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Abstract 

Normal rat mammary epithelial cells have an absolute requirement for insulin (IN) or insulin-like growth factor-l 
(IGF-I) for proliferation in serum-free medium. By contrast, serially transplantable rat mammary carcinoma (RMC) 
cells are IGF-I-independent for continuous growth in vitro. Previously, we demonstrated that IGF-I independence is 
not mediated by an autocrine loop. Therefore, experiments were carried out to determine if IGF-I independence 
behaves as a dominant or recessive phenotype in somatic cell hyhridization experiments. IGF-I-independent I-9RMT 
cells were rendered hygromycin-resistant and IGF-I-dependent MCF-IOA cells were rendered G418 resistant by infec- 
tion with retroviral expression vectors. Cells of each line were co-incubated in 60 mm dishes and fused with polyethy- 
lene glycol. Hybrid cells were selected with media containing hygromycin and G418 in the presence or absence of IN. 
In three experiments, approximately the same number of colonies emerged in double selection media in the presence 
or absence of IN. Furthermore, colonies that emerged in IN-containing media, when subcultured, grew equally well 
in the presence or absence of IN. Thus, fusion of IGF-I-independent RMC cells with IGF-I-dependent human mam- 
mary epithelial cells yields hybrids that are IGF-I-independent for growth in serum-free medium. 
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1. Introduction 

Norma1 rat mammary epithelial cells (RME) 
have an absolute requirement for exogenous in- 
sulin for in vitro growth in serum-free medium 
[lo]. Culture media that are typically used to grow 
normal RME cells are supplemented with 
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supraphysiological levels of insulin (IN). However, 
the growth promoting activities of these high IN 
concentrations can be completely replaced by 
physiological levels of IGF-I [10,14,23]. In con- 
trast to normal RME cells and cells from some 

mammary carcinomas, cells obtained from serially 
transplantable rat mammary carcinomas, express 
complete independence of exogenous IN or 
insulin-like growth factor-I (IGF-I) for continuous 
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growth in serum-free culture [9]. Although the 
IGF independence phenotype of these rat mam- 
mary carcinoma cells is clear cut, identifying the 
cellular and molecular mechanisms that underlie 
IGF independence has proven elusive. In previous 
studies we have ruled out an autocrine mechanism 
for IGF independence in these cells [8]. IGF- 
independent rat mammary carcinoma cells do not 
express IGF-I mRNA, nor do they synthesize 
IGF-like mitogenic factors that can be detected 
either in conditioned medium or cell lysates. IGF- 
independent cells do not express a cell density de- 

pendence for growth and do not respond to ex- 
ogenous IGFs when grown at clonal density. We 
have also demonstrated that IGF-independent rat 
mammary carcinoma cells do not have codon 12 or 

61 mutations in either the Ha-ras or K-ras alleles 
[4]. More recently we have tested a number of 
other hypothetical mechanisms for IGF in- 
dependence in these cells. We have found that 

IGF-independent rat mammary carcinoma cells do 
not have amplifications in either the c-rn~~, Prad- 
1, or c-erbB-2 genes and these cells do not express 
high levels of ~53 protein. IGF-independent cells 

also do not overexpress IN or IGF-I receptors and 
in vitro kinase assays have not indicated that these 
receptors are altered in the regulation of their en- 
zymatic activity (unpublished observations). Thus, 

examination of the obvious candidate genes and 
proteins for their involvement in IGF in- 
dependence has not yielded new mechanistic in- 
sights into this phenotype. For this reason, we 
have initiated an experimental approach to deter- 
mine the molecular mechanism of IGF in- 
dependence in rat mammary carcinoma cell lines 
that has an expanded scope. The first step in this 

approach is the determination of whether IGF in- 
dependence results from overexpression or aber- 
rant expression of a gene product and thus 
behaves in a dominant fashion, or, results from the 

loss of a critical regulatory protein and thus acts in 
a recessive fashion. There are numerous examples 
of autocrine mechanisms of growth factor in- 
dependence and growth factor independence can 
result from dominantly-acting alterations in 
several oncogenes [ 1,5,6,12,20-221. In addition. 
DeCaprio et al. have demonstrated that loss of 
function of the Rb protein results in cells that lose 

their serum-requirement for growth [7]. Thus, 
growth factor independence can also result from 
the loss of tumor suppressor genes. Therefore, we 
have performed somatic cell hybridization experi- 

ments to determine if IGF independence in rat 
mammary carcinoma cells is the result of a 
dominantly or recessively acting genetic alteration. 

