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The offspring of rodents normally acquire 
immunoglobulins from their mothers before 
and shortly after their birth ( 1 ) .  Gamma 
G immunoglobulins are transferred through 
the placenta while colostrum and milk are 
the vehicles for IgA and IgG fractions ( 2 ) .  
This pattern of transmission of maternal 
antibodies is of great importance in the pro- 
tection of newborn rats from viral induction 
of lymphoma. 

I t  has been demonstrated in earlier work 
( 3 )  that lymphoma induced by Gross virus 
in rats is strictly age-dependent since ani- 
mals older than 2 wk are able both to neu- 
tralize the virus and to reject cells which 
express antigens associated with it (4).  How- 
ever, during the first 2 wk of life rats are 
highly susceptible to the leukemogenic 
activity of the Gross virus which can con- 
sistently induce the disease in all the re- 
cipients ( 5 ) .  Therefore, the only way of 
protecting infant rats against viral induction 
of lymphoma is by active immunization of 
their mothers prior or during their pregnancy 
(6 ) .  Transmission of immunity to Gross 
lymphoma virus (GLV) from mother to off- 
spring occurred both pre- and postnatally 
by transplacental and milk passage ( 7 ) .  It 
was also shown that serum of adult im- 
munized rats completely neutralized GLV in 
vitro in contlrast to serum of nonilmmunized 
animals ( 7 ) .  
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I n  order to develop this system further and 
to avoid immunization with live virus, the 
capacity of formalin-inactivated GLV to vac- 
cinate mothers and induce transferable im- 
munity was explored in the present work. 

Materials and Methods. Animals. Female 
3 mo old rats of three different strains 
(Wistar/Furth, Sprague-Dawley and Long- 
Evans) were used for immunization. Their 
progeny of 1 to 4 days of age were used 
for leukemia induction. 

Virus. GLV used in all experiments was 
from a pooled stock, prepared by cell-free- 
filtration of rat lymphoma induced by rat- 
adapted GLV and stored in liquid nitrogen, 
as previously described ( 3 ) .  

Leukemia induction. Rats 1 to 4 days old 
were injected intraperitoneally with 0.1 ml 
of GLV stock suspension diluted 1 : l O  in 
Hanks' solution. 

Virus inactivation. Formaldehyde in the 
form of 10% water solution (formalin) was 
used for the production of vaccines. Three 
diff erenit schedules were followed: 

1. GLV stock suspension inactivated by 
formalin, brought to a final concentration of 
1:500, stored for 7 days a t  4'. 

2. GLV stock suspension inactivated by 
formalin, brought to a final concentration 
of 1 : 500, stored for 7 days at 25". 

3.  GLV stock suspension inactivated by 
formalin, brought to a final concentration 
of 1:4000 in the presence of 1 M MgCL, 
stored for 7 days a t  37" according to the 
procedure of Salk (8) .  

GLV inactivated according to all three 
schedules was injected intraperitoneally in 
the same final concentration as the live virus 
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in 1-4 day old rats to assess its lack of 
oncogenici ty. 

Vaccination. Female rats before or during 
mating were injected intraperitoneally 3 
tilmes, a t  weekly intervals, with 0.5 ml of 
GLV inactivated with formalin according to 
schedules 1, 2 or 3. Control female rats 
were injected intraperitoneally with similar 
amounts Df live GLV of the same stock sus- 
pension stored for 7 days a t  4". 

Neutralization in vitro. GLV stock suspen- 
sion was diluted 1:s in sterile phosphate 
buffer solution then mixed 1 : 1 with the serum 
to be tested, bringing i t  to a final dilution 
of 1:lO and kept for 90 min a t  room tem- 
perature with periodiczl stirring (7) .  Rats 
1-4 days old were injected intraperitoneally 
with 0.1 ml of the GLV-csenulm miixture. 
Serwm of female rats vaccinated with 
formalin-inactivated GLV was used in one 
group 04 newborn rats, serum of female rats 
immunized with live GLV in a second group, 
serum of nolrmal iionimmunized female rats 
in a third group and live GLV in the fourth 
group of newborn rats. 

