
RECENT STUDIES *· RNA TUMOR VIRUSES 

RAYMOND V. GILDEN 

Viral Oncology Program 
Frederick Cancer Research Center 

Frederick, Maryland 

The purpose of this presentation is to summarize information 

on interrelationships among mammalian RNA tumor viruses and to 

describe how this information has been used to evaluate recent 

putative human isolates. Immunochemical and molecular hybridiza-

tion technology has provided definitive data for analysis. Some 

examples of a specific requirement for both techniques to achieve 

complete evaluation of certain viruses will be described. Recent 

developments in detection and distribution of "sarcoma specific" 

nucleic acid sequences will also be discussed briefly. Pertinent 

references can be found in reference (1) or as indicated. 

A broad grouping can be made of mammalian type C viruses by 

analysis of the ^30,000 dalton internal protein commonly referred 

to as the group specific (gs) antigen or p30 according to molecu-

lar weight. Based on both immunologic and NH 2 terminal sequence 

analyses, seven p30 groups have been recognized (Table I). The 

criteria for inclusion in the groupings are: (a) identity reac-

tions in gel diffusion (Fig. 1, reference 1 ) . (b) >95% related-

ness based on quantitative complement fixation, and (c) minimal 
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TABLE I Grouping of Mammalian Type C Viruses
a 

According to p30 Relationships 

Species Designation 

Mouse CM, musculus) MuLV 
Rat RaLV 
Cat FeLV 
Syrian Hamster HaLV 

Cat-Baboon ^ 1 1 4 ' BaLV 
Woolly Monkey, Gibbon Ape WoLV, GaLV 
M. carolib, Pigb 

a
Viruses from cows and guinea pigs often referred to as type C 

viruses are clearly distinct from those listed in this table 
based on morphology. 

b
These viruses are easily distinguished from WoLV and GaLV based 

on molecular hybridization. 

or no sequence differences (Fig. 6, reference 1). By these cri-

teria, all mouse type C strains, whether ecotropic or xenotropic, 

share a common p30. In an analysis of six strains, only a single 

difference in the first 25-30 residues at the NH 2 terminal was 

found and peptide maps revealed only 3-4 maximal differences in 

the ^40 tryptic peptides compared. In contrast either by immuno-

assays, by sequencing, or by peptide map analysis, all other type 

C virus isolates from other species are clearly distinct despite 

obvious homology, e.g., sharing of interspecies determinants (Fig. 

2, reference 1). It is important to emphasize that diagnostic 

antisera are inherently group-specific or can be so rendered by 

absorption with heterologous p30
f
s. 

In our original studies, p30's of four species were found to 

be distinct. This led to the hypothesis that each species would 

possess an easily recognizable, distinctive type C virus and, ex-

plains the enthusiasm over detecting a unique p30 in a virus 

(RD214) isolated in human tumor cells passaged through fetal cats. 

At present, we know that R D 1 14 is representative of a second class 
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of cat virus - in addition to FeLV - and is able to replicate on-

ly in heterologous cells. This important property has emphasized 

the need for appropriate substrates to isolate endogenous viruses, 

a point now well appreciated by investigators in the field. 

Most surprising was the recent finding that the p30
f
s of type 

C viruses isolated from baboons gave identity reactions with RD-Q4 

p30 in gel diffusion. N H 2 terminal sequence analysis showed no 

differences in the initial 14 residues. Matching these sequences 

to rat (RaLV), mouse (MuLV), hamster (HaLV), or cat (FeLV) p30
,
s 

requires one gap event occurring presumably at position 5. The 

fact that this is a relatively rare event in protein evolution 

further emphasizes the close relationship among these viruses. 

Along with molecular hybridization data, this has suggested that 

an interspecies horizontal transmission event has occurred at some 

time in the remote past. 