2. Materials and methods 

2.1. Tissue culture 
I-9RMT cells were originally derived from the 

first transplant generation of a primary, dimethyl 
benz(a)anthracene (DMBA)-induced, rat mam- 
mary carcinoma that developed in a Lewis rat. The 
cells were cultured initially in serum-free Ham’s F- 
12 medium supplemented with growth factors but 
without IN. The IN-independent cells that arose in 
these cultures have been continuously maintained 
in insulin-free medium. The derivation and growth 

characteristics of this cell line has been described 
previously [9,11]. These cells are routinely grown 
on type-1 collagen-coated tissue culture dishes in 
HEPES-buffered Ham’s F-12 medium sup- 

plemented with hydrocortisone (1 pgiml), epider- 
ma1 growth factor (EGF) (IO ng/ml), cholera toxin 
(CT) (100 ng/ml). sodium selenite (50 ngiml), 
triiodothyronine (50 ng/ml), ethanolamine (5 

mM), transferrin (1 @g/ml) and bovine serum albu- 
min (1 mg/ml). 

MCF-1OA cells are a spontaneously immortaliz- 
ed human mammary cell line derived from non- 

malignant mammary tissues [ 18,191. In our culture 
system, MCF-IOA cells can be routinely cultured 
on type-1 collagen-coated tissue culture dishes in 
serum-free Ham’s F- 12 medium supplemented 
with IN, hydrocortisone, epidermal growth factor, 
sodium selenite, triiodothyronine, ethanolamine. 
transferrin and bovine serum albumin. 

2.2. Preparation of antibiotic resistant cell lines 
G418 and hygromycin resistant mammary cell 

lines were prepared by infection with retroviral ex- 
pression vectors. To prepare defective retroviruses 
for infection, the packaging cell line \k-trip was 
transfected with the retroviral vectors fpHvsa con- 
taining the hygromycin resistance gene and fpGv-I 
containing the neo resistance gene, by calcium 
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phosphate precipitation. The retroviral expression 
vectors were a generous gift from Dr. Mary Lou 
McGeady of the National Institutes of Health. 
Following transfection of the packaging cell lines, 

supernatants from the appropriate line were col- 
lected, filtered through 0.45 pm membranes and 
exposed to subconfluent cultures of I-9RMT or 
MCF-IOA cells overnight. The next day, the cells 

were rinsed and changed to their regular growth 
medium. Selection for antibiotic resistant cells was 
performed by adding hygromycin or G418 to the 
culture medium at 800 &ml. Stably resistant col- 
onies emerged within 1 week. These colonies were 
pooled and subcultured and carried continuously 
in the presence of the appropriate antibiotic. 

2.3. Somatic cell hybridization of l-9RMT and 
MCF-IOA cells 

Somatic cell hybridization was carried out 
essentially as described by Koi and Barrett [15]. 
Briefly, 5 x lo5 cells of each cell line were plated 
in 60 mm collagen-coated tissue culture dishes and 
allowed to attach overnight. Next, the cells were 
incubated for 1 min at 37°C in Ham’s F-12 medi- 
um containing bovine serum albumin, polyethy- 
lene glycol-1000 (PEG lOOO), and 15% dimethyl- 
sulfoxide (DMSO). The cells were then incubated 
for 2 min in Ham’s F-12 containing BSA, 25% 
PEG-1000. The cells were then washed 5 times 
with Ham’s F-12 with BSA and incubated over- 
night in growth factor supplemented serum-free 
medium. Selection for hybrids was initiated 24 h 
after hybridization by switching the cells to Ham’s 
F-12 medium containing both hygromycin and 
G418 either in the presence or absence of IN. Hy- 

brid colonies emerged within 2 weeks and were 
allowed to grow an additional one to 2 weeks 
before subculture. 

