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SUMMARY: Whereas Tamoxifen exerts potent antiestrogenic action in ER depen- 
-east cancer, it was largely without effect on rat liver gluconeogene- 
sis which could be dramatically diminished by estrogens and androgens. 
Although estradiol was preferentially bound to an ER4 component that coeluted 
with CBG from DE-52 columns, 3H-tamoxifen labelled the ER3 moiety that was 
clearly distinct from transcortin. Similarly, testosterone was bound to the 
AR4 entity but R-1881 was eluted in the AR3 region. All these ER and AR 
populations were furthermore distinct from liver GR. These, for the first 
time, demonstrate polymorphic nature of AR and ER and suggest that agonist 
and antagonist actions may be expressed via separate populations of the 
receptor, contrary to the established, classical view that dictates 
competitive antagonism between them for the one and the same site. 

INTRODUCTION: All five major groups of steroid hormones bind their specific, 

high aff nity, low capacity, cytoplasmic receptors whose translocation to the 

nucleus s believed to initiate tissue specific, hormone responsive, processes 

(l-3). L ver is endowed not only with the GR (3), but also an ER (4) and an 

A!? (5361 , as well as 'intracellular transcortin' (7). Earlier studies from 

this laboratory have established that gonadal hormones hamper liver gluco- 

neogenesis (5,6) but do not influence other liver enzymes. What would be the 

influence of antiestrogens under these conditions? Tamoxifen (l-(4-B-dimethyl- 

aminoethoxyphenyl)l,2-diphenylbut-l-ene), commonly called Nolvadex, is a 

nonsteroidal antiestrogen currently employed as the only specific medical 

therapy in human breast cancer (2). Here, the physiological action of this 

drug in the liver was investigated in relation to the binding of tritiated 

tamoxifen, procured through special synthesis, to different liver vectors. 

Abbreviations: AR = androgen receptor; CBG = corticoid binding globulin = T = 
transcortin; ER = estrogen receptor; GR = glucocorticoid receptor; MR = 
mineralocorticoid receptor; SBG = sex steroid binding globulin; TA = triamci- 
nolone acetonide. 
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MATERIALS AND METHODS: Male, Wistar rats (150-200 g) were bilaterally adre- 
nalectomized Z-3 days prior to use and maintained on 1% NaCl and pellet food 
ad libitum. Animals were sacrificed under ether anesthesia, liver was perfu- 
sed with the initial buffer according to the experimental procedure, and the 
cell sap obtained by centrifugation at 105,000 g. Blood was allowed to clot 
at 37'C (1 h), then at 4°C (90 min), and finally centrifuged at 3000 g. 

For kinetics of association, 0.5 ml cytosol (in 0.01 M Tris-HCI, pH 7.4) 
was incubated (60 min 4'C) with the desired tritiated hormone alone or in 
presence of an excess of the homologous cold steroid. Free steroids were 
thereafter removed by the addition of 0.5 ml activated charcoal (50 mg/ml), 
further incubation (10 min 4'C), and centrifugation (3000 g). Aliquots of 
0.5 ml were mixed with 10 ml Unisolve (Kochlight, U.K.) and counted in a 
Packard Scintillation Spectrometer equipped for quench and background correction. 

with 
For chromatography, liver cytosolin the initial buffer was equilibrated 

the tritiated steroid of choice, charcoal treated, and passed through 
glass wool prior to passage through the gel.Undiluted serum was treated similarly 
Further details are given in legends and have been published (8,10,11). 

Liver glycogen levels were determined by the classical procedure where 
5-hydroxymethylfurfural, generated from glycogen in presence of hot, concentrated 
H2SO4, is qunatitated spectrophotometrically against a glucose standard (5,6). 

2,4,6,7,3H-estradiol (108 Ci/m mol; batch 54), 1,2,6,7,3H-testosterone 
(88 Ci/m mol, batch 30), l,2,3H-corticosterone (82 Ci/m mol, batch Bl2), and 
4-I4C-corticosterone (52 mCi/m mol, 
3H-R-1881 

batch 12) were purchased from Amersham, U.K. 
(17-a-meth ltrienolone) (87 Ci/m mol, 

5 New England Nuclear. H tamoxifen 
lot 1022-128) was obtained from 

(19.5 Ci/m mol) and the corresponding cold 
material were gifts from ICI, U.K. Radiochemical purity in all cases exceeded 
98%. All other steroids were procured from Sigma. 

RESULTS AND DISCUSSION: Data in table 1 establish that as much as 20 mg of 

tamoxifen, alone, did not significantly influence either the basal level of 

liver glycogen, or TA induced gluconeogenesis. Tamoxifen was only weakly effec- 

tive in this regard in presence of 2 mg estradiol which, in 20 mg doses, 

clearly exerted significant antigluconeogenic action; the effect of testoste- 

rone was similar to that of estradiol (not shown). Induction of several other 

enzymes was not influenced under these conditions (5,6). Thus, the known anti- 

TABLE 1. Influence of Estrogen Agonists and Antagonists on Liver Glycogen. 

