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Summary. - In the blood of patients with rheumatoid arthritis and/or 
sclerodermia systematica usually acid-labile interferon-alpha (IFN-
alpha) was found. Blood leukocytes cannot be considered the source 
of  its production as they spontaneously produce IFN-gamma identi­
fied with specific antiserum. Blood leukocytes of tested patients 
generated  in vitro a reduced amount  of staphylococcus enterotoxin 
A-induced IFN-gamma and virus-induced acid-labile IFN-alpha. 
This  findings support the  assumption of impaired functioning of  T-
and B-blood cells in au to immune  diseases. T h e  production of 
Newcastle diseases virus-induced IFN-alpha and influenza virus-
induced acid-stable IFN-alpha by patients' leukocytes has not been 
altered. Acid-labile IFN-alpha obtained from the blood of tested 
patients, IFN-gamma spontaneously generated by leukocytes in vitro 
and acid-labile IFN-alpha produced by leukocytes in vitro following 
induction with influenza virus show similar sensitivity to  p H  2.0 and 
t ime patterns of the  antiviral state development in h u m a n  diploid 
fibroblast culture. 

Key words: autoimmune diseases; acid-labile interferon-alpha; sponta­
neous gamma interferon-alpha 

Introduction 

Auto immune  diseases (AID) cover a number  of complicated diseases insuffi­
ciently characterized in terms of their pathogenesis, and their aetiological agent. 
These  diseases impair intercellular interactions resulting in generation of 
antibodies to autological antigens (Ricci et a I.. 1988). Acid-labile IFN was 
detected in the blood of patients with A I D  (Skurkovich and Eremkina. 1975). 
Their  findings were confirmed by other  investigators showing that this IFN is of 
the alpha type (Hooks  et al„ 1979; Preble et al.. 1982). Conceivably, the 
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functioning of the IFN system in these patients was impaired. IFN, as a rule, was 
detected in the blood of healthy individuals. On the other hand, the reduced 
production of IFN-alpha and IFN-gamma by AID patients leukocytes has been 
reported (Shiozawa et al1988; Stolzenburg et al. 1988). Consequently, it 
appeared interesting to study the functioning of the IFN system in AID patients' 
with the aid of technique developed by us, namely to estimate the human 
leukocytes' capacity to produce in vitro influenza virus-induced acid-labile IFN-
alpha. 

Materials and Methods 

Leukocytes. Heparinized b l o o d  o f  10 patients wi th  rheumatoid  arthritis (RA).  10 patients w i t h  
sclerodermia systematica (SDS) and  10 d o n o r s  w a s  u s e d  in all exper iments .  Blood leukocvtes  w e r e  
isolated b y  erythrocytes  lys is  wi th  cooled 0.83 % solution o f  a m m o n i u m  chloride (in the  ratio o f  1:4) 
f o r  5-7  min.  Fol lowing  t w o  washing,  t h e  leukocyte concentration w a s  ad jus ted  to  4 x 10D cells/ml in 
2-fold Eagle's medium and supplemented with 10 °o foetal  calf s e r u m .  600 u g / m l  g lu tamine  a n d  50 g / m l  
gen tamycin .  

IFN inducers. T h e  fo l lowing  i n d u c e r s  w e r e  u s e d :  Newcas t l e  d i seases  v i rus  ( N O V ) ,  H s t ra in  (10 ' 5  