3. Results 

3.1. Cell lines used for somatic cell hybridization 
experiments 

For these experiments we used two cell lines that 
have been characterized extensively in our labora- 
tory for their in vitro growth requirements. The 
cell line designated 1-9RMT was developed from a 

DMBA-induced mammary carcinoma and was 
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chosen as the IGF-independent cell line because 
previous experiments demonstrated that these cells 
are independent of only IGF-I for growth while 
maintaining their dependence on exogenous EGF 
and CT [ 111. This is in contrast to other rat mam- 
mary carcinoma cell lines that we have developed 
that are independent of multiple growth factors for 

proliferation in culture. The human mammary 
epithelial cell line MCF-1OA was chosen as the 
IGF-dependent line for these studies. MCF-1OA 
cells are a spontaneously immortalized cell line 

derived from non-malignant human mammary 
epithelial cells. These cells can be grown con- 
tinuously in our serum-free medium and they have 
an absolute requirement for exogenous IN or IGF- 

I for growth in vitro. Furthermore, because MCF- 
10A cells are a human cell line, the IGF- 
dependence of these cells is highly stable and we 
have never observed spontaneous acquisition of 
IGF independence in over 100 in vitro passages. 
To perform the somatic cell hybridization experi- 
ments with IGF-dependent and independent mam- 
mary epithelial cells, cell lines containing genes for 

dominantly selectable markers were developed. 

Fig. I. Growth factor requirements of I-9RMT-hyg cells. IGF- 

independent I-9RMT cells that were infected with the 

hygromycin resistance vector were tested for their requirements 
of exogenous factors. Cells were plated at IO5 cells per 60 mm 

dish, and cultured in IN-free medium or in IN-free medium in 
which EGF, and/or CT had been deleted. Bars represent the 
mean number of cells per dish in triplicate dishes per group. 

Error bars indicate the range in the data. AF. attached fraction 

24 h after plating of the cells. 
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We used retroviral expression vectors containing 
genes for either G418 or hygromycin resistance to 
develop the cell lines. Thus, l-9RMT cells were in- 
fected with a hygromycin resistance vector and 
MCF-1OA cells were infected with a G418 resis- 
tance vector. Forty-eight hours after infection, 
cells that had stably integrated the antibiotic resis- 

tance gene were selected using their regular growth 
medium supplemented additionally with either 
G418 or hygromycin. Figs. 1 and 2 show the IGF- 
requirements of the antibiotic resistant 1-9RMT- 
hyg cells and MCF-lOA-neo cells. These results 
demonstrate that developing antibiotic resistant 
sublines from these cells did not alter the growth 
factor requirements of the cells. In addition, l- 
9RMT-hyg cells were completely killed by G418 
and MCF-IOA-neo cells were completely killed by 
hygromycin indicating that antibiotic cross- 
resistance did not occur in these cell lines (not 
shown). In previous studies, we demonstrated that 
our IGF-independent rat mammary carcinoma cell 
lines do not synthesize and secrete a growth factor 
that mediates IGF independence via an autocrine 

loop [8]. Fig. 3 shows that I-9RMT-hyg cells, like 
the parent cells from which they were derived, do 
not secrete IGF-like mitogenic factors into condi- 
tioned medium. 

AF SF-IHE -IN -EGF 

Fig. 2. Growth factor requirements of MCF-IOA-neo cells. 

MCF- 1 OA cells that were infected with the neomycin resistance 

vector were tested for their requirements for exogenous factors. 

Cells were grown in serum-free medium supplemented with IN, 
hydrocortisone. and EGF or in medium in which either IN or 

EGF were deleted. Experiment was performed as described in 

Fig. 1. 
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Fig. 3. Test for IGF-like mitogenic activity in conditioned me- 

dium obtained from I-9RMT-hyg cells. Forty-eight-hour con- 

ditioned medium was collected from confluent cultures of 

I-9RMT-hyg cells, centrifuged, and tested for its ability to 

replace IN for growth of MCF-IOA cells. MCF-IOA cells were 

plated at lo5 cells per 60 mm culture dish and grown in serum- 

free medium in the presence of IN. the absence of IN. the ab- 

sence of IN. and presence of I-9RMT-hyg conditioned medium 

(50% v/v) or the absence of IN. and non-conditioned medium 

as a control. Data represent the mean number of cells per dish 

for triplicate dishes after seven days of growth. Error bars in- 
dicate the range in the data. 

