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Nucleated bone m a r r o w  ce l l s  of mice  produce  i n t e r f e ron  in v i t ro  in r e s p o n s e  to Inject ion of 
Newcast le  d i s e a s e ,  influenza,  and Sendal v i r u s e s  but not v e s i c u l a r  s toma t i t i s  v i rus .  Highest  
i n t e r f e ron  concen t ra t ions  a r e  found 8-26 h a f te r  in jec t ion  of Newcas t le  d i s e a s e  v i rus  (NDV). 
The h ighes t  i n t e r f e ron  t i t e r s  a r e  obtained a f te r  in jec t ion  of NDV with a mul t ip l i c i ty  of 1 : 10 
P F U / c e l l ,  with a cel l  concen t ra t ion  of 107/ml, and in medium no. 199 containing >_ 5% se rum.  
Abi l i ty  of the bone m a r r o w  c e i l s  to produce  i n t e r f e ron  depended on the t ime  when they were  
taken  a f t e r  the a n i m a l ' s  death and it d imin i shed  as the ce l l s  were  kept. P a r t i a l  inact iva t ion  
of NDV by u l t r av io le t  i r r a d i a t i o n  or  by the act ion of acid  (pH 2.0) did not a l t e r  the abi l i ty  of 
the v i rus  to induce i n t e r f e ron  fo rma t ion  in the bone m a r r o w  ce l l s .  

Inves t iga t ions  have shown that  the t i s s u e s  of an imals  and man produce  in t e r f e ron  in vivo and in v i t ro  
in r e s p o n s e  to in jec t ion  of co r r e spond ing  v i rus  or  synthet ic  in te r fe ronogens .  Leukocytes  p o s s e s s  the same  
p rope r ty .  

In view of these  obse rva t i ons ,  and a lso  of the r e s u l t s  of an inves t iga t ion  of i n t e r f e ron  format ion  in r a -  
dia t ion c h i m e r a s  [9], it was decided to study the abi l i ty  of bone m a r r o w  ce l l s  to fo rm  in te r fe ron .  

E X P E R I M E N T A L  M E T H O D  

The following v i r u s e s  were  used i s  in t e r fe ronogens :  Newcast le  d i s e a s e  v i rus  (NDV; s t r a i n s  H, B1, 
Beaudette VAR), influenza ( s t r a in  A/WSN),  v e s i c u l a r  s toma t i t i s  ( s t r a in  Indiana),  and Senda l  

All the e x p e r i m e n t s  were  c a r r i e d  out with bone m a r r o w  ce l l s  obta ined f rom the t ib ias  of CBA mice  
weighing 12-16 g. The ce i l s  were  counted in a G o r y a e v ' s  chamber .  The number  of viable  ce l l s  was d e t e r -  
mined by s ta in ing  with neu t r a l  red .  Up to 2.5 • 107 nuclea ted  ce l l s  were  obtained f rom each mouse.  Cei ls  
were  di luted with medium no. 199 with 10% bovine s e r u m  to a concent ra t ion  of 1.0 x 107/ml. 

TABLE 1. Rela t ionship  between P r o d u c -  
t ion of In te r fe ron  in Bone Mar row and Cel l  
Concent ra t ion  and Mul t ip l ic i ty  of Infect ion 
by St ra in  H of Newcas t le  D i sease  Virus  

Cell concentration 
(no. of cells/ml) 