E I D 5 0 / m l ) ,  i n f l u e n z a  v i rus  (IV),  W S N  s t ra in  (10" E I D J 0 / m l )  a n d  s taphylococcal  e n t e r o t o x i n  A ( S E A )  
ob ta ined  t h r o u g h  t h e  cour t e sy  o f  P rof .  J u .  V .  E z e p c h u k .  T h e  l eukocy te  s u s p e n s i o n  w a s  i ncuba t ed  
wi th  N D V  (1 /10  v o l u m e )  f o r  2 4  h r  wi th  s u b s e q u e n t  acidif icat ion o f  t h e  s u p e r n a t a n t  w i t h  I N  H C 1  t o  
p H  2.0. O n  t h e  7 th  dav  t h e  p H  o f  m e d i u m  w a s  a d j u s t e d  t o  neu t r a l  w i t h  1 N N a O H .  Acid-labi le  ( I F N /  
A L )  a n d  acid-s table  ( I F N / A S )  I F N - a l p h a  w e r e  o b t a i n e d  b y  t h e  p r o c e d u r e  desc r ibed  previouslv  
(Scheglovitova  et al., 1990). A f t e r  t h e  i n c u b a t i o n  o f  l eukocy te  s u s p e n s i o n  wi th  I V  (1 /10  v o l u m e  ) f o r  
24 h r ,  a p o r t i o n  o f  t h e  s u p e r n a t a n t  w a s  t r ea ted  w i t h  /?-propiolactone (BPL)  in  t h e  final d i lu t ion  o f  
1:4000 at  4 ° C  f o r  2 4  h r .  T h e  res t  w a s  t r ea t ed  w i t h  1 N HC1 in t h e  s a m e  w a y  a s  t h e  N D V - i n d u c e d  I F N .  
BPL-t rea ted  mate r ia l  c o n t a i n e d  acid-labile  [ l N F / A L ( I V ) ]  a n d  acid-stable [ I F N / A S ( I V ) ]  I F N  c o m p o ­
n e n t s ;  t h e  mate r ia l  t r ea ted  w i t h  acid at  p H  2.0 c o n t a i n e d  on ly  acid-s table  c o m p o n e n t .  A f t e r  I F N  
induc t ion  w i t h  S E A  (1 / / g / m l )  [ ( I F N - g a m m a  (SEA) ]  t h e  l eukocy te  s u s p e n s i o n  w a s  i ncuba t ed  f o r  72 
h r  us ing  t h e  s u p e r n a t a n t  w i t h o u t  add i t iona l  t r e a t m e n t .  

IFN titration and typing. I F N  w a s  tes ted  in 96-well p la tes  w i t h  3 days-old m o n o l a y e r  o f  h u m a n  
diploid f ibroblas ts .  Two-fold d i lu t ions  o f  t h e  s a m p l e s  w e r e  appl ied in to  t h e  we l l s  a n d  a f t e r  2 4  h r  
cult ivation a t  3 7  ° C ,  100 CPE 5 ( )  o f  m u r i n e  encepha lomyoca rd i t i s  v i rus  w a s  a d d e d  t o  e a c h  well .  T h e  
resul ts  w e r e  r e c o r d e d  a f t e r  2 4  h r  cul t ivat ion at  3 7  UC. I F N  t i te r  w a s  d e f i n e d  a s  t h e  e n d p o i n t  d i lu t ion  
induc ing  5 0  % inh ib i t ion  o f  t h e  cv topa th ic  e f fec t  o f  100 C P E J 0  o f  t h e  indica tor  virus .  F o r  I F N  typing  
t h e  ant isera  t o  h u m a n  I F N - a l p h a  a n d  - g a m m a  o b t a i n e d  t h r o u g h  t h e  cour tesy  o f  Dr .  V .  I. Iovlev w e r e  
used .  T h e  m i x t u r e  o f O . l  m l  o f  t e s ted  mater ia l  w i t h  0.1 m i  o f  t h e  a n t i s e r u m  w a s  i ncuba t ed  at  37  «C f o r  
1 h r  wi th  s u b s e q u e n t  d e t e r m i n a t i o n  o f  t h e  res idual  antiviral  activity by t h e  r o u t i n e  p r o c e d u r e .  

T o  assess  t h e  t i m e  c o u r s e  o f  antiviral  s t a te  d e v e l o p m e n t  3 days-old m o n o l a y e r  o f  h u m a n  diploid  
f ibroblas ts  in  t h e  wel ls  w a s  e x p o s e d  t o  2-fold d i lu t ions  o f  t h e  s a m p l e  u n d e r  s t udy ,  a n d  100 CPE<(1 o f  
t h e  indicator  v i rus  w a s  a d d e d  1-24  h r  later.  T h e  resu l t s  w e r e  eva lua ted  rout ine lv .  T h e  level o f  t h e  
antiviral s ta te  deve loped  w i t h i n  24 h r  w a s  d e f i n e d  a s  100 V 

