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Lack of Correlation of Onset of Lymphomas 
and Levels of Murine Leukaemia Virus in 
(AKR x CBA/H-T6Crc) F 1 

R. D. BARNES,* MAUREEN TUFFREY and MAUREEN SIMPSON 

Clinical Research Centre, Harrow, Middlesex, U.K. 

Abstract--There is some evidence that the incidence of lymphomas in AKR hybrids 
parallels levels of murine leukaemia virus (MuLV). We originally noted that tumours 
were much delayed in the (AKRxCBA/H-T6Crc )  F1 in spite of high levels of 
MuL V. The study of this cross has been extended to investigate any association between 
the level of M u L V  with the incidence of lymphomas, any possible influence of maternal 

factors, and also to learn whether the delay of onset of lymphoma in the F1 is 
associated with the lack of anti-MuLV antibody activity. 

Results showed that although lymphomas were seen in reciprocal (AKR x CBA/H- 
T6Crc) F1 their occurrence was delayed. In contrast to the AKR, where tumours 
generally develop in the first year, tumours in the F1 occur in the second year of life. 
There was no difference in tumour incidence between the reciprocal normally derived 
crosses and crosses obtained following early embryo exchange transplantation. Levels of 
M u L V  in spleen extracts of the F1 tested from 27 weeks onwards were, in general, higher 
than the parental AKR. However, this was only statistically significant in the 
(CBA/H-T6Crc x AKR) cross. There was also a higher level Of M u L V  in this cross 
when compared with the reciprocal (AKR x CBA/H-T6Crc) F1, although this was 
not statistically significant. 

The trend towards a higher level of MuL V associated p30 antigen in the (CBA/H- 
T6Crc x AKR)  F1 was also seen in the reciprocally embryo transplanted progeny, 
indicating no apparent maternal effect. 

Finally, and in contrast to CBA/H-T6Crc immunized with Gross AKR virus, no 
anti-AKR MuL V activity was detected in the sera of the (AKR x CBA/H-T6Crc)F1. 

INTRODUCTION 

OUR INITIAL interest in the (AKR x CBA/H- 
T6Crc) F1 followed findings in a group of 
early embryo aggregation derived 
AKR~--,CBA/H-T6Crc chimaeras. In the chi- 
maeras, lymphomas were not only delayed [1] 
but also the overall incidence was reduced 
[2]. This observation was especially interesting 
when it was found that in spite of "balanced" 
coat colour composition and distribution of 
the gametes, each chimaera was essentially 
AKR when analysed cytogenetically [3, 4] or 
by cell product markers [5]. Relative tumour 
"resistance" in this situation had to be attri- 
buted to the relatively minor CBA cell corn- 
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ponent or cell product in the chimaeras. In 
subsequent investigations, the lack of detect- 
able "free" anti-murine leukaemia virus 
(MuLV) antibody led us to suggest the po- 
ssible association between tumour "resistance" 
and lack of anti-MuLV activity [6]. 

It was the observations mentioned above 
which prompted us to investigate the situation 
in the naturally derived ( A K R x C B A / H -  
T6Crc) F1. Our  preliminary findings con- 
firmed the presence of MuLV--moreover ,  le- 
vels comparable with AKR [7]. In spite of 
this, tumours initially appeared uncommon 
during the first year. In retrospect high levels 
of MuLV was not surprising since the 
CBA/H-T6Crc like the AKR was also Fv-1 n 
and hence the F1 Fv-1 n×" might be anti- 
cipated to be permissive to N-tropic AKR 
MuLV infection [8]. 

The further examination of this particular 
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hybrid seemed important (a) to confirm that 
the incidence of tumours was delayed in spite 
of high levels of MuLV (b) to investigate 
previously suggested maternal influence on 
both incidence of tumours and viral load and 
finally (c) to see whether,, like the chimaeras, 
anti-MuLV antibody activity was not de- 
monstrable. The latter appeared especially 
important since we earlier suggested that the 
lack of such antibody activity at least in the 
chimaeras might be a factor influencing re- 
lative tumour "resistance". 

MATERIALS AND METHODS 

1. Mice 

AKR/Crc (formerly AKR/J)  and CBA/H- 
T6Crc (CBA in text) were used to provide 
reciprocal crosses and these were examined 
with AKR and CBA controls. The derivation 
of these sublines has been described elsewhere 
[9]. 

Various groups of mice were examined: 
(a) The main group of normally derived 

mice was studied to determine the incidence 
of tumours. When signs suggestive of tumour 
development occurred, or occasionally follow- 
ing natural death, post mortem was perfor- 
med and evidence of lymphoma sought mac- 
roscopically. On occasions, when there was 
any doubt, histology was performed upon 
haemtoxylin and eosin stained sections. 

