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Progesterone Augments Proliferation Induced by
Epidermal Growth Factor in a Feline Mammary
Adenocarcinoma Cell Line
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Abstract Steroid hormones and peptide growth factors promote growth and development of normal mammary
tissues and some types of breast cancer. Ovarian steroids may influence mammary growth directly or indirectly. The
epidermal growth factor (EGF) family of proteins may also regulate mammary growth. These two pathways may
function independently of each other or they may act in concert, with steroids inducing transcription of genes that
encode growth factors or growth factor receptors. We used a feline mammary adenocarcinoma cell line (K12) to
address whether there was an interrelation between progesterone (PGN) and EGF-associated growth pathways. K12
cells responded to EGF by a dose-dependent increase in proliferation. PGN or promegestone (R5020, a synthetic
progestagen) alone did not stimulate K12 growth, but when EGF and PGN, or EGF and R5020 were combined, they were
synergistic. This synergistic response was abrogated by the PGN receptor antagonist RU486 or by antibodies that
blocked binding of EGF to its receptor. K12 cells expressed characteristic double-affinity EGF receptors, as well as p185
(a functionally and structurally related protein, product of the neu gene) on their surface. PGN receptors were also found
on intact cells and in cleared cytosols. Stimulation of K12 cells by PGN or by R5020 induced a two- to threefold increase
in the number of high-affinity surface EGF receptors after 24 h. Stimulation of these cells by PGN also affected the
relative levels of phosphorylation of the EGF receptor and p185 within minutes, but not of other cellular phosphopro-
teins. Our results show that PGN enhances the EGF-induced growth of K12 cells and suggest that this effect may be
mediated at least partly via an increase in the number or function of high-affinity EGF receptors.
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There is a growing body of evidence that sug-
gests that mammary gland growth and develop-
ment is regulated by the combined action of
steroid hormones and polypeptide growth fac-
tors such as epidermal growth factor (EGF).
Female mice made EGF-deficient by pregesta-
tional sialoadenectomy have reduced mammary
gland growth during pregnancy [1], and this
effect is fully reversible by the administration of
EGF. Furthermore, steroid-induced mammary
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development is accompanied by specific in-
creases in phosphorylation events [2], some of
which can be attributed to the activation of the
EGF receptor kinase.

Aberrant regulation of the pathways con-
trolled by either EGF or by ovarian steroids may
contribute to the development of mammary tu-
mors. Human breast tumors frequently bear
receptors for estrogen (E,, [3-5]) and/or proges-
terone (PGN, [4,5]), and some are exquisitely
sensitive to hormonal therapy [6]. Likewise,
some breast tumors have been shown to express
elevated levels of EGF receptors [5,7].

In fact, these two apparently independent
pathways may act in concert to induce some
types of mammary tumors, since both E, [8] and
PGN [9] specifically upregulate transcription of
the EGF receptor gene in hormone-responsive
epithelial cells and cell lines. EGF stimulates
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proliferation of MCF-7 cells (a human E, recep-
tor positive mammary carcinoma cell line [10]),
and the antiestrogen tamoxifen inhibits this ef-
fect [10]. Conversely, the inhibitory effect of
antiestrogens on another steroid receptor posi-
tive human mammary cell line (T47D) can be
overcome by EGF [11], suggesting that the re-
sponse of these cells to EGF is regulated by the
function of steroid hormone receptors. These
cell lines can also be stimulated by ovarian ste-
roids to produce and secrete EGF [12] or trans-
forming growth factor o [13], both of which bind
to the EGF receptor. Some or all of these factors
may help to establish autocrine growth loops
that give the cells a growth advantage in the
mammary gland environment and that may
eventually lead transformed cells to a hormone-
independent phenotype.

Another gene that may be important in mam-
mary cell growth is c-neu (c-erb-B2). This gene
encodes a protein of 185 kDa that is closely
related to the EGF receptor both structurally
and functionally {14]. The role of the neu onco-
gene in the genesis and progression of mam-
mary tumors is unclear, but in women with
breast cancer, amplification of this gene may
inversely correlate with prognosis and outcome
of the disease [15,16].

