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Abstract--  Twelve-week-old female DBAJ; (BALB/c x DBAJ)F1 (CD2 ) and GR mice 
were injected s.c. with the purified mouse mammary tumour virus (MTV)-derived proteins 
gp52 and p28 with adjuvant. Twenty days postvaccination, the D B A f  mice were challenged 
i.p. with the M TV-containing L 1210 leukaemia; the vaccinated CD2 and GR mice were 
challenged s.c. with solid primary mammary tumour cells, The vaccinated mice showed no delay 
in tumour appearance as compared to control animals which were treated with the adjuvant 
alone. With the leukocyte adherence inhibition assay pe~formedon day 20 postvaccination, it was 

Jound that gp52 induced good cellular reactivity; however,factors that block cellular reactivity 
u,e~ e also demonstrated in the serum. Antibody titers as &termined by an enzyme linked immuno 
assay were low or negative. M T V  disrupted by freezing and thawing provided slight protection 
in DBA f mice against the growth of the L 1210 leukaemia. It is concluded that the immunogenic 
properties of gp52 are too weak to provide a useful vaccine against transplanted mammary 
tumours. 

I N T R O D U C T I O N  

ALTHOUGH successful vaccination against 
mammary tumours has been achieved in mice 
with attenuated virus preparations [1-4], im- 
munization with tumour tissue or virus can 
also lead to acceleration of tumour ap- 
pearance [5-8]. In earlier studies we found 
that a protein fraction of the murine mam- 
mary tumour virus (MTV) that was enriched 
for the major viral membrane glycoprotein 
gp52 could induce some protection against 
either transplanted or spontaneous mammary 
tumours [8, 9]. However, this phenomenon 
proved to be highly dose-dependent, in that 
low doses of the vaccine evoked resistance to 
transplanted tumours but high doses, enhance- 
ment of tumour growth. The latter is as- 
sociated with the appearance of blocking fac- 
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tors in the serum which interfere with cellular 
immune responses to MTV. There are strong 
indications that these blocking factors repre- 
sent antigen-antibody complexes [10]. 

Also a mouse strain dependency was obser- 
ved: strains with a high mammary tumour 
incidence could be somewhat protected against 
spontaneous tumorigenesis, while tumours 
appeared earlier after vaccination in mouse 
strains with a moderate tumour incidence and 
a low rate of MTV expression. 

We extended these studies by immunization 
with highly purified MTV polypeptides: the 
major envelope glycoprotein with a mol. wt of 
52,000 (gp52) and the major internal core 
protein with a tool. wt of 28,000 (p28). We 
investigated the induction of transplantation 
resistance against MTV-containing neo- 
plasmas; to avoid influence of the adjuvant on 
the results [8], the control groups were treated 
with adjuvant alone. Cellular immune re- 
activity was monitored by means of the one- 
stage leukocyte adherence inhibition (LAI) 
assay; the specificity and relevance to cell 
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mediated immunity in the MTV-system has 
been extensively established [9, 11, 12]. Anti- 
MTV antibodies were established by means of 
the enzyme-linked immunoassay (ELISA) 
[13]. 

MATERIAI,  S AND M E T H O D S  

Animals 

We used strain 2 DBAf mice which were 
challenged i.p. with 100 cells of the MTV- 
containing [14] leukaemia L1210. The effect 
of vaccination on mammary tumours was 
tested in (BALB/c x DBAf)F1 mice, further 
referred to as strain CD2, which were chal- 
lenged s.c. with 104 cells derived from 
BALB/c mammary tumours induced by 
MTV-O and GR mice, which wer challenged 
s.c. with 104 cells derived from syngeneic 
spontaneous mammary tumours. Tumour cell 
suspensions were obtained as described pre- 
viously [8]; before challenge, the mammary 
tumour cells were grown in vitro for 16hr in 
RPMI-1640 medium supplemented with 10% 
foetal calf serum (FCS), 10-s M dexam- 
ethasone and 10 #g/ml insulin. 

Antigens 

Virus was purified from BALB/cfC3H 
mammary tumours; the viral envelope protein 
gp52 and the core protein p28 were isolated 
as described previously [15]. The purity of the 
proteins was near 100°/o . These proteins show- 
ed clear reactivity in various immuno-assays 
using rabbit ant i -MTV serum. Before use, the 
purified protein preparations were subjected 
to dialysis. In the LAI-assay, purified virus 
disrupted by repeated freezing and thawing 
was used; murine Rauscher leukaemia virus 
(RLV) was purified as described [8] and 
treated in the same way. For the ELISA assay 
MTV was in addition to freeze-thawing, trea- 
ted with 0.3% NNP 10. 