Results 

Patients with chronic RA and/or  SDS, aged 20-51. with the diseases duration 
varying from 1 to more  than 11 years entered the study. First of all. the capacity 
of leukocytes of these patients to  produce  in vitro IFN/AL (IV) was studied. One 
part of supernatant of the leukocyte suspension exposed to  IV after cultivation 
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for 24 hr was treated with BPL, while the other one was treated at pH 2.0. The 
test revealed the difference in the titers of BPL- and acid-treated materials. The 
BPL-treated samples contained the IFN/AL (IV) and indicated that the patients' 
leukocytes were able to produce IFN/AL-following IV induction. Next w e  
compared the capacity of RA and SDS patients and donors to produce IFN-
alpha (NDV), IFN-gamma (SEA), IFN/AL (IV) and IFN/AS (IV) (Table 1). The 
IFN/AL (IV) production by leukocytes of R A  and SDS patients proved to be 
lower as compared with the donors' leukocytes [5.7 ± 0.7, 5.4 ± 0.6 (patients)] 
and 7.28 ± 0.56 (control, respectively), the difference being statistically signifi­
cant. T h e  patients also appeared to  produce lower IFN-gamma (SEA) level: 
4.6 ±0.6,  4.7 ± 0 . 4  (patients) and 6.85 ±0.42 (control), respectively, the diffe­
rence being also statistically significant. Leukocytes of patients with R A  and SDS 
produced  in vino IFN-alpha (NDV) and I F N / A S  (IV) in the  same amount  as did 
donors '  leukocytes. 

W e  studied also the  t ime course of I F N / A L  (IV) and I F N / A S  (IV) production 
by leukocytes of RA and SDS patients and donors (Fig. 1). I F N / A L  (IV) was 
detected in the culture media of donors '  (control) leukocytes by 3 h r  in the  titer 
of 64 U / m l ;  its activity rised to  512 U / m l  by 24 h r  and remained at the  same level 
by 72 h r  (period observation). In the culture media of patients' leukocytes IFN 
appeared only by 6 h r  in the titer of 16 U / m l .  rising by 24 h r  to  128 U / m l  and 
persisting at the same level by 72 hr. I F N / A S  (IV) was detected in the culture 
media of donors '  leukocytes 6 hr  after induction in the titer of 32 U / m l .  which 
rised by 24 hr  to  128 U/ml  and dropped to 32 U / m l  by 72 hr. I F N / A S  (IV) was 
noted in the  culture media of patients' induced leukocytes only after 24 h r  
cultivation in the  titer of 32 U/ml ,  which fell to  8 U / m l  by 72 hr. Consequently, 
t ime course of production of IFN/AL (IV) and I F N / A S  (IV) by leukocytes of 
patients with RA and SDS and donors was similar. However, I F N / A L  (IV) and 
I F N / A S  (IV) were detected in the culture media of patients' leukocytes later 
than in those of donors. Decreased I F N / A S  (IV) titers at later terms is accounted 

Tabic 1. IFN production by leukocytes of donors and RA and S D S  patients after induction with viruses 
and SEA 

I F N  type-
I F N  t i te r  ( log , )  

I F N  type-
d o n o r s  
( n =  10) 

R A  pa t i en t s  
( n = 1 0 )  P 

S D S  pa t ien t s  
( n = 1 0 )  P 

I F N - a l p h a  ( N D V )  8.14 ± 0 . 2 8  8.26 ± 0 . 2 9  0.6 8.57 ± 0.3 0.1336 
I F N - g a m m a  ( S E A )  6.58 ± 0.42 4.6 ± 0.6 0.0093 4.7 ± 0 . 4  0.0093 
IFN/AL (IV) 7.28 + 0.56 5.7 ± 0 . 7  0.05 5.4 ± 0.6 0.05 
I F N / A S  (IV)  3.0  ± 0 . 7 1  2.7 ± 0 . 4 8  0.6 3.1 ± 0 . 4  0.6 

P = probabil i ty  level f r o m  the  test o f  s ignif icance 
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Fig. 1 
T i m e  course  o f  IFN/AL (IV) and  I F N / A S  (IV) production b y  d o n o r s '  and  A I D  patients '  leukocytes  

a f ter  induction w i t h  inf luenza  v i rus  
Absc i s sa :  t ime (hr): ordinate:  IFN titer (U/ml) 
A :  donors '  leukocytes :  B: A I D  patients '  leukocvtes  

O IFN/AL (IV) 

- - x - - IFN/AS (IV) 

for by arising sensitivity to pH 2.0 bv cultivation at 37 °C (Scheelovitova et al. 
1990). 

