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Abstract - -Mouse  leukemias arising after neonatal inoculation of Moloney MuLV 
{M-MuLV) are of two main types. One is characterized by enlargement of spleen and 
lymph nodes, and has a normal diploid karyotype. Thymus enlargement is the most 
prominent feature of the second type, with or without spleen involvement. About half of 
the thymomas are trisomic with an extra chromosome 15. C-type viruses isolated from 
the two leukemia types differed with regard to their p30 peptide maps. The p30s 
isolated from the preleukemic tissues of a 4-weeks-old, neonatally MuLV-inoculated 
mouse were either of the 'thymic' or the 'splenic' type. These results suggest that the 
two virus types were already present in the original inoculum and had homed to 
different tissues. The peptide maps of the corresponding gp70 molecules showed no 
organ-related pattern: each virus isolate had a distinct gp70 proJ~le. 

INTRODUCTION 

NEONATALLY M-MuLV inoculated mice de- 
velop T-cell lymphomas, as a rule. In a 
previous study [1] we have found that 69% of 
the lesions involved the spleen and the lymph 
nodes; they all contained cells with a normal 
diploid karyotype. A smaller fraction (31 °/o) 
developed thymomas with or without spleen 
involvement. The two thymomas examined 
contained cells with 41 chromosomes with an 
extra chromosome No. 15. 

Depending on the primary tissue locali- 
zation, the leukemias differed in their 
transplantation properties. Thymomas grew as 
subcutaneous tumours at the site of inocul- 
ation, while the transfer of cell suspensions 
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from enlarged spleens led to splenomegaly 
with the proliferation of either donor or re- 
cipient type cells. Spleen cells grew only ex- 
ceptionally (in one out of six cases) as solid 
tumors. 

As one alternative explanation of these find- 
ings, we suggested that two different virus 
subtypes may be involved, with a predilection 
for different subsets of T cells and responsible 
for the 'splenic' and the 'thymic' forms of the 
leukemic syndrome. To explore this possi- 
bility, we have now compared the tryptic 
peptide maps of the viral p30 and gp70 
components, isolated from leukemic and pre- 
leukemic spleen and thymus tissues. 

MA'rF, RIALS AND ]VIETHODS 

Four virus isolates were selected for detailed 
study. Newborn mice were inoculated in- 
traperitoneally with 2.5 x 103 XC-PFU of M- 
MuLV (obtained from the Division of Cancer 
Cause and Prevention, National Cancer 
Institute). Virus Y36 was isolated from the 
trisomic thymus of a leukemic (A x C57B1)F 1 
hybrid mouse. In the case of Yl16, spleen 
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enlargement was induced by the intravenous 
injection of bone marrow cells f?om a pre- 
leukemic M-MuLV inoculated (A x C57B1 )F 1 
hybrid mouse, into a 400R irradiated syn- 
geneic recipient. Cells of the enlarged spleen 
were serially transplanted and the Y116 virus 
was isolated from the third passage gene- 
ration. Viruses 8104 and 8101 were isolated 
from the same one-month-old A/Sn mouse. In 
all cases, 24-hr culture supernatants from pre- 
leukemic or leukemic organs served as the 
virus source. 

For tryptie peptide mapping, viruses were 
grown in roller cultures of infected NIH/3T3 
or JLS-V9 cells. Culture fluids were con- 
centrated in a hollow-fiber system and the 
viruses banded in sucrose gradients. 

Viral proteins were separated by SDS- 
polyacrylamide gel electrophoresis, iodinated 
in the gel [2] and digested with trypsin [3]. 
To liicilitate enzymatic cleavage of the glyco- 
proteins, terminal sialic acid residues were 
removed by incubating the gel piece in 1 ml 
0.05N H2SO 4 at 80°C tbr 90 min [4]. The 
labelled peptides were separated by chromat- 
ography on a Chromobead-(Technicon) 
cation exchange column and eluted with an 
exponential pH gradient (pH 2.5-5.0) [3}. 

RESULTS A N D  DISCUSSION 

Clinical type, latency period and karvotype oj 
leukemias 

The chromosomal constitution of 21 M- 
MuLV induced leukemias in three genotypes 
is summarized in Table 1. As in previous 
observations [1], enlarged spleens contained 
only diploid cells while thymomas were more 
heterogeneous. Only 4 of 11 thymomas were 

trisomic, five contained only diploid cells and 
2 were mixtures of diploid and trisomic cells. 
Regardless of the karyotype, the mean latency 
period of the thymic leukemias was approx- 
imately 50 days shorter than of the splenic 
leukemias. This contirms our earlier obser- 
vation [ 1 ]. 

