  astroglial  
coat, endothel ial  cells  a n d  pericytes,  which  w e r e  s imilar  t o  that  o f  animals  o f  
g r o u p  I b y  day 4 0  a f t e r  retrobulbar  inoculation. 

Ultracytochemical  analysis  o f  B B B  permeabi l i ty  t o  H R P  al lowed, only  in 
preterminal  s tage,  t o  detect  essent ia l  d i f f e r e n c e s  in t h e  distr ibution o f  e n z y m e  
reaction products  a s  compared  t o  controls.  W e  o b s e r v e d  n o  p a s s a g e  o f  HRP 
t h r o u g h  B B B  in intact animals  a s  w e l l  a s  in t h e  g r o u p  I a n d  II animals  o n  d a y s  
14-28 p.i. Granular  products  o f  cytochemical  reaction w e r e  s e e n  exceptionally  
in v e s s e l  l u m i n a s  and,  rarely, in separate  pinocytic ves ic les  o f  endothel ial  cells  
(Fig. 3a). O n  t h e  contrary, in g r o u p  I a n d  II animals  wi th  preterminal  s t a g e s  o f  
A L  HRP w a s  a b s e n t  in v e s s e l  luminas ,  in endothel ia l  cells  a n d  t h e  b a s e m e n t  
m e m b r a n e  o f  s o m e  o f  capillaries s h o w e d  h i g h e r  electron densi ty  b e c a u s e  o f  
impregnation wi th  HRP (Figs.  3-b, 3-c). In addition, s o m e  astrocyte  processes  
wi th  dystrophic  c h a n g e s  contained d i f f u s e  m a s s e s  o f  HRP. It i s  necessary  t o  
underl ine,  that  HRP passed  mainly  t h r o u g h  t h e  e n d o t h e l i u m  o f  capillaries, 
s u r r o u n d e d  b y  astrocyte  f o o t  processes  wi th  structure-modification c h a n g e s  a s  
wel l  a s  o f  capillaries wi th  dystrophic  c h a n g e s  o f  their  pericytes.  

Discussion 

Many invest igators  consider  t h e  e n d o t h e l i u m  o f  cerebral  v e s s e l s  f o r  t h e  
morphological  bas i s  o f  BBB, n o t  d e n y i n g  s ignif icance o f  b a s e m e n t  m e m b r a n e ,  
pericytes  a n d  pericapillar astrocytes,  which  coat t h e  s u r f a c e  o f  t h e  major i ty  o f  

Fig. 2 
Ultrastructural changes o f  the  CNS capillary in experimental  A L  o f  guinea pigs 

2a: Spinal cord anterior horn, thoracal segment  Th-1. Complete  destruction o f  t h e  pericyte (pe) 
and  inclusion formation (arrows) be tween  endothel ial  cell and  basement  membrane.  
Contrasted w i th  uranii acetate and  lead citrate, magn.  x 25 200. 

2b: A part o f  ultrathin section o f  the  same capillary at higher magnification. A n  inclusion b o d y  
located between  the endothelial  cell(s) and  basement  m e m b r a n e  contains f i lamentous  struc­
tures with a diameter o f  5-10  nm. Magn. x 90 000. 

Fig. 3 
infrastructure o f  the HRP transport across the BBB in A L  

3a: Control animal. HRP in the lumen o f  a vessel and in a cytoplasmic vesicle (arrow). Basement 
membrane unstained, magn. x 46 000. 

3b: Experimental AL. Transfer o f  HRP across the basement membrane (arrow); degeneration o f  
astrocyte foot processes (As); magn. x 25 500. 

3c: Experimental AL. Transsudation o f  HRP across the capillary basement membrane. Astro­
cyte foot processes show no obvious alterations. Magn. x 20 700. 



