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Summary. - T h e  interaction b e t w e e n  tick-borne encephalitis  (TBE) 
v i rus  strain Hypr and  m o u s e  peritoneal macrophages  w a s  fo l lowed 
in vitro. Macrophages f r o m  j u v e n i l e  mice (8-11 days  old) w e r e  m o r e  
permiss ive  f o r  v i rus  infection than macrophages  f r o m  adults  (25-30 
d a y s  old). Anti-TBE antibody in t h e  subneutral izing d o s e  increased 
t h e  n u m b e r  o f  infected macrophages  as  w e l l  as  v i rus  release into t h e  
culture m e d i u m .  Concanavalin A (con A) ,  which b o u n d  t o  t h e  v i rus  
a s  w e l l  a s  t o  t h e  sur face  o f  macrophages,  increased t h e  uptake  o f  t h e  
v i rus,  b u t  it nei ther  enhanced t h e  n u m b e r  o f  infected cells nor  
increased the  v i rus  release into medium.  A n t i b o d y  and  lectin can 
m o d i f y  t h e  interaction b e t w e e n  T B E  v i rus  and  macrophages.  
Nevertheless,  t h e  F c  receptor-mediated endocytosis  s e e m s  t o  b e  
a necessary  prerequisi te  f o r  enhancing t h e  e f f e c t  o f  a ligand. 
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Introduction 

Macrophages  are profess ional  phagocytes  which play a m a j o r  role in d e f e n ­
d i n g  t h e  o rgan i sm agains t  fo re ign  agen t s  inc luding vi ruses .  Howeve r ,  i n  s o m e  
viral  in fec t ions  m a c r opha ge s  c a n  replicate t h e  v i rus  a n d  se rve  as  t h e  sou rce  o f  
in fec t ion  i n  t i s sues  a n d  organs .  T h i s  f u n c t i o n  c a n  b e  e n h a n c e d  b y  t h e  ac t ion  o f  
t h e  antiviral  an t ibody .  T h e  p h e n o m e n o n  called a n t i b o d y - d e p e n d e n t  e n h a n c e ­
m e n t  ( A D E )  involves  t h e  F c  recep to r  (Peiris  et al., 1981) o r  c o m p l e m e n t  
r ecep to r  (Cardosa  et al., 1983) o f  mac rophages  act ing i n  c o m b i n a t i o n  w i th  ant i ­
viral an t ibody ;  it h a s  b e e n  d e m o n s t r a t e d  w i th  m e m b e r s  o f  Flaviviridae fami ly  a s  
wel l  a s  w i th  o t h e r  viral famil ies  (as  reviewed b y  Por ter f ie ld  1985 a n d  Br in ton  
1986). A D E  p h e n o m e n o n  o f  T B E  v i rus  in fec ted  m o u s e  macrophage- l ike  cell  
l ine  P388D1  w a s  descr ibed  b y  Phi l lpot ts  et al. (1985). 
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T h e  A D E  in T B E  v i rus  infection h a s  b e e n  s tudied only in  macrophage-like 
cells d i f ferent  f r o m  the  primary macrophage cultures  and  r e m o t e  f r o m  t h e  
conditions  in vivo. T h u s  t h e  aim o f  t h e  present  w o r k  w a s  t o  demonstrate  A D E  
in t h e  culture o f  m o u s e  peritoneal macrophages  in relation t o  t h e  donor ' s  age.  
T h e  possibility t o  enhance t h e  infectivity o f  T B E  v i rus  f o r  macrophages  b y  an 
other  ligand, f o r  example  b y  a lectin, w a s  also investigated.  

Materials and Methods 

Mice. Outbred  m i c e  ICR (Velaz, Prague) o f  age  8-11 days  ( juveni le )  a n d  25-30 days  (adult) w e r e  
used.  

Virus. Prototype T B E  strain Hypr  w a s  prepared as 10 % brain  s u s p e n s i o n  i n  phosphate  b u f f e r e d  
sal ine (PBS) w i t h  10 % n e w b o r n  calf  serum.  

Cell line. Porcine k i d n e y  cell  l i n e  PS w a s  used .  Cel ls  w e r e  cu l tured  i n  L-15 m e d i u m  contain ing  
3 % n e w b o r n  calf  serum.  

