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ABSTRACT
Specific, high affinity receptors for 1,25-dihydroxyvitamin I), (1,25-

(OII);!),] have been demonstrated in human breast cancer cells. In
addition, 1,25-(()II);I), has been shown to inhibit replication in some
human breast cancer cell lines, although the mechanism(s) of this anti-

tumor activity remain undefined. There is currently considerable interest
in the role of autocrine growth factors in the control of breast cancer cell
proliferation and the effects of steroid hormones on their production,
receptor binding, and action. Since the epidermal growth factor (EGF)
receptor mediates the effects of both EGF and the automne growth
factor, a-transforming growth factor, we investigated the effect of 1,25-

(OID.Di on EGF receptor levels in several human breast cancer cell
lines.

Preincubation of I -171 ) cells with 1,25 (OH),I>, for 24 h resulted in
a significant concentration-dependent decline in the specific binding of
|I2*I|EGF. The effect was observed when EGF binding was assayed at
either 0 or 37Â°C, both before and after treatment with acid to remove
receptor bound endogenous ligand. This indicated that the effect on |' "I|-

EGF binding was not due to effects of l,25-(OH)2l), on receptor inter-
nalization and degradation or receptor occupancy. The half-maximal
inhibitory concentration of l,25-(Oll);l), was approximately 2 nM. The

decrease in EGF binding was due to a decrease in receptor number from
2,900 sites/cell in control cultures to 2,3311 and 1,730 sites/cell in cells
treated for 24 h with 111""and IO"1M 1,25-(()11)2I),, respectively. There

was no change in the affinity of the receptor for EGF following treatment
with I,25-(OII)3I), |A,, = 0.075 Â±0.006 n.M(Â±SEM) for control and Ka
= 0.083 Â±0.004 nM for treated cells). Decreased EGF receptor levels
were also achieved with a number of analogues of I,25-(OH),D, in
accordance with their affinities for the I,25-(OII)2O, receptor, i.e., po
tencies for decreasing EGF binding in 1-471) cells were in the order:
I,25-(OII),I>, > 1,24,25-trihydroxyvitamin I), > 1,25,26-trihydroxyvi-
tamin I), > 24,25-dihydroxyvitamin D3 > 25-hydroxyvitamin D.i. Spe
cific, saturable EGF binding to MCI 7 cells was also reduced by 1,25-
<OI I),D, while binding to BI -2(1 and HBL-100 cells was unaffected by

this treatment.
These results demonstrate that l,25-(OI I)21>, treatment reduces EGF

receptor levels in two breast cancer cell lines known to be growth inhibited
by this hormone and suggest that one potential mechanism through which
I,25-(O1I)2I>, could exert its known inhibitory effects on these cells is

by reducing their sensitivity to autocrine growth factors that act via the
EGF receptor.

INTRODUCTION

It is now well established that the biologically active metab
olite of vitamin D3, 1,25-dihydroxyvitamin D3, 1,25-(OH)2D3,4
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has a mode of action analogous to that of other steroid hor
mones (1,2). Although 1,25-(OH)2D3 has a major physiological
role as a calcium-regulating hormone it is becoming increas
ingly apparent that it also plays fundamental roles in the control
of replication and differentiation (3-6). Recently, 1,25-(OH)2D3
has been shown to have inhibitory effects on the replication of
some human breast cancer cell lines in vitro (5, 6) and other
tumors in vivo (7). Although these cancer cell lines possess
specific high affinity receptors for 1,25-(OH)2D3 (8-12), the
molecular mechanisms by which the inhibitory effects on rep
lication are mediated are not well understood.

It has recently been demonstrated that human breast cancer
cells secrete a number of growth factors including; a-TGF, ÃŸ-
TGF, IGF-I and platelet-derived growth factor (13-19). Fur
thermore, the effects of several steroid hormones, including
estrogens, antiestrogens, and progestins, on breast cancer cell
proliferation have been suggested to be due, at least in part, to
effects on these autocrine pathways. In particular estrogens and
antiestrogens have been shown to regulate the production and/
or release of a-TGF, /S-TGF, and IGF-I (15-18), while proges
tins have been shown to regulate the concentration of EGF
receptors in some breast cancer cell lines (20, 21). Epidermal
growth factor receptors are responsible for the binding and
action of a-TGF as well as EGF. The intimate involvement of
steroids with a-TGF production and EGF receptor levels led
us to investigate the effects of 1,25-(OH)2D3 on EGF receptor
levels in some human breast cancer cell lines with known
differential growth responses to 1,25-(OH)2D3.

