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c o n t e n t s  in t h e  o the r  3 l y m p h o i d  ceils were inc reased  b y  
a b o u t  153% for t h y m u s ,  46% for sp leen  a n d  118% for 
cervical  l y m p h  node,  respec t ive ly ,  d u r i n g  t h e  10-day  
per iod  of t u m o r  g r o w t h  (p < 0.01). 

F r o m  th e  re su l t s  descr ibed  above,  t h e  fol lowing con-  
c lus ions  can  be d rawn .  1. I n  mice,  m a r k e d  c h a n g e s  occur  
in levels  of choles te ro l  and  free f a t t y  ac ids  of l y m p h o i d  
ceils fol lowing t h e  g r o w t h  of E h r l i c h ' s  asc i tes  ca rc inoma .  
2. T h e  c h a n g e  of l ipid compos i t i on  in  t h e  m e s e n t e r i c  
l y m p h o i d  ceils is qu i t e  d i f fe ren t  f r om t h a t  in  t h e  o t h e r  
l y m p h o i d  ceils. 3. Va lues  of t h e  choles terol  to  phospho l i p id  
m o l a r  ra t io  also c h a n g e  d u r i n g  t he  t u m o r  g rowth .  R e c e n t -  
ly, INBAR an d  SHINITZKY 6 ind ica ted  t h a t  increase  of 
choles tero l  in l y m p h o c y t e s  r e su l t s  in increase  of t h e  
v i scos i ty  of m e m b r a n e  lipid layer  r e l a t i ng  to  t h e  phys io -  
logical f u n c t i o n  of l y m p h o c y t e  m e m b r a n e .  T h u s  i t  is 
a s s u m e d  t h a t  c h a n g e s  in choles terol  levels  of l y m p h o i d  
cells d u r i n g  the  t u m o r  g r o w t h  m a y  ref lect  c h a n g e s  in t h e  
p roper t i e s  of l y m p h o i d  cell m e m b r a n e .  I n  th i s  connec t ion ,  
i t  is i n t e r e s t i n g  to no te  t h a t  t he re  is an  a c c u r a t e l y  l inear  

r e l a t i onsh ip  b e t w e e n  t h e  q u a n t i t i e s  of choles terol ,  a n d  
free f a t t y  ac ids  w i t h i n  each  of l ympho idce l l s  f r o m  t h y m u s ,  
spleen a n d  m e s e n t e r i c  l y m p h  node  of mice  (Figure)10 

Summary. G r o w t h  of E h r l i c h ' s  asci t ic  c a r c i n o m a  in 
mice  r e su l t ed  in increase  of free choles tero l  a n d  free f a t t y  
ac ids  in l y m p h o i d  cells f r om t h y m u s ,  spleen a n d  cerv ica l  
l y m p h  node,  b u t  decrease  of t he se  l ipids in t h e  cells f rom 
m e s e n t e r i c  l y m p h  node .  
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D e p r e s s i o n  of H u m o r a l  and  C e l l - M e d i a t e d  I m m u n e  R e s p o n s e s  b y  C o x s a c k i e v i r u s e s  in  M i c e  

Viruses  be long ing  to  va r i ous  g roups  h a v e  been  s h o w n  
to i m p a i r  t h e  imn luno log ica l  r e spons ivenes s  of t he  hos t ,  
b u t  a t t e n t i o n  h a s  m a i n l y  been  focused  on v i ruses  h a v i n g  
l i t t le  or no clinical  r e levance  in h u m a n s  ~-a. 

P a t i e n t s  s i m u l t a n e o u s l y  infec ted  w i th  po l iov i ruses  a n d  
g ro u p  A coxsack iev i ruses  are more  severe ly  a f fec ted  b y  
pa r a ly t i c  po l iomyel i t i s  t h a n  p a t i e n t s  in fec ted  w i t h  polio- 
v i ruses  alone4-% Th i s  p o t e n t i a t i o n  of t he  pa tho log ica l  
effects  of po l iov i ruses  ha s  f ound  e x p e r i m e n t a l  s u p p o r t  in 
m o n k e y s  s. F u r t h e r m o r e ,  cases  of a s soc ia t ion  b e t w e e n  
Pneumocystis carinii p n e u m o n i a  and  coxsack i ev i ru s  B 
infec t ion  h a v e  been  descr ibed .% These  o b s e r v a t i o n s  s u g g e s t  
t h a t  also coxsack iev i ruses  m i g h t  depress  t he  i m m u n e  
f u n c t i o n s  of the  hos t .  