Serum samples of R A  and SDS patients contained IFN which was inactivated 
following acidification to  p H  2.0. Blood leukocytes might represent a potential 
source of that IFN.  T o  test this assumption, patients' leukocytes were cultivated 
at 37 °C for 24 h r  without inducer. T h e  culture fluid exhibited IFN termed 
"spontaneous" with antiviral activity that was lower than that of IFN found in 
blood. Following acid treatment â  p H  2.0 the "spontaneous" IFN has comple­
tely lost its antiviral activity, as the  serum IFN did (Table 2). The  serum IFN as 
well as the IFN-alpha were completely neutralized by antisera to  human  IFN-
alpha but not  to IFN-gamma. T h e  "spontaneous" IFN was completely neutrali­
zed by antisera to human  IFN-gamma as was IFN-gamma. This indicates that 
the "spontaneous" IFN.  in contrast to the serum IFN [IFN/AL (serum)], 
belongs to the gamma type of IFN [(IFN-gamma (spoilt)] and thus  blood 
leukocytes of R A  and SDS patients cannot be the  source of IFN. 

Various types of IFN obtained f rom patients were characterized in several 
tests (Table 3). They were incubated at 37 °C for 5 days with subsequent acid 
treatment at p H  2.0. T h e  activity of IFN/AL (serum). IFN/AL (IV). IFN-alpha 
(NDV) and IFN-gamma (SEA) did not appear to  be altered following the 
prolonged exposure at 37 °C. However, after treatment at p H  2.0 IFN/AL (IV). 
IFN/AL (serum) and IFN-gamma (SEA) were completely inactivated, whereas 
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Table  2. T h e  effects  of p H  2.0 a n d  antisera to h u m a n  IFN-alpha and  IFN-gamma on the IFN activity 

IFN type  
Initial 
IFN 

titer 
(U/ml) 

IFN titer (U/ml) a f t e r  t reatment  w i t h  

p H  2.0 antisera t o  antisera t o  
IFN-alpha IFN-gamma 

IFN/AL ( serum)  
IFN-gamma (spont)  
IFN-alpha ( N D V )  
IFN-gamma ( S E A )  

32 
1 6  

256 
64 

< 2  
< 2  
256 
< 2  

< 2  
16 

< 2  
64 

32 
< 2  
256 
< 2  

IFN-alpha (NDV) preserved some activity (256 U/ml without treatment. 16 
U/ml after treatment). IFN-gamma (spont) was completely inactivated following 
the exposure at 37 ° C  for 5 days. None  of slight change in activity of IFN/AL 
(IV), I F N / A L  (serum) and IFN-alpha (NDV) was observed following the 
exposure to  57 ° C  for 1 hr. Additional treatment with acid caused loss of activity 
of  I F N / A L  (IV) and IFN/AL (serum) titers below 1:2. whereas IFN-alpha 
(NDV) was only partially inactivated. IFN-gamma (spont) and IFN-gamma 
(SEA) completely lost their activity following exposure at 57 °C for 1 hr. 

T h e  comparative studies of these various IFN in terms of development of 
antiviral state in human  diploid fibroblast culture showed that IFN/AL (IV). 
I F N / A L  (serum). IFN-gamma (spont) and IFN-gamma (SEA) induced the 30 % 
antiviral state within 5-5.5 hr.  whereas for  IFN-alpha (NDV) it took 3.5 hr. 

