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Summary 

Enhancement  of interferon production in mouse peritoneal macrophages by 
Newcastle disease virus (NDV) under-neutralized with whole antiserum or its 
IgG fraction was inhibited in cells pretreated with iodoacetamide, sodium nitrite 
or formaldehyde, which blocked adsorption of cytophilic antibody to macrophages. 
Mouse embryo pr imary culture cells had no receptor for eytophilic antibody, and 
in such a cell culture, under-neutralized NDV did not enhance interferon produc- 
tion. Antiserum enhanced interferon production by NDV which had adsorbed to 
cell surfaces, but  did not affect NDV that  had penetrated the cells. 

1. Introduction 

Previous experiments [AzuMA et al. (2)] demonstrated that  the production of 
interferon in macrophage cu]tures by  Newcastle disease virus (NDV) was enhanced 
by under-neutralization of the virus with homologous antiserum, whereas inter- 
feron production was not increased when the virus was completely neutralized. 
Under-neutralized NDV adsorbed on normal macrophages at a higher rate than 
did untreated NDV. 

Recent reports have described cytophilic antibody, as a 7S y-globulin in 
certain immune sera which has the property of attaching to macrophages [BERKEN 
and BENACERRAF (4), BOYDEN (5, 6), SOl, KIN (]D)]. HOWARD and BENACERRAF (9) 
and DAVEu and ASHEaSON (7) showed tha t  the macrophage receptor for cytophi]ic 
antibody was destroyed by many  reagents including iodine, periodic acid, sodium 
nitrite, iodoacetamide and phospholipase A. I t  therefore became desirable to 
determine the effect of these reagents on interferon production in macrophages by  
under-neutralized NDV. The results indicate that  the enhancement of interferon 
production can be at tr ibuted to a cytophilic antibody. 
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2. Materials and Methods 

2.1. V i r u s e s  

The  M i y a d e r a  s t r a in  of N D V  was g rown in e m b r y o n a t e d  eggs, a n d  t he  infec t ious  
a l lan to ic  f luid was  used  as source of v i rus .  The  h e m a g g l u t i n a t i n g  a c t i v i t y  (HAU) was  
2,560 H A U / m l  a n d  t he  in fec t iv i ty  was 109.3 p l a q u e  fo rming  un i t s  (PFU) /ml .  The  
I n d i a n a  s t r a i n  of ves icu la r  s t o m a t i t i s  v i rus  (VSV) was i nocu la t ed  in to  p r i m a r y  cu l tu res  
of ch ick  e m b r y o  cells. Af te r  i n c u b a t i o n  a t  37 ~ C for 24 hours ,  cu l tu re  f luids was ha rves t -  
ed  a n d  used  as s tock  virus .  The  in fec t iv i ty  was 10 s.~ TCIDs0/ml .  

2.2. M a c r o p h a g e  

Pe r i t onea l  m a e r o p h a g e s  were  col lected f rom d d / M K  mice  4 days  a f te r  in t r ape r i -  
tonea l  i n j ec t ion  of 1 ml  of 2O/o (w/v) glycogen.  The  cells were w a s h e d  once w i t h  H a n k s '  
buf fe red  sal ine so lu t ion  ( H a n k s '  BSS),  su spended  a t  a c o n c e n t r a t i o n  of 2 • 106 macro-  
p h a g e s / m l  in  Eag le ' s  m i n i m a l  essent ia l  m e d i u m  s u p p l e m e n t e d  w i t h  5~ bov ine  s e r u m  
(MEM-5%BS). 

2.3. Antisera 

Hyperimmune anti-NDV rabbit serum (NDV-AS) and hyperimmune anti-sheep 
red blood cell rabbit serum (RBC-AS) were prepared in rabbits by four intramuscular 
injections at i0 day intervals with 2 ml of mixture of antigen and an equal volume of 
Freund's complete adjuvant. In the ease of NDV-AS, an additional 4 ml of NDV was 
then injected intravenously. Rabbits were killed 7 days after the last injection and their 
blood collected. The hemagglutination inhibiting activity (HIU) of NDV-AS was 
25,600 HIU/ml; the hemolytic activity of RBC-AS was 4,000 units/0.5 ml. 

