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Summary. - T h e  e f f e c t  o f  d i f ferent  natural and synthetic  immuno-
modulators  on t h e  spontaneous  interferon (IFN) synthes is  by 
freshly isolated resident peritoneal cells o f  BALB/c, NZB and C3H 
mice w a s  investigated. Actinomycetal  glycolipids isolated f rom 
Curtobacterium betae, Faenia rectivirgula, Rothia dentocariosa a n d  

Saccharopolyspora hirsuta at the  concentration 1-20  / i g / m \  w e r e  
f o u n d  to potentiate the  IFN synthes is  by  the  peritoneal cells o f  
BALB/c mice. Similar results  w e r e  obtained w h e n  dsRNA, LPS o f  
Shigella sonnei and lipid A isolated f rom t h e  LPS w e r e  used.  T h e  
e f fec t  o f  potentiation o f  the  physiological IFN production by the  
immunomodulators  was  observed  also in the  cells o f  C3H and NZB 
mice. In contrast, the  inhibition o f  the  IFN synthes i s  w a s  observed  
w h e n  the  peritoneal cells of  BALB/c and NZB mice w e r e  treated 
with imuthiol at concentration 0.1-10 ^ g / m l .  Thymomodul in  
(TFX-Polfa)  at concentration o f  1-100  /ig/ml had no  e f fec t  on the  
spontaneous  IFN production. 
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Introduction 

Peritoneal, alveolar and other t i s sue  macrophages have  been  recognized as  
t h e  cells which release continuously alfa and beta IFNs in healthy h u m a n  and 
animal organisms (Khan  et ai, 1989; Bocci, 1987). T h e s e  IFNs synthesized 
locally, together  with several  other cytokines, modi fy  the  properties of  many 
di f ferent  cell types  and regulate their proliferation, differentiation, maturation 
and various functions.  S o m e  o f  t h e  cells i.e., peritoneal and alveolar macro­
phages  re lease  small  a m o u n t s  of  I F N  w h e n  t rans fe r red  t o  in vitro cu l tu re  condi ­
t i ons  (Blach-Olszewska,  1987a; Paulesu  et ai, 1987). 

W e  h a v e  f o u n d  t ha t  t h e  syn thes i s  o f  physiological I F N  is u n d e r  t h e  control  o f  
subs t ances  which  a r e  re leased by mac rophages  (Blach-Olszewska,  1986,1987). 
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T h e  n a t u r a l  r e g u l a t o r s  m a y  i n f l u e n c e  t h e  l e v e l  o f  I F N  s e c r e t e d  b y  t h e  c e l l s .  I f  
t h e  m a c r o p h a g e s  r e l e a s e d  m o r e  i n h i b i t o r ,  t h e  l e v e l  o f  I F N  s y n t h e s i s  m a y  b e  
l o w  o r  e v e n  u n d e t e c a b l e .  O n  t h e  o t h e r  h a n d ,  i n  t h e  a b s e n c e  o f  t h e  i n h i b i t o r  t h e  
t i t r e  o f  I F N  m a y  b e  h i g h .  P e r i t o n e a l  c e l l s  m a y  p r o d u c e  d i f f e r e n t  l e v e l s  o f  t h e  
I F N  r e g u l a t o r s  a n d  a s  t h e  r e s u l t ,  t h e y  m a y  r e l e a s e  d i f f e r e n t  a m o u n t s  o f l F N  e . g .  
b e t w e e n  < 2 - 5 1 2  u n i t s / m l .  S u c h  v a r i a b l e  I F N  l e v e l s  h a v e  b e e n  o b s e r v e d  i n  t h e  
i n d i v i d u a l  m i c e  d e r i v i n g  f r o m  t h e  s a m e  c o l o n y  a n d  h a v i n g  t h e  a g e  o f  6 - 8  w e e k s .  
A p a r t  f r o m  t h i s ,  t h e r e  i s  a m o r e  g e n e r a l  d i f f e r e n c e  in t h e  a b i l i t y  o f  m o u s e  
s t r a i n s  t o  p r o d u c e  I F N .  S o m e  o f  t h e m  a r e  g o o d  p r o d u c e r s  o f  p h y s i o l o g i c a l  I F N  
( B A L B / c ,  N Z B ,  D B A / 2 )  w h e r e a s  s e v e r a l  o t h e r  s t r a i n s  e . g .  C 3 H ,  A K R ,  C B A a r e  
p o o r  I F N  p r o d u c e r s  ( B l a c h - O l s z e w s k a ,  1 9 8 7 a ) .  It i s  o f  i n t e r e s t  t h a t  t h e  p o o r  
p r o d u c e r s  h a v e  h i g h  a c t i v i t y  o f  t h e  i n h i b i t o r s  o f  I F N  p r o d u c t i o n  a n d  t h e y  
u s u a l l y  d e v e l o p  h i g h  p e r c e n t a g e  o f  s p o n t a n e o u s  t u m o u r s .  