LAI-assay 

In these assays pooled cells derived from 2 
animals were tested. Cellular immune re- 
activity was established by means of the one- 
stage LAI-assay as described previously [8]; 
RLV was used as the specificity control. 
Reactivity was expressed as percentage re- 
duction in adherence of the leukocytes in the 
presence of MTV as compared to the RLV 
control value. Blocking or enhancing factors 
in the serum were determined by measuring 
the influence of serum on the adherence of 
immune peritoneal cells in the presence of 
MTV [8]; since we wanted to measure the 

influence of the vaccination on these serum 
factors, serum from untreated syngeneic age- 
matched mice served as a control. Blocking or 
enhancing capacity of serum was expressed as 
the quotient a: quotient a =  TS/NS, in which 
TS stands for the number of adherent cells 
incubated with test serum and NS for the 
value after incubation with normal serum. 
Pooled test sera derived from two mice were 
used. 

ELISA 

Purified MTV was coupled by means of 
glutaraldehyde to 3mm precision glass beads 
after the glass support had been sensitized by 
3-aminopropyltriethoxysilane [13]. The anti- 
gen coated glass beads were then incubated 
with the test serum for 18hr. After washing, 
bound antibodies were demonstrated by in- 
cubation of the glass antigen-antibody com- 
plex with enzyme-labeled rabbit antimouse 
antibody. As enzyme-substrate couple, we 
used fl-galactosidase (E.C. 3.2.1.23) and as 
substrate 4-methyl-umbelliferyl ~-D- 
galactoside, which after enzymatic digestion 
produces the highly fluorescent product 4- 
methyl-umbelliferone (~. exc. = 360 nm; )~ em- 
iss. 450nm) which is measured in the super- 
natant. Fluorescence was measured micro- 
fluorometrically with the same set up as 
formerly used for the Sepharose bead immuno- 
assay [10]. We always tested pooled sera 
derived from 2 mice. 

RESULTS AND DISCUSSION 

Female 12-week-old DBAf mice were in- 
jected s.c. with 1 and 10#g of either gp52 or 
p28. since we have indications that the struc- 
tural integrity of the viral membrane in the 
vaccine is of importance for the resulting 
immune response [8], we also tested viral 
membrane fragments, obtained by disrupting 
the virus by 10 times freeze-thawing and a 
MTV soluble protein preparation which was 
obtained by dissolving virus particles in PBS 
containing 1 oj~, of the nonionic detergent NNP 
10. As adjuvant 50#g of an interphase ma- 
terial isolated from Mycobacterium smegmatis 
(IPM) was used [16]. Control animals were 
treated with 50#g IPM only. In the experi- 
ment with disrupted particles NNP 10 was 
added to IPM in the control group. Twenty 
days after treatment the animals were chal- 
lenged by i.p. injection of 100 LI210 cells; 
deaths caused by the leukaemia were recorded 
twice a day. 

The results of the vaccination trials on 
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survival time of the mice are summarized in 
'Fable 1. A slight increase in survival was only 
observed following vaccination with 1 #g of 
MTV membrane fragments; no protection 
was observed in all other instances. Only the 
group treated with 10#g gp52 showed signi- 
ficantly enhanced tumour growth. Sarkar and 
Moore [4] found that vaccination with 10#g 
of purified gp52 and Freund's adjuvant pro- 
tected C57BL mice against a subsequent chal- 
lenge with MTV of the RII1 strain. This is 
probably due to neutralization of the virus by 

male GR mice with varying doses of gp52 and 
p28 precipitated on alum. Control animals 
were treated with alum only. The results, 
summarized in Table 2, demonstrate that also 
in this experiment even when only small 
amounts of gp52 are administered, no clear 
protection against a tumour transplant was 
achieved. This may indicate that purified 
gp52 is even less immunogenic than the MTV 
protein fraction that was enriched for gp52 
which we tested previously [8]: on that oc- 
casion, a dose of 1 #g protein precipitated on 

Table 1. Effect of injection of different M T V  vaccines combined with 50/~g IPM in DBAf  mice on 
the growth of L 1210 leukaemia 

Treatment Survival Survival time_+ S.E. in days 

Vaccine Dose Vaccinated Control* Vaccinated C o n t r o l  Significance 

MTV membrane 1 #g 6/10 2/10 
fragments 10#g 0/10 0 /10  1 5 . 9 + 0 . 7  15.8_+0.2 NS 

Dissolved MTV 1 #g 1/10 4/10 
10/2g 0/10 0/8 15.3_+0.4 15.1 +0.2 NS 

gp52 1 #g 0/10 2/10 
10#g 0/10 0 /10  14.7--+0.3 15.8_+0.2 P<0.010 

p28 1 #g 0/9 2/10 
10#g 0/10 0 /10  15.3_+0.1 15.8___0.2 NS 

*Controls were treated with adjuvant alone. 

the induced immunologic ant i-MTV reaction; 
they have not checked, however, the induc- 
tion of transplantation resistance to tumour 
cells. In this latter system protection will 
probably be more difficult to achieve [17]. 