2.4. Fractionation of Antiserum 

The ?--globulin of NDV-AS was precipitated by adding saturated ammonium 
sulphate to give a final concentration of one third saturation. Pellets were dissolved in 
0.01 • phosphate buffered saline solution (PBS, pH 7.4), and precipitation was repeated 
5 times after elimination of fibrinogen by 20% saturation with ammonium sulphate. 
The final pellets were dissolved in PBS and dialyzed against PBS. Purified y-globulin 
of NDV-AS was fraetionated on a Sephadex G-200 column (2.5 • 90 era) with PBS. 
Fractions of 5 ml were sampled and peak fractions pooled on the bases of OD2s0 meas- 
urements. Pooled samples were concentrated by dialysis against 25% (w/v) Carbowax 
~6000 in PBS. The IgG fraction showed 51,200 HIU/ml and 37 mg protein/ml; the 
IgM fraction showed no hemagglutination inhibiting activity. 

2.5. Neutralization of Virus 

NDV was neutralized by incubating the virus with an equal volume of serial dilu- 
tions of antiserum at 37 ~ C for i hour. 

Kinetics of neutralization of NDV were shown in Figure I, in which 256 I-IAU/ml 
(i0 s.3 PFU/ml) of NDV were mixed with 2,560 I-IIU/ml or 25 HIU/ml of NDV-AS. 
No reduction of infectivity of NDV was observed in mixture at I : 0.i ratio of I-IAU of 
NDV to HIU of antiserum. 

2.6. Interferon Production and Titration 

Macrophage suspensions (2 • 106 macrophages/ml) were inoculated with i00 PFU 
of NDV per cell. Aliquots of the culture fluid were harvested 6 hours later and subjected 
to two cycles of centrifugation at 105,000g for i hour. The final supernatant fluids 
were used as interferon samples. In preparing the interferon samples, treatment of 
interferon materials at pH 2 was renounced, since the interferon produced in macro- 
phage cultures consists of several kinds of molecular weight and the high molecular 
weight interferons are relatively labile to heat at 56 ~ C and pH 2 treatment [AzraMA 
eta[. (i), SMITH and WAGNEI~ (14)]. Interferon assay was carried out by the method of 
CPE reduction in secondary cultures of mouse embryo (ME) cell infected with VSV as 
follows: Interferon samples were diluted serially four-fold-wise with maintenance 
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medium and 1 ml of each dilution was added to two tubes of ME cells. After incubation 
at 37 ~ C for 24 hours, these cultures were replaced with 101.s TCIDs0/ml of VSV. The 
interferon titers were expressed as the reciprocal of the maximum dilution showing 
500/0 reduction of CPE, which was interpolated by REED and MuEIqon's method (13). 

2.7. R e a g e n t s .  

Gig grade of 2-mercaptoethanol, iodoacetamide, sodium nitrite, and formaldehyde 
were purchased from the Nakarai Chemicals Ltd., Xyoto. These chemicals were 
dissolved in Hanks'  BSS. 

2.8. R o s e t t e  F o r m a t i o n  T e s t  fo r  C y t o p h i l i c  A n t i b o d y  

Rosette formation test was carried out according to the indirect method of HOWARD 
and BENACERRAF (9). Macrophage suspension (5 X 105 cells/ml) was seeded on cover 
glasses in Petri  dishes and incubated for 12 hours at 37~ in a CO2-incubator for 
a t tachment  to occur. The cover glasses were then washed with PBS, dipped into reagent 
solutions of various concentrations, and incubated for 1 hour at 37 ~ C. These pretreated 
cover glasses were covered with 1% sheep red blood cells sensitized with RBC-AS 
diluted 1 : 500, incubated for 30 ininutes at room-temperature in a moist chamber, and 
then washed gently with PBS. Rosette formation was observed microscopically. 

The sensitized sheep red blood cells were adheared on surface of macrophages but 
not on lymphocytes and polymorphonuclear leukoeytes. These results show that  the 
indirect method reveals the characteristics of cytophilie antibody but not opsonin 
[PARISI~ (12)]. 

