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Isolation of pMGTI: a Gene that is Repressed by 
Oestrogen and Increased by Antioestrogens and 

Antiprogestins 
D.L. Manning and R.I. Nicholson 

In order to isolate additional markers of oestrogen responsiveness in breast cancer and to study the mechanisms 
associated with the development of endocrine resistance, we have searched for oestrogen regulated genes. 
Differential hybridisation analysis of a cDNA library prepared from oestrogen-stimulated T-47D cells has led to 
the isolation of a sequence (pMGT1) whose expression is repressed (up to 8-fold) by oestrogen (10 -9 mol/l) and 
represents the first down-regulated gene to be identified by this methodology. Further studies of pMGT1 
expression in MCF-7 ceils has revealed that the pure antioestrogens, ICI164384 (10 -7 mol/l) and ICI182780 (10 -7 
moi/l) and the antiprogestin Ru38486 (10 -7 mol/l), increase pMGT1 mRNA levels by approximately 40-50-fold 
relative to the value seen in cells exposed to oestrogens. Under the same conditions, pS2(pLIV2), a gene which is 
positively regulated by oestradiol, was almost undectable. Significantly, both tamoxifen (10 -7 mol/I), and 4- 
hydroxytamoxifen (10 -7 moi/l), failed to increase pMGTI mRNA levels. Since cell culture studies have indicated 
that ICI164384 and ICII82780 are more effective than tamoxifen and 4-hydroxytamoxifen at inhibiting the growth 
of MCF-7 cells by mechanisms that lower their viability and sensitivity to growth factors, it is feasible that pMGT1 
plays a cent ra l  role in mediating these events and ins t igat ing pa thways  associated with cell death. 
E u r J  Cancer, Vol. 29A, No. 5, pp. 759-762, 1993. 

INTRODUCTION 
DIFFERENTIAL HYBRIDISATION strategies have proved extremely 
useful in the isolation of oestrogen regulated genes in breast 
cancer ceils. The technique usually involves the screening of 
cDNA libraries, prepared from oestrogen-stimulated ceils, with 

two cDNA probes; one prepared from the mRNA of hormone- 
stimulated cells and the other from hormone withdrawn cells. 
Its sensitivity is limited however, since oestxogen withdrawal 
procedures have been inadequate. Consequently, the differential 
expression of responsive genes is not maximised. 
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The exhaustive removal of oestrogens from serum [1] and the 
culturing of cells in phenol red-free media [2] have led to 
improvements in the withdrawal procedure, leading to the 
isolation of several oestrogen regulated genes by ourselves [3, 4] 
and others [5]. Indeed, at least two genes, pS2 [5], identical to 
the pLIV2 and pNR2 transcripts isolated by Manning et al. [3] 
and May and Westley [1], respectively, and pLIV1 [3], are 
expressed predominantly in oestrogen receptor (ER) positive 
breast cancers and may serve as prognostic indicators of oes- 
trogen responsiveness [6, 7]. 

Despite the improvements in screening strategies, the iso- 
lation of oestrogen-repressed sequences has remained elusive. 
We have previously described the cloning of eight oestrogen- 
induced sequences from the T-47D human breast cancer cell 
line [4]. At the same time, we also identified several clones 
that appeared to contain sequences which were repressed by 
oestrogen but by amount~ (less than 2-fold) that excluded them 
from further analysis. We have now re-screened this group 
against RNA from oestrogen-stimnlated or withdrawn MCF-7 
cells (which are more responsive to oestrogen than the T- 
47D cell line) and isolated a further clone, pMGT1, which is 
significantly repressed by oestrogen in this cell line compared to 
the levels observed in T-47D cells. Furthermore, when MCF-7 
cells are grown in the presence of either of the pure antioestrogens 
ICI164384 and ICI182780 or the antiprogestin RU38486, 
pMGT1 levels are dramatically increased. 

This is the first report of an oestrogen-repressed sequence 
identified by differential hybridisation analysis. 

