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Summary.-A thin-layer gel filtration system for the assay of oestrogen receptors
in target organ tissue samples as small as 50 mg is presented and compared with
the sucrose gradient centrifugation method. Only specific high-affinity binding of
[3H]17p-oestradiol to endometrial cytosol has been observed with the thin-layer gel
filtration assay, despite the presence of relatively high levels of nonspecific binding
components. The system could be adapted to the clinical determination of oestrogen
receptor content in biopsy material from mammary and endometrial tumours and
would be of value in predicting hormone dependency.

A CLINICALLY useful correlation exists
between the presence of high-affinity
binding of [3H]17,8-oestradiol to oestrogen
receptors in tumour tissue and the chances
of response to endocrine therapy in breast
cancer patients (Jensen et al., 1971a).
Also, the relationship between oestrogen
receptor content and hormone dependency
has been observed in certain other neo-
plastic target tissues (King, Smith and
Steggles, 1970; McGuire, Julian and
Chamness, 1971; Mobbs, 1971). Thus, a
simple and reliable in vitro assay for
oestrogen receptors would be valuable in
predicting the effect of endocrine therapy
a priori.

The separation of free from protein-
bound [3H]oestradiol by dextran coated
charcoal adsorption procedures (Korenman
and Dukes, 1970; Hahnel, 1971; Hahnel
and Twaddle, 1973) appears to be more
suitable for routine clinical application
than other reported assays. Thin-layer gel
filtration (TLG) is a reliable alternative
to the dextran-charcoal procedures. Both
methods have the advantages of simpli-
city, use of low-speed supernatants and
feasibility of performing several simul-
taneous assays. In addition, TLG directly

distinguishes between two high-affinity
specific binding components and lower
affinity nonspecific binding in endometrial
cytosol incubated with 10-9 mol/l [3H] 17,8-
oestradiol. The dextran-charcoal pro-
cedures appear to dissociate most non-
specific binding under similar conditions,
but generally specific and nonspecific
binding must be distinguiished by inference
from a Scatchard plot. Further, the
TLG assay has a distinct advantage in
requiring only a 50 mg biopsy sample
compared with about 1 g for the dextran-
charcoal procedures of Hahnel and
Twaddle (1973).

Sucrose density-gradient centrifuga-
tion provides good resolution of 4S and
8S binding components (Toft and Gorski,
1966; Steggles and King, 1970) and has
therefore been employed for comparison
with the TLG assay of the two correspond-
ing oestrogen receptors.

MATERIALS AND AIETHODS

Tissue preparation was according to the
following procedure when supernatants were
used for both TLG and sucrose gradient
centrifugation assays. Calf or lamb uteri
were transported on ice and processed at
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0-2°C within 1 hour. About 3 g of endo-
metrial tissue was finely minced in the
presence of 0-2 ml of 40 mmol/l Tris HCl-
1-5 mmol/l EDTA (Tris-EDTA) buffer, pH
7-4. A 30% (w/v) homogenate was prepared
in Tris-EDTA buffer using a Potter-Elvejhem
teflon-glass homogenizer. Supernatants ob-
tained by centrifugation at 270,000 g for
1 hour were incubated in the absence (con-
trol) and presence of 1-6 x 10-5 mol/l nafoxi-
dine (U11,100 courtesy of the Upjohn Co.).
After 20 min [3H]17f3-oestradiol (2, 4, 6, 7 3H,
106 Ci/mmol, New England Nuclear) was
added (10-9 mol/l) and incubation continued
a further 30 min.

Supernatant preparation from 50 mg of
tissue, for analysis by TLG only, consisted
of a brief homogenization with 0 1 ml of
Tris-EDTA buffer in a small glass homogenizer
followed by direct centrifugation of the homo-
genization tube at 800 g for 15 min. The
supernatant was transferred by micropipette
to a glass tube and incubated with [3H]173-
oestradiol as before.

