
15. 10. 1969 Specialia 1081 

Interaction of Graft-Versus-Host Reaction and Lymphocytic Choriomeningitis Infection in Mice: 
Histopathological Changes 

I n  an  ear l ier  no t e  1 we r epo r t ed  t h a t  in  mice  s imu l t a -  
neous  occur rence  of g r a f t -ve r sus -hos t  (GVH) disease an d  
l y m p h o c y t i c  cho r iomen ing i t i s  (LCM) v i rus - in fec t ion  re- 
su l t s  in (a) r e d u c t i o n  of neuro logica l  m a n i f e s t a t i o n s  an d  
ear ly  m o r t a l i t y  due  to  LCM-infec t ion  and,  on  t he  o the r  
h a n d ,  in  (b) enhancemen~c of t he  r u n t i n g  s y n d r o m e  con-  
n e c t e d  w i t h  GVH-reac t i on .  These  conclus ions  were d r a w n  
on t he  basis  of cl inical  cr i ter ia .  The  p r e sen t  p a p e r  de- 
scribes t he  h i s t opa tho log i ca l  f ind ings  in these  animals ,  
t h u s  g iv ing  a morpho log ica l  bas is  for  our  earl ier  obser-  
va t ions .  

Mater ia l  and  method. The  G V H - r e a c t i o n  was p roduced  
in 6-8  week-old  (C57B1 • CBA) F 1 h y b r i d  mice~;  LCM 
v i rus  was i nocu la t ed  i n t r ace r eb ra l l y  on  t he  7 th  day  fol- 
lowing cell t ransfer .  N u m b e r ,  g roup ing  and  t r e a t m e n t  
of a n i m a l s  are  shown  on Tab le  I. F r o m  the  d i f fe ren t  
groups,  a l t o g e t h e r  49 an ima l s  were s tud ied  his tological ly ,  
us ing  h e m a t o x y l i n  a n d  eosin s ta in ing.  

Results.  Cont ro l  mice showed  no cl inical  or h is to logical  
signs of disease.  Mice on  the  C o n t r o l + L C M  group all 

Table I. Number, grouping and treatment of mice 

Groups No. of T r e a t m e n t  
animals 

Spleen-cells i.v. LCM- 
virus i.c. 

1. Control 10 50 • 10 s (Ca~B1 • CBA)F 1 - 
(isologous) 

2. Control + LCM 6 50 • 106 (C67B1 • CBA)F 1 300 DL/50 
(isologous) 

3. GVH 15 50 • 106 Cs~B1 
(homologous) 

4. GVtt + LCM 31 50 • l0 s C67B1 300 DL/50 
(homologous) 

s u c c u m b e d  b e t w een  t h e  6 th  an d  9 th  d a y  fol lowing v i rus  
inocula t ion ,  p r e sen t ing  typ ica l  neurologica l  a n d  his tologi-  
cal s igns of l y m p h o c y t i c  cho r iomen ing i t i s  (Figure  la) .  

Most  of the  mice  of t h e  G V H - g r o u p  deve loped  ove r t  
s igns of r un t i ng .  I n  th i s  group,  s t a r t i n g  f rom the  9 th  day,  
a s lowly progress ing m o r t a l i t y  r a t e  was  observed ,  w i t h  
t h e  bu lk  of an i ma l s  s u c c u m b i n g  b e t w een  d a y  25 a n d  72 
a f t e r  ceil t r ans f e r ;  mice s u r v i v i n g  th i s  t e r m  were  sacri-  
riced. His to logica l  s t u d y  of t h e  spleens showed  w i t h  a 
few excep t ions  m a r k e d  r educ t i on  of l y m p h o c y t e s  a n d  
follicles; in  one in s t ance  some amy l o i d  depos i t  was ob- 
served.  On t h e  basis  of h is to logica l  ev idence  i t  could  be  
e s t i m a t e d  t h a t  - in concordance  w i t h  cl inical  f ind ings  - 
G V H  disease deve loped  in  t h e  o v e r h e l m i n g  m a j o r i t y  of 
mice  of th i s  group.  

Mice in t h e  G V H + L C M  group  p re sen t ed  a m o r t a l i t y  
r a t e  fal l ing b e t w e e n  t h a t  of Cont ro l  + LCM, r e spec t ive ly  
GVH-group .  I n  m o s t  of t h e  a n i m a l s  of G V H + L C M  
group,  t h e  cl inical  signs of r u n t i n g  a p p e a r e d  earl ier  and  
were more  p r o n o u n c e d  t h a n  in t h e  G V H  group ;  t he  
mice  all  s u c c u m b e d  b e t w e e n  d a y  14 an d  45 a f t e r  cell 
t ransfer .  Neuro logica l  s y m p t o m s  were  seen on ly  in some 
of t h e  mice, dy ing  in t h e  ear l ier  per iod  of t h e  expe r imen t .  

