
a l imenta ry  route.  Active synthesis  of  the i r  own immunoglobulin G~ does not take place in young ra ts  under the 
age of  42-45 days. It must  be noted that the mic rof lo ra  plays a much g r e a t e r  role  in de termining the s e rum 
IgG 2 level  of both adult ra t s  and the i r  young than genetic predeterminat ion.  

The "s tandard ,  data obtained for the IgG 2 levels are  essent ia l  as a basis  for  compar ison  in many types 
of immunological  exper iments  on ra ts .  
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I N C R E A S E D  R E S I S T A N C E  O F  C E L L S  TO V I R U S  

BY m R N A  F O R  A N T I V I R A L  P R O T E I N  
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The res i s t ance  of L-929 mouse cells  to virus af ter  administrat ion of a single dose of homolo-  
gous andhe te ro logousprepa ra t ions  of messenger  RNA for antiviral  protein (AVP-mRNA) was 
studied. If homologous AVP-mRNA was used, inhibition of virus production reached 90-93% 
and remained  steady af ter  passage of the cells  for  1.5 months (period of observation).  After 
contact between the cells  and heterologous AVP-mRNA inhibition of virus  production in the 
f i r s t  six passages  was about 90%, increas ing  by the 16th passage to 99.9%. The resu l t s  in- 
dicate a steady inc rease  in the res i s t ance  of cells to virus  by means of AVP-mRNA, and this 
_could prove , to be a new and effective method of n onspecific protect ion of cells  against v i ruses .  
KEY WORDS: in terferon;  ant iviral  protein;  mRNA; res i s tance  to v i ruses .  

The wr i t e r s  showed previously  that mouse cells can produce heterogenic  chick in te r fe ron  for long periods 
af ter  adminis t ra t ion of a single dose of chick in te r fe ron  mRNA, which has template  activity [J ]. 

In the chain of  format ion and action of in terferon,  antiviral  protein (AVP) is the final product  which de t e r -  
mines the r e s i s t ance  of the cel ls  to virus  [2]. 

Labora to ry  of Ontogeny of Viruses ,  D. I. Ivanovskii Institute of Virology, Academy of Medical Sciences 
of the USSR, Moscow. (Presented  by Academician of the Academy of Medical Sciences of the USSR N. N. Zhukov- 
Verezhnikov.)  Transla ted f rom Byulleten '  I~ksperimental 'noi Biologii i Meditsiny, Vol. 86, No. 9, pp. 337-339. 
September ,  1978. Original ar t ic le  submitted January  11, 1978. 
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TABLE 1. An t iv i r a l  Effect  of AVI~-mRNA 
in Homologous and Hetero logous  Cel ls  

Source of AVP-mRNA Inhibition of VEE virus, log PFU/ml 

L-929 CEF 
I 

L-929 cells 0 ,8--2 ,91.  0 ,7- -3  
CEF cells 1--3,1 0,9--3,3 

* Degree  of  inhibi t ion of r ep roduc t ion  of 
VEE v i rus  compared  with cont ro l  ce l l s  
(not t r e a t ed  with AVP-mRNA).  

TABLE 2. Inhibit ion of Product ion of VEE 
and VS V i r u s e s  in L-929 Cel ls  a f te r  a 
Single Dose of Homologous AVP-mRNA 

Type of RNA used ~ -~ 
Inhibition of virus products 
in 1%. PFU/ml at under- 

menuoned passages) 

AVP -mRNA VEE 
• [VS 

Control RNA? VEE 
Control RNA VS 

Legend.  *) No. of p a s s a g e s ,  ~') RNA 
p r e p a r a t i o n  i so la ted  f rom in tac t  L-929 
ce l l s .  

0* 2* 4* 6* 

11,2 1 1,2 2,2 
O,9 O,7 0,8 

- -  0 , I  - -  0 , I  

0,3 0,2 

It was sugges ted  that  if  addi t ional  genet ic  informat ion  for AVP can be in t roduced into homologous ce l l s ,  
the r e s i s t a n c e  of the ce l l s  to v i rus  infect ion may be inc reased .  It was found that  in a s e r i e s  of p a s s a g e s  r e -  
product ion of v i r u s e s  can be inhibi ted s t ead i ly  and s igni f icant ly  by this s imple  method [3]. 

The objec t  of the p r e sen t  inves t iga t ion  was to de t e rmine  how long the r e s i s t a n c e  of homologous and 
he te ro logous  ce l l s  into which a s ingle  dose  of AVP-mRNA was in t roduced re ta in  t h e i r  r e s i s t a n c e  to v i rus .  

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

P r i m a r i l y  t r y p s i n i z e d  chick embryon ic  f i b rob la s t s  (CEF) and a p r i m a r y  l ine of mouse ce l l s  (L-929), ob-  
ta ined  and subcul tured  by the usual  methods,  were  used. 

