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ABSTRACT

Growth of the mouse mammary epithelial cell line designated
COMMA-D has been studied in serum-free medium (SFM) formulated
with Ham's F12 and Dulbecco's modified Eagle's medium (1/1) contain
ing 15 mM 4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid, 2 m\i
glutamine, gentamicin (50 fig/ml; basal medium) and supplemented with
insulin (10 Â¿ig/ml),transferrin (10 jig/ml), selenous acid (10 ng/ml),
epidermal growth factor (20 ng/ml; EGF), 10 mi 3,5,3'-triiodothyronine,
50 MMethanolamine, 1.0 nM 17/3-estradiol, 65 pM glutathione, and
ovalbumin (100 /Â¿g/ml).COMMA-D cells were able to undergo serial
passage and continued to exhibit dome formation after 20 passages in
SFM. Cells seeded at low density in SFM underwent four population
doublings at low passage number in 1 week compared to six doublings
for cells grown in medium containing insulin, transferrin, selenium, EGF,
and 1% fetal bovine serum. After many passages in SFM, the growth
rates of cells were similar to those in serum-supplemented medium used
for stock culture. Deletion of insulin or EGF from SFM resulted in cell
growth similar to that of cells seeded in basal medium alone. When cells
were seeded in basal medium without added supplements, addition of
insulin or EGF resulted in 29 and 22%, respectively, of the number of
cells grown in SFM for 5 days. However, when insulin and EGF were
combined in basal medium, the cell number at 5 days was 83% of that in
SFM. When insulin was deleted from SFM, COMMA-D cells became
responsive to insulin-like growth factors I and II. The growth-promoting
characteristics of EGF and transforming growth factor a were compared
in SFM and were not distinguishable, showing identical dose-response
curves. When incorporation of |3H|thymidine was used as an assay of cell

growth, saturating levels of basic fibroblast growth factor (20 ng/ml)
showed a stimulation 1.35 times greater than EGF (20 ng/ml). When
EGF and fibroblast growth factor were combined, the stimulation was
1.75 times greater than EGF alone suggesting that COMMA-D cells are
responsive to multiple classes of growth factors. COMMA-D cells seeded
in basal medium supplemented with insulin, transferrin, and selenous
acid have been used to detect mitogenic activity present in extracts .of
hypothalamus, uterus, and pituitary. The results show that COMMA-D
cells can be grown long term in a hormonally defined serum-free medium
and that maximal mitogenic effects were seen only with the addition of
two or more growth factors.

many previous culture systems have required preconditioning
by first plating cells in serum-containing medium (5, 7), the use
of feeder layers (10, 11), addition of pituitary extract (4), or
addition of high amounts of poorly defined serum-derived com
ponents to the medium such as BSA ' (5 mg/ml) (6) or fetuin
(1 mg/ml) (12). Serum-free medium was further defined by
replacing BSA with crude soybean lecithin as an alternate lipid
source (8); however, growth was reported only for primary
cultures of mouse mammary cells in collagen gels and was
limited to three cell population doublings in 10 to IS days.

Recently, a mouse mammary-derived cell line designated
COMMA-D has been described which exhibited many charac
teristics of mammary epithelial cells including casein synthesis
in vitro and duct/alveolar morphogenesis when injected into
cleared mammary fat pads (13,14). COMMA-D cells have been
reported (14) to have at least two distinct epithelial cell types
and a diminished ability to form normal and preneoplastic
mammary alveolar outgrowths in vivo after passage 14.

We report here the development of a serum-free medium
suitable for rapid growth and extended serial passage of
COMMA-D cells. The growth of COMMA-D cells in response
to various combinations of hormones and growth factors dem
onstrates that insulin and EGF are the major growth-promoting
components in the serum-free medium formulation. We will
further demonstrate that IGF-I and FGF are effective growth
promoters and can be substituted for insulin and EGF, respec
tively. We demonstrate that after serial passage, COMMA-D
cells remain responsive to hormones and growth factors and
offer an alternative to primary cultures which require numerous
animals and cell dissociation procedures to perform experi
ments. In addition, conditions are described here suggesting the
usefulness of COMMA-D cells in a rapid bioassay for detection
of various growth factors including IGF-I, IGF-II, EGF, TGFa,
and FGF. A preliminary report of this work has been presented
in abstract form (15).

INTRODUCTION

The growth and extended serial passage of mammary cells in
a serum-free hormonally defined medium could be a powerful
tool in studying the effects of hormones and growth factors on
the proliferation, differentiation, and tumorigenesis of the
mammary gland. Discovering conditions for growth of mam
mary epithelial cells in serum-free-defined medium while avoid
ing senescence of cultures and maintaining hormonal respon
siveness has been elusive. Growth and serial passage of mam
mary tumor cell lines from mouse and human have been accom
plished (1-3). Growth of normal mammary cells in serum-free
medium also has been reported by a number of investigators
(4-9). To achieve sustained growth of normal mammary cells,
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MATERIALS AND METHODS