Results. Vaccination of mothers. Female 
rats vaccinated with formalin-inactivated 
GLV gave birth to litters which were injected 
with live GLV within the first 4 days of life 
together with litters of nonvaccinated 
mothers to serve as controls. 

According to the results sum>marized in 

TABLE I. Vaccinatlion with Formalin-Inactivated 
GLV. 

Mothers Off spring" 

Lym- Protec- 
Total Treatment Injected phoma tion (yo)  

3 None 21 19  9 
2 Inactiv. GLVb 24 2 92 
2 Inactiv. GLV" 18 1 94 
2 Inactiv. GLVd 15 0 1010 

"Al l  injected ip at 1-4 days of age with 0.1 ml 

GLV inactivated with formalin 1:50'0 for  7 

GLV iiiactivated with formalin 1:500 folr 7 

GLV inactivated with formalin 1 : 4000 + 1 M 

GLV diluted 1 : l O .  

days a t  4". 

days a t  25". 

MgC1, for 7 days at 37". 

TABLE T I .  Neutralization of GLV with Sera of 
Vaccinated Rats. 

Newboriis Lym- Per- 
GLV mixed with injected" phoma cent 

None 9 8 88 
Serum of iionimmunized 13 9 69 

Serum of immunized 
with live GLV 18 1 6 
with inactivated GLV 23 0 0 

"All injected ip  a t  1-4 days of age with 0.1 ml 
of GLV-serum mixture. 

Table I, of 2 1  rats, ofispring of 3 nonvac- 
cinated mothers, 19 had lymphoma (90.4%) 
within 95 days after GLV injection. In  sharp 
contrast, only 3 olf 57 rats (5.2%), off- 
spring of 6 mothers vaccinated with GLV 
inactivated with formalin accolrding to one of 
three schedules, had lymphoma after a 
silmilar latency period. Analyzed according 
to the schedules used for GLV-inactivation, 
the results show that 2 of 24 babies had 
lymphoma (8%) when the mothers were 
vaccinated with GLV (inactivsted with 
formalin 1:500 for 7 days a t  4"; 1 of 18 
babies had lymphoma (6%) when the mothers 
were vaccinated with GLV inactivated with 
formalin 1:SO.O for 7 days a t  25"; and none 
of 15 babies had lymphoma (0%) when ,the 
mothers were vaccinated with GLV inacti- 
vated with formalin 1:4000 + 1 M MgC12 
for 7 days a t  37". 

Neutralization in vitro. In  comparative ex- 
periments GLV was mixed in vitro wdth sera 
of vaccinated, immunized and nonimmunized 
rats and injected in 1 to 4 day old rats. 
The results according to Table 11, show that 
of 23 newbolrn rats injected with GLV mixed 
in vitro with serum of rats vaccinated with 
formalin-inactivated GLV, none had lympho- 
ma ( O % ) ,  and only one of 18 newborn rats 
injected with GLV mixed in vitro with serum 
of \rats immunized with live GLV had 
lymphoma ( 6 % ) . 

In  contrast, 9 of 13 newborn rats (69%) 
injected with GLV mixed in vitro with serum 
of nonlimmunized rats and 8 of 9 newborn 
rats injected with plain GLV (88%) had 
lymphoma. 

Discussion. The present experiments have 
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shown that formalin treatment of GLV 
achieves an effective inactivation of this virus 
without alteration of its antigenic properties. 

Maternal immunization with formalin- 
treated GLV conferred protection to the 
progeny which had lymphoma in only 5% 
when injected with a lethal dose of GLV. 
In contrast 90% of the progeny of nonim- 
munized mothers had lymphoma when chal- 
lenged with the same dose of virus. 

Of the three schedules used to inactivate 
the virus, the best results were obtained 
with formalin 1 :4000 at 37" in the presence 
of 1 ill MgC12. This procedure was used by 
Salk (8) who demonstrated that all 3 types 
of poliomyelitis virus could be inactivated 
with retention of adequate antigenicity. In 
the presence of 1 M MgC12 the curve of 
inactivation by formalin shows much less 
tailingsff, which otherwise occurs due to 
aggregation of virus particles (9) .  

