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Summary. — W e  f o u n d  t h a t  suscept ib i l i ty  t o  Murine Hepat i t i s  
Virus,  t y p e  3 (MHV3)-induced paralys is  i s  control led b y  genes  
o f  t h e  H-2 complex.  I n  t h i s  article, w e  c o m p a r e d  M H V 3  a n t i g e n  
specif ic cellular reactions, i n  congenic  mice  h a r b o u r i n g  d i f ferent  
H-2 genes  (or gene).  I n  a f irst  set  o f  exper iments,  paralys is  sus­
ceptible (BlO . A X A / J ) F i ,  partly susceptible (BlO . A Q R  X 
A / J ) F i  a n d  resistant (BlO . Q X A / J ) F i  hybrids were infected 
wi th  l ive MHV3.  Three weeks or more post-infection (p. i.), t h e  
spleens and  peritoneal exudate  (PE)  cells from the  mice were 
p u t  in to  culture. Killed M H V 3  was  added t o  cultures, and  antigen 
specific lymphokine production and  utilization were measured: 
IL-1  production b y  P E  cells after 24  hr i n  culture, IL-2  pro­
duction b y  splenocytes after 2 4  hr i n  culture, IL-2  utilization 
(as appraised b y  splenocyte proliferation) after 96 hr in  culture. 
N o  clearcut difference, resulting from genetic disparity, could be  
observed in  t h e  antigen-specific responses. I n  a second se t  o f  
experiments, mice were primed wi th  ultra-violet radiation killed 
MHV3.  I n  tha t  case, increases of  IL-1  production b y  P E  cells, 
o f  IL-2  production b y  splenocytes and  splenocyte proliferation 
were always observed, compared t o  P E  cells and  splenocytes from 
non-primed (control) donor mice. However,  i n  latter case, addition 
o f  M H V 3  antigen t o  cultures did n o t  result i n  augmentation o f  
antigen specific IL-2  production and utilization. Here again, n o  
genetic effect was  observed. W e  conclude from these results t h a t  
M H V 3  infection elicited strong lymphokine responses, b u t  tha t  
antigen-specific IL-1  and IL-2  production did n o t  correlate w i t h  
the  susceptibility t o  MHV3-induced paralysis. 

Key words: mouse hepatitis virus type 3; interleukin-1; interleukin-
2; susceptibility to paralysis; genetic analysis 
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Introduction 

Certain v i r u s  in fect ions  in  exper imenta l  an imals  result  i n  bra in  lesions a n d  
paralysis;  s o m e  o f  these  p h e n o m e n o n s  are considered f o r  possible mode ls  i n  
t h e  s t u d y  o f  h u m a n  d e m y e l i n a t i v e  diseases. T o  obta in  insights  o n  s o m e  
pathological  processes, several  m u r i n e  m o d e l s  h a v e  been  u s e d  in  i m m u n o l o ­
gic and immunogenetic studies (McFarlin and  Waksman, 1982). Infection 
of  mice with Theiler virus, for instance, produces demvelination and paraly­
sis which have  been found t o  be  associated with cellular immune reactions, 
and partly controlled b y a c l a s s l  g e n e o f t h e  H-2  complex ( ( l a t che t a l . ,  1986). 
On t h e  other hand, different members of  a coronavirus family, such as the  
Mouse Hepatit is  Viruses (MHVs), are able t o  induce paralyses in  intrace-
rebrally (Wege  et al., 1981) or intraperitoneal^ (Levy-Leblond  et al., 1979) 
infected mice. Infection with the  M H V  t y p e  3 (MHV3) results in a complex 
pathology pattern, beginning with an  "acute disease" which kills variable 
proportions of  the  infected mice 5 — 1 5  d a y s  p.i., fo l lowed  b y  a "chronic  
d isease"  w h i c h  produces  paralyses  in  a n i m a l s  w h i c h  s u r v i v e d  t h e  " a c u t e  
disease",  several  w e e k s  t o  several  m o n t h s  later (Levy-Leblond  et al., 1979). 
T h e  genet ic  control o f  t h e  t w o  f o r m s  o f  MHV3-induced disease is complex  
a n d  i n v o l v e s  several  genes. I n  particular, s trong  resistance t o  paralysis  has  
b e e n  s h o w n  t o  b e  d o m i n a n t l y  associated w i t h  t h e  H-2 r  h a p l o t y p e  (Levy-
L e b l o n d  et al., 1979), w h i c h  also appeared  t o  inf luence t h e  suscept ib i l i ty  t o  
t h e  " a c u t e  disease",  b u t  o n  a non-dominant  fash ion  a n d  w i t h  incomplete  
penetrance  (Sabolovic  et al., 1982). 