The sixth p30 grouping includes viruses isolated from a single 

woolly monkey, multiple gibbon apes, pigs, and the Asian mouse 

species. Mus caroli. If the results with the original primate 

isolates followed the pattern of genomic inheritance established 

for other type C viruses, they would lead inescapably to the con-

clusion that similar viruses are present in man. It is now clear 

that viruses of the woolly-gibbon (WoLV/GaLV) group are not en-

dogenous in primates but are endogenous in pigs and M. caroli 

based on hybridization studies (2). This has given rise to spec-

ulation concerning horizontal transmission, again in the remote 

past, suggesting that the virus was transmitted horizontally from 

mouse ancestor to select primate species. 

A seventh "group" is represented by the Chinese hamster type 

C virus. This possesses interspecies p30 determinants but does 

not react with any of the six group-specific antisera. 
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I. IMMUNOLOGIC RELATIONSHIPS - LOW MOLECULAR WEIGHT POLYPEPTIDES 

It is now well established that the low molecular weight poly-

peptides (pl2, pl5) can be utilized to prepare immunoassays which 

permit type-specific differentiation among members of a p30 group. 

Thus f pl2 assays easily differentiate among the two GaLV and one 

WoLV isolates (3). Such assays also subdivide MuLV's in precise 

agreement with molecular hybridization results. The pl5 assays 

distinguish R D 1 14 from baboon virus isolates and allow the type-

specific differentiation of endogenous viruses from two species of 

baboon (Papio cynocephalus and P. Hamadryas) (4). These assays 

for the two groups of primate viruses were extremely useful in 

evaluating putative human virus isolates as described below. 

II. NUCLEIC ACID SEQUENCE RELATIONSHIPS 

In most instances viruses belonging to a p30 group will show 

extensive cross-hybridization. The most useful techniques at 

present are evaluation of extent of hybrid formation using strin-

gent conditions and single-strand nucleases (e.g., S-l nuclease 

from A. oryzae) and the degree of hybrid fidelity measured by 

thermal stability of heteroduplexes. It is important to recog-

nize that reaction extent is a minimal estimate of relatedness 

and that thermal stability is a more accurate reflection of this 

parameter, especially if one compares sequences related on a evo-

lutionary basis. Thus, 50% cross-hybridization with a 3°C dif-

ference in Tm (midpoint of thermal dissociation curve) probably 

indicates ^95% base sequence relatedness. It is obviously crucial 

in such comparisons to know virus history and to have supportive 

evidence for evolutionary divergence as opposed to the addition 

or deletion of new gene sequences. There seems little doubt that 

definitive studies will require genomic fragments (e.g., prepared 

by restriction enzymes) to evaluate all possibilities. 
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The high degree of type specificity achieved under stringent 

hybridization conditions has allowed the detection of contribu-

tions from different species to hybrid viruses produced in vivo. 

For examples the Kirsten (Ki) and Harvey (H) strains of "murine" 

sarcoma virus arose by passage of murine leukemia virus in rats. 

These viruses actually consist of MuLV-derived sequences and rat-

derived sequences, the latter being smaller in subunit size (30S 

vs. 35S) and also detectable in normal rat cultured cells (5). 

Ki and HSV were thus laboratory creations. HSV also produces 

sarcomas in hamsters from which a virus (B-34), has been isolated 

with proteins of the hamster endogenous virus and nucleic acid 

sequences of hamster, rat, and mouse origin. The mammalian sar-

coma viruses which are replication defective also contain a smal-

ler RNA genome than the helper viruses which provide structural 

components. B-34, for example, has HaLV 35S RNA (normal helper 

subunit) and 30S RNA(s) with MuLV and rat-derived sequences; the 

latter two possibly both comprise a single subunit (6). Thus, 

the 35S subunit directs synthesis of structural components and 

the 3OS RNA contains information for cell transformation. In the 

rat, this 3OS RNA does not share sequences with 35S RNA of rat 

type C viruses, while in the mouse, the 30S RNA of Moloney sar-

coma virus (no evidence of other species involvement in its ori-

gin) is related to the Moloney leukemia virus. The B-34 virus 

provides a dramatic case in point for the need for complete anal-

ysis by both hybridization and immunologic methods. The immu-

nologist would call this a hamster virus, although preparation of 

cDNA, in general, gives mainly mouse-virus specificity (why this 

is so is unclear); however, analysis with cDNA's specific from 

mouse, hamster, and rat (30S) sequences shows all three to be 

present. 