Materials. Powdered media and serum were purchased from GIBCO
(Grand Island, NY). Bovine insulin, human 'IT, selenous acid (sodium

salt), mouse EGF, bovine pituitary FGF, and basement membrane
Matrigel were purchased from Collaborative Research, Inc. (Bedford,
MA). Soybean trypsin inhibitor, phosphoethanolamine, Etn, I,. Ej,
BSA, Oval, 1-glutamine, GSH, a-2-macroglobulin, sucrose, Dulbecco's

phosphate buffered saline, (I. gentamicin sulfate, Norit A, and HEPES
were purchased from Sigma (St. Louis, MO). Crude pancreatic trypsin
was purchased from ICN Biochemicals, Inc. (Cleveland, OH). Trypsin
EDTA in Hanks' balanced salt solution without calcium and magne

sium salts was purchased from Irvine Scientific (Santa Ana, CA).
Dextran T70 was purchased from Pharmacia (Uppsala, Sweden), ovine

3The abbreviations used are: BSA, bovine serum albumin fraction V; IGF-I,
insulin-like growth factor I; IGF-II, insulin-like growth factor II; FGF, fibroblast
growth factor, EGF, epidermal growth factor, Ins, insulin; Tf, transferrin; Se,
selenous acid; T,, 3,S,3'-triiodothyronine; Etn, ethanolamine; E2, 17/3-estradiol;

Oval, ovalbumin; GSH, reduced glutathione; TGFa, transforming growth factor
a; FBS, fetal bovine serum; SFM, serum-free medium; ECGS, endothelial cell
growth supplement; CT, cholera toxin; cpd, cell population doubling; HEPES, 4-
(2-hydroxyethyl)-l-piperazineethanesulfonic acid; F12/DME, 1:1 (v/v) mixture
of Ham's F12 and Dulbecco's modifed Eagle's medium; ITSE, basal medium

supplemented with insulin (10 Mg/ml), Tf (10 Â»ig/ml).Se (10 ng/ml), EGF (20
ng/ml), and 1% (v/v) FBS.
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hypothalamus powder was purchased from Phoenix Chemicals, Ltd.
(Nelson, New Zealand). Porcine pituitaries were purchased from South
western Biologicals (1Variami. TX). Porcine uterus was obtained from
J BAR B Foods (Waelder, TX). Human recombinant Thr-59 IGF-I
was purchased from AmGen (Thousand Oaks, CA) and human recom
binant IGF-I was supplied by IMCERA Bioproducts, Northbrook, IL.
Rat IGF-II was supplied by Dr. S. Peter Nissley. TGFÂ«was purchased
from Peninsula Laboratories, Inc. (Belmont, CA). [methyl-3H]Thymi-

dine (70 Ci/mmol) was purchased from ICN Radiochemicals (Irvine,
CA).

Cell Cultures. Passage 15 COMMA-D cells were obtained from Dr.
Daniel Medina, Baylor College of Medicine, Houston, TX. Stock
cultures were maintained at high density in 100 mm diameter Corning
(Corning, NY) plates and incubated in a 5% CO2 humidifiai atmos
phere at 37'C in 15 ml of F12/DME containing 15 IHMHEPES, 2 mM

glutamine, gentamicin (50 Mg/ml; basal medium), supplemented with
insulin (10 Mg/ml), Tf (10 Mg/ml), Se (10 ng/ml), EGF (20 ng/ml), and
1% (v/v) FBS (designated ITSE 1% FBS). Cells were routinely subcul-
tured by splitting 1:3 at 7-day intervals. The monolayer was rinsed with
phosphate buffered saline then treated for 3 min with a solution of 0.01
M sodium phosphate (pH 7.5) containing 0.25 M sucrose, 0.01 M
EDTA, and 1% (w/v) Oval, rinsed again with phosphate-buffered saline
then trypsinized using 0.05% trypsin and 0.2 g/liter EDTA in Hanks'

balanced salt solution without calcium and magnesium salts. For serum-
free cultures, cells were plated at a density of 4 x 103/cm2 in 15-ml

basal medium supplemented with insulin (10 Mg/ml), Tf (10 ng/ml), Se
(10 ng/ml), EGF (20 ng/ml), 10 nM T3, 50 MMEtn, 1.0 nM E2, Oval
(100 Mg/ml), and 65 ;-\i GSH. This mixture was designated SFM. Cells
were subcultured at 7-day intervals as above except 0.1 % (w/v) soybean
trypsin inhibitor in basal medium instead of FBS-supplemented me
dium was used to wash the cells after trypsinization.

Cultures were routinely tested and found to be free of mycoplasma
infection using the BRL MycoTect detection system, Bethesda Re
search Laboratories, Gaithersburg, MD.