3. Results 

3.1. E f f e c t  of  M u l t i p l i c i t y  of  I n d u c e r  on  I n t e r f e r o n  P r o d u c t i o n  

Macrophage suspensions were inoculated with  N D V  at  100, 50 or 5 PFU/cel ] ,  

and incubated  a t  37 ~ C. After  6 hours, the cul ture fluids were sampled and assayed 

for interferon act ivi ty .  Table 1 shows tha t  interferon product ion  increased with  

the dose of inducer.  
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Fig.  1. Kinet ics  of NDV neut ra l iza t ion  by immune serum. The open circles represent  virus sm'vivors in virus-  
an t i se rum mix ture  a t  1 : 0.1 ra t io  of H A U  of NDV to H I U  of ant iserum.  The closed circles represent  virus  survivors  

in mix ture  a t  1 : 10 rat io  of H A U  of NDV to t I I U  of an t i se rum 
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3.2. Effect on Interferon Production of Treatment of 

Macrophages with Various l~eagents 

In preliminary experiments, the treatment of inaerophages with sodium nitrite, 

iodoacetamide, or formaldehyde at a concentration of i00 raM, 50 to 10 m~i, or 

Tab le  1. E//ect o/Multiplicity o/Inducer on Inter[eron 
Production in Macrophages 

Inducer Interferon activity at 6 hours 

Virus PFU/cell Exp. I Exp. 2 

N D V  100 640 320 
N D V  50 160 160 
N D V  5 20 < 2 0  

125 raM, respectively, inhibited rosette formation, but no inhibition was caused by 

treatment with these reagents at lower concentration (Table 2). Treatment with 

2-mercaptoethanol at a concentration of i0 mM that did not damage the cells did 

not inhibit rosette formation. With these pretreatment conditions, interferon pro- 

duction by macrophages was not affected, except for slight reduction by macro- 

phages pretreated with i00 mM 2-mercaptoethanol or 50 mN iodoaeetamide 

(Table 3). 

Table  2. E]]ect o/ Treatment with Various Reagents on 2~iacrophage Receptor ]or Cyto- 
philic Antibody 

M a c r o p h a g e - s o t t l e d  cover  g lasses  were w a s h e d  w i t h  PBS,  soa ke d  in r e a g e n t s  of des i red  
concen t r a t i on ,  a n d  i n c u b a t e d  for 1 h o u r  a t  37 ~ C. These  cells were covered  w i t h  1% 
sheep  red  blood cell s u s p e n s i o n  sens i t ized  w i th  an t i - sheep  red  b lood ce l l - rabbi t  s e r u m ,  
i n c u b a t e d  for 30 m i n u t e s  a t  r o o m  t e m p e r a t u r e ,  a n d  t h e n  g e n t l y  w a s h e d  w i t h  P B S .  

R o s e t t e  f o r m a t i o n  was  obse rved  microscopica l ly  

Treatment of cells with Rosette formation 

2-Mereaptoethanol I00 m51 • 
2-Mereaptoethanol i 0 m M  + 
2-lVfereaptoethanol I mM + 

So d iu m  n i t r i t e  100 m~g - -  
S o d i u m  n i t r i t e  10 m ~  + 
Sod iu m  n i t r i t e  1 m ~  + 

I o d o a c e t a m i d e  51) m~ -- 
I o d o a e e t a m i d e  10 m ~  ~: 
I o d o a e e t a m i d e  1 m=~ -;- 

F o r m a l d e h y d e  125 mM -- 

Formaldehyde 12.5 mM 
F o r m a l d e h y d e  1.25 mM --  

H a n k s '  BSS + 

--  81 to 100~o of t he  cells show comple te  rose t t e s  
• 51 to 80% of t h e  cells show comple t e  or i ncomple t e  rose t t es  
~: less t h a n  5 0 % of t he  cells show incomple t e  rose t t e s  
--  no rose t t e  f o r m a t i o n  is obse rved  

A l m o s t  ha l f  of t he  cells are d a m a g e d .  