MATERIALS AND METHODS 
cDNA library construction and screening for oestrogen-regulated 
sequences 

Complementary DNA library construction and screening for 
oestrogen regulated sequences by sequential rounds of colony, 
Southern- and northern-blot hybridisation, using cDNA probes 
prepared from T-47D cells grown for 7 days either in the 
presence (+E) or absence ( - E )  of oestrogen was performed as 
described previously [4]. At each round, only those clones that 
demonstrated at least a 2-fold stronger hybridisation signal with 
either the + E or - E probe were isolated. 

Tissue culture 
T-47D and MCF-7 cells were grown with or without oestrogen 

(10 -9 mol/l) for 7 days as described previously [2]. In order to 
determine the effect of different anrioestrogens (transtamoxifen, 
4-hydroxytamoxifen, trioxifene, LY139481, LYl17018, 
ICI164384, ICI182780), cis-tamoxifen and the antiprogestin, 
RU38486 on pMGT1 expression, cells were grown in the 
presence of each drug (10 -7 mold) for 7 days. 

RNA isolation and northern analysis 
Cells were harvested by the addition of 4 mol/l guanidinium 

thiocyanate containing 1% 2-mercaptoethanol directly to the 
tissue culture flask. Total RNA was obtained by sedimentation 
through 5.7 mol/l caesium chloride and stored in RNAse free 
water at -70°C. Northern analysis was performed using pS2, 
pMGT1 and actin probes labelled with ~2p-[CTP] as described 
previously [2]. Filters were washed extensively and exposed 
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to X-ray film prior to densitometric analysis using a video 
densitometer (Biorad 620). 

RESULTS 
The retrospective isolation of pMGT1 is shown in Fig. 1 

following sequential rounds of colony (Fig. la), and Southern- 
blot hybridisadon analysis (Fig. lb). While our previous results 
have shown that the majority of clones were oestrogen inducible, 
i.e. they showed a stronger hybridisation to the +E  probe 
(prepared from T-47D cells grown in the presence of oestrogen) 
compared to the - E probe (prepared from oestrogen-withdrawn 
T-47D cells) in both the colony and Southern-blot screens (Fig. 
la and Ref. 4). The pMGT1 clone (Fig. la, arrowed) contained 
sequences which were approximately 4-6-fold more abundant 
in oestrogen-withdrawn compared to oestrogen-stimulated T- 
47D cells. However, the difference in pMGT1 expression was 
not upheld to the same degree as detected by northern analysis 
(Fig. lc). pMGT1 levels were only 2-fold greater in cells 
grown in the absence (lane 2) compared to presence (lane 1) of 
oestrogen. Interestingly, pMGT1 levels were increased 40-50- 
fold in cells grown for 7 days in the presence of ICI164384 (lane 
3), an effect that could be reversed following the re-addition of 
oestrogen for 3 days (lane 4). Actin mRNA levels were unaffected 
by IC1164384 treatment as demonstrated by washing and repro- 
bing filters (Fig. ld). 

In the MCF-7 cell line, the difference in pMGT1 expression, 
as determined by northern analysis, between oestrogen-treated 
and -withdrawn cells was more evident than in T-47D cells, with 
an 8-fold increase observed following oestrogen depletion (Fig. 
2a). Furthermore, pMGT 1 mRNA levels were increased 40-50- 
fold (compared to the levels observed in oestrogen maintained 
cells) by the pure antioestrogens ICI164384 and ICI182780. 
In contrast, the partial antioestrogens which frequently show 
oestrogen-like activity [8] did not increase pMGTI levels above 
the oestrogen deprived value. Significantly, the induction of 
pMGT1 is not restricted to pure antioestrogens but was also 
increased by the antiprogestin RU38486. 

Reprobing the same filter with the oestrogen inducible pS2 
gene showed suppressive effects with all the antioestrogens 
studied, except tamoxifen. No pS2 expression could be observed 
with ICI164384 and ICI182780 even after long exposure times 
(Fig. 2b). Interestingly, the antiprogestin RU38486 also reduced 
pS2 levels to below the oestrogen deprived value. 