Cell Growth Assay. Cells from stock culture were seeded at 2-3 x
103/cm2 in Nunc 6-well multidishes (Roskilde, Denmark) with 3 ml of

basal medium supplemented with various components to be tested.
After 5 days in culture, individual wells were trypsinized by addition of
0.3 ml 0.25% (w/v) crude hog pancreatic trypsin in 125 mM EDTA.
The samples were allowed to stand at ambient temperature for 5 min
and 0.2 ml FBS were added. Cell clumps were dispersed using a Pasteur
pipet and cell number determined using a Coulter counter model ZBI
(Hialeah, FL). Triplicate samples were trypsinized using the above
procedure within l h of plating to accurately determine the number of
cells seeded per well.

|'Il| I liymidim1 Incorporation Assay. Cells from stock culture were
subcultured at low density (3 x IO5 cells/100 mm diameter plate) in
ITSE 1% FBS and allowed to grow to confluence (4-5 days) before
seeding at 1 x 104/cm2 in Costar 24-weII plates with 0.5 ml basal

medium supplemented with insulin (10 Mg/ml), Tf (10 Mg/ml), Se (10
ng/ml), and Oval (100 Mg/ml). One h after plating, a saturating level
of EGF (20 ng/ml; positive control) or substances to be assayed for
mitogenic activity were added. Incorporation resulting from no addition
(or vehicle) to experimental wells was designated C0. After 24 h, 0.5
/i<'i [3H]thymidine contained in 20 /Â¿Iphosphate-buffered saline was

added to each well. After an additional 24-h period, incorporation was
stopped by addition of 1 ml of a 3/1 (v/v) mixture of methanol/acetic
acid which commonly has been used in autoradiography to remove
soluble pools. The plates were allowed to stand for at least l h then the
liquid contents of each well were removed by aspiration. Each well then
was washed twice with 2 ml 80% (v/v) methanol before addition of 0.5
ml 0.25% (w/v) crude hog pancreatic trypsin in 50 mM HEPES (pH
7.3). The plates were allowed to stand for 30 min prior to addition of
0.5 ml 0.5% (w/v) sodium dodecyl sulfate. The contents of each well
were removed to scintillation vials, 9 ml Liquiscint (National Diagnos
tics, Sommerville, NJ) was added and cpm determined using a Packard
Tri Carb model 3255 liquid scintillation counter.

Tissue Extracts. Porcine pituitary, porcine uterus, or lyophilized
powder of ovine hypothalamus were homogenized in three to five
volumes of ice-cold Dulbecco's phosphate buffered saline (pH 7.4)

using a Tekmar Tissuemizer (Cincinnati, OH). Homogenates were
centrifuged at 100,000 x g for l h at 4*C. The supernatants were

removed, sterilized by passing through a 0.22-Mm Millex GV membrane
(Millipore, Bedford, MA). Protein was determined using a kit pur
chased from BioRad (Richmond, CA) using BSA as the standard.

Preparation of Charcoal Extracted Serum. Hormone-depleted serum
was prepared by a modification of previously described methods (16).
Briefly, FBS was heated at 56Â°Cfor 5 min while shaking in a water

bath at an intermediate rate. A suspension containing Norit A (100
mg/ml) and Dextran T70 (10 mg/ml) in 0.145 M NaCl was added to
10% (v/v) to the preheated serum and shaking continued for an addi
tional 15 min at 56'C. To remove the charcoal, the suspension was
centrifuged at 10,000 x g for 45 min at 4"C, then filtered first through
glass wool then through a <).2-//mmembrane filler. The filter sterilized
serum was stored at -20Â°C.

RESULTS

Growth Characteristics in SFM. Passage 18 COMMA-D cells
were trypsinized from stock culture grown in ITSE 1% FBS
and transferred to serum-free medium designated SFM. Fig. 1
shows the growth rates of COMMA-D cells in SFM and ITSE
1% FBS. Cells taken from stock culture and plated directly in
SFM grew at 60% of the rate of growth in ITSE 1% FBS.
Under this set of experimental conditions, COMMA-D cells
taken directly from stock culture did not grow as fast as cells
that have been accommodated in SFM for a longer period of
time. COMMA-D cells continued logarithmic growth in SFM
and after adaptation underwent six population doublings every
7 days when subcultured at 3 x 10' cells/ 100-mm diameter

plate. This growth has continued for 34 passages in SFM and
has resulted in more than 178 population doublings. COMMA-
D cells grew to confluence after 3 days in SFM and reached
saturation density of 2.5 x 105/cm2 after 7 days in culture.

After 14 days culture in SFM, they exhibited dome formation.
Cells seeded on dried films of extracellular matrix components
(Matrigel) were observed to exhibit morphological characteris
tics different from those on plastic. After 3-5 days, the pattern
of growth appeared as a branching network of interlacing
structures some of which appeared to originate from clumps of
cells. This pattern was strikingly similar (although on a two-
dimensional scale) to the morphological appearance of primary
mouse mammary cells embedded in collagen gels (17).
COMMA-D cells cultured at low density in either ITSE 1%

(0
(9
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SFM â€¢

DAYS
Fig. I. Growth of COMMA-D cells in ITSE 1% FBS and SFM for 8 days.

Passage 29 COMMA-D cells from stock culture were seeded at 1 x l(rV35-mm
diameter well in Nunc 6-well multidishes in 3.0 ml ITSE 1% FBS or SFM.
Samples were trypsinized and counted l h after seeding (to determine day 0 cell
number) and at 24-h intervals. Values, mean Â±SD cell population doublings
from triplicate samples.
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FBS or SFM stained 40-50% positive using a broad spectrum
antikeratin antibody (data not shown).

Factor Requirement for Serum-free Growth. Fig. 2 shows the
effect of varying the concentrations of insulin and EGF on
growth of COMMA-D cells in SFM. Cells plated in basal
medium showed 0.29 cpd compared to 2.37 cpd for cells grown
in complete SFM during the S-day assay period. Deletion of
either EGF or insulin from SFM resulted in little or no growth
compared to medium with no added supplements. The higher
concentrations of EGF and insulin resulted in cell numbers
similar to those in SFM.