Later  o n  w e  f o u n d  t h a t  t h e  H-2i  h a p l o t y p e  is also s trongly  associated w i t h  
resistance t o  MHV3-induced paralysis.  I n  t h a t  f r a m e w o r k ,  a part ial  b u t  sig­
nificant protective role of  the  class I H-2K'i allele was  observed (Oth et al., 
submitted).  I n  the  present article, some parameters of  the  cellular immune 
reaction against M H V 3  antigens were studied in mice of  different genomes, 
presenting different susceptibilities t o  MHV3-induced paralysis. Because t h e  
congenic mice which harbour the  B 1 0  genetic background completely succumb 
t o  "acute disease" (Levy-Leblond  et al., 1979), w e  used F i  hybrids that  were 
partially resistant t o  lethal effect. The F i  hybrids were prepared b y  crossing 
parents belonging to  3 different congenic-resistant strains wi th  the A / J  
strain in one set o f  experiments,  and with  the C3H strain in the  other. 

Materials and Methods 

Virus. S u p e r n a t a n t s  of MHV3-infocted L 2  cells (a C3H fibroblast line) were clarified, de termined 
for v i rus  infect ivi ty,  a l iquoted  a n d  s tored a t  — 80°C. 

Mire. C3H mice were purchased f r o m  Charles R i v e r  Inc . ,  S t  Cons tan t ,  Quebec,  whereas  A / J ,  
a s  woll a s  C 3 H / H e / J  a n d  1310.A (H-2n) mice,  were ob ta ined  f r o m  t h e  J ackson  Labora to ry ,  B a r  
H a r b o r ,  M E .  T h e  BIO.Q (H-2fi) a n d  B10 .AQR (H-2*1  nnd H-2KQ) BIO congenic mice were sup­
plied b y  Dr. Chella David ,  Mayo Clinic, Rochester ,  MN,  U.S .A.  Y o u n g  a d u l t s  of bo th  sexes 
(equally repar ted)  were used.  E x p e r i m e n t s  were conducted  u n d e r  convent ional  conditions,  in 
air-conditioned facilities. 

A first sot of Ki hybr ids  w a s  m a d e  a s  follows: (BIO.A X A / J )  F j ,  (B10.AQR x A / J ) F i  a n d  
(BIO.Q x A/.T)Ki (Groups 1, 2 a n d  3), which exh ib i t  "suscept ib i l i ty" ,  "pa r t i a l  resis tance" a n d  
" fu l l  r e s i s t ance" ,  respectively,  t o  MHV3-induccd para lys is  (Oth  et al.y submi t t ed) .  D u e  t o  t h e  
presence of t h e  A / J  genetic background these  hybr ids  were expected  t o  present  good resistance t o  
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the lethal effect  of the  " a c u t e  disease"  resulting f rom infection wi th  t h e  l ive  M H V 3  (Levy-Leblond 
etal., 1979). 

Another set  of F i  hybr ids  w a s  prepared, i .  e., (C3H x B10.A) F j ,  (C3H x B10.AQR) F i  a n d  
(C3H x B10.Q) F i  (Groups 4, 5 a n d  6), which also permitted comparison of H-2 or H-2K in­
fluences. I n  add i t ion ,  t h e  presence of t h e  C3H genome in  all  these  hyb r id s  ensured absence of 
any  immune  reac t ion  aga ins t  C 3 H  t issue which  could h a v e  been  accidental ly  con tamina ted  t h e  
MHV3 prepara t ions  f r o m  L 2  cells. These  hybr ids  h a v e  a lways  been  immunized  w i t h  killed M H V 3 ,  
to which liposomes were  a d d e d ,  i n  o rde r  t o  increase lvmphokine  produc t ion  (Mansour  et al., 
1988). 

Primings. Mice were p r imed  w i t h  e i ther  live o r  killed M H V 3 .  I n  t h e  first case t h e y  received 
an  i. p .  in ject ion of 103

 L D 5 0 ,  a n d  t h e  mice  which  su rv ived  t h e  le tha l  " a c u t e  disease" were  f o u n d  
to be  immune .  I n  t h e  second case t h e y  received 2 i .  p .  in jec t ions  of t h e  equ iva len t  of 103 

L D 5 0  inac t iva ted  M H V 3  (2 h o u r  u l t ravio le t  exposure  a t  1.6 (j.watt/cm2 ,  i n  p h o s p h a t e  buffered 
saline - P B S ) .  I n  add i t ion  0.005 (j.mol of ant igenical ly  ine r t  l iposomes, p repa red  a s  usua l  (Mansour 
et al., 1988), were in jec ted  toge the r  w i t h  t h e  killed v i r u s  p repa ra t ion ,  a s  p r iming  mater ia l .  Control  
mice received 0 .1  m l  P B S  (i. p . ) .  Op t ima l  condit ions of immuniza t ion  were  first determined in  a 
preliminary exper imenta l  series. 