(b) A second group of normally derived 
mice were electively sacrificed from 27 weeks 
of age onwards for determination of p30 le- 
vels. These animals were not macroscopically 
lymphomatous. 

(c) A third group of reciprocal crosses were 
derived following early embryo exchange 
transplantation, a technique described in full 
elsewhere [10]. In practice this meant that 
(AKR ~ x CBA c~) F1 were transplanted and 
born from CBA mothers and in reverse 
(CBA ~ x AKR 3)  F1 transplanted and born 
from AKR mothers. These animals were fol- 
lowed for incidence of tumours and levels of 
p30 were determined at death when lym- 
phomas were apparent. 

(d) A different group of naturally derived 
hybrids were tail bled for serum samples for 
natural anti-MuLV activity during the first 
year of life. 

(e) Finally, a group of CBA was injected 
intraperitoneally at 6 wk of age with 0.1 ml 
Gross passage A virus (1.2 x 104 F.F.U/ml). 
These were bled 6 weeks later for evidence of 
anti-MuLV activity. 

2. Viral antigen screening 

Radioimmunoassay was performed upon 
splenic homogenates to measure levels of MuLV 
associated group specific antigen p30. The 
radioimmunoassay was a modification of the 
original method described by Strand and 
his co-workers [11]. In practice 6#g Rauscher 
p30 antigen (kindly supplied through the 
courtesy of Dr. J. G. Gruber at N.C.I.) was 
radio-labelled with 125I to achieve a specific 
activity of about 18#Ci/#g using the chlo- 
ramine T method [12]. The radio-labelled 
antigen was subsequently divided into ali- 
quots, snap frozen in liquid Nz and then 
stored at -35°C.  

The primary reaction consisted of incubat- 
ing 50#1 of a dilution goat anti-AKR with 
100#1 of the tissue extract at 37°C for 18hr. 
The dilution of the antisera used was known 
to precipitate approx. 50% of radio-labelled 
antigen. In practice TEN buffer [20mM Tris- 
hydrochloride pH 7.6, 1 mM ethylenediamine 
tetracetate (EDTA) with 100 mM NaC1 con- 
taining 0.2°/'o Triton x-100 made up in 
20mg/ml crystalline BSA solution] was used 
to dilute the mixture to a total volume of 
200 #1. 

In the secondary reaction, precipitation of 
the primary antibody-antigen complex was 
achieved by adding 50 #1 of a dilution of pig 
anti-goat IgG known to achieve maximum 
precipitation. Incubation at 37°C for 2hr  was 
subsequently followed by incubation overnight 
at 4°C. Half  of a millilitre of TEN buffer 
(with CBSA-2mg/ml) was then added and 
following centrifugation (1790g for 40min) 
and careful removal of the supernatant, 
radioactivity of the precipitate was deter- 
mined in an NE 160 automated gamma 
counter. 

In each case splenic assay samples were 
examined in duplicate and levels of p30 were 
determined by extrapolation from a standard 
inhibition curve. 

Values of p30 were expressed as ng/1.0 mg 
of tissue protein--the latter determined using 
Lowry's method [ 13]. 

3. Anti-MuLV Assay 

Radioimmunoassay against [3H] leucine 
labelled intact AKR virus was used to screen 
the serum samples for anti-MuLV activity. 
The technique is described in detail elsewhere 
[14] but in practice consisted of treating 
radio-labelled virus with 1:40 dilution of se- 
rum (37°C for 1 hr) and subsequent treatment 
with an optimal dilution of the secondary 
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heterologous precipitating anti-mouse globulin 
(37°C for l hr and at 4°C for 2hr) .  
Precipitation was subsequently expressed as 
the percentage of the counts in the precipitate 
relative to the combined counts in the pre- 
cipitate and supernatant.  As mentioned earlier 
the technique is described in full elsewhere 
[14]. 

RESULTS 

1. T umour incidence 

The  incidence of lymphomas in the recipro- 
cal A K R x C B A  crosses together with the 
A K R  controls is shown in Fig. 1. Some of this 
data has been presented earlier in a pre- 
liminary communicat ion [7]. It is quite ob- 
vious from these data that compared with the 
parental AKR,  lymphomas were delayed in 
both crosses (Fig. 1 ). Tumours  appeared some- 
what  earlier in the (CBA x AKR)  F l - - m e a n  
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age 79 weeks. In the reciprocal (AKR x CBA) 
F1 the mean age was 87.6 weeks but the 
lymphomas in the A K R  appeared associated 
with a grossly enlarged thymus, whereas in 
the F1 it was not uncommon to find evidence 
of lymphomatous splenic and/or lymph 'node 
enlargement whilst the thymus appeared 
normal. 