To t e s t  t h i s  poss ib i l i ty ,  we s tud ied  t he  i m m u n o l o g i c a l  
r e a c t i v i t y  of a d u l t  mice  infec ted  w i t h  all m e m b e r s  of 
g roup  B or w i th  se lected m e m b e r s  of g roup  A coxsack ie -  
v i ruses  u n d e r  cond i t ions  of mu l t ip l e  an t igen i c  s t i m u l a t i o n ,  
wh ich  were t h o u g h t  be t t e r  to  m i m i c  w h a t  m a y  h a p p e n  in 
n a t u r a l  infect ions .  T h e  a n t i b o d y  r e sponses  a g a i n s t  two 

u n r e l a t e d  an t igens ,  po l iov i rus  1 a n d  sheep  red blood ceils 
(SRBC),  a n d  a ce l l -med ia ted  reac t ion ,  c o n t a c t  s e n s i t i v i t y  
to 4 - e t h o x y m e t h y l e n e - 2 - p h e n y l  oxazolone  (oxazolone),  
were used  as mon i to r s .  

Materials and methods. F e m a l e  Swiss  mice aged  12-18  
weeks  were used  t h r o u g h o u t  a n d  as s igned  to t h e  d i f f e r en t  
e x p e r i m e n t a l  g roups  a t  r a n d o m .  Coxsaek iev i ruses  B a n d  
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Table I. Effect of coxsackievirus infection on the circulating antibody response of mice to different antigens 

Circulating antibody to 

Infecting No. of mice Sheep red cells ~ 
eoxsackievirus 

lysins agglutinins Poliovirus b 

Homologous 
coxsackie- 
virus ~ 

A-13 7 463 565 7 18 
A-15 7 287 o 282 o 3 o 11 
A-18 7 623 688 6 7 
B-1 7 ND a ND 0 ~ 304 

�9 B-2 7 839 927 2 ~ 10 
B-3 12 175 ~ 225 ~ 3 ~ 27 
B-4 12 180 c 202 ~ 5 c 26 
B-5 8 608 662 6 25 
B-6 12 191 c 228 o 9 20 

Controls 36 564 612 32 ND 

~Geometric mean of the reversal of the highest dilution giving neutralization. Significance of the differences assessed by the t-test, bNumber 
of mice with neutralizing antibody detectable in serum diluted 1:5. Significance of the differences assessed by the Z 2 test. cThe difference 
with the controls is significant at p < 0.05. aND, not done. 
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Table II. Effect of coxsackievirus infection on the splenic antibody-fornfing cell response of mice to sheep red cells 

Antibody-fornfing cells/spleen 
Infecting No. of mice 
coxsackievirus Geometric mean 95 % Confidence limits 

A-13 6 90,600 46,200-117,400 
A-15 7 63,400 �9 38,400-104,500 
A-18 6 122,200 52,000-287,100 
B-1 6 108,200 35,000-334,200 
B-2 6 168,700 86,900-327,300 
B-3 10 46,900 ~ 16,700-131,700 
B-4 12 65,400 28,500-150,000 
B-5 6 144,600 79,600-262,400 
B-6 10 53,200 ~ 24,300-116,400 

Controls 29 107,600 81,900-141,300 

aThe difference with the controls is significant at p < 0.05 (t-test or ~{ann-Whitney U-test). 

pol iovirus 1 were grown on H e L a  cells and coxsackie-  
viruses A on K B  cells in serum-free  med ium and  t i t r a t e d  
as previous ly  descr ibed 10,11. Direc t  haemoly t i c  an t i body -  
forming  ceils to SRBC were assayed  by  the  m e t h o d  of 
Jerne,  as prev ious ly  descr ibed 1~. Con tac t  sens i t iv i ty  was  

: es tab l i shed  b y  app ly ing  0.2 ml  of 2% oxazolone (BDH 
Chemicals L td ,  Poole, England)  in absolute  e thano l  to  
t he  skin of t he  abdomen ,  and  q u a n t i t a t e d  by  chal lenging 
the  ears wi th  1% oxazolone in olive oil and measur ing  the  
increase of ear th ickness  24 h later,  as previous ly  de- 
scr ibed 13. Neutra l iz ing  an t ibodies  were t e s t ed  aga ins t  
100 TCDs0 (tissue cul ture infect ions dose 50) of virus1~ n 
and  haemoagglu t in ins  and  haemolys ins  aga ins t  1% SRBC. 

The design of the  expe r imen t s  was as follows: d a y  0: 
groups of mice  were  infec ted  b y  i.v. inoculat ion of 104 
TCDs0 of coxsackievirus  in 0.2 ml. 1 contro l  group 
received ex t rac t s  of t l e L a  or NB cells d i lu ted  as in t he  
p repa ra t ion  of t he  virus  inocula,  and  2 contro l  groups  
were lef t  un t r ea t ed .  D a y  1: infec ted  and  contro l  groups  
were  immunized  i.p. w i th  3 • 106 TCDs0 of pot iovirus  1 in 
0.5 ml. D a y  5: all groups  excep t  1 u n t r e a t e d  cont ro l  
group to  be used as base  line for aspecific i n f l a m m a t o r y  
response  to  challenge,  were  pa in t ed  wi th  oxazolone,  
Day  8 : all an imals  were i.v. immunized  wi th  i • 10 s SRBC 
in 0.2 ml. D a y  10: all g roups  were  t e s t ed  for sens i t iv i ty  
to  oxazolone.  D a y  12: all mice were  bled and  the i r  spleens 
indiv idual ly  t e s t ed  for an t ibody- fo rming  cells. The sera 

were  frozen to  be ind iv idua l ly  assayed  for an t ibodies  to 
pol iovirus  1, to  t he  homologous  coxsackievirus  and  to  
SRBC in the  subsequen t  days.  