Lymphokine production and determination. I m m u n e  o r  cont ro l  donor  mice  were killed, a n d  
their spleens a s  well a s  t he i r  per i toneal  cells were  ha rves t ed .  F o r  each exper imenta l  group,  cells 
f rom t w o  donors  were pooled.  T h e  cells were  washed  w i t h  RPMI-1040  m e d i u m  (Flow L a b . ,  inc.,  
Mississauga, Ontar io)  a n d  p u t  i n t o  cu l tu re  f o r  lymphokine  produc t ion .  

F o r  I L - 1  produc t ion ,  1 x 106 per i toneal  cells were  seeded,  1 m l  p e r  well, in fiat. b o t t o m m e d ,  
24-well cu l ture  p la tes  (Corning, Corning, N Y ,  c a t .  n r .  25820). T h e y  wore incubated ,  fo r  adherence,  
in RPMI-1640 supplemented  w i t h  1 0 %  foetal  bovine se rum ("complete  m e d i u m " ) ,  a t  37°C fo r  
2 hr .  T h e  non-adheren t  cells were t h e n  careful ly removed  (3 washings wi th  cul ture  medium) .  
I n  some wells, 100 fil of e i the r  U.V.-killed M H Y 3  (amount  equivalent  t o  103

 L D 5 0  a n d  herea f te r  
referred t o  a s  " M H V 3  an t igen" )  o r  polio vaccine ( 5  fxg/ml) w a s  added ,  whereas  100 (i.1 of m e d i u m  
alone was  a d d e d  t o  control  wells. A f t e r  a 24 h r  incubat ion  a t  37°C in  h u m i d  a tmosphere ,  t h e  super-
na tan t s  were ha rves ted  a n d  s tored  a t  — 20°C unt i l  I L - 1  ac t iv i ty  de te rmina t ion  w a s  per formed 
af te r  thawing  t h e  superna tan t s ,  a s  described b y  Mizel et al. (1978). Briefly,  di lut ions of super-
na tan t s  were a d d e d ,  toge ther  wi th  P H A ,  t o  t hymocy te s  f r o m  4 — 8  week old C'3H/HeJ mice, a n d  
incubated for  3 days .  Thymocytes  proliferation w a s  tested for  3 H-thymidine ( 3 H-TdR) incor­
poration (New E n g l a n d  Nuclear .  Bos ton ,  M A ;  15 Ci/mmol) a f t e r  be ing ha rves ted  o n  a filter 
paper a s  described (Oth  et al., 1987). T h e  resul ts  were expressed a s  a r b i t r a r y  uni ts /ml ,  us ing a 
supernatant  f r o m  L P S  s t imula ted  C 3 H  per i toneal  cells a s  a reference. T h e  s u p e r n a t a n t s  were 
tested o n  I L - 2  sensit ive C T L L  cells a n d  a lways  f o u n d  nega t ive .  F o r  I L - 2  product ion  a n d  deter­
mination, splenocytes were used a f t e r  red  cells deplet ion w i th  brief osmotic shock.  Three  million 
cells p e r  well, i n  1 m l  al iquots ,  were cul tured  i n  24 well cu l tu re  p la tes  i n  "comple te  m e d i u m " ,  
antibiotics a n d  5 x 10~5 mol/1 2-mercaptoethanol ,  a s  described (Oth  et al., 1987). I n  some wells, 
MHV3 ant igen  (100 fit of a suspension of killed v i rus  corresponding t o  103 LDso/ml) was  a d d e d  
("restimulated wells") whereas  100 ;il of m e d i u m  alone was  a d d e d  in  control  ("non-res t imula ted")  
wells. Non-specific Con A s t imula t ions  ( "qua l i t y  controls")  were  a lways  per formed a s  described 
(Oth et al., 1987). T h e  cul ture  s u p e r n a t a n t s  were collected a f t e r  a 24-hr incubat ion  a t  37°C (humid 
atmosphere,  5 %  CO2) a n d  s tored a t  — 20°C un t i l  I L - 2  de te rmina t ions  w i t h  C T L L  cells, a n d  t h e  
results were expressed a s  un i t s /ml  a s  described (Oth  et al., 1987). 

