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TAMOXIFEN (tram l -(4-fl-dimethylaminoethoxy- 
phenyl)-l,Z-diphenylbut-1-ene), a non-steroidal 
antioestrogenic compound, is used in the 
treatment of human breast cancer [l]. Several 
metabolites of this drug have been described [2]. 
Although the major metabolite was initially 
misidentified as monohydroxytamoxifen (truns l- 
(4-&dimethylaminoethoxyphenyl)-1-(4-hydroxy- 
phenyl)-2-phenylbut-1 -ene), it has recently been 
demonstrated to be N-desmethyltamoxifen (trans 
l-(4-/3-methylaminoethoxyphenyl)-1,2-diphenyl- 
but-1-ene), and its steady-state plasma levels are 
1.5-fold higher than those of the parent drug 
[3,4]. Since there have been very few studies of the 
biological activity of N-desmethyltamoxifen 
[5,6], we compared the effects of tamoxifen and 
N-desmethyltamoxifen on the proliferation and 
cell-cycle kinetics of MCF 7 human breast cancer 
cells [7] in vitro. This cell line was chosen because 
it metabolizes tamoxifen to a negligible extent 
[5,81. 

The sources of materials and the experimental 
techniques (cell culture and flow cytometry) were 
as previously described [9] except that 5% 
untreated foetal calf serum was used. Exponen- 
tially growing cells were plated in 25-cm2 flasks 
(Corning, NY) at a density of 5 X lo4 cells in 5 ml 
medium. When cell numbers reached approxi- 
mately 1 X 10’ per flask (30 hr) the medium was 
replaced and drugs (tamoxifen or N-desmethyl- 
tamoxifen, with or without a lo-fold lower 
concentration of oestradiol) were added from 
ethanolic stock solutions so that the final ethanol 
concentration was 0.1% in all flasks. The 
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experimental medium was changed daily there- 
after. Cells were harvested and viable cells counted 
after 144 hr. 

The control cells exhibited exponential growth 
with a mean doubling time of approximately 27 
hr. At concentrations of l-5 /.IM N-desmethyl- 
tamoxifen and tamoxifen were almost equipotent 
in causing a dose-dependent inhibition of cell 
number increase (Fig. 1). The concentration 
required to produce almost static cell numbers 
over the 114-hr drug-treatment period was 5 PM 
for N-desmethyltamoxifen and 7.5-10 PM for 
tamoxifen. At the higher drug concentrations 
(7.5-10 PM) N-desmethyltamoxifen was much 
more potent than tamoxifen in causing a decrease 
in cell numbers (Fig. 1). 
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Fig. 1. Effect of famoxifen and N-desmethyltamoxifen with 
or without oestrudiol on MCF 7 cell growth. Cells weregrown 
for 114 hr in the presence of tamoxifen or N-desmethyl- 
tamoxifen with or without a IO-fold lower dose of oestradiol. 
Bars represent mean + S.D. of triplicate flasks from 2-3 
separate experiments. There were no cells remaining in flasks 

treated with N-desmethyltamoxifen 10 PM. 
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The effects of l-2.5 PM tamoxifen and N- 
desmethyltamoxifen were completely reversed by 
oestradiol. However, at the higher doses (5-10 PM) 
the drug-induced inhibition of cell proliferation 
was only partially reversed by oestradiol or not 
reversed at all (Fig. 1). Treatment with oestradiol 
alone (0.1-l PM) produced a small but significant 
increase in cell numbers (data not shown). 

Analysis of the DNA histograms obtained by 
flow cytometry of cells treated with either 
tamoxifen or N-desmethyltamoxifen showed a 
dose-dependent reduction in the percentage of 
cells in S phase (Fig. 2) with a concomitant rise in 
the percentage of cells in Go/G1 phase (data not 
shown). The cell-cycle kinetic effects produced by 
l-5 PM tamoxifen and l-2.5 PM N-desmethyl- 
tamoxifen were completely reversed by the 
simultaneous administration of a IO-fold lower 
concentration of oestradiol, but at higher 
concentrations reversibility by oestradiol did not 
occur (Fig. 2). 

These results indicate that tamoxifen and its 
major metabolite, N-desmethyltamoxifen, are 
both potent growth inhibitors of the MCF 7 
human breast cancer cell line in vitro, with N- 
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Fig. 2. Effecl of tamoxifen and N-desmethyltamoxifen with 
or without oestradiol on the percentage of MCF 7 cells in S 
phase of the cell cycle. Cells were grourn as in Fig. 1, and the 
percentage of S-phase cells was calculated from DNA 
histograms obtained by flow cytometry. Barsrepresentmean f 
S.D. of duplicate flasks from 2-3 separate experiments. There 
were insufficient cells for analysis in flasks treated with N- 

desmethyltamoxifen al.5 PM or tamoxifen 10 PM. 

desmethyltamoxifen being much more potent 
than tamoxifen in the higher concentration range. 
It has previously been reported that tamoxifen- 
induced growth inhibition of MCF 7 cells has 
both oestrogen-reversible antiproliferative and 
oestrogen-irreversible cytotoxic components [9], 
and this observation has now been extended to N- 
desmethyltamoxifen. Rapid decrease in cell 
numbers occurred on exposure to 7.5 and 10 /.LM 
N-desmethyltamoxifen, indicating that an in- 
crease in cell death rate is involved at the higher, 
oestrogen-irreversible doses. 

