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Knowledge of oestrogen receptor mediated actions in target tissues 

has given investigators insight into the hormonal control of normal and 

neoplastic mammary tissue. In this respect, the relationship between the 

nuclear oestrogen receptor binding event and the observed biologic response . 

is of considerable interest, From studies performed with the immature 

rat uterus it would seem that the extent of the biologic response to an 

oestrogen is directly dependent upon the nuclear retention time of the 
— — 

oestrogen eecepior complex (Clark et al 1978). 

Thus, oestriol which is often regarded as an impeded or weak 

; oestrogen, is equivalent to oestradiol in stimulating early (1-6 hour) 

uterine responses. Oestriol is equipotent to oestradiol in stimulating 

the early increase in uterine-induced protein synthesis (Rhu et al 1973), 

incorporat’on of raciolabelled uridine into RNA (Jamilton 1963) and the 

tranetertatcneene into RNA polymerase II activity (Hardin et al 1976). 

However, oestriol is unable to reproduce the late responses seen with | 

oestradiol. When uterine dry weight is measured 24 hours after hormone 

treatment, oestriol is much less effective than oestradiol (Anderson et 

al 1975) and is also unable to increase DNA synthesis to the same extent 

(Stormshak et al 1976). The inability of oestriol to stimulate true 

uterine growth may be directly correlated with the failure of the oestriol-— 

receptor complex to undergo long-term nuclear retention similar to that 

observed with the Westradiot-reseria: complex (Anderson et al 1975). 

These BBubiy ait nire of oestrogen action in the immature rat uterus 

have led to the proposal of the 'sustained output' model for oestrogen 

action in target tissues (Anderson et al 1973). This model suggests the 

need for the continued presence of oestrogen in target tissue nuclei in 

order to elicit a full potential growth response, Thus, oestriol and 

compounds similar to it, should perhaps be regarded as short acting 
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SECTION C:— LOSS OF RESPONSE OF MCF-7 CELLS TO OESTROGEN AND 

ALTERED ANTIOESTROGEN RESPONSE, 

i) Oestrogen and antioestrogen effects on cell growth (1979). 

The results presented in Section A showing oestrogen 

responsive growth and macromolecular synthesis in our MCF=7 

cells, whilst in medium containing 0.5% steroid depleted calf 

serum, were performed during the first six months of receiving 

the cells, However, within the following six months there was 

a marked alteration in the response of our MCF-7 cells to oes- 

trogen. This first became noticeable when (7H) -thymidine incor- 

poration rates began to show only marginal stimulation above 

control values when cells were treated with oestrogen in medium 

containing 0.5% steroid depleted calf serum, To determine whether 

this otservation in thymidine incorporation rates was reflected 

in cell growth kinetics, another growth curve was performed in 

October 1979. 

Indeed as shown in figure 18, under identical conditions 

to those used for the growth curves. performed almost_twaq years 

earlier, (see figure 1), the growth of our MCF-7 cells had be- 

come refractory to oestradiol. Control and oestradiol treated 

cells showed virtually identical growth. kinetics, and it is noti- 

ceable that this rate of cell growth is very similar to that 

observed for the control cells shown in figure 1 when the cells 

were infact responsive to oestradiol. However, from figure 18, 

cell growth of fhess oestrogen unresponsive MCF-7 cells was not 

completely insensitive to hormonal treatments, since the anti- 
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FIGURE 18:= Effect of hormones on cell growth (1979) in MCF-7 cells. 

The cells were grown for the indicated time in medium 

‘containing 0.5% steroid depleted calf serum with:- 

/(@—#) no addition; (#4) + 107° oestradiol; (m—#) 
+ 107M tamoxifen, At the indicated time triplicate 

dishes of uniformly plated cells were harvested and 

counted in a haemocytometer. Points represent mean values; 

standard deviations were generally less than 10%,



oestrogen tamoxifen still effectively arrested cell growth in 

@ similar manner to that seen almost two years earlier (see 

figure 1). 

ii) Refractory nature of macromolecular synthesis to hormonal 

treatments. 

(PH) thymidine incorporation rates had been used 

routinely in our laboratory to monitor the response of MCF=7 

cells to hormonal treatments, This quick, simple and inexpensive 

procedure acted as a crude marker of oestrogen action in these 

cells, As previously mentioned, after six months growth in our 

laboratory, the response of our MCF-7 cells had become insensitive 

to oestradiol, and this was repeatedly shown by numerous thymidine 

incorporation experiments. Table 8 shows representative examples 

of the response of MCF=7 cells to oestradiol during their un- 

responsive period in medium containing 0.5% steroid depleted calf 

serum, 

The percentage stimulation in thymidine uptake of 

oestrogen treated dishes above control treated dishes was rarely 

greater than 30% and frequently gave equivalent values. Even the 

synthetic oestrogen diethylstilbestrol (DES) proved ineffective 

in the cells during this period. However, as predicted from the 

growth curves shown in figure 18, thymidine incorporation was 

still sensitive to the antioestrogen tamoxifen in these oestrogen 

unresponsive cells, This suggested that the cells still had a 

functional oestrogen receptor pathway which was at least poten- 

tially capable of altering the growth response of these cells. 
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: CPM (7H) -THYMIDINE % STIMULATION 

TREATMENT INCORPORATED/DISH OF CONTROL. 
eee 

Control 7179 ~ 685 100 

‘ 8." + Oestradiol(10 ~M) 8573 — 332 119 

, -6 “ Tamoxifen(10 M) 4112 — 523 57 

Control . 32073 + 2534 100 

Oestradiol(107°M) 30687 * 3760 96 

-9 + f DES(10 M) 32811 — 2013 102 

. : ~6 + Tamoxifen(10 M) 8562 = 1572 27 

‘ -7 + Tamoxifen(10 M) 24595 — 3228 77 

—_—_—_————————— eee 

TABLE 8:=— Effect of various Hormona treatments on rates of (7H)- 

‘thymidine incorporation in 'unresponsive' MCF~7 cells. 

The cells were incubated for 48 hours with the indicated 

treatment in medium containing 0.5% steroid depleted 

oan serum and pulsed for the last 2 hours with Tuci 

( *H\ thymidine per dish, DES = diethylstilbestrol. 

Values represent means of triplicate dterminations z 

standard deviations,



Indeed, receptor studies (see Section D) showed that unresponsive 

MCF=7 cells still S watentti idoceupiea cytoplasmic oestrogen 

receptors which were capable of being fully translocated to the 

nucleus on treatment with oestradiol. 

It seemed likely that the refractory nature of the MCF-7 

cells to oestrogen could be the result of changes in the actual 

cells or their requirements during long—term passage in tissue 

culture. Possibly the cells had changed genotypically ana/féx 

phenotypically such that they were either totally incapable of 

expressing an oestrogen response, or alternatively their re- 

quirement for essential factors (perhaps serum or hormonal ) 

‘necessary for the expression of the oestrogen response had been 

altered. 

It had been reported that prolactin increased the total 

cellular oestrogen receptor content in MCF-7 cells significantly 

above untreated cells (Shafie and Brooks 1977); so perhaps our 

unresponsive MCF=7 cells were now making insufficient endogeneous 

levels of oestrogen receptor necessary to elicit a response, 

Consequently, the effect of prolactin in combination with oestra- 

diol was examined on the rates of DNA, RNA and erotedn anthers 

over periods of up to 8 days. However, as shown in figure 19, 

none of these parameters were stimulated significantly above 

control values with either piatactio Bide, oestradiol alone, or 

with the two hormones together within the time course studied. 

Although these studies were not abatoted to directly confirm the 

findings of Shafie and Brooks (1977), they clearly show that the 

combination of prolactin and oestradiol is without effect on rates 

of DNA, RNA and protein synthesis, 
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FIGURE 19:— Effects of prolactin and/or oestradiol on rates of 
macromolecular synthesis in MCF=7 cells. The cells 
were incubated in medium containing 0.5% steroid de- 
pleted calf serum for the indicated time period with 
(2—®) 10ug/ml prolactin; (O—©) 5nM oestradiol; 
(e@—®) 10 ug/ml prolactin + 5nM oestradiol. For DNA 
synthesis rates, cells were pulsed for the last two 
hours with 1uCi (3H)-thymidine; for RNA synthesis 
rates, the last 3 hours with 1uCi (3H)-uridine; for 
protein synthesis rates, thelast 3 hours with 1uCi 
(14c)-protein hydrolysate.



In further attempts to regain the oestrogen responsive= 

ness of the 'unresponsive' MCF~7 cells, we proceeded to experiment 

with many different growth conditions. Table 9 shows the effect 

of varying the growth medium conditions on rates of thymidine 

uptake with and without oestradiol, Within the range of 0.4% to 

5% either steroid depleted or untreated foetal calf serum there 

was, again, no difference between oestrogen and control treated 

dishes, Even under serum-free conditions with the inclusion of 

0.25% bovine serum albumin to maintain cell vigour, the cells were 

still unresposive to oestradiol. 

Brooks et al (1978) had reported that MCF=-7 cells could 

metabolize up to 40% of cellular oestradiol to oestrone which is 

known.to be a short-acting oestrogen, Perhaps the unresponsive 

MCF-~7 cells had acquired the capacity to degrade or metabolize 

oestradiol at an even faster rate, thus eliminating any observable 

oestrogenic response, To examine this proposal we tried incubating 

MCF=7 cells with concentrations much higher than is necessary to 

merely saturate the oestrogen receptor. This should alleviate the 

problem of steroid metabolism sufficiently to observe a true — . 

oestrogen response, However, as shown in table 10, even igeubation 

of MCF-7 cells with 107° concentrations of oestradiol failed to 

elicit an oestrogen response measurable by (ijathymidine incor- 

poration rates, Also shown in this table is the refractory nature 

of the cells to 107°" I¢—dihydrotestosterone (5a=-DHT) which had 

previously evoked a significant stimulation when the cells were 

responsive (see figure 3). Even combination of the two previously 

mitogenic hormones (5e—DHT + oestradiol) is without effect in 
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CPM X 107? (7H) ={THYMIDINE 
INCORPORATED PER DISH 

: SERUM CONCENTRATION CONTROL - + 107° OESTRADIOL 

(A) STEROID DEPLETED FOETAL 

CALF SERUM. 

0.4% 

1.0% 

5.0% 

(B) UNTREATED FOETAL CALF 

SERUM, 

0.4% 

1.0% 

5.0% 

(C) SERUM FREE + 0.25% 

BSA.   
TABLE 9:— Effect of different concentrations of steroid depleted or 

untreated foetal calf serum and serum-free conditions on 
the uptake of (3H)-thymidine in MCF-7 cells. The cells 
were incubated with the indicated treatment for 48 hours 
and pulsed for the last 2 hours with 0.5uCi (3H)-thymidine 
per dish. Values represent means of triplcate determinations; 
standard deviations were generally less than 10% 
BSA = bovine serum albumin,



eee 

Dpm X 1074 (Hyathymidine 

  

Test incorporated/mg. protein/hour. 

ae 

Control 14.18 - 0.81 (100) 

Oestradiol(10~ °M) ? 15.0 + 2.57 (106) 

estradiol (107M) 13.96 + 1.90 (98) 

: -6 + 
Oestradiol(10 ™M) 13.26 = 0.83 (94) 

-6 + 5«-DHT(10° M) 12.56 = 0.92 (89) 

: -6 + 
5a=-DHT(10 ~M) + 13.57 = 1.02 (96) 

estradiol (107M) 

eeeeeSeSSSSSSSSSSSSSMSmmMHshFeFeFesesesFFFSSSFSSFMSseseee 

TABLE 10:= Effect of varying oestradiol concentrations and 5 &— 

_ dihydrotestosterone (5a—DHT) on the rates of (Fy)- 

thymidine incorporation in MCF-7 cells. The cells were 

incubated for 48 hours with the indicated addition in 

medium containing 0.5% steroid depleted calf serum. 

Dishes were pulsed for the last 2 hours with 1uCi of 

(7H) -thymiaine per dish. Values represent means of 

triplicate determinations * standard deviations. The 

figures in parentheses are percentages of: control values.



the ‘unresponsive’ MCF~7 cells. 

During Metis time abetoie when the cells were un= 

responsive to oestrogen, we had resorted to thawing out MCF-7 

cells frozen earlier in liquid nitrogen, Unfortunately, the 

very early passage frozen MCF-7 cells were accidently lost. 

However, cells were available which had been frozen at later 

passage numbers when the cells were still responsive to oestrogen, 

When these cells were thawed out and re=-tested, they also 

appeared to be insensitive to oestradiol. 

Since the frozen early passage oestrogen responsive 

MCF-~7 cells could not have altered genotypically, we suspected 

that they were showing altered phenotypic response due to altered 

growth medium conditions. To confirm this, we received a further 

batch of MCF=7 cells from Dr. M. A. Rich (see Materials and 

Methods) which were of the same passage number as the original 

responsive MCF-7 cells he had supplied us with in October 1977. 

However, table 11 shows that even these early passage MCF=7 cells 

were now unresponsive to oestradiol under identical growth 

conditions used previously when we had observed a response. 

The only chemically cider ined component of the Prowen 

medium used for the maintenance of the stock MCF-7 cells is the 

calf serut, It is known that commercially available batches of 

calf serum may contain subatunt ial oP of steroid hormones, 

including oestrogens (Esber et al 1973). In view of the report 

by Strobl and Lippman (1978) that MCF-7 cells are able to retain 

tatcacalttiar oestradiol levels for unexpectedly long periods, 

it seemed conceivable that the 'unresponsive' nature of our 
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rather than weak or impeded oestrogens. Support for this comes from 

the observation that repeated 3 hourly injections of oestrial into 

immature rats to maintain the levels of nuclear oestriol-receptor 

complexes evokes a biologic response identical to the late responses 

seen with oestradiol treated rats (Anderson et al 1975). 

When human mammary tissue undergoes neoplastic transformation 

to become malignant, some of the resulting tumours may retain the 

hormone receptor systems characteristic of their cells of origin, 

Out of over 2,000 primary human breast tumours assayed for cytoplasmic 

= ee 

positive (Hawkins et al 1980). However, the concentration of cyto-— 

plasmic oestrogen receptors in tumour specimens varies over a wide 

range and this may b2 attributed in part to tumou:: cell heterogeneity 

and to the possible translocation of cytoplasmic receptors into the 

nucleus by endogeneous oestrogens. Supporting the latter proposal is 

the commonly observed incidence of higher cytoplasmic oestrogen 

receptor levels in postmenopausal women who have reduced amounts of 

circulating oestrogens | 

Since approximately two-thirds of all human breast tumours 

appear to rotain oestrogen receptors, it may be expected that a 

similar proportion would remain oestrogen responsive or dependent, 

‘Infact it was Jensen who first proposed that the routine estimation 

' of oestrogen receptor contrib of human breast tumours may indicate 

the hormone dependent nature of the Bineae and predict that it would 

regress after suitable endocrine therapy) (Jensen et al 1967). Preliminary 

evidence supporting this assumption was provided when Folca et al (1961) 

demonstrated that when injected with (7)-hexestrol, patients with 

breast cancer which responded objectively to adrenalectomy incorporated 

(4)



  

mg. protein Dpm X 1074 (H)thyntaine 

Test per dish incorporated/mg. protein/hr. 

  

CONTROL 

dish 1 0.024 71,08 

dish2 —0,032 63.76 | 71.23 t 6.16 
dish 3 0.02 78.86 

OESTRADIOL 

dish 1 0.02 78.61 

dish 2 0.028 67.05 & 70.14 = 6.06 

dish 3 0.028 64.75 

  

TABLE 11:— Effect of oestradiol (107m) on the rate of (7u)- 

thymidine incorporation in early passage MCF=7 cells 

grown in medium containing 0,5% steroid depleted 

calf serum, The cells were incubated for 48 hours 

with the indicated treatment and pulsed for the 

last 2 hours with 1uCi (?H)-thymidine per dish. 
Values represent means z standard deviations.



MCF~7 cells may be the consequence of continued pre-exposure of 

. the cells to oestrogen present in the routine growth medium, 

Thus, our standard 48 hour incubation of the cells in 

medium containing 0.5% steroid depleted calf serum may be an 

insufficient time period to allow replenishment of unoccupied 

oestrogen receptors necessary to elicit a response. To test this, 

we passaged stock MCF=7 cells for three months in medium contain- 

ing 5% steroid depleted calf serum (see Materials .and Methods) 

from which greater than 97% of steroids had been removed. 

However, as shown in table 12, even after this prolonged growth 

period (equivalent to at least 50 generations) in the absence 

of exogeneous oestrogen, the cells still failed to respond 

significantly to oestradiol. 

iii) Loss of oestrogenic stimulation of thymidine kinase activity. 

Since cell growth and thymidine incorporation rates . 

appeared to be totally unresponsive to oestradiol during this 

period, we re-examined the effect of oestradiol on thymidine 

kinase activities in MCF=7 cells. AS previously described (see 

Section B, subsection i), early passage MCF-7 cells had responded 

to oestradiol in medium containing 0.5% steroid depleted calf 

serum by stimulating thymidine kinase activities 2-5 fold above 

control treated dishes, Table 13 shows the results of the same 

experiment repeated 18 months later with ‘unresponsive’ MCF=7 

‘cells. 

It can be seen that even this previously oestrogen 

induced parameter was now only marginally stimulated by oestradiol. 
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Dpm X 1074 (7H) =thymidine % of 

  

Test incorporated/mg. protein/hr. control rate 

Control 12.90 ~ 0.73 100 

: ; -8 - + , 
Oestradiol(10 M) 14,21 - 1.43 110 

. 6 . 
Tamoxifen(10 M) 5.97 - 0.70 46 

: 8 + 
_ Oestradiol(10 M) 8.89 = 1.56 69 

+ Tamoxifen(107°M) 

  

TABLE 12:— Effect of oestradiol and tamoxifen after prolonged 

growth of the cells (3 months) in medium containing 

5% steroid depleted c#1f serum. aati ee 

Rest of legend as described for table 11.
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Thymidine kinase activity % of 

Test pmoles dIMP/mg. protein/min, control rate 

a 

a7 + Control 16.18 — 1.11 100 

Oestradiol(10~°M) 18.66 £ 0.77 115 

; -6 + Tamoxifen(10 -M) 11.90 = 1,21 74 

ee 

TABLE 13:— Effect of oestradiol and tamoxifen on thymidine kinase 
activities when cell growth and thymidine incorpora- 
tion rates were unresponsive to oestradiol. The cells 

were grown for 48 hours with the indicated addition in 
medium containing 0.5% steroid depleted calf serum 
before assaying for thymidine kinaze activity as des— 
eribed in Materials and Methods. Points represent the 
means of triplicate determinations * Standard deviations, 

r



This result implied that we no longer had any measurable product 

_ of oestrogen action in ie baeeaut cell line during this "un 

responsive’ period, Thus, collectively, the results presented 

in the last three subsections demonstrate that all measurable 

parameters of oestrogen action (cell growth, thymidine incor 

poration rates and thymidine kinase activity) were now refractory 

to oestradiol. 

iv) Density dependent antioestrogen action in oestrogen ‘un-= 

responsive MCF-7 cells. 

Throughout the majority of the period when the cells 

were insensitive to oestradiol, they were still able to show 

an inhibitory response to tamoxifen. However, during September 

1979, it was becoming apparent that the MCF~7 cells were be- 

ginning to show variable response to this compound. In sone 

experiments, the usual inhibition of thymidine incorporation 

rates (approximately 50% of control values) was seen with 

tamoxifen, whereas in other experiments, the cells appeared to 

be somewhat resistant to this antioestrogen. To investigate, 

this, we decided to examine the effects of different batches 

of Stock maintained cells and different experimental medium 

on the response of our MCF~7 cells to tamoxifen. 

Two batches of stock cells were used for this exper- 

iment; cells which had been maintained in medium containing 

untreated calf serum, or cells which had been similarily main-= 

tained in medium containing only steroid depleted calf serum, 

The response of each batch of cells was tested with 107°M 
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tamoxifen in experimental medium containing either. 0.05% bovine 

serum albumin or 0,5% steroid depleted calf serum, Table 14 

shows that indevendahe of the batch of cells, or the experi- 

mental medium used, the cells appeared to be completely resistant 

to tamoxifen when rates of thymidine incorporation were measured. 

These results were very disturbing, and severly ques= 

tioned the further usefulness of the MCF-7 cell line as an 

in vitro model Eyes for studying oestrogen and antioestrogen 

action in human breast cancer cells. However, it had been 

suggested that the response of these cells to hormonal treatments 

may vary with cell density in culture (Horwitz et al 1978b). 

To test this, we experimentally seeded MCF-7 cells at two diffe- 

rent densities, (one five times the other), such that by the end. 

of the experiment one batch would be sub-confluent and the other 

confluent, Each batch of cells were then tested for their res= 

ponse to antioestrogens and oestradiol. 

Table 15 shows that the response of these cells to the 

treatments is indeed density dependent, At low cell density 

(sub-confluent), the cells are inhibited by antioestrogens but 

were totally unresponsive to oestradiol. Conversely, at high 

cell density (confluent), the cells showed no inhibition to anti- 

oestrogens and were marginally stimulated by oestradiol. 

Suprisingly, éhe rate of thymidine incorporation for control 

dishes at both cell densities were almost identical, suggesting 

that although the response of the cells to hormonal treatments 

is clearly density dependent, it is independent of the rate of 

cell proliferation. 

(76)



  

DPM’ X 1074 (7H) THYMIDINE % OF 

TEST INCORPORATED/MG. PROTEIN/HR. © CONTROL RATE 
a 

(A) CELLS MAINTAINED IN UNTREATED CALF SERUM (5%). 

i) Experimental medium-0.05% BSA. 

CONTROL 19.65 — 1.71 100 

TAMOXIFEN(107°M) 22,52 © 4.75 114 

ii) Experimental medium-0.5% SD-NBCS. 

CONTROL / 20.79 = 1.87 100 

-6 . + TAMOXIFEN (107°M) 23.77 = 2.84 114 

(B) CELLS MAINTAINED IN STEROID DEPLETED CALF SERUM (5%). 

i) Experimental medium-0.05% BSA. 

CONTROL 19,08 + 3,38 100 

TAMOXIFEN (107M) 17.61 £1.67 92 

ii) Experimental medium-0.5% SD-NBCS. 
wee = ~ 

CONTROL 21.96 t 2.45 100 

TAMOXIFEN (107M) 23.45 + 3.90 98 
TT III 

TABLE 14:— Effect of different batches of stock cells and experi- 

mental medium on the response of MCF=7 cells to tamoxifen 

in October 1979, In (B) the cells had been maintained 

in medium containing 5% steroid depleted calf serum for 

4 weeks prior to the experiment. BSA = bovine serum 

albumin. Rest of legend as described for table 11,



  

Dpm X 107" (7H)-thymidine 

Test incorporated/mg. protein/hr. 
—_—_—_—_—_—_—___—_—n—wn—_— 

(A) CONFLUENT CELLS, 

Control 7.1. (100) 

. 8 
Oestradiol(10 ™M) 9.6 (135) 

-6 
Tamoxifen(10  M) 6.9 (97) 

; : -6 
Nitromifene(10 ~M) 6.8 (97) 

* =8 

Oestradiol(10 M) + 9.6 (135) 

Tamoxifen(1 07°) 

Oestradiol (107M) + 9.8 (138) 

Nitromifene (107M) 

(B) SUB-CONFLUENT CELLS. 

Control 7.2 (100) 

Oestradiol (107M) 6.3 (88) 

Tamoxifen(107M) a 3.9 (54) ~” 

5 : -6 
- Nitromifene(10 M) 3.4 (47) 

Oestradiol(10~°M) + Tet (99): 

Tamoxifen(107°M) 

=8 
Oestradiol(10 M) + 7.4 (104) 

Nitromifene(107°M) 
—_—_—_—_—_—_—_—_—— es 

TABLE 15:= Effect of cell density on the response of MCF=7 cells to 
oestradiol and antioestrogens. Dishes for obtaining the 
confluent cells had five times more cells seeded at the 
beginning of the expériment compared to the sub-confluent 
dishes; rest of legend as described for table 10.



SECTION D:= OESTROGEN RECEPTOR STUDIES IN MCF~7 CELLS. 

i) Identification of unoccupied cytoplasmic and nuclear oestrogen 

receptors. 

According to the txadibictal ts accepted dogma of steroid 

hormone action, in the absence of any exogeneous oestradiol, the 

oestrogen receptors present in an appropiate target tissue should 

be present solely as unoccupied cytoplasmic receptors. Since celI 

growth and macromolecular synthesis in our NCF=7 cell line was 

originally oestrogen responsive, it may be expected that these 

cells would contain oestrogen receptors. Indeed, other workers 

had shown the presence of cytoplasmic oestrogen receptors in the 

MCF-7 colt line (Horwitz et al 1975a, Lippman et al 1976b). 

To confirm the presence of these receptors in MCF-7 cells 

grown in our laboratory, large numbers of cells were grown for 

several days in medium containing 5% steroid depleted calf serum 

and cytoplasmic extracts prepared. These were incubated at 4°c 

for 4 hours, treated with dextran coated charcoal to remove un- 

bound free ligand and then sedimented through 5-20% sucrose gradients. 

The results are shown in figure 20 and demonstrate the presence of 

oestrogen receptors in our MCF=-7 cell line. The binding peak for 

the extract incubated with 107° (a) coestradiol alone is completely 

suppressed by the simultaneous addition of 100X more unlabelled 

oestradiol, illustrating the high affinity, low capacity binding 

characteristics of this receptor. 
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FIGURE 20:=- 5-20% sucrose density gradient centrifugation of 

cytoplasmic oestrogen receptor from MCF~7 cells. 

Cytosol extracts were incubated at 4°C for 4 hours 

with 107M (7H)-cestradiol (ee) or with 10754 
(7H) coextradiol + 107M unlabelled oestradiol (#—*), 

Extracts were then treated with dextran coated 

charcoal and sedimented through 5-20% sucrose 

gradients as described in Materials and Methods.



more radioactivity into their tumours than those who did not respond 

to treatment. 

Since Jensen made his original proposal, many clinical trials 

have been conducted to evaluate the possible relationship between 

oestrogen receptor content and clinical response to endocrine therapy 

(McGuire et al 1975, Roberts et al 1978, Hawkins et al 1979). From 

these studies, the most obvious finding was that the absence of oestrogen 

receptor from a breast tumour indicates that the tumour is extremely 

wnltkery ko. ceapBEdinS SPiocritic therapy. Unfortunately, fhe eonverse 

; situation was not as convincing as many had hoped. Receptor positive 

tumours responded to endocrine therapy in approximately 55% of the 

patients treated. Although this correlation is not dramatic, the 

response rete is still double that seen with unselected patients. 

‘The failure to achieve an objective response in all receptor 

positive tumours could be due to many reasons, The tumour may consist 

of a mixture of hormone dependent and autonomous cells (the feces may 

or may an Satnin peatzogen receptors), which when subjected to 

endocrine therapy results in regression of only the dependent cells. 

Alternatively, defects may be present in the oestrogen receptor 

machinery «as a result of malignant transformation in i ~ 

These tumours may continue to synthesize oestrogen receptors even 

though they have escaped from hormone dependency. Indeed, examples of 

autonomous tumours with high oestrogen receptor contents have been 

found in mammary tumours from rats (Boylan and Wittliff 1975, DeSombre 

et al 1976). 

Obviously more criteria are necessary, other than simple presence 

of an oestrogen receptor, to determine whether the tumour will respond 

to endocrine therapy. In this respect, the use of markers of oestrogen 

(5)



In complete contrast to.the traditional dogma of steroid 

‘ hormone action and receptor distribution, the MCF-7 cell line has 

been reported to contain large amounts of unoccupied oestrogen 

receptors in the nucleus (Zava and McGuire 1977a).The nuclear 

localization may account for up to 75% of the cellular total pool 

of unocerpied oestrogen receptors and occurs despite the complete 

absence of exogeneous oestradiol, Furthermore, this seemingly 

unusual receptor distribution is aah found for the oestrogen 

receptor in the MCF-7 cell line, sind’ the receptors for androgen, 

glucocorticoid and progestins are present solely as unoccupied 

cytoplasmic receptors in the absence of their appropiate ligand. 

Figure 21 shows the presence of nuclear oestrogen receptors 

in our MCF-7 cells. The receptor binding peak shows typical charac- 

teristics of high affinity, low capacity binding sites for oestrogen 

as seen with the cytoplasmic oestrogen receptor. The fuclear receptor 

preparation was charged with radiolabelled oestradiol using the 

standard 4°C/4 hour incubation. Under these conditions it has been 

reported by Zava and McGuire (19772) that only unoccupied receptors 

become charged with ligand, and that pre-charged receptors do not 

exchange. However, as shown later (see subsection ii), using identical 

conditions vetave consistently found that pre-charged oestrogen 

receptor complexes will exchange at 4°C and consequently measures 

total receptor content, Thus, although the cells used for the nuclear 

preparation shown in figure 21 were grown for several days in the 

. total absence of oestradiol, it is not possible to say unequivocally 

that they yepresent unoccupied nuclear oestrogen receptors under 

our conditions. 
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fugation of salt extracted nuclear oestrogen receptors 
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ii) Oestrogen receptor assays in MCI-7 cells — exchange of receptor 

bound ligand at 4°C. 