Antigen-driven splenocyte proliferation. Splenocytes f r o m  t h e  s a m e  donors  a s  those  of t h e  I L - 2  
production exper iments  wore cu l tu red  f o r  96 h r  in AIM-V cu l tu re  m e d i u m  (Gibc-o L a b s  inc. .  
Grand I s land ,  N.Y.)  supplemented  wi th  2 %  foetal  bovine s e rum.  One ;j.Ci of  3 H - T d R  w a s  a d d e d  
to each well fo r  t h e  las t  18 h r  of cul ture .  T h e  cells were ha rves ted  a n d  counted  in a liquid scin­
tillation counter ,  using t h e  s a m e  procedures  a s  f o r  t h e  t h y m o c y t e s  a n d  t h e  C T L L  cells i n  t h e  
IL-1 and  TL-2 de terminat ions ,  respectively.  

Results 

Determination of optimal conditions for priming with MHV 3 

Optimal conditions for antigen-induced IL-2  production were first s e t  
with C3H mice, for  in vivo priming w i t h  M H V 3 .  W h e n  l ive  M H V 3  w a s  
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1 4  I A 

Fig. 1 
IL-2 production (unita/ml ± standard 
deviation) b y  3 X 106  splenocytes from 

primed and control C3H mice 
A :  Mice were killed 7 d a y s  post priming 
with various amounts  of killed MHV3 
virus.  Open symbols :  priming with  killed 
MHV3 alone. Black symbols:  priming 
with killed MHV3 + 0.005 fxmol/1 of 
liposomes. Triangles:  MHV3 antigen w a s  
added t o  cultured cells, for  in vitro speci­
fic res t imulat ion.  Squares :  n o  ant igenic 
res t imula t ion  in vitro. 
Abscissa: a m o u n t s  of t h e  equivalent  of 
LD50 M H V 3  p e r  mouse.  
Ord ina te :  I L - 2  I U  p e r  m l .  
B :  Mice received t w o  pr imings wi th  a n  
a m o u n t  of killed M H V 3  equiva lent  t o  
103 LD50 -f- 0.005 (i.mol/1 of liposomes 
each.  T h e y  were killed a t  different  t imes  
(abscissa) a f t e r  t h e  first pr iming,  one  
week a f t e r  t h e  second one .  Same  symbols  
a s  fo r  A .  A n  addi t iona l  g roup  was  included 
(dot ted lines): t w o  indomethacin  t r ea t ­
m e n t s  were given,  toge ther  wi th  t h e  
M H V 3  -f liposome primings.  
Abscissa: weeks be tween first p r iming  
a n d  I L - 2  product ion .  
Ord ina te :  I L - 2  I U  p e r  ml .  

injected,  t h e  mice  wh ich  surv ived  t h e  "acute  disease"' a l w a y s  exhib i ted  
s ignif icant  antigen-specif ic  I L - 2  production,  u p  t o  3 m o n t h s  p .  i. (no t  shown) .  
W e  choosed t o  perform t h e  l ymphokine  t e s t s  3 w e e k s  af ter  inject ion o f  l ive  
M H V 3 ,  a s  a s tandard procedure. 

W h e n  killed v irus  w a s  used for priming,  different a m o u n t s  were injected  in  
a first s tep,  e i ther a lone  or  in combinat ion  w i t h  0 .005  ji.mol/1 l iposomes  per 
mouse .  W e  previously  f o u n d  t h a t  these  l iposomes a lone  did n o t  induce  I L - 2  
level different from t h e  basel ine (Mansour  et al., 1988). A s  seen i n  F ig .  1A, t h e  
highest  I L - 2  product ion w a s  obta ined  w h e n  a pr iming dose  o f  killed M H V 3 ,  
corresponding t o  t h e  s a m e  a m o u n t  a s  103  LD50 per mouse ,  w a s  injected.  
T h i s  a m o u n t  w a s  therefore rout inely  used in t h e  subsequent  experiments .  
I t  can also be  no t i ced  t h a t  n o  signif icant I L - 2  product ion w a s  observed i f  
n o  l iposome w a s  added  t o  t h e  killed virus,  a n d  t h a t  t h e  addit ion,  t o  t h e  
cul tured colls, o f  M H V 3  ant igen  d id  n o t  el icit  s ignif icant increase o f  I L - 2  
production.  Therefore,  in  t h e  subsequent  experiments ,  l iposomes were added  
t o  priming antigen.  
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Fig.  2 
IL-1 production (units/ml ± s t a n d a r d  
deviation) of 1 x 106 per i toneal  cells of 
various firoups of p r imed  (P) o r  control  
(C) F i  hyb r id  mice (see Mater ia ls  a n d  
Methods for  details) (Pool of 3 independent  