For our purposes it is important to note that hybridization 

methodology easily discriminates among the WoLV/GaLV group; at 

the same time it shows only intragroup cross-hybridization and. 



340 R A Y M O N D V. G I L D E N 

among the RDH4-baboon virus group, it is even capable of detect-

ing slight differences between the two baboon species (7). 

III. VIRUS-HOST RELATIONSHIP 

Hybridization of viral nucleic acid sequence to host DNA has 

provided ample evidence for the concept that type C viruses are 

inherited in the host genome. The exceptions to this are the 

WoLV/GaLV viruses in primates. These viruses do hybridize with 

low fidelity to mouse DNA thus the hypothesis that transmission 

has occurred in the remote past. In similar fashion RD114 hybrid-

izes only to the domestic cat and to several other cats from the 

Mediterranean basin. This is a highly significant distribution 

since unique sequence DNA
1
s of all Felidae are highly related. 

It is also surprising to note that FeLV sequences are also dis-

tributed in this narrow fashion in the DNA of Felidae. This 

virus is transmitted horizontally in cats and, as a related virus, 

is also present in cat cell DNA. In terms of virus expression, 

all cat cells tested produce R D 1 14 RNA but, thus far, FeLV RNA 

has not been found in uninfected cells. Baboon virus probes give 

reactions only with domestic or related cats in the same pattern 

as RD-Q4 with other primate DNA
1
s in a phylogenetic pattern (8). 

This has suggested the possibility of a baboon progenitor to cat 

ancestor transmission. We should note that the viral transcripts 

can be used to discriminate among closely related baboon species 

which is not possible with unique sequence baboon DNA. Some low-

level positive results were obtained with human DNA and baboon 

viral cDNA; we emphasize that this is based at best on distantly 

related sequences. 

One of the more important recent findings has been the isola-

tion of a sarcoma virus-specific sequence from Rous sarcoma virus 

(RSV). In contrast to the mammalian virus, strains of RSV are 

competent for replication as well as for transformation. Mutants 
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defective in transformation are readily isolated and these lack a 

portion of the RSV genome. By absorption procedures a cDNA speci-

fic for sarcoma viruses was prepared by Bishop and colleagues (9) 

which revealed homologous sequences in the DNA of all birds 

tested. In contrast, helper virus (non-sarcoma) sequences are 

found only in chickens and in a few closely related birds. Sar-

coma sequences are found in all avian sarcoma viruses but in no 

leukemia viruses. This provides evidence for a highly conserved 

gene in Aves which is related to malignant transformation and not 

to viral structural genes. Thus, there seems to be a common 

thread between sarcoma-specific genes in mammalian and avian cells 

in terms of occurrence in normal cells although differences in 

expression may occur. These are obviously systems which will be 

exploited in the immediate future. 

IV. PUTATIVE HUMAN VIRUSES 

Gallagher and Gallo (10) described a virus isolate from hu-

man acute myelogenous leukemia (AML) cells which was subsequently 

grown in heterologous cells (11). In a collaborative study (7) 

it was shown that two viruses were present, one identical to 

woolly monkey virus and one identical to P. cynocephalus virus. 