Although analysis of oestrogen receptors by sucrose 

density gradient centrifugation is both quantitative and quali- 

tative, it is very time consuming and not readily applicable to 

multi-sample processing. Consequently, much use is made nowadays 

of .standard receptor-assay procedures for quantitating oestrogen 

receptors, Table 16 shows the quantitation of cytoplasmic and ~ 

nuclear oestrogen receptors from MCF~7 cells using a single satu- 

rating dose protamine sulphate assay. In this instance, 44% of the 

. cellular oestrogen receptors were present as cytoplasmic receptors 

(0.51 pmoles ER/mg. DNA) and 56% present as nuclear receptors 

(0.65 pmoles: ER/me. DNA). Quantitatively these receptor values 

are similar to those found by other workers (Zava. and McGuire 

1977a,Horwitz and McGuire 1978a)although they may vary with 

cell density and frequency of harvesting the cells. 

During the period when cell growth and macromolecular 

synthesis in our MCF=-7 cell line had become refractory to oestradiol 

(see Scction C), we became interested to determine whether the 

cause resided in a deficient or defective oestrogen receptor path- 

way. Perhaps the unresponsive cells had lost the capacity to | 

synthesize oestrogen receptors, or had severely depleted levels 

of cellular receptors, Alternatively, the cells had possibly lost 

the ability to translocate cytoplasmic oestrogen receptor-oestradiol 

complexes into the nucleus, 

To investigate these possibilities, we grew MCF-7 cells 

for five days in medium containing 5% steroid depleted calf serum 
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Quantitation and distribution of oestrogen receptors 
in MCF-7 cells. The cells were grown for 5 days in 
medium containing 5% steroid depleted calf serum before 
preparing cytosol and nuclear extracts. Receptors were 
quantitated by a protamine sulphate assay. Points are 
means of triplcate 200ul aliquots incubated overnight 
at 4°C with either 10-8M (3H)-oestradiol or with 10-8™ 
(3H)-oestradiol +.10-6M unlabelled oestradiol. 
ER= oestrogen receptor;sp.= specific;h,- oestradiol,



with or without the addition of 107° oestradiol. Cytosol and 

nuclear oestrogen receptor levels were then determined for each 

group of treated cells. Table 17 shows that in the absence of 

oestradiol, the 'unresponsive' cells still possessed normal comple- 

ments of cytoplasmic and nuclear oestrogen receptors. Furthermore, 

the cells which had been incubated with oestradiol showed the 

total absence of cytoplasmic oestrogen receptors, suggesting that 

receptor translocation was also active in these cells. Noticeably, 

the total cellular oestrogen receptor content is much lower in the 

oestrogen treated cells, and this is believed to be due to the 

measurement of 'processed' levels of receptors. This action will 

be discussed more fully in subsection iv. 

In these assays, we were unable to distinguish between 

unoccupied and occupied nuclear oestrogen receptor complexes. 

From the procedure described by Zaye and McGuire (1977a) at 4°C 

dissociation of occupied receptor complexes (RnE) is supposedly 

very slow, and at this temperature only unoccupied receptors should 

become charged with radiolabelled ligand, By eievat ink the temp— 

erature to 37°C, the rate of dissociation of pre-charged (or 

occupied) receptor complexes is greatly increased such that Biitads 

rapidly occurs and under these conditions, total receptor content 

is measured, Thus, supposedly by simple subtraction of the results 

obtained from the tK6 incubation procedures (37°C - 4°C assays) 

it should theoretically be possible to quantitate solely the amount 

of pre-charged oestrogen receptor complexes present. 

However, using identical assay procedures, our results 

are at variance with those reported by Zava and McGuire. This 
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UNOCCUPIED CYTOPLASMIC TOTAL NUCLEAR 

  

RECEPTORS RECEPTORS 

TREATMENT pMOLS ER/MG.DNA pMOLS ER/MG.DNA 

CONTROL 0.73 0.57 

+ OESTRADIOL NONE DETECTED 0.37 

(10° M) 

  

TABLE 17:— Cytoplasmic and nuclear oestrogen receptor levels 

in control and oestrogen treated MCF-7 cells. The 

cells were grown in glass roller bottles containing 

5% steroid depleted calf serum with or without 1078y 

oestradiol as indicated, The cells were then harvested 

and cytosol and nuclear extracts prepared as described 

in Materials and Methods. All results have been 

corrected for non-specific binding.



problem is illustrated in table 18A. In this experiment, MCF~7 cells 

were incubated for 30 minutes at 37°C with 10784 unlabelled oestradiol 

to ensure that all the oestrogen receptors were present as pre-charged 

nuclear receptor complexes (RnE),. Nuclear preparations were made at 

4°C and RnE complexes salt-extracted, and after dilution of the salt 

concentration to below 0.1M KCl, precipitated with protamine sulphate. 

The precipitates santnining RnE were then incubated at either 4°C 

84 (3n)-cestradiol + 107M unlabellea oestradiol. or 37°C with 10 

The results show that virtually identical specific counts were found 

at the two incubation temperatures, indicating that exchange of pre- 

charged receptors was occuring at both temperatures. A similar 

situation was seen when a hydroxylapatite assay was used instead 

of the standard protamine sulphate assay. As shown in table 18B, 

exchange of salt-extracted nuclear oestrogen receptors pre—charged 

with unlabelled oestradiol occured again at 4°C, 

We suspected that these apparently anomalous exchange results 

might be a consequence of salt-extracting the pre-charged RnE complexes. 

Perhaps under our conditions, the high salt (0.6M KCl) buffer may be. 

causing dissociation of the receptor—ligand complex. To eliminate 

this possibility and also any possible artifacts introduced by receptor , 

assay procedures, we decided to examine temperature effects on exchange 

conditions with wis nuclear suspensions, MCF~7 cells were pre= 

charged with 107° unlabelled oestradiol for 3 days under normal 

culture conditions and nuclear preparations made. The intact nuclear 

Sua pensions were then incubated at either 4°c, 30°C or 37°C for 

various time periods with 10784 (72) oestradiol z 107M unlabelled 

oestradiol, The results shown in table 19 indicate, again that 
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(A) PROTAMINE SULPHATE ASSAYS ON SALT-EXTRACTED RnE COMPLEXES. 

SS 

Mean specific cpm CHE, 

Incubation time Temperature bound/200u1 aliquot 

LT 

44 hours 37°C 3102 

1} hours 4°c 3475 

16 hours 4°c 2918 
_— eee 

(B) HYDROXYLAPATITE ASSAYS ON SALT-~EXTRACTED RnE COMPLEXES. ee RED MN DBRT RAT RAG LED Rak COMELEALOS 
HR 

ok 3 
Mean specific cpm (“H)E, 

Incubation time Temperature bound/200u1 aliquot 
Nc ee ee a CE 

3 hours 30°C 7316 

3 hours 4°c 6205 
- - - FF r 

_ 

TABLE 18:- Exchange of oestrogen pre-charged nuclear receptor complexes 
(RnE) at 4°C or elevated temperatures using either (A) 
protamine sulphate assays or (B) hydroxylapatite assay 
procedures, MCF~7 cells were incubated for 30 minutes at 
37°C with 10-8M unlabelled oestradiol before salt-—extracting 
and preparing the receptors as described in Materials and 
Methods, RnE precipitates were incubated in triplicate with 
either 1078M (3H)-oestradiol to measure total binding, or 
with 1078m (3H)-oestradiol + 10~6M unlabelled oestxadiol to 
measure non-specific binding, Subtraction of the means for 
both determinations gives the specific epm/aliquot assayed,



Senses 

3 Mean specific cpm ( H)E, 

Incubation time Temperature bound/nuclear aliquot 

1 hour 30°C 10192 

1 hour 37°C 9906 

2} hours 30°C 9782 

24 hours 37°C 10114 

5 hours 30°C 9817 

5 hours 37°C 10342 

o 
5 hours 4 C 13237 

16 hours 4°C 11035 

eS 

TABLE 19:- Exchange of oestrogen pre-charged nuclear receptor complexes 
(RnE) in intact nuclei at 4°C or elevated temperatures, 
MCF-7 cells were grown for 3 days in medium containing 

10784 unlabelled oestradiol. Intact nuclear suspensions 
_ were then prepared as described in Materials and Methods 

and used directly for examining exchange conditions. Tripli- 

a nuclear gs pe ‘= incubated with either 10 Sy 
( *H1) shea? radio) or 10— Bu ( eWeorstradin? + 107° unlabelled 
oestradiol. Subtraction of the mean values gave the specific 
epm bound per nuclear aliquot.



exchange of oestrogen pre=charged nuclear oestrogen receptor 

complexes occurs at 4°c independent of salt extraction or assay 

procedures. 

iii) Competition between tamoxifen and (7H) oestradiol for binding 

to the cytoplasmic oestrogen receptor in MCF-7 cells. 

There is good evidence to suggest that antioestrogen 

action in MCF-7 cells is via an oestrogen receptor pathway. Tam— 

oxifen inhibition of macromolecular synthesis can be prevented by 

the simultaneous addition of oestrogen at the start of the experi- 

ment, or by the subsequent addition of oestrogen at a later time 

point to effectively 'rescue' the cells. Furthermore, the results 

shown in figure 6 (see Section A), suggest that there is a simple 

dose response relationship for the competition of tamoxifen and 

oestrogen for binding to the oestrogen receptor. 

To confirm that these two ligands compete for oestrogen 

receptor binding sites, cytosol extracts were prepared and incubated 

with a fixed concentration of radiolabelled oestradiol (5nM) either 

alone, or with increasing concentrations of vulabelled tamoxifen, a 

Figure 22 shows that tamoxifen competes in vitro directly with 

oestradiol for cytoplasmic receptor binding sites. The binding of 

5nM (-Hjcoestradiol as effectively 50% inhibited by approximately 

40 times higher amounts of inigbel ted tamoxifen (2 X 107M). 

107°M concentrations of tamoxifen causes approximately 80% inhi- 

bition of binding, From figure 6, the same combination of 5nM 

oestradiol and 107°M tamoxifen was found to relieve approximately 

75% of the inhibition of thymidine incorporation rates seen with 
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action to supplement the prognostic value of oestrogen receptor 

determinations will be discussed more fully in section IV of this 

introduction, 

Although the qualitative division of breast tumours as oestrogen 

receptor positive or negative is useful in predicting response to 

endocrine therapy, the definition of a receptor positive tumour is 

somewhat arbitrary. Some groups may define a tumour as receptor positive 

even if it reflects the lower limit of sensitivity of their assay 

method, whereas other groups may demand higher levels of raciitor 

content, On re~examining oestrogen receptor data on a more quantitative 

basis, many groups have shown a highly significant correlation between 

oestrogen receptor concentration and the likelihood of a response to 

endocrine therapy (Houson et al 1977, Edwards et 21 1979). With the 

ineFeasing sensitivity of oestrogen receptor assays, undoubtedly the 

receptor content necessary for a tumour to be defined a receptor 

positive will decrease, Thus, it is possible that many tumours which 

several years ago may have been classified as receptor negative, may 

nowadays be termed receptor positive and unless looked at ina 

quantitative manner, these patients could be subjected to needless 

endocrine therapy when a course of chemotherapy would be more useful. 

Further support for a more quantitative manipulation of oestrogen 

receptor data comes from reports that perhaps all human breast tumours 

' may contain oestrogen Paeetkare (Leclercq et al 1975, Tagnon 1977). 

Besides offering useful prediction for the course of treatment 

for patients, the oestrogen receptor status of the primary tumour 

has been found to represent a useful marker to reflect the biological 

aggressiveness of the disease, Irrespective of age, nodel status, size 

or location of the tumour in the breast, patients with receptor negative 

(6) 
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FIGURE 22:— Competition between (7H) oestradiol and tamoxifen for 

binding to the cytoplasmic oestrogen receptor in MCF-7 

cells, Cytosol extracts were prepared and protamine 

sulphate precipitates incubated in triplicate with either 

5nM (Hi -csatradio’ alone (C) or with increasing concen- 

trations of unlabelled tamoxifen. For each point, tripli- 

cate tubes were incubated with the above additions + 

5 x 107 

binding. Tubes were incubated overnight at 4°C before 

M unlabelled oestradiol to measure non-specific 

washing the precipitates and extracting with ethanol,



107M tamoxifen alone. From the receptor binding data , it might 

have been expected that only 20% relief of thymidine incorporation 

inhibition would have been seen. This discrepancy between receptor 

binding data and biologic response is probably an artifact, since 

receptor assays are performed in vitro at 4°C whereas incorporation 

rates are performed in vivo at 37°C. 

iv) Oestrogen receptor 'processing' studies. 

McGuire's group had recently reported that upon admini- 

stration of oestrogen, MCF=7 cells exhibited a phenomenon termed 

receptor 'processing' (Horwitz and McGuire 1978a, 1978b). Basically, 

this means that when MCF-7 cells are given a continuous supply of 

oestrogen, the receptors rapidly accumulate in the nucleus as RnE 

peonlesers and by } hour account for the total population of oestro- 

gen receptors. Within the next few hours, there is then observed a 

rapid depletion of measurable RnE complexes, such that after 5 hours 

a new steady state level of oestrogen receptors is reached which 

is approximately 30% the amount measured after 4 hour. The 70% of 

receptors which are no longer measurable are presumably degraded 

since they have lost the capacity to bind oestrogen and are termed 

'‘processed' receptors. The significance of oestrogen receptor 

processing may be considerable, since Horwitz and McGuire (1978a) 

found a direct correlation between the extent of processing and the 

induction of progesterone receptor synthesis in MCF=7 cells. | 

singe these results suggest that processing may be an 

integral and perhaps necessary part of the oestrogen response in 

this cell line, we examined this action in our MCF~7 cells, which 

(83)



during this period were insensitive to oestradiol. We had already 

shown that although our MCF~7 cells were ‘unresponsive! to oestrogen, 

they still had apparently normal levels of oestrogen receptors, and 

were capable of fully translocating cytoplasmic receptors into the 

nucleus (see table 17). From McGuire's data, we speculated that 

perhaps the next step necessary to elicit an oestrogen response in 

MCF-7 cells was the processing of nuclear bound RnE complexes. 

Possibly our mie eran cells had lost this function. 

However, figure 23 shows that using intact cell measure- 

ments, our unresponsive MCF~7 cells were indeed capable of processing 

oestrogen receptors. In this particular experiment, approximately 

44% of the total cellular oestrogen receptor content had become 

unmeasurable or processed after 5 hours, Thus, so far, we were able 

to conclude that the unresponsive nature of our cells to oestrogen 

during this period was seemingly not due to receptor absence or 

malfunction, | 

Since MCF-7 cells grown in the total absence of oestradiol 

had unoccupied cytoplasmic (Re) and nuclear (Rn) oestrogen receptors, 

it was of interest to determine if processing was confined solely 

to the receptors present in only one of these cellular somparthenty 

Noticeably, from McGuire's published data on processing (Horwitz et 

al 1978b,Horwitz and McGuire 1978a, 1978b), there seemed to be a 

striking similarity between the amount of receptor which was pro- 

cessed in a particular experiment and the measurable amount of Rn 

present. Thus, we wondered if processing was due to the preferential 

depletion of oestrogen receptors which for some reason were already 

localized in the nucleus before any oestrogen administration. The 

(84)



   

  

processed 

RnE 

p
m
o
l
e
s
 

E
R
/
m
g
.
 

D
N
A
 

BA
S 

1 

0 1 2 3 4 5 

FIGURE 23:- 'Processing' of oestrogen receptors in unresponsive 

MCF~7 cells. The cells were incubated for the indie 

cated times with either 5nM (7H)-oestradiol or 5nM 
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and radioactivity extracted with ethanol and counted. 

All points have been corrected for non-specific 

binding.



steady state level of receptors found after processing may then 

be due to RnE complexes derived from receptors of Seed 

origin which had been translocated into the nucleus but not pro- 

cessed. 

To examine these possibilities, we followed the in vitro 

processing of receptors present in intact nuclei from MCF-7 cells. 

These were derived from cells which had been maintained in medium 

containing 5% steroid depleted calf serum, and consequently should 

contain only unoccupied nuclear (Rn) oestrogen receptors. To examine 

processing in whole nuclei, it is necessary to be able to distin- 

guish between receptor processing (depletion of measurable RnE 

complexes) and simple receptor inactivation which may occur in vitro 

at the physiological temperature of 37°C used. To differentiate 

between these two parameters, at. each time point, one batch of assay 

tubes containing intact MCF-7 nuclei were exposed continuously to 

radiolabelled oestradiol (to quantitate RnE processing), whereas 

a second batch of identical assay tubes were exposed to label for 

only the last 20 minutes of each time point (to quantitate Rn 

stability). » & 

The results of this experiment are shown in figure 24, It 

can be seen that Rn stability in the absence of ligand remains 

virtvally constant in the intact nuclei over the 5 hour time course 

used, If processing was due to the selective depletion of RnE com- 

plexes derived from Rn, it would have been predicted that the RnB 

levels seen would be rapidly diminished over this time course, 

However, this was not found, since only 38% of RnE complexes had 

become unmeasurable or processed by the end of the 5 hour time 

period, 

(85)



2:0 

     1:5 

< 7 
Processed a 

RnE 

E 
1-0 

Lu 

no 

2 
°o 

£ 
Q 

0:5 

oO 1 2 3 4 5 

Hours 

FIGURE 24:=- In vitro processing of oestrogen receptors in intact. 

nuclei from MCF-7 cells. The nuclei were prepared from 
cells maintained in medium oe 5% steroid depleted 
calf serum ey incubated at 37°C either continuously 

-8 with 10 -M ( eM)oosstraatel (4—4) to measure RnE pro- 
cessing or for the last 20 minutes of each time period 
(4—4) to measure Rn stability. All assays were performed 
in triplicate. Equivalent triplicate assay tubes for 
each point were incubated with 10784 (7H)-cestradiol + 
107° unlabelled oestradiol to measure non-specific 
binding. All points plotted have been corrected for 
non=specific binding, 
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v) Oestrogen receptor behaviour on ion-exchange columns, 

It had been shown by Schrader and O'Malley (1972) that 

DEAE chromatography of chick oviduct progesterone receptor reveals 

two distinct binding peaks (A and B) which have 4S sedimentation 

coefficients on sucrose density gradients (Schrader et al 1975). 

Each binding peak is believed +o represent a subunit of the pro- 

gesterone receptor, with peak A showing strong DNA binding affinity 

and peak B showing strong chromatin binding affinity (Schrader et 

al 1972). 

Two distinct peaks of oestrogen binding activity (qand 

B) have also been found for the oestrogen receptor in rat uterine 

cytoso](Clark and Peck 1979). However, to our knowledge, the exis-— 

tence of two distinct oestrogen receptor binding peaks separable 

by DEAE chromatography, has not been reported for breast cancer 

tissue. Thus, te were interested to see if the oestrogen receptors 

from our MCF-~7 cell line behaved in a similar manner when subjected 

'to ion-exchange chromatography. 

Intact MCF-7 cells were incubated with 107M (Hjcosstraciol 

at 37°C for 1 hour, harvested and sonicated, and then radiolabelled ” 

RnE* complexes extracted with high salt buffer. The extract was 

diluted to 0.05M KCl, applied to a, short ion-exchange column (DE-52) 

and eluted with 12ml. aliquots of buffer, buffer + 0.15M KCl then 

buffer + 0.3M KCl. Eluate fractions (iml.) were collected and 

counted for radioactivity. 

The results of this experiment are shown in figure 25. It 

can be seen that the oestrogen receptors from MCF~7 cells behave on 

ion-exchange columns very similarily to the progesterone receptors 
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DEAE chromatography of oestrogen receptors from MCF-7 

cells, The cells were incubated at 37°C for 1 hour with 

either 107°M (7H)-cestradiol (@—®) or with io7?y (7x) 
oestradiol + 107°M unlabelled oestradiol (#—a) before 

salt extracting the RnE* complexes. These were then 

‘diluted with buffer and applied to an ion-exchange 

column and eluted with 12ml. aliquots of buffer, buffer + 

0.15M KCl, then buffer + 0,3M KCl. Arrows indicate the 

change in elution buffers, Quantitatively, the peaks 

contain 0.61 and 0.51 pmoles ER/mg. DNA respectively,



from chick oviduct described earlier. Two very sharp and distinct 

binding peaks are observed which elute immediately when either 

0.15 or 0.3M KCl buffers are applied to the columns. Puxtheradre, 

although qualitatively different, the two receptor binding peaks 

are very similar quantitatively. 
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SECTION E:— RE-ACQUISITION OF THE RESPONSE OF MCF-7 CELLS TO 

OESTRADIOL. 

i) Importance of the serum concentration in observing an oestrogen 

response in MCF~7 cells. 

Throughout all the eeperiaents described so far (with the 

exception of the experiments on secreted and intracellular proteins 

in Section B, subsection v), the basic medium has been He denoeens 

with low concentrations of steroid depleted serum. This was consi- 

dered essential to eliminate the possible contribution of steroids 

which may be present in the test serum and thus ensure that the 

responses observed were due to exogeneous additions. Ideally, serum 

free conditions should be used so that the total medium would be 

fully defined, Although Lippman's group have reported completing 

experiments on MCF=7 cells under serum free conditions (Lippman et 

al 1976b, 1976c), in our laboratory we were unable to maintain cell 

viability over a 3 day experiment without the inclusion of low 

levels of calf serum (0.1-0.5%). Occasionally bovine serum albumin 

’ was tried as a substitute for calf serum, but the results obtained 

showed that this offered no real advantages. 

Since the addition of serum is considered to complicate 

the interpretation of experiments with cultured cells, we were 

interested by the report of pihedtant Sato (1979) that MCF~7 cells 

could be grown in serum free medium supplemented with insulin, 

transferrin, epidermal growth factor, prostaglandin Fo and cold- 

insoluble globulin, Under these conditions, it was found that the 

growth of their MCF~7 cells, like our tundhthonsdved cells, were 

insensitive to oestradiol, However, when x-1 serum protein (prepared 
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tumours recurred earlier than receptor positive patients (Knight et 

al 1977). Survival after initial diagnosis and after recurrence has 

also been shown to be longer in receptor positive patients (Fletcher 

et al 1978), These data are consistent with the observation that 

oestrogen receptor negative tumours, compared with receptor positive 

tumours, have a higher thymidine labelling index indicating a more 

rapid rate of DNA synthesis (Meyer et al 1977). 

Treatment of human breast cancer often involves a multidisciplinary 

approach and is complicated by the likelihood that breast cancer is 

composed of a heterogeneous group of diseases. Patients with primary 

breast cancer may initially receive some form of mastectomy or other 

local management. At the time of surgery the lymph nodes are examined 

to see if they are tumour infiltrated, If the nodes are positive in 

this respect (N*), then the patients are at a high risk of returning 

with metastatic disease (Fisher 1977). In this situation, early systemic 

therapy based upon the oestrogen receptor (ER) status of the primary 

tumour may prolong the disease-free interval from diagnosis to re=- 

currence, 

In the Nt ERT patients the prognosis is bad, and these patients 

are usually treated with intensive combiration chomotherapy. In the™ * 

Nt ,ER* patients the prognosis is more favourable and these patients 

may benefit from a non-ablative form of endocrine therapy (such as 

' antioestrogen treatment) if the receptor content is high, or from 

chemotherapy if the receptor content eaves (McGuire et ai 1978a). 

However, it remains clear that patients who have lymph node involve- 

ment almost certainly have distant metastases at the time of diagnosis. 

Once established, cure of head wmetanthdee is very unlikely even with 

the range of chemotherapy and endocrine therapy available. In those 
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by the method of Holmes 1967) was added at a concentration of 

250ng/ml to this serum free defined medium, oestradiol (1077) 

was found to incbeane cell numbers above control values. 

We wondered if our unresponsive MCF~7 cells would behave 

similarily to oestradiol on the addition of these serum factors 

and «=1 protein fraction. Unfortunately the commercially available 

sources of these factors proved to be extremely expensive for 

amounts which would suffice for only a few experimental, Consequently 

after some preliminary work in our laboratory, we calculated that 

the equivalent concentration of «-1 serum protein necessary to 

observe an oestrogenic response would be present in medium contain- 

ing approximately 15% calf serum. 

This amcunt of serum represented a concentration 30 times 

higher than <he normal amount present (0.5%) in experimental medium, 

Although serum effects had already been tested for concentrations 

between 0.4%-5% either untreated or steroid depleted calf serum 

without any oestrogen response (see table 9), we decided to repeat 

this experiment using much higher amounts of serum so that the 

desired amount of a-1 serum protein would be present, Also, three 
wee -. +2 

different basic media were tried, since Barnes and Sato (1979) had 

found that in their serum free medium, the cells would not grow in 

factor supplemented Dulbecco's medium which we routinely used. 

Instead, these Norkexd used a 1:1 mixture of Dulbecco's and Ham's 

F10 media supplemented with the purified serum factors. | 

Table 20. shows the effect of 107M oestradiol on rates of 

("a)-thymidine incorporation in previously termed ‘unresponsive! 

MCF-7 cells using either Dulbecco's medium, Ham's F10 medium or a 
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SS 

Test 

% calf 

serum 

Thymidine incorporation 

MEM dpm X 10° aps protein/hr. 
eee 

Control 

-8 
+10™M E, 

Control 

-8 
+ 10 ME, 

Control 

8 
+10 M Ey 

Control 

8. 
+ 10 -M E, 

Dul 0.5 2.95 = 0.28 (100) 

Dul 0.5 3.53 © 0.59 (120) 

Dul 15 1.20 £ 0.11 (100) 

Dul 15 3.87 £ 0.40 (322) 

F10 15 0.74 © 0.06 (100) 

F10 15 1.55 = 0.19 (209) 

Dul/F10 15 eles £0.08 (100) 

Dul/F10 15 1.76 £0.26 (180) 
OS ae heey iy) ence me ener 

TABLE 20:— Effect of oestradiol on rates of (7H)~thymidine incor- 
poration in previously termed "unresponsive' MCF~7 cells, 
using medium containing either 0, 5% or 15% calf serum, 
The cells were incubated for 48 hours withthe indicsted 
medium with or without 1074 oestradiol (E, : Dishes 
_were pulsed for the last 2 hours with 1uCi ( 75) thymidine 
per dish, conte represent means of triplicate deter- 
minations + standard deviations. Dul = 
F10 = 

two media. 

Dulbecco! medium, 
Ham's F10 medium, Dul/F10 = a 1:1 mixture of the



1:1 mixture of the two media all supplemented with 15% calf serum. 

Much to our suprise, using this’ high opkcahikation oF serum, the 

oestradiol treated cells showed very significant stimulation of 

thymidine incorporation rates above control values. This effect 

was observed with all three types of media, but the greatest effect 

was seen when Dulbecco's medium alone was used. For comparison, 

table 20 also shows that identical dishes treated with medium 

containing Dulbecco's medium supplemented with 0.5% calf serum 

failed to respond to oestradiol as we had seen so many times before. 

Thus, it appeared that the expression of an oestrogen 

response in our MCF~7 cells had now become dependent upon the 

. serum concentration used. In the early passage MCF-7 cells described 

in Section A, we were able to observe an oestrogen response measu’- 

rable PraiticPeased rates of thymidine incorporation above control 

values by using medium supplemented with only 0.5% calf. serum. 

Obviously, the cells were now unable to respond to oestradiol in 

this low serum supplemented medium and currently required much 

higher levels of calf serum in order to express the oestrogen res— 

ponse that they were capable of two years earlier. 

We next examined the effect of varying the Serum concen- 

tration from 1%-15% calf serum on the response of MCF=7 cells to 

oestrogen, At each serum concentration, identical batches of tri- 

plicate dishes were treated with or without 107° oestradiol and 

the rate of (7#)-thymidine incorporation determined, The results, 

presented in figure 26 show again that the expression of an beat wopet 

response in our MCF~7 cells is dependent upon high concentrations 

of serum, At serum concentrations between 1~10% calf serum, the 
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FIGURE 26:- Effect of medium containing calf serum concentrations 

ranging from 1% to 15% = 107° oestradiol on rates of 

(7H)-thymidine incorporation in MCF—7 cells. The cells 

were treated and pulsed as described in table 20 using 

Dulbecco's MEM. All test and. control dishes were expre— 

saed. as dpm (7H)thiyntdine incorporated/mg. protein/hr. 

before being presented as percentages of control rates. 