Infectious properties of the viruses reisolated from the 
leukemic cells 

As in our previous study, all viruses were 
NB-tropic and gave large XC-plaques regard- 
less of whether isolated from leukemic tissues 
or from the thymus or spleen of preleukemic 
mice. Four viruses were selected for more 
detailed studies. Y36 and 8104, the viruses 
derived from the leukemic and the pre- 
leukemic thymus, respectively, contained both 
xenotropic and ecotropic activity (Table 2). 
The xeuotropic activity of the reisolated x'irus 
harvests could be eliminated by one passage 
though mink lung cells, suggesting that no 
dual-tropic viruses were present. The spleen 
derived Yl16 was different from the three 
other viruses, and also from the original M- 
MuLV, since it failed to induce the Moloney 
virus-determined cell surface antigen (MCSA) 
in JLS-V9 cells in spite of its ability to 
replicate. Infected JLS-V9 cultures thus be- 
came XC-plaque positive but remained 
MCSA negative. 

Tryptic peptide mapping 
Figure 1 shows the tryptic peptide maps of 

the p30 proteins from different viruses. The 
presence or absence of the 7 major identifiable 
peptides (or peptide complexes) is summa- 
rized in Table 3. Virus from the preleukemic 
thymus (8104) and from the trisomic thy- 

Table I. Karotype and latency of thymic and splenic leukemia jorms 

Genotype 

No of leuk- Chromosome 
emic mice Latency Enlarged number* 

tested in days organ 40 41 40/41 

(A x C57B1 )F~ 5 140, 152, 152, spleen 5 .... 
183. 207 

t A x  C57B1 )F l 5 100, 143, 147 thymus 3 2 
183~ 193 

IA x (1571,)F 1 2 136. 349 spleen 2 - 
b'\ x C57L)F 1 1 90 thymus - -  1 - -  
CBA 3 147, 261, 281 spleen 3 
CBA 5 132, 135, 146, thymus 2 1 2 

176, 199 

M e a n _ S . E .  199_0.84.  10 spleens. 150+0.55. 11 thymuses, 0 . 0 2 > P > 0 . 0 1 .  
*Chromosome analysis was done ti'om 20 mctaphase plates according to a 

slightly moditied method of Wang and Fedoroff {9] and C-banding according 
to Arrighi and Hus [101. 
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Table 2. Infectious properties of reisolated virus harvests 

Xenotropic 
Ecotropic virus virus 

Virus XC-plaque MCSA-in- Focus induction 
duction on S+L - 

Designation Source* CBA C57Blt JLS-V9 cells+ + mink cells§ 

Y36 leukemic 4.0 3.8 + + + 1.0 
thymus 

Y116 leukemic 4.3 3.7 - - 
spleen 

8104 one-month- 1.3 1.4 + + 1.0 
old thymus 

• 8101 one-month- 1.6 1.7 + + - 
old spleen 

*All mice were neonatally M-MuLV inoculated. 
tMouse embryo fibroblasts, CBA: Fv-1 n, C57B1:Fv-1 b. The XC-plaque test was 

carried out according to Rowe et al. [11]. Loglo virus titers. 
+The Moloney cell surface antigen (MCSA) was detected in indirect membrane 

immunofluorescence with mouse antisera produced by 3-6 inoculations of 
syngeneic Moloney lymphoma cells [12]. More than 30°.o of ceils positive at 2 
weeks + + + or 3 weeks + + after infection.- Cultures negative 4 weeks after 
infection. 

§Mink S+L - cells were infected with undiluted culture media and observed for 
foci at day 8 and, after one subculture, at day 16 [13]. Loga0 virus titers. 

m o m a  (Y36) had  identical  p30 maps.  T h e  
viruses ti~om the pre leukemic  ~8101) and 
leukemic (Y116) spleen, while identical  
a m o n g  themselves with regard  to their  p30 
tryptic  maps ,  differed f rom the ' t hym us  type '  
p30 by the presence of  an extra  ma jo r  pept ide  
(H)  and  the absence of  a minor  pept ide  (B). 
Regions A and E showed fur ther  differences. 