Treatment Glycogen (mg %) 
- TA + TA Statistics vs Control 

Control 11.5 t 2.5 25.5 + 2.1 - - 

Estradiol 2 mg 12.2 t 2.9 23.5 + 4.0 

: 

N.S. (=not significant) 
20 mg 2.4 0.3 9.4 + 1.2 - - p < 0.005 (- TA) and p < .Ol (+ TA) 

Tamoxifen 20 mg 9.6 + 2.0 23.9 t 2.8 N.S. - - 

Tamoxifen 20 mg + 7.6 t 2.1 18.8 + 1.8 p < 0.01 in both cases - - 
Estradiol 2 mg 
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Figure 1. KINETICS OF STEROID BINDING TO LIVER VECTORS. 

Liver cytosol was incubated, in triplicate, in presence of the indicated 
amount of radioactive steroid alone, or.in presence of one hundredfold excess 
of homologous, unlabelled molecule to account for nonspecific binding which 
was subtracted from receptor bound hormone. 

'H-R-1881 (0); 'H-Estradiol (0); 'H-Tamoxifen (jC ); 'H-Testosterone (A). 

estrogeniC action of tamoxifen in breast cancer could not be duplicated on 

physiological functions innate to the liver. 

Data in Fig. 1 show that 'H-tamoxifen and 'H-testosterone were bound to 

nearly the same extent in the liver and that this was far less than the binding 

of either 'H-estradiol or of 'H-R-1881 which is considered to be an ideal 

androgen receptor ligand (9) and thus suggests the presence of AR in the liver. 

Do these materials bind to distinct populations of the receptor in each class? 

Data in Fig. 2 show that whereas 'H-estradiol bound ER4 component eluted 

in 0.06 M phosphate (Fig. Za), the position where transcortin also elutes, 

tamoxifen was bound to an ER3 population eluted in 0.04 M phosphate region 

and thus clearly distinct from CBG in the double labelled study (Fig. 2b). 

An ERl component was equally evident with both materials on DE-52 columns. 

Although testosterone was eluted in the same position as estradiol (not 

shown), 3 H-R-1881 eluted in the AR3 region which was therefore comparable to 

ER3 and which did not coincide with CBG at all (Fig. 2~). These ER3 and AR3 

moieties are furthermore distinct from liver GR2 entity in the 0.02 M PO4 

region (Fig. 2d). The elution position of SBG under these conditions remains 
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Figure 2. ION EXCHANGE SEPARATION OF VARIOUS RECEPTORS IN RAT LIVER. 

4 ml cytosol in 0.001 M phosphate, pH 7.5, was incubated with 10s7 M of 
either 3H-estradiol (a), 3H-tamoxifen (b) 3H-testosterone (c), or 
3H-corticosterone (d). 2 ml serum was similarly incubated with 0.5 loci of 
I4C-corticosterone. All samples were charcoal treated (see methods) and 
loaded onto a column (1.0 x 25 cm) of DEAE-cellulose-52 (Whatman) equilibrated 
with 0.001 M phosphate. After an initial prewash, protein was eluted by a 
linear gradient (begun at the arrow in figures) between 0.001 M and 0.2 M 
phosphate, pH 7.5 (60 ml each). 1 ml samples were processed for radioactivity 
and the absorbance was recoded manually. For Figs b,c,serum was mixed with 
liver cytosol just before chromatography. For further details see (8,10,11). 

-------------- ,4280. .-----@3H; w14C . 

unknown although adult rat plasma is devoid of specific estrogen binding 

activity (7). 

Data in Fig. 3 confirm receptor polymorphism on Ultrogel-ACA-44 columns, 

based on molecular weights, and show that estradiol (Fig. 3a) eluted in posi- 
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overlapped observed, 3 H-tamoxifen further labelled the component 6 that 

with transcortin (T) in the double labelled study, but did not label the 

estradiol bound component C (Fig. 3~). ‘H-R-1881 eluted in pos itions A and C 
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tions A and C whereas testosterone was resolved into an additional B peak 

intermediate between A and C components (Fig. 3b). Although peak A was also 

with no indication of B, as with estradiol (Fig. 3d). Thus, receptor polymor- 

phism was againt evident and confirmed results in Fig. 2, as well as those 

observed earlier with GR and MR (3,B). 

Collectively, binding of tamoxifen to components distinct from those that 

are saturated by estradiol correlates well with the lack of influence of this 

molecule in the liver whereas it exerts potent antiestrogenic action in the breast 

where physicochemical analysis of ER has never been attempted. Thus, it is 

conceptually wrong to try to understand receptor function merely by competition 

of agonists and antagonists for the one and the same vector. If receptor multi- 

plicity were absent, the minute amounts of agonists in circulation would be 

incapable of exerting any physiological action in viva. 
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