All points are means of triplicate determinations with 

standard deviations being generally less than 10%,



stimulation of oestradiol treated dishes above control values is 

only marginal (approximately 20-50% stimulation). However, at 

Shneenteetious of 12.5 and 15% calf serum, the stimulation by 

oestradiol becomes markedly enhanced and is 198% and 273% of the 

respective control rates. 

These results represented a major breakthrough in our 

Verh with MCF-7 cells. It seemed that we could now grow either 

oestradiol responsive or unresponsive cells depending upon the 

concentration of serum used to supplement the growth medium. 

Apparently, calf serum contains, as yet, unidentified factors 

which are able to synergize with oestrogen to alter the genotypic 

and/or phenotypic expression of MCF=7 cells. Thus, since dele 

factors seem essential to elicit an oestrogen response in MCF-7 

cells there seemed to be two possible explanations why our early 

passage cells had changed from being oestrogen responsive to 

oestrogen insensitive in medium containing 0.5% calf serum. Either 

the celis currently grown in our laboratory had altered such that 

they now required much higher levels of the essential synergistic 

serum factors (present in 15% calf serum) to be able to respond 

to oestradiol, whereas the early passage cells only required much 

jower amounts of these factors (present in 0.5% calf serum). 

Alternatively, the cells had remained unchanged, but the concen= 

trations of the serum factors were drastically reduced in the new 

batches of commercial calf serum we had received after the first 

six months growth of the early passage cells when we lost the 

oestrogen response, 
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ii) Oestrogen effects on cell growth (1980), thymidine kinase 

activity and DNA polymerase amactivity. 

In Sections A and C the loss of sensitivity to oestradiol 

which we experienced with the early passage MCF=7 cells in low 

serum medium is clearly emphasized by growth curve kinetics. Figure 1 

shows oestrogen stimulation of cell numbers above control values 

in 1977, whereas figure 18 shows the refractory nature of the cells 

to oestrogen in 1979, Since we had now apparently regained the 

response of our MCF~7 cells to oestrogen (January 1980) in terms 

of stimulation of thymidine incorporation rates using medium con= 

taining 15% serum, it was decided to repeat another growth curve 

using this level of serum ee oestradiol, 

Figure 27 shows that the cell growth of MCF-7 cells in 

high serum conditions is indeed enhanced by oestradiol, The curves 

for the oestradiol and control treated cells begin to show signifi- 

cant divergence after 4 days in culture. Again, like the situation 

seen with the responsive early passage cells, it is:-noticeable 

that the stimulation of cell numbers by oestradiol above control 

values is less apparent than the stimulation of rates of thymidine ~* 

incorporation. 

This observation led us to examine thymidine kinase 

activity in the MCF~7 cells using high serum conditions (15%) with 

and without oestradiol. Table 21A shows that thymidine kinase 

activities were stimulated significantly under these conditions 

in eae treated cells, whereas previously using the same cells 

and low serum (0.5%) conditions, the cells were only marginally 

stimulated (see table 13). However, although thymidine kinase 
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FIGURE 27:= Effect of medium containing 15% calf serum z 107° 

oestradiol on cell growth of MCF~7 cells. The cells 

were incubated for the indicated time period éither 

with 107°y oestradiol (@—@®), or with no addition (O—0) 

before being harvested and counted in a haemocytometer 

All points are means of triplicate determinations; 

standard deviations were generally less than 10%,



(A) 

  

Thymidine kinase activity % control 

  

Test pmoles dTMP/mg. protein/min, level 

Control 2.12 = 0.07 100 

+ 107M E, 3.72 = O22 175 

      

(B) 

DNA polymerase « activity % control 

Test apm X 107* aTTP/mg. protein/hr. level 

Control 21.67 + 2.3 - 100 

-8 + + 10M E, 38.49 = 4.3 178 

TABLE 21:— Effect of growing MCF-7 cells in medium containing 

; ; 15% calf serum on (A) thymidine kinase activity and 

(B) DNA polymerase &% activity. The cells. were incu- 

bated for 41 fours in (A) and for 72 hours in (B) 

before assaying for enzyme activity as described in 

Materials and Methods, Points represent means of 

triplicate determinations 2 standard deviations,



activities are stimulated in oestrogen treated MCF-7 cells under 

high serum conditions, the fold stimulation above control values 

is still considerably less than previously observed with the res-— 

ponsive early passage cells under low serum conditions. 

From the data presented on cell growth and thymidine 

incorporation stimulation by oestrogen under high serum conditions, 

it te assumed that the cells are undergoing faster rates of proli- 

feration than control cells. Consequently, in addition to effects 

on cell growth, we examined oestrogen effects on DNA polymerase & 

activity, This enzyme is closely associated with replicative DNA 

synthesis and has been correlated with the proliferative state of 

many tissues (Baril et al 1973, Chang et al 1973, Davis et al 1976) 

including oestrogen target tissues (Harris and Gorski 1978, Walker 

et al 1978). 

MCF-7 cells were grown for 48 hours in medium containing 

15% calf serum with and without 107°M oestradiol and then assayed 

for DNA polymerase « activity. Table 21B shows that this enzyme 

is also significantly stimulated by oestradiol under these conditions 

and thus, represents another marker of oestrogen action in this cell 

line. After this work was completed, McGuire's group reported that 

when MCF-7 cells were grown in relatively low serum conditions (5% 

steroid depleted calf serum), oestradiol had no effect on DNA poly— 

merase activity or cell growth (Edwards et al 1980). This would be 

expected from our new findings that high serum conditions are now 

necessary to observe an oestrogen response in this cell line (Page 

et al 1980). 
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iii) Serum types and treatments — effects on the expression of the 

oestrogen response, 

Since we had shown that medium supplemented with 15% 

newborn calf serum contains factors which synergize with oestradiol 

to evoke a response in MCF=7 cells, we were interested to determine 

whether other types of sera would promote similar responses, 

Whereas these factors may be present in newborn calf serum in very 

low amounts, different sera may provide richer sources and allow 

experiments to be performed under low serum conditions again. 

As the MCF~7 cell line is of human origin, we were anxious 

to try the effects of human serum on these cells and its effect on 

the oestrogen response. Table 22 shows the results of medium contain- 

ing high (15%) and low (0.5%) human serum (supplied by Mersey Regional 

Health Authority, Blood Transfusion Centre) * oestradiol on the 

rates of (7H) thymidine incorporation in MCF=}7 cells. It can be 

seen that the response of the cells to human serum is very similar 

to that seen with newborn calf serum. At low concentrations of both 

sera the cells are unaffected by oestradiol. However, at high sera 

concentrations, both sera effectively enhance the rates of thymidine — 

incorporation above control values for the dishes which contain 1 

oestrogen, Obviously, the factors present in calf serum necessary 

for the expression of the oestrogen response in these cells are 

present in similar amounts in human‘serum, 

With the newborn calf serum results, it is noticeable that 

the control rates of (7H)-thymidine incorporation are depressed 

when 15% serum is used, This is almost certainly an artifact caused 

by the increased amounts of unlabelled thymidine present in the 
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patients without evident nodal involvement, mild chemotherapy may 

benefit those patients who are ER whereas those who are ERY could 

be left. 

: After a period of time, relating to the degree of involvement 

and aggressiveness of the disease, many patients will experience 

tumour recurrences or metastases and are termed as advanced breast 

cancer patients, If tumour tissue is removed at the time of re= 

currence then further receptor assays should be performed on the 

sample since the tumour receptor status may change between the onset 

of primary and advanced disease. Generally in secondary tumours, the 

percentage of tumours with oestrogen receptor positive status is 

lower than that found in primary tumours (Hawkins et al 1980). 

Usually the systemic treatment of advanced breast cancer is 

similar vo that used as adjuvant therapy for primary breast cancer. 

In ER patients it is very unlikely that they will respoad to | 

endocrine therapy, and since these tumours have high thymidine 

labelling indices, they may respond better to chemotherapy. In the 

ER* patients, the menopausal status and quantitative oestrogen 

receptor levels have to be considered, Patients with high ER levels 

should be subjected to endocrine therap:, with additional treatment 

for the premenopausal women in this group since the ovaries are a 

source of potenti-lly growth promoting oestrogens and ovariectomy 

may be recommended in many cases. If a relapse occurs, a further 

remission period may be achieved by sbeforminn an adrenalectomy 

since the adrenals are known to secrete androstenedione which may 

be converted to oestrogen in mammary peripheral tissue and be used 

to stimulate tumour growth, itehietixsls, it is now possible to 

perform a 'medical adrenalectomy’ by the use of the drug aminoglute- 
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serum % Thymidine incorporation 

Test type serum dpm X 107*/mg. protein/hr. 

SS 

at 
Control NBCS 0.5 9.54 = 1.82 (100) 

4B, NBCS 0.5 | 8.97 = 1.49 (94) 

Control § NBCS 15 4.38 £ 0.59 (100) 

+E, NBCS 15 8.25 ~ 1.45 (188) 

Control HS 0.5 12.40 * 1,06 (100) 

+E, HS 0.5 15.59 ~ 3.10 (126) 

Control HS 15 13.52 £1.98 (100) 

+E, HS 15 32.91 £ 3.23 (243) 

  

TABLE 22:- Effect of medium containing low and high concentrations 

of newborn calf serum (NSCS) or human serum (Hs) 2 * 

107° oestradiol (E,) on rates of Cacthymidine incor— 

poration in MCF-7 cells. The celis were incubated for 

48 hours with the indicated addition and pulsed for the 

last 2 hours with 1uCi (H)ethymidine per dish. Values 

are means of triplicate determinations z standard devi- 

. ations; figures in parentheses are percentages of the 

control rates.



serum which effectively dilutes the specific activity of the 

radiolabelled thymidine added for the pulse period. This effect 

is not seen with low and high human serum concentrations which 

may indicate the presence of less endogeneous thymidine in this 

serum. 

w Table 23 shows the results of further experiments using 

basic medium supplemented with 15% human serum, Under these condi- 

tions, the stimulatory effects of insulin and 5«-DHT become apparent 

whereas previously using low serum conditions, the cells were quite 

insensitive to these treatments. However, it is unfortunate that 

at this level of serum, the inhibitory effects of the antioestrogen 

tamoxifen appear to be lost. The cells in this experiment were 

seeded at low density, which under low serum conditions is considered 

essential to see inhibition. The lack of an antioestrogen response 

under high serum conditions could possibly be due to the tenacious 

non=specific binding of tamoxifen to proteins; this would lower 

the effective concentration and therefore, also the biological res= 

ponse seen with this compound. A similar explanation may account 

for the apparent resistance of MCF=7 cells to tamoxifen when tested 

at high cell density (see Section C, subsection iv). 

Although high concentrations of human serum and newborn 

calf serum appeared to be equipotent in synergizing with the oestrogen 

response in MCF-7 cele: it was found that the different 1 litre 

batches of human serum which we received varied considerably in their 

effectiveness, Since human serum appeared to offer no advantages 

over calf serum, we decided to discontinue using the former serum 

on experiments with MCF~7 cells. Human plasma was also tried as a 
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ee a ee ee 

% human Thymidine incorporation 

Test serum dpm X 107 /mg. protein/hr. 

. 
sss 

Control 0.5 2.74 £ 0.28 (100) 

-7., . . . + + 10 M insulin 0.5 2.58 =~ 0.15 (94) 

_ Control 15 2.97 £ 0.11 (100) 

a . + + 10 M insulin 15 4.59 = 0.22 (155) 

Control 15 4.86 = 0.89 (100) 

—6. + + 10 M 5a—DHT 15 7.45 = 0.96 (153) 

Control 15 4.71 = 0.44 (100) 

-8 : + + 10 M oestradiol 15 8.33 = 0.87 (178) 

+ 107M tanexdfen 15 5.33 0.03 (113) 

+ 107M tamoxifen + 15 9.02 © 1.36 (191) 
107° oestradiol at = 

ee ESSSSSSSSSSSFSFSSSSMMMFsFhFeFeFeFessFFFFFsFsFssF 

TABLE 23:- Effect of medium containing 0.5 % or 15% human serum 

with and without various hormonal tratments on rates 

of (7H)~thymidine incorporation in MCF~7 cells. Rest 

of legend as described for table 22.



possible alternative to calf serum, but as shown in table 24, 

medium containing either low or high plasma concentrations were 

totally ineffective in provoking an oestrogen response. 

We proceeded to try the effect of medium containing high 

concentrations (15%) of untreated and treated types of calf serum 

in the hope that this would provide us with some preliminary data 

on the possible nature of the essential serum factor necessary for 

the oestrogen response. The results of these experiments are summa- 

rized in table 25. Increasing the concentration of untreated newborn 

calf serum from 15% to 30% had no further stimulatory effect in the 

presence of oestrogen, suggesting that the cells had a saturable 

capacity for the serum factor. Suprisingly, foetal calf serum, which 

is ususlly considered to be a richer source of growth promoting 

factors for cultured cells, was ineffective at 15%. Although the 

response varied slightly in different experiments performed with 

this serum (data not presented) the stimulation of thymidine incor- 

poration rates for oestrogen treated dishes never exceeded 50% above 

control rates for experimental medium supplemented with 15% foetal . 

calf serum, 

Table 25 also shows the effect of treated tzpes of newborn a 

calf serum on the expression of the oestrogen response. It can be 

seen that steroid depleting the sérum by the use of dextran coated 

charcoal treatments has no detrimental effect on the response of 

the cells to oestrogen. Thus, it would appear that the synergizing 

serum factor activity is not associated with steroids waieH may 

be present in medium containing 15% untreated serum. However, when 

15% dialysed calf serum is substituted for untreated serum, the 
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% Thymidine incorporation 

  

Test plasma dpm X 107*/mg. protein/hr. 

Control 0.5 3 13.53 = 2,15 (100) 

+E, 0.5 13.53 = 0.16 (100) 

Control 15 13.29 2 0.45 (100) 

+E, 15 14.74 = 1.87 (111) 

TABLE 24:=- Effect of medium containing low or high human plasma 

concentrations + 107° oestradiol on rates of (Px)- 

thymidine incorporation in MCF~7 cells. Rest of legend” 

as described for table 22



im 

serum % Thymidine incorporation 

Test type . serum dpm X 107*/mg. protein/hr. 

eT 

Control NBCS 15 2.58 © 0.22 (100) 

+5, NBCS 15° 5.58 = 0.51 (216) 

Control NBCS 30 0.93 + 0.07 (100) 

+ E, NBCS 30 1.87 £0.18 (201) 

Cont rol FCS 15 36.67 + 1.29 (100) 

+ Ey FCS 15 40.57 = 3.60 (110) 

Control SD-NBCS 15 3.40 2 0.25 (100) 

+ Ep SD-NBCS 15 6.91 = 0.26 (203) 

Control Dial-NBCS 15 14.39 £ 1.80 (100) 

+ Ey Dial-NBCS 15 44,31 © 1.23 (99) 

  

TABLE 25:— Effect of medium containing different sera and sera treat- 

ments on rates of (79) -thymidine incorporation in MCF-7 

cells. NBCS = newborn calf serum; FCS = foetal calf serum; 

SD-NBCS = steroid depleted newborn calf serum: Dial-NBCS 

= dialysed newborn calf serum. Rest of legend as described 

for table 22. .



oestrogen synergizing activity is lost. Since dialysis will remove 

molecules with molecular weights up to 15,000 daltons, this suggests 

that the serum factor is of relatively low molecular weight. 

This was supported by passing untreated newborn calf serum 

through a Sephadex G25 column, collecting the void volume (which 

contains all molecules with molecular weights greater than 3,000 

daltons), and using this at a concentration of 15% in the presence 

or absence of oestrogen. Table 26 shows that serum treated in this 

manner is considerably less effective than untreated calf serum at 

the same concentration (15%) in allowing the expression of the 

oestrogen response, However, since the incorporation rates of the 

oestrogen treated dishes were not as low as those observed with 15% 

dialysed serum in the same experiment, this may suggest that the 

andes pivane serum activity is associated with multiple serum factors 

with ranging molecular weights up te 15,000 daltons. 

iv) Preiiminary attempts at_a molecular weight determination for the 

serum factors necessary for the oestrogen response, 

From the previous subsection, it was apparent that the a 

oestrogen synergizing serum factor activity present in newborn calf 

serum was a dislysable entity. Furthermore, the results obtained in 

table 26 using aaree containing void fractions from Sephadex G25 

treated serum suggest that the hobecutay weight of this entity was 

probably below 3,000 daltons. In an attempt to put a more definitive 

molecular weight size to the serum factor activity, the void fractions 

obtained after applying ss to a broad range of Sephadex gel filt— 

ration matrixes were tested at 15% concentrations 5 oestradiol with 

MCF~7 cells. 
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Serum Thymidine incorporation 

Test type. dpm X 107 */mg. protein/hr, 

Control ’ NBCS 3.94 © 0,52 (100) 

+E, . _ NBCS 8.76 + 0.56 (222) 

Control Dial-NBCS 24,00 * 1.28 (100) 

+E, Dial-NBCS 25.48 £ 2.38 (106) 

Control G25 void fraction 17.89 + 0.88 (100) 

+E, G25 void fraction 27.15 = 1.25 (152) 

  

TABLE 26:— Effect of medium containing 15% concentrations of 

newborn calf serum (NBCS), dialysed calf serum 

(Dial-NBCS) or the void volume fraction from Sephadex 

ee columns + 10 a oestradiol (E, ) on rates of 

( +) Uhymidine incorporation in MCF-7 cells. Rest 

of legend as described for table 22,



Table 27 shows the results of this experiment, Sephadex 

matrixes were chosen which excluded molecular weight sizes from 

300 to 90,000 daltons (G10-G100 columns), When serum was passed 

through a G10 Sephadex column, all the serum factor activity appe- 

ared in the void volume (molecular weight >300 daltons). However, 

when applied to a G15 column or any of the other Sephadex columns, 

the majority of the factor activity was absent from the void volume. 

From this data, it would appear that the serum factor had, an appa- 

rent molecular weight of between 300-1020 daltons. 

Unfortunately, when this experiment was repeated using the 

Same prepared Sephadex columns which had already had serum passed 

through them (although washed extensively with distilled water), 

the serum factor activity appeared to be absent from the void volumes 

for all the Sephadex types. This may indicate that the columns can 

only be used once since the beads may become coated with serum 

proteins and prove ineffective as gel filtration matrixes when re- 

used, Consequently, the apparent molecular weight size determined 

above must be regarded as preliminary findings and await further 

confirmation, 

v) Effect of medium containing 15% calf serum on the oestrogen response 

of early passage MCF-7 cells. 

Since the early passage MCF—7 cells we had received from 

Dr. Rich in 1980 had failed to respond to oestrogen under low serum 

conditions as explained in Section C (table 14), we were interested 

to determine how these cells would respond under high serum conditions. 

Table 28 shows that the stimulation of thymidine incorporation rates 
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Excluded Ratio of rates of thymidine 

Mol. wt. size incorporation of Ey treated 

Treatment (daltons) dishes : control dishes. 

NBCS = 1.97 

Dial-NBCS - Rae st et : 09 

Void fraction G10 300 2.51 

Void fraction G15 1,020 aco 

Void fraction G25 3,000 1.45, 

Void fraction G50 13,000 1.28 

Void fraction G75 40,000 7 1.40 Cie 4, 

Void fraction G100 90 ,000 1,19 

2 nnn ee seem eee 

TABLE 27:= Effect of medium containing 15% concentrations of untreated 

newborn calf serum, dialysed calf serum or excluded volumes: 

from EP pnae gel filtration columns - + 10784 oestradiol on 

rates of ( *Whiithymiaine incorporation in MCF-7 cells. The 

cells were incubated for 48 hours with the indicated treatment 

and pulsed for the last 2 hours with 1uCi (7) thymidine per 

dish, All tests were performed in triplicate with standard 

deviations generally less than 10%,



thimide. This agent inhibits two steps in the biosynthetic pathway 

of oestrogens and offers a suitable alternative to adrenalectomy 

(Griffith et al 1973). 

Advanced breast cancer patients with intermediate ER* levels 

may or may not benefit from endocrine therapy. With this group, it 

may be useful to perform a trial period of endocrine therapy (pre- 

ferably non-ablative, eechias antioestrogen treatment) and if the 

disease continues to progress, then revert to chemotherapy. In the 

patients with low ERT levels, then response to endocrine therapy is 

very poor and these patients should receive chemotherapy. 

Readers who may have interest in the more clinical aspects 

of human breast cancer which are not covered in this introduction 

are referved to th excellent recent reviews by Henderson and 

Canellos (1980). 

Traditionally, breast cancer is the leading cause of cancer 

death in women today, and is responsible for the death of over 

10,000 women per year in this country (see Cancer Research Campaign 

yearbook, 1978). Our poor understanding of this disease and its 

treatment has been reflected in a plateau of the survival curves 

of breast cancer patients since about 1955 (Cutier et al 1975). 

Recently, basic research into the mechanism of hormone action in 

breast cancer, be eeutelly in terms of oestrogen regulated growth 

via receptor mediated pathways, has undoubtedly altered the clinical 

approach to this disease. However, further elucidation of the 

relationship between tumour receptor content and hormone dependence 

or autonomy is still needed before beneficial treatment can be given 

with absolute certainty to each patient. 
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% calf Thymidine incorporation 

  

Test serum dpm X 107" /mg. protein/hr. 

Control 0.5 71,23 = 6.16 (100) 

+ E, 0.5 70.14 ~ 6.06 (98) 

Control 15 7.34 £ 0.45 (100) 

+E, 15 10.80 £ 0.37 (147) 

wee = > 

TABLE 28:— Effect of medium containing either low or high 

' concentrations of newborn calf serum = 107M 

oestradiol on rates of (7H)-thymidine incorpo- 

ration in early passage MCF~7 cells. Rest of 

legend as described for table 22,



seen by oestrogen treatment of early passage cells in 15% calf 

serum were sonaidepabiy less that those we were routinely obser- 

ving for our stock maintained MCF-7 cells, | 

This somewhat suprising result may implicate that our 

stock cells may have indeed changed from the original early passage 

cells as a consequence of long-term culture in our laboratory. 

However, the unresponsiveness of the early passage cells at low 

and high serum concentrations is very difficult to accoutit for 

other than interpreting the data in terms of an altered composition 

of the commercially bought calf serum used between 1977 and 1980. 
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DISCUSSION, 

The early reports on the characterization of the MCF-7 

cell line (Soule et al 1973, Brooks et al 1973, Lippman et al 1976a, 

1976b) suggested that these cells would represent an excellent 

in vitro model system for examining hormonal effects on human breast 

cancer cells. In consequence of the origin of these cells, it was 

feasible that the results obtained with them might be applicable 

to the treatment of certain types of breast tumours. | 

On receiving MCF-7 cells in September 1977, we were able 

for the first six months to confirm Lippman's findings that growth 

(see figure 1) and thymidine incorporation rates (figure 2) were 

significantly stimulated by oestrogen treatment above control values, 

At low concentrations of oestrogen, the sensitivity of macromolecular 

synthesis was similar to that expected for an event regulated by an 

oestrogen receptor pathway. Indeed, later experiments (figures 20 

and 21) showed the presence of specific receptors for oestrogen in 

these cells, 

As MCF-~7 cells are exposed to concentrations of oestradiol 

in excess of 107°m, the extent of the stimulation of thymidine ificor-” ° 

poration rates above control values begins to decline steadily (figure 

2). At 107M concentrations, the incorporation rates are infact below 

control values, and cell viability is considerably less than for 

untreated cells (figure 8). Whether this inhibitory effect is specific 

or non-specific is somewhat debatable, It may be expected that such 

high concentrations of lipophilic steroids would have adverse effects 

on membrane structure, permeability and function, thus producing non- 

specific inhibitory effects, In support of this, Lippman has reported 
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that in MCF-7 cells \Ti-oestradisl, which is a biologically inactive 

"isomer of 17B-oestradiol, evokes a similar reduction in incorporation 

rates at 107°M concentrations (Lippman et al 1976b). This effect is 

also seen with cell lines in vitro which do not possess an oestrogen 

receptor. In contrast, in vivo there is good evidence that additive 

endocrine therapy (ie. administration of pharmacological doses of 

oestrogen) produces an objective response in approximately two-thirds 

of breast cancer patients who are ER’ (McGuire et’al 1975). Since. 

patients who are ER consistently fail to respond to this form of 

endocrine therapy, it may be argued that this response is specific 

for those tissues which possess an oestrogen receptor. 

Incorporation rates of our early passage MCF-7 cells were 

TE 107M) also stimulated by pharmacological doses of androgen (10° 

but inhibited by supra-pharmacological doses of 107M (figure av 

In vivo, pharmacological doses of androgen are also effective as 

additive forms of endocrine therapy which results in tumour regression, 

and this response is strictly correlated with the presence of oestrogen 

receptors in these tumours (McGuire et al 1975). In this instance, 

tumour regression has been proposed=to result from the inhibition of 

adrenal aromatization of androgens to oestrogens (McGuire et al 1976) 

or by selective reduction of the oestrogen receptor content of the 

tumour (Zava and, McGuire 1977b). 

MCF~7 cells have separate receptors for androgens and 

oestrogens (Horwitz et al 1975a). It’has been found for the rat uterus 

that Dharmacdlepiaal concentrations of androgen interact not only 

with the androgen receptor, but also with the oestrogen receptors, 

resulting in their translocation into the nucleus (Rochefort and 
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Garcia 1976). A similar effect has since been reported to occur for 

the MCF~7 cell line (Zava and McGuire 1978a, 1978b) and it would appear 

that androgenic stimulation of precursor incorporation rates in these 

cells is infact mediated by the oestrogen receptor, 

Physiological administration of androgens (107°m) is suffi- 

cient to translocate only the androgen receptor into the nuclei and 

this results in no mitogenic effects, The stimulatory results obtained 

using pitneeeloplaa! doses of androgen with human breast cancer cells 

in vitro may seem at variance with the opposite effects for breast 

tumours in vivo, However, the regression of tumour size by pharma 

cological androgen administration is often less than that observed for 

oestrogens (Talley et al 1973) and high doses of androgen have infact 

been found to stimulate some tumours in vivo (Heise and Gorlich 1966, 

Segaloff 1966). 

Our early passage MCF-7 cells were also stimulated by the 

peptide hormone insulin at physiological concentrations (table 1). 

The combined addition of oestradiol and insulin was found to result 

in increased incorporation rates which were virtually additive for the 

two hormones when tested alone, This may be expected from the different | 

mode of action of these two hormones in target cells. The tosiueton or 

fnstitin in the routine growth medium for MCF~7 cells has been used by 

other workers (Soule et al 1973, Woswite et al 1975a) and was recommended 

to us on receiving the cells, However, Lippman's group, whose reports 

we were initially trying to confirm, cultured MCF-7 cells in the absence 

of added insulin, Since we were able to observe an oestrogen response 

in the absence of insulin (table 1), this peptide hormone was omitted 

from subsequent culture media for examining oestrogen and antioestrogen 
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effects, Although the basal growth rate of the cells were slower in 

the absence of insulin, the omission of this peptide meant that the 

hormonal content of the low serum (0.5%) experimental medium used at 

this period was simpler, | 

The role of antioestrogens in the management of patients 

with advanced breast cancer has gained credibility over the past few 

years. Clinical studies have shown that the antioestrogen tamoxifen 

will give an objective response rate equal to that obtained with other 

forms of endocrine therapy, with the added benefit of fewer side effects 

(Heuson et al 1975, Lerner et al 1976). Traditionally, tamoxifen effects 

in vivo have been attributed to its direct competition with oestrogen 

for binding to the oestrogen receptor. This presumably leads to a 

decreased number of effective Leitaaictedestamoen receptor complexes 

(RnE), which may result in the regression of an oestrogen responsive 

tumour, Indeed, from figure 22, it can be seen that tamoxifen competes 

directly with radiolabelled oestradiol for binding to the cytoplasmic 

oestrogen receptor in MCF-7 cells, 

In culture, MCF-7 cells respond to tamoxifen with reduced 

cell growth rates (figures 1 and 18) and reduced thymidine incorporation 

rates (figure 4) compared to untreated cells. However, these effects 

are seen in medium devoid of oestrogen and suggest that tamoxifen alone 

is capable of regulating cell growth in MCF-7 cells. There is good 

evidence to suggest that tamoxifen effects in this cell line are specific 

effects mediated by the oestrogen receptor pathway. The simultaneous 

addition of 100 fold less oestradiol prevents inhibition by 107° 

tamoxifen (table 2) and the subsequent addition of oestradiol to tamoxifen 

treated cells for periods up to 83 hours effectively alleviates or 

"rescues! the inhibition of incorporation rates (figure 7). Apparently 

(103)



tamoxifen at 107m concentration has no effect on another human breast 

cancer cell line, MDA-MB-231, wien lacks an oestrogen receptor (Lipp= 

man et al 1976b). This further supports the proposal that tamoxifen | 

action is not merely a non-specific toxic effect. 