Thin-layer gel filtration was performed
using the Pharmacia TLG-apparatus (Phar-
macia Fine Chemicals) with glass plates
20 x 40 cm. General considerations of the
TLG method have been reported previously
(Johansson and Rymo, 1962 and 1964;
Radola, 1968; Pharmacia Fine Chemicals AB,
1971). Sephadex G-150 Superfine gel pre-
pared in Tris-EDTA buffer was spread to a
thickness of 0-6 mm. The gel layer was
connected to the upper and lower eluant
reservoirs by Whatman (3 MM) filter paper
bridges and equilibration was performed at
22°C and 100 inclination. Supernatant
samples of 20 ,ul were applied at 3 cm inter-
vals along the origin of the precooled gel
plate. TLG development was continued at
15° inclination and 0-40C until a marker of
bovine serum albumin (10 mg/ml) conjugated
to amido black had migrated approximately
23 cm from the origin (about 7-5 hours).
Radioactivity was recovered from the gel
plate using a replica technique with No. 3
filter paper similar to that described by
Radola (1968) for nonradioactive proteins.
Filter paper bridges were removed before
applying paper replicas to the gel surface for
15 min. The dried replica was cut into a
3 0 cm wide strip for each sample and 36
1 0 cm fractions were prepared. Paper frac-
tions were placed in scintillation vials and
radioactivity was determined in a Beckman
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Model LS133 liquid scintillation counter
using 0.5% 2,5-diphenyloxazole (PPO) in
toluene.

Supernatant samples of 0 3 ml on 5-20%
sucrose gradients prepared in Tris-EDTA buf-
fer were centrifuged in a Beckman SW56
rotor at either 40,000 rev/min for 17 hours
or at 35,000 rev/min for 21 hours. Fractions
were collected 5 drops per fraction from the
top and radioactivity was determined as
before.

Specificity studies were varied. Endo-
metrial supernatants were treated with either
heat at 55°C for 1 hour in the presence of
10-9 mol/l [3H]17g-oestradiol or with 10-7
mol/l testosterone before incubation with
10-9 mol/l [3H]17/3-oestradiol, then assayed
by TLG. Sucrose gradient centrifugation of
control and nafoxidine treated supernatants
was performed as a means of indicating the
amount of nonspecific binding present. In
addition, heat treated supernatants were
centrifuged on sucrose gradients along with
an unheated nafoxidine treated sample in
order to check for degradation of the non-
specific binder due to increased protease
activity during the heat treatment. In
another experiment, a high concentration of
nonspecific binders in bovine serum was
incubated with [3H]17/3-oestradiol (with and
without nafoxidine pretreatment) then
assayed by TLG and sucrose gradient
centrifugation.

RESULTS

The distribution of bound [3H] 17,-
oestradiol to the 270,000 g endometrial
supernatant from 3 sources has been
determined by TLG and sucrose gradient
centrifugation analysis (Table I). [3H] 1 7/?-
oestradiol binding profiles for single dupli-
cates of the first experiment in Table I
are shown in Fig. 1 (TLG) and Fig. 2
(sucrose gradient centrifugation). The
results of the 2 different assays were
obtained using the same preparation of
supernatant plus [3H] 1 7,I-oestradiol and
thus differences in binding are directly
attributable to the assay systems. TLG
analysis of low-speed supernatants pre-
pared from 50 mg of tissue gave results
equivalent to Fig. 1.

In addition to the duplicate TLG
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FIG. 1.-Thin-layer gel filtration profiles of 1

nmol/l [3H] 17f-oestradiol binding to recep-
tor proteins in the 270,000 x g super-
natant of calf endometrial homogenate.
* * control; A A 1-6 x 10-5 mol/l
nafoxidine pretreatment. Fraction num-
bers correspond to the distance in cm from
the application line to the end of the fraction
area. Bovine serum albumin migrated
23 * 3 cm during the 7 * 5 hour development
time. E = unbound [3H]oestradiol; 4S
= binding peak of the 4S receptor (70,000
daltons estimated); 8S = binding peak of
the 8S receptor (250,000 daltons esti-
mated). Molecular weights were determined
from the calibration curve (Fig. 3) using
bovine serum albumin as a reference.

assays shown in Table I, replicability of
the TLG assay procedure has been tested
with 6 identical determinations of specific
binding in one cytosol preparation (Table
II).