Peritoneal macrophages. N o n s t i m u l a t e d  macrophages  w e r e  obta ined  b y  peritoneal  w a s h i n g  
w i t h  T C  m e d i u m  199; t h e  cells w e r e  incubated  i n  Le ighton  t u b e s  containing coversl ips i n  T C  
m e d i u m  199 s u p p l e m e n t e d  w i t h  10 % foetal  calf serum.  T h e  t u b e s  w e r e  s e e d e d  w i t h  5 x 10 s  cells 
per  t u b e .  A f t e r  incubat ion  overnight  at 37°C the  coverslips with adherent cells were washed in 
PBS and transferred into tubes containing medium.  

Establishing of the experiments. Peritoneal cells adhering t o  the  coverslips were infected with 
T B E virus at the multiplicity o f  0.5 P F U  per cell. M o u s e  anti-TBE serum (inactivated at 56°C for 30 
min.,  neutralization titre 256) diluted 1:1000 and con A (Laboratory for research, production and 
control o f  lectin preparations, Charles University, Prague) in  a concentration o f  20 n g / m l  were 
added t o  s o m e  cultures simultaneously with the  virus. A t  intervals 0 , 2 4 , 4 8  and 72 hr pos t in fec ­
tion (p.i.), the supernatant fluids were harvested t o  estimate the  virus titre. Infected macrophages 
were demonstrated by indirect immunofluorescence (IF) method,  counted at each abovemen-
tioned interval and the m e a n  value was  calculated. 

Virus assay. T B E virus was  assayed by the  plaque method in PS cells using the  technique o f  D e  
Madrid and Porterfield (1969). 

Indirect immunofluorescence assay (IFA). Adherent cells were fixed with acetone and stained 
with hyperimmune m o u s e  anti-TBE serum (1:20) and with swine anti-mouse Ig conjugate 
(SWAM/FITC,  Institute o f  Sera and Vaccines, Prague) diluted 1:10 and counterstained with 
Evan's blue (0.02 %). 

Preparation of conA/FITC. C o n  A was  conjugated with fluorescein isothiocyanate (FITC, Poly-
sciences Inc., U.S.A.)  in  the presence o f  dimethylformamide and ethylenglycol. Free molecules  o f  
FITC were separated from the  conjugate con A / F I T C  using gel filtration o n  Bio  Ge l  P -6 .  

Surface immunofluorecsence. Adherent peritoneal cells o n  coverslips were incubated with c o n  
A / F I T C  diluted in cold PBS 1:10 for 45 m i n  at 4°C. After washing in cold PBS the  cells were imme­
diately examined in microscope Jena Lumar (Zeiss) and photographed. 

Results 

R e s i d e n t  mac rophages  f r o m  juve n i l e  I C R  m i c e  s u p p o r t e d  T B E  v i rus  replica­
t i o n  t o  a l imi ted  ex t en t .  Vira l  an t igen  w a s  f o u n d  i n  smal l  pe rcen tage  o f  cells.  
P roduc t i on  o f  v i rus  part icles  as  wel l  a s  t h e  n u m b e r  o f  in fec ted  mac rophages  
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Table  1. Antl-TBE antibody dependent  enhancement of TBE v i m s  replication In macrophages 

D a y s  post-infection 
G r o u p  G r o u p  

1 2 3 

W i t h o u t  ant ibody  3* 11 3 
W i t h  ant ibody  7 242 15 

* A v e r a g e  n u m b e r s  o f  I F A  posit ive  cel ls  per  s l ide  

i n c r e a s e d  in  t h e  p r e s e n c e  o f  ant i-TBE a n t i b o d y  w i t h i n  4 8  h r  p .  i.  ( T a b l e  1 a n d  
Fig .  1). V i r a l  ant igen-pos i t ive  c e l l s  h a d  a l w a y s  t h e  m o r p h o l o g y  o f  m a c r o p h a g e s .  