exper iments)  
Black columns:  M H V 3  an t igen  a d d e d  t o  
cultured cells (specific res t imulat ion) .  
Hatched  columns:  Poliovaceine a d d e d  t o  
cultured cells (non-specific rest imulat ion).  
Open columns:  m e d i u m  alone a d d e d  t o  
cul tured cells(no ant igenic  res t imulat ion) .  
For  g roup  designations see Materials  a n d  
Methods. 
A:  Pr iming  w i th  live M H V 3  infect ion,  
3 weeks before  killing. 
B:  Pr imings  w i th  killed M H V 3  + lipo­
somes, 3 weeks (first priming) a n d  1 week 
(second priming) before killing. 

I n  a second step,  w e  determined t h e  opt imal  immunizat ion schedules for  
the  in vivo priming w i t h  killed M H V 3  virus. W e  found  t h a t  g iv ing  t w o  pri-
mings, rather t h a n  one,  resulted i n  significantly higher responses. I n  t h e  sub­
sequent experiment,  therefore, w e  decided t o  perform t w o  primings. Mice 
were a lways  killed one  week  after  t h e  second  in vivo priming, a n d  w e  f o u n d  
that  t h e  opt imal  schedule for  performing t h e  I L - 2  production w a s  3 weeks  
after t h e  first priming. Addit ion o f  l iposomes w a s  a lways  mandatory  for  
obtention o f  good  IL-2  production. Again,  addit ion o f  M H V 3  ant igen only ,  
t o  cultured cells, did n o t  result i n  sizeable increase o f  t h e  response (Fig. I B ) .  
When indomethacin w a s  injected t o  mice,  together w i t h  t h e  primings,  I L - 2  
production w a s  enhanced a n d  t h e  opt imal  de lay  between  t h e  first priming a n d  
the splenocyte  cultures shif ted from 3 t o  4 weeks  (Fig. IB) .  

Production of IL-1 in MHV 3 primed and non-primed mice 

Mice primed w i t h  either l ive M H V 3  (Fig. 2A) or killed M H V 3  + l iposomes 
(Fig. 2B)  were used.  Their adherent peritoneal cells were tes ted  for  IL-1  



428 MANSOUR, S.  et 

Gr.3 

Fig. 3 
IL-2 production (units/ml ± standard 
deviation) of 3 X 10® splenocytes of 
var ious  groups of primed (P) or control 
(C) hybr id  mice (Pool of 3 independent 

experiments) 
V j r q  G r - 5  G r 6  Groups and symbols  a s  in Fig.  2. 

p r o d u c t i o n .  M H V 3  a n t i g e n  w a s  a d d e d  t o  s o m e  cultures.  Pol iovacc ine  w a s  
a d d e d  t o  o t h e r  cultures,  a n d  o ther  cu l tures  w e r e  l e f t  w i t h o u t  a n t i g e n  a d d i t i o n .  
F i g .  1A s h o w s  t h a t  a d d i t i o n  o f  M H V 3  a n t i g e n  t o  t h e  per i tonea l  cells i n  c u l t u r e  
resu l ted  a l w a y s  i n  s ign i f i cant ly  h i g h e r  IL-1 p r o d u c t i o n  t h a n  t h e  base l ine  v a l u e ,  
i n  t h e  case o f  t h e  m i c e  p r i m e d  w i t h  l i v e  MHV3.  I n  t h e  case o f  m i c e  p r i m e d  
w i t h  k i l l e d  M H V 3  + l iposomes  (Fig. 2B)  IL-1 p r o d u c t i o n  w a s  a l w a y s  sig­
nif icantly increased if compared w i t h  non-primed mice. I n  addition, in t h e  
cultures where M H V 3  antigen h a d  been added,  this  increase w a s  a lways  
higher. I n  both Figs  2A and 213, 110 clearcut difference could be  observed 
a m o n g  mice  o f  different genome  type .  T h e  results presented were pooled 
from three experiments .  

Production of IL-2 in MHV3 primed and non-primed mice. 