3.2. Somatic cell hybridization e.xperiments 
To perform somatic cell hybrid experiments, 

equal numbers of I-9RMT-hyg and MCF-IOA- 
neo cells were plated in 60 mm collagen-coated tis- 
sue culture dishes. Following attachment of the 
cells, hybridization was induced using culture me- 
dium supplemented with PEG and DMSO and se- 
lection of hybrids was initiated 24 h after removal 
of hybridization medium. In order to select for 
successful hybrids and to determine the IGF re- 
quirements of the hybrids simultaneously, selec- 
tion was carried out by switching the cells to 
medium containing both hygromycin and G418 
(double selection medium) in either the presence or 
absence of IN. Carrying out the experiments in 
this way was important in order to avoid the possi- 
ble confounding influence of hybrid stability on 
the growth factor requirements of the hybrids. If 
IGF-independence behaves in a dominant fashion. 
then hybrid cells should be IGF-independent for 
growth. Thus, hybrid colonies should arise in ap- 
proximately equal numbers in double selection 
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Table I 

Development of hybrid colonies from fusion of I-9RMT-hyg 

cells and MCF-IOA cells 

Growth 
FdClOfS 

Total 
colonies 

Positive 

plates/total plates 

+ Insulin 17 I l/20 

- Insulin 8 7120 

“12.5 colonies expected for each group. x2 = 2.56. Not 

significantly different at the P < 0.05 level. 

medium in the presence or absence of IN. By con- 
trast, if IGF-independence behaves as a recessive 

phenotype, then hybrids should revert to the nor- 
mal cell phenotype of IGF-dependence. Thus, col- 
onies should only arise in double selection medium 
containing IN and not in double selection medium 
in which IN was omitted. 

Table 1 gives the pooled results of three separate 
experiments. The overall results show that de- 
velopment of somatic cell hybrids that could yield 
progressively growing colonies was a rare event. 
Despite the small number of colonies that arose in 
these experiments, hybrid colonies were detected 

-I 

Fig. 4. Insulin dependence of I-YRMTIMCF-IOA hybrid cells. 

Hybrid colonies that arose in double selection medium contain- 
ing IN were harvested. replated in 35 mm culture dishes, and 

grown in serum-free medium in the presence or absence of ex- 

ogenous IN. Data represent the mean number of cells per dish 

after seven days of growth, and the error bars indicate the range 
in the data. S.D., seeding density. 

in double selection media in both the presence and 

absence of IN. As stated above, if the IGF in- 
dependence phenotype is dominant, then approx- 
imately the same number of colonies would be 
expected to arise in each media group. Since the 

total number of colonies that arose in these experi- 
ments was 25, an average of 12.5 colonies would be 
have been expected in each group. Chi-square an- 
alysis of the data indicated that the observed num- 

ber of colonies in each group (17 and 8) is not 
significantly different from the expected number of 
colonies in each group (12.5 per group). Thus, 
these results are consistent with a dominant mech- 

anism of IGF independence. 
To confirm that somatic cell hybridization yield- 

ed colonies that were IGF-independent for 
growth, two additional experiments were perform- 

ed. Firstly, hybrid colonies that arose in double se- 
lection medium containing IN were subcultured 
and tested for their requirements for exogenous IN 
in the next passage. The results shown in Fig. 4 
demonstrate that hybrids that arose in double se- 
lection medium containing IN were able to grow in 
the very next passage in the absence of IN. Thus, 
even the hybrid colonies that arose in IN- 

containing medium were IGF-independent for 
growth. Secondly, the DNA content of hybrid col- 
onies was analyzed to determine if hybrid cells lost 
significant amounts of genetic material during hy- 

brid selection and growth. Somatic cell hybrid col- 
onies were subcultured and grown to sufficient 
numbers for analysis of DNA content by flow 
cytometry. The data shown in Table 2 indicate that 

the Gl peak channel for the hybrid cells is consis- 
tent with the sum of the Gl peak channels for the 
two parental cells. Thus, during the selection and 
growth period, hybrids did not lose significant 
amounts of genetic material making it unlikely 

Table 2 
DNA content of parental cells and somatic cell hybrids 

Cell line Std. peak Exp. peak 

channel channel (CV) 

I-9-IN RMT 235 323 (3.2%) 

MCF-IO 236 373 (2.3%) 

1-9/M-10 Hybrid 237 703 (2.9%) 
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that IGF independence was a reversion event me- 
diated by loss of genetic materia1 from the IGF- 
dependent parent cell line. 

Taken together, the results of these experiments 
indicate that IGF independence in rat mammary 
carcinoma cells occurs as a result of a dominantly- 
acting genetic change. Somatic cell hybrids obtain- 
ed from IGF-independent and IGF-dependent 
cells are IGF-independent for growth in vitro. 

