
L I T E R A T U R E  C I T E D  

1. T . A .  Danilova and I. M. Lyamper t ,  ]3yull. Eksp. Biol.  Med., No. 3, 68 (1972). 
2. L . A .  Z i l ' be r  and G. I. Abelev, The Virology and Immunology of Cancer  [in Russian],  Moscow (1962). 
3. V. Yu. Kolesnikova, N. A. ]3orodiyuk, and I. M. Lyamper t ,  Byull. Ekspo ]3iol. Med., No. 5, 433 (1979). 
4. I . M .  Lyamper t ,  Usp. Sovrem.  Biol. ,  81, 274 (1976). 
5. I . M .  Lyamper t ,  N. A. ]3orodiyuk, L. V. Beletskaya,  et al.,  in: P rob lems  in Immunology [in Russian],  

No. 6, Moscow (1974), p. 113. 
6. J . E .  Coligan, B. A. F r a s e r ,  and T. J.  Kindt, J. Immunol. ,  118, 6 (1977). 
7. G. Jonson and J. S. Garvey,  J. Immunol.  Meth.,  5,  29 (1977). 
8. M . H .  Kaplan and R. H. Svec, J. Exp. Med., 119, 651 (1964). 
9. I . M .  Lyamper t ,  L. V. ]3eletskaya, N. A. ]3orodiyuk, et al.,  Scand. J. Immunol.,  4, 409 (1975). 

10. I . M .  Lyamper t ,  L. V. ]3eletskaya, N. A. ]3orodiyuk, et al.,  Immunology, 31, 47 (1976). 
11. I . M .  Lyamper t ,  V. Yu. (Ju.) Kolesnikov, l~. V. Gnezditskaya, et al., in.. Proceedings  of the 7th Inter-  

national Symposium, M. T. Pa rke r ,  ed., Oxford (1978), pp. 105-106. 
12. C . K .  Oster land,  E. J.  Mil ler ,  W. W. Karakawa, et al.,  J. Exp. Med., 123, 599 (1966). 
13. R . P .  Stankus and A. Lesl ie ,  J. Immunol.  Meth.,  10, 307 (1976). 

RECOVERY OF SENSITIVITY OF J-41 CELLS 

TO COXSACKIE B3 VIRUS BY TREATMENT WITH 

ALKALINE PHOSPHATASE 

F .  V.  V o r o n i n a ,  N. E .  G u l e v i c h ,  
a n d  Y a .  E .  K h e s i n  

EXOGENOUS 

UDC 576.858.097.3:578.085.23 

KEY WORDS: Coxsackie ]3 vi ruses ;  ant iviral  immunity; alkaline phosphatase.  

Investigations in the wr i t e r s '  l abora tory  have shown that  the sensi t ivi ty  of cel ls  to Coxsackie ]3 virus is 
la rgely  de te rmined  by alkaline phosphatase (Enzyme Nomencla ture  3.1.3.1) activity.  Activity of this enzyme 
is sharply reduced in cel ls  res i s tan t  to this  virus  [1-3, 7, 8, 10]. Alkaline phosphatase activity is unchanged 
in cel ls  r es i s t an t  to poliovirus;  it was shown la te r  on a di f ferent  object  ( h u m an -m u r in e  hybrid cells)  that the 
sensi t ivi ty of cel ls  to poliovirus is linked with glucose phosphate i somerase  activity [9]. 

If loss of sensi t ivi ty of cel ls  to pa r t i cu la r  v i ruses  is based, in ter  alia, on an insufficiently high activity 
of ce r t a in  enzyme sys tems ,  it would be logical  to at tempt to r e s t o r e  the lost  sensi t ivi ty by t r ea tmen t  with the 
corresponding enzymes .  

In the present  study an at tempt was made to r e s t o r e  the sensi t ivi ty  of human J-41 cel l  cu l tures ,  which 
had become specif ical ly  res i s tan t  to Coxsackie ]33 virus a f te r  a period of chronic  infection, by introducing exog- 
enous alkaline phosphatase.  