DISCUSSION 
The observation that not all ER positive breast cancers 

respond to antioestrogen therapy has led to the search for other 
markers of oestrogen responsiveness. Oestrogen regulated genes 
are ideal candidates and several inducible sequences have been 
isolated from cDNA libraries by differential screening [4]. 
Although these have been of value in assessing the likelihood of 
patient response to endocrine therapies, recent studies by our 
group [7] have suggested that a failure to detect oestrogen 
inducible genes may have two diverse biological explanations. 
Firstly, they may truly reflect an inability of the tumour cells to 
respond to oestrogens and therefore provide an accurate marker 
for the loss of hormone sensitivity. Alternatively, in indolent 
and metabolically less active tumours, they may result from the 
down-regulation of oestrogen regulated gene products to values 
that are not readily detected by routine methodologies [9]. Since 
clinical experience indicates that good quality tumour remissions 
to endocrine based therapies are frequently observed in ER 
positive tumours with low growth fractions [ 10], failure to detect 
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Fig. 1. Sequential rounds of colony (a), and Southern-blot (b) differential hybridisation analysis was performed on a cDNA library prepared 
from oestrogen re-stimulated T-47D cells as previously described [4]. The pMGT1 colony (arrnwed), which showed a stronger signal to the 
cDNA probe prepared from the mRNA from cells grown in the absence of oestrogen ( - E )  compared to the presence of oestrogen (+E) was 
isolated (a). Plasmid DNA was prepared, digested with BamH1 and probed by differential Southern analysis (b). Finally (c), the pMGT1 
sequence (0.7kb) was labelled and used as probe against RNA (I0ttg) from cells grown for 7 days with or without 10 -9 oestrogen (lanes 1 and 
2), 10 -7 ICI164384 (lane 3) and ICI164384 treated cells followed by the re-addition of oestrogen for 3 days (lane 4). Filters were washed and 

reprobed with actin cDNA (d). 

oestrogen regulated gene products in these tumour types clearly 
may not reflect an autonomous condition. Consequently, this 
has stimulated our search for gene sequences that are negatively 
regulated by oestrogen and which may be induced in hormone 
sensitive resting cell populations. 

Although a number of genes have been identified which are 
repressed by oestrogen including transforming growth factor [3 
(TGF[3) [11] and the ER gene itself [12], this is the first report 
of an oestrogen repressed sequence isolated by differential 
hybridisation ofa cDNA library. Our current success in this area 
has been aided by the employment of a low-density hybridisation 
protocol [4], growing cells in an oestrogen-depleted environment 
[2] and the availability of pure antioestrogens. The latter com- 
pounds bind to ER [13] producing a receptor complex devoid 
of biological activity [14], thereby promoting total oestrogen 

deprivation [15]. Using this approach we report a sequence 
which is suppressed approximately 8-fold by oestradiol but 
increased approximately 50-fold by the pure antioestrogens 
ICI164384 and ICI182780 in MCF7 cells, an effect that can be 
reversed by oestrogen. At present, however, the identity of the 
gene awaits elucidation by sequence analysis. 

Interestingly, the increase in expression of the pMGT 1 mRNA 
species is not specific for pure antioestrogens, with the antiproge- 
stin RU38486 producing an equivalent rise. Since antioestrogens 
and antiprogestins have additive antitumour properties [ 16] and 
the antiprogestin RU38486 has been shown to inhibit the 
oestrogen stimulated growth of mammary tumours in mice [ 17], 
our current data may indicate a molecular point of interaction 
between these diverse classes of drugs in mechanisms that lead 
to tumour cell death. 
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Fig. 2. 101tg of total RNA was isolated from MCF-7 cells grown with (+E) or without (-E) oestrogen for 7 days or from cells grown with 
trans-tamoxifen (TAM), 4-hydroxytamoxifen (4OHT), trioxifene (Triox), LY139481 (LY139), LYIIT018 (LYll7), RU38486 (RU384), cis- 
tamoxifen (CisTAM), ICI101383 (ICIIOI) or ICI182780 (ICI182) and probed with pMGTI (a) or pS2 (b) which hybridise to mRNA s p e c i e s  

>I0 kb and 0.6 kb in size, respectively. Filters were exposed to X-ray film for 1-6 h and densitometrically scanned (c, d). 