To induce and i so la t e  AVP-mRNA,  af te r  monolayer  format ion  the ce l l s  were  t r e a t e d  with homologous in -  
t e r f e r o n  (100-200 uni t s /ml) .  The cul ture  fluid was poured off a f te r  18 h and the ce l l s  were  washed and removed  
f r o m  the walls  of the v e s s e l  by means of a r ubbe r  spa tu la  into STE buffer (Tr is  0.01 M, NaC1 0.1 M, EDTA 
0.001 M, pH 7.4). The ce l l  r e s idue  was t r e a t e d  with 1% sodium dodecyl  sulfate ,  shaken,  and t r e a t e d  with an equal 
vo lume of a mix ture  of phenol and ch lo ro fo rm (1 : 1), s a tu ra t ed  with STE and hea ted  to 37°C. The mix ture  was 
shaken for  15 rain at r oom t e m p e r a t u r e ,  then cent r i fuged at 2500 r p m  for 20 min. The aqueous phase  was 
t r e a t e d  twice  more  with the p h e n o l - c h l o r o f o r m  m i x t u r e  s a tu r a t ed  with STE. DNA was r emoved  from the 
aqueous phase  by the addition of 1 volume of alcohol and by winding i t  on to a g l a s s  rod. A second volume of 
alcohol with 0.1 M NaC1 was then added. The s amp le  was s tored  at -20°C for  two days.  RNA was sed imented  
at 20,000 r p m  for 30 min and d i s so lved  in 0.1 M NaCI. 

To t e s t  the functional  ac t iv i ty  of the AVP-mRNA,  e e l l s  were  grown in penic i l l in  f lasks  and t r e a t e d  with 
ac t inomycin  D (2t~g/ml) 4 h before  t r e a t m e n t  with RNA. The RNA was di luted in 0.02 M phosphate  buffer,  pH 
7.2, containing 1 M NaC1 and 200 pg /ml  DEAE-dext ran .  RNA was added to each f lask  in a dose  of 50 #g. Af ter  
adsorp t ion  for 20-60 rain the RNA was removed ,  the ce i l s  were  infected with Venezuelan equine encephalo-  
mye l i t i s  WEE) o r  v e s i c u l a r  s t oma t i t i s  (VS) v i r u s e s  with a mul t ip l i c i ty  of 5-10 P F U / c e l L  A f t e r  60 rain the 
v i r u s  was r emoved  and the ce l l s  were  washed and covered  with medium 199 with 2% bovine se rum.  Samples  
were  co l lec ted  af ter  incubation for  18-20 h at 37°C. 
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Fig. 1. Res i s tance  of L-929 cel ls  to VEE 
v i rus  a f te r  a single dose (passage 0) of AVP-  
mRNA obtained f r o m  CEF cei ls .  Absc i s sa ,  
number  of  passages ;  ordinate ,  inhibition (in 
log PFU/ml )  compared  with control  intact  
L-929 cells .  

The t i t e r s  of  v i rus  were  de te rmined  by the plaque method under  agar .  Functional  act ivi ty of the AVP- 
mRNA was de te rmined  f r o m  the di f ference  between v i rus  production in the expe r imen ta l  and control  s amples  
[4]. The biological  act ivi ty of  the AVP-mRNA prepara t ions  was tes ted on L-929 and CEF ceils .  

EXPERIMENTAL RESULTS 

After addition of AVP-mRNA the level of resistance of the homologous and heterologous cells to virus 
varied in different experiments from 0.7 to 3.3 log units (Table I). As these results show, no preferential in- 
hibition by the samples was observed in homologous cells, evidence of the nonspecificity of action of the AVP- 
mRNA. 

In a series of experiments mouse AVP-mRNA was added to homologous cells. For this purpose L-929 
cells grown in 250-mi flasks were washed, after monolayer formation, with Hanks' solution. AVP-mRNA in a 
dose of 200-300 gg was then added to each flask in the presence of 1000-1500 pg DEAE-dextran. After contact 
for 30 rain at room temperature the RNA was removed and the cells washed twice with Hanks T solution and 
covered with medium 199 and 2% bovine serum and antibiotics. Cells treated with RNA from cells untreated 
with interferon, and also intact L-929 cells, were used as the control. The first passage of the culture treated 
with AVP-m_RNA and of the control cells was carried out after 24 h. Subsequent passages were carried out 
weekly, and some of the cells were poured into penicillin flasks in order to determine their antiviral resistance. 

The results are given in Table 2, which shows that the resistance of the cells to VEE virus after addition 
of AVP-mRNA was 1.2 log unit and it showed little change during the next 1.5 h of culture (period of observa- 
tion). The resistance of the same cells VEE virus was a little lower (0.8-1 log unit), but also remained stable 
in the course of passage. Control RNA preparations had virtually no inhibitory action. 

In the next experiments a heterologous system was used: AVP-mRNA obtained from CEF cells induced 
by interferon was added to L-929 cells. Otherwise the experimental method was the same as that described 
above. The period of observation was increased to 4 months (16 passages). Prolonged passage of the cells in 
these experiments led to a gradual increase in the resistance of the cells, probably as a result of the more 
rapid growth of cells containing additional information from the AVP,and of the gradual displacement of the 
remainder of the cell population by these cells. 