In v i e w  o f  t h e  d i s t u r b a n c e s  in t h e  r e g u l a t i o n  o f  p h y s i o l o g i c a l  I F N  l e v e l s  t h e  
q u e s t i o n  a r i s e s  i f  it i s  p o s s i b l e  t o  m o d u l a t e  t h e i r  r e l e a s e  b y  i m m u n o m o d u l a -
t o r s .  W e  h a v e  s t u d i e d  t h e  e f f e c t s  o f  t h e  s u b s t a n c e s  d e r i v e d  f r o m  b a c t e r i a ,  
t h y m u s  a n d  s y n t h e t i c  c o m p o u n d s  o n  t h e  p r o d u c t i o n  o f  p h y s i o l o g i c a l  I F N  i n  
m i c e .  

Materials and Methods 

Imitation of phage dsRNA. The dsRNA was obtained from Escherichia co/i strain Q13 infected 
with ambermutant susn bacteriophage f2. Mutant susn contained nonpolar ambermutation in 
the cislron of membrane protein that leads to abundant accumulation of the replicative forms of 
phage. The routine phenol DNA extraction method was used. Cellular DNA was digested by 
DNase. Deproteinisation of the fraction resistant to RNase A was performed with chloroform in 
the presence of 5 % suspension ofbentonite and 0.05 % of sodium dodecylsulphate (SDS). Isopro-
panol was used for fractionation. The process was performed at 5-10 °C and a 2 g/1 concentration 
of nucleic acid was achieved by precipitation with 0.3 mol/l  solution of sodium acetate. Sediment 
of high molecular dsRNA obtained after centrifugation was washed with a mixture o f0 .5  volume 
of isopropanol and one volume 0.3 mol/l  sodium acetate. The  sediment was dissolved in water. 
5 % suspension o fben ton i t e  was added and it was dialysed against water for 48 hr. Bentonite was 
removed by ultracentrifugation at 30 000 g, 90 min. The  physicochemical properties of the dsRNA 
were described (Lozha el al., 1981; Feldmane  el at., 1984). 

Glycolipids were prepared from the following bacterial strains: Curiobacterium betae ATCC 
(American Type Culture Collection) 1347, Faenia reclivirntila IMRU (Waksman Institute of 
Microbiology Collection, Rutgers University) 1258, Rothia denlocariosa LL-Pba2 (Lechevalier's 
Collection, Waksman Institute of Microbiology), Saccharopolyspora hirsuta K52 (received from 
M. Goodfellow, The University of Newcastle, United Kingdom). The  biomass of the strains was 
obtained as described by Mordarska (1985-1986). Wet cells were extracted with chloroform-me-
thanol (2:1, v/v) at 30 " C  for 12 hrs. The  crude lipids were fractionated on a column of HI-Flosil 
(60-200 mesh) using successively reagent grade chloroform, aceton and methanol. The  glycolipid 
tractions present in the acetone cluates were purified by preparative thin-layer chromatography 
(TCL) accomplished on plates coated with silica gel PF 254 and the solvent system: chloroform-
mcthunol-watcr (65:25:4, v/v). The  preliminary analysis on the chemical character of the glycoli­
pids indicated that they were diglycosyl diglycerides (Mordarska, 1985-1986). For IFN induction 1 
ml ol phosphate buffered saline (I'HS) was added to I mg o f p u r e  glycolipid fraction and than soni­
cated. 
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Isolation of lipopolysaccharide. Shigella sonnei and lipid A:  Shigella sonnei phase I strain 9773 
derived from Dysentary Reference Laboratory, London, was used. The bacteria were grown at 
37 °C in a synthetic minimal medium containing casein peptone (0.5%) and nicotinic acid 
(0.00001 %). T h e  cultures were aerated by shaking. After growth for 24 hrs at 37 °C the bacteria 
were harvested by centrifugation, washed three t imes with phosphate buffered saline and finally 
dried in acetone. LPS was isolated f rom the  bacterial dry mass by the  fenol - water method 
(Westphal el a!., 1952) and purified by column chromatography on Sepharose 2b (Romanowska, 
1970). 