Finally, the fold induction of pMGT1 by ICI164384 and 
ICI182780 is much greater than that achieved with a series of 
antioestrogens with partial oestrogen-like activity. This obser- 
vation again correlates with the relative antitumour activity of 
these compounds against the growth of MCF-7 cells [15, 18]. 

In conclusion, we have isolated an oestrogen repressed 
sequence which may be of value in selecting patients for endo- 
crine based therapies and monitoring the antitumour activities 
of antiprogestins and antioestrogens, furthering our molecular 
understanding of growth controls in hormone related cancers. 

1. May FEB, Westley BR. CancerRes 1986, 46, 6034-6040. 
2. Berthois Y, Katzenellenbogen JA, Katzenellenbogen BS. Proc Natl 

Acad Sci USA 83, 2496-2500. 
3. Manning DL, Daly RJ, Lord PG, Kelly KF, Green CD. Mol Cell 

Endocrino11988, 59,204-212. 
4. Manning DL, Archibald LH, Ow KT. Cancer Res 1990, 50, 

4098-4104. 
5. Masiakowski P, Breathnach R, Bloch J, Gannon F, Krust A, 

Chambon P. Nucleic Acids Res 1982, 10, 7895-7903. 
6. Rio MC, Bellocq JP, Gairard B, el al. Proc NatlAcadSci USA 1987, 

84, 9243-9247. 
7. Manning DL, France TD, McClelland RA, et al. (submitted). 

8. Nicholson RI. Antioestrogens and breast cancer therapy. In Furr 
BJA, Wakeling AE, eds. Pharmacology and Clinical uses of lnhibitors 
of Hormone Secretion and Action. London, Bailliere Tindall, 1987. 

9. Nicholson RI. Rev Endoc Rel Cancer 1992, 40, 25-28. 
10. Walker K J, McClelland RA, Candlish W, Blarney RW, Nicholson 

RI. EurJ Cancer 1992, 28, 34-37. 
11. Nicholson RI, Bouzubar N, Walker KJ, et al. EurJ Cancer 1991, 

27,908-913. 
12. Knabbe C, Lippman ME, Wakefield LM, et al. Cell 1987, 48, 

417-422. 
13. Saceda M, Lippman ME, Chambon P, et aL Mol Endocrinol 1988, 

2, 1157-1162. 
14. Wilson APM, Weatherill PJ, Nicholson RI, Davies P, Wakeling 

AE. J Steroid Biochem 1990, 35, 421-428. 
15. Wakeling AE.J SteroidBiochera 1990, 37,771-775. 
16. Nicholson RI, Manning DL. In Dogliotti L, Sapino A, Bussolati G, 

eds. Oestrogen-deprivation in Breast Cancer: Clinical and Experimental 
Obseroations, 1992, 279-290. London, Kluwer Academic Press. 

17. Bakker GH, Setyono-Han B, Portengen H, De Jong FH, Foekens 
JA, Klijn JGM. Endocrinology 1989, 125, 1593-1598. 

18. Michna H, Scheider Y, Nishino Y, EI-Etreby MF.J SteroidBiochem 
1989, 34,447-453. 

19. Wakeling AE, Dukes M, Bowler J. CancerRes 1991,51, 3867-3873. 

Acknowledgements---We wish to thank Dr Alan Wakeling for the gift 
of IC1164384 and ICI 182780. In addition, financial assistance from ICI 
and the Tenovus Organisation is gratefully acknowledged. 