Neutralization of GLV in vitro with serum 
of rats immunized with inactivated virus was 
as efficient as that with serum of rats im- 
munized with live virus. In both instances, 
the neutralization of GLV was almost com- 
plete, as shown by bioassays in newborn rats. 

Formaldehyde was previously used in the 
preparation of numerous virus vaccines since 
the first inactivation of rabies virus was re- 
ported by Curnming in 1914 (10). In addition 
to influenza, measles, adeno and polioviruses 
(9)  oncogenic viruses such as Rous ( l l ) ,  
Friend ( 12 ) and Rauscher ( 13 ) were also 
successfully inactivated with formalin. 

Both Friend and Rauscher viruses are 
strongly antigenic in the mouse and there- 
fore vaccination with formalin-inactivated 
viruses resulted in good titers of neutralizing 
antibodies and protection against challenge 
with live virus (13, 14). Yet this may not be 
applicable to a situation in which an orga- 
nism by virtue of congenital infection be- 
comes immunologically tolerant to a virus 
( 15) .  In contradistinction to both Friend 
and Rauscher leukemias which can be induced 
in adults, the Gross lymphoma occurs only 
in rats which were injected with the virus in 
very early life. To avoid induction of toler- 
ance during intrauterine life and/or infection 
in the early postnatal period, immunization 

of mothers with subsequent passive transfer 
of immunity to offspring has been attempted 
(6, 16, 17). Using live Friend virus to im- 
munize Swiss mice mothers, protection was 
obtained in 60-7070 of the offspring sub- 
sequently challenged, although occasional 
transmission of virulent virus to babies was 
also noted (16). In our earlier work, when 
live GLV was administered to female rats 
before or during pregnancy, protection against 
a lethal dose of virus given to newborns was 
achieved in all cases ( 6 ) .  In the present work 
similar effects were obtained with inactivated 
virus, removing thus the danger of occasional 
induction of lymphoma in the mother and 
passage of virulent virus to the progeny. 

Vaccination of females with an inactivated 
oncogenic virus represents a model which 
may also be applicable to the prevention 
of oncogenesis in other animal systems. 

Acute leukemia in children displays a 
striking temporal resemblance to the Gross 
lymphoma in rats. The peak incidence at  5-6 
yr of age in humans is comparable to that 
of 60-70 days in rats, when allowance is 
made for the difference in the respective life 
spans. This may suggest that in humans too, 
induction of acute leukemia and perhaps that 
of other neoplasias, takes place during that 
postnatal period of maximum susceptibility, 
when passive maternal immunity is steadily 
decreasing while the baby's own immune 
system has not yet fully matured. This would 
appear to be the optimal period during which 
infection and/or tolerance could be induced 
in man by an oncogenic virus. 

Immunization of females with an inacti- 
vated or attenuated virus, as it is now 
practiced against rubella infection, may well 
be the answer for the prophylaxis of acute 
leukemia in children and perhaps of other 
forms of cancer. 

Summary. Newborn rats are highly sus- 
ceptible to viral induction of lymphoma, 
and become naturally resistant after 2 wk 
of age. Protection during tfiis period can be 
conferred by transfer of maternal imimunity 
which occurs pre- and postnatally, by trans- 
placental and milk passage. 

Vaccination of mothers was effectively 
achieved with formalin-inactivated Gross 
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lymphoma virus (GLV) , resulting in passive 
immunization of the progeny. Only 5% od 
the offspring of vaccinated mothers had 
lymphoma when injected with a lethal dose 
of virus, as compared (to 90% of the offspring 
of nonvaccinated mothers. Complete neutrali- 
zation of GLV in vitro with serum of vac- 
cinalted mothers was demonistrated by sub- 
sequent bioassays. 

Vaccination of females with an inactivated 
oncogenic virus represents a lmodel whlich may 
also be applilcable ‘to the prevention of 
oncogenesis in other animal systems. 
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