The cat is a good model for the study of
hormone-induced mammary growth and tumor-
igenesis [17]. Mammary tumors in both humans
and felines share a number of common features.
Specifically, both occur spontaneously, prima-
rily in middle-aged females [18]; they exhibit
similar histological patterns {18]; and in both
species, the majority are derived from secretory
tissues [19]. These tumors appear to arise in a
hormonally dependent fashion in both species
[19]; however, in contrast to humans, feline
mammary tumors commonly have high-affinity
receptors for PGN [19], but not for E, [19,20].
Progestagen therapy has been correlated with
the development of mammary fibroadenoma
complex [21] and aneedotally with mammary
adenocarcinomas in both male and female cats
[22]. The neu gene product, pl185, is also ex-
pressed in normal and transformed feline mam-
mary tissues (J. Modiano, M. Goldschmidt, and
H. Maguire, unpublished data), although
whether its expression is subject to hormonal
control is unknown.

We have analyzed the possibility that PGN-
and EGF-associated growth pathways (includ-

ing those that may use p185) work cooperatively
to promote growth of a feline mammary tumor
cell line.

MATERIALS AND METHODS
Cells

The K12-72.1 cell line was a gift of William
Hardy, Jr. This cell line was obtained by serial
passage of a primary tumor explant from a fe-
male 14 year old pet cat [23]. An epithelial cell
line was established after 15 passages in culture,
and it was cloned at passage 72 [23]. Karyotypic
examination of K12-72.1 cells on the 77th pas-
sage showed them to be near-diploid with a
modal chromosome number of 37 (2n in cats is
38) and a small percentage of hypotetraploid
cells [23]. The EGF-response pathways in these
cells seem to be genetically intact (see Results),
making them a useful model system to study the
interplay between ovarian steroids and EGF-
mediated growth regulation.

K12 cells from the original stock were main-
tained in continuous culture for 5—20 passages
in complete medium [RPMI-1640, GIBCO,
Grand Island, NY, supplemented with 2% [v:v]
heat-inactivated fetal bovine serum (GIBCO), 2
mM sodium pyruvate, 2 mM L-glutamine, and
10 mM HEPES, pH 7.3]. Confluent cells were
trypsinized off the tissue culture flasks, gently
washed in Hank’s balanced salt solution (HBSS,
Ca™", Mg** free, GIBCO), and seeded at a den-
sity of 1 x 10° cells/ml in 75 cm® flasks (Corning,
Corning, NY).

Radiolabeled Compounds and
Chemical Reagents

*H-R5020 (promegestone), *H-thymidine, and
%P-orthophosphate were obtained from Dupont-
NEN (Wilmington, DE). Unlabeled R5020 was
obtained from Dupont-NEN and solubilized in
EtOH to a concentration of 75 ug/ml. The con-
centration of R5020 was adjusted immediately
before use to 7.5 pg/ml in 10 mM Tris, pH 7.5,
1.5 mM Na,EDTA, 10% glycerol, and 4 mg%
gelatin (buffer A). RU38486 (RU486) was a gift
from Roussel Uclaf (Romainville, France), and it
was solubilized in EtOH to a concentration of 1
mM and further diluted in buffer A as necessary.

Antibodies

Rabbit anti-EGF antisera and the anti-EGF
receptor monoclonal antibody 29.1. were pur-
chased from ICN immunobiologicals (Lisle, IL).
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The antibodies were mixed and used as a cock-
tail (a-EGF) at a 1:500 dilution from the stock
provided by the manufacturer.

%] was obtained from Dupont-NEN, and
highly purified murine salivary gland EGF was
iodinated using the Enzymobeads® (Bio-Rad,
Rockville, NY) method as described by the man-
ufacturer. Alternatively, **I-EGF was purchased
from Dupont-NEN. All chemicals and biologi-
cals were obtained from Sigma (St. Louis, MO)
unless otherwise noted.