These  results suggest tha t  viruses localized 
in different organs  m a y  differ with regard  to 
their  p30 composit ion.  T h e  abili ty of  the 
viruses to induce M C S A  did not correlate  
with any  identif iable p30 pa t te rn .  

Figure  1 also shows the tryptic  m a p  of  the 
original  M - M u L V  p30. Seven ma jo r  pept ides  
were discernible here  as well. Pept ide  H was 
absent  while pept ide  B was present;  this re- 
sembled the p30 prote in  of  the virus recovered 
f rom the thymus,  ra ther  than  the spleen- 
associated virus. However ,  regions A and E 
were  similar  to the cor responding  regions of  
the spleen-der ived viruses. These  findings are 
in line with the assumpt ion  tha t  the original  
M - M u L V  is a mix tu re  of  the two (or 
more )  viruses. 

A similar analysis was pe r fo rmed  on the 
ma jo r  viral  envelope glycoprote in  gp70, after 
r emova l  of  the te rmina l  sialic acid residues by 
sulphuric  acid [4, 5]. T h e  gp70 pept ide  maps  
are shown in Fig. 2. T a b l e  4 summar izes  the 
presence or absence of  the identif iable pep-  
tides. T h e  pa t t e rn  was more  complex  than  for 

p30. Each profile differed with regard to two 
or more  peptides.  Unl ike  p30, there were no 
discernible ' spleen '  or ' t hymus '  associated pa t -  
terns in this case. O u r  results are in line with 
previously demons t ra t ed  high genetic poty- 
morph i sm of  gp70 [6]. I t  is likely that  this 
po lymorph i sm,  whe the r  a result o f  muta t ions  
or recombinat ions ,  provides the virus popu-  
lation with rapid  escape mechanisms  across 
immunolog ica l  barr iers  and /o r  extension of  its 
host range  at the level of  v i rus -  
receptor  interact ion.  T h e  reason t0r the great  
var iabi l i ty  of  gp70 in our  exper iments  m a y  be 
due to the presence of  two or more  different 
viruses in the original M - M u L V  stock and /o r  

Table 3. Presence or absence of identiJiable peptides 
after tryptic digestion of p30 

Virus source A B (_I E F G H 

8104 
Preleukemic 
thymus double + double + + + - 
Y36 double + + + + + - 
M-MuLV + + + + + + - 
Yl16 
Leukemic 
spleen + - + + + + + 
8101 
Preleukemic 
spleen + - -  + + + + + 
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Table 4. Presence or absence o J identiJiable peptides after tryptic digestion o3" g p 7 0  

Virus  source A B C D E F G H I K L M N O 

8104 
Preleuk( 'mic  

thymus  
Y36 t h y m o m a  

M - M u L V  
Y l 1 6  
Leukenfic  

spleen 

8101 
Pre leukemic  

spleen 

+ + + double  - + + + + + + + - + 
+ + ? s ingle + double  + + + + + + + + 
+ + + double  + + + + - + + - + + 

+ + + double  + + + + - + + + 

+ + + single + + + + + + + -- 
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Fig. 2. Cation exchange chromatography of 12SI-labelled 
tryptic peptides of gp70 molecules from virus preparations as 

indicated. 

the recombination of M-MuLV with endo- 
genous mouse viruses. 

In contrast to gp70, the primary structure 
of the M-MuLV gag gene p30 products is 
highly conserved [7]. Since the p30 must 
function within a limited structural frame- 
work, high mutability may be a disadvantage. 
Small changes in, e.g., one out of twelve 
peptidcs may occur in p30 as well; however, 
Gautsch et al. [8] have found a functional 
correlation between the p30 peptide map and 
the Fv-1 tropism. 

Our findings indicate that the peptide map 
of p30 may differ, depending on the organ 
localization of the virus. Moreover, we have 
found that organ-associated similarity of viral 
isolates applies both to the leukemic and the 

preleukemic tissues. This decreases the like- 
lihood that leukemogenesis-associated recom- 
bination is responsible for the generation of 
the different viral subtypes. It is more  likely 
that the original M-MuL.V homogena tewas  
heterogeneous and contained virus particles 
that can infect and teanstbrm different sub- 
types of T-cells. Such a mixture would be 
overlooked on pepfide mapping if the ratio o f  
splenotropic and thymotropic virus was low. 
The holning of the viruses to different tissues 
in vivo would separate them. Experiments 
with cloned M-MuLV are in progress. 
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