MATERIALS AND METHODS

Materials. Vitamin I), and its metabolites were the generous gift of
Dr. M. Uskokovic (Hoffmann-La Roche Inc., Nutley, NJ). Receptor
grade murine EGF was purchased from Collaborative Research Inc.,
Lexington, MA. MPA was obtained from Upjohn Pty. Ltd., Sydney,
Australia, through the courtesy of Dr. Dudley Jacobs. ORG 2058 was
purchased from Amersham Australia, Sydney, and R5020 from Du
Pont (Australia) Ltd., Sydney. Progesterone was obtained from the
Sigma Chemical Co., St. Louis, MO. All other reagents were of ana
lytical grade.

The preparation of highly purified human growth hormone used in
these studies was supplied by Dr. G. Chapman and had been purified
as previously described (22).

Cell Culture. MCF-7 cells were supplied by Dr. C. M. McGrath,
Meyer L. Prentis Cancer Center, Detroit, MI, while T-47D, BT-20,
MDA-MB-231, and HBL-100 cells were provided by E. G. and G.
Mason Research Institute, Worcester, MA, for the National Cancer
Institute Breast Cancer Program Cell Culture Bank. Cells were main
tained in RPMI 1640 medium supplemented with 20 HIM4-(2 hydrox-
yethyl)-l-piperazineethanesulfonic acid buffer, 14 IHMsodium bicar
bonate, 6 HIMi -glutarn ine, 20 Mg/nil gentamicin, 10 Â¿ig/mlporcine
insulin, 6 /Â¿g/mlphenol red, and 10% FCS as described previously (23).

Polypeptide Binding Assays. EGF and growth hormone were iodi-
nated using a modified chloramine T method as previously described
(24). The specific activities of these peptides varied from 50 to 270
pCi/fig, as determined by the tracer dilution technique (25).

For the EGF binding studies, cells were placed into 24-well tissue
culture trays and grown to confluence (21). Twenty-four h prior to
assay, medium was removed and replaced with new medium supple
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DECREASE IN EOF RECEPTOR LEVELS BY !,25-(OH),Dj

merited with 1% charcoal-treated PCS and various concentrations of
l,25-(()H);I)i or its analogues in et Hanoi, to give a final ethanol
concentration of 0.1%. The incubation was continued at 37*C for 24 h

except for the time course study. Monolayers were then washed twice
with binding buffer (RPMI 1640 medium supplemented with 20 HIM
4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid and 0.1% bovine
serum albumin, pH 7.4). Specifically bound [I25I]EGF was determined
by incubating approximately 40,000 cpm of [125I]EGFwith or without
50 nM of unlabeled EGF per well at 37Â°Cfor l h (21).

In some experiments T-47D cells were treated for 24 h with 10 nM
progestin (ORG 2058, MPA, R5020, or progesterone) in the presence
of either 100 nM 1,25-(OH);L>, or vehicle (0.1% ethanol) in medium
supplemented with 1% charcoal-treated FCS.

A similar assay procedure was employed for Scatchard analysis of
EGF binding except that 5,000 cpm ['"IJEGF was added and unlabeled
EGF covered the range of 0.02 to 30 ng/ml (0.003-5.0 nM). Apparent
A',,and binding site concentrations were calculated by the method of
Scatchard (26). Specific binding of ['"IJhGH was determined as previ

ously reported (24, 27).
Following incubation with ['"IJEGF or ['"IJhGH the monolayers

were washed and solubili/ed as previously described (24). Specific
binding was calculated from the difference between total ([125I]hormone
alone) and nonspecific (['2SI]hormone + unlabeled hormone) binding.

Cells in parallel wells were trypsinized and counted in a Coulter
Counter. Where the treatment resulted in a significant change in cell
number, specific [I2SI]EGFbinding was corrected for cell number unless

otherwise stated.
In an attempt to assess the contribution of changes in EGF receptor

occupancy with 1,25-(OH)2D3 treatment, EGF binding activity was
assessed following dissociation of ligand by treatment of the monolayers
with 50 HIMammonium acetate buffer, pH 5.0, for 1 min at O'C.