Proliferation Assays

K12 cells were allowed to grow to near-
confluency and were then trypsinized, washed
three or more times in HBSS, and seeded in
96-well microtiter plates at a density of 1 x 10°
cells/ml in serum-free HL1 medium (Ventrex,
Portland, ME) in a final volume of 100 ul/well
(10,000 cells). The cells were allowed to adhere
for 16-20 h, and at this time they were stimu-
lated in triplicate with EGF, PGN, R5020,
RU486, o-EGF antibody cocktail, or combina-
tions thereof added in 100 pl of serum-free HL.1
medium. The stimulated cells were then incu-
bated further for 6-104 h, and *H-thymidine
(0.5 uCi/well) was added for the last 6-8 h of
culture. At the end of the culture period, the
plates were freeze/thawed to ensure 100% of cell
lysis, and the DNA was then adsorbed onto
fiberglass filters with a cell harvester (model
M12V, BRI, Rockville, MD). Thymidine incorpo-
ration into trichloro-acetic acid precipitable DNA
was determined by liquid scintillation counting
in an LS 380 counter (Beckman Instruments,
Sommerset, NdJ).

Cell Counts

Monolayers were stimulated as above and cul-
tured for 70-74 h, at which time the cultures
were trypsinized and mechanically disrupted to
form single-cell suspensions. The concentration
of cells/m] was determined by manual counting
on a hemacytometer (>3 fields), and viability
was assessed by exclusion of trypan blue dye.

Receptor Binding Assays

EGF and PGN receptors in K12 cells were
measured using radioligand binding assays. For
measurement of EGF receptors, 1 x 10° K12
cells were incubated in duplicate in 24-well plates
(Corning) in 1 ml of complete medium with and
without PGN (10-100 nM) or R5020 (100 nM).

Eighteen to 24 h later, the medium was aspi-
rated and the cells were washed three times
with binding medium (RPMI-1640, 1% bovine
serum albumin). "*I-EGF (7-10 x 10° pnCi/
mmole) was then added to the cells over a range
of concentrations from 1 pM to 5 nM in 100 pl of
binding medium. This was followed by a 1 h
incubation at 25°C, after which the cells were
washed three times with binding medium and
then lysed in 1 N NaQH for 1 h at 4°C.

Cell-associated radioactivity was counted in a
vy-counter (1270 Rackgamma counter, LKB Pis-
cataway, Nd). Non-specific binding was deter-
mined by adding a 100-fold molar excess of
unlabeled EGF to parallel cultures, and final cell
numbers were corrected to the average number
of adherent cells recovered from two control
wells for each condition.

The measurement of cellular PGN receptors
was carried out as described above for EGF
receptors, except the cells were always unstimu-
lated. *H-R5020 (0.1-2 pCi/ml) was used as an
agonist over a concentration range of 1 to 20
nM. Cell associated radioactivity was deter-
mined by liquid scintillation spectrometry. Non-
specific binding was determined as above using
unlabeled R5020 (Dupont-NEN) as a competi-
tor.

Cytosolic PGN receptors were measured us-
ing a *H-progestin receptor assay kit (Dupont-
NEN) as described by the manufacturer. Briefly,
cytosols were extracted from >1 x 107 K12 cells
by homogenization in a monothioglycerol-con-
taining buffer followed by centrifugation at
100,000g for 1 h at 4°C. Protein concentration
in the cytosols was determined by the method of
Waddell [24]. An aliquot of 100 ul of “adjusted
cytosol” (2-3 mg protein/ml cytosol) was then
incubated with *H-R5020 overnight followed by
charcoal adsorption and centrifugation. Non-
specific binding was determined as above. Cyto-
sol-associated radioactivity in the supernatants
was counted by liquid scintillation.

Receptors for E, were measured by radioim-
munoassay using an anti human E, receptor
antibody as described [25]. All the data were
analyzed using the method of Scatchard as de-
scribed by Berson and Yalow [26] and Rodbard
et al. [27].