I n  t h e  spleens of 25 o u t  of 27 an i ma l s  e x a m i n e d  his to logi-  
cally, l y m p h o i d  a t r o p h y  an d  h y p e rp l a s i a  of r e t i cu la r  cells 
as h is to logical  express ion  of G V H - r e a c t i o n  could be  
d e m o n s t r a t e d  (Figure  2). I n  t h e  spleens of 6 of these  
animals ,  a d i f fe ren t  g rade  of amylo idos i s  was  found  
(Figure  3, Tab le  II) .  In  2 o u t  of t h e  27 mice, no  his toIogi-  
cal signs of G V H  disease were found ;  t h e y  died  a t  t h e  
same  t i m e  as LCM-cont ro ls  a n d  showed  p rev ious ly  no  
cl inical  signs of r un t i ng .  I n  t h e  g roup  as a whole,  a clear  
co r re l a t ion  b e t w e e n  cl inical  signs, sp leen-h is to logy  a n d  
presence  of men ingea l  i n f i l t r a t i on  could be  observed .  I n  

1 IV[. KOLTAY, I. VIR~G, Zs. B~NOS, P. ANDERLIK and I. SZERI, 
Experientia 24, 63 (1968). 

Fig. 1. (a) Meninx of mice infected with LCS{ virus. Meningeal infiltration consisting of lymphocytes. Haematoxylin and eosin stain. • 480. 
(b) Meninx of mice undergoing GVH-disease and infected with LCM virus. Polymorphonuclear iufiltration of the meninges and adjacent 
brain tissue. Haematoxylin and eosin stain. • 480. 
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Fig. 2. (a) Spleen of control mice. The pulp is rich in cells, most of them being leukocytes; the follicles are well developed. Haema- 
toxylin and eosin stain. • 120. (b) Spleen of mice undergoing GVH-reaetion. The pulp is depleted of cells, the follicles are small or 
absent. Haematoxylin and eosin stain. • 120. 

t he  12 mice presen t ing  c lean-cut  evidence of GVH-  
disease wi th  a h igh percen tage  of amylo id  depos i t s  in the  
spleen, no neurological  signs and, correspondingly ,  no 
meningea l  inf i l t ra t ion  was seen. In  these  animals ,  a 
virus-carr ier  s t a t e  could be demons t r a t ed .  In  13 o the r  
mice, p resen t ing  less p ronounced  clinical and histological  
signs of GVH-disease  and  succumbing  mos t ly  in the  earlier 
phase  of the  exper iment ,  b ra in  h is to logy showed leuko- 
cyt ic  meningo-encephal i t i s  (Figure lb).  Finally,  in the  
2 mice wi thou t  clinical and  histological  signs of runt ing ,  
i.e. escaping GVH-disease ,  the  course of LCM-infect ion 
showed no difference as compared  wi th  controls  (Table II). 

D i s c u s s i o n .  I t  is well es tabl ished t h a t  t he  course of 
LCM-infect ion in mice can be al tered,  i.e. some of the  
early ill effects of the  virus coun te rac ted  by  immu n o -  
suppress ive  influences 2-7. On the  o the r  hand,  i n  an earlier 
s t u d y  we d o c u m e n t e d  the  p rofound  immunosuppres s ion  
of mice undergoing GVH-reac t ion  s. 

The histological  f indings p resen ted  here  subs tan t i a te ,  
on a nlorphological  basis, our conclusions d rawn  f rom 
clinical evidence concerning the  complex i ty  of inter-  
ac t ion be tween  GVH-disease  and LCM-infect ion in mice 1. 
They  show t h a t  run t ing  synd rome  connec ted  wi th  GVH-  
disease is fu r the red  by  LCM-iniect ion.  Histologically,  th is  

Table II. Histological changes in mice of the GVH-LCM group 

Histological changes Day of 
succumbing 

Fre- Spleen Meninges after infec- 
quency tion with 

Lymphoeytes Lympho- Leuko- LCM-virus 
and follicles cytic infil- eytic infil- 

tration tration 

12/27 Severely 
decreased 
or absent 
(Amyloidosis 
in 6/12) 

13/27 Decreased 
2 / 2 7  Normal 

(Virus-carrier state) 
9-37 

+ + +  4-9 
+ + +  - 7-8 

Fig. 3. Spleen of mice undergoing GVH-reaction and infected with 
LCM virus. Abundant amyloid deposits corresponding to the fol- 
licles. Haematoxylin and eosin stain. • 120. 
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was d e m o n s t r a t e d  b y  t he  i m p o r t a n t  l y m p h o i d  dep le t ion  
a n d  b y  t he  increased  f r equency  of amyloidosis .  T he  l a t t e r  
can  be  i n t e r p r e t e d  as a sign of i m m u n o l o g i c a l  exhaus -  
t ion  ~,~~ resu l t ing  in our  case p r o b a b l y  f rom t he  j o i n t  
ac t ion  of GVH-d i sease  a n d  the  an t igen - load  r ep r e sen t ed  
b y  t he  LCM-infect ion.  