BLOOD-BRAIN BARRIER IN ALS 301 

v e s s e l s  b y  f o o t  p r o c e s s e s  (Reese,  Karnovsky,  1967; N e m e c h e k ,  1978; Bradbury,  
1988). H e r e  w e  d e t e r m i n e d  that  reproduction o f  t h e  A L  a g e n t  in C N S  w a s  
accompanied b y  b o t h  t h e  progress ive  dystrophic  c h a n g e s  in n e u r o n s  a n d  b y  
deve loping  o f  local d i s turbances  o f  BBB.  A s  in other  pr ion infect ions  
(Wisniewski ,  1983; Loss insky,  1987), B B B  b e c a m e  p e r m e a b l e  f o r  H R P  i n  resul t  
o f  t h e  d a m a g e  o f  barr ier  f u n c t i o n  o f  endothe l ium,  b u t  n o t  b e c a u s e  o f  opening  
o f  t ight  junct ions .  T h e  latter did  n o t  c h a n g e  i n  all s tages .  A t  t h e  s a m e  t i m e  w e  
revea led  t w o  per iods  in d is turbance  o f  glia-capillar c o m p l e x  BBB:  a per iod  
b e f o r e  appearing o f  s t ructural  c h a n g e s  i n  endothe l ium,  w h e n  c h a n g e s  in astro­
glial s h e a t h  o f  ves se l s  p r e d o m i n a t e d ,  a n d  a p e r i o d  o f  d e v e l o p i n g  i n  s o m e  per i ­
cy tes  o f  dys t roph i c  c h a n g e s ,  w h i c h  co inc ided  w i t h  s t ruc tu ra l  c h a n g e s  i n  e n d o ­
t h e l i u m .  A t  t h e  s a m e  t i m e  H R P  s t a r t ed  pas s ing  t h r o u g h  e n d o t h e l i u m  a n d  accu­
m u l a t e d  i n  b a s e m e n t  m e m b r a n e  a n d  a l so  i n  pericapi l lary space ,  t h a t  i nd i ca t ed  
o n  d i s t u r b a n c e  o f  B B B  f u n c t i o n  (Wisn iewsk i ,  1983). 

I n  all s t ruc tu ra l - func t iona l  c h a n g e s  de sc r i bed  r e m a r k a b l e  is t h e  ear ly  envo l -
v e m e n t  o f  pa tho log i c  c h a n g e s  o f  s o m e  as t rocy tes ,  w h i c h  a r e  c o n s i d e r e d  a s  
facul ta t ive  i m m u n o c y t e s .  T h e y  a r e  a b l e  t o  p r e s e n t  a n t i g e n  t o  T - l y m p h o c y t e s ,  
a n d  t o  par t ic ipa te  i n  phagocy tos i s  r eac t ions .  T h e y  a l so  c o n t r o l  t h e  s t r u c t u r e  a n d  
bar r i e r  f u n c t i o n  o f  e n d o t h e l i a l  cel ls  b y  p r o d u c i n g  o f  s o m e  cel l  f a c to r s  (Risau ,  
1987; K a t o ,  N a k a m u r a ,  1989). I t  is  pos s ib l e  t h a t  as t rocytes ,  b e i n g  t h e  " t a rge t "  
cel ls  o f  A L  a g e n t ,  l o s e  t h e i r  abi l i ty t o  r e g u l a t e  t h e  bar r i e r  f u n c t i o n  o f  e n d o t h e ­
lial cells.  

W e  c o n s i d e r  m o s t  i m p o r t a n t  o u r  first d a t a  o n  per icy tes  invo lved  i n  p a t h o ­
logic  c h a n g e s .  I t  i s  pos s ib l e  t h a t  a m y l o i d  p l a q u e s  i n  t h e  wal ls  o f  b r a i n  ves se l s  a r e  
o f  p r i o n  or ig in .  H o w e v e r ,  w e  h a v e  t o  c o n s i d e r  t h i s  d a t a  a s  p re l imina ry  b e c a u s e  
t h e  cel l  p e r o x i d a s e  act ivi ty c a n  nonspec i f ica l ly  inc rease  t h e  e x t e n t  o f  pos i t ive  
findings. 