Using the same assay protocol as that shown in Fig. 2, Etn,
T3, glutamine, GSH, gentamicin, and Oval were tested for their
effects on the growth of COMMA-D cells in SFM. Removal of
Etn or Tj from SFM had no effect on the number of cells after
5 days. In addition, increasing concentrations of these two
components above that used in SFM also had no effect on the
growth of COMMA-D cells. The addition of 10~5-10"' M

glutamine above the concentration already present in F12/
DME had no effect on cell number. The addition of GSH had
no effect on cell number between at 0-325 ^M; however, addi
tion of 3.2 and 32 HIMdecreased the cell number compared to
SFM control and probably was cytotoxic at those concentra
tions. Similarly, the addition of low concentrations (0-100 *tg/
ml) of the antibiotic gentamicin did not effect cell growth;
however, gentamicin (1.0 mg/ml) resulted in about one-half the
number of cells in SFM and was cytotoxic when added at that
concentration. The addition of Oval (0-100 ng/ml) had no
effect on cell growth; however, 1.0 mg/ml caused a 22% de
crease in cell number compared to SFM control.

COMMA-D cell growth was not responsive to varying E2
concentrations from 0 to 100 nM in SFM or in ITSE supple
mented with 1% charcoal-extracted FBS (data not shown).
Because phenol red has been implicated to act as a weak
estrogen (18), it was deleted from the medium for these exper
iments. Before testing for E2 effects, COMMA-D cells were
grown for 1 month in phenol red-free ITSE supplemented with
1% charcoal-extracted FBS to remove residual E2 that may be
present. The addition of phenol red back to SFM or serum-
supplemented medium at the concentration present in F12/
DME also had no effect on the growth of COMMA-D cells.

Interaction of Growth Factors. Fig. 3 shows the effect of
insulin and EGF on the growth of COMMA-D cells when many
of the other added components of SFM were deleted. Cells
seeded in basal medium showed only 13% of the number of
cells compared to complete SFM. When insulin (10 pg/ml) was

NANOGRAM/ML

Fig. 2. Effect of concentration of insulin and EGF on growth of COMMA-D
cells. Passage 25 cells were trypsinized from stock culture, washed twice in basal
medium and seeded at 2.5 x 10Y35-mm diameter well in SFM modified by
deleting or changing the concentration of the components indicated. After 5 days
in culture, samples were trypsinized and cell number determined. .S7-.U.samples
seeded in the complete SFM formulation; F12/DME, cells seeded in basal
medium. Cell number values, mean Â±SD of triplicate samples.

5 -

4 -

n n n
F12/DME INS EGF INS SFM ITSE

EGF 1% FBS

Fig. 3. Comparison of the growth promoting characteristics of insulin (Ins)
and EGF. Passage 30 cells were trypsinized from stock culture, washed twice in
basal medium and seeded at 2 x \0*/35-mm diameter well in basal medium (F12/

DME). Additional wells were seeded containing basal medium supplemented with
Ins (10 Mg/ml), EGF (20 ng/ml), Ins (10 Mg/ml) + EGF (20 ng/ml), complete
SFM, or ITSE 1% FBS. After 5 days in culture individual wells were trypsinized
and cell number determined. Cell number values, mean Â±SD of six samples.
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Fig. 4. Additive effect of EGF and FGF on incorporation of [3H]thymidine by
COMMA-D cells. Passage 34 cells were trypsinized from stock culture, washed
twice in basal medium containing insulin (10 fig/ml), Tf (10 Mg/ml), and Se (10
ng/ml) and seeded in 1.0-cm diameter wells in 500 >iI of the same medium (Co)
or with the addition of EGF (20 ng/ml), FGF (20 ng/ml), or EGF (20 ng/ml) +
FGF (20 ng/ml). After 24 h in culture, 0.5 pCi [3H]thymidine was added to each
well. After an additional 24 h period, the contents of each well were processed
for liquid scintillation counting as described in "Materials and Methods." Values,

mean Â±SD of six wells.

added to the above mixture, it resulted in 24% of the cell
number of the SFM control. When EGF (20 ng/ml) was added,
the cell growth was 22% of SFM. When insulin and EGF were
added in combination, it resulted in 83% of the cell number
recorded for SFM. From these results and the effect of deletion
of these two components from SFM shown in Fig. 2, it was
concluded that insulin and EGF, when added in combination,
were the two factors contributing the most to COMMA-D cell
growth. Also shown in Fig. 3 is the comparison of SFM to
ITSE 1% FBS on the growth of COMMA-D cells. The addition
of the undefined component FBS had the effect of causing
206% of the cell number measured in SFM. From these results
it was concluded that other nutrients or growth factors could
further stimulate growth of COMMA-D cells above that mea
sured in SFM in the 5 day assay.

Subsequent experiments have shown that FGF was able to
stimulate growth of COMMA-D cells. Fig. 4 illustrates the
level of incorporation caused by saturating levels of EGF, FGF,
and their combination when the [3H]thymidine assay was used.
The incorporation as a result of EGF was 4.3-fold greater than
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that of C0 control. When FGF was added, the level of incor
poration was 5.5-fold greater than the C0 control. When FGF
was added in combination with EGF, the level of incorporation
was 6.8-fold greater than C0 control.