Phosphorylation Assays

To study the relative levels of protein phos-
phorylation in K12 cells, 2 x 10° cells were
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incubated in complete medium for 16—-24 h. The
cells were then washed three times and finally
incubated in phosphate-free RPMI medium sup-
plemented with 2% dialyzed fetal bovine serum
and 250 pCi/ml of *P-orthophosphate with or
without Na-orthovanadate (400 uM) for 46 h
to saturate their ATP stores with reactive **P.
The cells were then exposed to PGN (100 nM)
for 1 to 15 min and lysed in RIPA buffer (1%
NP-40, 1% deoxycholate, 0.1% lauryl sulfate,
0.15 M NaCl, 0.01 M NaH,PO,, pH 7.4, 200
U/ml aprotinin, 2 mM EDTA, 10 mM NaF, 10
mM Na,P,0,, 400 uM Na,VO,, and 10 mM Io-
doacetamide) overnight. EGF receptors or p185
were immunoprecipitated using the antibodies
AHER (an anti-human EGF receptor antisera
provided by Dr. Stuart Decker [28]) or DBW2
(an antisera against a synthetic p185 peptide
[29]), respectively, and visualized by SDS-PAGE
[30] and autoradiography on XAR5 X-ray film
(Eastman Kodak, Rochester, NY).

RESULTS

Proliferative Response of K12 Cells
to Stimulation by Epidermal Growth Factor
or Progestagens

Epidermal growth factor (EGF) induced an
increase in the proliferation of K12 cells as mea-
sured by DNA synthesis (Fig. 1) or by an abso-
lute increase in cell numbers (Table I) that
peaked 50 to 80 h after stimulation. Neither
progesterone (PGN) nor promegestone (R5020)
stimulated proliferation of K12 cells (Fig. 2) at
any dose used (up to ~5 mM). However, R5020,
which binds to the PGN receptor irreversibly,
induced a consistent, dose-dependent increase
of 75-130% in the response of K12 cells to EGF
when used at concentrations of 50-500 nM (Figs.
1, 2; Table I). PGN also enhanced the response
of K12 cells to EGF. The magnitude of this effect
was more variable, ranging from a 10% to a
100% increase over the basal proliferation of
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Fig. 1. Subconfluent K12 cells were trypsinized and plated in 96-well microtiter plates at a density of 1 x 10°
cells/ml in 100 ! of serum-free HL1 media (10,000 cells/well). The cells were incubated for 18 h to allow them to
adhere to the plates, after which time they were stimulated in triplicate and incubated for an additional 52 h.
*H-thymidine (0.5 pCi/well) was added to the cultures for the last 6-8 h of incubation. The cells were then
freeze-thawed, and DNA was harvested onto fiberglass filters and precipitated using 10% trichloro-acetic acid. Open
circles represent cells stimulated by EGF alone, and open squares represent cells stimulated by EGF + R5020 (100
nM). Results show the mean of triplicate samples from one of eight experiments performed; the SEM within each

experiment were routinely <12%.
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TABLE 1. Effect of EGF and PGN on K12 Cell Growth

DNA synthesis® Viable cells/10° plated®
Stimulus® (*H-Tdr incorporation in cpm) (x 107%)
Media 20,083 = 582 (n = 5) 11.7+1.0(n = 3)

EGF 35,074 = 3,293 (n = 5)
60,667 * 7,692 (n = 5)
35,287 £ 8,386 (n = 3)
31,609 = 5,745 (n = 3)
22,6563 + 2,113 (n = 3)

EGF + R5020

EGF + RU486

EGF + R5020 + RU486
EGF + R5020 + «EGF

178 +21(n=3)
306+1.7(n=2)
169+25(n=2)
15729 (n=2)
96n=1)

*K12 cells were plated at a density of 1 x 10°%/ml in HL1 serum-free media and stimuli added 18 h later as described in Materials
and Methods. The concentration of the stimuli used was as follows: EGF, 5 pM; R5020, 100 nM; RU486, 1 or 2 uM; and «-EGF
antibody cocktail was used at a final dilution of 1:500 from the manufacturer stock.