Statistics. Student's l test was used to test the difference between the

means of experimental groups.

Table 1 Effect of acid washing on the binding of epidermal growthfactor to T-
47D cells following treatment with I,25-(OH)2D,

Cells were treated with vehicle or 1.25-(I )l I )..!), for 24 h and then washed with
SO HIMammonium acetate buffer (pH 5.0) or saline. Specifically bound EGF was
then determined as described in "Materials and Methods" following incubation
at 37'C for l h or O'C for 4 h.

TreatmentControl

IO'1 M l,25-(OH)2Dj
10-* M US^OHhD,

ControlIO'1 M 1,25-<OH)2D,
IO"6 M l,25-(OH)jDjAssay

condition37'C,

1 h

O'C, 4 hSpecifically

bound ['"11-

EGF(cpm/well)Saline

wash2220

Â±95
1815 Â±65
1315 Â±22
1013 Â±45
648 Â±13
427 Â±48Acid

wash2414

Â±61
1854 Â±43
1238 Â±15
881 Â±45
603 Â±16
444 Â±19

Fig. 2. Time course of the 1,25-(OH)2D3 induced decline of EGF receptors in
1471) cells. Specific binding of ['"I|EGF was determined as described in Fig. 1,

legend, after exposure to 100 nM 1.25 (<>ll);l>, for the time periods indicated.
Data, mean of triplicate wells.

RESULTS

When T-47D cells were incubated with increasing concentra
tions (10~I2-10~* M) of 1,25-(OH)2D3, there was a concentra
tion-dependent decline in the level of specific binding of ['"!]-
EGF at 24 h as illustrated in Fig. 1. The half-maximal inhibitory
concentration of 1,25-(OH)2D3 was approximately 2 nM. When
cells were treated for 24 h, under these experimental conditions,
cell numbers were not changed by treatment with 1,25-(OH)2D3
nor was there any evidence of a decrease in cell viability. Thus
the measured effect was not due to an effect of the drug on cell

~ 100-1
o

Â° 80-

01 60 -

I
Ã• "O
Oai
e 20-

O - 1 1 -10 - 9

12 -11 -10 -9 -8 -7 - 6

1,25-(OH)2D3 Cono. (Log M)

Fig. 1. Effect of various concentrations of 1,25 (<>H)J>< on the specific
binding of ['"IJEGF by T-47D human breast cancer cell monolayers. Specifically
bound ['"IJEGF was determined at 37'C for 1 h as described in "Materials and
Methods" in cultures exposed to various concentrations of 1.25 (C)11).,I), for 24
h. Specifically bound [>29I]EGF has been expressed as a percentage of that

measured in control cultures. Data, mean Â±SEM for three separate experiments,
where each point was determined in triplicate; inset, comparison of the effects of
assaying for specifically bound [125I]EGF at 37'C for 1 h (â€¢)or O'C for 18 h (o)

following treatment with 1.25 (OH)..!>, as described above. Points, mean of
triplicate observations in one experiment.

growth. However, with more prolonged periods of exposure to
1,25-(OH)2D3 cell numbers declined at concentrations >10~9 M
as previously reported (5, 6).5

To ensure that the observed effect of 1,25-(OH)2D3 on EGF
binding was not due to effects on internalization and degrada
tion of ['"IJEGF during the assay at 37Â°Can experiment
comparing the effects of assay at 37'C for 1 h with assay at O'C

for 18 h was undertaken following pretreatment of cells with
1,2S-(OH)2D3. The data are presented in the inset to Fig. 1 and
demonstrate that identical effects were apparent under the two
different assay procedures.

Potential effects of 1,25-(OH)2D3 on EGF receptor occu
pancy were studied by assaying for ['"IJEGF binding following
acid washing (pH 5.0 for approximately 1 min) of the T-47D
cell monolayer to dissociate receptor bound endogenous ligand.
The data presented in Table 1 show that 1,25-(OH)2D3 treat
ment resulted in a similar decline in specific EGF binding in
cells treated with acid and in saline treated control cells. Thus
the effect of 1,25-(OH)2D3 could not be accounted for by
hormone-induced changes in EGF receptor occupancy. The
binding measured at O'C for 4 h was 32-45% of that assayed
at 37Â°Cfor 1 h (Table 1) and this is consistent with previously

published data on temperature effects on binding kinetics (28,
29).