The specificity studies showed that
heating at 55 °C for 1 hour resulted in
complete elimination of binding in both
4S and 8S regions of the TLG assay,
while pretreatment with testosterone at
100 X the concentration of [3H]17fl-
oestradiol had no effect on binding in the
same regions. Sucrose gradient centrifuga-
tion analysis of nafoxidine treated samples
indicated considerable nonspecific 4S bind-
ing. Also, the lack of nonspecific 4S
binding on the TLG assays of heat treated
supernatants was not attributable to
increased protease activity since sucrose

x
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FIG. 2. Sucrose gradient (5-20%) centri-

fugation profiles of [3H]oestradiol binding
in the same preparations described in Fig.
1. 0 0 control; A-A 1-6 x 10-5
mol/l nafoxidine pretreatment. E =
unbound [3H]oestradiol; 4S = 4S sedimen-
tation region (53,000 daltons estimated);
8S = 8S sedimentation region (202,000
daltons estimated). Molecular weights were
estimated by the approximate method of
Martin and Ames (1961) using tissue haemo-
globin as an internal standard.

gradient analysis gave equal 4S peak
areas for the heated and nafoxidine
treated supernatants.

High concentrations of nonspecific
binders in bovine serum gave binding in
the 4S region of the TLG assay but
dissociation was extensive. Pretreatment
with nafoxidine did not decrease this 4S
binding. Serum gave a sharp 4S peak
on sucrose gradients and there was no
indication of dissociation.

DISCUSSION

Talwar et al. (1964) first demonstrated
that the gel filtration technique would be
useful in characterizing [3H] 1 7,/-oestra-
diol bound to macromolecules in target
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MOLECULAR WEIGHT
FIG. 3.-Molecular weight calibration curve for the thin-layer gel filtrationsystem with Sephadex

G-150 Superfine gel at 4°C and 150 inclination. Standard globular proteins were applied in 5 ul
(10 mg/ml). The ordinate represents inverse migration distance relative to thyroglobulin as
previously reported (Pharmacia Fine Chemicals AB, 1971).

TABLE I.-Distribution of Bound [3H]17/J-oestradiol in the Thin-layer Gel Filtration
and Sucrose Gradient Centrifugation Profiles of Cytosol from Three Different Pre-
parations

% Total radioactivity
(Total ct/min recovered for each determination is shown in brackets)

A

TLG Sucrose gradients

Nafoxidine Nafoxidine
Control treated Control treated

Source of Duplicates Duplicates Duplicates Duplicates
material Region 1 2 1 2 1 2 1 2

Calf Unbound
[3H]Oestradiol 25-9 29-0 100-0 99-0 5-4 4-2 26.0 27-5
4S 18-3 18*5 - 8-5 6-8 69-0 68-0
8S 38-2 37-1 - - 86-2 89 0

(3431) (4790) (3546) (3519) (47147) (44490) (35871) (40547)
Calf Unbound

[3H]Oestradiol 22-5 24-6 97.4 95.3 4-3 4-4 14 3 14 8
4S 17-2 20-1 9-8 10-3 80-5 78-9
8S 40-1 32 6 85-8 85-2

(3759) (3338) (5021) (5306) (40932) (38375) (33181) (35646)
Lamb Unbound

[3H]Oestradiol 47-5 50-5 90 9 93-7 8 0 7-5 21-7 25-4
4S 10-6 12-7 1-2 2-3 19-0 19-5 71-8 66-9
8S 23-7 19-6 2-5 2-1 71-5 73-0

(4970) (4916) (6864) (6420) (43612) (47740) (61086) (49281)
The total ct/min in each region was corrected for the background count before calculating percentages.