Lipid A was prepared by 1 % acetic acid hydrolysis of the  LPS at 100 °C for 1.5 hr. T h e  sediment 
of lipid A was washed three times with water and then dried. Complex lipid A and bovine serum 
albumin (BSA) was prepared according to Galanos  et al. (1971). 

Sotlium diethyldithiocarbamate (DETC, imuthiol) was provided by Merieux. It was dissolved in 
PBS. 

Thymomodulin (TFX) was a product of Thymoorgan-GmbH Pharmazie Co.KG D-3387 
Vienenburg, Germany,  licenced by Polfa-Jelenia Góra, Poland. 

L929 mouse fibroblasts were used for EMC virus multiplication and IFN titration. They were 
cultured in Eagle's medium (MEM) supplemented with 10 °/o of heat inactivated calf serum (C.S.) 
and antibiotics: penicillin and streptomycin. 

Female BALB/c/Iiw, NZB/liw, C3H/liw, inbred mice, 8 weeks old were obtained f rom Animal 
Breeding Center  of this Institute. 

Encephalomyocarditis virus (EMCV) was propagated in L 9 2 9  cells and stored at 4 °C. It was used 
as challenge virus in IFN titration. 

IFN production and assay. Mouse resident peritoneal cells were washed off f rom the  peritoneal 
cavity of mice with 5 ml of MEM supplemented with 10 % heat inactivated calf serum. Cell suspen­
sion (2xl06cells/ml) was distributed in volumes of 0.5-1.0 ml into several glass tubes with rubber 
stoppers and incubated at 26 °C for 24 hrs. The  cultures were centrifuged and the supernatants 
were assayed for IFN activity by inhibition of cytopathic affect caused by EMCV in L929 cells 
cultured in 96-well Falcon microplates. Mouse IFN-/? from National Institute of Health, 
Bethesda, was used as reference standard (G002-904-511) included in all titrations. 

Fig. 1 
Influence of actinomycetal glycolipids on 
the physiological production of inter­
feron by peritoneal cells of BALB/c mice 
Suspension of peritoneal cells isolated 
from individual mice  ( 2 x ] 0 6  cells/ml) 
was distributed to several tubes and 
treated with glycolipids of Faenia rectivir-
gula (©), Saccharopolyspora hirsuta (©), 
Rothia dentocariosa ( ® )  and  Curtobacte-
rium betae (©) .  Each experiment 
included nontreated control cells ( * F ,  
•R, #S,  0C).  After 24 hrs of incubation at 
26 ° C  the media were assayed for IFN 
activity. * according to median test 
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Fig. 2 
EÍTect of dsRNA on the synthesis of 
physiological interferon by peritoneal 

cells isolated from BALB/c mice 
O - cells treated with dsRNA, • - control 
cells, 'according to median test. Forother 
details see Fig. 1. 

Results 

W e  fo l lowed the  e f f e c t s  o f  natural  a n d  synthet ic  i m m u n o m o d u l a t o r s  on  
physiological  IFN production b y  f r e s h l y  isolated, res ident  peritoneal macrop­
h a g e s  in B A L B / c  m i c e .  W e  f o u n d  t h a t  B A L B / c  m i c e  a r e  t h e  m o s t  s tab le  a n d  
b e s t  p r o d u c e r s  o f  t h i s  t y p e  o f  I F N  o f  all m o u s e  s t ra ins  s o  fa r  t e s t e d  (B tach -Ols -
zewska ,  1987a). W e  h a v e  a l so  d e t e r m i n e d  t h e  op t ima l  c o n d i t i o n s  f o r  t h e  
physiological  I F N  p r o d u c t i o n  wh ich  m a y  n o t  b e  t h e  s a m e  a s  f o r  I F N  i n d u c t i o n  
(B lach -Olszewska ,  1979). In  all p r e s e n t  e x p e r i m e n t s  w e  u s e d  u n s e p a r a t e d  
f r e s h  pe r i tonea l  cel ls  s u s p e n d e d  in c u l t u r e  m e d i u m  a t  a c o n c e n t r a t i o n  o f  2 x l 0 6  

ce l l s /ml .  T h e  i m m u n o m o d u l a t o r s  w e r e  a d d e d  s o o n  a f t e r  p repa ra t ion  o f  cel ls  
a n d  t h e y  w e r e  c u l t u r e d  a t  26  ° C  f o r  2 4  hrs .  