"DNA synthesis was measured 52 h following the addition of stimuli by incorporation of *H-thymidine into TCA-precipitable
material during an 8 h pulse. The results are shown as the mean cpm of triplicate samples = SEM of three to five independent

experiments (n).

“The number of viable cells/10° cells plated at the initiation of culture was determined after 70 h. The cell monolayers were
trypsinized and mechanically disrupted to achieve a single-cell suspension; the cells were then counted manually on a
hemacytometer. A minimum of three fields/condition were counted to determine the concentration of cells/unit volume and the
absolute cell numbers. Viability was assessed by exclusion of trypan blue dye and was routinely > 90%. The results are
expressed as the mean number of live cells in each condition divided by 10° = SD in one to three independent experiments.

K12 cells stimulated by EGF alone (not shown),
but was consistently statistically significant
(P < 0.05 as determined by Student’s t-test).

The PGN receptor antagonist RU486 abro-
gated the increase in proliferation induced by
R5020 in EGF-stimulated K12 cells (Table I),
but had no effect on the response of EGF itself.
An anti-EGF/anti-EGF receptor antibody cock-
tail inhibited both the proliferative response of
K12 cells to EGF or to the combination of EGF
and R5020 (Table I), although they did not
affect the basal proliferation of K12 cells (not
shown).

Expression of Receptors for EGF in K12 Cells

Expression of EGF receptors in K12 cells was
assessed by radioligand binding and immunopre-
cipitation studies. High-affinity binding of EGF
to K12 cells was saturable at 350-500 pM EGF
at 25°C (Fig. 3). Scatchard analysis revealed
that unstimulated K12 cells expressed 1.5—
2.5 x 10° EGF receptors/cell (Figs. 3, 4), of
which approximately 5% (~ 10,000) were high-
affinity receptors (K, 35 pM, Table II).

To determine whether the EGF binding activ-
ity in these cells reflected a receptor akin to that
which has been characterized in human and
other cells, we immunoprecipitated EGF recep-
tors from metabolically labeled K12 cells. Figure
b shows that the AHER antisera precipitated a
protein of 175 kDa and a protein of 150 kDa
from unstimulated cells and from cells stimu-
lated by EGF or PGN. In other species, the EGF
receptor undergoes autophosphorylation after

stimulation by EGF [28]. In K12 cells, stimula-
tion by EGF also induced a five- to eightfold
increase in the relative levels of phosphorylation
of the 175 kDa protein (Fig. 5, lane B). The 150
kDa protein probably reflects an immature spe-
cies of the EGF receptor [28] consistent with
those observed in other species.

Expression of Receptors for Ovarian Steroids in
K12 Cells

To determine whether the effects of PGN and
R5020 were mediated by a specific receptor, we
used radiolabeled R5020 to measure binding to
intact K12 cells or to cleared K12 cytosols. We
determined in three experiments that K12 cells
expressed an average of 22,300 PGN receptors/
cell with a K, of 2.82 nM, and a binding capacity
of 280 fmoles of R5020/mg of cytosol protein.

Similarly, we used an anti-human E, receptor
antibody to measure E, receptor expression in
K12 cells. This anti-E, receptor antibody is cross-
reactive among humans and rodents [25]; thus,
it should be likely to recognize the feline E,
receptor. By this method, K12 cells appeared to
express few to no E, receptors.

Effects of PGN on Expression of EGF Receptors,
and Phosphorylation of EGF Receptors and p185

We examined whether the synergistic effect of
PGN on EGF-induced proliferation of K12 cells
might be associated with an increased number
of surface EGF receptors in these cells. K12 cells
treated with PGN (20-200 nM) or R5020 (100
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Fig. 2. Cell cultures were established, stimulated, and harvested as in Figure 1. Circles represent cultures stimulated
by R5020 alone; triangles represent cultures stimulated by R5020 + EGF used at 5 pM; squares represent cultures
stimulated by R5020 + EGF used at 50 pM. Results show the mean of triplicate samples from one representative
experiment of three done; the S.E.M. within each experiment were routinely <12%.

nM) for 18—24 h expressed two to three times as
many high-affinity EGF receptors on their sur-
face as unstimulated cells (Figs. 3, 4; Table II),
but exhibited no significant changes in the num-
bers of low-affinity receptors. This effect was
inhibited specifically by a tenfold molar excess of
the PGN receptor antagonist RU486 (Fig. 4).