The [3H]thymidine incorporation assay has the advantages of

being done in a smaller volume, therefore requiring less growth
factor than the cell number assay. In addition, the [3H]thymi-

dine assay is faster, which can be important during purification
of mitogens from tissue sources where protease exposure should
be minimized. To validate the usefulness of the [3H]thymidine

incorporation assay we have demonstrated that the increase in
cell number in response to growth factors was reflected by the
increase in incorporation of radioactivity by COMMA-D cells.
The time course of COMMA-D cell growth in response to
insulin, EGF, FGF, and the combination of EGF plus FGF is
shown in Table 1. The period of time from day 1 to day 2
corresponds to the period of labeling in the [3H]thymidine assay.

Growth in response to insulin corresponds to the control des
ignated as C0 in the [3H]thymidine assay. The addition of insulin
plus EGF resulted in a 3.5-fold increase in cell number com
pared to the insulin control. The addition of insulin plus FGF
resulted in a 3.3-fold increase compared to control. The additive
effect of growth factors is demonstrated by the combination of
insulin, EGF, and FGF which resulted in a 4.6-fold increase in
cell number over control.

Fig. 5 shows a comparison of the effects of saturating levels
of EGF and FGF when IGF-I was substituted for insulin. In
this experiment, the low level of incorporation in basal medium

Table 1 Time course of comma-D growth in response to growth factors
COMMA-D cells were obtained from serum-supplemented stock culture and

seeded at 3.9 x 10V35 mm diameter well in 3.0 ml basal medium containing Tf
( 10 /ic inI>and Oval ( 100 Â¿ig/ml)(None). Growth factor additions were as follows:
Ins (10 Mg/ml); EGF (20 ng/ml); FGF (20 ng/ml). Cell numbers were determined
as described in "Materials and Methods" and are the means Â±SD of triplicate

samples.

Cell number

Growth factor Day 1 Day 2 Day 3

None
Ins
Ins + EGF
Ins + FGF
Ins + EGF + FGF

36,810 Â±1,463
46,873 Â±309
64,690 Â±1,803
56,136 Â±2,794
65,056 Â±1,736

42,700 Â±2,392
74,130 Â±4,172

160,423 Â±2,529
146,600 Â±3,517
190,970 Â±4,544

43,373 Â±1,786
99,893 Â±2,541

334,603 Â±14,267
300,033 Â±6,793
421,540 Â±25,505

2824Â«

20
of*

162
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O1284-IIIâ€¢:

nâ€¢. n n n n lii-â€¢--â€¢--
CON INS IGF-I EGF FGF EGF INS IGFH FGF EGF

FGF EGF EGF IGFH FGF
IGF-I

Fig. 5. Effect of IGF-I on EGF and FGF stimulated | 'l l jth\ mulini- incorpo
ration by COMMA-D cells cultured in basal medium containing Tf (10 ;/n,'ml)

and Oval (100 Mg/ml) (CON). The concentrations of growth factors used were
insulin (10 ng/ml); IGF-I (100 ng/ml); EGF (20 ng/ml); FGF (20 ng/ml).
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20161284COMMA-D"ASSAYEDWITHTF

* OVAL +EGF(INS
DELETED)-j11*_TXaL-

O 1 2 4 8 16 32 12
NANOGRAM/ML

IGF-I

4 8 16 32

IGF-II

Fig. 6. Effect of IGF-I and IGF-II on incorporation of [3H]thymidine by
COMMA-D cells. COMMA-D cells were seeded at 1 x lO'/well in 24-well
multidishes in 0.5 ml basal medium supplemented with Tf (10 //n nil). Oval (100
jig/ml), EGF (20 ng/ml), and the indicated concentrations of IGF-I or IGF-II.
After 24 h in culture, 0.5 (i< i | 'I I|t li\ inuline were added to each well. After a 24-

h labeling period, the cells were fixed, washed, and incorporation determined as
previously described. Values, mean Â±SD of triplicate wells.

supplemented with Tf and Oval was depressed due to cell death
and detachment (CONTROL). Addition of insulin, IGF-I,
EGF, or FGF resulted in 2500-3000 cpm similar to the normal
Co control level of incorporation for the [3H]thymidine incor
poration assay described in "Methods." When EGF and FGF

were combined in the absence of insulin or IGF-I, the level of
incorporation was 2-fold higher than either factor alone. Simi
larly, in the presence of IGF-I, the level of incorporation stim
ulated by the combination of EGF and FGF was higher than
EGF or FGF alone. It is interesting to note that in the presence
of IGF-I, the level of incorporation stimulated by EGF was

higher than FGF. This is unlike the data presented in Fig. 4,
where in the presence of insulin, FGF-stimulated incorporation
to a greater degree than EGF.

The ability of IGF-I and IGF-II to stimulate [3H]thymidine
incorporation by COMMA-D cells is shown in Fig. 6. It was

necessary to delete insulin and include EGF in the medium to
record this dose-dependent response of the insulin-like growth
factors. When IGF-I was added in the presence of insulin

without EGF present, only small increases in incorporation
were recorded (data not shown). These data suggest that IGF-I
may be able to completely replace the COMMA-D cell require
ment for insulin in the medium.

