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Summary. — Coxiella burnetii ant igens  s t imulate  t h e  defence 
aga ins t  g r o w t h  of hepatoma 22a cells. The  antigen-stimulated 
mice s u r v i v e d  longer, t h e y  considerably later  developed palpable  
tumours  a n d  showed a retarded tumour  growth.  The  enhanced 
resistance t o  t u m o u r  growth  m a y  be  explained b y  a t  least 2 
interrelated phenomena; namely b y  t h e  induction of interferon-
like a c t i v i t y  and an increased NK cell ac t iv i ty .  
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Introduction 

From a g r e a t  m a n y  immunomodulators  described recently, several  are  of 
bacterial  origin, C. burnetii antigens being no exception (Brezina  et al., 
1908; K a z á r  and Schramek, J 979; 1984). I t  seemed reasonable, in this  context,  
t o  v e r i f y  whether  t h e  C. burnetii ant igens  would s t imulate  the  defence a g a i n s t  
hepatoma 22a  (MG 22a) cells a s  these had not  been y e t  used for  such in­
ves t iga t ion .  

Materials and Methods 

Antigen administration. C 3 H A  mice  weighing 14 i 1 g w e r e  c o m i n g  f r o m  t h e  b r e e d  " R a p a -
l o v o "  (Academy of Medical Sciences,  U .S .S .R . ) .  T h e y  were  g iven  t h e  co rpuscu la r  C. burnetii 
a n t i g e n  f r o m  p h a s e  1 cells ( f rom  Apodemus Jlavicollis s t r a i n  L u g o ,  passage  N o .  3) p r epa red  in  
ha t ched  e m b r y o s .  Fo rma l in - i nac t i va t ed  C. burnetii cells were  pur i f ied b y  di f ferent ia l  cent r i -
f u g a t i o n  a n d  o t h e r  t r e a t m e n t .  T h e  an t i gen  c o n t e n t  w a s  t e s t ed  b y  indirect  haemagg lu t ina t ion  
us ing  immunoglobu l in  c o a t e d  e r y t h r o c y t e s  (Tokarevich  et al., 1981); t h e  a n t i g e n  w a s  dissolved 
in p h o s p h a t e  buf fe red  sa l ine  ( P B S )  p H  7.4 a t  a concen t ra t ion  of 200 (xg/ml a n d  inocula ted  in t r a ­
p e r i t o n e a l ^  in a v o l u m e  of 0 . 5  m l .  

I nterJer on-like activity w a s  de t ec t ed  in t h e  s e r a  of a n t i g e n  rec ip ients  w i t h  t h e  mic romethod  
descr ibed b y  P a v h i s h i n a  a n d  Or lova  (1981) us ing  LQ20 cells inocula ted  w i t h  encepha lomyocard i t i s  
v i rus .  T h e  IFN- l iko  a c t i v i t y  w a s  expressed  in logo u n i t s  r ep resen t ing  íeciprocals of the  virus-
inhibiting serum dilution. T h e  serum from mice infected wi th  the  Newcastle disease v i rus ,  a n  
interferon (I FN) inducer, w a s  used a s  reference I F N  s t a n d a r d .  

Cytotoxic tent. A t  ear ly  interva l s  a f t e r  ant igen st imulation the  mice were  sacrificed a n d  spleno-
c y t e  suspension wore prepared removing  the  e r y t h r o c y t e s  b y  hacmolytic  shock.  T h e  natural  
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killer cell act iv i ty  w a s  determined a s  described b y  Hashimoto a n d  Sudo (1971). Established line 
of hamán erythroblastosis cells w a s  used a s  target  (K-562 cells). The  cells were cultured in RPMI-
1640 medium supplemented with  glutamine, 80 (ag/ml gcntamycine (Pharmachim, Bulgaria) 
and 1 0 %  foetal  calf serum (FCS). They  were labelled b y  adding of 110 k B q  3H-uridine (specific 
activity of 1.85 TBq/mmol, Isotop, U.S.S.R) f o r  2 h r  a t  37°C. T h e  r e s t  of t h e  label  w a s  removed  
b y  th ree  -fold washing a n d  low speed cen t r i fuga t ion .  