Splenocytes  from t h e  same  donor mice a s  those  used  for IL-1 determinations 
wore cultured either with  or without  M H V 3  antigen,  and tested for I L - 2  
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2 0  - i  

Fit). 4 
Antigen-clriven splenocytc proliferation, 
as appraised b y  3 H-Thymidine incor­
porat ion (in c p m  ± s t a n d a r d  deviat ion) 

(Pool of 3 independent  exper iments)  
Groups a n d  symbols  a s  in F igs  2 a n d  3. 

production. I n  t h e  case o f  t h e  mice  primed w i t h  l ive MHV3,  addit ion 
of M H V 3  antigen t o  t h e  cultured cells resulted in s ignif icyntly higher 
IL-2 production t h a n  i n  t h e  case o f  t h e  non-primed donors (Fig. 3A). 
I n  contrast,  i n  the  case o f  mice  primed w i t h  killed virus -f- l ipo-somes, 
IL-2 production w a s  a lways  higher t h a n  i n  t h e  case o f  t h e  non-
primed mice, whether  or n o t  M H V 3  antigen h a d  been  added t o  t h e  cultures. 
N o  genet ic  effect  could h e  observed (Fig. 3B).  T h e  results presented were 
pooled from three experiments.  

A ntigen-driven splenocyte proliferations 

Other al iquots o f  splenocytes,  f rom t h e  same  donors a s  those  which  ge­
nerated t h e  results shown i n  F igs  2 a n d  3, were  cultured for 96  hr, a n d  cell 
proliferations were assessed. I n  t h e  case o f  donors primed w i t h  l ive  virus,  
the  splenocyte  proliferation levels  were sl ightly increased i n  comparison w i t h  
those exhibi ted  b y  splenocytes  f rom non-primed donors. W h e n  M H V 3  ant igen 
was added t o  cultures, this  resulted i n  ~ 2 — 3 fold  3 H - T d R  incorporation 
increases (Fig. 4A). I n  contrast,  i n  t h e  case of  donors primed w i t h  killed 
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v i r u s  4- l iposomes,  a d d i t i o n  o f  M H V 3  a n t i g e n  t o  cu l tures  d i d  n o t  b r i n g  a b o u t  
s ign i f icant  changes  i n  t h e  prol i ferat ion levels,  w h i c h  a p p e a r e d  i n  all cases 
m a n y f o l d  h i g h e r  t h a n  t h a t  o f  t h e  n o n - p r i m e d  controls  (Fig. 4B).  A g a i n  
n o  ciearcut  d i f ference,  f r o m  o n e  g r o u p  t o  another,  w a s  o b s e r v e d  f o r  a g i v e n  
p r i m i n g  protocol.  

Discussion 

A c iearcut  correlation b e t w e e n  cel lular a n t i v i r u s  reactions, especia l ly  
d e l a y e d  t y p e  h y p e r s e n s i t i v i t y  (DTH),  a n d  v i rus- induced  m u r i n e  d e m y e l a t i n g  
disease, h a s  b e e n  o b s e r v e d  in t h e  case o f  t h e  Thei ler  v i r u s  (Clatch  et al., 1986). 
I n  t h e  present  w o r k ,  w e  looked  f o r  a correlation b e t w e e n  ant i-v i rus  cel lular  
react ions  a n d  t h e  MHV3- induced  paralys is .  U n f o r t u n a t l y ,  o u r  k i l l e d  v i r u s  
p r e p a r a t i o n s  (with  or  w i t h o u t  l iposomes  a d d e d )  d i d  n o t  s e e m  t o  b e  s u f f i c i e n t l y  
i m m u n o g e n i c  t o  p e r m i t  i n  v i v o  detect ion  o f  D T H  a s  m e a s u r e d  b y  f o o t  p a d  
s w e l l i n g  (not s h o w n ) .  Perhaps  t h i s  cou ld  h a v e  resul ted  f r o m  a n  e f fect  o f  U . Y .  
i r rad iat ion  on M H V 3  ant igens .  Therefore,  w e  l imi ted  t h i s  s t u d y  t o  s o m e  i n  
v i t r o  aspects  o f  t h e  ant i-MHV3 cel lular  reaction, i n  cond i t ions  w h e r e b y  o u r  
v i r u s  p r e p a r a t i o n s  w e r e  f o u n d  ant igenic .  T h i s  w a s  d o n e  w i t h  g r o u p s  o f  m i c e  
w h o s e  g e n o m e s  e x h i b i t e d  three  d i f f e r e n t  leve ls  o f  resistance t o  MHV3-
i n d u c e d  paralysis,  d e p e n d i n g  o n  H-2 g e n e  or  genes.  