The  incidence of tumours in the reciprocal 
crosses obtained following early embryo ex- 
change transplantation and derivation from 
the corresponding but opposite mother  is also 
shown in Fig. 1. The incidence quite clearly 
was no different from the corresponding nat- 
urally derived cross. These results rule out 
the possibility of any maternal effect upon the 
incidence of tumours. 

2. Levels of p30 

Results in the competition radioim- 
munoassay are summarised in Table 1 where 
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Fig. 1. Incidence of lymphomas in reciprocal (AKR x CBA/H-T6Crc) F1. 
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Table t. Level~oftheMuL~ZAssociatedantigenp3Oinspleensof(AKR x CBA)*/,~ andcontrols 

Age range Level of p30+ 
Mice No. tested (weeks) Mean_+ S.D. Range 

AKR 28 26-34 23.7_+6.9 12.8+_35.3 
CBA/T6Crc 27 34-112 9.2 ± 4.2 1.9-18.2 

(AKR ~xCBA 3)1:' L 18 27 85 27.1-+11.0 1.t.1-55.2 
(AKR ~ x CBA :3) F~ 

embryo transplanted 10 55 124 21.5_+ 15.2 9.9-60.3 
into CBA ~ (at death) 

(CBA ~xAKR ; )  1~'1 12 33 52 47.4_+34.2 4.5-129.7 
(CBA 'i~ x AKR ,3 ~) F I 

clnbri, otransplamcd 9 72 112 39.2_+29.1 13.5 109.7 
into AKR ~: (at death) 

* CBA/H-T6Crc 
tng of p30/mg tissue protein 

it can be seen that levels of p30 covered a 
considerable range. Age differences and the 
limitations of the assay could have contributed 
to this. However, it can be seen that the p30 
levels for the CBA controls were very much 
lower (9.24-4.2) than the macroscopically 
normal AKR controls (23.7+6.9). The levels 
in the macroscopically normal naturally de- 
rived reciprocal crosses covered a larger 
range. In both cases levels were higher than the 
AKR, but only in the (CBA x AKR)  F1 (47.4 
4-34.2) was this significantly higher than the 
parental AKR (P<0.05). Although levels in 
the ( C B A x A K R )  F1 appeared higher than 
those in the reciprocal (AKR x CBA) F1, the 
difference here was not statistically significant. 
The fact that this trend was confirmed in 
early embryo exchange transplanted hybrids 
born and subsequently milk fostered from the 

corresponding but opposite mother rules out 
the possibility of a maternal effect in respect 
of levels of the MuLV associated p30 antigen. 

3. Anti-MuL V-antibodies 

Results here were clear cut. 
As can be seen from Fig. 2, the majority of 

the adult CBA injected with AKR virus 
showed an antibody response (>  30c~) against 
the radio-labelled AKR virus in immuno- 
assay. In contrast, no antibody activity 
(> 30(~;) could be demonstrated in any of the 
75 individual serum samples obtained from 
the reciprocal (AKR x CBA) F1 (Fig. 3). 
Within the context of the known sensitivity of 
this assay, results suggest the absence of "free" 
anti-AKR MuLV activity in the F1 up to 1 yr 
of age when the last samples were obtained. 

100 - 

90 

80 

lO 

6 0 -  

5 0 -  

4 0 -  
30 

2 0 -  

1 0 -  

0 

• • • • o • • o e O e o o O e  • •  • o e  o eo  O o o  ° ° e  • • • ° 

O O 
• • • ~ O  

O o • 

° ° • • 

IIIIIIIIIIIIIIIIIIIIIIIIIIIII'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII||II~I|I 

Individual samples taken 6 weeks after immunization with Gross virus 

]')L'. '2 

1/serum dilution (1:40) 

• b~/i-.~ II~/. I ~,/~,l/ j /ii adull C/L-l/ ' . l /- ' I~;Crc mice immunized ~cith 
(;ro~s z,irt~s. 



Lack of Correlation of Onset of Lymphomas 1047 

100 

90 

80 

70 

i °° 
50 

40 

30 

20 

10- 

0 

Fig, 3. 

l l"I' 111 "'1 t I1 
i i e eo  gO0 oQaOeOE ° o e  I e eOql q • • O0 o gO0 • OO0 

I I  I I  I l l |  I l l l l l l l l l  I I I  I I I I  I I I I I I I  I I I  I I l l  

4 8 12 I6 20 24 28 32 36 40 44 48 P2 Age in weeks 

]/serum dilution (]...40) 

Lack of detectable anti-MuL V activity in individual serum samples obtained 
from reciprocal (AKR x CBA/H- T6Crc ). 