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

Cul tures  of cel ls  of human or igin  were  used: continuous cel l  line J-96, highly sensi t ive to Coxsackie 113 
virus ,  and subline J-41,  res i s tan t  to this virus and obtained f rom J-96 cells  by exposure  to Coxsackie ]33 
vi rus  [4, 6]. Af ter  a short  period of chronic infection and r emova l  of the virus the J-41 subline was found to be 
specif ical ly  res i s t an t  to homologous virus  and to differ  f rom the original  cel ls  by its low alkaline phosphatase 
act ivi ty [1]. The cel ls  were  cul tured in 50-ml  f lasks with s t r ips  of covers t ips  in medium 199 with 10% bovine 
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TABLE 1. Ti ter  of Coxsackie B3 Virus in 
J-96 and J-41 Cells 24 h af ter  Infection 

Titer of virus, 
Material TCDso/ml 

j-96 cells (control) 108 
J-41 cells (control) 101 
J-41 cells+ 50 units alkaline phosphatase* l03 
1-41 + 25(] tmitsalkaline phosphatase l0 T 

Legend. 0.01 TCDs0 virus added per cell; 
J-41 cells t rea ted  with alkaline phosphatase; 
adsorption for  1.5 h at 37~ followed bywash -  
ing cells to remove virus and alkaline phos- 
phatase. *A fur ther  50 units of enzyme was 
added to this culture af ter  washing. 

se rum in the usual way. Coxsackie B3 virus was cultured in cells of continuous line PAO and t i t ra ted on highly 
sensit ive J-96 cells.  The original  t i t e r  of virus used in the experiments  was 108 TCD50/ml. The number of 
cells  in the f lask at the time of addition of the virus was 2 �9 106. The alkaline phosphatase preparation,  f rom 
Sigma (USA), with an activity of 1000 units/rag protein (obtained from calf intestine), was introduced into the 
cell  suspension or  applied to the monolayer .  In most  experiments  the growth medium was poured off 24-48 h 
af ter  seeding of the cells,  the cells  were washed with Hanks'  solution, and alkaline phosphatase was then added 
to some of the flasks in a dose of 2, 20, 50, 100, and 250 units in 0.2-1 ml of Hanks'  solution, together  with 
0.2-1 ml of virus with a multiplicity of 0.01-10 TCDs0 per cell.  

The virus was adsorbed on the cells at 37~ for  1.5 h. Af ter  the end of the adsorption period some of the 
f lasks were washed th ree  t imes  with Hanks' solution, 10 ml  of medium 199 with 2% serum was added, and cul-  
ture  continued at 37~ The enzyme was added again in the same doses to the flasks initially t reated with alka- 
line phosphatase in doses of 2, 20, and 50 units, af ter  the cells had been washed. Some flasks with cells were 
cultured without washing off the virus and alkaline phosphatase. Uninfected cells,  and cells t reated with alka- 
line phosphatase alone or  with virus alone, served as the control .  The cells were dest royed 24 and 48 h after  
infection by f reez ing  and thawing twice. The resul t ing suspension was t i t ra ted on J-96 cel ls .  

The covers l ips  with cells  were  washed in physiological  saline and fixed in Bouin 's  mixture o r  in cal-  
c ium-formol .  Survey fi lms were stained with hematoxylin and eosin; alkaline phosphatase was revealed by 
Gomori '  s method [5]. 

EXPERIMENTAL RESULTS 

Resistant J-41 cells were not destroyed after infection with 108 TCDs0 of Coxsackie B3 virus to 2 " 106 

cells  and the virus did not multiply in them, whereas  the original  sensitive cells  of line J-96 all died af ter  
infection at the rate of 1 TCD50 virus to 2 �9 l0 G cells,  and the yield of virus reached 108 TCDs0/ml. Cells of the 
res is tant  line were almost  ent i re ly without alkaline phosphatase activity; high activity of this enzyme was 
found in the membranes  and cytoplasm of the sensit ive J-96 cel ls .  Alkaline phosphatase, added to a suspension 
of J-41 cells in a dose of 225 units, did not prevent  the format ion of a cell  layer ,  but subsequent infection of the 
monolayer  with virus led neither to death of the cells  nor to reproduct ion of the virus.  No alkaline phosphatase 
activity could be demonstra ted by Gomor i ' s  method in J-41 cells 24 h af ter  t rea tment  with the enzyme. Mean- 
while, the addition of alkaline phosphatase simultaneously with virus led to reproduct ion of the virus; the level 
of repl icat ion of the virus depended on the quantity of enzyme added (Table 1). 