Hybridization and immunoassay techniques gave completely concor-

dant results. While the issue is not considered completely set-

tled based on previous indication of WoLV/GaLV reverse tran-

scriptase (12) and p30 (13) in leukemic cells, these data are 

consistent with contamination from laboratory viruses. By way of 

background we point out that, while positive reports of viral an-

tigens in human tumors and normal tissue have appeared (14, 15), 

other laboratories (16, 17) have reported negative results using 

procedures of comparable sensitivity. Also cats, mice, and gib-

bons have antibodies (depending on history, strain, etc.) to pro-

tein of homologous viruses; no antibodies to such proteins in hu-
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mans have been found (18). While testing will continue with well 

defined antigens and hybridization systems, evidence for a human 

type C virus, or expression of the same based on relationships to 

known viruses, is certainly not convincing to most. Even if the 

single AML case represents a true isolate, the overwhelming ex-

perience in terms of isolation is negative. For example, the 

same laboratory which claimed isolation from the AML case reports 

200 negative attempts at isolation (R. C. Gallo, personal communi-

cation) and many other laboratories including our own, also re-

port negative results. 

Why then do some species yield type C virus easily (mice, 

cats, baboons) while others yield none at all? One possibility, 

based on long-term residence of viral genomes in host DNA, is 

that key genetic elements allowing complete synthesis of struc-

tural components are lost. The search may then be for the "on-

cogene" which seems a reality at least for birds. Similar studies 

with mammalian viruses may provide the desired probes (19). 

REFERENCES 

1. R. V. Gilden, Advances in Cancer Research, 22: 157-202, 

(1975). 

2. M. M. Lieber, C. J. Sherr, G. J. Todaro, R. E. Benveniste, R. 

Callahan, H. G. Coon, Proc. Natl. Äcad. Sei, 72: 2315-2319, 

(1975). 

3. S. R. Tronick, J. R. Stephenson, S. A. Aaronson and T. G. 

Kawakami, J. Virol. 15: 115-120, (1975). 

4. J. R. Stephenson, R. K. Reynolds, S. A. Aaronson, J. Virol. 

17: 374-384, (1976). 

5. N. Tsuchida, R. V. Gilden, M. Hatanaka, Proc. Natl. Acad. Sei. 

71: 4503-4507, (1974). 

6. Ν. Tsuchida, R. V. Gilden, M. Hatanaka, J. Virol. 16: 832-837, 

(1975) . 



R N A T U M O R V I R U S E S 343 

7. H. Okabe, R. V, Gilden, M. Hatanaka, J. R. Stephenson, R. Ε. 

Gallagher, R. C. Gallo, S. R. Tronick, S. A. Aaronson, 

Nature 260: 264-266, (1976). 

8. R. E. Benveniste, G. J. Todaro, Proc. Nat. Acad. Sei., 71: 

4513-4518, (1974). 

9. D. Stehlin, R. V. Guntaka, H. E. Varmus, J. M. Bishop, J. 

Mol. Biol., 101: 349-365, (1976). 

10. R. E. Gallaher, R. C. Gallo, Science, 187: 350-353, (1975). 

11. N. M. Teich, R. A. Weiss, S. Z. Zalahuddin, R. E. Gallagher, 

D. H. Gillespie, R. C. Gallo. Nature, 256: 551-555, (1975). 

12. G. J. Todaro, R. C. Gallo, Nature, 244: 206-209, (1973). 

13'. C. J. Sherr, G. J. Todaro, Science, 187: 855-857, (1975). 

14. M. Strand, J. T. August, J. Virol. 14: 1584-1596, (1974). 

15. G. J. Sherr, G. J. Todaro, Proc. Nat. Acad. Sei., 71: 4703-

4707, (1974). 

16. H. P. Charman, M. H. White, R. Rahman, R. V. Gilden, J. 

Virol., 17: 51-59, (1976). 

17. J. R. Stephenson, S. A. Aaronson, Proc. Nat. Acad. Sei., 

73: 1725-1729, (1976). 

18. H. P. Charman, N. Kim, M. White, H. Marquardt, R. V. Gilden, 

T. Kawakami, J. Nat. Cancer Inst., 55: 1419-1424, (1975). 

19. E. M. Scolnick, R. S. Howk, A. Anisowicz, P. T. Peebles, 

C. D. Scher, W. P. Parks, Proc. Nat. Acad. Sei., 72: 4650-

4654, (1975). 


