
Contrasting Ability of Antiestrogens to Inhibit 
MCF-7 Growth Stimulated by Estradiol or 
Epidermal Growth Factor 

ETHEL M. COKMIER* and V. CRAIG .JORDANt 

Department of Human Oncology, liziversi(y of Wisconsin Clinical Cancer Center, Madison, L1’I 53792, l:‘.S.R. 

Abstract-A potential mechanism is described by which a growth factor may prevent the action 
of antiestrogens or reactivate the growth of hormone-responsive breast carcinoma in patients 
undergoing tamoxifen (TAM) treatment. Epidermal groze,th factor (EGF)-stimulated grou)th 
(10-’ M EGE) was assayed in the MCI;-7 breast cancer cell line in the presence of various 
concentrations ( 1 O- ‘t’ to 10-t M) qf three antiestrogens, 4-hydroxytamoxifen (OH TAM), 
TAM and ICI 164384. In each case, the EGF-stimulated increases in D.VA were not inhibited 
by the antiestrogen. OH TAM and ICI 164384 inhibited estradiol (EL) stimulated cell 
proliferation in a dose-related fashion. However, in the presence of both & and EGF, these tw 
antiestrogens inhibited E, effects only; EGFp romotion qf groulth was unaffected. Pretreatment of 
MCF-7 cells for 2 days zeith either OH TILM or ICI 164384 did not inhibit EGF-induced 
increases in cell proliferation. Lt’e propose that eventual antiestrogen therapeutic failure map be 
caused by the paracrine influences ofgrotofh factorsfrom nei~ghboring cells. 

INTRODUCTION 
APPROXIMATELY one-third ofbrcast cancer patirnts 
have hormone-dcpcndrnt tumors [ 11. Tamoxifcn 
(TAiVl), an antiestrogcn with widcsprcad clinical 
USC, is an cffcctivc trcatmcnt in thcsc women, but 
therapy is not cffcctivc in all cstrogcn rcccptor (ER)- 
positive patients. Unfortunately, during prolonged 
anticstrogcn therapy, corn the patient with rcspon- 
sivc tumors can bc cxpcctcd eventually to bccomc 
resistant 121. 

Rcccntly, hrrast cancer ccl1 lines have been shown 
to have a rcccptor to cpidcrmal growth factor (EGF) 
EGFR 13-51. and to prolifcratc in rcsponsc to added 
EGF [3, 4, 6, 71. hlany breast cancer ccl1 lines, 
both ER-positive and -ncgativc, sccrctc EGF-like 
polypcptidcs [7-91 which may have both an auto- 
crinc and paracrinc cffcct on cells [10-l 21. Since 
hormone-rcsponsi\-c breast cancers contain a mis- 
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turc of neighboring cstrogcn-dcpcndrnt and indc- 
pcndcnt cells [ 131. then rcsistancc to anticstrogcn 
therapy may occur if growth is stimulated in ER- 
positive cells by paracrinc-acting growth factors 
from ER-ncgativc cells [Z]. 

In thcx NICF-7 breast cancer ccl1 lint, rstradiol 
(E,) sclccti\rtly cnhanccs the sccrction of growth- 
promoting activity into culture media [ 141. EGF- 
likr and insulin-like growth factor I (IGF-I)-like 
polypcptidcs have been idcntificd [ 7. 8. 151, Acid- 
cxtractcd conditioned media free ofEL has also been 
found stimulatory for hlCF-7 tumor formation in 
o\.aricctomizcd athymic mice [ 161. Sincr anticstro- 
grn binding to ER may’ prevent the stimulation of 
positivr growth factor activity, \vc posed thr qucs- 
tion whcthcr thr addition of EGF to culture media 
\vas sufficient to cause an incrrascd hICF-7 ccl1 
proliferation in the prcscncc ofanticstrogrns [ 2, 171. 
A subscqucnt concurring preliminary report by 
Koga and Sutherland using T-1-71) 41s found that 
anticstrogcns did not inhibit KGF-stimulated 
growth [ 181. Howrvcr, thr rrccnt study by- Vignon 
and coworkers [ 191 suggests that anticstrogcns can 
inhibit growth factor-stimulated prolif‘cration via a 
mechanism dcpcndrnt upon ER. E, rcycrscs the 
cffcct. 