The ability of tamoxifen alone to depress cell growth and 

thymidine incorporation rates below control values may undoubtedly 

have important. implications in vivo and further suggest that the 

inhibitory effects of tamoxifen are not due merely to antagonism of 

oestrogen binding to the receptor. Since the vaputt of Zava and McGuire 

(1977a) that MCF-~7 cells contained large amounts of unoccupied oestrogen 

receptor in the nucleus, much speculation has arisen about the biological 

‘role of these receptors. From figure 1, it can be seen that cell growth 

of MCF-~/ cells is responsive but not dependent upon oestrogen, yet the 

anbivesteoeen tamoxifen alone inhibits cell growth, This observation 

has led to the proposal that perhaps the unoccupied nuclear oestrogen 

receptors (Rn) are already biologically active in the abadtes of oes= 

trogen (Zava et al 1977). The scheme depicted below (see next page) 

using this proposal may help explain oestrogen and antioestrogen effects 

in MCF-7 cells. 

Scheme 'a' world represent oestrogen independent growth of 

untreated MCF=7 cells with the nuclear Rn receptors promoting cell 

growth, Upon addition of oestradiol (scheme 'b'), translocation of 

cytoplasmic oesttogen revedtors occurs, Suen that all receptors are 

nuclear and ligand bound which is sufficient to evoke a stimulated 

growth response, In the presence of bauoxt fen alone (scheme 'c') the 

receptors are all nuclear localized as tamoxifen-receptor complexes, 

However, presumably tamoxifen may be capable of inactivating the bio- 
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Scheme proposing the biolgical activity of unoccupied nuclear 

  

oestrogen receptors (Rn) in MCF-7 cells, 

Each rectangle is meant to represent a cell; the top compartment 

being the cytosol and the lower compartment being the nucleus. 

The concentrations of the ligands used for the schemes are 107° 

oestradiol (E,) and 107M tamoxifen (Tam). 

For explanation see text, 
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logic effect of the oestrogen receptor since inhibition of cell growth 

is seen below control values. The simultaneous addition of 100 fold less 

oestradiol is depicted in scheme 'd', Since oestradiol men a greater 

affinity for the oestrogen receptor, it is able to displace the majority ~ 

of the tamoxifen from the receptors and therefore relieve the inhibition, 

However, as yet there is no direct evidence to show the bio- 

logical effectiveness of unoccupied nuclear oestrogen receptors in 

MCF=7 cells, Many of the suggestions depicted in the schemes depend upon 

the nuclear receptors being genuinely free of Bound oestrogen, Although 

McGuire's group can apparently distinguish between free and ligand 

bound nuclear receptors (Zava and McGuire 1977a), using identical pro= 

cedures we have been able to measure only the total nuclear receptor 

content (table 18), Studies with the chick oviduct progesterone receptor 

(PgR) suggest that the receptor alone is biologically inactive unless 

present as a progesterone—PgR complex, When tested in a cell-free system, 

progesterone=PgR complexes were able to significantly stimilate the 

number of RNA polymerase initiation sites in oviduct nuclei above PgR 

treated nuclei (Buller et al 1976). Perhaps similar cell-free trans-— 

criptional systems could be developed for .MCF-7 cells to evaluate the 

biological significance of unoccupied and occupied nuclear sextrogen 

receptors, 

An alternative explanation of tamoxifen inhibition in MCF-7 

cells may be due +o the regulation of a constitutively synthesized 

mRNA fraction which is essential for cell proliferation. Basal produc- 

tion of this fraction would account for oestrogen independent growth, 

whereas oestradiol may stimulate and tamoxifen inhibit their production, 

thus resulting in the observed growth effects, 
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There have recently been increasing numbers of reports 

demonstrating the presence of unoccupied nuclear oestrogen receptors 

(Rn) in breast and other oestrogen target tissues. Significant amounts 

of Rn have been found in many breast tumours (Garola and McGuire 1977, 

Panko and MacLeod 1978, Thorsen 1979) as well as in normal human 

endometrium samples (Fleming and Gurpide 1980, Geier et al 1980). The 

results of Sheridan et al (1979) demonstrate that even the traditionally 

classified 'norml' oestrogen target tissue, the immature rat uterus, 

has detectable Rn, although to a lesser extent than in MCF~7 cells. 

The equilibrium model for receptor distribution proposed by Sheridan 

stresses the current trend that one should not be too dogmatic about 

the nuclear or cytoplasmic compartmentalization of unoccupied oestrogen 

receptors, In this respect, the report of large quantities of Rn in the 

MCF~7 cell (Zava and McGuire 1977a) may not be so ‘unusual’ as first 

suggested. | 

Throughout many experiments described in this thesis, the 

incorporation of radiolabelled thymidine into acid insoluble material 

has been used to monitor the response of MCF-7 onidectn hormonal 

additions, This method is not totally definitive for demonstrating 

proliferative responses since the hormones may be altering anitadd 

permeability to thymidine and/or the rate of phosphorylation of the 

nucleoside, The measurement of thymidine labelling indices would un- 

doubtedly be a batter method to measure the proliferative response of 

the cells. However, this method would prove very expensive and imprac— 

ticable for the routine processing of the gee numbers of dishes used 

for the experiments described. We believe that measurement of thymidine 

incorporation rates do reflect the growth rates of MCF-7 cells for two 

reasons, 
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INTRODUCTION— SECTION II. 

THE NEED AND USEFULNESS OF HUMAN BREAST CANCER CELL LINES, a ana a en nate at SEIN END 

Although a significant role has been established for oestradiol 

in the growth of some animal (Hilf et al 1971) and human (Leclercq et 

al 1975) mammary carcinomas, the complexity of many test systems 

used has been a major factor in limiting our knowledge as to how 

steroids regulate gene expression, 

Most of aie early knowledge of hormonal regulation of normal 

epithelial cell replication in the mammary gland has been obtained 

from in vivo experiments (Ceriani 1974). Several animal mammary 

tumour systems are being studied in the hope that common mechanisms 

underlying the hormone dependence of these tumours and human breast 

tumours may be found. Much use has been made of dimethylbenzanthracene 

(DMBA) induced mammary carcinomas in Sprague-Dawley rats as originally 

described by Huggins et al (1961). A single gastric administration 

of DMBA at the critical age of 50 days to female rats results in 

the appearance of multiple mammary carcinomas after about 6 weeks. 

The mechanisms involved in this transformation process are unknown, 

but the growth of most established mammary tumours appears to be _ 

regulated by oestrogens and prolactin (Welsch and Nagasawa 1977). 

Since many of these DMBA induced mammary tumours regress 

after ovariectomy and may be peetinulated by subsequent oestrogen 

administration (Hilf et al 1971, Boylan and Wittliff 1975), they 

have been proposed as a useful in vivo model for studying hormone 

dependent mammary cancer in humans, However, animal studies of 

hormone dependency and responsiveness of mammary tumours in vivo 

have been difficult to compare with the responses of human breast 
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Firstly, autoradiography has shown that approaching 100% of 

MCF~7 cells undergo cell division when cultured in the presence or 

absence of oestradiol (Weichselbaum et al 1978), Thus, the oestrogenic 

stimulation of cell growth observed in figure 1 is not due to the 

selective proliferative response of a minority of the cell population. 

Secondly, in our experiments, cells which responded to oestradiol with 

increased growth rates (figure 1) also showed increased thymidine 

incorporation rates (figure 2), Conversely, cells whose growth later 

proved unresponsive to oestradiol (figure 18) were also unresponsive 

when monitored for thymidine incorporation rates (table 8). 

By comparison of figures 1 and 2 it is evident that whereas 

oestradiol stimulates thymidine incorporation rates greater than 3 fold 

above control values by 48 hours, there is no voncomitant increase in 

cell numbers until five days of treatment. Also, the stimlation of 

cell numbers after oestradiol administration is considerably less than 

the enhancement of incorporation rates, These results may suggest that 

the thymidine effect is unrelated to the proliferative response, How- 

ever, we were able to show that oestradiol specifically increases the 

activity of thymidine kinase in MCF~7 cells (Page et al 1978, also . 

table 3). This is a salvage pathway enzyme and is not involved in the 

de novo synthesis of thymidine. In contrast, the activities of the 

corresponding purine salvage pathway enzymes were unaffected by oestra- 

diol (figure 11). 

Although the sensitivity of thymidine kinase activity and 

thymidine incorporation rates with oestradiol are very similar (figure 10) 

there is a distinct separation in the timing of these two events (table 4). 

Thus, the effect of oestrogen on thymidine incorporation rates cannot be 
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wholly explained by the stimulation of thymidine kinase activity. 

Besides, a true growth response is obviously elicited by oestradiol 

aS evidenced by the increase in cell numbers above control values, 

The early and specific stimulation of thymidine kinase 

in MCF=7 cells may have important bearing on the latter events of 

the oestradiol response, Thymidylate (dTMP) can be formed from de 

novo synthesis involving the constitutively synthesized enzyme thymi- 

dylate synthetase or from the pyrimidine salvage pathway involving 

thymidine kinase, The levels of cellular dTMP are often lower than 

the other corresponding’ pools of nucleic acid precursors (4GMP, dAMP, 

and dCMP) and has been suggested as the rate limiting nucleotide for 

DNA synthesis (Blakley and Vitols 1968, Danenberg 1977). Thus, if de 

novo syzthesis is unable to meet the cellular demand for dTMP, the 

early stimulation of the thymidine kinase pathway may play an essential 

role in relieving this situation and allowing increased cell prolife= 

ration, 

Besides thymidine kinase (TK), there are very few identified 

proteins increased by oestradiol treatment in MCF-7 cells, McGuire's 

group have shown that lactate dehydrogenase (LDH) activity and the 

synthesis of progesterone receptor (PgR) are two further specific 

proteins stimulated by oestrogen in these cells (Burke et al 1978, 

Horwitz and McGuire 1978a). However, LDH and PgR stimulation by oes= 

tradiol are relatively slow events requiring at least 4 days exposure 

to oestrogen before their levels are enhanced above control values, 

In contrast, we have found that TK activities are significantly 

elevated by 12 hours and maximal stimulation by oestradiol observable 

after 36 hours (figure 11), Thus, of these three oestrogen induced 
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t obaine (TK, LDH and PgR) in MCF=7 cells, the assay of TK activities 

may prove more useful as a specific early marker of oestrogen action 

distal to the binding of oestrogen to its receptor. 

Unfortunately we met little success in finding other specific ° 

markers of oestrogen action in these cells, Polysome profiles, d-lact— 

albumin levels, RNA polymerase activity and RNA fractions were all 

unresponsive to oestradiol when tested under the usual low serum experi- 

mental conditions (see Section B). Some of this failure may be attributed 

to a marked alteration we observed in the general responsiveness of 

our MCF=7 cells during this period, ‘ 

After six months culture in our laboratory it started te 

become apparent that stimulation of thymidine incorporation rates by 

oestradiol was the exception rather than the rule, and by nine months 

we were almost totally unable to observe an oestrogen response (table 8). 

Sometimes: the incorporation rates were stimulated 20-30% above control 

values, but this must be considered very marginal compared to the 200- 

300% increase seen previously (figure 2, table 1). The insensitive 

nature of the MCF-7 cells to oestrogen was further reflected by the 

failure of this hormone to stimulate cell numbers (figure 18) or 

thymidine kinase activity (table 13) above control values. ug od 

Although disconcerted, we considered that there were three 

likely reasons why our MCF=7 cells ‘were failing to show an oestrogenic 

response during this period. Firstly, the cells may have become either 

oestrogen receptor deficient or were exhibiting receptor malfunction. 

Secondly, the growth medium conditions we had used earlier to observe 

an oestrogen response with our early passage cells were no longer 

optimal for the expression of an oestrogen response, Thirdly, the cells 
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may have altered as a consequence of long-term tissue culture such 

that they were no longer capable of expressing an oestrogen response. 

These possibilities will now be discussed in the order outlined above. 

We were able to confirm the presence of cytoplasmic and 

nuclear oestrogen receptors (table 16) in our cells grown in the 

absence of oestradiol. The levels found were similar to those reported 

by wae and McGuire (1977a). Thus, our cells had not reverted to a 

raseptor negative orm and had not become receptor deficient, On 

addition of oestradiol the cytoplasmic receptors were no longer measurable 

and only nuclear bound receptorswere present (table 17). Once in the 

nucleus, the ligand bound oestrogen receptors were subject to receptor 

‘tprocessing' as evidenced by the decline in the measurable receptor 

content per cell over the following few hours (figure 23). 

By these criteria, it appeared that our unresponsive cells 

possessed sufficient amounts of oestrogen receptors which were capable 

of functioning normally, Also, although the ceils were unresponsive 

to oestrogen, they were still inhibited by antioestrogens (figure 13), 

which are believed to act via the oestrogen receptor pathway in these 

cells, Since this inhibition was still relieved by the simultaneous 

addition of oestradiol (table 15), as seen previously with the res-— 

ponsive cells, this suggested that the oestradiol-oestrogen receptor 

complexes were at least potentially capable of altering the phenotypic 

responses of Shase cells to some extent. 

One possibilty concerning receptors which cannot be ruled 

out is an alteration in the ratio of cytoplasmic (Rc) to nuclear (Rn) 

unoccupied oestrogen receptors. If the Rn is biologically active in 

the absence of oestrogen as suggested by Zava et al (1977), it is 
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conceivable that the early passage responsive cells. and the latter 

unresponsive cells had aiProrent enckuke of Rn present. Possibly the 

ratio of Rce:Rn was high in the early passage cells which meant that 

they would respond to the high levels of translocated Re upon oestrogen 

addition, In the unresponsive cells, the ratio of Re:Rn may be much 

lower such that the cells were already maximally stimulated in the 

absence of oestradiol due to the higher levels of Rn, Although we 

have no receptor distribution measurements available to rule out this 

possibility, it must be considered very unlikely that this explanation 

is responsible for the observed change. The control growth rate of 

the early passage responsive cells (figure 1) is identical to that 

‘of the control rate for the unresponsive cells (figure 18). This would 

not be expected if there were major differences in biologically active 

Rn levels. 

We next considered the possibility that the unresponsive cells 

were somehow experiencing sub-optimal growth conditions such that they 

were unable to fully express an oestrogen response, Failure to observe 

an oestrogen response after 3 tionthe growth of the cells in medium 

containing 5% steroid depleted calf serum (table 12) eliminated the 

possiblity that the celis were already pre-stimulated by sige Nahas 

oestradiol in the serum supplemented growth medium prior to the experi- 

ment, Also, altering the concentration of the experimental serum 

concentration within the range of 0.4% to 5% was without effect on 

eliciting an oestrogen response (table 9). Experimental medium supple- 

mented with prolactin, which supposedly elevates the oestrogen receptor 

content of MCF=7 cells (Shafie and Brooks 1977) was also ineffective 

in stimulating incorporation rates in the presence of oestrogen (figure 19). 
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Finally we considered that some metabolic or genotypic 

characteristics of our MCF~7 cells had changed, MCF=7 cells have 

' been reported to be capable of both synthesizing (MacIndoe 1979) 

and degrading oestradiol (Brooks et al 1978). An increase in the 

capacity of either of these processes could possibly explain the 

refractory state of the cells to oestrogen, As mentioned earlier, 

the growth rate of the control unresponsive cells is identical to 

that of the control responsive cells. Also, unoccupied cytoplasmic 

receptors were still detectable in the unresponsive cells, Neither 

of these observations would be expected if the unresponsive cells 

were now making endogeneous oestradiol, 

Alternatively, if the unresponsive cells were able to 

metabolize oestradiol at a faster rate, it is possible that 10nM 

levels of added oestradiol might be insufficient to stimulate cell 

growth, If this were so, then the dose response curve necessary to 

obtain an oestrogen response would be shifted towards higher oestradiol 

concentrations, Unfortunately, the cells proved to be just as un- 

responsive to 107M oestradiol as to lower hormone concentrations 

(table 10). MES us 

A genotypic change accounting for the unresponsive nature 

of the oelis was checked by re-examining the response of frozen early 

passage responsive cells, suprisingly these also failed to show an 

oestrogen response during this period. A similar failure to show an 

oestrogen response in early passage MCF-7 cells that had been stored 

frozen has been reported by other workers (Strobl and Lippman 1978b). 

Thus, although the thawed cells should be genotypically identical 

to the responsive early passage cells, it appears that they now express 
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an altered phenotype which is insensitive to oestradiol. To be abso~ 

lutely conclusive about this, we were able to obtain a further batch 

of MCF~7 cells from Dr. Rich which were of the same passage number 

as the original responsive cells supplied to us in September 1977. 

Even these cells appeared unresponsive to oestrogen under our growth 

conditions during this period (table 11). 

It may be significant that during this period, our laboratory 

was not the only one experiencing problems with the MCF-7 cell line. 

Lippman had reported an abrupt decrease in the ability of his MCF-7 

cells to respond to oestradiol with increased thymidine incorporation 

(Strobl and Lippman 1978b). Similarily, McGuire's group reported that 

cell growth of their MCF~7 cells had become insensitive to oestradiol 

(Horwitz et al 1978b,Edwards et al 1980) and they were able to observe 

only very slight stimulation of thymidine incorporation rates (Zava 

et al 1977). Likewise, Bayard's grous have also reported that the 

growth of their MCF-7 cells were unaffected by oestradiol (Jozan et 

al 1979). 

Thus, it seemed that generally, the irowth of the MCF-7 

cell line had undergone a natural progression, possibly as a result 

of long-term tissue culture , from an oestrogen responsive a = a 

unresponsive type. These findings obviously meant a re-evaluation of 

the MCF~7 cell line as an in vitro model for oestrogen responsive 

breast cancer as originally proposed (Lippman et al 1976a). 

Since the MCF-~7 cells are grown in tissue culture, there 

may be a loss of a variety of growth chtered mechanisms which possibly 

occur in vivo, Certainly, these cells fail to show contact inhibition 

when they reached confluence and their division rate (cell doubling ; 
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approximately every 36=48 hours in medium containing 10% calf serum) 

is considerably more rapid than expected from the rate of progression 

of breast tumours in vivo. Of considerable concern to workers using 

tissue culture is the autoselection of variants (possibly mutants) 

which are no longer dependent upon the presence of an inducer (such 

as oestrogen in MCF=7 cells) to achieve maximal growth proliferation. 

However, it is unlikely that such an explanation is responsible for 

the changes we have observed with the MCF=7 cells. 

If the unresponsive cells we were growing during this period 

had evolved by selective procedures from the responsive cells, then 

this would be very difficult to account for. If this occurred it would 

be assumed that the unresponsive cells had some growth advantage over 

the responsive ceils whilst being maintained ic untreated serum supp= 

lemented growth medium, However, it is difficult to envisage what that 

growth advantage could be, sinoérthe basal growth rate of the unres-— 

ponsive cells is identical to that of the responsive cells. Furthermore, 

since untreated serum supplemented medium is likely to contain physio-~ 

logical levels of endogeneous oestrogen (Esber et al 1973) it would 

seem that the unresponsive cells should be at a distinct selective 

disadvantage. For these reasons, and the results discussed stave! Por : 

the frozen early passage cells, we believe that the unresponsive cells 

are not genotypically distinct from the responsive cells. 

The chenves discussed in which our MCI=-7 cells have altered 

from an oestrogen growth responsive to an unresponsive type may have 

important clinical relevance. For human breast tumours in vivo it is 

well established that there is a progressive shift from hormone depen= 

dence to independence (Stoll 1977). Thus, patients who objectively 
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responded to endocrine therapy will eventually become refractory. 

The acquisition of autonomy of breast tumours towards oestrogen is 

also correlated with the lower incidence of oestrogen receptors in 

secondary tumours compared to primary tumours (Hawkins et al 1980). 

Often many oestrogen stimulated responses become aberrant and the 

neoplastic cells appear to undergo a process of de~differentiation, 

If the MCF=7 cell line had undergone a similar process, 

then perhaps the first stage of de-differentiation has been the auto= 

nomous nature of the growth and related events (thymidine incorporation 

and thymidine kinase activity) towards oestrogen, This may have resulted 

from the permanent residence of large amounts of unoccupied Rn in 

the nucleus of these cells, The proposed biological activity of these 

receptors is certainly one possibility whereby the cells could become 

oestrogen independent, It would be interesting to obtain statistical 

clinical data on the sourelation Helyess those breast tumours which 

are found to contain large amounts of Rn and the response of these 

patients to endocrine therapy, Perhaps these patients would represent 

the 30% of tumours which are ER* yet are unresponsive to endocrine 

treatment. Certainly, the percentage of tumours (30%) found to contain 

significant levels of Rn (Panko and MacLeod 1978) is doinetdentat with 

this prediction, | 

It has been proposed that the refractory nature of a breast 

tumour in vivo after continued endocrine therapy (eg. tamoxifen) may 

result from an initial heterogeneous cell population consisting of 

oestrogen responsive and unresponsive cells, The failure of the tumour 

to respond to endocrine therapy would then be the result of selective 

hormone=dependent cell death leading to an outgrowth of oestrogen 
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insensitive cells. Our characterization of the unresponsive MCF=7 

cells shows that this interpretation may be an oversimplification, 

. Although our MCF~7 cells were insensitive to oestrogen they were still 

inhibited by tamoxifen (figure 18). This would not be expected from 

the in vivo interpretation in which oestrogen independent tumours 

(possibly arising after continued tamoxifen endocrine therapy) would 

presumably also be tamoxifen independent. 

There are two possible explanations for this discrepancy. 

Firstly, the inhibition of MCF~7 cell growth (figures 1 and 18), 

thymidine incorporation rates (figure 4) and thymidine kinase activity 

(table 3) below control values after tamoxifen treatment has been 

postulated to arise from the inactivation of biologically active Rn 

in these cells, It is conceivable that those tunours which in vivo 

become tamoxifen independent constitute tumours which are deficient 

in high levels of Rn. Secondly, dlthoueii our early passage oestrogen 

responsive and latter passage unresponsive cells were both inhibited 

by tamoxifen, there was an important subtle difference in the nature 

of this response. The oestrogen unresponsive MCF-7 cells would only 

respond to tamoxifen when the cells were under sub-confluent or low 

density conditions (table 15). This was not apparent with the. eiviy o 

passagé responsive cells, Thus, if this change in density dependent 

antioestrogen action occured in vivo it is possible that the packed 

cell volume which constitutes a solid tumour may experience a similar 

change in response. 

- At this point it must be Sopikeizel that although the growth 

and related parameters of the MCF~7 cell line were unaffected by oest- 

radiol, there were still other measurable effects of oestrogen action 
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cancer in vivo (Smithline et al 1975). In this respect, DMBA- 

induced rat mammary tumours as a model of human tumours, have 

.three distinct disadvantages. 

Firstly, whereas over 80% of human patients with advanced 

breast cancer develop bone metastases (Galasko 1969), DMBA induced 

rat tumours often fail to metastasize. Secondly, it has been shown 

that the growth of DMBA induced tumours is regulated primarily 

by prolactin, with oestrogen playing a secondary role (Meites et 

al 1972), In contrast, most studies on human breast tumours have 

indicated that the role of prolactin is less clear (McGuire et al 

1978b)and that oestrogen may be the major hormone regulating the 

growth of hormone dependent tumours (Dao 1972), Thirdly, it has 

also been shown that breast cancer in rodents is of alveolar 

origin (Nandi and McGrath 1973), whereas the human tumour is 

traditionally believed to be deeeved from ductal cells. 

Furthermore, there are other major drawbacks to the use of 

complex in vivo systems used to study hormone action in mammary 

tissue. With whole animal experiments it is difficult to separate 

direct effects of the hormone on the target tissue from the effects 

mediated by alterations in the levels of other trophic hormanors " 

In addition, the effects observed may not be due to direct effects 

on the target tissue since the hormone may be acting on the supporting 

stroma, This situation has been shown to occur in the mouse uterus 

where oestradiol can be made to stimulate DNA synthesis in either 

epithelial-cells or stromal cells aibewathiten whether or oat 

progesterone is given (Martin et al 1973, King et al 1973). Oestradiol 

alone induces DNA synthesis in the luminal epithelial cells but not 

in the stromal cells. Pre-treatment with progesterone results in 
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in these cells. Thus, McGuire's group found that their growth un- 

responsive MCF-7 cells Pevatiaa ts oestrogen with the induction of 

progesterone receptor synthesis (Horwitz and McGuire 1978a). This is 

of clinical significance because it demonstrates that the concurrent 

presence of oestrogen receptors and progesterone receptors in human 

breast tumours does not necessarily indicate that the growth of the 

tumour will be dependent upon oestrogen as proposed by Horwitz et 

al (1975b). | 

Another growth unrelated response of these cells to oeebroret 

is the enhanced synthesis of a series of secreted glycoproteins (Westley 

and Rochefort 1979, 1980). We were able to show using low serum condi- 

tions when rates of thymidine incorporation were relatively unaffected 

by oestrogen (tabie 9 and figure 26), the celle were still able to 

selectively increase the synthesis of a major secreted protein (figure 

16). These results show that there may not always be an association 

between hormone dependent or responsive growth and other growth unrelated 

oestrogen induced parameters. 

By this stage of our work we had experienced at least 18 

months with the growth unresponsive cells, Thus, we were interested 

when using serum free medium supplemented with a a factors 

it had been reported that the growth of MCF=7 cells could be shown to 

be responsive to oestrogen if a=1 serum protein was added (Barnes and 

Sato 1979). Since &%-1 protein is a normal component of serum, we 

calculated that we could reproduce the same concentration oPethtes 

protein as used by Barnes and Sato, by using medium supplemented with 

15% calf serum, Much to our suprise, we found that using this high 

concentration of serum supplemented medium we could regain all of the 
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previously observed growth stimulated effects of oestrogen which we 

had only seen before with the carly passage responsive cells under 

low serum conditions, Thus, by using high serum (15%) conditions we 

could now stimulate our previously termed 'unresponsive' cells to 

respond to oestrogen with increased cell growth rates (figure 27), 

increased thymidine kinase and DNA polymerase activities (tables 21A - 

and 21B) and increased thymidine incorporation rates (table 20) com- 

pared to control cells. . 

These results implied that the ability of our MCF-7 cells 

to express growth related oestrogen pesponses had become dependent 

upon serum concentration, Previously the early passage responsive celis 

were able to respond to oestrogen under very low serum conditions (0.5%). 

However, our current stock of MCF-7 cells are obviously unresponsive 

under these conditions. Instead they will only respond to oestrogen 

with increased growth rates under very high serum levels. 

Human serum was found to produce similar effects when combined 

with oestrogen, At low concentrations (0.5%) the cells were again un- 

responsive to oestrogen; yet at high concentrations (15%) they showed 

significant stimulation of thymidine incorporation rates compared to 

control dishes (tables 22 and 23). Thus human serum ial char devi 

would both appear to contain similar amounts of the essential factors 

present in eevee necessary to elicit an oestrogen response in these cells. 

Suprisingly human pldene was ineffective at either low or 

high concentrations in synergising with oestrogen to produce ‘j response 

(table 24). It may. be concluded from this that the essential factors 

are absent from plasma, This may not be true since the effects of plasma 

and serum on proliferation rates of cells in culture have been shown to 
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be dependent upon the matrix used for cell anchorage (Gospodarowisz 

and Ill 1980). Proliferation of vascular smooth muscle cells grown 

on plastic culture dishes was very poor using bovine plasma compared 

to bovine serum, When the dishes were pre-coated with an extra~cellular 

matrix (enucleated corneal endothelial cells) prior to plating the 

test cells, then plasma and serum gave equivalent proliferative rates, 

Perhaps MCF=7 cells would respond similarily to oestrogen using high 

serum or plasma concentrations if grown on an extracellular matrix. 

Since medium containing 15% steroid depleted calf serum 

gave virtually identical stimulatory responses in the presence of 

oestrogen as untreated calf serum (table 25), we were confident that 

the synergising activity was not associated with free steroids. Also, 

Since tie stimulatory effect was not further euhanced by the use of 

depleted serum, this may suggest that the endogeneous levels of oes-= 

trogen present in the high amounts of untreated serum used are not 

significant. However, as yet, we have no receptor data available on 

the distribution or occupancy of the oestrogen receptors under low 

and high serum conditions, 

Dialysis of the calf serum effectively rendered it unable 

to support the oestrogen stimulated increases in thymidine incorporation 

rates seen with untreated serum (table 25). Thus, the essential serum 

factor activity appeared to reside in the small molecular weight fraction 

of the serum. This wae further confirmed by using growth medium suppie~ 

mented with 15% serum which had been passed through Sephadex gel filtration 

columns, From these experiments it appeared that the molecular weight 

of the factor was between 300-1020 daltons (tables 26 and 27). 
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Certain of the properties we have found for the serum factor 

in calf serum are similar to those described for mammary growth factor 

‘(MGF) which promotes the growth of a line of rat mammary carcinoma cells 

(64-24) in culture (Kano-Sueoka et al 1977 and 1979). Similar to the 

serum factor activity we have found in calf serum, the activity of MGF 

is not removed by charcoal treatments of the bovine pituitary extracts 

from which it is isolated although its activity is removed by dialysis. 