Fig. 7 shows a comparison of the effects of EGF and TGFa
on the growth of COMMA-D cells. The two growth factors are
known to be similar structurally and are known to operate
through the same receptor (19). EGF and TGFa were added at
the same concentrations to parallel sets of experimental wells.
The results of this dose-response experiment suggest that these
two growth factors are equally effective in promoting growth
of COMMA-D cells.

Effect of Tissue Extracts. Fig. 8 shows the effects of a range
of concentrations of various tissue extracts on growth of
COMMA-D cells cultured in basal medium supplemented with
insulin, Tf, and Se. This demonstrates that COMMA-D cells
can be used in a bioassay to detect tissue-derived growth factors.
We have used this assay during the purification of brain acidic
FGF and pituitary basic FGF as well as a yet to be identified
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Fig. 1. Comparison of the growth-promoting characteristics of EGF and
TGFa on COMMA-D cells. Passage 23 cells were trypsinized from stock culture,
washed twice in basal medium and seeded at 5 x 10^/35-mm diameter well in 3.0

ml SFM without EGF (zero control) or containing various concentrations of EGF
or TGFa. Complete SFM control is shown by 20 ng/ml EGF. After 5 days in
culture, individual wells were trypsinized and cell number determined. Cell
number values, mean Â±SD of triplicate samples.

4 8 1(3264128 4 8 16 32 64 12S 4

MICROGRAM PROTEIN/ML

8 163264128

HYPOTHALAMUS

Fig. 8. Effect of various concentrations of tissue extracts on growth of
COMMA-D cells. Passage 23 cells were trypsinized from stock culture, washed
twice in basal medium, and seeded at 2 x 10*/35-mm diameter well in 3.0 ml

basal medium containing insulin (10 Mg/ml), Tf (10 fig/ml), and Se (10 ng/ml).
Various concentrations of neutral pH extracts of porcine pituitary, porcine uterus,
ovine hypothalamus, or EGF (20 ng/ml) (EGF control) were added within l h
after seeding. After S days in culture, individual wells were trypsinized and cell
number determined. Values for control and EGF are the mean Â±SD of six
samples.

mitogen from porcine pituitary.4 Unsurprisingly, neutral pH
extracts of porcine pituitary, porcine uterus, and ovine hypo
thalamus all showed a dose-dependent stimulation of cell num
ber. Neutral pH extracts of rat uterus, kidney, and brain showed
similar effects; however, rat liver showed no stimulation of cell
number (data not shown). Porcine pituitary extracted in 1.0 M
acetic acid also remained mitogenically active suggesting acid
stability of the unknown factor(s). The acid stability data sug
gested that all of the unidentified growth factor present in
pituitary extracts was not basic FGF (class II heparin-binding

' T. L. Riss and D. A. Sirbasku, unpublished results.

growth factor activity) because of its reported loss of bioactivity
upon acid treatment (20).

The effects of various concentrations of BSA, Oval, and
pituitary extract (in the presence of either BSA or Oval) on
growth of COMMA-D cells is shown in Fig. 9B. Fig. 9A shows
the results of a parallel experiment in the presence of a saturat
ing concentration of EGF. Oval did not affect cell growth when
added at 5.0 to 160 ng/m\; however, BSA was inhibitory at
concentrations above 40 /ig/ml with or without EGF present.
For this reason Oval instead of BSA was chosen as a protective
or possible lipid delivery component of SFM. The decision to
include a poorly defined protein component in the SFM for
mulation was made to compensate for nonspecific effects that
may be caused by the addition of tissue protein and to adsorb
possibly toxic lipids when crude tissue extracts were being
assayed. COMMA-D cell growth was responsive to pituitary
extract in a dose-dependent manner when either BSA or Oval
were added at 50 Mg/ml.In the absence of EGF (Fig. 9B), the
higher concentrations of pituitary extract were able to stimulate
cell growth to a greater extent than a saturating concentration
of EGF. When pituitary extract was added in combination with
EGF (Fig. 9A), the level of cell growth was greater than that of
EGF alone. These results are similar to the combined effects of
EGF and FGF shown in Figs. 4 and 5 and suggest that FGF
known to be present in pituitary (21) could be responsible for
this effect.

Growth Effects of Hormones and Other Factors. From the
experiments using FGF, FBS, and tissue extracts, cell growth
and [3H]thymidineincorporation above that of saturating levels
of EGF were recorded. In an attempt to explain this phenom
enon, a variety of other growth factors and nutrients were tested
for their effect on cell number in the 5-day growth assay using
SFM. Among the substances tested were dexamethasone (0.5-
16 ng/ml), prolactin (1-100 tig/ml), a-2-macroglobulin (0.5-5
Mg/ml),ceruloplasmin (0.5-5 Mg/ml),cholera toxin (1-32 ng/
ml), FeSO4(0.1-32 /Â¿g/ml),phosphoethanolamine, (3-100 UM),
and hydrocortisone (5-160 ng/ml). Using this set of conditions,
only hydrocortisone had a small stimulative effect on the growth
of COMMA-D cells resulting in 22% more cells than control.
This effect was variable with some assays showing no stimula
tion of growth, so it was not included as a component of SFM.
It is interesting to note that under the assay conditions used
above, CT did not affect growth of COMMA-D cells; however,
addition of CT (50 ng/ml) to cells cultured in basal medium
supplemented with insulin, Tf, Se, and Oval resulted in a 169%