\z’c hayc followed up our original rrports 12, 271 
to cvaluatc. thr cffcctivcncss of a range of antirst- 
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rogcn with different properties (Fig. 1). TAM was 
selected because the drug is used as the front-lint 
cndocrinc therapy for breast cancer [20]; OH TAM 
was tcstcd bccausc it is a potent mctabolitc ofTAM 
with high affinity for the ER [21]. Howcvcr, both 
of these compounds have some agonist activities in 
rats and mice as defined by the 3-day utcrotrophic 
assay. Also, in our hands and as reported by others, 
low concentrations of these compounds in tissue 
culture arc growth stimulatory [23, 241. Since the 
agonist activities of these antiestrogens may prime 
MCF-7 cells to the cffccts of EGF, WC also tested a 
newly dcscribcd anticstrogen, ICI 164384, which 
is totally devoid of cstrogcnic activity in both the 
rat and mouse uterus and also in MCF-7 breast 
cancer cells [25]. 

Phenol red, a pH indicator in tissue culture 
medium, has been found to bc a weak estrogen 
agonist [26]. Our original observations, and those 
of Koga and Sutherland, wcrc conducted in media 
containing phenol red [ 17, 181. It is not clear what 
role estrogens might play in the sensitivity of MCF- 
7 cells to EGF. We, thcrcforc, used a culture system 
free of phenol red and cndogcnous estrogens found 
in serum. Under phenol red-free conditions, we 
have now dcmonstratcd that the anticstrogcns 
tested were not able to inhibit proliferation caused 
by EGF and that EGF is capable of reversing 
antiestrogen-inhibited MCF-7 growth. 

MATERIALS AND METHODS 

Materials 
EGF was obtained from Collaborative Research 

(Bedford, MA). OH TAM, TAM and ICI 164384 
were gifts from ICI plc (Pharmaceuticals Division, 
Macclcsficld, U.K.). E, was obtained from Sigma 
(St. Louis, MO). 

Cell culture 
MCF-7 cells were obtained from Dr. Dean 

Edwards (San Antonio, TX) who originally 
obtained the stock from the Michigan Cancer Foun- 
dation. These cells were karyotypcd as MCF-7 
cells by Dr. Lorraine Mcisncr of the University of 
Wisconsin. MCF-7 cells wcrc grown in minimum 
csscntial medium (MEM) with 0.29 mg L-gluta- 
mine/ml, 100 units penicillin/streptomycin/ml, 6 ng 
insulin/ml, 0.35 g NaHCO,/l, 25 mM hcpes and 
5% charcoal-stripped calf serum. Media com- 
ponents wcrc obtained from Gibco (Grand Island, 
NY). Cells were harvested by an initial wash with 
CMFH followed by a 2-min incubation with a 
0.25% trypsin solution containing 1 mM EDTA. 

DNA growth assay 
MCF-7 cells were plated at a density of 14,000 

cells/well in 24-well culture plates in phenol rcd- 
free media (Sigma). Media was changed each day 
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for 2 days after plating and compounds wcrc added 
4 days after plating. Media containing compounds 
was changed cvcry other day for the 6 days of the 
growth assay. DNA was measured Auoromctrically 
using Hocchst 33258 (Calbiochcm-Bchring) 
according to La Barca and Paigcn [27]. 

RESULTS 

GroLwth sensitiui(y q[MCF-7 cells 
In the absence of phenol red, E, is a very potent 

growth stimulator of MCF-7 cells (Fig. 2). After 7 
days of treatment, the ED-,,, was approx. 
5 X 10P”’ M E,. Maximum incrcascs in DN.4 
were obtained at an E2 concentration of 10-t” M, 
which was the concentration used for subsequent 
expcrimcnts. EGF also promoted ccl1 growth in this 

culture system, although it was not as stimulatory 
as E2 (Fig. 3). A maximum 3.5-fold growth incrrasc 
was obtained in an EGF concentration of lo-” M. 
EGF-induced cell proliferation in our cxpcrimcnts 
usually ranged between 2.0-fold to 3.5-fold over 
controls. Maximum stimulation of growth was 
obtained after 6 to 8 days of EGF trratmcnt (data 
not shown). 