The increase in surface EGF receptors ob-
served in K12 cells stimulated by PGN was also
abolished by the protein synthesis inhibitor cy-
cloheximide used at 5 pg/ml (3,000 receptors/
cell, K, = 40 pM) and by TPA, a phorbol ester
that induces a rapid modulation of EGF recep-
tors off the cell surface, used at 20 nM (300
receptors/cell, K; = 20 pM).

The augmentation of EGF-mediated growth
in K12 cells by PGN could also reflect a post-
transcriptional change in the EGF receptor (or
in other proteins) that modifies its function.
Thus, we also determined whether PGN af-
fected the relative levels of phosphorylation of
the EGF receptor and the closely related protein
product of c-neu, pl85. In our initial experi-
ments, we observed that PGN induced a dra-

matic (50—-90%) dephosphorylation of p185 (Fig.
6) and of the EGF receptor (data not shown).
This dephosphorylation could be mediated by 1)
inactivation of the EGF kinase; 2) activation of
one or more specific phosphatases; 3) increased
receptor modulation and lysosomal destruction;
or 4) a combination of all of the above. There-
fore, to investigate these possibilities, we used
sodium-orthovanadate, an inhibitor of phos-
phatase activity, and stimulated K12 cells with
EGF or PGN for 10 min. As also shown in
Figure 5, there was up to an 800% (lane B) and a
300% (lane C) increase over the endogenous
phosphorylation of the EGF receptor protein
(and p185, data not shown) in cells stimulated
by EGF or PGN, respectively, as compared to
the unstimulated controls. PGN also stimulated
a small increase in the phosphorylation of an
unidentified protein of 110-120 kDa (Fig. 7),
but, importantly, the effect of PGN was not a
generalized one affecting every cellular phos-
phoprotein (Fig. 7). Taken together, these obser-
vations suggest that 1) the dephosphorylation
we observed initially was at least partly medi-
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Fig. 3. Subconfluent K12 cells were trypsinized and plated in duplicate in 24-well plates at a density of 1 x 10°
cells/mlin T ml of complete media (100,000 cells/well). After 18 h, the media was changed to fresh serum-free media
(squares, dashed-dotted linej or fresh serum-free media with 100 nM R5020 (circles, solid line) for an additional 24
h. The cells were then washed twice in binding media (RPMI/1% BSA). Serial dilutions of *I-EGF (1-620 pM) were
then added to the wells and the cells incubated for 1 h at 25°C. At this time, the cells were washed two more times in
binding media and lysed for 30 min in NaOH. Cell-associated radioactivity was determined by y-counting. Data show
the mean of duplicate samples of increasing molecules of *EGF bound (specific binding) as a function of increasing
concentrations of *EGF. Inset shows the Scatchard plots for the same data points. These data show one of three
experiments done; the S.E.M. within each experiment were <10% of the mean values.

ated by a phosphatase(s) and 2) PGN-stimula-
tion induced the activation of one or several
kinases that phosphorylated the EGF receptor
and p185. The basal phosphorylation state of
the EGF receptor and p185 are a steady state
mediated by both kinases and phosphatases.
Thus, it is also possible that the PGN-induced
increase in phosphorylation could have been
mediated by the specific inactivation of an addi-
tional distinct phosphatase(s) that was insensi-
tive to vanadate, and that contributed to the
maintenance of this steady state. Finally, to
determine if receptor degradation played a role
in these changes, we immunoprecipitated EGF
receptors or pl85 from K12 cells labeled with
%G.methionine. The results from these experi-
ments indicate that PGN had no apparent effect
on the relative quantity of intact EGF receptors

or pl85 present in the cells after 15 min (data
not shown).