Interferon titer with 
multiplicity of in- 
fecti on givgn below 

o,1 1,o ] lo,o1 too,o 

I06 <l:5 <1:5 I:80 1:80 
5106 '105 1 0<:15 1:20 ]1:1601I:160 

1:160 [ 1:320 ] 1:640 
5.106 1:160 1:320 1:640 -- 
107 1:640 1:12801:1280. --  

To obtain in te r fe ron ,  0.5 ml of a suspens ion  of bone 
m a r r o w  ce l l s  of the r e q u i r e d  concent ra t ion  was t r e a t e d  with 
0.5 ml  v i ru s ,  the dose of which pe r  ce l l  had been de t e rmined  
p rev ious ly .  After  incubat ion for  24 h at 37~ the suspens ion  
was t r e a t e d  with 4 ml  medium no. 199 with 2% s e r u m  andthen 
cent r i fuged  for  5-10 rain at 1000 rpm.  The cul ture  fluid was 
drawn off and the pH adjus ted  to 2.0 with 1% HC1 solution.  Af- 
t e r  th ree  to four days the pH of the cul ture  fluid was adjus ted  
to neu t ra l  by 1% NaOH solution. Act ivi ty  of the bone m a r r o w  
in t e r f e ron  was de t e rmined  in a th ree  day cul ture  of L ce l l s  
aga ins t  100-1000 TCD~0 v e s i c u l a r  s toma t i t i s  v i rus .  

The v i rus  was i r r a d i a t e d  with a BUF-60 lamp with a 
power  of 9.2 e r g / m m 2 / s e c .  I r r a d i a t i o n  continued for  between 
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Fig. 1. Dynamics of in ter feron formation by mouse bone marrow.  Ordinate, in- 
t e r fe ron  t i ter ;  abscissa ,  t ime (in h). 

Fig. 2. Interferonogenici ty of part ial ly inactivated s t ra in  H of NDV in bone m a r -  
row cells of mice and ra t s :  1) t i te rs  of in terferon induced inmouse  bone mar row 
cells by NDV part ia l ly  inactivated by ultraviolet  i rradiat ion;  2} the same,  withthe 
use of NDV par t ia l ly  inactivated by t rea tment  with acid (pH 2.0); 3} t i ters  of in- 
t e r fe ron  induced in bone mar row cells of ra ts  by NDV par t ia l ly  inactivated by 
ultraviolet  i rradiat ion.  Ordinate,  in terferon t i ter;  abscissa ,  multiplicity of in- 
fection. 

30 sec and 20 rain. The virus was f i rs t  centrifuged to remove coarse  debris and diluted 1 �9 2 with physiol-  
ogical saline. 

Fo r  acid t rea tment  of the virus 1% HC1 solution was used. After 3-30 rain the pH was adjusted toneu-  
t ra l  with 1% NaOH solution. 

E X P E R I M E N T A L  R E S U L T S  

Of the v i ruses  tested,  the four s t ra ins  of NDV gave r i se  to the highest interferon production in the 
mouse bone m a r r o w  cells ( interferon t i ters  f rom 160 to 320 units/ml).  Smaller  quantities of interferon 
(40-80 uni ts /ml)  were induced by influenza (strain A/WSN}and parainfluenza (Sendal) viruses.  Vesicular  
s tomati t is  virus was unable to induce interferon production in the mouse bone mar row cells. 

In ter feron was found in response to injection of s t ra in  H of NDV (multiplicity 10, cell concentration 
107/ml} 2 h after  the injection, and by 8 h its concentrat ion reached its maximum, at which level it remained 
until 27 h (Fig. 1). 

In ter feron production was la rge ly  dependent on the dose of the virus interferonogen and on the cell 
concentrat ion (Table 1). The highest in ter feron t i ters  were obtained by the use of a high cell concentration 
(107/ml). In this case even the injection of comparat ively  low doses of virus (0.1-1 PFU/cel l )  led to inten- 
sive interferon production. If cell  concentrat ions of _< 5 • 106/ml were used, the dose of virus required to 
be injected in o rde r  to obtain in terferon production was 10-100 PFU/eel l .  

Product ion of in terferon by the bone mar row,  like that of interferon obtained f rom other sources ,  was 
dependent also on the se rum content of the medium. A concentrat ion of 5-10% se rum was optimal in these 
investigations,  and the use of lower concentrat ions led to a decrease  in t i ter .  The se rum could be added to 
the medium 1 h after  addition of the virus or  at once, during actual prepara t ion  of the bone mar row cell 
suspension. Similar resul ts  have been obtained in experiments  on leukocytes [11]. 