Further bites. eet cat con has revealed that MGF is a small pituitary 

polypeptide which has a molecular weight of approximately 1000 daltons 

and is able to increase the growth response of the rat tumour cells to 

a variety of hormone additions. 

Unfortunately, the findings that the growth related aspects 

of oestrogen action in our MCF-7 cells had become dependent upon high 

serum concentrations came within the last few months of completion of 

this thesis, In view of this new knowledge, it would be of interest 

to re-examine some of the earlier work described when we were probing 

for markers of oestrogen action. During the majority of that period 

the growth of the MCF-7 cells were refractory to oestradiol since we 

were routinely using low serum growth conditions, Thus, under high 

serum conditions the cells may possibly now respond to oestrogen with 

enhanced polysome profiles and increased RNA polymerase activities 

since these are both growth related events, 

Processing of the nuclear bound oestrogen receptors under — 

low and high serum conditions might also prove useful to study. Although 

McGuire's group has postulated that processing of these receptors may 

be an integral and necessary component of the oestrogen response in 

these cells, it is also conceivable that processing may be an efficient 
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way of terminating or reducing the full spectrum of oestrogen action. 

We have found that under low serum conditions, when oestrogen is 

unable to induce growth effects in MCF~7 cells, the extent of pro- 

cessing after 5 hours of oestrogen treatment represents slightly less 

than 50% of the total nuclear content of receptors (figure 23). Perhaps 

under high serum conditions, the extent of processing would be less 

such that all aspects of oestrogen action could be manifested, inclu- 

ding the er oerth related events. 

It is proposed that the ion-exchange chromatography of 

oestrogen receptors may be useful to future workers in our laboratory 

to examine receptor processing and its significance in MCF-7 cells. 

We were able to show the separation of MCF=7 oestrogen receptors into 

two distinct binding peaks which elute from DEAE columns under different 

salt concentrations (figure 25). Possibly the two peaks represent a 

DNA binding receptor component and a chromatin binding component as 

described for the chick oviduct progesterone receptor (Schrader et al 

1972). It would be interesting to correlate the processing of receptors 

with the behaviour of the unprocessed receptors on ion-exchange columns, 

Perhaps processing involves the selective depletion of only one of 

these binding components. 

Furthermore, it may be worthwhile to speculate on the possible 

clinical significance of assaying breast tumour oestrogen receptors on 

DEAE columns to detect the DNA binding component of these receptors. 

Very little is known about the molecular nature of the oestrogen- 

receptor-DNA interactions. However, it has been shown that for the 

transplantable rat mammary tumours, that those tumours which regress 

after ovariectomy (eg. MIW9-D) have cytosol oestrogen receptors which 
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bind to DNA-cellulose, In contrast, those tumours which fail to regress 

(eg. MIW9-MtT) have cytosol oestrogen receptors which show considerably 

’ reduced binding te DNA-cellulose (Khan et al 1980). It is possible 

to envisage that an analogous situation may occur for human breast 

tumours, This could be used to account for the discrepancy between the 

60% of tumours which are ER’ and the fact that only half of these will 

respons to endocrine therapy. By assaying the oestrogen receptors on 

DEAE columns it may be possible to correlate those tumours which respond 

to endocrine therapy with the extent of functional DNA binding oestrogen 

receptor component, 

Currently, the most popular model of oestrogenic induction 

of cell growth is that after binding of the oestrogen with a specific 

cytoplasmic receptor, the complex is translocated into the nucleus where 

it becomes associated with specific chromatin acceptor sites and initiates 

a chain of molecular events, These events may result in the synthesis of 

new and/or specific proteins which enhance cell division (O'Malley and 

Means 1974, 1976). In this respect, the MCF-7 cell line presents an 

unusual case in which there appears to be selective action of the oes- 

tradiol-oestrogen receptor complex (RnE). i . 

Collectively the results of this thesis show that our curreni 

stock of MCF=7 cells are capable of expressing two types of phenotypic 

responses to oestrogen, Under low serum conditions, oestrogen appears 

to have completely no mitogenic effects in these cells, Instead we, and 

other workers, have observed the induction of growth unrelated products 

such as increased PgR synthesis, elevated lactate dehydrogenase activities 

and enhanced synthesis of secreted proteins, We propose that to elicit 

these responses, the RnE complexes formed under low serum conditions 
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interact with genomic acceptor sites classified in model 1 (see below) 

as type A sites. 

Conversely, when MCF-7 cells are exposed to oestrogen under 

high serum conditions, the mitogenic role and full spectrum of oestro= 

genic actions are elicited which include the effects seen under low 

serum conditions, The mitogenic effects of oestrogen are manifested 

as increased growth rates, increased thymidine incorporation rates, 

elevated phaad dine kinase activities and elevated DNA polymerase activi- 

ties, All of these effects are growth related events. Thus, we propose 

that to elicit these responses, the RnE complex formed under high serum 

conditions are able to interact with type A acceptor sites and also 

with a growth related set of acceptor sites termed type B sites. 

The oestrogen independent growth of the MCF=7 cells and the 

basal synthesis of all the inducible oestrogenic products formed under 

low and high serum conditions has been attributed to the possible 

biological activity of Rn, In the absence of oestrogen, Rn may be 

capable of weak interactions with type A and B sites to allow basal 

synthesis of these products. The inhibition of these products below 

control values by tamoxifen would be explained by the inactivation of . 

Rn-chromatin complexes, The antioestrogens tamoxifen and nafoxidine 

are both capable of inhibiting MCF-7 cell growth below control values 

(figures 1 and 18, also Horwitz et al 1978b).Thus, they are both able 

to alter the proliferative rate of MCF~7 cell growth, However, tamoxifen 

107") is also capable of PgR superinduction in these cells, This 

effect is not observed for nafoxidine (Horwitz et al 1978b)and we 

speculate that the differential actions of antioestrogens on growth 

related and unrelated events in MCF~7 cells is. evidence to propose the 

type A and B binding sites. 

(124)



Model 1 (see next page) outlines the possible scheme of 

events which may occur in MCF-7 cells in the presence of oestrogen 

“under low and high serum conditions, This model proposes that the 

serum factor is able to alter the chromatin binding specificity of 

RnE complexes and therefore also the phenotypic expression of these 

cells. 

An alternative interpretation of these results may be that 

the growth related effects seen with oestrogen under high serum con= 

ditions are secondary responses, Conceivably, with oestrogen treatment 

under low and high serum conditions the RnE complexes may bind to just 

one type of acceptor sites to elicit the primary response. These 

binding sites are termed A* sites and are responsible for all the 

oestrogen induced growth unrelated products plus a precursor mitogenic 

elt product (possibly a specific mRNA or protein), Under low serum 

conditions, this precursor remains inactive and no growth effects are 

seen, However, under high serum conditions, the precursor is either 

activated at a translational level to produce mitogenic products, or 

alternatively activates the precursor to a form which may bind to 

type B chromatin binding sites to elicit the growth related effects . 

described previously for Model fits , 

| Thus Model 2 (see below) outlines the scheme of events 

whereby oestrogen may play a mrinary role in sensitizing the cells to 

respond to the serum factor which is’ present only under high serum 

conditions, Thus, the serum concentration (ie. presence or absence of 

the serum factor) determines whether the secondary response (growth 

response) is evoked or not. 
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oestradiol mediated stromal DNA synthesis and inhibition of the 

epithelial response, A further drawback with in vivo experiments 

‘is the likely possibility of steroid metabolism of the hormone 

under study at distant target sites. Thus, such biotransformations 

and possible indirect effects of steroids in vivo often make it 

very difficult to analyse and interpret specific hormonal effects 

at target sites. 

Other workers have made use of short-term breast tumour 

explants (Barker and Richmond 1971) to observe the effects of 

steroid hormones on human breast cancer, Although these studies 

have helped in our understanding of hormone action in target tissues, 

they still suffer from major drawbacks, again mainly due to the 

complexity of the test system. Experiments are performed on mixed 

and dying cell populations, often with the use of pharmacological 

concentrations of hormones in an of 107M to induce effects. 

Due to the shortcomings of in vivo systems and short-term 

cultures of biopsy specimens, many investigators have turned to 

the use of human breast cancer cells maintained in Long-term cell 

culture. Indeed, mammary tissue is an ideal tissue in which to 

evaluate the possible use of cell culture techniques to study . 

hormonal regulation of epithelium, since this tissue has been 

extensively studied both in the whole animal and in organ culture 

experiments. | 

In 1958, Lasfargues and Ozzello neporked the establishment 

of the first human breast cancer cell line maintained in lentecart 

cell culture. This cell line was designated BT-20 and originated 

from a patient with an advanced infiltrating duct-cell carcinoma. 
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Although these models are hypothetical, the work of Sirbasku 

(1978) support our findings that specific mitogenic or growth factors 

other than steroids are necessary for the expression of a growth response 

in potentially oestrogen responsive transplantable rat tumours (inclu- 

ding mammary tumours). Sirbasku found that although oestrogen stimulated 

the growth of these tumours in vivo, when cultured in vitro the cells 

were unresponsive, It appeared that in vivo oestrogen was responsible 

for the production of specific growth factors which were necessary for 

oestrogen primed target cells to express a growth response, A similar 

situation could operate with MCF=7 cells, in which high serum conditions 

may contain sufficient levels of the necessary synergistic growth factors. 

If this is so, then we suspect that our early passage MCF-7 

cells, which responded to oestrogen under low serum conditions, were 

grown in a particular batch of calf serum which had very high levels 

of the essential factor, Our Raeeane batches of serum are now presumably 

deficient in this factor such that we have to use 30 times higher levels 

of serum in order to allow the expression of the full spectrum of 

oestrogen responses in these cells, | 

It is tempting to speculate on the in vivo significance of 

human breast cancer cells which only express a potential haere 

growth response in the presence of a critical level of a serum factor. 

If human breast tumours in vivo responded to oestrogen under similar 

circumstances, then possibly patients who are ERT yet failed to respond 

to endocrine therapy may be found to constitute a class of patients who 

had low levels of circulating serum factor, If the serum factor could 

be purified to homogeneity from human serum, then it may be possible 

to produce a specific antibody against it. This could be used to 

(128)



quantitate the serum levels of this factor in patients with breast 

_ cancer and thus be used as a waters tool to more accurately assess 

the course of therapy and response of ERt patients, 

Finally, the future of the MCF~7 cell line as an in vitro 

model for human breast cancer must be evaluated in view of the findings 

of this thesis, It is evidently now possible to elicit a partial or 

full spectrum of oestrogen ‘responses in these cells depending upon the 

serum concentration used. By the use of 2-dimensional gel electrophoresis 

as illustrated in figure 17, it may be feasible to identify new proteins 

which are present in MCF=7 cells under high serum conditions, but absent 

in low serum, The induction of these serum dependent proteins may then 

be considered potentially responsible for allowing oestrogen primed 

cells to express « growth response, 

It is envisaged that future work in our laboratory on MCF-7 

cells will involve many of the rapid advances made in the area of 

molecular biology. If cDNA copies can be made to the total mRNA popul- 

ation from control MCF=7 cells grown in high serum and annealed to the 

total mRNA population of oestrogen treated cells, there should be 

discrete mRNA's which remain unhybridized. These should represent the 

specific oestrogen induced mRNA's which could be translated using 

in vitro cell free systems in the presence of radiolabelled precursors 

to produce the corresponding oestrogen induced proteins. Separation 

and detection of these proteins could be achieved by the use of conven-= 

tional electrophoretic and fluorographic techniques, The identification 

of specific oestrogen induced mRNA' s and proteins by these methods 

should hopefully further our knowledge of oestrogen regulated gene 

expression in human breast cancer cells, 
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SUMMARY. 

MCF~7 is a cloned human breast cancer cell line which has 

been maintained in continuous culture singe 1973. Early reports on 

the characterization of these cells showed that their growth and 

macromolecular synthesis were hormone responsive (Lippman et al 1976a- 

e). In view of these preliminary repcsts, MCF~7 cells were proposed 

as ai ideal in vitro model system to study hormonal effects and 

mechanisms on human breast cancer cells. 

Since the results obtained with MCF=7 cells may have 

significance for the in vivo disease, we undertook a study to investi- 

gate how oestrogen regulates the proliferation of these cells. Our 

initial findings were that under low serum conditions, cell numbers 

and thymidine incorporation rates were significantly stimulated by 

Cunt roganennd inhibited by the antioestrogen tamoxifen, We were also 

able to identify thymidine kinase as a unique marker of oestrogen and 

antioestrogen action in these cells. 

However, after nine months maintenance in.our laboratory, 

growth and macromolecular synthesis of our MCF-7 cells had become | 

totally insensitive to oestrogen, Characterize+ion of these oestrogen - : 

unresponsive cells revealed that their growth rate in the presence or 

abnehes of oestrogen was identical to that observed for the control 

cells when they were originally responsive, Furthermore, these cells 

had normal complements of oestrogen receptors which eyeeared to function 

normally. Although oestrogen unresponsive the cells were still inhibited 

by tamoxifen and this could be relieved by the simultaneous addition 

of oestrogen, This suggested that oestrogen was at least potentially 

capable of nitering the phenotypic expression of these cells,



However, it has to be emphasized that there are often formidable 

problems in the establishment and propagation of epithelial cells 

- in culture derived from solid human breast tumours (Foley and 

Aftonomos 1965). Often the epitheliod tumour cells show very low 

viability and since they are characteristically slow growing cells, 

rapid overgrowth by fibroblasts usually occurs. To avoid the 

problem of fibroblast contamination, other workers have used 

human breast cancer cells derived from pleural effusions of patients 

with advanced diseine (Cailleau et al 1974). Pleural effusions 

offer many advantages over solid tumours for the establishment 

of epithelial human breast cancer cell lines, Usually the epithelial 

cells from the effusion show a much higher degree of viability 

and are warely contaminated with fibroblasts. Furthermore, tumour 

cells can be obtained in large numbers, often present as single 

cells or small clusters, which cobniderebie aids their establishment 

in cell culture. Currently, there are about 60 designated putative 

breast cancer cell lines available to researchers (Engel and Young 

1978, Langlois et al 1979). | 

It has been proposed that human breast cancer cell lines 

can be used as in vitro model systems (Lippman et al 1976a) es | 

reflect the responses of human breast cancer in vivo. However, 

the usefulness of any putative breast cancer cell line as at 

in vitro model Reperids upon the degree to which it has been charect- 

erised, The cell lines reported to date have been characterised to 

varying degrees and unfortunately there have been reports of 

spurious cell lines believed to be of human breast in origin, but 

later found to be of HeLa origin (Nelson-Rees 1977 , Nelson-Rees 

and Flandermeyer 1977). In this respect, the importance of deter- 
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mining the glucose-6-phosphate dehydrogenase type and identifying 

unique marker chromosomes has been stressed as necessary to 

. eliminate HeLa contamination of cell lines (Fogh et al 1977, 

Nelson-Rees et al 1975). 

Research into the hormonal dependence and regulation of 

human breast cancer has undoubtedly been facilitated by the estab- 

lishment of permanent ae lines in vitro. Human epithelial breast 

pereee cells in long-term tissue culture are defined as comprising 

of a single cell type with unlimited growth potential. This allows 

researchers to perform many experiments over large time periods 

with supposedly identical cell populations. Furthermore, since 

hormonal effects can be studied on a homogeneous cell population 

under re’atively defined conditions, human breast cancer cell lines 

provide very advantageous systems for studying the mechanisms of 

hormone action, 

The use of a human breast cancer cell line consisting of 

a characterised single cell type allows the action of one hormone 

to be studied independently of others and also eliminates the 

possibility of secondary effects mediated by interactions of the 

hormone with another cell type or organ. Also, the use of cells” 

derived: from a human neoplasm eliminates the problem of species 

differences, However, in vitro models may differ significantly from 

their in vivo counterparts, since subtle intercellular or inter- 

hormonal relationships may be overlooked. 

Despite these drawbacks, the availability of human bueaat 

cancer cell lines should permit both genetic and biochemical studies 

which are not possible in vivo or short-term biopsy specimens. 

Furthermore, results obtained with these cell lines may suggest useful 

experiments which can be Lonkee in vivo perhaps in the treatment of 

patients with advanced breast cancer. 
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INTRODUCTION— SECTION Jil. 

THE MCF-~7 HUMAN BREAST CANCER CELL LINE, 

MCF-7 is a cloned human breast cancer cell line established 

by Soule et al (1973). These workers attempted to culture cells 

derived from nodular recurrences and the pleural effusion of a 

69 year old female with metastatic es cancer which had responded 

to hormone therapy for three years. Fibroblasts overgrew the tumour 

cells derived from the nodules and these cultures were discarded. 

Of the cells derived from the pleural effusion, it was observed 

that substantial numbers of free-floating cells were shed into the 

culture medium. The free-floating cells from passages 2-4 of the 

primary culture o1iginating from the pleural effusion were collected 

and used to establish a secondary cell line. After 25 serial passages, 

the stable cell line which resulted was designated MCF~7 (Michigan 

Cancer Foundation, cell line 7). 

The MCF--7 cell line was shown to have a human chromosomal 

karyotype with a subtetraploid chromosome number of 88 (Soule et 

al 1973). Morphologically the cells have distinct epithelial 

characte: istics, and when grown on artificial capillary culture ~ 

units, .MCF-7 cells readily arrange themselves into glandular arrays 

(Lippman et al 1977). Electron microscopic studies on the cells 

confirmed many ultrastructural properties consistent with their 

human breast epithelial and ductal origin (Russo et al 1977). 

Furthermore, when MCF=7 cells were grown on collagen-coated sponges 

after long-term passage in tissue culture, they still retained the 

ability to express the same morphologic properties observed in the 

pleural effusion from which they originated (Russoet al 1976). 
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Collectively, this provides strong support for the human breast 

cancer origin of the MCF~7 cell line. 

Furthermore, the detection of oncornavirus—like particles 

in the MCF~7 cell line (McGrath et al 1974) may well contribute 

to the search for the first RNA containing human breast cancer 

virus. However, so far this area of research has been hampered 

by the low yield of the oncornavirus-like particles and their 

instability during subcultivation (Yang et al 1977). 

The potential of the MCF-7 cell line as an in vitro model 

for studying human breast cancer became apparent when reports 

appeared that the cells still expressed differentiated products 

characteristic of mammary tissue in vivo. It was found that like 

67% of ail primary human breast tumours, MCF=7 cells had cyto- 

plasmic oestrogen receptors (Brooks et al 1973). This represented 

the first report of a 178 gestratiol binding protein in an 

established human breast cancer cell line. McGuire's group soon 

confirmed the presence of oestrogen receptors in MCF=7 cells and 

also found specific cytoplasmic receptors for Farécan! progesterone 

and glucocorticoids (Horwitz et al 1975a). In addition to the 

presence of specific steroid hormone receptors, the MCi-7 seul : 

line has also been found to possess insulin pecepters (Osborne 

et al 1978), thyroid hormone receptors (Burke and McGuire 1978), 

prolactin receptors (Shiu 1979) and vitamin D3 receptors (Eisman 

et al 1980). Thus the MCF-7 cell line appeared to be an excellent 

model for studying either specific hormonal effects or hermonal 

interrelationships in human breast cancer, 

Further comparisons can be made between human breast cancer 

tissue and MCF-7 cells to substantiate the usefulness of these cells 
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as an in vitro model system, It has recently been demonstrated 

that a large percentage of human breast cancer biopsy specimens 

‘ contained the protein «-lactalbumin (Schultz and Ebner 1977). 

This protein is made only by mammary duct cells in vivo and is 

often considered as a useful marker for identifying differentiated 

mammary epithelial cells. MCF~7 cells have also been shown to 

synthesize x-lactalbumin, but the synthesis of this protein does 

not appear to be hormonally regulated in these cells (Rose and 

McGrath 1975). However, care must be exercised in using «x-lactalbumin 

as a definitive marker for the origin of cells in culture, since 

HeLa cells (derived from an adenocarcinoma of the cervix) have also 

been shown to synthesize this protein (Nelson-Rees 1977). 

Casein is a major milk protein synthesized in the normal 

mammary gland under the control of prolactin (Juergens et al 1965). 

This protein is also synthesized in the transplantable rat mammary 

tumour R3230AC (Herbert et al 1978) and in some human breast tumours 

(Franchiront and Hendrick 1974). However, MCF~7 cells do not appear 

to synthesize this protein even in the presence of lactogenic 

hormones (Monaco et al 1977). A possible explanation for this may 

reside in the origin of the MCF-7 cells. The majority of breast 

carcinomas in continuous culture, including the MCF=7 cell line, 

are believed to be of duct-—cell origin. However, other cell types 

such as epithelial cells originating in the mammary lobules may 

well be the secretors of specific milk proteins such as casein, 

In the rodent mammary gland, other milk products produced 

beside x—lactalbumin and casein include a variety of free and 

esterified fatty acids (Hallowes et al 1973). MCF~7 cells will 

incorporate ("eicacetote into fatty acids, and furthermore, the 
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synthesis of specific classes of radiolabelled fatty acids has 

been shown to be significantly stimulated by insulin (Mondco and 

- Lippman 1977). In this respect, mitogenic hormones such as oestrogen 

and androgen do not elicit a response similar to that seen with 

insulin. Thus the insulin dependent stimulation of fatty acid 

synthesis in MCF~7 cells may show that these cells are capable of 

at least some lactogenic response similar to that seen in normal 

mammary tissue. 

Since approximately 67% of solid human breast tumours 

contain cytoplasmic oestrogen receptors, it is somewhat surprising 

to find that the majority of established human breast cancer cell 

lines have no such receptors (Engel and Young 1978, Horwitz et 

al 1978a'.Infact, of all the human breast cance cell lines 

available, only the MCF-7 cell line (Brooks et al 1973) and the 

three ZR-75 cell lines (Engel et al 1978) have been shown to 

unequivocally contsin cytoplasmic oestrogen receptors. However, 

the presence of an oestrogen receptor does not guarantee hormone 

dependent ot responsive growth of the cell. Only approximately 30% 

of all human breast tumours in vivo are oestrogen responsive as 

determined by regression of the tumours following ovariectomy or | 

hormone therapy (McGuire et al 1974), yet approximately 67% contain 

oestrogen receptors. 

As an in vitro model system, the MCF-7 cell line resembles 

those human breast tumours in vivo which are oestrogen receptor 

positive and respond to endocrine therapy. This was determined 

by findings that the growth and macromolecular synthesis of MCF-7 

cells is hormone responsive, Physiological concentrations of 

oestradiol (1078) Significantly increased cell growth and pre- 
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cursor incorporation into macromolecules above control values 

(Lippman and Bolan 1975, Lippman et al 1976b). MCF=7 cells also 

respond to antioestrogens (107") with inhibition of cell growth 

Pe: macromolecular synthesis (Lippman et al 1976b). This inhibition 

can be relieved by the simultaneous addition of oestradiol (1078), 

suggesting that the antioestrogen effects are oestrogen-receptor 

mediated (Lippman et al 1976c). Androgens have similar effects as 

oestradiol, but. only at pharmacological levels of 107m (Lippman 

et al 1975, Lippman et al 1976d). Glucocorticoids depressed cell 

growth and macromolecular synthesis below control values (Lippman 

et al 1976e), whereas progesterone had little effect. Furthermore, 

the peptide hormone insulin, at physiological concentrations (107M) 

also significantly stimulated macromolecular synthesis in MCF-7 

cells (Osborne et al 1976). 

Undoubtedly, the reports from Lippman's group on the hormone 

responsive nature of the MCF-7 cell line appeared to represent a 

major breakthrough in human breast cancer research. Indeed, the 

basis of this thesis was to confirm and extend these findings, 

primarily on the oestrogen responsive nature of the MCF=7 cell 

line, Thus, as originally reported, the MCF~7 cell line appeared ” 

to represent an ideal in vitro model system for studying the 

regulation of phenotypic expression mediated by receptor-hormone 

interactions in cultured human breast cancer cells. 
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INTRODUCTION-— SECTION IV. 

MARKERS OF OESTROGEN ACTION IN HUMAN BREAST CANCER= ROLE OF 

MCF-7 CELLS. 

Oestrogen receptors are present in approximately 67% of 

all human breast tumours (ER*), yet of this class, only half will 

respond objectively to endocrine therany (Hawkins et al 1980). 

This implies that if a breast tumour is ER’, then there is an 

equal likelihoodthat its growth will be hormonally responsive or 

autonomous. Since only the hormonally responsive tumours will 

respond to endocrine therapy (such as ovariectomy, adrenalectomy, 

hypophysectomy, antioestrogen treatment or administration of 

pharmacological doses of oestrogen or androgen), it is desirable 

to be abie to identify this class of tumours from those whose 

growth is autonomous. 

The reason why some ER* tumours fail to respond to endocrine 

therapy is unclear. Obviously, oestrogen receptors are necessary 

but not sufficient markers of hormone dependence. Those tumours 

whose growth is autonomous, yet are ER’, may have defects either 

in the oestrogen receptor itself (Shyauala 1972), or in the receptor | 

mediated pathway at points distal to the initial binding step. 

Undoubtedly, a ethan iun vhe to determine the hormone responsiveness 

of @ mammary tumour would be a measureable product of oestrogen 

action, The presence of progesterone rdoegturs in mammary tumours 

has been proposed as such a marker (Horwitz et al 1975b). 

In normal reproductive tissue, such as the uterus, the 

synthesis of progesterone receptors is strictly oestrogen dependent 

(Milgrom et al 1973), With the advent of the synthetic progestin 
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R5020 (Raynaud 1977) to measure specifically progesterone receptors, 

it was shown that human breast tumours also contain these .receptors 

_ (Horwitz and McGuire 1975). Although in DMBA-induced rat mammary 

tumours it has been shown that oestrogen exerts control over progesterone . 

receptor levels (Horwitz and McGuire 1977), this priming effect has 

never been demonstrated in human breast cancer, 

_-In this respect, the MCF-7 human breast cancer cell line 

has been used to great advantage. MCF=7 cells grown in the absence 

of oestradiol have only low basal progesterone receptor levels 

(Horwitz et al 1975a). However, if the cells are given oestradiol 

for 4 days prior to receptor measurements, then the levels of 

progesterone receptors are enhanced approximately 3 fold (Horwitz 

et a1.1978b).This vas infact the first demonstration that progestercne 

receptor levels are controlled by oestrogen action in human breast 

cancer cells. Furthermore, the use of progesterone receptor induction 

as a marker of oestrogen action in MCF-7 cells has lead to some 

interesting insights and speculations on the mechanisms by which 

oestradiol alters the phenotypic expression of human breast cancer 

cells (Horwitz and McGuire 1978a). 

Clinically , the use of simultasieous progesterone and oestrogen 

receptor assays on human breast tumour biopsies is rapidly gaining 

credibility as a heane to determine with greater confidence those 

tumours which will respond to endocrine therapy (McGuire 1978, 

King et al 1979, Barnes et al 1979). However, caution must be 

observed in the use of the MCF-7 Geld: dine for this class of patients, 

since the growth of MCF-7 cells is oestrogen responsive but not 

oestrogen dependent (Lippman et al 1976b), Thus, in the absence of 

oestradiol, MCF-7 cell growth dees not stop. Furthermore, other 
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workers have shown that there may not always be an association 

between oestrogen induced tumour growth and progesterone receptor 

- induction. In the transplantable rat mammary tumour MTW-9B, it is 

found that oestrogen induces progesterone receptor synthesis but 

has no effect on tumour growth or regression (Ip et al 1979). 

Despite the increased prognostic value associated with 

determining both progesterone receptors (PgR) and oestrogen receptors 

(ER) in a tumour sample, there still exists a class of approximately 

20% of patients who are PgR’, ER’ yet still fail to respond to 

endocrine therapy. As an alternative approach to identify those 

tumours which are hormone responsive, and are therefore likely to 

respond to endocrine therapy, many workers are also measuring 

nuclear cestrogen receptor levels, The rational: supporting nuclear 

oestrogen receptor measurements in human breast tumour samples is 

based upon two important Piniines. 

Firstly, using the MCF-7 cell line, it was found that even 

if these cells are grown in the total absence of oestradiol, the 

majority of cellular oestrogen receptors were found = unoccupied 

(ie. receptors without bound ligand) nuclear receptors or Rn (Zava 

and McGuire 1977a).The findings of Rn in human breast cancer cells 

was unexpected since in normal oestrogen target tissues, with identities 

assay procedures, only unoccupied cytoplasmic oestrogen receptors 

or Re were found (Zava et al 1976), Since the identification of 

Rn in MCF-7 ceils, unoccupied nuclear oestrogen receptors have been 

found in approximately 30-40% of human breast tumour biopsy samples 

(Garola and McGuire 1977, Panko and MacLeod 1978, Thorsen 1979). 

