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Introduction 

Mouse pluripotent embryonal carcinoma cells have been shown to be resist- 
ant to infection with polyoma virus and simian virus 40 but become suscepti- 
ble to both viruses when allowed to differentiate in vitro [ l ,  151. The mechan- 
ism for this restriction is unknown but the block in the infectious cycle has 
been located after penetration of the virus particles and before synthesis of 
the early T antigen [2,16]. 

In this paper we describe the properties of hybrids between embryonal 
carcinoma cells and SV40 transformed mouse fibroblasts. This Cross was 
undertaken in the hope to obtain hybrids with an embryonal carcinoma 
phenotype and containing an integrated SV40 genome. Such hybrids would 
be useful to study the expression of viral genes in embryonal carcinoma cells 
and during their differentiation. It is known from previous studies that differ- 
ent types of hybrid cells can result from crosses between embryonal carcinoma 
cells and differentiated cells. Whereas fusion with thymocytes [10] or Friend 
erythroleukemia cells [ l  I] can give rise to hybrids with an embryonal carci- 
noma phenotype, fusion with fibroblasts have so far only given fibroblastic 
hybrids [3,7,9]. It has been proposed that the hybrid phenotype might at least 
in part depend on the chromosome constitution of the differentiated parent: 
the subtetraploidy of the fibroblasts used in these studies could favour the 
expression of the differentiated function [10]. 

In the experiments reported here, we have chosen as the fibroblastic 
parent cells from the SVT' line of SV40 transformed fibroblasts, because of 
their near diploid chromosome constitution [8]. We have not yet succeeded in 
obtaining a stable embryonal carcinoma like hybrid and most hybrids appear 
to be fibroblastic. However we show that it is possible to obtain a new class of 
hybrids which retain some of the properties of the embryonal carcinoma 
paren t . 

Results 

The cell lines used are: 1. PCC4aza1, an azaguanine resistant clone of the 
embryonal carcinoma line PCC4 [6] which is near diploid [4]; 2. A clone of 
the SV40 transformed fibroblast line SVT2 which is resistant to 30 pg/ml 
of 5-bromodeoxyuridine (BUdR). 
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Table 1. Chromosome constitution of hybrid and parent cel1sa.h 

Chromosomes no. PCC4 markersc SVT.2 markersc 
mean (range) 1 / 1 13/13 1 /3 14/14 19/19 19/M1 

Cells were grown in Dulbecco modified Eagle's medium containing 10% foetal calf serum in 
an atmosphere of 12% CO2 and at 37°C. 3.105 cells from both parents were seeded in the 
Same 100 mm dish and fused according to the Polyethyleneglycol procedure (12). 24 hours 
later, they were seeded at lower density (2.105 cells per 100 mm dish). After an other day 
hybrid cells were selected in HAT medium (supplemented with 68 mg/l hypoxanthine. 
0.88 mg/l aminopterin and 19 mg/l thymidine) with medium changes every two days. After 
two weeks the morphology of the colonies was examined and clones were isolated. 

h Chromosome preparations were made according to a standard air drving procedure. Individ- 
ual chromosomes and markers were identified by their G-banding pattern using the trypsin- 
Giemsa method (14). 
PCC4 markers (4) and SVT2 markers (8) have been described previously 

Hybrids between cells from the two lines have been selected in HATmedi- 
um as described in legend for Table 1. Colonies arise at a frequency of about 
1 in 104 cells, most of which resemble the fibroblastic parent. However one in 
ten colonies appears to be composed of cells with a different morphology. 
Colonies were isolated and two of them were chosen for further studies: F10 
which is fibroblastic and D2 which is made of round and loosely attached 
cells. 

It is shown in Table 1 that both clones are subtetraploid and contain 
marker chromosomes from both SVT2 and PCC4. They therefore appear to 
contain most chromosomes from both parents. This is particularly striking 
for the D2 hybrid which contains all marker chromosomes as well as four 
copies of most autosomes as illustrated in Fig. 1. 