4. Discussion 

In these studies, we have used somatic cell hy- 
bridization methods to demonstrate that IGF in- 
dependence which occurs in serially transplantable 
rat mammary carcinoma cells occurs by a 
dominantly-acting mechanism. The rationale for 
using this experimental approach is based on our 
previous studies aimed at determining the mecha- 
nism of IGF independence in these cells and on 
published reports on the effect of tumor sup- 
pressor gene loss on cellular growth factor require- 
ments. Our previous data indicate that rat 
mammary carcinoma cells are truly independent of 
IGFs for long-term proliferation. They are not 
IGF-dependent cells that mediate their own 
growth factor requirements by synthesizing and 
secreting growth factor to which they then respond 
[8]. In addition to ruling out an autocrine mecha- 
nism of IGF independence in rat mammary car- 
cinoma cells, we have not been able to obtain 
evidence for a role of the mq’c gene, Prad-1 gene, 

~53 protein or the IN or type-1 IGF receptor in 
mediating this phenotype. These findings coupled 
with the recent demonstration by DeCaprio et al. 

[7] that loss of a tumor suppressor gene results in 
cells that are serum-independent for growth raised 
the possibility that IGF independence in rat mam- 
mary carcinoma cells may have occurred from the 

loss of a tumor suppressor gene rather than ‘acti- 
vation’ of a dominantly acting oncogene. Somatic 
cell hybridization experiments were carried out 
to differentiate between these two disparate 
possibilities. 

Somatic ceil hybrids have inherent instability 
that may have posed a problem in the interpreta- 
tion of results on the growth factor requirements 
of the hybrids. Therefore, we chose an experimen- 

tal approach in which the growth factor depen- 
dence of the hybrids was determined simultan- 
eously with selection of hybrid cells. With this 
experimental design we would predict that if IGF 
independence resulted from the loss of a tumor 
suppressor gene and thus behaved as a recessive 
phenotype, hybrids would have reverted to the 

IGF-dependent phenotype and only emerged in 
double selection medium containing IN. It may 
have been possible that rare variant colonies could 
have emerged in IN-free double selection medium 

as a result of hybrid instability. However, if this 
were the case, one would expect that the frequency 
of hybrid colonies arising in the absence of IN 
should be significantly less than that which oc- 
curred in the presence of IN. One would also 
expect that hybrid colonies that emerged in 
IN-containing double selection medium would ex- 
hibit a strict dependence on exogenous IN for 
growth in subsequent passages. This is not what 
was observed in these studies. The number of hy- 
brid colonies that arose in each media was not 
significantly different from the number of colonies 

expected to arise in the presence and absence of 
IN. In addition, the colonies that did emerge in 
double selection medium containing IN. were IN- 
independent for growth in the very next passage. 

Finally, flow cytometric analysis indicated that hy- 
brid colonies did not lose significant amounts of 
genetic material during hybrid growth and selec- 
tion. Taken together. these results indicate that so- 
matic cell hybrids obtained from the fusion of 
IGF-independent rat mammary carcinoma cells 
and IGF-dependent human mammary epithelial 
cells are IGF-independent for growth. Thus, this 

phenotype is the result of a dominantly-acting 
alteration that occured during transformation of 
these rat mammary carcinoma cells. 

The signal transduction pathways that lead from 
growth factor stimulation to eventual transition of 
the cells from the Gl phase to the S-phase of the 
cell cycle are complex and involve a number of 
protein kinases, regulatory molecules, and tran- 
scription factors [reviewed in 2,3,13,16.17]. Thus, 
overexpression or dysregulated expression of any 
one of a number of molecules could result in domi- 
nant acquisition of IGF independence. The obser- 

vation that the IGF independence phenotype can 
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be dominantly transferred to MCF-1OA cells pro- 
vides an opportunity to discover the molecular 
mechanism of IGF independence in rat mammary 
carcinoma cells. Thus, current experiments are 
aimed at transforming MCF-1OA cells to IGF in- 
dependence by transfection with a cDNA expres- 
sion library obtained from the IGF-independent 
rat mammary carcinoma cells. This approach may 
allow identification of specific genes the altered ex- 
pression of which can result in IGF independence. 
This, in turn, will result in the elucidation of the 
mechanisms of IGF independence in our rat mam- 
mary carcinoma cell lines. 
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