The role of Rn in human breast cancer is not known, However, since 
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Cryopreserved early passage responsive cells also gepeaved 

refractory to oestrogen when re-tested during this period. Thus, 

‘ although genotypically unaltered, the cells were now expressing an 

altered phenotype whose growth was oestrogen insensitive. We found 

that by increasing the serum content of the growth medium we could 

regain the full spectrum of oestrogen responses (including growth 

related events). Calf serum was found to contain a dialysable non- 

steroidal factor which is present in limiting amounts, Under low 

serum conditions, the cells have insufficient levels of the factor 

and only express a partial oestrogen response which is independent 

of proliferative effects. However, under high serum conditions 

sufficient levels of the serum factor are present such that a full 

oestrogeu response, including growth related events, is evoked. 

The ability of human breast cancer cells to respond to: 

oestrogen with the expression of two different phenotypes dependent 

upon serum concentration has not been reported before. The in vivo 

significence of these findings are discussed.



MCF-7 cells contain large amounts of Rn and their growth is oestrogen 

independent, yet markedly inhibited by catsetbieobane (Lippman et 

_al 1976c), it has been proposed that Rn may be promoting growth and 

other oestrogenic effects even in the absence of oestradiol (Zava 

et al 1977). Thus it is tempting to speculate that patients whose 

tumour specimens are found to contain only Rn may benefit more from 

a course of atticestectin trentmont rather than surgical ablative 

pnieerind therapy (Osborne and McGuire 1978). 

Secondly, many workers have also measured levels of occupied 

(ie. pevestors with bound ligand) nuclear oestrogen receptors or 

RnE in breast tumour samples (Sakai and Saez 1976, Laing et al 1977, 

Thorsen 1979, Leake et al 1979). The presence of such receptors 

shows that cytoplesmic binding and translocation of oestrogen re 

ceptor is functional and may therefore indicate a potentially 

responsive tumour, Also, determination of RnE could help to eliminate 

the problem of 'false-negatives' which could arise if only Re levels 

are measured in a tumour sample from a patient with significant 

circulating oestrogen levels. Since conventional cytoplasmic oestrogen 

receptor assays may considerably underestimate total oestrogen 

receptor content in a tumour, it has been proposed thet the routine 

measurement of nuclear oestrogen receptors may have some prognostic 

value (Edwards et al 1979). 

However, even the identification of RnE in a tumour sample 

will not eliminate the problem of 'false-positives' if the receptor 

mechanism is defective at points distal to the nuclear binding step. 

In this respect, recent work performed with the MCF-7 cell line 

may prove useful, When MCF~7 cells are administered oestradiol, all 

the oestrogen receptors rapidly accumulate in the nucleus as RnE 

(23)



complexes, However, within the next 5 hours there is found to be 

a rapid turnover or 'processing' of nuclear bound oestrogen receptors 

_ such that approximately 70% of RnE complexes are lost or unmeasure- 

able (Horwitz and McGuire 1978b). It has been found that the extent 

to which RnE complexes are 'processed' correlates well with the 

extent of progesterone receptor (PgR) induction in this cell line 

(Horwitz and McGuire 19782). Since PgR synthesis is an oestrogen 

regulated event in MCF~7 cells, these results may indicate that 

'processing' pepresents a post-nuclear binding event necessary for 

the alteration of phenotypic expression, Although receptor 'processing' 

has yet to be demonstrated in breast tumour biopsy samples, and 

its prognostic value is unknown, it has been found to occur in 

other oestrogen terget tissues (Juliano and Staacel 1976, Muller et 

al 1977), and may well be an integral part of oestrogen action. 

In the hope of finding unique markers for the prediction 

of hormone responsiveness of human breast tumours, a better under- 

standing of the mechanisms of oestrogen action may prove beneficial. 

Due to the extensive characterisation the MCF-7 cell line has 

received (see Introduction= section III), it would appear to be 

ideally suited for studying in detail the mechanisms of oestrogen - 

and antioestrogen action. 

Since MCF-7 cells are killed by high concentrations of anti- 

oestrogens apparently mediated via the oestrogen receptcr system, 

this should provide a strong selective procedure for the isolation 

of mutants resistant to these compounds. Such mutants may be expected 

to have single or multiple lesions at several possible positions in 

the receptor mediated pathway, Characterisation of these mutants 

may provide useful information about the mechanisms of antioestrogen 
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and oestrogen action in human breast cancer cells. Furthermore, 

cells in Patties readily lend themselves to analysis by somatic 

cell hybridisation, Theoretically, hybrids could be formed between 

Leteberne and wild-type MCF-7 cells and examined to provide information 

on complementation and dominance effects of genes involved in the 

oestrogen response in human breast cancer cells. 

In this thesis, the MCF-7 cell line has been used primarily 

as an in vitro model system to study the hormonal control of gene 

expression and cell proliferation in human breast cancer cells. 

Oestrogen and antioestrogen effects have been studied in particular 

and shown to play a major role in the regulation of macromolecular 

synthesis and cell growth in these cells. Attempts have also been 

made to identify specific markers of oestrogen action which are 

known to occur in normal target tissues regulated by oestrogen. 
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ABBREVIATIONS, 

APRTase = adenine phosphoribosyl transferase, 

DCC = dextran coated charcoal. . 

Dial=-NECS = dialysed newborn calf serum. 

EDTA = ethylenediaminetetra acetic acid. 

Be = oestradiol, 

ER = oestrogen receptor, 

FCS = foetal calf serum. 

HAP = hydroxylapatite,. 

HGPRTase = hypoxanthine-guanine phosphoribosyl transferase. 

LDH = lactate dehydrogenase, 

NBCS = newborn calf serum, 

PBS = phosphate buffered saline. 

PgR = progesterone receptor. 

PS = protamine sulphate. 

SD-NBCS = steroid depleted newborn calf serum, 

TCA = trichloroacetic acid. 

TK = thymidine kinase, 
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MATERTALS, 

(7H) thymidine (48-60 Ci/mmole), (7H)cocstradiol (85= 

108 Ci/mmole), enyenrtaine (42 Ci/miole). (F)-uTP (41 Ci/mmole), 

re yunrobetn hydrolysate (56 mCi/matom), WDE-(U= *C)-calactose 

(347 mCi/mmole) and (775 )-methionine (1380 Ci/mmole) were obtained 

from the Radiochemical Centre, Amersham, England. In addition (Fu)- 

thymidine (68-85 Ci/mmole) and (7H) -1TP (60 Ci/mmole) were obtained 

from ICN Chemical and’ Radioisotope Division, 

Vf-cestradiol, 5t—dihydotestosterone, progesterone, insulin, 

mercaptoethanol, ATP, CTP, GTP and UTP were from Sigma Chemical Co. 

dATP, dCTP and dGTP were supplied by Boehringer Chemical Co. Heparin 

and dimethylsulphoxide were supplied by BDH. Ultrapure sucrose and 

urea were from Mann-Schwartz Biochemicals. 

Prolactin was a gift from N.I.H. (USA). Tamoxifen was a 

gift from S.R. Slater, I.C.I. Pharmaceuticals Division, England. 

Nitomifene was a gift from Dr. R.H. Wheelock, Parke-Davis Company, 

Detroit, Michigan, Clomiphene citrate was a gift from A. Richardson, 

Merrell-National Laboratories, Cincinnati, Ohio. Nafoxidine hydro-~ 

chloride was a gift from P.W. O'Connell, The Upjohn Company, Kalamazoe, - 

Michigan. 
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METHODS, 

Maintenance of stock cultures, LL 
ee geeeeeestievasnnnsmemesearene 

Three batches of MCF~7 human breast cancer cells ware 

kindly provided by Dr. M. A. Rich, Michigan Cancer Foundation, 

Detroit, Michigan. The first batch was received in September 

1977, the second batch received in November 1978 and the third 

batch (passage number 228, which corresponded to the same passage 

« Mumber as the first batch), was received in January 1980, 

| The cells were grown in monolayer cultures in glass or 

Plastic bottles containing a gas phase with a co, level of 5% 

in air at 37°C. Growth medium consisted of Dulbecco's minimal 

essential medium (Gibco), supplemented with 4mM L-glutamine 

(Sigma), 250 units/ml penicillin-streptomycin (Gibco) and 5-10% 

newborn calf seruu (Gibco or Flow). 

Cells were routinely harvested by rinsing the monolayer 

with phosphate buffered Saline (PBs) followed by a 10-15 minute 

incubation with PBS/EDTA(0.1%) solution. For some thymidine 

incorporation experiments, trypsin (0.25%) was also added. 

Cells were tested for mycoplasma contamination at intervals 

using the fluorescent staining method described by Chen (1977 )- . 

and founa to be negative, 

Storage of cells in liquid nitrogen, 

At regular itarrals cells were frozen for storage in 

liquid nitrogen. To do this, cells were harvested and re- 

suspended at a concentration of at least 10 x 10° cells/ml 

in medium containing 10% serum and 10% dimethyl sulphoxide (BDH), 

The cell suspension was then transferred to a plastic ampoule 
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and cooled slowly in liquid nitrogen vapour using a Union Carbide 

biological freezer for several hours before being totally immersed 

in liquid nitrogen for long term storage. 

To recover cells which had been stored in liquid nitrogen, 

the ampoule containing the frozen cells was immersed in water 

maintained at 37°C. The thawed cell suspension was then immediately 

transferred to a 25em> Falcon flask containing 5ml of medium at 

37°C. Recovery of viable cells by this method was approximately 

70%. 

Preparation of steroid depleted serum. 

Serum was stirred overnight at 4°C with 0.25% activated 

charcoel (Sigma) and 0.0025% dextran T~70 (Phermacia). The 

serum was then spun at 10,000g for 20 minutes to remove the 

dextran coated charcoal and then membrane sterilized by passing 

through a 0.45um Millipore filter. Removal of steroids was 

monitored by the addition of a trace of (-a)ucestratiol (12,000 

cpm) at the beginning of the procedure. It was found that 

greater than 97% of the tritiated steroid was removed by this 

proceduze, 

Radiolabelled precursor incorporations to measure the rates of 

DNA, RNA or protein synthesis. 

Cells were replicately plated dhte plastic dishes (40mm or 

70mm sizes) using medium containing 5% newborn calf serum and 

left to Hdby to the surface of the dishes overnight in a 5% 

co. incubator, The next dey the medium was changed to the test 

sera concentrations and left for a further 24 hours. The medium 
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was then changed to the test sera concentrations with the added 

treatments (usually added as 1000X concentrates in ethanol), and 

left for the indicated time period. Control dishes had an 

equivalent amount of vehicle added. The dishes were then pulsed 

for the indicated period (usually 2 hours) with a radiolabelled 

precursor of macromolecular synthesis. (7H)-thymidine was used 

to measure rates of DNA synthesis, (H)curidine for rates of 

RNA synthesis and ( “e\onrotein hydrolysate for rates of protein 

synthesis. . 

After the pulse period the dishes were rinsed three times 

with phosphate buffered saline (PBS) and the cells harvested 

using PBS/EDTA(0.1%) solution. The cells were then pelleted by 

spinniny at 800g for 5 minutes, resuspended in 1ml of ice-cold 

distilled water and sonicated in an MSE sonicator at a setting 

of high/2 for 7 seconds. 600ul of the sonicate was mixed with 

600ul of ice-cold trichloroacetic (TCA) and left on ice for } hour. 

The precipitated macromolecules were then collected on 

GF/C (Whatman) dises of diameter 2.5cm and washed with two 

successive 5ml washes of 5% TCA. The filters were then dried 

at 100°C for 15 minutes, allowed to cool, then placed in 

scintillation vials and 5ml Triton scintillant (5g PPO, 0.3g 

POPOP, 300ml Triton X-100 and 700m1 toluene) was added. 

The vials were then counted for either 34 or 146 in an Inter- 

technique LS 4000 liquid scintillation counter. Protein 

determinations were performed on the remaining 400u1 aliquot 

of the sonicate by the Lowry method (Lowry et al. 1951). 
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Measurement of thymidine kinase activity in MCF~-7 cells. 

MCF-7 cells were replicately plated into 70mm plastic 

dishes using medium containing 5% sewbdrn calf serum. The cells 

were then treated in an identical manner to those described 

for thymidine incorporation measurements, except that the addition 

of radicisotope was omitted. Instea@ the cell monolayers were 

vaghed three times with 10ml PBS and then scraped off in 200ul 

of TDS buffer (0.05M-Tris-HCl, pH 7.7, 1mM dithiothreitol, 0.25M 

sucrose) using a rubber policeman. All subsequent operations 

were done at 4°C, 

The cell suspensions were transferred to labelled plastic 

conical centrifuge tubes and sonicated for 10 seconds at a setting 

of high/2 on an MSE sonicator. 10ul of Blue Dextran solution 

(15% w/v in TDS buffer) was then added and the cell lysate was 

spun at 20,000g for 5 minutes in a pre~cooled Haematocrit 

centrifuge kept in the 4°C cold room, The supernatant was removed 

and loaced onto a 2ml column of Sephadex G25 (Pharmacia) wich: 

had been equilibrated at 4°C with TDS buffer. Material was 

eluted from the column with TDS buffer and the blue fraction. . - + 

(excluded volume containing all molecules with molecular weight 

praetor than 5,000 daltons) was collected and assayed. 

Thymidine kinase activity was assayed by measuring the 

production of radioactively labelled thymidylate (aTMP) from 

(7)-thymidine, The assay mix contained in 100ul :— 2.23umols 

Tris-HCl, pH 7.7, 0.045umols dithiothreitol, 11.2umols sucrose, 

O.lumols ATP, 0,lumols MgCl., O.lumols NaF, 17,85nmols unlabelled 

thymidine, 1pmol (aisthynidine (85Ci/mmol) and 50ul of enzyme extract. 
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The reaction was started by the addition of the enzyme 

extract and incubated at 37°C for 8 minutes. The ain was 

then stopped by placing 50ul of the reaction mix onto a DE-81 

(Whatman) disc of diameter 2.5cm and allowed to dry. The discs 

were then washed five times with two litres of tap water and 

dried in an oven at 100°C for } hour, Each disc was then placed 

atin scintillation vial and 200ul of 1M HCl and 5ml Triton 

scintillant added. The vials were then counted in a liquid 

scintillation counter. A small aliquot of the enzyme extract 

was used for protein determination (Lowry et al. 1951). 

Hypoxanthine-guanine phosphoribosyl transferase (HGPRTase) and 

adenine phosphor: bosyl transferase (APRTase) assays. 

HGPRTase and APRTase assays were performed on the same 

enzyme extracts used for thymidine kinase determinations. 

The enzyme activities were measured by the method described 

by Green and Martin (1973). 

The assay mix for HGPRTase measurements contained in 100ul:- 

4.4umoles Tris-HCl, pH 7.6, 0.2umoles MgCl,, O.lumoles phospho-_ 

ribosylpyrophosphate (PRPP), 0.Olumoles unlabelled hypoxanthine, 

33pmoles (ay Ens pocunthane (1.5Ci/mmole) and 50ul enzyme extract. 

The assay mix for APRTase measurements contained in 100ul:- 

4.4umoles Tris-HCl, pH7.6, 0.5umoles MgCl., O.lumoles PRPP, 0,01 

umoles unlabelled adenine, 2pmoles (7) <adonine (27Ci/mmole) and 

50ul of enzyme extract. 
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Cell growth measurements. 

Log phase MCF-7 cells were replicately plated inte 25om~ 

Falcon flasks in medium containing 5% steroid depleted calf serum. 

The next day the medium was aspirated and replaced by fresh medium 

containing 0.5% steroid depleted serum and left for a further 24 

hours, The medium was then aspirated again and replaced by fresh 

medium containing 0.5% steroid depleted serum together with the 

indicated nowaone additions, Hormones were added as 1000X concentrates | 

in ethanol and control flasks had equivalent ethanol additions. 

Final ethanol concentration was 0.1%. At the indicated times, cells 

were harvested using 2ml, PBS/EDTA solution, After detachment, 2ml, 

medium was added and the cells spun at 800g for 5 minutes, Cells 

were then re-suspended in medium and counted in a haemocytometer, 

Determination of a-lactalbumin levels in MCF-7 cells. 

“-lactalbumin activity was estimated by modifications of 

the method described by Ip and Dao (1978). MCF-7 cells were homoge- 

nized in ice-cold buffer containing 0.02M Tris-HCl, pH 7.4 at 4°, 

0.01M MgCl, and 0,001M P-mercaptoethanol using a Teflon-glass homoge= 

nizer. The crude homogenate was centrifuged at 1000g for 5 minutes 

and the supernatant used for the assay. 

The penetion mixture contained 2umoles Tris-HCl, pH 7.4 at 

4°c, 1umole MnCl., sumeres unlabelled UDP-galactose (Sigma), 25nCi 

upp-(u-' 4c) galactose (347mCi /mmole) , 0.1% Triton=-X100, 0.2umole UTP 

to inhibit UDP-galactose hydrolase Betivity (Coffey and Reithel 1968), 

3 milliunits galactosyltransferase (Sigma), 2umoles of D-glucose and 

50ul of MCF~7 crude cytosol in a total volume of 100ul,. 
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Incubation of the reaction mixture was carried out at 

37°C for 30 minutes and then stopped by the addition of 100ul of 

ice-cold water and placing the tubes in ice, The contents of each 

tube were passed through a 1ml, column of Dowex=1 anion exchange 

resin (Sigma) in the chloride cycle and neutral sugars eluted with 

1.5ml_ of distilled water. Included in this fraction is the ae 

lactose formed by the «lactalbumin activity. The eluates were 

collected directly in scintillation vials and 15ml Triton scinti- 

llation fluid was added. The vials were then counted for (140) in 

a liquid scintillation counter, Protein determinations (Lowry et 

al 1951) were performed on small aliquots of the crude cytosol 

used, 

Polysome profile analysis. 

For each hormonal treatment, MCF~7 cells were seeded 

into 3 medicine sized culture bottles, using medium containing 

5% steroid depleted calf serum (SD-NBCS). The next day, the medium 

was changed to 5% SD-NBCS and left for a further 24 hours. The 

medium was then changed again to 5% SD-NBCS together with the in- 

dicated hormonal additions and left for 48 hours, The cells were: 

then harvested using PBS/EDTA solution and washed thoroughly in 

ice-cold PBS burfer, All subsequent operations were performed at 

4°c using modifications of the method described by Robins and 

Schimke (1978). 

_Each cell pellet was re-suspended in 5ml of 1.5mM MgCl, 

and left for 4 hour to allow the cells to swell. The cells were then 

pelleted at 800g for 5 minutes and re~suspended in 1ml of homoge- 
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nization buffer (25mM Tris-HCl, pH 7.7, 25mM NaCl, 5mM MgCl, 140mM 2? 

sucrose, 1% Triton-X100 and 1mg./ml heparin). The cell suspension 

was then homogenized using 30 strokes of a motor driven glass/teflon 

homogenizer (Kontes). The homogenate was examined under phase contrast 

microscopy to ensure that greater than 90% of the cells had lysed. 

The homogenate was then spun at 18,000g using a Beckman Type 65 rotor 

at 4°C for $ hour, 

The supernatant (cytosol) was removed and 200ul layered 

onto a pre-formed 15-50% w/w linear sucrose gradient prepared in 

homogenization buffer with the omission of the Triton~X100. Gradients 

(4.3ml total volume) were spun for 25 minutes at 40,000rpm (253000g) 

in a Sorvall TV 865 vertical rotor, The gradients were then fractio- 

nated using an ISUO density gradient fractionator (Model 183), passed 

through a 5mm flow cell incorporated into an ISCO dual beam optical 

unit (Type 4) and the auherkance at 260nm recorded on an ISCO absor-= 

bance monitor (Model UA=4) at a chart speed of 12"/hour and ea lamp 

current of 340 milliamps. 

RNA polymerase assaySe 

MCF-7 cells were grown in medicine sized culture bottles 

using medium containing 5% SD=-NBCS until the cells were in mid log 

phase growth, Fresh medium containing 5% SD=NBCS with and without 

107° oestradiol was then added to the cell monolayers for the in- 

dicated time periods, The cell monolayers were then rinsed thoroughly 

with PBS buffer and scraped off in 5m PBS buffer using a rubber . 

policeman, The cells were pelleted at 800g for 5 minutes, washed in 

5ml of 1.5mM MgCl,, pelleted again, then re-suspended in a further 

5mi of 1,5mM MgCl, and left at 4°C for $ hour to allow the cells 

to swell. 
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The cell suspension was then pelleted and re~suspended 

in 1ml of 1.5mM MgCl., transferred to a teflon/glass homogenizer 

(Kontes) and cell breakage achieved by 20 strokes of a motor driven 

pestle. To the homogenate was added 1ml of 2TKM buffer (0,1M Tris— 

HCl, pH 8.0, 5mM mercaptoethanol, 25mM KCl and 0.64M sucrose), the 

mixture was then vortexed and spun at 800g to obtain a crude nuclear 

pellet, . 

The nuclear pellets obtained were assayed for polymerase 

activity by modifications of the method described by Hardin et al 

(1976). Each nuclear pellet was re-suspended in 400ul of 0.32TKM 

buffer (0.05M Tris-HCl, pH 8.0, 2.5mM mercaptoethanol, 12.5mM KCl 

and 0.32M sucrose) and re-homogenized in a loose fitting micro- 

homogenizer, A 50vl aliquot was removed and kept for DNA determi- 

nations to be performed later by the method of Burton (1956). The 

nuclear suspension was vortexed continuously and 5 X 50ul aliquots 

of each suspension were dispensed into micro test tubes kept at 4°c, 

To two of these tubes were added 1ml of 10% TCA-1%PPi (sodium pyro- 

phosphate) to act as blanks. These two tubes were left at 4°C for $ 

hour, spun at 800g for 5 minutes and the nuclear pellets re=suspended 

in 50ul of 0,32TKM and labelled as blauks, i 

Then to each tube, 200ul of assay mix was added so that 

in a total volume of 250ul each tube contained:= 12.5umoles Tris- 

HCl, pi 8.0, 0.5umoles MgCl, 0.25umoles MnCl., 12,5umoles (NH,)50,, 

0.25umoles dithiothreitol, 0.025umoles each of ATP, CTP and GTP, 

O.5nmoles unlabelled UTP and 2uCi of (7)-ute (41Ci/mmole). Each tube 

was incubated at 25°C for 20 minutes before stopping the reaction by 

the addition of 1ml of ice=cold 10% TCA-1%PPi, 
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Each suspension was then transferred to a GF/C filter 

fitted into a Millipore sintered glass filtering system and washed 

‘with two successive 10ml aliquots of ice-cold 5% TCA=1% PPi. The 

filters were transferred to scintillation vials and dried in an 

oven at 80°C for + hour, The vials were allowed to cool, 5ml of 

Triton scintillation fluid was added and the vials counted for 

(7H) in a liquid scintillation counter. 

Polyacrylamide gel electrophoresis of newly synthesized RNA. 

MCF=7 cells were grown in roller bottles containing 5% 

SD-NBCS medium for 4 days when the cells were almost confluent, 

The medium was removed and replaced with 50ml of the same 5% SD-= 

NBCS with or without 107M oestradiol and left for 3 hours, Then 

50uCi of ("Hyauridine (52Ci/mmole) was added to each roller bottle 

and left for a further hour, The cells were then removed using 

PBS/EDTA and washed 4 times with 20ml of ice-cold PBS buffer, then 

pelleted at 800g for 5 minutes. 

Nucleic acid extraction was performed on the cells by 

the procedure described by Joel and Hagerman (1969). The DNA and 

deoxyoligonucleotides were removed from the preparaticn by incu- - 

bating with DNase (Worthington Biochemicals) as described by 

DiGirolamo et al (1964) followed by “3 successive precipitations 

of the RNA at ~20°C overnight using 2M CH,COOK and 25% ethanol, 
3 

The precipitated RNA was then dissolved in 0.1M CH,COONa (pH 6.9) 
3 

and quantitated spectrophotometrically (assuming 50ug RNA/ml = 

OD560 of approximately 1.2) and 20ug. of each preparation loaded. 

onto a 2.4% polyacrylamide gel. After electrophoresis at 6.5mA/gel 
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for 5 hours, the gels were scanned with a gel scanning attachment 

fitted onto a Gilford 240 spectrophotometer, The gels were then 

sliced into 1mm sections using a Mickle gel slicer and the indivi- 

dual slices placed into scintillation vials. To each vial, 0.2ml of 

30% hydrogen peroxide was added, the vials were then capped and 

left overnight at 37°C to dissolve the slices, Then 5ml Triton 

scintillation fluid was added to each vial and counted for (74) 

in a liquid scintillation counter, 

Labelling and analysis of secreted proteins. 

MCF-7 cells were replicately plated at low density into 

Linbro multiwells (lcm, diameter wells) using medium containing 

5% newborn calf serum, The next day the medium was aspirated and 

replaced with fresh medium containing either 2% or 15% serum and 

left for a further 24 hours, The medium was then removed again 

and replaced by fresh medium containing 2% or 15% serum with or 

without the addition of 107m oestradiol, The cells were left for 

43 hours, then the medium was removed and replaced by 100u1 of 

methionine and serum free medium containing 10uCi of (795) methionine 

(1380Ci/mmole) and left for a further 5 hours. an.- hat 

The medium was then carefully removed into labelled 

Sarstedt tubes and spun at 20,0C0g for 5 minutes, The supernatant 

was then dessicated to dryness and the powder re-dissolved in 20ul 

of sample buffer (0.06M Tris-HCl, pH 6.8, 20mM EDTA, 2% SDS, 5% 

mercaptoethanol, 10% glycerol and 0.005% bromophenol blue), The 

samples were then run on 11.25% polyacrylamide gels with a 4.5% 

stacking gel at a constant current of 6mA until the bromophenol 
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blue dye was 1cm from the end of the gel (usually takes appro- 

ximately 16 hours), The gel was then fixed in 50% TCA for } hour 

then processed for fluorography as described by Bonner and Laskey 

(1974) and Laskey and Mills (1975) using pre-fogged X-ray film. 

2-dimensional gel electrophoresis of intracellular proteins from 

’ MCF-7 cells. 

The preparation and radioactive labelling of MCF=7 cells 

was exactly as described above for the preparation of secreted pro- 

teins, The medium was removed and kept for analysis of secreted 

proteins whereas the cell monolayer was washed three times with 1ml 

PBS buffer, The monolayer was then dissolved in 80ul of lysis buffer 

(see O'Farrell 1975) and 5ul aliquots of each sample were removed 

and added to separate ice-cold test tubes containing 100ul of BSA . 

(1mg./m1), Then 200ul of ice-cold 10% TCA was added and the samples 

processed for acid insoluble counts as described for thymidine 

incorporation experiments, This result gave the total number of 

cpm incorporated per sample treatment. 

Often the samples were dessicated and re-dissolved in a 

smaller volume of lysis buffer (usually 20ul1) so that all the sample 

could be analysed on 2=D gels. The procedure followed was essentially 

that described by O'Farrell and O'Farrell (1977) with minor altera- 

tions, First dimension (isoelectric focused) gels were equilibrated 

with SDS sample buffer for 14 hours before running in the second. 

dimension using a 12.5% polyacrylamide gel. For first and second 

dimension electrophoresis all equipment used was made by Shandon, The 

gels were processed for fluorography and exposed to pre-fogged X-ray 

film as described above for secreted protein analysis. 
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Receptor methodology. 

For receptor work, all glassware was washed in TE (0.01M 

Tris-HCl, pH 7.4 at 4°c, 1.5mM EDTA) containing 0.1% bovine serum 

albumin as described by Chamness et al (1975). 

Fractionation of MCF=7 cells into cytosol and nuclear extracts. 

Cells grown Lime ota bottles or glass medicine bottles 

vere harvested, washed in PBS buffer and pelleted. All subsequent 

operations were performed at 4°c, The cells were re-suspended in 

Pome seniect ion buffer (5mM sodium phosphate buffer, pH 7.4 at 4°c, 

1mM dithiothreitol and 10% glycerol) at a concentration of about 

20 X 10° cells/ml and disrupted by 30 strokes of a Potter-—Elvehjem- 

Teflon tissue griader (Kontes). The homogenate was then spun at 

1000g for 5 minutes to separate the crude cytosol (supernatant) 

from the nuclear pellet. 