The time dependence of this decline in EGF receptor was
next investigated. A decline in ['"IJEGF binding to T-47D cell
monolayers was seen after 2 h incubation with 100 nM 1,25-
(OH):Di. The maximal effect was apparent by 24 h and was
maintained until at least 48 h (Fig. 2).

* J. A. Eisman. R. 1 Sutherland, M. L. McMenemy, .!-('. Fragonas, and G.

Y. N. Pang. Effect of 1,25-dihydroxyvitamin D3 on cell cycle kinetics of T47D
human breast cancer cells. Submitted for publication.
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DECREASE IN EGF RECEPTOR LEVELS BY l,25-<OH)Â¡Dj

Saturation analysis of competitive binding data obtained by
incubating control and 1,25-(OH)2D3 pretreated T-47D cells
with increasing concentrations of EGF is shown in Fig. 3. The
data presented in Fig. 3, upper, illustrate that treatment with
1,25-(()H)J), results in decreased levels of saturable binding
indicating an effect of the hormone on the number of saturable
binding sites. Scatchard analysis (Fig. 3, lower) revealed no
major difference in the apparent Ka value for the EGF receptor
between control and 1,25-(OH)2D3 treated cells [Ka = 0.075 Â±
0.006 HM(Â±SEM) for control and KA= 0.083 Â±0.004 HMfor
treated cells]. However, the total number of receptors was
decreased in a concentration-dependent manner from 2,900
sites/cell in control cultures to 2,330 and 1,730 sites/cell in
cells treated with IO"8 and 10~6 M 1,25-(OH)2D3, respectively,
indicating that the 1,25-(OH)2D3 induced decline in [125I]EGF

binding was a consequence of a decrease in the number of EGF
receptors.

To ascertain the specificity of the response to 1,25-(OH)2D3
we next evaluated the potency of 1,25-(OH)2D3 as compared to
four other vitamin Ãœ,analogues. A decline in [I25I]EGF binding
was also achieved with all four analogues of 1,25-(OH)2D3 in
accordance with their affinities for the 1,25-(OH)2D3 receptor,
i.e., potencies for decreasing [125I]EGF binding were in the

order: 1,25-(OH)2D3> 1,24,25-(OH)3D3> 1,25,26-(OH)3D3>
24,25-(OH)2D3 > 25-OH D3 (Fig. 4).

It has previously been reported that treatment of T-47D cells
with progestins results in elevation of EGF receptor levels (20,
21). In the next series of experiments we tested the effect of
1,25-(OH)2D3 on EGF receptor levels in the presence or absence
of several progestins. When T-47D cells were incubated for 24

0.10
EGF Cone. (nM)

0.20

0.08 n

0.06-

0.04-

0.02-

0.00

2 3

Bound (pM)

Fig. 3. The effect of 1,25-(OH)2D3 on the affinity and concentration of EGF
receptors in T-47D cells. [I2*1]EGF binding data for T-47D cell monolayers
preincubated for 24 h in the presence of 0 (Â»),10"' M (a), or IO"6 M (A) 1,25-

(()l 1).â€¢!>i.are presented as saturation curves, upper, and Scatchard plots, lower.
[12*I]EGFbinding was determined in the presence of increasing concentrations of
unlabeled EGF as described in "Materials and Methods." Data, follow correction

for nonspecific binding.

=.100 n

80 -

"D
C
5
5 60-

40

1,25-(OH)2D3

1,24,25-(OH)2D3
1,25,26-(OH)2D3

24,25-(OH)2D3

25-(OH)2D3

12 -11 -10 -9 -8

Concentration (Log M)

- 6

Fig. 4. Influence of various concentrations of 1,2S-(OH)2D3 and analogues on
the specific binding of [125I]EGFby T-47D cells. Various concentrations of 1,25-
(( III)..!), and analogues were incubated with T-47D cells for 24 h, and specifically
bound [125I]EGFwas measured as described in "Materials and Methods." Points,

mean of triplicate wells.
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Fig. 5. Effect of l,25-(OH)2Dj on specifically bound ['"IjEGF in control and
progestin treated cells. T-47D cell monolayers were preincubated with 10 nM
progestin (ORG 2058, MPA, R5020, or progesterone) alone (D) or progestin plus
100 nM 1,25-(OH)2D3 <ÃŸ)for 24 h. Specifically bound [125I]EGFwas determined
as described in "Materials and Methods." Points, are the means of triplicate wells.