A class I gene,  H-21), h a d  b e e n  s h o w n  t o  b e  associated w i t h  resistance t o  
T h e i l e r  v i rus- induced  paralys is,  a s  we l l  a s  w i t h  D T H  against  v i r u s  a n t i g e n s  
(Clatch  et al., 1986). In a n o t h e r  e x p e r i m e n t a l  m o d e l ,  m y e l i n  bas ic  p r o t e i n  
(MBP)- induced  paralysis,  resistance a p p e a r e d  t o  b e  control led b y  I-A (a class 
II g e n e  o f  t h e  H-2 complex) ,  a n d  a n t i  I-A monoc lona l  a n t i b o d y  w a s  a b l e  t o  
i n t e r f e r e  w i t h  MBP-specif ic 1L-2 p r o d u c t i o n  (Fritz  et al., 1985). I n  t h e  p r e s e n t  
s y s t e m ,  d i f f e r e n t  H-2 h a p l o t y p e s  w e r e  s t u d i e d  i n  association w i t h  e i ther  t h e  
A / J  (groups 1, 2 a n d  3) or  t h e  C3H (groups 4, 5 a n d  6) g e n o m e .  N o n e  o f  
t h e  e x p e r i m e n t s  p e r f o r m e d  p e r m i t t e d  t o  revea l  s t r o n g  o r  s igni f icant  in f luence  
o f  H-2 gene(s) o n  t h e  d i f f e r e n t  c o m p o n e n t s  o f  t h e  i m m u n e  react ions  s t u d i e d ,  
a n d ,  therefore,  n o n e  o f  these c o m p o n e n t s  cou ld  b e  associated w i t h  e i ther  
h i g h e r  o r  lower  resistance t o  para lys is .  

H o w e v e r ,  in all cases, t h e  m o d e  o f  presentat ion  o f  t h e  i n  v i v o  p r i m i n g  
m a t e r i a l  a p p e a r e d  t o  b e  o f  u t m o s t  i m p o r t a n c e  f o r  t h e  response p a t t e r n  
o b s e r v e d .  T h i s  s t r o n g  in f luence  o f  a n t i g e n  presentat ion  f o r  p r i m i n g  wras 
o b s e r v e d  b o t h  w i t h  f h e  F i  h y b r i d  mice  a n d  w i t h  C3H mice.  W e  conf i rmed,  
in t h e  case o f  ki l led MHV3,  t h a t  a d d i n g  ant igen ica l l y  inert  l iposomes  t o  v i r a l  
p r e p a r a t i o n  p e r m i t t e d  h i g h e r  IL-2 p r o d u c t i o n ,  p r o v i d e d  t h a t  o p t i m a l  dose  
o r  s c h e d u l e  were  used.  T h i s  h a d  p r e v i o u s l y  b e e n  o b s e r v e d  w i t h  v a r i o u s  
rab ies  v i r u s  d e r i v e d  preparat ions  (Mansour  et al., 1988). A n  a p p a r e n t l y  
c o m p a r a b l e  a d j u v a n t - l i k e  e f f ec t  o f  l i p o s o m e  a d d i t i o n  t o  p r i m i n g  a n t i g e n  
h a d  a l r e a d y  b e e n  r e p o r t e d  b y  V a n  R o o i j e n  a n d  V a n  N i e u w m e g e n  (1977), 
a n d  these  a u t h o r s  la ter  f o u n d  t h a t  t h i s  e f fect  resulted f r o m  t h e  adsorpt ion  o f  
t h e  a n t i g e n  o n  t h e  l i p o s o m e  sur face  (Van R o o i j e n  a n d  N i e u m e g e n .  1980). 