F u r t h e r  - as morpho log ica l  bas is  for t he  p r o t e c t i n g  
effect  of GVH-d i sease  aga ins t  some ill effects  of LCNL 
infec t ion  - a n  inverse  co r re l a t ion  b e t w e e n  cl inical  a n d  
h is to logica l  ev idence  of ru l l t ing  a n d  typ ica l  man i f e s t a -  
t ions  of LCM-vi rus  in fec t ion  was d e m o n s t r a t e d .  Cen t ra l  
ne rvous  s y s t e m  changes  t yp i ca l  to  LCM-infec t ion  a p p e a r e d  
on ly  in t h e  few mice escaping  GVH-disease ,  whereas  in  
t h e  o the r s  e i the r  t he  cen t r a l  ne r vous  s y s t e m  was n o t  
damaged ,  or, i n s t ead  of l y m p h o c y t i c  chor iomening i t i s ,  
a pecu l ia r  l eukocy t ic  m en i ngoencepha l i t i s  developed.  
T h o u g h  rou t i ne  bac ter io logica l  e x a m i n a t i o n  of t he  o rgans  
of these  an ima l s  d id  no t  show bac te r i a l  con tamina t io l l ,  
in fec t ion  caused  poss ib ly  b y  special  mic rob ia l  agen ts  
c a n n o t  be  ru led  out .  I n  th i s  case, t i le  l eukocy t ic  inf i l t ra-  
t i on  would  be  mere ly  t he  r e su l t  of t he  increased  suscep- 
t i b i l i t y  to  infect ions.  N o t w i t h s t a n d i n g ,  as th i s  f ind ing  was 
obse rved  exc lus ive ly  in th i s  g roup  of an imals ,  t he  pecul ia r  
m e n i n g o e n c e p h a l i t i s  could also be  a t t r i b u t e d  to t he  LCM- 

v i rus  itself, e l ici t ing special  a n d  a typ i ca l  r eac t ion  in an  
o rgan i sm w i t h  impa i r ed  immuno log i ca l  funct ions .  

Rdsumd. C o m m e  cons6quence  de l ' i n t e r a c t i o n  de ta 
ma l ad i e  homologue  p rodu i t e  dans  des souris  F~ hyb r ide s  
adu l t e s  et  de l ' infectioI1 avec  le v i rus  de la chor iom6nin -  
gi te  l y m p h o c y t i q u e ,  les signes h is to logiques  de la ma lad ie  
homologue  6 t a l en t  aggrav6s.  D ' a u t r e  pa r t ,  une  ac t ion  
p ro tec t r i ce  i n v e r s e m e n t  p ropor t ionne l l e  5" Ia g rav i t6  des 
a l t e r a t ions  h is to logiques  a t t r i b u a b l e s  5" l a  ma l ad i e  h o m o -  
logue vis-5"-vis des m a n i f e s t a t i o n s  neuro log iques  de l ' infec-  
t ion  avec  ce v i rus  6 ta i t  6vidente .  
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Une I~A/~  coef f ic ient  de s 6 d i m e n t a t i o n  11 S dans  

Depuis  que  TOMASI 2 et  HANSON ~ on t  d 6 m o n t r 6  la prg- 
sence d ' u n e  IgA particuli@re, en c o n c e n t r a t i o n  re la t ive-  
mer i t  61ev6e, dans  la sal ive e t  le co los t rum h u m a i n ,  ce 
t y p e  d ' I g A  di tes  de s6cr6tion, eompos6e d ' u n  dim@re 
d'IgA s6rique plus  ulle piece de s6cr6t ion a @t6 recherch6  
daris p lus ieurs  esp@ces. P o u r  l ' ins ta l l t ,  seuls CEBRA 4 et  
SELL ~ on t  p n  isoler, dans  le co lo s t rum de lapin ,  une  IgA 
5" coeff ic ient  de s6d imen ta t io l l  11 S ana logue  5" celle 
d@crite dans  les s6cr6tiolls exterr ies  humai l les .  Dalls  
l'esp@ce bovine ,  6tudi6e p a r  les sp6cial is tes  des p ro%ines  
du  lair,  la s i t u a t i o n  s e m b l a i t  t o u t  5, fa i r  diff6rente.  I1 
ex i s t a i t  b i en  une  i m m u n o g l o b u l i n e  tr@s a b o n d a n t e  d a n s  
le co los t rum,  isol6e p a r  BLANC @ en 1964, ma i s  ce t t e  pro-  
t6 ine  ne  d i f f6ra i t  pas  de son homologue  s6rique. I1 es t  