Cytophilic Antibody in Enhancement  of Interferon Production 15 

Maerophages pretreated with various reagents were inoculated with infective 
NDV or under-neutra l ized NDV at  a mul t ip l ic i ty  of 100 PFU/cell ,  and  the cul ture 
fluids were harvested 6 hours later. The results, summarized in Table 4, showed no 
enhancement  of interferon product ion in maerophages pretreated with iodo- 
acetamide,  sodium ni t r i te  and  formaldehyde at  the concentra t ion  which inhibi ted  

rosette formation.  

Table 3. E]/ect o/ Treatment o/ Macrophages with Various Reagents on Inter]eron 
Production 

Macrophage suspensions were centrifuged and the cells were resuspended into reagents 
of required concentration. After incubation at 37 ~ C for 1 hour, cells were washed 
twice with Hanks '  BSS, resuspended into MEM-5%BS at a Concentration of 
2•  108 cells/ml, inoculated with infective NDV at 100 PFU/cell, and incubated at 
37 ~ C for 6 hours. Interferon activity of culture fluid was assayed 

In te r fe ron  ac t i v i t y  

P r e t r ea tm en t  of cells wi th  Inducer  Exp.  1 Exp .  2 

2-Mercaptoethanol 100 m~ NDV 160 ND 
2-Mercaptoethanol I0 m~r NDV 320 ND 
2-Mercaptoethanol 1 mM NDV 320 ND 

Sodium nitrite 100 m~ NDV 320 320 
Sodium nitrite 10 mM NDV 320 320 
Sodium nitrite 1 m~  NDV 320 320 

Iodoacetamide 50 tara NDV 80 160 
Iodoacetamide 10 mM NDV 160 160 
Iodoacetamide 1 m~  NDV 320 320 

Formaldehyde 125 mM NDV 320 320 
Formaldehyde 12.5 mM NDV 320 320 
Formaldehyde 1.25 mM 72~DV 320 640 

Hanks '  BSS NDV 320 320 

a not done 

3.3. E f f e c t  of I s o l a t e d  I g G  a n d  I g M  F r a c t i o n s  on  
I n t e r f e r o n  P r o d u c t i o n  

An exper iment  was made to determine the extent  to which ant i serum fractions 
(IgG or IgM) enhanced interferon product ion  when under-neutra l ized NDV was 
used as inducer.  Table 5 shows tha t  when NDV was under-neutra l ized with IgG, 
its abi l i ty  to induce interferon was markedly  increased ; this enhancement  of inter-  
feron induct ion  was inhibi ted by  p re t rea tment  of maerophages with iodoacetamide 
or formaldehyde.  IgM did not  enhance interferon induct ion,  when NDV was 
t reated with IgM at  a concentra t ion equivalent  to the protein  content  of an 
effective dose of IgG. 

3.4. I n t e r f e r o n  P r o d u c t i o n  i n  M o u s e  E m b r y o  Ce l l  C u l t u r e s  

Rosette formation tests for cytophilie an t ibody  on mouse embryo cell (ME) 
p r imary  cultures were completely negative.  The following exper iment  was made 
to determine whether interferon product ion  by  under-neutrMized NDV was en- 
hanced in ME cultures which had no receptor for cytophilic ant ibody.  Four  day  
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T a b l e  4. Effect of Treatment o/ Macrophages with Various Reagents on Interferon 
Enhancement by Under-Neutralized N D  V 

E x p e r i m e n t a l  c o n d i t i o n s  a r e  t h e  s a m e  as  d e s c r i b e d  in  T a b l e  3, e x c e p t  t h a t  i n f e c t i v e  
N D V  a n d  u n d e r - n e u t r a l i z e d  N D V  ( m i x t u r e  a t  1 :0 .1  r a t i o  of  H A U  of N D V  to  I - I IU of  

a n t i - N D V  s e r u m )  w e r e  u s e d  as  i n d u c e r s  

Interferon activity 6 hours postinoeulation with 

Ratio of 
interferon 

(1) (2) (1) (2) activity 
Under- Under- (1)/(2) 
neutralized Infective neutralized Infective 

Treatment of cells with NDV NDV NDV NDV Exp. 1 Exp. 2 

Exp. i Exp. 2 

2 - M e r c a p t o e t h a n o 1 1 0 0  m=~I 320 80 N D  N D  4 - -  
2 - M e r e a p t o e t h a n o l  10 m ~  640 160 N D  N D  4 - -  
2 - M e r c a p t o e t h a n o l  1 mM  320 160 N D  N D  2 - -  