Antiestrogen effect on EGF-stimulatedgl-ozc~t~l 
EGF ( lop8 M) was added with \rarious conccn- 

trations ofTAM or OH TAM to dctcrminc whrthcr 
EGF could ovrrcomc the growth inhibitory cffccts 
of these two antiestrogens (Fig. 4‘4 and -I-B). Ifaddcd 
alone, both antiestrogcns at high concentrations 
rctaincd the status quo control grocvth. Inttrrstingly , 
at concentrations corresponding to the approximate 
K,, of thcsc compounds for thr ER. 10 ” hl for 
T,4M and lo-“’ M for OH TAI\l, an incrcasc in 
growth could be obscrvcd. This gro\jth induction 
cxcmplifics the intrinsic agonist activities of these 
two compounds. However, bclovt 1V” RI. ‘1‘:Zhl 
appears to bc inactive. \t’hcn EGE‘ is also added, 
MCF-7 ccl1 proliferation is induced. The incrcasc 
in DNA is the same as that stimulated by- ECF vvhcn 
added alone, with the cxccption of antirstrogcn 
concentrations which displayed cstrogcnic ac-ti\ity. 
In the latter cast, growth stimulation was additive. 

To circumvent the problem ofintcrprcting cxpcri- 
mental data under conditions in \~hich the usage 
of partial agonists has crcatcd ;t phenol rrd-likt 
cnvironmcnt, a pure anticstrogcn. ICI 164384, v~as 
also trstrd (Fig. 4C). Although \LC’ obscrv cd no 
agonist activity ofthis compound whc~n tcst~d alone, 
it was totally incffcctivc against inhibiting EGF- 
stimulated growth. Thcrcforc, nonr ol‘thc, anticstro- 
gcns used, rcgardlcss of thr amount of‘ intrinsic 
estrogenicity, was able to prevent incrcascs in DNA 
caused by EGF trcatmcnt. 

E2 and EGF effects on antiestrogen-ilthihited growth 
\t’c tcstrd the anticstrogcnicity of ICI 164384 

and OH TAM. Both compounds drcrcascd E, 
growth stimulation in a conccHltration-rclatcd 
fashion (Fig. 5‘4). But ifEGF is also added. ncithcr 
anticstrogcn dccrcascs growth blow tlw lcvcl of 
DNA increases stimulated by EGI: alone (Fig. 5B). 
Thcsc results argue against a common biochemical 
pathway for activatrd ER and EGFK. Howr\.cr, 
since compounds arc addrd simultaneously , WC 
could not discount the possibility that EGF could 
turn on EGFR bcforc the anticstrogcrr bccamc 
cfhzctivc. Therefore, MCF-7 crlls wrrc prctrcatrd 
for 2 days with OH TAhl. an anticstrogc~n vcith 
high affinity for ER or ICI 164384, a pure anticstro- 
gcn, in an attempt to dcscnsitizc the ~11s to sub- 
sequent EGF trcatmcnt. Figure 6 illrrstratcs that 
prrtreatment with antiestrogcns dots not make 
MCF-7 cells refractory to EGF ,groM th promotion. 
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Fig, 4. EGFstimulation ofyouth in the pre~env oj TA.\f, OH T.i.\f, 
or ICI 164384. ‘MCI:-7 cells u’ere grou,nfor 7 dqs in the prerenre of 
wrious concentrations of the antiestrogens u,ith or without EGI*‘ 
(lo-” 11): (A) TAM (B) OH Ta4.M or (C) ICI 164384. I),\:4 
determinations * S.E..M. were made for enrh conrentrotion in&din‘< 

control (hatched bar) and E(;I+’ (stippled bar). 
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Fig. 3. EGF stimulation of groulth in the presence of OH T.-l.11 or ICI 
164384. (A) .ZfCI:-7 cells u’ere grown for 7 dqs in the presence of 
various concentrations of the antieJtrogens OH TAM ( 0 ), or ICI 
164384 ( ??) plus E, (10m’“51). (U) EC;Iv‘ (lo-“11) and E, 
(lo- I” Xl) were added to increasing concentratioru of OH T.4.M (0) or 
ICI 164384 (V), D,V,4 determinations 2 S.E..\!. were made for each 

concentration including control, E,, EGI:? and EGF + E, treatment. 

DISCUSSION 
MCF-7 breast cancer cells sccrctc many growth- 

promoting activities into media [28]. While Eg 
treatment of MCF-7 cells cnhanccs sccrction of 
growth stimulators, anticstrogcn treatment, on the 
other hand, stops E, effects by blocking E, binding 
to its rcccptor and possibly by, as has been rcccntly 
reported, increasing the concentration of TGF-P 
[29]. TGF-P inhibits the growth of many diffcrcnt 
cell lines including MCF-7 [ 12, 291. Thcrcforc, 
anticstrogcns may both decrease the level ofpositivc 
growth factor and incrcasc that of a growth inhibi- 
tory factor. 