19L 
171 ~8.54 18.22 ~7.31 --IgN 

15 
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11 

~ '  S ~ ~ I ~ A  

5L 6.48 63~ �9 IgG 
"N , �9 �9 5.8 Piece s~cr@fi0n 

1 #,lS 3.a5 ~,8Z - - f ibre 

Concentration rag/mr 

Coe]Jicient de sddimentation des immunoglobulines et de la piOce de 
sderdtion libre du colostrum bovin. Valeurs non corrig6es par le facteur 
de viseosit6 du solvant. (Pour le KC1 0,15 molaire, utilis6 iei, le 
faeteur du correction est de 1,033.) 

les  s6cr6t ions  e x t e r n e s  de l ' e sp~ce  bovine  1 

m a i n t e n a n t  a d m i s  que  ce t t e  i m m u n o g l o b u l i n e ,  q u i  ne  
c o n t i e n t  qu 'u l l e  fa ib le  q u a n t i t 6  de glucides et  dol l t  le 
coeff ic ient  de s 6 d i m e n t a t i o n  es t  de 7 S, est  une  IgG et  
n o n  pas  une  IgA (AALuND 7, HAMMXRS). Elle est  appel6e 
IgG 1.p0ur la d i f%rencier  de la d e u x i 6 m e  y-globul ine  bo-  
v ine  de mobi l i t6  61ectrophor6t ique plus  l en te  appel6e 
IgG 2. L e  b u t  de ce r a p p o r t  es t  de s ignaler  la pr6sellce 
d ' u n e  fa ib le  q u a n t i t 6  d ' I g A  11 S dans  le co los t rum e t  la  
sal ive bov ine  e t  de c o m p a r e r  son coeff ic ient  de s6dimen-  
r a t i o n  avec  celui de l ' I g G  et  de l ' IgM, isol6es auss i  5" 
p a r t i r  du  co los t rum bovin .  

Cet te  IgA b o v i n e  de mobi l i t6  fi2 5" Y, a 6t6 rep6r6e dalls  
le co lo s t rum bovi l l  t o t a l  en immuno-61ec t rophor6se  p a r  
u n  i m m u n s 6 r u m  dirig~ con t re  les prot@ines sp6cifiques 
au co los t rum ( i m m u n s 6 r u m  a n t i c o l o s t r u m  absorb6  p a r  
le s6rum bovin) .  Sa pu r i f i ca t ion  a 6t6 ob te l lue  p a r  ull 
f r a c t i o n n e m e n t  sur  D E A E  cellulose en  pal iers  e t  p a r  
deux  f i l t r a t ions  sur  gel de S e p h a d e x  G 200. Sur  D E A E  
cellulose ce t t e  p ro t6 ine  es t  61u6e avec  u n  t a m p o n  phos-  
p h a t e  p H  7,0, mola r i t6  0,05. F i l t%e  sur  S e p h a d e x  G 200, 
elle sor t  a v a n t  le pic p r inc ipa l  d ' IgG,  p r o u v a n t  a ins i  son 
poids  mol~culaire  61ev~. L ' u l t r a c e n t r i f u g a t i o n  a n a l y t i q u e  
de ce t te  f rac t ion,  effectu6e 5" t ro is  c o n c e n t r a t i o n s  dil l6- 

1 Ce texte est le r6sum6 d'une communication faite ~ la Soci6t6 
Suisse de Biochimie le 17 mai 1969 (tin rapport plus d6taill@ est 
sous presse dans *Nature~>), 

2 T. B. TOMASI, E. M. TAN, A. SALOMON et R. A. PRENDERGAST, 
J. exp. Med. 727, 101 (1965). 

3 L. A. HANSON, Int. Arch. Allergy appl. Immunol. 78, 241 (1961). 
4 j .  j .  CEBRA et J. B. ROBBINS, J. Immunol. 97, 12 (1966). 
5 S. SELL, Immunochemistry 4, 49 (1967). 
6 B. BLANC, Les protdines du lactosdrum (M6decine et Hygibne, 

Genbve 1964). 
7 0 .  AALUND, Heterogeneity o! Ruminant Immunoglobulins (Munks- 

gaard, Copenhagen 1968). 
s D. K. HAMMER, B. KICKHOFEN et G. HENNING, Europ. J. Biochem. 

6, 443 (1968). 