The results of determination of the reproduction of VEE virus in cells after different numbers of passages 
are shown in Fig. I. The resistance of the cells increased gradually over the control level (intact L-929 cells) 
from 1 to 3 log units. In other words, inhibition of VEE virus production in these cells during the first six 
passages was about 90%, and it increased to 99.9% by the 16th passage. Compared with interferon, the isolation 
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of AVP in p r epa ra t i ve  quanti t ies and the study of i ts  p rope r t i e s  a re  e x t r e m e l y  difficult t a sks  [6, 5], and this  
r e s t r i c t s  the invest igat ion of this  mos t  impor tan t  fac tor  in ant iv i ra l  immunity .  Technical ly  it s e e m s  a m o r e  
p romis ing  approach to use  m e s s e n g e r  RNAs for  AVP, as was done in the p resen t  invest igat ion.  The methods 
of induction, isolat ion,  and tes t ing  of AVP-mRNA developed by the wr i t e r s  [1] enable s amples  with marked  
biological  act ivi ty to be obtained com para t i ve ly  s imply.  During t rans la t ion  of AVP-mRNA, the speci f ic i ty  of  
action c h a r a c t e r i s t i c  of  in te r fe ron  was not obse rved  [3]. 

The l o n g - t e r m  r e s i s t a n c e  developed by the cel ls  in r e sponse  to administrat iDn of homologous and, what 
is  pa r t i cu l a r ly  impor tan t ,  of he tero logous  AVP-mRNA may  be a new and effect ive method of nonspecif ic  p r o -  
tect ion of ce l l s  against  v i ru se s .  

1. 
2. 
3. 
4. 
5. 
6. 
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P R O T E C T I V E  A C T I O N  O F  S O M E  D I P H O S P H O N A T E S  A G A I N S T  

I N J U R Y  TO L Y M P H O C Y T E S  BY A N T I L Y M P H O C Y T I C  S E R U M  

I .  N. Z e r n o v ,  D. V.  S t e f a n i ,  UDC615.365.018.53.099:616.155.32/ ,015.25 
a n d  Y u .  E .  V e l ' t i s h c h e v  

Rabbit  ant i lymphocyt ic  s e r u m  and complemen t  were  used in quanti t ies  causing death of 50% of 
human lymphocytes  i so la ted  in a F i c o l l - V e r o g r a f i n  (amidotr izoate)  densi ty gradient .  The ex-  
pe r imen ta l  s amples  (0.2 ml  of a lymphocyte  suspension containing 2.4 × 104- 6 × 104 cells)  we re  
t r ea ted  with 10 mM solutions of diphosphonates [disodium sal t  of  hydroxyethylenediphosphonic 
(HEDP) acid, alkylated HEDP-ac id ,  aminome thy l -HEDP-ac id ,  aminobenzyldiphosphonic and 
aminoisopropyldiphosphonic  acids] in doses  of 0.001 to 0.2 ml. A d e c r e a s e  in the number  of  
dead cel ls  was obse rved  af ter  s taining with 0.1% t rypan  blue. The disodium sal t  of  HEDP-ac id  
and alkylated HEDP-ae id  proved to be mos t  effect ive and exhibited pro tec t ive  p rope r t i e s  in 
doses  as low as 0.01 ml. In a dose of 0.1 ml, all the tes ted  compounds had a marked  protec t ive  
action. 
KEY WORDS: lymphocyte;  ant i lymphocyt ic  s e rum;  diphosphonates.  

Cer ta in  d i seases  a re  based  on immunologic  in jury  to the ou te r  cell  m e m b r a n e s ,  f requently accompanied 
by the l ibera t ion of biological ly active subs tances  of  pathogenetic significance.  As a rule these  reac t ions  de-  
pend on complement  and requ i re  the par t ic ipat ion  of ca lc ium and magnes ium ions. Marcell i  and Renoux [5], 
for  ins tance,  showed that  the intensi ty  of l iberat ion of h i s t amine  f r o m  mas t  cel ls  is reduced in the absence  of 
ca lc ium ions,  which are  bound by EDTA. More recen t ly  work has been published on var ious  subs tances  which 
have pro tec t ive  p rope r t i e s  in re la t ion  to cel l  m e m b r a n e s .  In par t icu la r ,  synthetic  diphosphonates have been 
shown to p o s s e s s  this proper ty .  These  compounds are  complex  ones which can in te r fe re  with ca lc ium and m a g -  
m e t a b o l i s m  [1-3]. 

The object  of the p resen t  invest igat ion was to study the pro tec t ive  action of a s e r i e s  of  disphosphonates  
against  immunologic  in jury to the outer  cell  m e m b r a n e  of human lymphocytes  by ant i lymphocyt ic  s e r u m  in the 
p r e sence  of complement  in vi tro.  

R e s e a r c h  Inst i tute  of  Ped ia t r i cs  and Ped ia t r i c  Surgery,  Minis t ry  of Health of  the RSFSR, Moscow. (P re -  
sented by Academic ian  of the Academy of Medical Sciences of the USSR, P. N. Kosyakov.)  Trans la ted  f r o m  
Byulle ten '  l~ksper imenta l 'no i  Biologii i Meditsiny, Vol. 86, No. 9. pp. 339-341, September ,  1978. Original  
a r t ic le  submit ted  November  17, 1977. 
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