DISCUSSION

Ovarian steroids and epidermal growth factor
(EGF) stimulate growth of mammary cells in
vivo [1] and in vitro [14,31,32], but the signaling
mechanisms used by these hormones to induce
proliferation and the interrelation between them
are poorly understood. We used the K12 feline
mammary tumor cell line to investigate whether
there was an interrelation between the growth
regulatory mechanisms of EGF- or PGN-in-
duced proliferation. Our results indicate that
EGF stimulates growth of K12 celis (Fig. 1) and
that these neoplastic cells bear receptors for
EGF that appear not to be amplified or physi-
cally altered (Table II; Figs. 3-5). Furthermore,
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Fig. 4. Cell cultures were established, stimulated, and quantified as in Figure 3. Data points reflect the means of
duplicate samples where the SEM were <10% of the mean values. Closed symbols represent specific binding of
*EGF; open symbols represent non-specific binding in the presence of a 100-fold molar excess of unlabeled EGF.
Best-fit regression (second order) was fitted using Sigmaplot 3.0. Circles and dashed-dotted lines show data points
from cells that received fresh serum-free media only; inverted triangles and solid lines show data points from cells
that received 100 nM R5020; and diamonds and dotted lines show data points from cells that received 100 nM
R5020 + 1 uM RU486. These results are representative of two independent experiments.

TABLE II. EGF Receptor Levels in K12 Cells*

High-affinity receptors® Low-affinity receptors®

Stimulus (K, =1-5 x 107" M) (K,=1-4 x 107°M)
A.

Media 9,506 = 2,282 235,000 = 13,400
PGN 19,264 * 7,415 232,000 * 11,300
B.

Media 10,474 + 886 195,000 = 77,800
R5020 32,950 = 4,173 215,000 + 106,000

*Subconfluent K12 cells were trypsinized and plated in duplicate in 24-well plates at a density of 1 X 10° cells/ml in 1 ml of
complete medium (100,000 cells/well). After 18 h, the media was changed to fresh serum-free media or fresh serum-free media
with (A) 10, 100, or 200 nM PGN or (B) 100 nM R5020 for an additional 24 h. The cells were then washed twice in binding media
(RPM1/1% BSA). Serial dilutions of *I-EGF (1-5,000 pM) were then added to the wells, and the cells incubated for 1 h at 25°C.
At this time, the cells were washed two more times in binding media and lysed for 30 min in NaOH. Cell-associated radioactivity
was determined by y-counting, and the data were analyzed by the method of Scatchard.

*The data represent the means + SEM of (A) five different experiments or (B) the means + SEM of three different experiments.

our data show that despite having functional
receptors for PGN, these cells do not proliferate
in response to progestagens (Fig. 2). However,
PGN and R5020 synergized with EGF to signifi-
cantly enhance the proliferation of K12 cells
(Fig. 2), and this response was specifically inhib-

ited by the PGN receptor antagonist RU486 or
by antibodies that prevented binding of EGF to
its receptor (Table I).

We next investigated the mechanisms that
may regulate this synergistic response. Our data
indicate that the number of high-affinity EGF
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Fig. 5. Subconfluent K12 cells were trypsinized and plated in
6-well plates at a density of 1 x 10° cells/ml in 2 ml of complete
media (2 X 10° cells/well). The cells were incubated for 18 h to
allow them to adhere to the plates and were then washed in
phosphate-free RPMI for 30 min. The cells were then incubated
in 1T ml phosphate-free RPMI with 2% dialyzed fetal bovine
serum, sodium-orthovanadate (a phosphatase inhibitor), and
250 uCi **P-orthophosphate/ml. Stimuli were added for the last
10 min of culture. The cells were then lyzed in RIPA buffer and
EGF receptors immunoprecipitated from the lysates. The immu-
noprecipitates were separated by SDS-PAGE followed by auto-
radiography. N/A: unstimulated cells; EGF was 85 pM and PGN
was 100 nM. Shown is one representative experiment of three
performed; exposure of the autoradiograph was 14 h.