Results .  The resul ts  o b t a i n e d  in var ious  expe r imen t s  
are pooled in Tables I, II ,  and  I I I ,  where  t he  d a t a  re la t ive  
t o  the  cont ro ls  receiving cell ex t r ac t s  or left  u n t r e a t e d  are 
given together ,  since t h e y  showed no s ignif icant  diIferences 
in immunologica l  reac t iv i ty .  

The a n t i b o d y  response  to  SRBC was  s ignif icant ly  
depressed  in mice infec ted  wi th  coxsackievirus  B-3, B-4, 
B-6 and  A-15. This  depress ion  was  ev iden t  a t  t he  level 
of b o t h  the  n u mb er s  of haemoly t i c  an t ibody- fo rming  
cells in t he  spleen and  of t i t res  of c i rculat ing agglut in ins  
and  lysins. The a n t i b o d y  response  elicited by  poliovirus 
1, which  does no t  repl icate  in mice, was general ly  low, 
b u t  was s ignif icant ly  reduced  by  pre infec t ion  w i t h  cox- 
sackievirus  B- l ,  B-2, B-3, t3-4 and  A-15. Contac t  sen- 
s i t iv i ty  to  oxazolone was decreased b y  coxsackievirus  B-3 
infect ion only. 
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Table III. Effect of eoxsackievirus infeetiorI on the contact sensitivity response of mice to oxazolone 

Colxtact sensitivity �9 
Infecting No. of mice 
coxsackievirus Geometric mean 95% Confidence limits 

A-15 7 10.00 5.54-17.95 
A-18 7 10.72 6.56-17.50 
B-1 7 8.71 4.66-16.29 
B-2 7 10.23 6.05-17.30 
B-3 11 4.93 b 3.95- 6.17 
B-4 12 8.59 6.12-12.05 
B-5 8 7.83 5.15-11.91 
B-6 8 8.07 6.14-10.62 

Controls 
Sensitized 36 10.52 8.79-12.59 
Unsensitized 14 1.16 0.75-1.79 

~Increase of ear thickness at 24 h after challenge in units of 10 -3 cm. ~The difference with the controls is significant at p < 0.05 (t-test) 
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All the  groups  of mice p roduced  a n t i b o d y  t oward s  the  
homologous  coxsackievirus  used for infection.  There  was 
no corre la t ion be tween  the  e x t e n t  of th is  response  and  
depress ion  of im mune  response  towards  he tero logous  
ant igens .  

Discussion. Coxsackieviruses  display a p r o m i n e n t  age- 
d e p e n d e n t  pa thogen i c i t y  in mice ,  adul t s  being re la t ively  
res i s tan t .  Never theless ,  infect ion of adul t  mice wi th  6 ou t  
of the  9 sero types  examined  exe r t ed  a s ignif icant  depress ion 
of t he  im m une  reac t iv i ty  of the  hos t  to unre la ted  ant igens .  
Coxsackieviruses  A-15, B - l ,  B-2, B-4 and  B-6 depressed  
the  a n t i b o d y  response  to e i ther  SRBC or poliovirus 1 or 
b o t h  and  coxsackievirus  B-3 depressed the  ce l l -media ted  
c o n t a c t  sens i t iv i ty  to  oxazolone,  as well as the  humora l  
responses .  

The  d a t a  collected so far do no t  give m u c h  ins ight  on 
the  m e c h a n i s m  of t he  immunodepress ion  observed.  The  
lack of corre la t ion be tween  occurrence of immu n o -  
depress ion  and  e x t e n t  of a n t i b o d y  response  to t he  cox- 
sackievirus  used for infect ion seems to  exclude immu n o -  
logical compe t i t i on  and  suggests  a less aspecific mode  of 
act ion.  Coxsackieviruses have  been de tec ted  in t he  
spleen14 ~7 and  in l y m p h  nodes  ~4 of adul t  mice for several  
days  af ter  infect ion,  b u t  i t  is no t  known whe th e r  the  
presence  of virus  resul ts  f rom local repl icat ion or f rom 
dra inage  of o the r  organs.  In  one s tudy  iv, no microscopical  
lesions suggest ive  of virus repl icat ion were seen in the  
spleen;  in ano the r  s t u d y t S  ex tens ive  degenera t ion  
of t h e  l y m p h o i d  e lements  of t he  t h y m u s  were observed 
b u t  were  a t t r i b u t e d  to i n t e r cu r r en t  reovirus  infection.  
F u r t h e r  s tudies  t h a t  m i g h t  clarify t he  mechan i sm of 
immunodepres s ion  are u n d e r w a y  in th is  labora tory .  

