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Brief Communication

A Note on Growth Patterns of Epithelial Tumor Cells in
Primary Culture1

Howard L. Hosick

Depanmeni of Zoology and Its Cancer Research Laboratory, University of California, Berkeley, California 94720

SUMMARY

Mouse mammary tumors were dissociated to single cells.
These were seeded in high-serum medium at three different
densities. Three different culture morphologies and three
different saturation densities of cells resulted. In contrast,
embryo fibroblasts cultured under the same conditions
grew to the same end point over a wide range of seeding
densities. Growth of these neoplastic cells is density regu
lated and is markedly different from growth of fibroblasts
in culture.

INTRODUCTION

The textbook growth curve of normal fibroblasts in mono-
layer culture is sigmoid (6). Transformed cells (often con
tinuous cell lines) are characterized by growth to higher
cell densities (13). We have studied primary cell cultures
derived from epithelia and bona fide epithelial tumors. It
has been our experience that the growth properties of cells
taken directly from epithelial mammary tumors are not
those often accepted as characteristic of transformed epi
thelia and fibroblasts in culture.

MATERIALS AND METHODS

Neoplastic cells were derived from spontaneous mam
mary tumors in BALB/cfC3H/Crgl mice. Culture meth
ods are described in detail elsewhere (2). Briefly, tumor
fragments were dissociated to single cells by stirring them
in calcium-magnesium-free 0.9% NaCl solution contain
ing trypsin and EDTA. Fragments of 16-day BALB/c
mouse embryos were trypsinized to obtain fibroblasts. Cells
were counted in a hemocytometer. Culture medium,
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changed every 2 days, was Dulbecco's modified Eagle's

medium, supplemented with 15% fetal calf serum; insulin,
10 Â¿ig/ml;hydrocortisone, IO /tg/ml; and 2 mM glutamine.

RESULTS

When mammary tumor cells were plated at high density
(Fig. la)-, numerous multicellular blisters developed. Mam
mary tumor virus is produced preferentially in the blisters
(domes) (9), which also form in cultures from normal

2400-

O

O O

2000-

1600-

1200-

800-

400-

5xl05 cells/sq cm

f

2xl05 cells/sq cm

5xl04 cells/sq cm

0 Z 4 6 8 10 12 14 16 18

Culture lime (days)

Chart I. Growth curves of mammary tumor cells seeded at various den
sities. Cells were cultured at seeding densities of 5 x 10s (O), 2 x 10s
(â€¢).or 5 x 10' (A) cells/sq cm as indicated. Cells were counted in ap
proximately 0.3-sq mm grids; each point represents the average of about
20 such counts.
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mammary gland (9). The capacity of the cells to produce
domes is usually lost as tumors are serially transplanted or
cultured cells are serially replated. At intermediate densi
ties (Fig. \b), the cells rapidly grew to confluence but were
much flatter when confluence was attained. Domes were not
seen in such cultures. When seeded at even lower densities
(Fig. le), the cells became extremely thin and spread, and
confluence was not attained.

Growth curves for such cultures are shown in Chart 1.
At high and intermediate seeding densities the cell number
increased rapidly during the 1st days in culture and was
then stable. The growth curves did not converge; the num
ber of cells in the cultures was strictly determined by the
seeding density. If the seeding density was too low, the cell
number declined during the culture period. Similar growth
curves were obtained from cultures of normal mammary
cells (not shown).

Additional information can be gleaned by measuring
DNA/plate during the culture period (Chart 2). In cul
tures initiated with high and intermediate seeding densities,
the DNA curves had the same shapes as the cell-count
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Chart 2. DNA/plate in cultures seeded at different densities. Epithelial

cultures as in Fig. I, seeded at 5 x IO5(O), 1 x 10s (â€¢),or I x IO4(A)
cells/sq cm. Sixteen-day mouse embryo fibroblasts (x) obtained by tryp-
sinization as described by Nair (10) and seeded at 1 x 10scells/sq cm cul
ture-dish area. Each point is the average of DNA in three 60-mm plates,

determined as described elsewhere (7).

curves. DNA/plate was also stable in low-density cultures,
even though the number of cells decreased. This discrep
ancy reflects a strong tendency towards multinuclearity and
polyploidy in cultures of neoplastic (and normal) mammary
epithelial cells at low density (2).

For comparison, growth of mouse embryo cells (mostly
fibroblasts) was analyzed. As seen in Chart 2, the shapes
of the epithelial and fibroblastic growth curves were mark
edly different, even when cultures were initiated with the
same numbers of cells. Normal fibroblasts grew to twice
the number of neoplastic epithalial cells seeded at the same
density. Unlike epithelia, fibroblasts grew to the same final
cell density irrespective of plating density (1 x IO4to 5 x
IO5cells/sq cm), as is typical of fibroblasts (3).

DISCUSSION

Our observations suggest to us that carcinomatous
growth, as reflected in properties of epithelial tumor cells
in primary culture, is strongly controlled. Growth is density
regulated as in cultures of normal epithelia (2) with cell
shape an important factor in the regulation (in contrast to
the situation in fibroblast cultures). The regulation of
growth of neoplastic mammary epithelial cells in primary
cultures apparently reflects the situation in the animal; for
example, mitotic rates in rat mammary tumors in vivo are
actually lower than in normal mammary glands during
pregnancy (5). In contrast, lines of mammary tumor cells
tend to lose these epithelial control properties and produce
sarcomas if replaced in vivo (11, 12). Such losses occur
rapidly during culture (1, 4). We have become very cau
tious about predicting the properties of epithelial tumor
cells on the basis of properties of cell lines.
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Fig. 1. Growth of mammary tumor cells seeded at different densities.
Phase-contrast photographs on Day 6 of culture, a. seeded with 5 x 10s
cells/sq cm culture-dish area (note multicellular dome); b, seeded with
I x IO5cells/sq cm; c, seeded with 1 x IO4cells/sq cm. x 115.
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