Fig.  1 s h o w s  t h e  r e su l t s  o f  ac t ion  o f  4 d i f f e r e n t  ac t inomyce ta l  glycolipids o n  
I F N  p r o d u c t i o n .  T h e  p repa ra t ions  w e r e  f o u n d  t o  e n h a n c e  t h e  physiological  

Table 1. Influence of immunomodulators of bacterial and viral origin on physiological interferon 
production by peritoneal cells of BALB/c mice 

Immunomodulator  Effective concentrations* 
^ g / m l  

Potentiation effect* 

Actinomycetal glycolipids 
LPS Shigella sonnei 
Lipid A 
dsRNA 

1 - 20  
1 - 10 

1 - 10 

0.5 - 10 

4 - 3 2  times 
2 - 1 6  times 
2 - 8  times 
4 - 3 2  times 

*Thc concentrations of immunomodulators which cause potentiation of the spontaneous IFN 
production; **Thc litres o f l F N  in cells treated with immunomodulators were compared with IFN 
levels in control nontreatcd cells. 
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Fig. 3 
Effect of imuthiol on physiological IFN 
production by peritoneal cells of BALB/c 

mice 
A - cells treated with imuthiol, A -
control nontreated cells. For other details 
see Fig. 1. 

IFN production by m o u s e  peritoneal cells. Enhancement  o f  t h e  IFN synthes i s  
by peritoneal cells w a s  also observed  w h e n  dsRNA at concentration 0.5-10 
/ig/ml w a s  added (Fig. 2). T h e  s a m e  results  w e r e  obtained w h e n  either LPS or 
lipid A f r o m  Shigella sonnei w e r e  g iven t o  t h e  cells (data not  shown).  A l l  results  
are summarized  in Table  1. T h e  e f fect ive  concentrations o f  immunomodula-
tors which potentiated IFN production b y  2-32 fo ld  w e r e  1-20 //g/ml; there  w a s  
n o  strict dose  dependence within this  limits. It is worth pointing o u t  that t h e  
activities o f  t h e  d i f ferent  preparations w e r e  comparable.  In contrast, thymomo-
dulin (TFX) had n o  significant e f f e c t  on t h e  physiological IFN production 
w h e n  added to t h e  peritoneal cells at concentrations o f  1-100 ,ug/ml (Table 2). 
W e  h a v e  s h o w n  that titres o f  IFN in the  cells obtained f r o m  individual mice 
treated with T F X  varied in each exper iment  and in each mice and  there  w a s  n o  
dose-dependence  within t h e  range o f  1-100 ^ g / m l .  

Following t h e  e f fec t  o f  imuthiol  w e  f o u n d  unexpectedly that  it w a s  very  toxic 

Table 2. Production of physiological interferon by peritoneal cells of BALB/c mice treated with 
thymomodulin (TFX) 

TFX 
concentration 

//g/ml Exp.: 1 2 3 

Interferon level units/ml 

4 5 6 7 8 9 10 

0 32 256 64 32 16 8 16 256 16 64 
1 128 256 64 16 32 4 32 128 16 64 

10 128 128 128 16 32 4 32 128 16 64 
20 128 128 64 16 32 4 16 32 16 64 
50 128 128 64 16 64 4 32 32 32 32 

100 32 8 64 8 32 8 16 32 32 32 

For details see Fig. 1 
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Fig. 4 
Potentiation of the physiological IFN 
production by dsRNA in peritoneal cells 

of NZB and C3H mice 
O - cells treated with dsRNA, • - control 
nontreatcd cells. For other details see 
Fig. 1. 
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for  Ľ929 cells.  T h e  minimal  n o n - t o x i c  concentration o f  imuthiol  f o r  L 9 2 9 cells 
w a s  approximately 0.1 //g/ml. H o w e v e r ,  imuthiol  at concentration o f  1-100 
/ig/mi  w a s  not  toxic f o r  peritoneal  cells  o f B A L B / c  or  NZB mice.  Because  o f  i ts  
high toxicity f o r  L 9 2 9 cells which w e r e  u s e d  f o r  IFN titration, all materials  had t o  
b e  dialysed 3 - 4  t i m e s  against  PBS at constant  stirring. Imuthiol  inhibited t h e  
physiological IFN production b y  t h e  peritoneal  cells  o f  B A L B / c  mice at 
concentrations o f  ;>0.1//g/ml (Fig. 3). 