Rcccnt cxpcrimcnts by Vignon et al. on MCF-7 
cells grown without phenol red have shown an ER- 
mediated inhibition of EGF-stimulated growth in 
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the prcscnce of the anticstrogen OH TAM [ 191. In 
contrast, our original report [2, 171 and that of 
Koga and Sutherland [ 181 using breast cancer cells 
cultured in media containing phenol red, did not 
find that anticstrogen inhibit growth factor-stimu- 
latcd increases in DNA. Since it is not clear what 
cffcct phenol red has on EGF promotion of growth, 
WC rcpcatcd our cxpcrimcnts in culture media with- 
out phenol red. 

LVc trstcd three anticstrogcns under phenol red- 
fret conditions. The triphcnylcthcylenc, TAM, and 
its hydroxylatcd deri\rativc, OH. TAM, were used 
hrcausc of their clinical significance [20]. Both of 
these compounds have some intrinsic estrogcnic 
activity and for this reason, a steroidal, pure antics- 
trogrn. ICI 164384. was also tested. These three 
antirstrogcns rcprcscnt a variety ofbinding affinities 

for the ER. OH TAM has the highest relative 
binding affinity with a RBA = 252 (E2 = 100) in 
the rat uterine cytosol competitive assay [30]. TAM 
has a RBA = 3 and ICI 164384 has reported an 8 
times greater binding affinity than TAM in this 
assay [25, 301. Howcvcr, none ofthc three antiestro- 
gens offered any advantage in decreasing EGF- 
promoted increases in DNA despite differences in 
intrinsic estrogen activity, structure or relative bind- 
ing affinity for the ER. 

It is not likely that EGF actions in our assay 
system share a common growth activation pathway 
with ER. First, the antiestrogcns tcstcd do not 
inhibit EGF stimulation. OH TAM and ICI 
164384 arc antiestrogenic in the prescncc. of E2 but 
do not decrease growth if EGF is also present. 
Finally, if EGF-induced growth can bc mcdiatcd 
through the ER growth activation pathway, then a 
2-day pretreatment with anticstrogcn bcforc the 
addition of EGF should inactivatr ER. \Vc have 
also shown that cells do not bccomc refractory to 
the cffccts of EGF if pretreated with rithcr OH 
TAM or ICI 164384. 

When used singly, EGF, in comparison to E, 
treatment, dots not stimulate ccl1 growth maxim- 
ally. Howcvcr, EGF-stimulated growth might bc 
maximized by the addition of other factors. Rcccnt 
reports have shown a possible cyclic mechanism bf 
supporting growth interactions bctwccn cpithclial 
breast cancer cells and the surrounding stromal 
clcments. Human breast cancer cells in long-term 
tissue culture secretr factors rclatcd to IGF-1, EGF 
and platelet-derived growth factor (PDGF) into 
culture medium [29, 31, 321. EGF and IFG-I arc 
growth stimulatory to both cpithclial and libroblast 
cells [ 12, 33, 341. Although PDGF does not 
incrcasc DNA synthesis ofepithclial cells since thcsc 
cells do not express PDGF rcccptors, PDGF is 
chcmotactic for libroblast and is a very potent 
mitogcn for these cells [35, 361. Intcrcstingly, 
PDGF binding to fibroblasts stimulates the 
secretion of IGF-I, a very potent mitogrn for breast 
cancer cells [37, 381. 

EGF has been shown to act at a discrctc restriction 
point in G, while other growth factors such as 
PDGF and IGF-1 act at an carlicr and later point, 
respectively, in G, to promote ccl1 growth [39]. 
Tamoxifcn inhibits the MCF-7 ccl1 cycle at G, 
[40, 411. If antiestrogens inhibit cstrogcn-stimu- 
latcd growth factor production, the addition of EGF 
might he rxpected to cause a progression through 
the restriction point. By contrast, the constant prcs- 
cnce of EGF throughout the ccl1 cy& and the 
requirement for additional growth factors may com- 
plicate the cell’s interpretation of the growth signal. 
This would explain the lower DNA lcvcls when 
EGF is used alone or combined with E,. 

Continuous anticstrogen therapy has hccn shown 
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to be an optimum treatment for breast cancer 
[42, 431; however, this cannot be considered to be 
a cur-c since breast cancer therapy eventually does 
fail. In this paper, we have demonstrated that 
antiestrogens do not control replication produced 
by EGF in a cell system in vilro. These results 

tors in a tumor milieu may continue to stimulate 
replication by breast tumor cells during antiestrogen 
therapy. 
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