The cytotoxic test was  carr ied o u t  i n  t h e  m e d i u m  RPMI-1640  supp lemented  w i th  2 mmol/1 gluta­
mine,  1 0 %  FCS,  80 fxg/ml gen tamyc ine  a n d  20 mmol/1 H E P E S  p H  7.3 (Flow Laborator ies ,  U . K . ) .  
The  t e s t  w a s  per formed i n  domest ic  micropla tes  (Medpolymer,  Leningrad) .  E a c h  wall w a s  given 
0.1 m l  of nonf rac t iona ted  splenocyte  suspension (106 cells/ml) a n d  0 .1  m l  of t h e  labelled K-562 
cells (105  cells/ml). Control  wells d i d  n o t  receive t h e  splenocytes.  E a c h  sample  w a s  checked 3 
t imes.  T h e  mix tu re s  were incuba ted  i n  CO2 a tmosphere  f o r  18 h r  a t  37°C. T h e  con ten t  of t h e  wells 
was t h e n  t ransfer red  t o  p a p e r  filters, washed  w i th  physiological saline a n d  5 %  trichloroacetic ac id  
and  e thanol .  T h e  rad ioac t iv i ty  w a s  measu red  in  Mark-2  scint i l lat ion c o u n t e r  (Nuclear,  Chicago, 
U.S.A.).  T h e  cyto toxic  index  w a s  de te rmined  according t o  t h e  f o i m u l a :  

r ad ioac t iv i ty  of t h e  t e s t  sample  
C I 0 /  = ; x 100 / 0  rad ioac t iv i ty  of t h e  control  sample  

T u m o u r  inp lan ta t ion  t e s t  w a s  pe r fo rmed  b y  in t racu taneous  inoculat ion of 2 x 105 l iving hepa­
toma  cells i n to  t h e  sk in  of spine.  T h e  average  d iamete r  of t h e  t u m o u r s  w a s  measured  a t  g iven 
intervals un t i l  d a y s  25  — 28  post-inoculation (p.i.). The  number  of palpable tumours  w a s  counted 
and the death of the  animals w a s  registered. The  volume of the  tumours  w a s  calculated f rom 
V = 0.4 a x b 2 ,  where a and b corresponded to  the  largest  and smallest  diameter of each tumour.  
The results were evaluated b y  Student ' s  tes t .  

Results and Discussion 

Within  3 h r  p.i. of  C. burnetii ant igen t o  mice w e  f o u n d  a considerable 
increase of virus-inhibiting a c t i v i t y  in t h e  serum which resisted heat ing  t o  
56 °C, p H  2 a n d  w a s  considered f o r  IFN- l ike .  T h e  v i rus- inhib i t ing  a c t i v i t y  i n  t h e  
serum c u l m i n a t e d  b y  6 h r  p . i .  a n d  t h e n  i t  decreased (Fig.  1) be ing  u n r e -
cognisible a t  72 h r  p . i .  i n  compar i son  w i t h  non inocu la t ed  mice.  A t  t h i s  
in te rva l  t h e  I F N  t i t r e  w a s  lower  t h a n  3 log2-

Inocu la t ion  of t h e  C.  burnetii a n t i g e n  t o  mice  caused  a n  increase  of N K  
cell a c t i v i t y  (Fig.  2). T h e  cy to tox i c  i n d e x  of  t h e i r  sp lenocytes  increased  b y  
6 h r  p. i .  t o  42.9 -f- 9-2 a s  c o m p a r e d  t o  10 + 2.3 of non inocu la t ed  controls .  
La te r  on,  be tween  d a y s  1 — 4 p.i., t h e  cytotoxic  index  of  splenocytes  f r o m  t h e  
inoculated mice fluctuated b u t  i t  d id  n o t  di f fer  essential ly f r o m  t h a t  a t  d a y  6 

Fi|j.  1 
IFN-like act iv i ty  in t h e  sora of mice 
which were g i v e  C. burnetii antigen 
Abscissa: hr  post-inoculation; ordinate: 
IFN-like act iv i ty  (log2 of the  dilution 
reciprocals). 
Full line: inoculated mice; interruped 
line: control mice. 
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FIfl. 2 
A c t i v i t y  of NK cells in mice which were 

g iven  C. burnetii antigen 
Abscissa:  d a y s  post inoculation; ordinate: 
cytotoxic index (%).  

p. i. Thereaf ter  t h e  a c t i v i t y  of splenocytes decreased, b u t  on d a y  7 p.i. i t  has  
still  t w o  t imes exceeded t h e  control index.  Since d a y  8 p.i. t h e  cytotoxic  
index of splenocytes f rom antigen-inoculated mice did not  di f fer  f rom con­
t ro ls .  T h e  d y n a m i c s  of I F N  t i t r e s  a n d  of t h e  C I  o f N K  cells w a s  s imilar  t o  t h a t  
descr ibed b y  o t h e r s  (Brezina  et al., 1968; Macela  et al., 1985). 