The cell-cycle kinetic data indicate that both 
tamoxifen and N-desmethyltamoxifen are cell- 
cycle phase-specific agents, causing a dose- 
dependent reduction in the percentage of cells in S 
phase with a corresponding rise in the percentage 
of cells in Go/G,. Such kinetic changes may have 
important implications for the design of treat- 
ment regimens in which antioestrogens are 
combined with other phase-specific cytotoxic 
chemotherapeutic agents. 

In plasma from patients receiving long-term 
tamoxifen treatment the concentration ratio N- 
desmethyltamoxifen:tamoxifen was 1.5:1, while 
in tumour homogenates the ratio was 2:l [3]. 
Thus the finding that N-desmethyltamoxifen is 
no less potent than tamoxifen in inhibiting 
human breast cancer cell growth in culture 
suggests that N-desmethyltamoxifen may play a 
major role in the tumour regression produced by 
tamoxifen treatment of women with breast 
cancer. This has implications for interpreting the 
pharmacokinetics of tamoxifen, since tamoxifen 
reaches steady-state levels after 4 weeks, in 
contrast to the 8 weeks required for N- 
desmethyltamoxifen steady-state levels to be 
attained during the chronic administration of 
tamoxifen [4], suggesting that the full antitumour 
effect of tamoxifen may not be achieved until 
somewhat later than previously realised. A 
detailed understanding of the relative contribu- 
tions of the antitumour effects of tamoxifen and 
its metabolites in this situation is thus of potential 
importance in the design of more efficacious 
therapy of human breast cancer. 

Acknowledgements-The authors thank ICI Ltd., Pharma- 
ceutical Division for supply of tamoxifen and N-desmethyl- 
tamoxifen, and Professor M. H. N. Tattersall for his comments 
on the manuscript. 

REFERENCES 
1. MOURIDSEN H, PALSHOF T, PATERSON J, BA~ERSBY L. Tamoxifen in advanced 

breast cancer. Cancer Treat Rev 1978, 5, 131-141. 
2. FROMSON JM, PEARSON S, BRAMAH S. The metabolism of tamoxifen (I.C.I. 46,474). 

Part II: In female patients. Xenobiotica 1973, 3, 711-714. 



Letter to the Editor 1181 

3. DANIEL CP, GASKELL SJ, BISHOP H, CAMPBELL C, NJCHOLSON RI. Determination of 
tamoxifen and biologically active metabolites in human breast tumours and plasma. 
Eur J Cancer Clin Oncol 1981, 17, 1183-1189. 

4. PATTERSON JS, ADAM HK, KEMP JV, SE?TATREE RS. Serum concentrations of 
tamoxifen and major metabolite during long-term Nolvadex therapy, correlated with 
clinical response. In: MOURIDSEN H, PALSHOF T, eds. Breast Cancer-Experimental 
and Clinical Aspects. Oxford, Pergamon Press, 1980, 89-92. 

5. C~EZY E, B~RCNA JL, ROCHEFORT H. Tamoxifen and metabolites in MCF 7 cells: 
correlation between binding to estrogen receptor and inhibition of cell growth. Cancer 
Res 1982, 42, 317-323. 

6. WAKELJNG AE, SLATER SR. Estrogen-receptor binding and biologic activity of 
tamoxifen and its metabolites. Cancer Treat Rep 1980, 64, 741-744. 

7. SOULE HD, VAZQUEZ J, L~NC A, ALBERT S, BRENNAN M. A human cell line from a 
pleural effusion derived from a breast carcinoma. JNCZ 1973, 51, 1409-1413. 

8. HORWJTZ KB, KOSEKI Y, MCGUJRE WL. Estrogen control of progesterone receptor in 
human breast cancer: role of estradiol and antiestrogen. Endocrinology 1978, 103, 
1742-1751. 

9. SUTHERLAND RL, GREEN MD, HALL RE, REDDEL RR, TAYLOR IW. Tamoxifen 
induces accumulation of MCF 7 human mammary carcinoma cells in the Go/G, phase 
of the cell cycle. Eur J Cancer Clin Oncol 1983, 19, 615-621. 