Dashes indicate negligible radioactivity. The remaining % of radioactivity not accounted for in the TLG
control determinations, largely appears in a disperse region of activity between the unbound [3H] oestradiol
and the 4S peak.
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TABLE II.-Duplicate Thin-layer Gel Fil-
tration Assays of [3H] 1 78-oestradiol
Binding in a Single Preparation of Calf
Endometrial Cytosol

Percent specifically
Total radioactivity bound
recovered (ct/min) [3H] 1 7p-oestradiol

5468 41*5
4424 37 7
4007 39 7
4024 38- 5
4123 39-1
4586 40-4

Standard deviation of bound percentages 1 36%.

organ cytosol. Column gel filtration has
since been frequently applied to the
separation of excess free oestradiol from
the protein-bound hormone in cytosol
preparations of normal and tumourous
tissue from both animals and humans
(Puca and Bresciani, 1968; Zimmering,
Kahn and Lieberman, 1970; Hahnel,
1971; Jensen et al., 1971a). These and
other studies showed that Sephadex gel
competes for the steroid ligand (Westphal,
1971) and thus extensively dissociates
low-affinity nonspecific binding while
interfering to a much lesser extent with
high-affinity specific binding. The obser-
vations with the TLG system are in
accord with these findings.

The TLG assay of endometrial cytosol
shows 2 peaks of bound [3H] 17,8-oestradiol
which correspond to binding in the 4S
and 8S regions of the sucrose gradient
centrifugation analysis. The specificity
of the binding to both HS and 4S compon-
ents in the TLG assay is shown by the
sensitivity to nafoxidine (Jensen et al.,
1969 and 1971b; Rochefort and Capony,
1972) and heating (Puca and Bresciani,
1968), and by the lack of competition by
testosterone (Eisenfeld and Axelrod, 1966).
The presence of specific 4S receptors
seems surprising since only 8S binding
has been reported with immature animals
and low salt concentrations (Steggles and
King, 1970). We do not exclude the
possibility of specific 4S receptors in our
preparations since other data (Toft, Shya-

mala and Gorski, 1967) show 4S binding
at hormone concentrations below the
saturation level of the 8S receptor. How-
ever, the specific 4S receptor seen in TLG
assays is most likely a subunit of the
8S receptor resulting from degradation
during gel filtration. This would explain
the lower percentage yields of 8S binding
on the TLG assay compared with the
sucrose gradient centrifugation analysis
(Table I).

The specificity of 4S binding on the
TLG assay is due to extensive dissociation
of nonspecific binding complexes present
in endometrial cytosol. In contrast, suc-
rose gradient centrifugation analysis of
nafoxidine treated cytosol indicates sub-
stantial nonspecific binding in the 4S
region. Also, the accompanying increase
in free [3H]17,/3-oestradiol is probably due
to saturation of the nonspecific binder
since no dissociation of nonspecific binding
to serum components has been observed
on other sucrose gradients. The dissocia-
tion of nonspecific binding during the
TLG procedure must be very rapid.
Disperse radioactivity appearing between
the free [3H]oestradiol and 4S peaks of
TLG control determinations is the result
of specific receptor dissociation since it is
eliminated by nafoxidine treatment.

The separation of oestrogen receptor
complexes by TLG and the recovery of
radioactivity by the replica technique
give very consistent results (Tables I and
II). Some variation exists in the total
amount of radioactivity recovered but the
percentage of specifically bound [3H]17,f-
oestradiol is determined precisely.

Jensen et al. (1971a) predicted that
tumours were hormone dependent if there
was substantial 17,8-oestradiol binding
and this binding was inhibited by anti-
oestrogens such as nafoxidine and Parke-
Davis CI-628. Thus, in the TLG assay
a positive prediction of hormone depend-
ency would be made if binding in the 4S
and 8S regions was significantly above the
background count. An anti-oestrogen
treatment would not be required since all
binding in the TLG assay is specific. It
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is clear that the receptor assay of hormone
dependent tumours would resemble the
binding observed with normal responsive
tissues (Fig. 1), although quantitative
differences might be expected.

Since only about 25% of postmeno-
pausal breast cancer patients respond to
endocrine therapy (Jensen et al., 1971a),
this simple in vitro screening method
for hormone dependence would provide
valuable information in prescribing
appropriate therapy.
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