Fig. 6. K12 cells were treated as for Figure 5, except that no
sodium-orthovanadate was used in the cultures. p185 was
immunoprecipitated from the cell lysates, and the immunopre-
cipitates were separated by SDS-PAGE followed by autoradiog-
raphy. N/A: unstimulated cells; EGF was 85 pM; TPA was 20
nM; and PGN was 100 nM. Shown is one representative
experiment of four performed; exposure of the autoradiograph
was 20 h.

receptors is indeed two- to three-fold greater in
K12 cells stimulated by PGN or R5020 as com-
pared to unstimulated cells after 18-24 h (Fig.
3; Table II). The increased expression of surface
EGF receptors induced by R5020 was inhibited
by RU486, a PGN-receptor antagonist (Fig. 4).
Thus, this effect is likely to be mediated directly
through the PGN receptor. Interestingly, the
total number of EGF receptors (high + low af-
finity) was not significantly different in unstim-
ulated cells vs. cells stimulated by PGN (Table
II). The increment in high-affinity EGF recep-
tors was also at least partly dependent on new
protein synthesis since it could be blocked by
cycloheximide. This suggests that PGN (through
its receptor) regulates the expression of the EGF
receptor gene in these cells.

The fact that EGF at concentrations as low as
5 pM (100-fold below the concentration required
to saturate the high-affinity EGF receptors)
could induce growth of these cells suggested
that the occupancy of a small percentage of
these receptors was sufficient for signaling.
Therefore, the increased response to EGF in-
duced by PGN may not be completely attribut-



EGF and PGN Induce Growth of Feline Mammary Cells 205

=
€ o
=z a
- .

200

97

68

Fig. 7. Cells were treated as for Figure 5. The supernatants
from the immunoprecipitates were separated by SDS-PAGE
followed by autoradiography. N/A: unstimulated cells; PGN
was added at 100 nM. One representative experiment of three
performed is shown; the exposure of the autoradiograph was
2 h.

able to an increase in the number of surface
EGF receptors. It is possible then that this effect
could also be partially mediated by a functional
alteration of the EGF receptor or other related
proteins. To determine if this occurred in K12
cells, we asked whether PGN could modify the
EGF receptor (and pl85) post-translationally,
specifically in its phosphorylation status, since

phosphorylation of the EGF receptor by its en-
dogenous kinase [33] and by other proteins [33]
may be an important mode of regulating the
ability of this receptor to deliver transmem-
brane signals. Also, a marked increase in endog-
enous tyrosine kinase activity has been shown
to exist in the oncogenic forms of both the EGF
receptor [34] and p185 [35], and this activity is
critical to their transforming potential. Finally,
following cognate binding, steroid hormone re-
ceptors may mediate effects that are not directly
related to DNA binding or transcriptional regu-
lation [36,37,38]. However, there have been no
enzymes that are known to be directly modified
by these steroid hormone-receptor complexes to
date.

Our initial data show that PGN induced an
alteration in the relative level of phosphoryla-
tion of the EGF receptor and p185 (Figs. 5, 6).
These changes in phosphorylation may be regu-
lated directly or indirectly by PGN via the activa-
tion of one or several phosphatases and one or
several kinases that affect the EGF receptor
within minutes.

Itis interesting to speculate that these changes
in EGF receptor phosphorylation status could
contribute to convert a percentage of EGF recep-
tors from the low- to the high-affinity state or
otherwise modify their signaling function such
as by affecting the EGF receptor kinase itself.
The observations that stimulation of K12 cells
by PGN had similar effects on p185 as on the
EGF receptor (Figs. 5, 6), and that both of these
proteins are substrates for the EGF receptor
kinase [39,40], are consistent with this hypothe-
sis.

These various possibilities are not mutually
exclusive, and further studies will be necessary
to determine their relative importance on the
proliferative response of K12 cells.
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