h in medium containing 1% charcoal-treated FCS and 10 nM
progestin, stimulation of ['"IjEGF binding to 266 Â±7.0%, 212

Â±8.4%, 202 Â±4.9%, and 198 Â±9.4% of the control level was
observed with ORG 2058, R5020, MPA, and progesterone,
respectively (p < 0.001, versus control; Fig. 5). In parallel
experiments 1,25-(OH)2D3 decreased [!25I]EGF binding in pro

gestin treated cells to a similar degree as it did in control cells,
i.e., [125I]EGF specific binding in l,25-(OH)2D3-treated cells

was 67.1 Â±2.4% (p < 0.001), 68.8 Â±1.9% (p < 0.001), 78.1 Â±
1.0% (p < 0.01), 69.9 Â±0.2% (p < 0.001), and 68.8 Â±2.0% (p
< 0.01; versus progestin treatment alone, respectively) of con
trol, ORG 2058-, R5020-, MPA-, and progesterone-treated
cells, respectively (Fig. 5).

Since the concentration of 1,25-(OH)2D3 receptors was re
ported to be significantly higher in T-47D cells than in MCF-7
cells (10), the dose responsiveness of changes in EGF binding
by 1,25-(OH)2D3 was examined in MCF-7 cells. Preincubation
with 1,25-(OH)2D3 resulted in a significant decline in the spe
cific binding of [125I]EGFby MCF-7 cell monolayers to 80.2 Â±
4.5 and 73.3 Â±1.0% of control at 10~9and 10~7M, respectively
[p < 0.05 and p < 0.001 for control versus 10~9 and 10~7 M

1,25-(OH)2D3], but the maximal inhibitory effect was consid
erably less marked than with T-47D cells (Fig. 6). EGF receptor
levels in BT-20 and HBL-100 cells were unaffected by treatment
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DECREASE IN EGF RECEPTOR LEVELS BY l,25-(OH)aDj
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â„¢ 100-
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2
u
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40
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T-47D

-12-11 -10 8 - 7 - 6

1.25-(OH)2D3 Cone. (Log M)

Fig. 6. The effect of various concentrations of 1,25-(OH)2D3 on [125I]EGF
binding to five human breast cell lines. Approximately SxlO' cells of the T-47D
(Â»),MCF-7 (A), MDA-MB-231 (O), BT-20 (D), or HBL-100 (A) lines were
preincubated for 24 h with increasing concentrations of 1.25-(<>H);n,. Specific
binding of [12'I]EGF was determined as described in "Materials and Methods."

Points, mean Â±SEM of three to six wells.

~ 140-1
oCoo

120-3Ã’?ra100-eÃ±

80-O1

60-1

â€¢10

40 -MCF-7T
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â€” *^ *?f * '

i â€¢T-47D

O -11 -10 -9 -8 -7

1,25-(OH)2D3 Conc. (Log M)

Fig. 7. The effect of various concentrations of 1,25-(OH)2D3 on the specific
binding of [I25l]humangrowth hormone to human breast cancer cells. T-47D (â€¢)
and MCF-7 (A) cells were preincubated for 24 h with increasing concentrations
of l,25-(OH)iDj Specific binding of [125I]hGHwas determined as described in
"Materials and Methods." Points, mean Â±SEM of triplicate wells.

with 1,25-(OH)2D3,although these cells have previously been
reported to possess 1,25-(OH)2D3receptors (10). On the other
hand, specific EGF binding to MDA-MB-231 cells was in
creased following treatment with 1,25-(OH)2D3(Fig. 6).

To determine if the effect of 1,25-(OH)2D3on EGF receptor
concentration in T-47D and MCF-7 cells was specific for this
receptor or was also shared by the lactogenic receptor which is
known to be controlled in a similar manner to EGF receptor
by progestins (20, 21), we next examined the binding of [I25I]-
hGH to cell monolayers that had been preincubated with in
creasing concentrations of 1,25-(OH)2D3. No significant
changes in the binding of [125I]hGHto T-47D cells was ob
served, while [125I]hGHbinding to MCF-7 cells increased
slightly following treatment with 1,25-(OH)2D3to 121 Â±2.9%
of control at 10~7M (p < 0.001; Fig. 7). These results indicate
that the effect of 1,25-(OH)2D3on EGF receptor in T-47D and
MCF-7 cells was not accompanied by similar changes in the
lactogenic receptor.