I o d o a c e t a m i d e  10 m ~  40 80 40 40 0.5 1 
I o d o a c e t a m i d e  1 m M  640 160 320 160 4 2 
I o d o a c e t a m i d e  0.1 m ~  640 160 640 160 4 4 

S o d i u m  n i t r i t e  100 m ~  160 160 80 160 1 0.5 
S o d i u m  n i t r i t e  10 mM  640 160 640 160 4 4: 

F o r m a l d e h y d e  125 m ~  80 80 160 160 1 1 
F o r m a l d e h y d e  12.5 m M  160 80 160 160 2 1 

H a n k s '  B S S  640 160 640 160 4 4 

T a b l e  5. Interferon Production by N D  V Treated with IgG and I g M  Fraction of N D  V- 
Hyperimmunized Rabbit Serum 

M a c r o p h a g e s  p r e t r e a t e d  w i t h  10 m M  i o d o a c e t a m i d e  o r  125 m ~  f o r m a l d e h y d e  as  d e s c r i b -  
ed  in  T a b l e  3 a n d  u n t r e a t e d  m a c r o p h a g e s  w e r e  i n o c u l a t e d  w i t h  i n f e c t i v e  N D V  or  N D V  
t r e a t e d  w i t h  s e r i a l l y  d i l u t e d  I g G  or  I g M  a t  100 P F U / c e l l .  I n  c a s e  of I g M - t r e a t m e n t ,  
N D V  w a s  m i x e d  a n d  i n c u b a t e d  w i t h  I g M  a t  a c o n c e n t r a t i o n  e q u i v a l e n t  to  t h e  p r o t e i n  

c o n t e n t  of  I g G  in  ca se  of I g G - t r e a t m e n t  

Interferon activity 
Treatment of cells with Inducer at 6 hours 

I o d o a e e t a m i d e  10 m N  
I o d o a c e t a m i d e  10 mM  
I o d o a c e t a m i d e  10 mM  

F o r m a l d e h y d e  125 m ~  
F o r m a l d e h y d e  125 m ~  
F o r m a l d e h y d e  125 m ~  

N D V : I g G  (1: 1)~ 80 
N D V : I g G  (1 :0 .1 )  a 2560  
N D V : I g G  (1 :0 .01)~  1280 
I n f e c t i v e  N D V  640 

N D V : I g G  (1 : 1)~ 40 
N D V  : I g G  (1 :0 .1 )  a 640 
I n f e c t i v e  N D V  320 

N D V : I g G  (1 : 1) a 40 
N D V : I g G  (1 :0 .1 )~  320 
I n f e c t i v e  N D V  320 

N D V  : I g M  (0.37) b 640 
N D V : I g M  (0.037) b 64:0 
N D V  : I g M  (0.0037) b 640 
I n f e c t i v e  N D V  640 

a I g G - t r e a t e d  N D V  ( H A U  of N D V : H I U  of I gG) .  
b m g  of  I g M  p r o t e i n .  
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M E  p r i m a r y  c u l t u r e s  (4 • 106 c e l l s / b o t t l e )  were  i n o c u l a t e d  w i t h  i n f e c t i v e  N D V  

a n d  n e u t r a l i z e d  N D V  a t  100 P F U / c e l l .  C u l t u r e  f lu ids  we re  h a r v e s t e d  8 a n d  24  h o u r s  

a f t e r  i n o c u l a t i o n  a n d  a s s a y e d  for  i n t e r f e r o n  a c t i v i t y .  As  s h o w n  in  T a b l e  6, n o  

e n h a n c e m e n t  of i n t e r f e r o n  p r o d u c t i o n  w as  o b s e r v e d  in  c u l t u r e s  i n d u c e d  w i t h  

u n d e r - n e u t r a l i z e d  N D V .  