Â¡n
'o

A

" Â«EGF

O 2

1
H rtTTTr-i 1M 1111 J^

CONTROL BSA OVAL PITÂ«BSA PITtOVAL

Fig. 9. The effects of BSA, Oval, and EGF on COMMA-D growth stimulated
by porcine pituitary extract. Passage 26 cells were trypsinized from stock culture,
washed twice in basal medium, and seeded at 2 x 104/3S-mm diameter well in
SFM minus Oval (and -EGF in B). For the sets of six bars labeled BSA and Oval
these proteins were added to final concentrations of 5, 10, 20, 40, 80, and 160
Â»Â»g/ml(left to right). For the sets of six bars labeled PIT+BSA and P1T+OVAL,
neutral pH extract of porcine pituitary was added at concentrations of 4, 8, 16,
32, 64, and 128 Mg/ml (left to right) in the presence of BSA (50 jig/ml) or Oval
(50 Â¿ig/ml),respectively. All wells in A contain EGF (20 ng/ml); in B, EGF was
omitted. Cell number values for controls are the mean Â±SD of six samples.
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stimulation of cell number. When EGF (20 ng/ml) was added
to this medium, the stimulative effect of CT (50 ng/ml) was
not recorded. To test for other possible effects in the absence
of EGF, progesterone (1-100 ng/ml), myoglobin (4-128 pg/
ml), hemoglobin (4-128 pg/m\), pancreatic trypsin inhibitor
(3.3 /Â¿g/ml),and ECGS (2-64 Â¿/g/ml)were tested in basal
medium supplemented with insulin, Tf, Se, and Oval. The only
component having a major effect on growth was ECGS which
showed a 387% increase in cell number over the control value.
This stimulation probably was the result of an FGF-like activity
present in the preparation of ECGS.

DISCUSSION

The data reported here demonstrate that COMMA-D cells
can be continuously passaged for months in serum-free medium
while maintaining hormone and growth factor responsiveness.
The results show that the combination of insulin and EGF are
required for multiple rounds of cell division. Except for insulin
and EGF, single deletion of the other added components of
SFM had no effects on cell number in the 5-day assay; however,
the combination of all of the added components of SFM were
more effective in supporting growth than insulin and EGF
alone. It is unknown whether all the components in SFM are
required for extended growth and serial passage of COMMA-
D cells but since their combination supported growth better
than did insulin plus EGF, we decided to leave them in the
SFM formulation. The interaction of the other components
presumably provide nutritive support and protective functions
and were not investigated further.

Bovine serum albumin is commonly included as a supplement
in serum-free media used for many cell types and has been
reported to stimulate growth of mammary epithelial cells (5,
6). BSA has been reported to act as a carrier of fatty acids and
protect against toxic effects of fatty acids in free solution (22).
Because we wanted to avoid addition of a serum-derived fraction
and because high concentrations of BSA were toxic to
COMMA-D cells, we chose Oval to provide this type of protec
tion. Oval did not appreciably stimulate cell growth under any
of the conditions tested. Because one of our goals in the
development of serum-free medium was for its use in the assay
of growth factors from tissue extracts and our past experience
has uncovered toxic effects of certain tissue extracts when added
to cells cultured in serum-free medium, we chose to include
Oval at 100 Mg/ml to help buffer these toxic effects.

Phosphoethanolamine has been demonstrated to stimulate
growth of a mammary carcinoma cell line of rat (23). Ethanol-
amine has been demonstrated to have a growth-stimulative
effect on primary rat mammary cells that were seeded in serum-
supplemented medium then switched to serum-free medium
(5). We were unable to demonstrate growth stimulation or a
requirement for phosphoethanolamine or Etn in our assays.
Our deletion experiments were done using COMMA-D cells
that had previously been in serum-supplemented stock cultures
and it is conceivable that a period of depletion would be nec
essary to demonstrate a requirement for these components.
Transferrin also has been shown to augment serum-free growth
of mammary cells (5); however, it has been reported (24) that
COMMA-D cells produce Tf in culture which would explain
its lack of effect on growth in the serum-free assays.

As expected, IGF-I and IGF-II could replace the insulin
requirement for growth in serum-free medium. Presumably the
IGFs and insulin are all acting via the Type I (IGF-I) receptor
(25). The concentrations of IGF-I required to achieve a growth-
stimulative effect was far below the amounts of IGF-II or insulin
required. A greater-fold stimulation between control and addi

tion of IGFs could be measured in the presence of EGF. Using
this set of conditions, the assay could serve as a rapid and useful
tool to aid in the detection and quantification of biologically
active IGFs from tissue sources. Our laboratory has used the
assay in this manner to detect IGFs from extracts of uterus and
platelets (26, 27).