Because  strains o f  mice signif icantly d i f f e r  in production o f  t h e  physiological  
IFN w e  compared t h e  e f f e c t s  o f  d s R N A  and imuthiol  in N Z B  and C 3 H  mice.  

n . » . *  I P < 0 . 0 I *  I P <  0 . 0 0 0 ' *  

n 0.01 o.i i '0 
COMCI MIH AI KIM O t  IMIMHIOI I'q 

Fig. 5 
Inhibitory effect of imuthiol on inter­
feron production by peritoneal cells of 

NZB mice 
A -cells treated with imuthiol,  • - control 
cells. For other details see Fig. 1. 
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W e  h a v e  f o u n d  that  d s R N A  potentiate  t h e  IFN production in b o t h  N Z B  a n d  
C 3 H  m o u s e  peri toneal  cells  (Fig. 4). A s  in t h e  c a s e  o f  B A L B / c  mice,  imuthio l  
inhibi ted t h e  IFN s y n t h e s i s  in N Z B  mice,  b u t  at  a h i g h e r  concentration o f  
> 1 n g / m l  (Fig. 5). 

Discussion 

O u r  cons is tent  observat ion  is  that  d i f f e r e n t  i m m u n o m o d u l a t o r s :  bacterial  
glycolipids,  p h a g e  d s R N A ,  LPS o r  lipid A potentiated s p o n t a n e o u s  IFN 
production in peritoneal  cells  i rrespective o f  m o u s e  strain.  In contrast,  t h e  l o w  
molecular  i m m u n o m o d u l a t o r  - imuthiol  inhibi ted IFN s y n t h e s i s  w h e r e a s  
t h y m o m o d u l i n  h a d  n o  e f f e c t .  In addition, d s R N A  o r  imuthiol  m a y  a l so  r e g u ­
l a te  I F N  s y n t h e s i s  i n  C 3 H  a n d  N Z B  m i c e  w h i c h  appa ren t ly  h a v e  d e f e c t s  i n  t h e i r  
I F N  regu la t ion  s y s t e m  (B tach -Olszewska ,  1987a).  

A c c o r d i n g  t o  Skurkov ich  et al. (1987) I F N  m a y  i n t e n s i f y  a u t o i m m u n e  reac­
t i o n s .  D u r i n g  t h e  d e v e l o p m e n t  o f  d i sease  a n  a c i d - l a b i l e - I F N - l i k e  s u b s t a n c e  i s  
p r o d u c e d  (Borecký  et al., 1990). W e  a l so  h a v e  o b s e r v e d  high s p o n t a n e o u s  
production o f  IFN b y  peritoneal  cel ls  in v e r y  y o u n g  N Z B  m i c e  w h i c h  b y  ag ing  
d e v e l o p e d  haemolyt ic  a n e m i a  a n d  o t h e r  s y m p t o m s  o f  a u t o i m m u n e  disease .  
Inhibition o f  t h e  IFN product ion imuthiol  m a y  s l o w  d o w n  t h e  p r o g r e s s  o f  
d i sease .  

According  t o  o u r  resu l t s  t h y m o m o d u l i n  did  n o t  i n f l u e n c e  physiological  IFN 
production.  It can b e  expla ined  in t e r m s  o f  t h y m o m o d u l i n  action o n  T cells  b u t  
n o t  o n  macrophages,  w h i c h  are  respons ib le  f o r  a//?-IFN production (Skotnicki, 
1989). W e  d o  n o t  k n o w  w h e t h e r  th i s  regulat ion o f  IFN s y n t h e s i s  b y  i m m u n o ­
m o d u l a t o r s  in vitro is  equa l ly  e f f i c i en t  in vivo. H o w e v e r ,  o n e  m a y  s u g g e s t  t h a t  
con t ro l  o f  t h e  physiological  I F N  s y n t h e s i s  b y  a p r o p e r  i m m u n o m o d u l a t o r  is 
poss ib le  a n d  m a y  b e  the rapeu t ica l ly  u s e f u l .  
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