The differences in survival rates between 
any vaccinated and the relevant control group 
was not significant. However, when the ani- 
mals treated with 1 #g dissolved MTV protein 
or with 1 #g gp52 are compared to the group 
that received 1/~g of MTV membrane frag- 
ments, a significant difference emerges. This 
indicates that virus membrane fragments in- 
duce a more effective anti-tumour immune 
response, and is in accord with earlier findings 
[4, 8]. 

Also in female 12-week-old CD2 mice, vac- 
cination with different doses of purified gp52 
and p28 in combination with 50#g of IPM 
failed to induce protection against a mam- 
mary tumour transplant containing 104 cells 
that was given 20 days postvaccination (Table 
2). Ill addition, we treated 12-week-old fe- 

alum caused a delay of 10 weeks in the 
growth of transplanted mammary tumours. 

Cellular immune reactivity, the presence of 
factors in the serum that block or enhance 
cellular reactivity and ant i-MTV antibody 
titers that were evoked by the vaccination 
procedures were established on day 20 post- 
vaccination. For the DBAf mice, the results 
are summarized in 'Fable 3. The control mice 
were negative in all tests. From these results it 
is clear that good cellular immune reactivity 
developed after all treatments. The relevance 
of cellular immunity induced by p28 to the in 
vivo situation remains doubtful, since this pro- 
tein does not seem to be present on turnout 
cell membranes in large quantities, and may 
even be absent [18]. In the groups treated 
with solubilized MTV proteins and with 
gp52, the values of quotient a were signi- 
ficantly higher than 1.00, which indicates the 
presence of blocking factors. The better 
transplantation resistance found in the group 
treated with MTV membranes might be attri- 
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Table 2. £'f,/ect oj iqieelion o2 M T V  proteins combined with 50 #g IPM or precipitated on 
a&m oR lhe growth o/ transplanted mammary turnouts 

Survival Latency period {weeks ± S.E. ) 
Mouse 
strain 'Freatmcnt Vaccinated Gontrols* Vaceinated Controls 

C1)2 

GR 

50#g IPM and: 
0.1 #g gp52 0/10 0/16 29.5 ± 2.8-'~ 24.3 + 1.7 
1.0/xg gp52 0/'10 ,4/10 29.8 ± 2.7.) - 

10.0 #g gp52 0/10 

50#g 1PM and: 
0.1 #g p28 0/l 0 0/16 24.7 + 1.6)> 
1.0#g p28 0/10 4)10 29.97-2.9 3 

10.0 #g p28 6/10 

alum and : 
0.1 #g gp52 6/10 3/8 
1.0 #g gp52 6/10 4/8 

10.0 #g gp52 3.10 5/1(/ 

alum and : 
0.1 #g p28 7/10 3/8 
1.0#g p28 4/10 4/8 

10.0 #g p28 5/10 5/10 

24.3±1.7 

*Controls were treated with adjuvant only. 

Table 3. hnmunologic reactivity of DBAJ mice 20 days after treatment with dif/erent 
M T  I" vaccines combined with 50 fig IPM* 

'Freatment 

LAI Blocking-enhancing ELISA 
percentage serum factors positive serum 

of reduction quotient a dilution 

MTV membrane 1 #g 7+~" 0.89 
fragments 10 #g 2()~ 1.04 

Dissolved MTV 1 #g 6 1.20.~ 
1 ' +  10/zg 2. 1.31 + + 

gp52 1 t~g 17+ 1.23+ 
10 #g 13{ 1.26~ 

p28 1 #g 18~ 1.04 
10 #g 15{ 0.93 

*Control animals treated with adjuvant only were negative in all tests. 
+.+ = I)ifl~rence between test- and control-value was significant (P < 0.010). 

bu t ed  to the absence  o f  b lock ing  factors  tha t  
interfere  wi th  the cel lular  i m m u n e  response in 
this g roup .  These  results are  s imilar  to those 
o f  ou r  prev ious  studies using the gp52-  
en r i ched  M T V  pro te in  f rac t ion [8]. 

W i t h  the E L I S A  no a n t i - M T V  ant ibodies  
could  be de tec ted  in the se rum o f  the vac -  
c ina ted  mice,  a l t h o u g h  C B A  mice  h y p e r i m -  
m u n i z e d  wi th  M T V - p r e p a r a t i o n s  showed  a 
t i ter  o f  5120 in this assay. Since b lock ing  
factors  were  present  in mos t  sera, the low 

titers m a y  bc pa r t ly  caused  by  in ter ference  o f  
a n t i g e n - a n t i b o d y  complexes  in the E L I S A  
[10]. 