T h e s e  r e s u l t s  i n d i c a t e  t h a t  u n d e r - n e u t r a l i z e d  N D V  d i d  n o t  e n h a n c e  i n t e r f e r o n  

i n d u c t i o n  i n  M E  cu l tu r e ,  s ince  M E  l a c k e d  a r e c e p t o r  for  c y t o p h i l i c  a n t i b o d y .  

Tab le  6. Interferon Production in Mouse Embryo Cells 
by Infective ND V and Neutralized ND V 

Interferon ac t iv i ty  at  

Inducer 8 hours 24 hours 

N D V  : N D V - A S  ( 1 : 2) a ~ 20 20 
N D V : N D V - A S  (1 : 0.2) a 160 160 
N D V : N D V - A S  (1 : 0.02) a 80 160 
In f ec t i ve  N D V  160 160 

A n t i - N D V  s e r u m - t r e a t e d  N D V  ( H A U  of N D V :  H I U  
of an t i s e rum) .  

Tab le  7. Effect of Ant i -ND V Serum on Interferon Inducibility of ND V Adsorbed to and 
Penetrated into Macrophages 

M a c r o p h a g e  suspens ions  (3 x 106 cells/ml) were i nocu la t ed  w i t h  ac t ive  N D V  a t  100 P F U /  
cell, i n c u b a t e d ,  for  2 hou r s  a t  4 ~ C, a n d  w a s h e d  once w i t h  H a n k s '  BSS a t  4 ~ C. I n  
e x p e r i m e n t  1, N D V - a d s o r b e d  m a e r o p h a g e s  were  t r e a t e d  w i t h  ser ia l ly  d i lu t ed  N D V - A S  
or n o r m a l  s e rum (NS) a t  4 ~ C for 2 hours ,  a n d  t h e n  i n c u b a t e d  a t  37 ~ C for 6 hours .  I n  
e x p e r i m e n t  2, N D V - a d s o r b e d  cells were  i n c u b a t e d  a t  37 ~ C for 1 h o u r  before  t r e a t m e n t  

w i t h  ser ial ly  d i lu ted  N D V - A S  or NS 

H A U  of Interferon 
adsorbed NDV ac t iv i ty  

Exp. Treatment  of NDV-adsorbcd cells H I U o f N D V - A S  at 6 hours 

10 -1 d i lu t ed  N D V - A S,  4 ~ C 2 hou r s  
10 -2 d i lu ted  NDV-AS,  4 ~ C 2 hours  
10 -3 d i lu ted  NDV-AS,  4 ~ C 2 hours  
10 -4 d i lu t ed  N D V - A S,  4 ~ C 2 hou r s  
10 -1 d i lu t ed  NS, 4 ~ C 2 hou r s  

1 :16  ~ 2 0  
1:1.6 20 
1:0 .16 160 
1:0 .016 80 

- -  40 

37 ~ C 1 hour ,  t h e n  10 -1 d i lu t ed  N D V - A S,  4 ~ C 2 hours  1 : 16 80 
37 o C 1 hour ,  t h e n  10 -2 d i lu ted  N D V - A S,  4 ~ C 2 hou r s  1 : 1.6 80 
37 ~ C 1 hour ,  t h e n  10 -3 d i lu ted  N D V - A S,  4 ~ C 2 hours  1 :0 .16 80 
37 ~ C 1 hour ,  t h e n  l0  -4 d i lu t ed  NDV-AS,  4 ~ C 2 hou r s  1:0 .016 80 
37 ~ C 1 hour ,  t h e n  10 -1 d i lu ted  NS, 4 ~ C 2 hou r s  --  80 

3.5. E f f e c t  o f  A n t i s e r u m  o n  I n t e r f e r o n  I n d u c i n g  A b i l i t y  o f  : N D V  

A d s o r b e d  t o  o r  P e n e t r a t e d  i n t o  M a c r o p h a g e s  

T e n  m a c r o p h a g e  s u s p e n s i o n s  we re  i n o c u l a t e d  w i t h  i n f e c t i v e  N D V  a t  100 P F U /  

cell. A f t e r  i n c u b a t i o n  a t  4 ~ C for  2 h o u r s  w i t h  s t i r r i ng ,  t h e s e  cells we re  w a s h e d  once  

a t  4 ~ C w i t h  H a n k s '  BSS .  F i v e  s u s p e n s i o n s  were  r e s u s p e n d e d  i n t o  s e r i a l l y  d i l u t e d  