The crude cytosol was centrifuged at 105,000¢ at 4°C for 

¢ hour in a Beckman Type 65 rotor using Delrin tube adapters (volume 

3m1). The supernatant (cytosol) was then diluted with homogenization. 

buffer (usually 1:4, which routinely gave a final protein concent- 

ration o? about 1.5mg/ml) and used immediately. t 

The crude nuclear pellet was washed twice with 2ml of 

homogenization buffer and extracted with 2 volumes of TKED buffer 

(0,01M Tris-HCl, pH 8.5 at 4°c, 1.5mM EDTA, 1mM dithiothreitol, 10% 

glycerol and 0,6M KCl) for 1 hour at 4°C with periodic vortexing, 

The mixture was then centrifuged at 105,000g at 4°C for $ hour to 

obtain the salt solubilized nuclear proteins, The pellet obtained 

was used for DNA determinations (Burton 1956), The nuclear extract 

was diluted to below 0.1M KC1 using homogenization buffer and used 

for assays or gradient work. 
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Sucrose density gradient analysis of oestrogen receptors, 

Cytosol or nuclear extracts prepared as described above 

were incubated at 4°C for 4 hours with étther 107° (PH) oestradiol 

(85-108 Ci/mmole) to measure total receptor binding, or with 107° 

(7H) oestradiol + 107°M unlabelled oestradiol to measure non-specific 

binding. The unbound radioactivity was then removed with dextran 

coated charcoal (McGuire and DeLaGarza 1973b)and the oestradiol 

charged receptors layered onto sucrose gradients. 

For sedimentation of cytosol receptors, a linear 5=20% 

sucrose gradient was used, whereas for nuclear receptors the gradients 

also contained 0.4M KCl. The volume of all gradients was 4.1ml. All 

sucrose solutions (Schwartz/Mann, ultrapure) were prepared in 5mM 

sodium phosphate buffer, pH 7.4 at 4°, containing 1mM dithiothreitol 

and 1.5mM EDTA. Gradients were centrifuged at 65,000rpm (400 ,000g) 

in a Sorvall vertical rotor at 4°c for either 1} hours (cytosol 

gradients) or 2 hours (nuclear gradients). 

After centrifugation, the tubes were pierced and 6 drop 

fhectionn were collected directly in shinier ion vials, Then 5ml 

of modified Bray's solution (Bray 1960) was acded and the vials - z 

counted in a liquid scintillation counter, 

RECEPTOR ASSAYS, 

(a) Protamine sulphate assays, 

These were performed as described by Zava and McGuire | 

(1977a)except that the protamine precipitates were incubated with 

107° (7H) oestradiol for measuring specific binding and replicate 

tubes contained unlabelled oestradiol instead of diethylstilbestrol 

to measure non-specific binding, Incubation conditions were overnight 
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at 4°C for both cytoplasmic and nuclear extracts. Under these 

conditions, unoccupied cytoplasmic receptors or total nuclear 

‘receptor content are measured. 

(b) Hydroxlapatite assays. 

These were performed as described by Garola and McGuire 

(1977) except that concentrations of ligand used were the same as 

described above for the protamine sulphate assay. 

(c) Dextran coated charcoal assays. 

These were performed as described by Chamness et al (1975). 

(e) Intact nuclear assays. 

The procedure for isolating crude nuclear suspensions 

is as described alove under the section on fractionation of MCF-7 

cells, The nuclear pellet was then resuspended in SG buffer (10mM 

sodium phosphate buffer, pH 7.4 at 4°c, 1mM dithiothreitol, 2mM | 

MgCl. 10% glycerol and 0.32M ultrapure sucrose) and re-homogenized 

in a loose fitting Dounce homogenizer and checked microscopically 

to ensure the nuclei were intact. The nuclear suspension was then 

gently vortexed and equal aliquots (200u1) dispensed into assay 

-8 

tubes at 4°C. To half of the assay tues an equal volume of 2°X 10 Mo ° 

8 (7H)- 
(74) <cestradiol was added, whereas to the other half 2 X 10 

oestradiol + 24 107m unlabelled oestradiol was added, Tubes were 

incubated at the desired temperature for the indicated time period, 

then 0.5ml of ice-cold SG buffer was added. The nuclear suspension was 

then transferred onto GF/C filters pre-wetted with SG buffer and washed 

with two successive 10ml aliquots of SG buffer (4°c) using a Millipore 

chimney system, The filters were then transferred to scintillation vials, 

dried at 80°C for + hour, then 5ml of Triton scintillation fluid was 

added and the vials counted for Cu) in a liquid scintillation counter, 
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Measurement of receptor processing in intact cells, 

MCF-7 cells were uniformly plated in glass culture bottles 

and grown for three days in medium containing 5% steroid depleted 

calf serum, The medium was then aspirated and replaced by medium 

containing either 5nM ( Ay cousteadiol to measure total binding or 

medium centaining 5nM (7Bleoestradicl + 500nM unlabelled oestradiol 

to mBAnUre non-specific binding. The radioactive label was left in 

contact with the cell. monolayers for the indicated time at 37°C and 

then aspirated. 

The monolayers were then washed three times with 50ml ice- 

cold PBS and the cells harvested using a rubber policeman, The cells 

were then washed twice more with 3,.5ml ice-cold PBS and then extracted 

for 1 hour with 1ml ethanol, then with a further 1ml ethanol over- 

night. The ethanol extracts were pooled and 10ml Triton X-100 scintill- 

ation fluid was added and the vials counted for (7H) in a liquid 

scintillation counter. 

Specific counts were calculated by subtracting the non-= 

specific counts from the total counts. DNA estimations were peLPorned 

on the remaining cell pellets according to the method of Burton (1956). . 

In vitro processing of receptors in intact MCF-7 nuclei. 

MCF—7 cells were grown in a glass roller bottle containing 

5% steroid depleted calf serum for 1 week, The crude nuclear pellet 

was obtained from these cells and dispensed into aliquots as described 

above for. intact nuclear assays. To measure processing, triplicate 

=8 
nuclear aliquots were incubated at 37°C with 10 M (7H) ~cestradiol in 

SG buffer (see above) continuously for the indicated time period. To 
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measure receptor stability at 37°C, equivalent nuclear aliquots were 

incubated at 37°C without the addition of (7H) -cestradiol, except for 

~8 
the last 20 minutes when 10 M (“Hy <destradiol was added. For each 

time point and each assay procedure, equivalent triplicate nuclear 

aliquots were used which contained 107° (7H) -cestradiol + 107M un= 

labelled oestradiol to measure non-specific binding. After the required 

time period, the nuclei were washed and counted for specific radio- 

activity as described above for intact nuclear assays. 

DEAE chromatography of oestrogen receptors. 

The procedure of Schrader and O'Malley (1972) was followed 

with minor modifications. MCF-7 cells were grown in glass roller 

bottles for 1 week in medium containing 5% steroid depleted calf 

Fewoni Hine were then harvested and divided into two equal aliquots. 

To one aliquot, 107° (7H) -bestradiol was added, whilst to the other 

aliquot 107°M (PH) oestradiol + 107M unlabelled oestradiol was 

added. The cell suspension was gently vortexed and incubated at 

37°C for 1 hour, The cells were then pelleted and washed with two 

10ml portions of ice-cold PBS buffer. All subsequent procedures 

were performed at 4°c, a - 

The cell pellet was then re-suspended in 2 volumes of 

0.6M TESH (10mM Tris-HCl, pH 7.4, 1mM EDTA, 10mM dithiothreitol 

and 0.6M KCl), and goridaten for two 15 second bursts to ensure 

complete cell disruption, The cell sonieete was then left at 4°C 

for 30 minutes, before spinning at 20,000g for 5 minutes, The 

supernatant was diluted with TESH buffer (containing no salt) until 

the final salt concentration was less than 0,05M KCl and treated 

for 15 minutes with a dextran coated charcoal pellet derived from 
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10ml of DCC suspension (0.25% charcoal w/w; 0.0025% dextran w/w). 

The solution was spun at 5,000g for 10 minutes and the Prpetnk nae 

applied to a 2ml column of DE=52 (Whatman), This was eluted with 

12ml successive additions of TESH buffer, then TESH buffer + 0.15M 

KCl then TESH buffer + 0.3M KCl. Approximately 1ml eluate fractions 

were collected and 5ml Triton scintillant added to each before 

counting in a liquid scintillation counter, DNA determinations were 

performed on the pellets derived from the sonicated material after 

the 20,000g spin stage using the method described by Burton (1956). 

DNA polymerase m% assay. 

MCF-7 were prepared and treated as described above for 

thymidine kinase assays except that the cells were incubated for 3 

days with or without 107°M oestradiol. The cell monolayers were then 

washed with two successive 5ml aliquots of PBS buffer and scraped 

off with a rubber policeman in 0.2ml buffer (0.2M potassium phosphate 

buffer, pH 7.5, 0.1mM EDTA and 5mM mercaptoethanol). The cell sus- 

pension was then sonicated for 15 seconds at 4°C and left for 1 hour. 

at 4°C with periodic vortexing. The sonicate was then spun at 20,000g 

for 3 miautes and the supernatant dialysed against dialysis buffer 

(10mM potassium phosphate buffer, pH 7e5, O.1mM EDTA, 5mM mercapto— 

ethanol and 25% Siyastoa) overnight at 4°C, 

The dialsate was then assayed for DNA polymerase activity 

as described by McLennan and Keir (1975) with modifications, The 

assay mix contained in 60ul:- 0,6umoles potassium phosphate buffer, 

pH 7.5, 0.24 umoles MgSO, 5 0,06 umoles mercaptoethanol, 15ug. activated 

DNA (Sigma), 3 umoles dATP, 3 umoles dCTP, 3 umoles dGTP, and 0.1uCi 

(7H) -2TP (60Ci/mmole), The assay was started by the addition of 
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15ul of enzyme (dialysate) and incubated at 37°C for 1 hour, then 

stopped by the addition of 50ul 50% TCA-1%PPi., and left at 4°C 

for + hour. Precipitated material was collected on GF/C filters 

Id washed with 20ml of ice-cold 5% TCA-1%PPi. The filters were 

then transferred to scintillation vials, dried in an oven at 100°¢c 

i for ; hour, 5ml Triton scintillant added and the vials counted for 

(Fu) in a liquid scintillation counter, 

Dialysis and Sephadex treatments of serum, 

Dialysis tubing was soaked for 1 hour at room temperature 

in dialysis buffer (PBA A+B+C ) before use. Then 50ml of untreated 

newborn calf serum was placed inside the tubing and dialysed against 

5 dives of dialysis buffer overnight at.4°C with continuous stirring, 

The serum was then filter sterilized (0.45um Millipore filter) and 

stored at -20°C before use. 

For Sephadex treatments, pre-swelled beads (packed volume 

20m1) were placed in a plastic syringe and washed through with 20ml 

distilled water, Then 5ml of untreated calf serum (containing 0.2ml 

Blue Dextran; 0.1% w/v) was applied to each column and eluted with 

distilled water. The blue fraction which passed through each column 

was collected and filter sterilized and stored as described above. 
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RESULTS. 
era 

- SECTION A:— HORMONE RESPONSIVE GROWTH AND MACROMOLECULAR 

‘SYNTHESIS IN MCF~7 CELLS, 

i) Oestrogen and antioestrogen effects on cell growth (1977). 

It had been reported by Lippman's group that the growth 

and macromolecular synthesis of the MCF~7 human breast cancer cell 

line was oestrogen responsive (Lippman et al 1976b). These findings 

led us to undertake a project based primarily on oestrogen regulated 

actions with these cells to confirm and extend Lippman's original 

renulte, MCF-7 cells were received from Dr. M. A. Rich in September 

1977 and the effects of oestradiol and the anticestrogen tamoxifen 

were examined on the growth of these cells. 

MCF-7 cells were grown in medium containing 0.5% steroid 

depleted foetal calf serum together with the indicated treatment 

added at zero time, Figure 1 shows that like approximately 30% 

of human breast tumours in vivo, the growth of the MCF=7 cell line 

was indeed oestrogen responsive, The cells grown in physiological 

concentrations of oestradiol (107m) show stimulation in cell 

numbers above control values apparent by day 5, and by day 7, the 

divergence of the growth curves is considerable. The decrease in 

cell numbers by day 8 is almost certainly an artifact caused by 

the depletion of essential nutrients in the growth medium resulting 

a cell death. | 

In contrast, the antioestrogen tamoxifen has a markedly 

inhibitory effect on the cell growth of MCF~7 cells. After 2 days 

in the presence of tamoxifen (2,5 X 107m), cell numbers become 
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FIGURE 1:- Effect of oestradiol and tamoxifen on the cell growth 

of MCF-7 cells (1977). The cells were grown in medium 

containing 0.5% steroid depleted foetal calf serum 

with:— No addition (e—e); + 1078 oestradiol («—a); 

+ 2.5 X 107'M tamoxifen (w—a), At the indicated time 
triplicate dishes of uniformly plated cells were har~ 

vested and counted in a haemocytometer. Points are 

means of the determinations. Standard deviations were 

generally less than 10%, 

 



significantly depressed below control values and remain almost 

unaltered up to day 8 of the experiment. Thus, it appears that 

tamoxifen arrests the growth of MCF-7 cells in culture, 

ii) Hormonal stimulation of macromolecular synthesis. 

Although hormonal effects on cell proliferation can be 

followed by measuring cell numbers, it is often easier and more 

convenient to monitor the incorporation of radiolabelled precursors 

into cellular macromolecules such as DNA, RNA or proteins. In this 

respect, the incorporation of (PH) thymidine into DNA has been used 

extensively in this thesis to reflect the biclogical responsiveness 

of MCF-7 cells under various growth and hormone treatments, 

Figure 2 shows the effect of a dose response of oestradiol 

on the rate of (7H) ~thynidine incorporation into DNA. It can be 

seen that macromolecular synthesis in MCF-7 cells is very sensitive 

to oestradiol. Even at concentrations of 107! 'y oestradiol, the 

rie of thymidine incorporation is almost double that seen for 

control dishes. Maximal rates of incorporation are observed at 

? 40 107m). However, physiological concentrations of oestradiol (10 

as the concentration of oestradiol is increased it becomes apparent 

that the response of MCF-7 cells to this hormone is biphasic. At 

concentrations in excess of 10° °M oestradiol the ws of thymidine 

incorporation is depressed below control values, reflecting inhibition 

of cent proliferation. 

Stimulation of macromolecular synthesis in MCF-7 cells is 

also seen by androgens, Figure 3 shows the effect of a dose response 

of 5a-dihydrotestosterone (5«-DHT) on rates of thymidine incorp- 

oration in MCF~7 cells. it is noticeable that at physiological 
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FIGURE 2:— Dose response curve for the effect of oestradiol on 

the rate of (7H) thymidine incorporation in MCF-7 cells. 

The cells were incubated for 48 hours with the indi- 

cated hormone concentration in medium containing 0.5% 

steroid depleted calf serum, Dishes were pulsed for 

the last 2 hours with 0.25uCi (7) tnyoidine per dish. 

Values represent means of triplicate determinations; 

standard deviations were generally less than 10%,
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FIGURE 3:~ Dose response curve for the effect of 5X-dihydrotestos— 

terone (5a-DHT) on the rate of (78) thymidine incor= 

poration in MCF-7 cells. The cells were incubated for 

48 hours with the indicated hormone concentration in 

medium containing 0.5% steroid depleted calf serum, 

Dishes were pulsed for the last 2 hours with 0.5uCi 

(7h) thymidine per dish, Values represent means of 

duplicate determinations,



concentrations of 5a—-DHT there is no stimulatory effect on precursor 

incorporation as seen with oestradiol. Stimulation by 5u-DHT is 

6 ‘only seen at pharmacological doses (10 to 107M) of this androgen 

when a doubling of the rate of thymidine incorporation is observed. 

kk concentrations in excess of 107° M 5a=-DHT, the rate of incorpo- 

ration drops dramatically and is negligible at 107*M Se-DHT. 

: Table 1 shows the effect of various hormone treatments 

and Sombduations on rates of thymidine incorporations in MCF~7 

cells. Supporting the results seen with the growth curve in figure 1 

is the stimulation of incorporation rates by oestradiol and inhibition 

by tamoxifen. Besides steroid hormones, the peptide hormone insulin 

also at physiological concentrations of 107M, significantly in- 

creases incorporation rates above control values. Furthermore, the 

stimulatory effects of oestradiol and insulin appear to be somewhat 

additive, since the combination of the two hormones results in an 

enhanced incorporation rate greater than seen with each hormone 

alone. Noticeably, macromolecular synthesis is relatively unaffected 

by either progesterone or prolactin additions. 

These results represent data on the responsive nature of 

the MCF-7 cells during their first six months of culture in our 

laboratory. Collectively, stimulation of cell numbers and thymidine 

incorporation rates was observed with oestradiol and inhibited by 

the antioestrogen tamoxifen. Stimulation of thymidine incorporation 

rates was observed at physiological concentrations of oestradiol or 

insulin, whereas pharmacological levels of androgen were needed, 

Throughout all these experiments, the basic medium was supplemented 

only with 0.5% steroid depleted calf serum to maintain cell growth 

and viability. The cells- would not grow in serum-free conditions as 

reported by Lippman et al (1976b). 
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Control 4.61 = 0.45 we too = 

Jestradiol (1078m). 10.12 = 0.85 219 

Tamoxifen (107m) 2.75 s 0.11 : 59 

Insulin (107M) 11.18 £0.57 ° 242 

Progesterone (107M) 4.96 + 0.91 107 

Insulin + oestradiol 16.32 = 1.19 354 

Insulin + oestradiol + 9.23 2 1.5 200 
tamoxifen 

Prolactin (2ug/m1) 5.71 ee 0.59 123 

Prolactin + insulin l2e22 z 0.44 265 

Prolactin + oestradiol 12.49 £ 0.67 . 270 
eee 

TABLE 1:~ Effect of various hormone treatments and combinations 

on rates of (A) athynidine incorporation in MCF-7 cells. 

The cells were incubated for 48 hours with the indicated 

addition in medium containing 0.5% steroid depleted calf 

serum, Dishes were pulsed for the last 2 hours with 0.25 

uCi (PB) =thymiaine per dish. Values represent means of 

triplicate determinations ~ standard deviations.



iii) Antioestrogen inhibition of macromolecular synthesis in 

"MCF-~7 cells. 

intavestrogens are compounds which were originally 

designed as possible anti-fertility agents (Harper and Walpole 

1966, 1967). Most antioestrogens are derivatives of substituted 

triphenylethylene and the structures of the major types used in 

this study are shown below compared with Mpaoeptradtols~ 

HC. _CHg 

i 
(CH)o 

On, __ XQ) 
Cc 

colts (O) 40 
TAMOXIFEN 17P- OESTRADIOL 

OH 

mera 

PO op -- 
Oe 

CIS- CLOMIPHENE 

(ch 

The effects of dose responses of the antioestrogens 

tamoxifen and clomiphene citrate on rates of thymidine incorpo- 

ration are shown in figures 4 and 5. Both antioestrogens have 

very similar response curves and show dose dependent inhibition 

. : ; = 7. of incorporation rates at concentrations in excess of 10M, 
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FIGURE 4:- Dose response curve for the effect of tamoxifen on the 

rate of Cayathynidiue incorporation in MCF-7 cells. 

The cells were incubated with the indicated antioestrogen 

concentration in medium containing 0.5% steroid depleted 

calf serum, Dishes were pulsed for the last 2 hours with 

0.5uCi (7H)-thymidine per dish, Values represent means 

of triplicate determinations; standard deviations were 

generally less than 10%,
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FIGURE 5:=- Dose response curve for the effect of clomiphene 

citrate on rates of (7A)-thymidine incorporation. 
in MCF~7 cells, 

Legend as for figure 4,



At concentrations of antioestrogens above 107, 

considerable changes were observed in the morphology of the 

MCF=7 cells. The cells had a 'shrivelled' appearance and sub= 

stantial numbers of free=floating cells and debris were seen 

in the medium indicating extensive cell death and lysis. However, 

oy antioestrogens, which were sufficient at concentrations of 10° 

to reduce thymidine incorporation rates to approximately 50% of 

control values, the cells had the same morphology as control 

cells, 

iv) Reversal of antioestrogen action by oestradiol. 

Antioestrogens are believed to exert their antagonistic 

effects by competing with oestrogen for binding to the oestrogen 

receptor, Tamoxifen is capable of binding to the cytoplasmic 

oestrogen receptor (Clark et al 1973) and inducing the brausfen 

of thie complex into the nucleus (Koseki et al 1977). However, 

tamoxifen is thought to bind to the oestrogen receptor with a 

much lower affinity than oestradiol does. Consequently, if 107° 

concentrations of tamoxifen are exerting their inhibitory effects 

via an oestrogen mediated pathway, it shculd be possible to 

displace the tamoxifen from the receptor, and therefore relieve 

the inhibition, by addition of a much lower concentration of 

oestradiol, 

Table 2 shows that this is indeed the situation, 

Concentrations of 107M of either tamoxifen or clomiphene citrate 

significantly inhibit rates of thymidine incorporation below 

control values; whereas the simultaneous addition of 100X less 

oestradiol can successfully relieve the inhibition, If these 

(51)
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Thymidine incorporation % of control 

  

Test Concentration (M) dpm x 10->/mg. pt./hr. value 

+ 

Control - 22.9 - 3.4 100 

‘ -8 eo 
Oestradiol 10 37.9 = 1.5 165_ 

, -6 + ; ; Tamoxifen 10 7.7 —~ 1.2 34 

Oestradiol + 107° + 107° OT a0 36) 118° 

Tamoxifen ¢ - 

Control = 23.8 = 1.4 100 

. -8 + 
Oestradiol 10 35.0 ~ 2.4 VAT 

Clomiphene 107° 13.8 + 1.2 58 

Oestradiol + 107° + 107° 22.8124 - 96 
Clomiphene 

a 

TABLE 2:— Revevsal of antioestrogtn effects by the Similtaneous 

addition of oestradiol in MCF-~7 cells. The cells were 

incubated for 48 hours with the indicated treatment in 

medium containing 0,5% steroid depleted calf serum, 

Dishes were pulsed for the last 2 hours with 0.5uCi 

(7H) thymidine per dish, Values represent means of 

triplicate determinations; standard deviations were 

generally less than 10%,



observations apply to clinical breast cancer, then one might 

predict that antioestrogens would be less effective in pre= 

menopausal women because higher concentrations of circulating 

oestrogens may prevent antioestrogen effects, 

Furthermore, since the inhibitory effects of tamoxifen 
— 

are reversible by oestradiol in MCF-7 cells, this strongly - 

suggests that tamoxifen is not merely inhibiting the cells in 

a non-specific manner, A different situation is seen in chinese 

hamster ovary (CHO) cells in culture, where concentrations of 

107° to 107°M tamoxifen significantly inhibits thymidine incorpo 

ration rates to the same extent, but unlike in MCF-7 cells, this 

inhibition cannot be relieved by concentrations up to 107M 

oestradiol (data aot presented). Receptor assays were performed 

on CHO cells and showed the absence of an oestrogen receptor in 

this cell line (data not presented); thus it must be concluded 

that in the CHO cell line, tamoxifen effects were non-specific. 

To assess the difference in affinities of oestradiol and 
Peeerenen 

tamoxifen for binding to the oestrogen receptor, it is necessary 

to determine the lowest concentration at which oestradiol can 
wee = = 

block the inhibitory effect of a fixed concentration of tamoxifen, 

Figure 6 shows’ the effect of incubating MCF~7 cells with a fixed 

inhibitory ee Ee of tamoxifen set at 107M and. the 

simultaneous addition of varying oestradiol concentrations from 

1074 3 
to 10 M, The graph shows that 100-500 fold less SoncenPkations 

of oestradiol can. successfully 'rescue' the cells from tamoxifen 

inhibition, Thus the affinity of tamoxifen for binding to the 

oestrogen receptor in MCF~7 cells is presumably between 100-500 

fold less than oestradiol. However, this assumes that there is a 
———— 

(52)
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FIGURE 6:= Effect of a fixed inhibitory concentration of tamoxifen 

(1076) and the simultaneous addition of varying oestra- 

dicl (E,) concentrations on (7H)-thymidine incorporation 

rates in MCF-7 cells. 

Rest of legend as described in figure 4.



direct correlation between oestrogen receptor binding and biologic 

effect. To measure the true binding affinity (Kd value) of tamoxifen 
™ a 

“for the puabeopen receptor, it would be necessary to perform 

Scratchard plots using cytoplasmic extracts of MCF-7 cells and 

radiolabelled tamoxifen, 

Further investigations into the 'rescue' effect of 

oestradiol on tamoxifen inhibited cells showed that even after 

an 83 hour incubation with 107m tamoxifen alone, the further 

addition of oestradiol (107M) for 24 hours could still effectively 

reverse the inhibition of thymidine incorporation (see figure 7). 

However, it is noticeable that there is a considerable 'overshoot' 

in the thymidine incorporation levels for the rescued dishes 

above the dishes treated with 107° oestradiol alone, Also, this 

‘overshoot ' increases sharply for the first 48 hours of rescuing 

the cells, This suggests that tamoxifen may be erresting the cells 

in a uniform stage of the cell cycle (probably Gi). When oestradiol 

is added to rescue these cells, it may be acting on a semi- 

synchronous population, resulting in a larger proportion of cells 

than usual proceeding through S phase, which would account for _ 

He ‘overshoot' values seen. 

| Collectively, the ablilty of oestradiol to reverse 

tamoxifen inhibition, and the prevention of inhibition by the 

ssunilbaneods addition of a much lower concentration of oestradiol 

provides strong eidenee that antioestrogen action in MCF-7. cells 

is mediated via an oestrogen receptor pathway. Furthermore, although 

antioestrogens are believed to act by interfering with oestrogen 

actions, these results clearly show that tamoxifen, in the total 

absence of any oestradiol, is.capable of exerting a significant 

(53)
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FIGURE 7:=— Time course showing that prolonged incubation of MCF-7 

cells with an inhibitory concentration of temoxifen(107°M) 

can be-reversed over a long time period by a further 24 

hour incubation with oestradiol(10 M). 

Additions:— (@—®) control dishes; (m—a) 107° oestradiol 

dishes; (4---4) 107° tamoxifen dishes; (a--a) 107° 

tamoxifen treated dishes for the time period shown on the 

abscissa axis followed by a further 24 hour incubation 

with 107° oestradiol. Dishes were pulsed for the last 2 

hours of each time point with 1uCi (7H) thymidine per dish. 

Values represent means of duplicate determinations.
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iological effect, Thus, incubating MCF-~7 cells with antioestrogen 

is more inhibitory than simple oestrogen deprivation. 

v) Attempts at selection of antioestrogen resistant mutants of 

‘MCR-7 cells, 

The mechanisms whereby oestradiol and tamoxifen alter 

rates of cell proliferation in MCF~7 cells undoubtedly involves 

many steps, To study the steps involved, it would be desirable 

to obtain mutants of MCF-~7 cells which were unresponsive to 

these agents and determine the positions in the receptor mediated 

pathways where the lesion(s) occured. However, devising a selection 

procedure for isolating oestradiol unresponsive mutants would 

pose problems, since MCF-7 cell growth is responsive, but not 

dependant upon oestradiol (see figure 1), 

Selection for tamoxifen resistant mutants seems more 

feasible since there is good evidence to suggest that antioestrogens 

act via the oestrogen receptor system 1a this cell line, and high 

concentrations of tamoxifen lead to considerable cell death after 

48 hours, Thus, any MCF~7 cells which continued to grow in the 

presence of high levels of tamoxifen might also be unresponsive 

to oestradiol and be studied further, 

| Consequently, a toxicity curve was Bouetruatea for 

tamoxifen by measuring cell viability (as determined by’ trypan 

blue exclusion) of MCF=7 cells with varying concentrations of 

‘this antioestrogen, Figure 8 shows that at a concentration of 

ted X 107M tamoxifen, only approximately 30% of the cells re- 

mained viable after 48 hours. Cell counts could not be performed 

on dishes treated with higher levels of tamoxifen since the cells 

(54)
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FIGURE 8:- Effect of high concentrations of tamoxifen and oestradiol 

on cell viability in log phase MCF-7 cells. 

Additions:— (4--4) tamoxifen treated dishes; (e—e) 

oestradiol treated dishes, The medium used contained 0.1% 

steroid depleted calf serum. Viability was determined 

after 48 hours by vital staining with trypan blue; values 

represent means of duplicate determinations.



appeared very fragile and readily lysed when harvested. 

Selection was performed on large populations of MCF-7 

cells (estimated at approximately 10? cells) which had been 

mutagenised with ethylmethane sulphonate (EMS) such that approxi- 

mately 50% survived. The cells were allowed to recover for two 

days and then placed in medium containing 5% steroid depleted 

calf serum and 7.5 X 107m tamoxifen. Unfortunately no tamoxifen 

resistant mutants were isolated despite many attempts. When the 

cells were plated at low density, inevitably all the cells died; 

yet when the cells were plated at almost confluent concentrations 

they rapidly proceeded to reach confluence and showed little sign 

at all of any cell death occuring. The number of cells surviving 

in the latter situation is far too high to be accounted for solely 

by tamoxifen resistant mutants, and is probably due to a lowering 

of the effective tamoxifen concentration caused by high non-specific 

binding of the antioestrogen to the outside of the cells, 

(55)
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SECTION B:= POSSIBLE MARKERS OF OESTROGEN ACTION IN MCF-7 CELLS. 

i) Oestrogenic stimulation of thymidine kinase activity. 