The highest t i ters  of in ter feron were obtained by the use of f resh  bone marrow,  and also after the sus-  
pension of extracted bone m a r r o w  cells (concentration 107/ml) had been kept for  3 h at 4-6~ The ability 
to form interferon was reduced by half if the cells were kept under the same conditions for  6-24 h, and by 
t h r ee -qua r t e r s  if they were kept for 48 h. If s e rum was present  in the medium (10-40%} the cells p reserved  
their  ability to produce in terferon better.  The resul ts  of tests  of the viability of the cells by staining with 
neutral  red also confirmed the necess i ty  of keeping them in medium with se rum (by 48 h in medium without 
se rum only 28% of cells  remained viable, compared with 35-39% in medium with serum}. 
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The abili ty of the bone m a r r o w  cel ls  to produce  in t e r fe ron  fell sharp ly  with an i nc r ea se  in the t ime 
between obtaining the bone m a r r o w  and death of the mice .  F o r  ins tance,  a f te r  3 h the cel ls  produced only 
o n e - q u a r t e r  as much in te r fe ron ,  and a f te r  6 h only one -e igh thas  much. Bone m a r r o w  taken 24 h a f te r  the 
an ima l ' s  death (the mice  were  kept at 4-6~ was unable to produce in ter feron.  

Pa r t i a l  inact ivat ion of NDV by u l t rav io le t  i r r ad ia t ion  or  by the action of acid (pH 2.0) cons iderably  
i n c r e a s e s  in te r fe ronogenic i ty  of the v i rus  in chick embryonic  cel ls  [3, 8, 13 ]. Different  r e su l t s  were  ob- 
tained in bone m a r r o w  cel ls  of mice  and r a t s ,  in which the par t i a l ly  inact ivated v i rus  induced the fo rmat ion  
of the s ame  amount of in te r fe ron  as the or ig inal  v i rus  (Fig. 2). More intensive inac t iva t ion led to  a dec rea se  
in the in ter feronogenic i ty  of the NDV for  the bone m a r r o w  cel ls  of the animals  studied. Inact ivat ion of the 
v i rus  by u l t rav io le t  i r r ad ia t ion  gave be t t e r  p r e s e r v a t i o n  of its in ter feronogenic i ty  for  these  cel ls  than inac-  
t ivat ion with acid. 

Bone m a r r o w  cel ls  of an imals  (mice and ra ts )  a re  thus good (if not bet ter)  p roduce r s  of in te r fe ron  in 
vi tro.  The highest  in te r fe ronogenic i ty  in these  cel ls  was exhibited by NDV, which is also the best  inducer  
of s e r u m  in te r fe ron  in mice  [7]. 

By con t ras t  with the expe r imen t s  on chick embryonic  cel ls  [3, 8, 13 ], par t i a l  inact ivat ion of the NDV 
did not i n c r e a s e  its in te r feronogenic i ty  in the bone m a r r o w  cel ls ,  jus t  as in the leukocytes  of the pe r iphe ra l  
blood or  per i tonea l  exudate [1, 12]. Bone m a r r o w  in ter feron ,  like in te r fe ron  produced by leukocytes  and 
mic rophages  [4, 10], was found in the cell  suspens ion  ve ry  soon {starting f r o m  2 h) af ter  injection of the 
v i rus  and high concentra t ions  were  r eached  a f te r  8 h. 

The intensi ty  of fo rmat ion  of bone m a r r o w  in te r fe ron ,  like that of leukocyte in te r fe ron  [6, 12], was 
dependent on the concentra t ion  of ce l l s  and rr, ul t iplici ty of infection. However ,  the t i t e r s  of mouse  leukocyte 
in te r fe ron  [2, 5] were  lower ,  as a ru le ,  than the t i t e r s  obtained in bone m a r r o w  cells .  This  fact ,  combined 
with the ease  of obtaining nucleated bone m a r r o w  cel ls  (approximate ly  2 • l0  T cel ls  f r o m  a mouse  weighing 
16 g) a re  not only of theore t i ca l ,  but also of p rac t i ca l  impor tance .  
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