"Whatever the  mechanism,  young  mice, which  are more  
sens i t ive  to coxsackieviruses,  should conce ivably  be more  
severe ly  immunodepres sed  t h a n  adul t  mice. In  th is  con tex t  
it  should  also be considered t h a t  the  process  of immuno-  
logical m a t u r a t i o n  wi th  ageing can be more  dras t ica l ly  
impa i red  by  viral  infect ions  t h a n  fully es tabl ished 
immunologica l  r eac t iv i ty  12. 

An i m p a i r m e n t  of i m m u n e  funct ions  m i g h t  occur also 
in t he  course of h u m a n  coxsaekievirus  infect ions and so 

expla in  the  clinical observa t ions  referred  to  in t he  
in t roduc t ion .  Moreover ,  it  m i g h t  he lp  to  expla in  t he  
poor  serological responses  to live pol iovirus  vaccines  in 
chi ldren excre t ing  enteroviruses1% a p h e n o m e n o n  t h a t  
so far  has  no t  been  sa t is fac tor i ly  unde r s tood  ~0 Coxsackie- 
viruses  have  been  impl ica ted  in t he  ae t io logy of congeni ta l  
h e a r t  ma l fo rma t ions  St. The p r e s e n t  f indings sugges t  t h a t  
infect ion of the  embryo  wi th  these  vi ruses  migh t  also be 
responsible  for congeni ta l  immunologica l  defects ,  in 
ana logy to  w h a t  can h a p p e n  in in t r au te r ine  rubel la  
infec t ion  22. 

Summary. Adul t  mice infec ted  wi th  coxsackieviruses  
A-15, B- l ,  B-2, B-4 and  B-6 showed depressed  a n t i b o d y  
responses  to unre la ted  an t igens ;  mice infected wi th  
coxsackievirus  B-3 deve loped  reduced  humora l  and  cell- 
med ia t ed  i m m u n e  responses.  These  f indings  m i g h t  have  
clinical and epidemiological  impl icat ions .  
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A n t i g e n i c  H e t e r o g e n e i t y  a m o n g  M o n o c l o n a l  IgM: O b s e r v a t i o n s  on  G u i n e a - P i g  Sera  

Antigenica l ly  d i s t inc t  subclasses of immunoglobul ins  
have  been del ineated for IgG 1, 2 and IgA a-5, and found  to 
depend  on s t ruc tura l  differences.  The s i tua t ion  regard-  
ing IgM is, however ,  still  unclear.  Ant igenic  differences 
have  been  repor ted  by  several  inves t iga tors  6-~~ b u t  no 
corre la t ion be tween  the  groups found in di f ferent  labora-  
tor ies  has  emerged.  In  t he  p resen t  s tudy,  ant igenic  
subgroups  were sought,  ut i l izing monoclonal  componen t s  
f rom h u m a n  sera and  ant i sera  raised in guinea-pigs,  
since observa t ions  w i t h  %-macroglobul in  an t i se ra  had  
indica ted  guinea-pigs to be more  sens i t ive  to ant igenic  
differences in pr imates ,  t h a n  are r a b b i t s n .  

Material and methods. Sera f rom 54 pa t i en t s  w i th  
e lec t rophore t ica l ly  de tec ted  IgM bands  were used, which  
h a d  been  kep t  frozen a t  - -20~ for periods up to 5 years.  
M-componen t s  were  isolated by p repa ra t ive  electro-  
phores is  in agarose gel, followed by  gel f i l t ra t ion on 
Sephadex  G 200. Immunoe lec t rophores i s  and Ouch te r lony  
double  diffusion was pe r fo rmed  in 1% agarose on 25 • 75 
m m  glass slides. Guinea-pigs in groups of 3 were immunized  
by  s.c. inject ion wi th  50 ~zg of an t igen  in comple te  F r e u n d ' s  
a d j u v a n t  a t  weekly  intervals .  In  all, 9 ant igens  were  
used for immuniza t ion .  The animals  were sacrificed 4 

weeks af ter  the  s tar t ,  and exsangu ina ted  by  hea r t  
punc ture .  The yield was up to 12 ml of blood. Absorp t ions  
were pe r fo rmed  a t  37~ for 1 h and  4~ for 15 h. 2 
animals  in each of 2 groups were lost dur ing the  immuniza-  
t ion  and thus  left  no ant i serum.  
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