I n  t h e  case o f  t h e  m i c e  p r i m e d  w i t h  k i l led  M H V 3  p l u s  l iposomes,  a n  u n e x ­
pectedly high response t o  in vivo priming only  w a s  observed in the  case o f  
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all t h e  i m m u n e  react ion  c o m p o n e n t s  s t u d i e d ,  i. e., IL-1 a n d  IL-2 p r o d u c t i o n s ,  
cell prol i ferat ion.  W i t h  t h e  e x c e p t i o n  o f  IL-1 p r o d u c t i o n ,  t h e s e  h i g h  responses  
were  u n d i s t i n g u i s h a b l e  f r o m  t h e  ant igen-speci f ic  responses  o b t a i n e d  w h e n  
a n  ant igen ic  p r e p a r a t i o n  w a s  a d d e d  t o  t h e  c u l t u r e d  cells, t o  b o o s t  t h e  " p r i m e d "  
cells. T h e s e  " p r i m a r y "  responses  s e e m e d  t o  b e  a d i rect  consequence  o f  i n  
v i v o  react ion,  s ince t h e y  w e r e  sens i t i ve  t o  t h e  act ion  o f  i n d o m e t h a c i n  o n  t h e  
p r i m e d  m i c e  (Fig. IB) .  I n d o m e t h a c i n  c a n  i n h i b i t  t h e  synthes is ,  b y  a d h e r e n t  
cells, o f  P G E ,  a suppressor  o f  IL-2 p r o d u c t i o n  ( R a p p a p o r t  a n d  D o d g e ,  1982). 
Thus,  t h e  increase o f  IL-2 p r o d u c t i o n  w e  o b s e r v e d  a f t e r  i n d o m e t h a c i n  
t r e a t m e n t  c o u l d  b e  i n t e r p r e t e d  a s  abrogat ion,  e x e r t e d  b y  t h e  d r u g ,  o f  P G E  
product ion  b y  certa in  a d h e r e n t  m o n o c y t e s  (Leclerc  et al. 1984). One  o f  these  
" p r i m a r y "  responses,  re f lect ing  t r u e  i m m u n e  e v e n t s  occur ing  in vivo, h a s  
b e e n  f o r m a l l y  descr ibed  i n  t h e  case o f  m i c e  in trasp len ica l ly  i n j e c t e d  w i t h  
sheep  r e d  b l o o d  cells (Spitz  et al., 1985). W e  occasional ly  o b s e r v e d  s u c h  k i n d  
of ef fect,  a f t e r  in traper i tonea l  i m m u n i z a t i o n s  w i t h  v a r i o u s  rab ies  v i rus-
d e r i v e d  preparat ions,  b u t  t h e  e x a c t  cond i t ions  r e q u i r e d  f o r  i t s  occurrence 
were n o t  clear ( 0 t h  et al., 1987; Mansour  et al., 1988). 

O n  t h e  contrary,  w h e n  ant i-MHV3 p r i m i n g  w a s  p e r f o r m e d  w i t h  l i v e  M H V 3  
infections,  t h e  " p r i m a r y "  responses  w e r e  e i ther  barety  o r  n o t  o b s e r v e d .  
Signif icant ant igen-speci f ic  " s e c o n d a r y "  responses  w e r e  o b s e r v e d  i n  t h e  w e l l s  
where  k i l l e d  M H V 3  p r e p a r a t i o n s  h a v e  b e e n  a d d e d  t o  t h e  c u l t u r e d  sp len ic  
(IL-2 a n d  pro l i ferat ion  responses)  or  per i tonea l  (IL-1 response)  cells. T h e  
a p p a r e n t  existence o f  a n  antigen-specif ic  IL-1, or  IL-1 l ike,  response  h a s  
b e e n  r e p o r t e d  p r e v i o u s l y  b y  a f e w  a u t h o r s  (Chao et al., 1977) a n d  raises t h e  
quest ion o f  t h e  m e c h a n i s m  b y  w h i c h  a cell p o p u l a t i o n  w h i c h  consist  m a i n l y  
of p h a g o c y t e s  c o u l d  speci f ical ly  r e s p o n d  t o  a s e c o n d  s t i m u l u s  w i t h  t h e  s a m e  
ant igen.  Inter leukin-1 is  k n o w n  a s  a m a j o r  m e d i a t o r  o f  i n f l a m m a t i o n  (Bil l iau, 
1988) a n d  i n f l a m m a t i o n  i s  cons idered  a v e r y  i m p o r t a n t  f a c t o r  i n  p a r a l y s i n g  
disease (Bil l iau  et al., 1988). I n  t h e  p r e s e n t  case, t h e  a b s e n c e  o f  d i f f e rence  i n  
IL-1 p r o d u c t i o n  o b s e r v e d  a m o n g  t h e  m i c e  o f  d i f f e r e n t  g e n o m e s  suggests  t h a t  
i t  is n o t  a t  t h i s  l e v e l  t h a t ' t h e  d i f f erent ia l  suscept ib i l i t ies  t o  M H V 3 - i n d u c e d  
paralysis  is  l i k e l y  t o  reside.  A l so,  MHV3- induced  IL-2 p r o d u c t i o n ,  a s  w e l l  
as s p l e n o c y t e  prol i ferat ion,  w e r e  s imi lar  i n  m i c e  o f  a l l  t h e  g e n o m e s  s t u d i e d .  
Clearly o t h e r  effectors,  b o t h  cellular a n d  molecular,  m u s t  b e  cons idered  f o r  
exp la in ing  t h e  d i f ference  o f  suscept ib i l i ty  t o  para lys i s  e x h i b i t e d  b y  t h e s e  
d i f ferent  b u t  closely re lated  strains  o f  mice.  
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