T h e  e f f e c t  o f  a n t i b o d y  o n  i n f e c t i o n  o f  m a c r o p h a g e s  w a s  c o m p a r e d  w i t h  
act ion  o f  c o n  A w h i c h  b i n d s  t o  t h e  s u r f a c e  o f  l i v i n g  m a c r o p h a g e s  (Fig.  2 )  a n d  
a l s o  t o  t h e  v i ra l  e n v e l o p e  g l y c o p r o t e i n  E ( G r u b h o f f e r  et al., 1989). B o t h  l i g a n d s  
d e c r e a s e d  ext race l lu lar  v i r u s  t i t re  a t  2 4  h r  p.i., b u t  a t  4 8  h r  t h e  v i r u s  t i t re  w a s  
h i g h e r  i n  c u l t u r e s  w i t h  ant i-TBE a n t i b o d y  i n  c o m p a r i s o n  w i t h  controls .  T h e  
v i r u s  t i t re  i n  c u l t u r e s  w i t h  c o n  A f u r t h e r  d e c r e a s e d ,  s o  t h a t  t h e  d i f f e r e n c e  
b e t w e e n  t h e  ex t race l lu lar  v i r u s  t i t re  i n  p r e s e n c e  o f  a n t i b o d y  a n d  t h e  p r e s e n c e  
o f  c o n  A a t  4 8  h r  p .  i. w a s  1.7 l o g i 0  (Fig.  3).  B u t  a t  7 2  h r  p .  i.  t h e  v i r u s  t i t re s  

days postinfection 

Fig. 1 
Interaction o f  macrophages  f r o m  j u v e n i l e  
m i c e  w i t h  T B E  v i rus  in vitro: E f fect  o f  

anti-TBE ant ibody  
Extracellular v i r u s  titre i n  t h e  culture 
w i t h o u t  ant ibody  (•), w i t h  ant ibody  (A) 
a n d  thermal  inactivation o f  t h e  v i rus  i n  
culture  m e d i u m  (•). 
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Fig. 2 
Surface i m m u n o f l u o r e s c e n c e  o f  C o n  A /  
F I T C  o n  m o u s e  peritoneal  macrophages  

(800 x )  

b e c a m e  nearly identical in  all groups.  
In cultures o f  macrophages  f r o m  adult  mice  t h e  v i rus  titre decreased 

gradually b u t  n o t  s o  rapidly a s  in t h e  cell f r e e  sys tem.  Presence  o f  antiviral anti­
b o d y  o r  c o n  A c a u s e d  f u r t h e r  dec rease  o f  t h e  extracel lular  v i rus  t i t res .  T h e  
r e a s o n  o f  t h i s  p h e n o m e n o n  w a s  probably  e n h a n c e d  u p t a k e  o f  t h e  v i rus  b y  
macrophages .  T h e  e n h a n c i n g  e f fec t  o f  t h e  an t ibody  o n  v i rus  infect ivi ty w a s  n o t  
obse rved  (Fig.  4).  » 

Considering that  Con A st imulates  macrophage activity, f u r t h e r  experi­
m e n t s  inc luded  c o m b i n a t i o n  o f  b o t h  l igands.  V i r u s  t i t res  i n  t h e  cu l tu r e s  w h i c h  
con ta ined  b o t h  an t ibody  a n d  lec t in ,  d e t e r m i n e d  a t  48 h r  p .  i., var ied  b e t w e e n  
t h e  va lues  ascer ta ined  i n  cu l tu res  w i t h  separa te  l igands.  T h e  n u m b e r  o f  
in fec ted  mac rophages  i n  par t icular  cu l tu re s  cor re la ted  w i t h  t h e  resu l t s  o f  v i rus  
infectivity assay (Tab le  2). 

Discussion 

T h e  d i f f e ren t  susceptibil i ty o f  m a c ropha ge s  t o  T B E  v i rus  re f lec ts  i n  s o m e  
e x t e n t  t h e  susceptibil i ty o f  a d u l t  a n d  j u v e n i l e  m i c e  t o  i.p. in fec t ion  w i t h  t h i s  
virus.  I n fec t ion  is always le thal ,  b u t  h a s  s h o r t e r  i ncuba t ion  pe r i od  i n  t h e  case  o f  
j uven i l e  m i c e  (S lon im  et al., 1966). Cor re la t ion  o f  a g e - d e p e n d e n t  res is tance  t o  
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Table  2. Combined  ef fect  of anti-TBE antibody and Con A on TBE v i m s  infection of 
macrophages f rom javen i le  mice. Results at 48 h r  post-infection 

Extracellular N u m b e r  o f  I F A  
G r o u p  v irus  titre posit ive  cells 

(PFU/ml)  per  s l ide  

Contro l  4.4 x 10* 2 
A n t i b o d y  3.5 x 10 17 
C o n  A 2.0 x 10 
A n t i b o d y  + C o n  A 1.0 x 10 13 

v i rus  infection wi th  t h e  resistance o f  macrophages  has  b e e n  observed  wi th  
several  v i ruses  (Gallili etal., 1967; Mintz  etal., 1980). T h e  resistance o f  juveni le  
mice increased in s o m e  cases  b y  adoptive t ransfer  o f  macrophages  f r o m  adult 
animals  (Hirsch  et al., 1970). 