DISCUSSION 

From the findings here, it is quite clear that 
lymphona susceptibility is not invariably 
linked to the viral load in AKR derived hy- 
brids. The delay in development of tumours 
in the F1 is, in the case of the AKR x CBA 
cross, independent of viral load. Although we 
have confined our investigation of virus here 
to examination of the group specific MuLV 
p30 antigen, previous studies showed that this 
was also seen in the (CBA x AKR)  F1 trans- 
tropic MuLV [7]. The levels of p30 in the 
naturally derived F1 hybrids were higher than 
the AKR, although only significantly in the 
(CBA x AKR)  cross. In spite of this, tumour 
development was generally confined to the 
second year of life. Although the high viral 
load might be anticipated since both AKR 
and CBA are Fv-1 n and hence permissive to 
N-tropic AKR MuLV infection [8] the fact 
both strains are also H-2 k and the F1 H-2 k ×k 
makes the delay in onset of lymphoma de- 
velopment surprising since H-2 k status ge- 
nerally confers susceptibility to viral associated 
tumour development [15, 16]. 

Maternal influences are known to effect the 
incidence of lymphoma in AKR x low lym- 
phoma strain crosses [17, 18]. However, no 
maternal effect was demonstrated here. No 
difference in the incidence of tumours was 
detected in the naturally derived reciprocal 
crosses. Furthermore, the same was true for 
the two groups of reciprocal crosses derived 
following early embryo exchange transplan- 
tation and being born and milk fostered upon 
the corresponding but opposite mothers. 
However, in respect of levels of p30, there did 
appear to be certain differences. Although in 

both naturally derived F1 hybrids, the levels 
of p30 appeared higher than the parental 
AKR, this difference was confined statistically 
to the ( C B A x A K R )  F1 and this tendency 
was also seen in the (CBA x AKR)  F1 trans- 
planted, born and milk fostered from the 
AKR. The significance of this is uncertain. 
Maternal influence is sertainly ruled ou t - -  
heterosis is possible explanation, although it is 
quite clearly not related to tumour develop- 
ment where the incidence between all four 
groups of crosses appeared comparable. 

Of  course here we have examined the 
MuLV group specific associated antigen p30. 
Recently it has been suggested that a recom- 
binant eco-xenotropic virus may be respon- 
sible for the lymphoma of the AKR [19] 
implying an essential role of xenotropic virus 
in spontaneous leukaemogenesis. The evid- 
ence, although circumstantial, is supported by 
Lilly's data with the AKR x Rf  cross [20]. 
This cross is also low leukaemic which could 
be attributed to the fact that these animals 
rarely express xenotropic MuLV before about 
14 months of age. It appears that this delay is 
governed by the presence of the Fv-1 allele of 
the Rf. The same may be true for the (STS 
x A K R )  F1 [16] and perhaps the (CBA 
x AKR)  F1 since neither the STS nor the 

CBA express xenotropic MuLV and this may 
be a decisive factor in crosses with AKR. 
Studies in expression of xenotropic MuLV are 
therefore in progress. 

We earlier suggested that the lack of anti- 
AKR activity might be a factor influencing 
the relative tumour "resistance" in the 
AKR*-+CBA chimaeras--a  component contri- 
buted by the CBA involved in maintaining 
tolerance to the Gross virus [6]. It is now 
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known that mice of almost all inbred strains 
produce natural  ant ibody to M u L V  [21]. 
Although no natural  M u L V  has yet been 
detected in the CBA, they are clearly capable 
of mount ing an immune  response to injected 
A K R  virus, al though it must be remembered 
that  the inoculum was with Gross-passaged A 
virus and conceivably antigenic differences to 
natural  A K R  virus might be responsible for 
the marked immune response in these 
animals. 

In contrast, a n t i - M u L V  activity was not 
detected in any of the 75 (AKR x C B A )  F1 
serum samples obtained during the first year 
of life. O f  course, it could be argued that anti- 
M u L V  antibody activity was present and the 
failure to demonstrate detectable antibody was 
due to the fact that all ant ibody was corn- 

Tuffrey and Maureen Simpson 

plexed to corresponding antigen. At this stage, 
we cannot exclude this possibility, al though 
preliminary results make this seem unlikely. I f  
we confirm the absence of an t i -MuLV activity 
in the F1, we are led to question, as in the 
case of the AKR~-*CBA chimaeras, how toler- 
ance to M u L V  is apparent ly maintained,  fur- 
thermore, is the lack of detectable an t i -MuLV 
activity and the delay in onset of lymphoma 
development in the F1 in anyway related. I f  
this is so then an t i -MuLV activity would be 
detected during the second year of life when 
tumours appea r - - a  period, unfortunately,  that  
has yet to be examined. 
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