T h e  results c o n c e r n i n g  the i m m u n o l o g i c  
reac t iv i ty  in v a c c i n a t e d  GD2  and  G R  mice  
are  s u m m a r i z e d  in T a b l e  4. I n  these animals ,  
gp52  also evoked a posit ive cel lular  i m m u n e  
response,  w h i c h  was, however ,  c o u n t e r a c t e d  
by  the i n d u c t i o n  o f  b lock ing  factors. O n l y  the 
G R  mice  deve loped  a n t i - M T V  ant ibodies  af- 
ter vacc ina t ion .  F r o m  these results, it is ob-  
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Table 4. hnmunologic reactivity o J" CD2 and GR mice 20 days after treatment with dijfere,l 
M TV vaccines* 

683 

LAI Blocking-enhancing ELISA 
Mouse percentage serum factors positive serum 
strain Treatment of reduction quotient a dilution 

CD2 

GR 

50pg IPM and: 
0.1 pg gp52 23++'~ 1.08 
1.0fig gp52 215 t.10 

10.0/~g gp52 9 1.34+ + 

50#g IPM and: 
0.1 #g p28 10 1.02 
1.0 #g p28 13. + 0.85 

10.0/~g p28 14++ 1.04 m 

alum and: 
0.1 #g gp52 12+ + 1.10 - -  
1.0 #g gp52 14++ 1.17 { - -  

10.0 #g gp52 9 1.20+ + 10 

alum and : 
0.1 #g p28 2 1.05 1250 
1.0/tg p28 11 0.94 l0 

10.0 pg p28 10 1.09 250 

*Control animals treated with the adjuvant alone were negative in all tests, except for the GR 
mice treated with alum, who had a positive anti MTV serum dilution of 10. 

++'~ = Difference between test- and control-value was significant (P < 0.010). 

vious that  as c o m p a r e d  to the crude  M T V  
prote in  p r e p a r a t i o n  [8] purified gp52 is not a 
very  useful vaccine  for the induct ion of  
t ransp lan ta t ion  resistance. Resis tance against  
t ransp lan ted  m a m m a r y  tumours  is not an 
absolutely rel iable p a r a m e t e r  with regard  to 
induct ion of resistance against  p r i m a r y  tu- 
m o u r  d e v e l o p m e n t  [9]. Nevertheless,  the ex- 
per iments  repor ted  here indicate  that  the 
weakness of  ant igenici ty  of  M T V  which is 
c o m m o n  for t u m o u r  ant igens becomes only 
more  p ronounced  by purif icat ion.  

Bur ton  et al. [1] observed bet ter  t ransplan-  
ta t ion resistance using i r rad ia ted  t u m o u r  cells 
than  when  comple te  virus was employed .  
S t u t m a n  [7] ob ta ined  protec t ion  against  spon- 
taneous  t u m o u r  deve lopmen t  in mice t reated 
with whole  virus, bu t  accelera ted  t u m o u r  de- 
v e l o p m e n t  occurred  after t r ea tmen t  with solu- 
bilized t u m o u r  cell extract .  T h e  (lipid?) en- 
v i r o n m e n t  of  gp52 in the cell and  M T V  
m e m b r a n e  migh t  be an extra  factor  in indue-  

ing an effective i m m u n e  response. 
Fu r the rmore ,  allosteric effects also can contri-  
bute  to a more  i m m u n o g e n i c  form of  gp52 in 
case of  whole t u m o u r  cells or virus as com- 
pared  to purified gp52, or the cell or virus 
m a y  enhance  the carr ier  effect. However ,  the 
use of  whole virus does also not exclude the 
possibility of  t u m o u r  enhancemen t ,  which is 
likely to be due to the induct ion of  ant ibodies  
which bind to ant igen in the circulat ion and  
subsequent ly  induce  i m m u n e  suppressive me-  
chanisms [19]. T o  device vacc ina t ion  pro-  
cedures which c i r cumven t  the induct ion of  
blocking factors it will be m a n d a t o r y  to s t imu- 
late only the cellular i m m u n e  response. 
Induc t ion  of  cellular i m m u n i t y  depends  on 
the s t ructure  and hydrophob ic i ty  of  the anti-  
gen [20]; lipid conjugat ion  to gp52, a pro-  
cedure  that  is known to enhance  cellular 
i m m u n e  responses [21], might  be a useful 
a p p r o a c h  to achieve successtul vacc ina t ion  
against  m a m m a r y  tumours .  
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