The results presented above in Section A clearly show 

that growth and macromolecular synthesis of early passage MCF-7 

cells in our laboratory were oestrogen responsive. Extensive 

Seis been made of measuring rates of (a) thymidine incorpo— 

ration in MCF=7 cells under different hormonal environments to 

reflect changes in the proliferative state of the cells. In 

general, under conditions when cell growth is stimulated or 

inhibited by hormonal treatments, this is also vefietted by the 

corresponding effects on rates of (7H) thymidine incorporation. 

However, it is noticeable that stimulation of cell numbers 

above control values by oestrogen is considerably less matked 

than the etigulation of A otiymidine inosehntion rates, 

This observation led to the proposal that perhaps oestradiol 

was also having an effect on DNA precursor pool sizes 

Thus, since radiolabelled thymidine had been_used to 

monitor rates of DNA synthesis, it was decided to examine the 

effects of oestradiol on the pyrimidine salvage pathway enzyme 

thymidine kinase. This enzyme is responsible for the conversion 

of thymidine to thymidylate (dTMP) inside the cell, and is 

known to be greatly enhanced in regenerating rat liver and 

rapidly proliferating tissues in general (Weissman et al 1960). 

Figure 9 shows the results of conditions to optimise 

the thymidine kinase assay for MCF-7 cell extracts. The assay 

(56)
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enzyme concentration, (c) optimization of ATP concentration © 
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(a) enzyme extracts equivalent to 5Oug. protein were added, 
For (b), (c) and (d) incubation times were fixed at 8 mins, 
All assays were performed as described in Materials and 
Methods. Points represent means of duplicates,



was shown to be linear with time (up to 10 minutes), and pro- 

portional to the amount of cell extract added. Measurement of 

the specific activity of thymidine kinase in MCF-~7 cells incubated 

for 48 hours in the presence of oestradiol or tamoxifen is 

shown in table 3. Oestradiol more than doubles thymidine kinase 

levels in MCF-7 cells above control values, whereas tamoxifen 

Significantly depresses the level of this enzyme. Thus, in MCF-7 

bells; thymidine Hithee appears to be an oestrogen regulated 

enzyme. 

Furthermore, figure 10 shows that in response to 

varying oestradiol concentrations, the sensitivity of thymidine 

kinase activity shows good agreement with the stimulation of 

thymidine. incorpcration rates into DNA. It can be seen that 

stimulation of thymidine kinase activity occurs at very low 

concentrations of oestradiol which are well within vhystolipies? 

ranges and also within ranges necessary to saturate the oestrogen 

receptor in this cell line, In both instances, maximal stimulation 

of either thymidine kinase activity or thymidine incorporation 

9 
rates occurs at 10 ” to 107° oestradiol concentrations. 

Since thymidine kinase is a recognized salvage pathway 

enzyme (ie. not involved in the de novo synthesis of this nucleo- 

tide) for pyrimidine nucleotide, it was also of interest to 

determine wheter oestradiol had similar effects on the corres— 

ponding purine salvage pathway enzymes, Thus, the levels of 

hypoxanthine-guanine phoaphoribosyl transferase (HGPRTase) and 

adenine phosphoribosyl transferase (APRTase), which are both 

purine salvage pathway enzymes, were measured in conjunction 

with thymidine kinase activities in oestrogen treated MCF-7 celis. 

(57)



Thymidine kinase activity 

Addition to medium pmoles dTMP/mg. protein/min. 

Control 4.0 (100) 

Oestradiol (1078m) LAA (226) 

Tamoxifen (107m) 1.9 (32) 

  

TABLE 3:— Thymidine kinase levels in oestradiol and tamoxifen 

treated MCF-7 cells. The cells were incubated for 48 

  

hours in medium containing 0.5% steroid depleted calf 

serum and then assayed for thymidine kinase activity 

as described in Materials and Methods. Values repre- 

sent means of triplicate determinations na standard 

deviations, The figures™in parentheses aré percentages 

of control values,
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FIGURE 10:= Dose response curves for thymidine kinase activities (¢—@) 

and thymidine incorporation rates (#--4) with oestradiol. 

The cells were incubated for 48 hours with the indicated 

hormone concentration in medium containing 0.5% steroid 

depleted calf serum before being assayed. Values represent 

means of triplicate determinations; standard deviations 

were generally less than 10%,



Figure 11 shows a time course for the activities of 

all three enzymes after treatment with and without 107°M oestradiol. 

Cells treated with oestradiol show thymidine kinase activities 

which are above control values by 12 hours and continue to rise, 

peaking after 36 hours, after which they steadily decline and 

remain about 50% above control values after 72 hours. In contrast, 

the activities of the we purine salvage pathway enzymes, HGPRTase 

aaa APRTase, are not stimulated by oestradiol at any of the 

measured time pointe, This shows that oestradiol is not merely 

atamiratiny total protein synthesis, but only the synthesis of 

specific proteins of which thymidine kinase is one, 

To determine whether the oestrogenic stimulation in 

thymidine kinase activity was solely responsibie for the increase 

in-thymidine incorporation rates, it was decided to investigate 

the stimulation of each parameter on a time basis. If the 

increased thymidine kinase activity is merely increasing the 

radiolabelled specific activity of the nucleotide precursor pool 

sizes, then it would be expected that the two nateushoas would 

rise together in response to oestradiol. 

However, table 4 shows that this is not the cituation. 

Oestradiol significantly increased thymidine kinase activity by 

12 hours and more than doubled enzyme activity by 24 hours, 

whereas thymidine incorporation rates remained at control values 

at both time points. Thus, stimulation of thymidine kinase activity 

is one of the earliest defined responses of this cell line to 

oestradiol and represents the first enzyme in a human breast 

cancer cell line shown to be under hormonal control. Furthermore, 

this result would indicate that thymidine incorporation is 

(58)
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FIGURE 11:— Time course for the effect of oestradiol (1078) on pyrimidine 

(TK) and purine (HGPRTase and APRTase) salvage pathway enzymes 

in MCF-7 cells. Key:— (@—@)thymidine kinase activities, 

(4--4)HGPRTase activities, (m#—®) APRTase activities. Enzyme 

assays were performed as described in Materials and Methods. 

Points represent means of triplicate determinations; standard 

deviations were generally less than 10%,



INTRODUCTION= SECTION 1. 

STEROID HORMONES , RECEPTORS AND HUMAN BREAST CANCER. 

Since the cells of mammary gland proliferate in response to 

hormones, this tissue has been used by many workers as a model for 

the study of hormonally-induced growth and differentiation. Most of 

our knowledge in this area. is derived from hormonal studies on the 

growth and development of normal and neoplastic rodent mammary glands 

(Topper 1970, Partington 1972, Cohen and Hilf 1974). However, the 

role of these hormones in the development of the human mammary gland 

is less well defined. 

Although the human mammary gland is responsive to a number of 

hormones, the major consideration in this thesis will be with the 

action of steroid hormones, in particular oestrogen action on this 

target tissue. Besides the mammary gland, studies on other oestrogen 

target tissues such as the uterus, vagina and anterior pituitary have 

indicated remarkable similarities in the mode of oestrogen action in 

these tissues. Due to the easy availability of large numbers of 

hormone responsive cells, the immature rat uterus has been studied 

most extensively and is often used as a reference model upon which 

oestrogen action in other target tissues may be based (Chan and O'Malley 

1976). 

(All oestrogen target tissues are characterised by the presence 

of specific proteins called oestrogen receptors which bind oestrogen 

in a non-covalent manner with very high specificity and affinity.| 

Unlike receptors for polypeptide hormones which are located on the 

cell surface (Cuatrecasas 1974), steroid hormone receptors are proteins 

located within the cytoplasm (Jensen et al 1968)} Oestrogens are thought 

(1)



      Addition 

12 hours 

Control 7 5.31 F 0.95 

Oestradiol (107°H) bites 08 

Tamoxifen (107m) 5.85 + 0.95 

24 hours 

Control i 6.19 + 0.45 

Oestradiol (1078) 5.92 + 0.48 

Tamoxifen (107m). 2.58 + 0.28 

TABLE 4:— Thymidine incorporation 

in MCF-~7 cells after 12 

diol or 107°M tamoxifen 

(7H) thymidine incorporation 

dpm x 10% /mes protein/hr. 

Thymidine kinase activity 

pmoles dTMP/mg. protein/min. 

(100) 15.89 $1.04 (100) 

(97) . 21.89 $0.02 (138) 

(110) 22.68 $3.6 (142) 

(100) 14.85 + 0.33 (100) 

(96) 33.45 + 3.75 (225) 

(41) 10.46.7.0.36 (70) 

rates and thymidine kinase activities 

and 24 hours with either 107M oestra= 

in medium containing 0.5% steroid 

depleted calf serum. Values represent means of triplicate 

determinations a standard deviations. The figures in parentheses 

are petcentages of control values. 

 



regulated by oestradiol at a latter time point in the oestrogen 

response than the thymidine kinase regulated step. 

It is interesting to see from table 4 that after 12 

hours, tamoxifen (107m) also stimulates thymidine kinase 

activity significantly above control values, whereas by 24 hours 

the activity is depressed below control values, The 12 hour 

response could represent early oestrogenic effects of tamoxifen 

as found by other workers (Koseki et al 1977) before the true 

antioestrogenic effects of this compound are manifested. 

ii) Hormonal effects on m-lactalbumin synthesis. 

Lactose synthesis in the mammary gland is dependent 

upon the presence of two functionally and structurally dissimilar 

proteins, galactosyltransferase and «-lactalbumin. Galactosyl- 

transferase is widely distributed in animal tissues and is 

responsible for the transfer of galactose to N-acetylglucosamine:- 

Galactosyl- 
UDP-galactose + N-acetyl N-acetyllactosamine + 

glucosamine - transferase UDP. 
27 we 

In contrast, ¢-lactalbumin is usually restricted solely 

to the mammary gland and is present in levels insufficient to 

support lactose synthesis until dimediately prior to parturition 

when its level rises sharply. This rise has been attributed to 

the decrease in circulating progesterone levels at parturition 

(Kuhn 1969). olactalbumin modifies the acceptor specificity of 

galactosyltransferase so that lactose synthesis is achieved:- 

Galactosyl- 

UDP-galactose + D— — array Lactose + UDP 

glucose o lactalbumin 

(59)



a&-lactalbumin has been detected in human and rat 

mammary tumours (Kleinberg 1975, McGuire 1969) and shown’ to 

be under hormonal control in normal mouse mammary celis (Von- 

derhaar et al 1973) and rat mammary glands (Ip and Dao 1978). 

Although e«-lactalbumin has been reported to be present in 

MCF-7 cells, its synthesis was found to be independent of 

lactogenic hormones (Rose and McGrath 1975). However, for the 

duration of those experiments the MCF-7 cells were grown in 

medium containing 5% onereated calf serum which may already 

contain dijetowbieda levels of lactogenic hormones sufficient 

to mask the effect of added hormones, Consequently, studies 

were conducted to examine the response of MCF=7 cells grown 

in our laboratory to hormonal treatments in the presence of 

medium containing 0.5% steroid depleted foetal calf serum. 

However, as shown in table 5, although “-lactalbumin 

is detected in our MCF-7 cells grown under low serum conditions, 

the synthesis of this protein appears to be totally independent 

of hormonal additions. The usual lactogenic Hornoues either 

alone, or in combination resulted in no stimulation ofa-lact- 

albumin above control values. The antioestrogen tamoxifen was ae 

found to have no effect. Thus, whereas thymidine kinase activity 

in MCF-7 cells is responsive to oestrogen and antioestrogen 

treatments, the synthesis of the protein “lactalbumin appears 

insensitive to these treatments or other hormonal combinations, - 

(60)



  

ADDITION . ot- LACTALBUMIN LEVEL 

pmoles lactose/mg. protein/min. 
eer ee ee ee ee ee 

Control 3.94 

Insulin(107-"M) 4.12 

Prolactin (2ug/m1) 4.36 

Insulin + prolactin 3.40 

Insulin + prolactin + 4.27 

Hc (107°M) 

Insulin + prolactin + 4.13 

HC + oestradiol 107M) 

Tamoxifen(10~M) 4.04 

TABLE 5:— Effect of hormonal treatments on ad-lactalbumin levels in 

MCF-7 cells. The cells were grown for 5 days in medium 

containing 0.5% steroid depleted foetal calf serum together 

with the indicated hormones before determining w-lactalbumin ” 

levels as described in Materials and Methods. HC = hydro- 

cortisone, Each point represents means of triplicate deter- 

minations performed on cells pooled from three medicine 

bottle monolayers. Values have been corrected for the «-lacta- 

lbumin present as a tracé contaminant in the Be lacosyiusees= 

ferase enzyme preparation supplied by Sigma.



iii) Hormonal effects on polysome profiles. 

In all the above experiments to measure rates of 

thymidine incorporation in MCF-7 cells during hormonal treat- 

ments, the results have routinely been expressed as dpm (Fu) 

thymidine incorporated into DNA/mg. protein/hour. This is to 

eliminate errors that may otherwise arise from differences in 

cell numbers at the beginning of the experiment when the cells 

are raplacately plated into test dishes, Often, when MCF-7 

cells are being harvested from culture bottles, they have a 

tendency to detach as large 'sheets' of cells. Despite re- 

suspending the cells in fresh medium and extensive vortexing, 

many cells still remain present as clumps of up to 50 cells. 

Thus, during precursor incorporation experimenvs, each indi- 

vidual dish has its rate of uptake corrected to reflect cell 

numbers present; otherwise triplicate values obtained for 

supposedly replicately plated dishes undergoing the same 

hormonai treatments may have unacceptable differences, 

However, observations from a large number of incor- 

poration experiments showed that dishes treated with mitogenic 

hormones such as oestradiol or insulin, consistently had total 

cell protein values significantly above control dishes, As 

hormonal treatment is usually for 48 hours, this time period 

is insufficient for the fnercabed protein values to be accounted 

for by a concomitant increase in cell numbers, since figure 1 

shows that cell numbers are not stimulated above control values 

by oestradiol until at least 5 days in culture. Thus, it would 

appear that prior to increasing cell numbers, mitogenic hormones 

also increase the protein content per cell above control cells, 

(61)



This effect of mitogenic hormones often results in 

precursor incorporation values expressed as dpm/mg. protein/hr. 

. being artifactually lower than if expressed on a dpm/dish or 

cell number basis. This problem is emphasized in table 6 where 

(140) protein hydrolysate was used to measure rates of protein 

synthesis in MCF-7 cells under different hormonal conditions. 

If the results are expressed on a dpm/dish basis, then there is 

a 40% and 934 stimulation above control values for oestradiol 

and insulin treated dishes respectively. However, it can be seen 

that there are much higher amounts of total cell protein in these 

dishes compared to the control dishes, Consequently, the per=- 

centage stimulation seen when the same results are expressed on 

a mg. protein/hr. basis are considerably less. 

Since mitogenic hormones appeared to increase the 

protein content per cell prior to cell division, it may be 

expected that there would be a shift in the polysome profiles 

of these cells. Thus, perhaps MCF-7 cells treated with mitogenic 

hormones had a higher proportion of ribosomes present as poly-= 

somes compared to control treated cells. Figure 12a shows a 

typical polysome profile obtained from cytosol extracts of MCF-7- 

cells. In figure 12b, a replicate sample has been pre-treated 

with 10mM EDTA prior to running the sample on the sucrose gradient. 

The EDTA has the effect of dissociating monosomes and polysomes 

into their ribosomal subunits of 60S and 40S particles. This 

showed that in figure 12a there was only slight dissociation of 

the ribosome preparations into their subunits; the majority being 

present as 80S monosomes followed by a series of smaller polysomes. 

(62)
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TABLE 6:=— Effect of hormone treatments in MCF-7 cells on rates of 

protein synthesis expressed in terms of cell protein 
or per dish basis. Ceils were incubated for 48 hours with 
the indicated treatment and pulsed for the last 3 hours 
with 1uCi (14C)-protein hydrolysate per dish. Figures in 
parentheses are percentages of control values.
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FIGURE 12:= Polysome profiles from MCF-7 cells. Cytosol extracts 

were prepared and ran in 15-50% w/w sucrose gradients 

as described in Materials and Methods. 

(A) untreated cytosol extract, (B) cytosol extract 

treated with 10mM EDTA at 4°C for } hour prior to 

centrifugation. 

Supt. = supernatant, mono = monosomes, poly = polysomes,



These results encouraged us to examine hormonal effects 

on polysome profiles in MCF-7 eens; Unfortunately, dua experi- 

| ments were performed during a period when the growth and thymidine 

incorporation rates of our MCF~7 cells had become refractory to 

the action of mitogenic hormones such as oestradiol, insulin and 

5a-dihydrotestosterone, The characteristics of the cells during 

this period of approximately 18 months will be discussed more 

fully in Section C and’ they will be referred to.as ‘unresponsive! 

MCF-7 cells. This syoblent stressed the need to find new markers 

of oestrogen action in this cell line. However, hormonal stimu- 

lation of cell growth, although absent during this period, un- 

doubtedly involves the prior stimulation of RNA and protein 

synthesis which may possibly still occur even in the 'unresponsive' 

cells, 

Figure 13 shows insulin effects and figure 14 shows 

prolactin and oestradiol effects on polysome profiles in un- 

responsive MCF~7 cells. It can be seen that there was negligible 

differencebetween any hormonally treated cells and control cells. 

Tamoxifen (107m) treated cells were also compared with control 

cells (data not presented), but again the polysome profiles were 

very similar. . 

Although there was no significant redistribution of 

ribosomes from the monosome to the polysome fraction see any 

hormonal treatment, this does not necessarily indicate that ‘rates 

of protein synthesis were totally unaltered. Analysis of polysome 

profiles is a relatively insensitive method for examining hormonal 

effects on pretein synthesis and although large changes in profiles 

are noticeable when there is a very large change in protein synthetic 

(63)
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FIGURE 13:= Effect of insulin (107!) on polysome profiles from 

MCF=7 cells. The cells were incubated for 48 hours 

with or without insulin before being prepared for 

polysome gradients as described in Materials and 

Methods. The absorbance range was changed from 1,0 

to°0.5 at the break in each trace.



to enter target cells by simple diffusion and form cytoplasmic oestrogen- 

receptor complexes |which under low salt conditions sediment .as 8S entities 

and under high salt (0.4M KCl) as 4S entities (Erdos 1968). The cytoplasmic 

4S oestrogen-receptor complex is then thought to undergo a temperature-— 

dependent ‘activation process' which increases its sedimentation coefficient 

to 5S (Jensen et al 1968). Although the molecular mechanism of the ‘activation 

process' is unclear, there is little doubt that this form of the oestrogen- 
eens 

  

receptor complex ‘has an guoreeged affinity for nuclear binding tre 
RE en ~~ 

sedated on the chromatin, called Seoepton sites (Puca et al 1974). at these 

sites, the nuclear oestrogen=-receptor fe may alter the expression of 

specific genes resulting in aie Ghnavad Histeritetiredees oo 

Normal and neophastin mammary tissue have been demonstrated to 

contain pessrogen re BEOre ‘(whit lite et al 1972, McGuire and DeLaGarza 

1973a,DeSombre et al 1976), and a similar oestrogen receptor system is 

believed to be operative as described above for the rat uterus, Oestrogens 

act on the normal mammary gland to Promey. growth and differentiation 

(Lyons et al 1958). However, in vivo seer tthee with oestrogen are often 

difficult to interpret since oestrogen stimulates the release of pituitary 

prolactin which also acts upon mammary tissue (Meites and Nicoll 1966), 

There is exverimental evidence to sugges’, that both hormones may be. 

necessary. for the maintenance of normal and neoplastic rat mammary tissue. 

Firstly, in the abieane of a pituitary, oestrogen alcne cannot 

support rat mammary tumour growth (Sterental et al 1963), suggesting 

that a pituitary factor, probably prolactin, is essential. Secondly, 

in some mammary tumour bearing rats, experiments have shown that if 

they are ovariectomized to remove circulating oestrogen, then the tumours 

may regress even though circulating prolactin levels remain high (Sinha 

et al 1973). 

(2)
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FIGURE 14:- Effect of prolactin (10ug/ml) and oestradiol (1078) 
on polysome profiles from MCF~7 cells. Rest of legend 

as described in figure 13,



rates, as in the chick oviduct system (Robins and Schimke 1978), 

the sensitivity of this method for detecting minor alterations 

is questionable, 

It is also possible that whereas hormones may be genuinely 

increasing the amount of total cell genome available for trans— 

cription, they may also be acting at the level of translation. If 

the hormones were able to inaene sor aeatng of initiation of protein 

synthesis, then the area under the polysome fraction would be 

enhanced; however, if the rates of elongation and termination were 

similarily increased, then it would be possible to have increased 

rates of protein synthesis without observing any differences in 

polysome profiles. 

iv) Oestrogen effects on RNA polymerase activities and RNA synthesis. 

Since polysome profiles had proved unrewarding as a 

marker for oestrogen action in MCF=7 cells, we decided to study 

in detail some of the biochemical events that occur prior to 

protein synthesis, It is known that in the immature rat uterus, 

oestradiol increases both RNA polymerase I and II activities. . - 

(Glasser et al 1972, Hardin et al 1976) and also the synthesis 

of aeenitin RNA fractions (Hamilton 1968, Knowler and Smellie 

1971). These findings led us to undertake similar studies with 

the MCF-7 cell line in the hope that some of these parameters 

may be oestrogen responsive. 

Workers studying the immature rat uterus had shown that 

oestradiol caused a rapid increase in RNA polymerase activities 

with peak levels after about 4 hours of treatment (Hardin et al 

1976). Table 7 shows the results of a time course experiment to 

(64)
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_ PMOLES (7H)-uMP INCORPORATED/ 

TIME TEST MG. DNA/20 MINUTES, 
eee 

1 HOUR Control 24.37 

Oestradiol 23.87 

Control 23.75 

© HOURS Oestradiol 22.74 

: Control : 22.48 

Ve ‘HOURS® oi hawt radian 18.67 - 

Control 22.40 

24 HOURS Oestradiol 19.75 

eee 

TABLE 7:— Time course for the effect of 1078s oestradiol on RNA 

polymerase activity in MCF-~7 cells. The cells were . 

incubated for the indicated time period and then assayed 

for polymerase activity as described in Materials and 

Methods. Each point represents the mean of triplicate 

determinations performed on cells pooled from three 

medicine sized culture bottles, Blank values have been 

subtracted from each point,



measure RNA polymerase activities in MCF-7 cells treated with 

and without 1078y oestradiol for between 1-24 eee It can be 

seen that there was essentially no increase in RNA polymerase 

activity at any of the time points tested. The assay used to 

measure RNA polymerase did not include g—amanitin (which selec 

tively inhibits RNA polymerase II activity) and the activity 

measured is therefore total nuclear RNA polymerase activity. 

Despite the negative results obtained with oestradiol 

effects on RNA polymerase activity, we proceeded to examine 

oestrogenic effects on RNA synthesis in MCF=7 cells, It had been 

shown that in the immature rat uterus, a very early response 

(4 hours) to oestradiol was an enormous increase in the synthesis 

of high molecular weight RNA species which could be analysed by 

polyaeereami ie gel electrophoresis (Knowler and Smellie 1971 and 

1973). These findings encouraged us to attempt similar experiments 

with the MCF-7 cell line. 

MCF-7 cells were incubated with and without 107M 

oestradiol for 4 hours during which 50uCi of (7)-uridine was 

present for the last hour. Total cellular RNA was then extracted 

and run on polyacrylamide gels. Each gel was scanned at 260nm 

to identify the characteristic marker peaks for the 28S and 18S 

rRNA fractions, then each gel was sliced into Imm. fractions and 

counted for radioactivity to determine the positions of newly 

synthesized RNA species = oestradiol. Figure 15 shows the results 

of this experiment, Although the same amount of RNA was electro-~ 

phoresed on each gel as evidenced by the same absorbance heights 

of the 28S and 18S rRNA markers, the majority of the newly syn- 

thesized radiolabelled RNA remained at the top of the gel and 

(65)
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not distributed in the 28S and 18S fractions as Knowler and 

Smellie (1971 and 1973) had found in the rat uterus. 

By addition of the total radioactive counts in sah 

gel and the similarities in radioactive RNA profiles obtained 

with control and oestrogen treated cells, it was concluded that 

oestradiol was having no effect on RNA synthesis after 4 hours 

in MCF-7 cells. Collectively, these results and the results 

obtained with RNA polymerase activities would suggest that in 

terms of a system to study oestrogen action, the MCP=7 cell line 

bears little resemblance to the undoubtedly more responsive rat 

uterus, 

v) Oestradiol effects on secreted proteins and intracellular 

proteins in MCF={7 cells. 

The last three subsections (#-lactalbumin, ane 

profiles and RNA work) were performed on 'unresponsive' MCF-7 

cells. This subsection was experimentally the last to be comp= 

leted, and by this stage, conditions had been found under which 

the oestrogenic stimulation of cell growth and thymidine ingor- 

poration rates could be regained. 

It haa recently been reported that when MCF-~7 cells 

are grown in medium containing 10% foetal calf serum and 0.6ug/ml 

On oestradiol the cells insulin, then in the presence of 10° 

specifically increased the synthesis of certain secreted proteins 

(Westley and Rochefort 1979 and 1980), Since this represented a 

marker of oestrogen action we decided to attempt to reproduce 

these findings with MCF-7 cells grown in our laboratory. 

(66)



Figure 16 shows the eres of fluorograms. of radio=- 

labelled secreted i otetind Pepahesd by MCF~7 cells with and 

without 10 8y oestradiol under low (2%) and high (15%) serum 

conditions, Newborn calf serum (not steroid depleted) was used 

for these experiments and insulin was omitted from the medium, 

It can be seen that there is at least one major secreted protein 

band whose synthesis is greatly enhanced by oestradiol. The 

oestrogen regulated, secreted protein band is stimulated by 

oestradiol at low and high serum concentrations, which is some= 

what suprising since oestrogen will only stimulate cell growth 

and thymidine incorporation rates above control values in the 

presence of high serum, in MCF=7 cells currently grown in our 

laboratory (this will be described more fully in Section E). 

When secreted proteins and intracellular proteins from 

MCF=7 cells were examined together on one dimensional poly- 

acrylamide gels, it was noticeable that the pesition of the 

major oestrogen stimulated secreted protein band did not corr= 

espond to any major intracellular protein bands (data not pre- 

sented). Thus it is very unlikely that the oestrogen stimulated 

secreted proteins are artifactually derived from intracellular 

proteins, 

We nese examined the effects of oestradiol on the 

intracellular proteins in MCF~7 cells by the use of 2-—dimensional 

polyacrylamide gel electrophoresis, This technique separates 

proteins by their net basic charge in the first dimension by the 

use of isoelectric focusing, and by molecular weight and size 

in the second dimension by the use of polyacrylamide gel electro- 

phoresis, Figure 17 shows fluorograms of total radiolabelled 

(67)



FIGURE 16:— 

  
Effect of oestradiol (107° m) at low and high serum 

concentrations on the synthesis of secreted proteins 

in MCF=7 cells. The cells were incubated for 48 hours 

with the indicated treatment and labelled with (235). 

methionine (10uCi/100ul) for 5 hours before poly- 

acrylamide gel electrophoresis and fluorography of the 

secreted proteins, Track 1:— control + 2% serum, 

track 2:—- oestradiol + 2% serum, track 3:- control + 

15% serum, track 4:- oestradiol + 15% serum.
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FIGURE 17:= Effect of oestradiol (1078) on total intracellular 

protein synthesis in MCF-7 cells. The cells were 

grown in medium containing 15% calf serum and treated 

as described in the legend of figure 16 except that 

the cell monolayer was used for electrophoresis as 

described in Materials and Methods,



intracellular proteins from oestradiol (107°) and control 

_ treated MCF-7 cells grown in medium containing 15% calf serum. 

Although many hundreds of radiolabelled proteins can 

be seen on each fluorogram, on careful scrutiny, there is very 

little difference in the relative intensity of the majority of 

protein spots. Thus, it appears that even under high serum 

conditions, when cell opowth is stimulated above control values 

by pesbradiol, the effect of this hormone on intracellular 

protein synthesis is very subtle and certainly does not involve 

the major induction or enhancement of new or existing proteins. 

Unfortunately, time did not allow further development and per= 

fection of this method for identifying unequivocally specific 

oestrogen.induced proteins, but the potential of this technique 

will undoubtedly be exploited soon for examining hormonal effects 

‘in MCF-7 cells. 

(68)