DISCUSSION

It has recently been demonstrated that 1,25-(OH)2D3has a
number of physiological functions in addition to its classical
role as a regulator of calcium and bone metabolism. Of partic
ular relevance to the present study are the recently described

effectsof 1,25-(OH)2D3on replication and differentiation which
have been described in greatest detail for lymphoid cells (4, 30,
31).

Eisman and his colleagues were the first to demonstrate that
human breast cancer cells possess high affinity receptors for
1,25-(OH)2D3(8-10, 12). They were subsequently able to show
the presence of these receptors in normal mammary tissue of
the rabbit favoring the hypothesis that expression of this recep
tor in tumor tissue is a carry-over of normal physiological
function (32). Furthermore, these workers demonstrated that
1,25-(OH)2D3regulated the proliferation of the T-47D human
breast cancer cell line in a biphasic manner. At low concentra
tions (10~"-10~9 M) 1,25-(OH)2D3stimulated cell replication
while at higher concentrations (>10~9 M) the hormone caused
marked inhibition of T-47D cell proliferation (5). The inhibi
tory effect of 1,25-(OH)2D3on breast cancer cell growth is of
potential therapeutic importance and has prompted a more
detailed investigation of its effects on breast cancer cell prolif
eration. Since autocrine growth factors have recently been im
plicated in the control of breast cancer cell growth, and one
class of these factors, i.e., a-TGF, act upon cells via interaction
with the EGF receptor the studies described here involved the
effect of 1,25-(OH)2D3on EGF binding by several breast cancer
cell lines.

Our data clearly demonstrate that treatment of T-47D cells
with 1,25-(OH)2D3results in a decrease in the ability of these
cells to bind [I25I]EGF.This effect was apparent when specifi
cally bound [125I]EGFwas assayed either by a 1-h incubation at
37Â°Cor for 18 h at 0Â°C.Since under the latter assay conditions

the result is unlikely to be complicated by changes in the rate
of internalization and degradation of [I25I]EGFit appears likely
that the decline in [I25I]EGFspecificbinding is due to a decrease
in the number of EGF receptor molecules at the cell surface. In
accordance with such a conclusion Scatchard analysis of com
petitive binding data showed that 1,2S-(OH)2D3caused a con
centration-dependent decrease in the number of EGF receptor
sites without a change in receptor affinity. Further experiments,
involving acid washing of the cells, illustrated that the observed
changes in EGF receptor levels were unrelated to changes in
the degree of receptor occupancy by autocrine ligands.

Demonstration that the decrease in EGF receptor levels by
several analogues of 1,25-(OH)2D3was in accordance with their
previously reported affinities for the 1,25-(OH)2D3receptor (5,
6, 33) provided strong support for the view that this effect of
1,25 (OH),O, is mediated via its high affinity, intracellular
receptor. Furthermore, when the effects of these analogues on
EGF binding and cell proliferation in T-47D cells were com
pared with their affinities for the 1,25-(OH)2D3receptor (Table
2) it was apparent that in both cases the biological response
was related to receptor affinity. This not only provides further
support for the effects of 1,25-(OH)2D3on EGF binding being
1,2S-(OH)2D3receptor mediated but also suggests a relation-

Table2 Relationshipbetweenaffinityof1,25-(OH)iDÂ¡analoguesforthe1,25-
(OH)Â¡DSreceptorandtheirabilitytoinhibitEGFbindingandgrowthinT-47DcellsataconcentrationoflO~*M

Ligand1,25-(OH)2D3

1,24,25-(OH),D3
1,25,26-<OH)3D3
25-(OH)Dj
24,25-<OH)2D3Receptor

affinity"100

42
Tf
0.5
0.2Percent

ofControlEGF

binding"64.9

80.6
87.4
98.1
92.2Cell

growth'32

43
5877

84
* Data are from Ref. 33.
* Data are from Fig. 4.
' Data are from Ref. 5.
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DECREASE IN EOF RECEPTOR LEVELS BY 1,25-<OH)Â¡D3

ship between the decline in EGF receptor levels and decreased
growth rates.