In t h e  present  work  macrophages  f r o m  j u v e n i l e  and adult  mice  w e r e  u s e d  t o  
s tudy  t h e  immunological  enhancement  o f  v i rus  infectivity. W h i l e  t h e  A D E  
p h e n o m e n o n  has  b e e n  proved  in resident  macrophages  f r o m  j u v e n i l e  mice, t h e  
infection o f  macrophages  f r o m  adult mice in t h e  presence o f  antiviral antibody 
w a s  characterized b y  increased uptake  o f  t h e  v i rus  b y  macrophages  (decrease o f  
t h e  extracellular v i rus  titre at 2 4  h r  p.i.), b u t  the  replication o f  t h e  v i rus  w a s  not  
enhanced and  v i rus  titres in culture media  m o v e d  u n d e r  t h e  control level  
dur ing  t h e  w h o l e  period o f  t h e  experiment.  T h i s  data confirm t h e  diff icult ies  
w i t h  t h e  approximation t o  t h e  in vivo conditions of  results  obtained in macro­
p h a g e  cell l ines .  I t  h a s  b e e n  proved ,  t h a t  t h e  o u t c o m e  o f  t h e  in terac t ion  
b e t w e e n  f laviviruses a n d  m a c r opha ge s  d e p e n d s  n o t  on ly  o n  t h e .  age o f  cell 
d o n o r s ,  b u t  a l so  o n  t h e  i nb r e d  m o u s e  l ine  u s e d  a n d  t h e  act ivat ion s tage o f  
mac rophages  (Cardosa  et al., 1985). Relatively low increase  o f  v i rus  t i t re  ( abou t  
1 log10) i n  cu l tu re s  w i t h  antiviral  an t ibody  consis ts  w i th  t h e  resu l t s  o f  Phi l lpot ts  
et al. (1985), w h o  in  a m a c r o p h a g e  cell l ine  P388D1  in fec ted  w i t h  T B E  v i rus  i n  
t h e  p re sence  o f  h y p e r i m m u n e  rabbi t  an t i -TBE s e r u m  obse rved  n i ne fo l d  
e n h a n c e m e n t  a s  c o m p a r e d  t o  t h e  v i rus  con t ro l  w i th  p r e - i m m u n e  rabbi t  s e r u m .  
Similar  va lues  o f  e n h a n c e m e n t  h a v e  b e e n  repor ted  in  o t h e r  f laviviruses 
(Hals tead  et al., 1980). 

Immuno log ica l  e n h a n c e m e n t  o f  f lavivirus in fec t ion  h a s  b e e n  descr ibed  f o r  
cells  bea r ing  F c  recep to r  a n d  c o m p l e m e n t  r ecep to r  (Peiris  a n d  Por tef ie ld  1979; 
Ha l s t ead  et al., 1980; Ca rdosa  et al., 1983). Opson ized  v i rus  part icles b o u n d  
f i rmly  t o  F c  o r  c o m p l e m e n t  recep tors  o n  t h e  sur face  o f  macrophages .  T h e  viral 
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Fig. 3 
Interaction o f  macrophages  f r o m  j u v e n i l e  
m i c e  w i t h  T B E  v i rus  in vitro: E f f e c t  o f  

anti-TBE ant ibody  a n d  C o n  A 
Extracellular v i r u s  titre i n  t h e  culture 
w i t h o u t  a l igand  (A), w i t h  anti-TBE anti­
body ( • ) ,  with C o n  A ( • ) .  
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internalization pathway into macrophages  w a s  identical b o t h  in  t h e  presence  
and  absence  o f  antiviral antibody.  M u c h  R N A  escaped f r o m  internalized v i rons  
into cytoplasm f r o m  endosomal  prelysosomal  vacuoles  (Gollins and  Porter-
field 1985). 