The intensity of the cytopathic changes in the res is tant  J-41 cultures t reated with alkaline phosphatase 
depended both on the dose of enzyme and on the multiplicity of infection. If the cells were  t rea ted  with 250 
units of alkaline phosphatase in a volume of 0.2 ml with simultaneous addition of virus in a high concentrat ion 
(1-10 TCDs0 per cell), the cell  monolayer  was completely dest royed af ter  24 h, i r respect ive  of whether the 
virus and enzyme were  washed off or  not af ter  the period of adsorption of virus.  The t i te r  of virus in these 
exper iments  was 106"5-10 ~ TCD~0/ml. Control  sensitive J-96 cells also died: the t i t e r  of virus was 108 
TCDs0/ml. With a low multiplici ty of infection (0.01 TCD50 per cell) and under s imi la r  experimental  conditions, 
a eytopathic effect did not develop af ter  24 h in the res is tant  cultures;  single foci of specific ceil  des t ruct ion 
were  seen in sensit ive J-96 cul tures .  The t i te r  of virus determined af ter  f reezing and thawing of the cells 
twice was 107 TCDs0/ml for the res is tant  and 108 TCDs0/ml for  the sensitive cells.  

1714 



Fig.  1. J -41  cel ls  48 h a f t e r  addition of 100 
units of alkal ine phosphatase  and infection 
with Coxsackie  B3 v i rus  in a dose of 10TCDs0 
per  cel l .  Separa te  cel ls  with changes cha r -  
a c t e r i s t i c  of the cytopathogenic act ion of 
Coxsackie  B3 v i rus  (ar rows) .  Phagocytos is  
of dying cel ls .  Hematoxyl in  and eosin; 100•  

Addition of 100 or  50 units of alkal ine phosphatase  did not give c l ea r  r e su l t s  in al l  expe r imen t s ,  as 
r e g a r d s  e i ther  morphologica l  changes in the ce l l s  o r  reproduct ion  of the v i rus .  Addition of 100 units of 
enzyme,  combined with high mult ip l ic i ty  of infect ion (10 TCDs0 per  cell) ,  led to the appearance  of single cel ls  
in the r e s i s t a n t  J -41  cul ture  with morpholog ica l  changes c h a r a c t e r i s t i c  of the cytopathogenic effect  of Cox- 
suckle B3 vi rus  (Fig. 1). However ,  no s ta t i s t i ca l ly  s ignif icant  mul t ip l ica t ion  of the v i rus  could be obse rved  in 
these  e x p e r i m e n t s .  With a low mul t ip l ic i ty  of infect ion (0.01 TCDs0 per  cell) ,  however ,  the addition of even 
50 units of enzyme in the per iod of adsorp t ion  of v i rus  followed by addition of a fu r the r  50 units a f t e r  washing 
of the ce l l s  led to the appearance  of single foci  of specif ic  cel l  des t ruc t ion  in the r e s i s t a n t  J -41  cul tures :  the 
t i t e r  of v i rus  was 103 TCDs0/ml (Table 1 ). 

Addition of s m a l l e r  doses  of the enzyme led nei ther  to mul t ip l icat ion of the v i rus  nor to the development  
of specif ic  morpholog ica l  changes in the r e s i s t an t  J -41  cel ls .  

The addition of homologous v i rus  toge ther  with an adequate dose of exogenous alkaline phosphatase  to a 
cul ture  of J -41  ce l l s  r e s i s t an t  to Coxsackie  B3 vi rus  thus leads to propagat ion of the v i rus  and to the develop-  
ment  of a cytopathogenie  effect ,  in the f o r m  e i the r  of to ta l  des t ruc t ion  of the monolayer  or  of death of single 
cel ls ,  with the appea rance  of morpho log ica l  changes in them c h a r a c t e r i s t i c  of the cytopathogenic effect  of Cox- 
suckle B3 v i rus .  Consequently,  t he re  is r e a s o n  to cons ider  that  the fall  in alkaline phosphatase  act ivi ty  is the 
f ac to r  which d e t e r m i n e s  the speci f ic  r e s i s t a n c e  of J-41 ce l l s  to Coxsackie  B3 v i rus .  This  r e s i s t a n c e  can be 
o v e r c o m e  by addition of exogenous alkaline phosphatase .  
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