U l t r a s t ruc tu ra l  inves t iga t ion  a l lowed  u s  t o  d e t e r m i n e  t h e  local izat ion o f  
a m y l o i d  i n  t h e  ve s se l ' s  wall .  F i l a m e n t o u s  m a s s e s  a r e  loca ted  b e t w e e n  base ­
m e n t  m e m b r a n e  a n d  e n d o t h e l i u m .  T h e r e  i s  n o  un ive r sa l  o p i n i o n  a b o u t  
a m y l o i d  filament m o r p h o g e n e s i s .  F o r m a t i o n  o f  filaments c a n  b e  c o n n e c t e d  
w i t h  d i f f e r e n t  cel l  t y p e s :  n e u r o n s ,  as t rocy tes  a n d  microgl ia l  cells  (Hik i ta  et al., 
1989; S z u m a n s k a  et al., 1986; B r o w n ,  1989). Local i sa t ion  o f  a m y l o i d  filaments 
m a i n l y  i n  capil laries a n d  t h e i r  c lose  c o n n e c t i o n  w i t h  pe r i cy tes  w i t n e s s  a b o u t  
poss ib le  par t ic ipa t ion  o f  pe r i cy tes  i n  amy lo id  genes i s .  O n  t h e  o t h e r  h a n d ,  o n  
t h e  bas i s  o f  p r e s e n t e d  da ta ,  o n e  c a n  p r e s u m e  t h a t  p r i m a r y  p r o d u c t i o n  o f  
speci f ic  a m y l o i d  c o m p o n e n t  - p r o b a b l e  o f  p r o t e i n  P r P  2 7 - 3 0  k D  - t a k e s  p lace  i n  
o t h e r  cel l  t y p e s  ( n e u r o n e s  o r  as t rocytes )  a n d  t h e n  i t  i s  p o l y m e r a s e d  a n d  accu­
m u l a t e d  b y  m e a n s  o f  r e c e p t o r - m e d i a t e d  phagocy tos i s  i n  t h e  per icy tes .  S o m e  o f  
per icy tes  l a t e r  d e g e n e r a t e .  Per icy te  i s  po lypo ten t i a l  m e s e n c h y m a l  cell ,  w h i c h  i s  
ab l e  t o  d i f f e r en t i a t e  i n t o  d i f f e r e n t  cel l  e l e m e n t s .  I n v o l v e m e n t  o f  per icy tes  i n  
pa tho log ic  c h a n g e s  ind ica tes  t o  d i s t u r b a n c e  o f  cel l  r e g e n e r a t i o n  i n  A L  a n d  is i n  
a g r e e m e n t  w i t h  c o n c e p t i o n  o f  Sarkisov  et al. (1990), t h a t  b l o o d  flow s y s t e m  
s u p p o r t s  n o t  o n l y  b l o o d  supp ly  a n d  t i s s u e  m e t a b o l i s m ,  b u t  i t  i s  o n e  o f  cen t ra l  
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s t ructures,  a r o u n d  which  d i f f e r e n t  pathologic e v e n t s  can deve lop  a s  a round  
a core.  

It i s  k n o w n  that  amyloid  extracted f r o m  bra ins  o f  pat ients  w i t h  s p o n g i f o r m  
encephalopathy (scrapie a n d  CJD) consis t s  o f  characteristic helically twi s ted  
protof i laments  wi th  a periodicity o f  4 0 - 1 1 0  n m ,  called scrapie-associated 
fibrills ( S A F )  (Merz  et al., 1984; D e A r m o n d  et al., 1985). In contrary t o  A l z h e i ­
m e r ' s  a m y l o i d  f i l a m e n t s ,  S A F  i n  ca ses  o f  A L ,  C J D  a n d  scrapie  c o n t a i n  P r P  
2 7 - 3 0  k D  p ro t e in  a n d  a r e  i n f ec t i ous  ( D e A r m o n d  etal., 1985; P o l e s h c h u k  etal., 
1990b). T h u s ,  o u r  e x p e r i m e n t s  s h o w  t h a t  dys t roph i c  c h a n g e s  i n  C N S  w i t h  A L  
a r e  deve lop ing  b o t h  in  n e u r o n s  a n d  in  s o m e  pericapil lar  as t rocy tes  a n d  per i ­
cytes .  A t  t h i s  t i m e ,  t h e r e  is c o r r e s p o n d e n c e  b e t w e e n  i n v o l v e m e n t  i n  pa tho lo ­
gical c h a n g e s  o f  s o m e  o f  pericapil lar  as t rocytes ,  pe r icy tes  a n d  a c c u m u l a t i o n  
a m y l o i d  a n d  a l so  B B B  f u n c t i o n  d i s t u r b a n c e .  I n  con t ra ry  t o  C J D  a n d  scrapie ,  
e x p e r i m e n t a l  A L  i n  g u i n e a  pig  m a y  b e  u s e d  f o r  m o d e l i n g  o f  viral  ce rebra l  
amylo idos i s ,  w h e n  depos i t i on  o f  amy lo id  p l a q u e s  i n  b r a i n  t i s s u e  d o e s  n o t  t a k e  
place.  
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