Table 3. Properties of various ty pes of IFN 

I F N  t i ter  ( U / m l )  
I F N  t y p e  

Initial 37  c C / 5  days  Initial 57  " C / l  h r  3 0  V 

- p H  2.0 - p H  2.0 

I F N / A L  (IV) 64 64 < 2  8 8 < 2  5.0 
I F N / A L  ( s e r u m )  32 32 < 2  32 16 < 2  5.5 
I F N - g a m m a  ( spon t )  16 < 2  < 2  8 < 2  < 2  r o  
I F N - a l p h a  ( N D V )  512 256 16 128 128 16 3.5 
I F N - g a m m a  ( S E A )  128 •128 2 16 < 2  < 2  5.5 

* T h e  t i m e  wi th  t h e  3 0  % antiviral  s t a te  deve lops  in t h e  h u m a n  diploid  f ibroblas t  cu l tu re  
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Discussion 

AID are usually characterized by inhibited cell-mediated immunity and 
increased polyclonal activation of B-cells. Therefore it seems important to 
elucidate the role of endogenous cytokines including 1FN in these disorders. 
IFN/AL (serum) has been detected in the blood of patients with systemic lupus 
erythematosus (SLE), RA and AIDS, which are classified as AID by a number of 
investigators (Skurkovich and Eremkina, 1975; Hooks er al.. 1979; Preble et al.. 
1982; Green and Spruance. 1984). The possible source of this I FN production 
was seen in the lymph node lymphocytes (Preble et al., 1982). B-lymphocytes of 
blood (Capobianchi et al., 1988), and cells in local inflammatory foci (Minagawa 
et al., 1989). IFN/AL (serum) was also detected in RA and SDS patients' blood 
samples in our studies. However, blood leukocytes cannot be the source of IFN/ 
AL as they seem produce to spontaneously IFN gamma  in vitro. The latter was 
not detected in the blood apparently owing to its significant thermolability, 
which is more marked than that of the induced IFN-gamma (SEA). 

IFN-gamma (spont) production by RA and SDS patients' leukocytes is 
probably one of the links involved in the pathogenesis of these two diseases. It 
cannot be excluded (Falcoff. 1972) that antilymphocytic globulins circulating in 
the blood in AID (Ljampert. 1988) could induce IFN-gamma in leukocytes. It is 
of interest that IFN-gamma promotes the production of antilymphocytic immu­
noglobulin (Golbus  er at. 1988). However, it is still obscure what is the inducer 
and which cellular system is the producer of IFN/AL detected in the blood of 
AID patients. Shiozawa et al. (1988) reported higher levels of IFN/AL-alpha in 
the blood of an AID patients that had concomotant vasculitis. W e  have 
demonstrated the capacity of vascular endothelial cells of human  umbilical vein 
to produce virus-induced IFN/AL-alpha (Scheglovitova er al.. 1989). 

Previous publications demonstrated reduced production of induced IFN-
alpha and IFN-gamma by A I D  patients" leukocytes in vitro (Shiozawa er al.. 
1988; Stolzenburg et al., 1988) and we have developed the test for assessing the 
capacity donors '  leukocytes to produce IFN/AL (IV) (Scheglovitova et al.. 1990). 
In our trial IFN/AL (IV) and IFN-gamma (SEA) production by these patients' 
leukocytes was lower as compared with donors, the difference being statistically 
significant. The  IFN-alpha (NDV) and IFN/AS (IV) production by patients' 
leukocytes was in these tests at the level of that by donors. T h e  decreased 
production of IFN-gamma (SEA) and of IFN/AL (IV) reflects impaired functio­
ning o f T -  and B- lymphocytes of RA and SDS patients. It appears possible that 
reduced production of induced IFN-gamma (SEA) results f rom hyporeactivity 
of T-cells already producing IFN-gamma. In patients with AID. B-lymphocvtes 
seem hyporeactive (Egeland et al.. 1982). Decreased production of IFN/AL-
alpha (IV) may be accounted for by poor IFN production capacity of blast forms 
of B-cells. However, it cannot be ruled out that the continuous presence of IFN 
in patients' blood leads to a hyporeactivity arising in both cellular populations. 
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Induced IFN/AL-alpha (IV), IFN/AL (serum) and IFN-gamma (spont) re­
semble IFN-gamma (SEA) by their sensitivity to  p H  2.0 and t ime course of the  
antiviral state development in monolayer cell culture. 
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