Progestins, like 1,25-(OH)2D3, are potent inhibitors of T-
47D cell growth6 (34, 35) and this effect is associated with a 2-
3-fold increase in EGF receptor levels (20, 21). Since, as evi
dence by the data presented in Fig. 5, 1,25-(OH)2D3 can de
crease [125I]EGF binding to T-47D cells in the presence of

progestins, it seems likely that these two different classes of
steroids regulate EGF receptors by independent mechanisms.
This study has not addressed in any detail the mechanisms
involved in the steroidal regulation of EGF receptor levels in
breast cancer cells which potentially could involve changes in
receptor internalization and recycling as well as direct or indi
rect effects, via changes in autocrine growth factor production,
on receptor synthesis and turnover. We are currently investi
gating these possibilities.

The differential sensitivity of the five breast cell lines to
decreases in EGF receptor levels induced by 1,25-(OH)2D3 is
to a major degree paralleled by their sensitivity to the growth
inhibitory effects of 1,25-(OH)2D3. Both T-47D and MCF-7
cells are growth inhibited by 10~"-10~7 M concentrations of

1,25-(OH)2D, (5, 6) while the MDA-MB-231 and HBL 100
cell lines appear to be insensitive to concentrations of 1,25-
(OH)2D3 up to IO"7 M.7Such data in conjunction with the 1,25-

(()H) I), analogue data presented in Table 2 lend further sup
port to the hypothesis that 1,25-(OH)2D3-induced down-regu
lation of EGF receptor and growth inhibition may be interre
lated. However, the observation that in MDA-MB-231 cells,
1,25-(OH)2D3 treatment increases the level of EGF receptor,
without affecting growth rate, would indicate that if such a
relationship occurred, it does not apply to all breast cancer cell
lines.

Interpretation of these data is further complicated by the
differential expression and regulation of EGF receptors in
human breast cancer cell lines (28, 29, 36-38). Epidermal
growth factor receptors are present in significantly lower con
centrations in ER-positive breast cells than in ER-negative cells
(28, 29, 36, 37) and are differentially regulated by progestins
and glucocorticoids in these subclasses of breast cancer cells8

(20, 21). Such data indicate that it is perhaps not surprising to
find differential regulation of EGF receptor levels by 1,25-
(OH)2D3 in ER-positive (T-47D and MCF-7) and ER-negative
(MDA-MB-231, BT-20, and HBL-100) cell lines.

In previous studies from this laboratory we demonstrated
that progestin treatment of MCF-7 and T-47D cells leads to an
increase in the concentration of both the EGF receptor and
lactogenic receptors while insulin, transferrin, and calcitonin
receptor levels were unaffected (19, 20, 26). Despite this par
allelism of effects of progestins on EGF and lactogenic recep
tors, the decline induced by 1,25 (( Ml) I), in these two cell lines
is confined to the EGF receptor while lactogenic receptor levels
remain constant (T-47D) or are slightly increased (MCF-7).
These data illustrate that the EGF and lactogenic receptor
concentrations are not necessarily controlled in parallel by
steroid hormones.

In lymphoid cells the predominant role of 1,25-(OH)2D3
appears to be the induction of differentiation (5, 30, 31) a
process that is also induced by phorbol esters and retinoic acid

â€¢R. L. Sutherland, R. E. Hall, G. Y. N. Pang, E. A. Musgrove, and C. L.
Clarke. Effect of medroxyprogesterone acetate on proliferation and cell cycle
kinetics of human mammary carcinoma cells, submitted for publication.

TM. Koga, A. D. Semler, and R. L. Sutherland, unpublished observations.
â€¢T. E. Ewing, L. J. Murphy, M.-L. Ng, G. Y. N. Pang, and R. L. Sutherland.

Differential regulation of epidermal growth factor receptor by progestins and
glucocorticoids in human breast cancer cell lines. Manuscript in preparation.

(39, 40). Whether the effects of 1,25-(OH)2D3 on breast cancer
cell proliferation and EGF receptor levels are due to differen
tiation is unclear at this time. However, it is of considerable
interest to note that 12-O-tetradecanoylphorbol-13-acetate and
retinoic acid both reduce the rate of proliferation of some breast
cancer cells and these effects are also associated with a decline
in EGF receptor levels in T-47D cells.9 More detailed studies

are clearly required to further delineate the molecular basis of
1,25-(OH)2D3 effects on human breast cancer cell proliferation
and differentiation. Such studies are being actively pursued in
our laboratories.
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