O n e  o f  t h e  a ims o f  t h e  present  s tudy  w a s  to ascertain, i f  t h e  mechanism o f  
enhancement  consists  in s imple  increase o f  v i rus  attachment t o  macrophage 
sur face  b y  m e a n s  o f  a ligand. Con A h a s  b e e n  u s e d ,  which b inds  t o  b o t h  T B E  
v i rus  and  t h e  macrophage enhancing t h e  ingest ion o f  red  b lood cells b y  macro­
phages  ( G o l d m a n  a n d  C o o p e r  1975). T h i s  lec t in  increased  t h e  v i ru s  u p t a k e  b y  
macrophages ,  b u t  t h e  v i rus  d i d  n o t  repl icate  i n  s u c h  cells. 

Ragard ing  t h e  s t imula tory  e f fec t  o f  C o n  A o n  m ac rophages  ( E d e l s o n  a n d  
C o h n  1974), t h e  c o m b i n e d  e f f ec t  o f  b o t h  an t ibody  a n d  l ec t in  w a s  s tud ied .  
P rov ided  t h a t  C o n  A cou ld  i n d u c e  t h e  e n h a n c e m e n t  o f  t h e  res i s tance  o f  
mac rophages  t o  v i rus  in fec t ion  as  i t  h a d  b e e n  descr ibed  f o r  J a p a n e s e  e n c e ­
phal i t is  v i rus  in vivo (Kelkar  et al., 1987), t h e  e n h a n c i n g  e f f ec t  o f  an t i body  o n  
v i rus  t i t res  w o u l d  r e m a i n  o n  t h e  level  o f  cu l tu res  w i t h  C o n  A only .  

T h e  r e su l t s  p rov ided  ev idence  i n  f a v o u r  f o r  t h e  compet i t ive  e f f e c t  o f  b o t h  
l igands.  T h e  inc reased  v i rus  adsorp t ion  a s  desc r ibed  f o r  J a p a n e s e  encephal i t i s  
v i rus  a n d  C o n  A- t r ea t ed  P S  cells p robably  p layed a ro le  i n  t h i s  p rocess  (Kelkar  
1985). B u t  T B E  v i rus  a d s o r b e d  i n  t h i s  way  cou ld  n o t  repl icate  i n  mac rophages .  

D i f f e r e n c e s  i n  t h e  ef f ic iency o f  phagocytos is  o f  e ry throcytes  opson i zed  w i t h  
a lec t in  f r o m  Botrylloides leachii o r  w i t h  a n  an t ibody  h a v e  b e e n  obse rved  b y  
C o o m b e  et al. (1986). I n  sp i te  o f  t h e  fact ,  t h a t  t h e  u p t a k e  o f  e ry throcy tes  opso ­
n i z e d  b y  b o t h  l igands w a s  near ly  t h e  s a m e ,  grea te r  phagocytos is  w a s  m e d i a t e d  
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Fig. 4 
Interaction o f  macrophages  f r o m  ad 
m i c e  w i th  T B E  virus  in vitro: Ef fect  

anti -TBE antibody and  C o n  A 
Extracellular virus titre i n  t h e  culti 
w i thout  a l igand (A), wi th  ant i -TBE ar 
b o d y  ( • ) ,  wi th  C o n  A ( • ) .  

b y  a n t i b o d y .  I t  c o u l d  b e  e x p l a i n e d  b y  d i f f e r e n t  l e v e l  o f  s i g n a l s  f o r  t h e  induct i i  
o f  p h a g o c y t o s i s  o r  b y  d i f f e r e n t  p h a g o c y t o s i s  m e c h a n i s m .  

O u r  r e s u l t s  c o n f i r m e d  t h a t  t h e  i n t e r a c t i o n  o f  T B E  v i r u s  w i t h  m o u s e  m a c i  
p h a g e s  c o u l d  b e  m o d i f i e d  b y  b o t h  a n t i b o d y  a n d  l e c t i n .  T h e  b i n d i n g  o n  t h e  
r e c e p t o r  s e e m e d  t o  b e  n e c e s s a r y  f o r  t h e  e n h a n c i n g  e f f e c t  o f  a l i g a n d  o n  t 
v i r u s  i n f ec t i v i t y .  
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