N D V - A S  or  n o r m a l  r a b b i t  s e r u m  (NS) a t  4 ~ C for  2 h o u r s .  T h e  o t h e r s  we re  resus -  

Arch. ges. Virusforsch. 41/1 -- 2 2 
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pended into MEM-5~o BS, incubated at 37 ~ C for 1 hour, and then resuspended 
into serially diluted NDV-AS or NS at  4 ~ C for 2 hours. All of these treated cells 
were washed once, resuspended into MEM-5~o BS at a concentration of 2 x 106 
maerophages/ml, and incubated at 37 ~ C for 6 hours. 

The interferon activities of the culture fluids are shown in Table 7. Enhance- 
ment of interferon production was not observed in the cultures treated with serially 
diluted NDV-AS after incubation at 37 ~ C for 1 hour, whereas an increased inter- 
feron activity was found in cultures treated with NDV-AS at  1:0.16 ratio of HAU 
of adsorbed NDV to H I U  of NDV-AS without incubation at 37 ~ C. Thus, the 
antiserum acts on NDV adsorbed to cell surface and gives enhancement of inter- 
feron production, whereas penetrated NDV is not affected by  antiserum. 

4. Discussion 

In  macrophages treated with reagents which inhibit the adsorption of cyto- 
philic antibody by, presumably, destroying the cell receptor sites [HowARD and 
B~?CAC~Ul~AF (9)], enhancement of interferon production by under-neutralized 
NI)V was blocked. On the other hand, stimulation of interferon production by 
under-neutralized NDV did not occur in ME culture which has no receptor for 
cytophihc antibody. The enhancing activity of antiserum was a function of IgG. 
These results strongly suggest that  eytophilic antibody participates in adsorption 
of inducer to macrophages. 

MAND~,L (10, 11) showed that  poliovirus neutralized at a low ratio of ant ibody 
to virus adsorbed to /-IeLa cells better than unneutralized virus, and tha t  the 
neutralized virus eluted less from the cells. AZUMA et al. (2) demonstrated that  
under-neutralized NDV adsorbed on normal macrophages at  a 50 % higher 
rate than did untreated NDV. By this under-neutralized NDV, a four-fold en- 
hancement of interferon production, resulting from an increased multiplicity of 
virus, was observed (Table 1 and 4). As shown in Table 7, t reatment  of adsorbed 
virus with antiserum enhanced interferon production, whereas no effect was 
observed in cultures treated with antiserum after penetration of virus. Recent 
investigations [AzuMA (3)] showed that  infective NDV and under-neutralized 
NI)V did not multiply in macrophages and no synthesis of double-stranded viral 
RNA was detected, though after adsorption, uncoating of these viruses in macro- 
phages proceeded at the same rate. I t  is assumed that  cytophilic ant ibody does 
not operate directly in the interferon production of macrophage as inducer, but  
acts to increase the adsorption of virus on maerophage and to stabilize the inter- 
action between cell and virus, thus, causing enhancement of interferon induction. 
Increase of uneoating and synthesis of double-stranded viral RNA does not 
participate in this enhancement. Therefore, a four-fold increase of relevant inter- 
feron titers should be considered significant in this virus-cell system. 

However, the relationship between cytophilic antibody and neutralizing anti- 
body is to date not known, whereas in the previous report [AzuM~ et al. (2)] 
immunological specificity of ant ibody action in enhancement of interferon pro- 
duetion was determined. Recently, Um~ (16) and HHAMAOKA and KITAGAWA (8) 
showed that  macrophages interacted firmly with antigen eomplexing with anti- 
body which was prepared by immunization of animals without Freund's complete 
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~djuvant and which was 19S and 7S y-globulin, and that the antibody did not 
operate as cytophilic antibody in the interaction of antigen-antibody complexes 
with macrophages. Experiment should be undertaken to determine whether treat- 
ment of inducers with purified cytophilie antibody enhances interferon induction, 
and to clarify the relationship between cytophilic antibody and neutralizing anti- 
body. 
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