Because  t h e  N K  cells a r e  t h o u g h t  t o  r ep resen t  t h e  first line of defense  
aga ins t  t u m o u r  g r o w t h ,  w e  a t t e m p t e d  t o  re la te  t h e i r  a c t i v i t y  t o  t h e  p ro ­
l i fera t ion of h e p a t o m a  22a cells in mice.  W h e n  h e p a t o m a  cells were  i np l an t ed  
b y  4 3  h r  a f t e r  C. burnetii an t i gen  inocula t ion ,  i.e. a t  t h e  t i m e  when  t h e  N K  
cell a c t i v i t y  h a s  increased,  t h e  mice showed prolonged survival ,  de layed 
t u m o u r  g r o w t h  a n d  l a te r  occurence of t h e  pa lpab le  t u m o u r s  (Fig. 3). I n  con-
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FIfl. 3 
Resu l t s  of t u m o u r  cell inp lanta t ion  in 
mice which were  given  C. burnetii (I) 

a n d  in control  mice ( I I )  
I - Abscissa: clays pos t - inplanta t ion;  ordi­
n a t e :  n u m b e r  of mice ( % ) .  
Curves show t h e  percentage of mice 
developing t u m o u r s  in t h e  C. burnetii 
ant igen  recipients  (1) a n d  in t h e  controls  
( 2 ) .  
E m p t y  columns:  percentage  of immuni­
zed survivors ;  h a t c h e d  columns:  survi­
v ing  cont ro ls (%).  
I I  • Abscissa:  d a y s  post-inplantation. 
ordinate: volume of the tumours (mm 3); 
Eacli point represents the mean of 5 
measurements in 10—12 mice. 
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t ras t ,  when leukosis cells were  inplanted a t  interva l s  showing  unchanged 
N K  cell act iv i ty ,  i.e. since d a y  8 post-injection of t h e  C. burnetii antigen, 
no influence on t h e  g r o w t h  of t h e  tumour  cells w a s  noticed. 

I t  seems, therefore, t h a t  inoculation of t h e  C. burnetii antigen e x t r a c t  m a y  
influence t h e  g r o w t h  of hepatoma 22a cells in mice. T h e  resu l t s  al low t o  
assume t h a t  t h e  increased resistance t o  t u m o u r  cells in  mice which h a d  been 
g iven t h e  C. burnetii antigen could b e  explained b y  a t  l e a s t  t w o  related 
circumstances:  induction of IFN-like a c t i v i t y  a n d  a n  increased N K  cell act iv ­
i t y .  A f t e r  inocula t ion  of t h e  C. burnetii an t igen ,  t h e  mice  developed e l eva ted  
I F N  levels i n  t h e i r  s e r u m  cu lmina t ing  b y  6 h r  p . i .  I t  is k n o w n  t h a t  I F N  
a s  i m m u n o m o d u l a t o r  inf luences t h e  a c t i v i t y  of N K  cells enhanc ing  t h e  
nonspecific defense  (Chetver ikova  a n d  P o l y a k ,  1987). W e  observed  a qu i ck  
increase of N K  a c t i v i t y  (a l ready  a t  6 h r  p . i .  of t h e  an t igen)  w h i c h  m a y  h a v e  
been  associa ted  w i t h  t h e  inf luence of  I F N .  T h e  supposed  role  of N K  cells is  
under l ined  b y  t h e  f a c t  t h a t  t h e  M G  22a cells a r e  especially sensi t ive  t o  t h e i r  
cy to tox ic  effect  (Malgin a n d  Apre l ikova ,  1982). H o w e v e r ,  a n o t h e r  mechan i sms  
of a n t i t u m o u r  defence  could also b e  elicited b y  appl ica t ion  of t h e  C. burnetii 
an t igen  such  a s  s t imu la t ion  of mononuc lea r  phagocy t e s  (Kelly,  1977). 
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