Some properties related to the transformed phenotype of the SVT;! cells 
are shown in Table 2. F10 is as tumorigenic as the SVT2 parent and the 
tumors produced are typical fibrosarcomas. The SV40 T antigen is expressed 
in 100% of the cells. Saturation density in 10% fetal calf serum does not cor- 
relate here with tumorigenicity and is ten times lower for the hybrid than for 
SVT2 cells. N2 is less tumorigenic and the tumors obtained are sarcomas of a 
different type. The T antigen is heterogeneous with only 80% of positive cells, 
approximately a third of which are weakly stained. 

We have also examined the distribution of cell surface antigens which 
have been studied in the mouse teratocarcinoma System [ 5 ] :  1. The early 
embryonic F9 antigen which is common to all embryonal carcinoma cells 
tested. cleavage embryos and spermatozoa, but is absent from differentiated 
cells. 2. The H-2 antigen, from the major histocompatibility locus, which is 
present on a variety of differentiated cells and also appears on embryonal 
carcinoma cells when they are allowed to differentiate. Results in Table 2 
show that the F10 hybrid carries the H-2d haplotype from SVT2 cells (Balb/c 
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Markers 

F~Q. 1. Trv~sin-Giemsa karvotv~e of one D2 hvbrid cell 

Table 2 

Morphology Tumorigenicity SV40 T Saturation Ce11 surface 
antigen density antigensd 

Effi- Type of tumorb S positive cells per 
ciencya cellsc cm2 X 10-5 F9 H-2d H-2b 

PCC4azal embryonal high embryonal carcinoma 0 ND + - - 
carinoma with multiple 

differentiations 
SVi2 BUdRr fibroblast high fibrosarcoma 100 10.6 - + -  
F10 fibroblast high fi brosarcoma 100 1.1 - + traces 
D2 round low polymorphic sarcoma 80 1.2 + - - 

Cells were injected subcutaneously and intraperitoneally in (129/SVx Balb/c) F1 hybrid 
mice irradiated with 600 rads from a cesium source. "High" refers to tumor formation in 
100% of the mice after injection of 3.106 cells; "low" corresponds to tumor formation in 50% 
of the mice when injected with 107 cells. 
Histological preparations were made and examined by Dr. J. Gaillard (Institut Pasteur) as 
described previously (6). 
SV40 T antigen was detected by indirect immunofluorescence (1). 
Cell surface antigens were detected as described previously (5). In brief, the specific antisera 
were absorbed with the c'ells to be tested. Residual activity was examined in direct cytotoxi- 
city tests with adsorbed rabbit cornplement on the appropriate cells: F9 cells for the anti-F9 
serum, DBA/2 (H-2d) and 129/Sv (H-2bc) lymphocytes for the anti-H-2d and anti-H-2b Sera 
respectively. Antisera were kindly given by P. Dubois (Institut Pasteur) 
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strain) and traces of the H-2h haplotype present on cells from strain 129, but 
no F9 antigen. The N2 hybrid has a reversed pattern: F9 antigen is present 
but H-2 antigens cannot be detected. 

Discussion 

n i e  results presented above show that the product of fusion between embryonal 
carcinoma cells and fibroblasts may not necessarily be a fibroblast. Although 
rnost hybrids obtained in the Cross between PCC4 and SVT2 cells were fibro- 
blastic. the properties described for the hybrid D2 show that it is indeed pos- 
sible to obtain a hybrid line with a different phenotype. The pattern of cell 
surface antigens is comparable to that described for the embryonal carcinoma 
cells: i.e. presence of F9 and absence of H-2 antigens. The identification of 4 
chromosornes 17 (which carry the major histocornpatibility locus) suggest 
that the absence of H-2d determinants may be due to a change in regulation 
rather than to a loss of chromosomes. The morphology of the D2 cells and the 
tvpe of tumor obtained differ from those of both parents but do not allow a 
clear identification to a particular cell type. These cells might represent an 
intermediate state of differentiation. The use of a pseudo diploid fibroblast 
may have allowed the obtention of such cells. 

f i e  expression of the transformed phenotype of SVT2 cells is modified in 
the D2 hybrids as shown by decreased tumorigenicity and reduced expres- 
sion of T antigen. The heterogeneous staining for T antigen resembles that 
described for SV40 intermediate transformed cells [13]. These results encour- 
age us to think that such hybrids might be useful to study the effect of the host 
genome on the expression of viral genes. Further characterization of this and 
other independently isolated hybrids is in Progress. 
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