By using a serum-free medium which contains insulin as the
critical component, and EGF deleted, we have used COMMA-
D cells in a bioassay for FGFs (15). We have found that either
acidic or basic FGF could replace the stimulative effect of EGF
in serum-free medium for COMMA-D cells. It is interesting to
note that addition of FGF resulted in a greater level of [3H]-

thymidine incorporation than EGF addition; however, when
IGF-I was substituted for insulin in the [3H]thymidine assay or

when cell number was recorded during the period of labeling,
EGF was slightly more stimulative than FGF. In all cases the
difference between the stimulative effects of EGF and FGF
were slight and probably were due to differences in labeling
kinetics. The combination of FGF plus EGF always resulted in
greater stimulation than either factor alone, whether growth
was measured by recording cell number or [3H]thymidine in
corporation in the presence of insulin or IGF-I. This suggests
that the COMMA-D cell population possesses both EGF and
FGF receptors. Because the COMMA-D cell line has been
reported to contain at least two different epithelial morpholo
gies (14), and because it has been reported that different growth
factors stimulate epithelial, myoepithelial, and stromal cell lines
derived from rat mammary tissue (28), it is possible that EGF
and FGF are acting on two different cell types. Preliminary
evidence we have gathered using a clone derived from the
COMMA-D cell line has indicated responsiveness to both EGF
and FGF which suggests that both types of receptors are present
on this one clonal derivative (to be reported in detail elsewhere).

Numerous reports have demonstrated that CT influences
growth and development of mammary cells in vivo (29) and in
vitro in the presence of EGF or serum (5, 6, 30). We have
observed that when COMMA-D cells were cultured in serum-
free medium without EGF, the addition of CT stimulated
proliferation as well as caused an induction toward a more
heterogeneous cellular morphology. The reason for these effects
was not investigated further. Since we were unable to demon
strate stimulation of growth in the presence of EGF, CT was
not included as a component of SFM.

Under the conditions tested, progesterone, prolactin, and E2
had no effect on growth of COMMA-D cells in serum-free
medium. The effect of hydrocortisone varied but at best was
only slightly stimulative to growth in serum-free medium. In
consistent growth stimulative effects of corticosteroids have
been reported previously (8). The lack of responsiveness to
mammogenic hormones may be a result of not providing the
proper extracellular matrix environment for functional differ
entiation to occur. It is possible that the rapid growth rate of
these cells on plastic may mask effects of factors that are only
marginally stimulative. Mammary cells have been reported to
respond differently to growth factors when plated on different
substrata (12). Hormone and substrata effects on synthesis of
milk fat globule membrane components have been reported
using COMMA-D cells (31). Hormones and different substrata
also have been reported to regulate milk-specific proteins and
transferrin in COMMA-D cells (24). In our hands, the
COMMA-D cells that had been grown in SFM for several
passages demonstrated a morphology typical of functionally
differentiated mammary cell cultures when plated on a complex
extracellular matrix extracted from the Engelbreth-Holm-
Swarm sarcoma; however, we have yet to examine the effects
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of mammogenic hormones or the individual components of
SFM using cells plated on matrix components.

Because of their rather recent development, there are few
published reports using the COMMA-D cell line. Recently, it
has been reported (14) that upon injection into cleared mam
mary fat pads, COMMA-D cells demonstrate a decreased abil
ity to form outgrowths with increasing passage number. In
addition, adenocarcinomas and fibrosarcomas were reported as
a result of injection of COMMA-D cells. The observation of
alveolar differentiation in virgin mice led to the conclusion that
COMMA-D cells had undergone an alteration to a preneoplas-
tic phenotype. COMMA-D cells have been reported (32) to
undergo neoplastic transformation in culture after treatment
with 7-12-dimethylbenz(a)anthracene. The preneoplastic char
acter of COMMA-D may be why we were successful in obtain
ing serial passage for extended periods. Success in the unlimited
serum-free passage of mammary cells has been restricted to
cells of tumor origin.

Other reports of growth of normal mammary cells in serum-
free medium have relied on: (a) seeding the cells in the presence
of serum before changing to serum-free medium (5); (b) includ
ing undefined components derived from serum such as fetuin
(14) or BSA (6). In a subsequent report (8), BSA was replaced
with liposomes composed of cholesterol and crude soybean
lecithin. Using this defined system, prolactin and progesterone
were demonstrated to stimulate the growth of primary cultures
seeded on collagen gels; however, there was no report of ex
tended passage of these cells. One important contribution to
ward the growth of normal human mammary epithelial cells
has been the addition of pituitary extract as the only undefined
supplement (4). With this addition, continuous growth has been
reported for 10-20 passages done with 1:10 splits (4).

The major difference between the previously published works
on serum-free medium and what we are reporting here is that
most other reports have used primary cultures. The reason for
the continuous growth of COMMA-D cells is not understood.
Although they have been shown to retain many of the charac
teristics of cells in normal tissue at low passage number, they
have also been observed to change their characteristics upon
culture for extended periods in serum-supplemented medium.
We have noticed that at least two ampules of COMMA-D cells,
that were stored in liquid nitrogen at passage 18, have a dimin
ished ability to form domes after passage 35-40. Whether the
cells have undergone a transformation process to the preneo
plastic phenotype as previously concluded (14), or whether
some other process has changed the cells to a state of immor
tality, is not known.
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