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Abstract
Seven cases of colorectal adenocarcin-
omas were investigated for the presence
of oestrogen receptors and progesterone
receptors. The tumours specifically
bound oestradiol. This binding almost
exclusively resulted from the presence of
high numbers of type II oestrogen bind-
ing sites. Oestrogen receptors were
absent or present at very low concentra-
tions. Immunohistochemical investiga-
tion of nuclear oestrogen receptors gave
negative results. This indicates that anti-
oestrogen receptor antibodies recognise
oestrogen receptors but not type II oes-
trogen binding sites. The presence of
specific type II oestrogen binding sites
and progesterone binding offers further
evidence for a potential role for these
steroids and their receptors in colorectal
carcinoma.

Evidence that female sex hormones may have
a role in the subsequent development of
colorectal cancer has accumulated from
observations of time trends in colorectal can-
cer rates and from epidemiological studies.'
Moreover, the association between breast can-
cer, a well known hormone dependent
tumour, and extra-mammary malignant neo-
plasms, mainly colorectal carcinoma, has been
described.2 Breast cancer can precede, follow,
or even be synchronous with intestinal carcin-
omas.2 Furthermore, common aetiological fac-
tors have been suggested for these two
tumours.3
The mechanism of steroid action is gen-

erally thought to be mediated by the binding
of the hormone to specific proteins termed
receptors. Conflicting data, however, have
been reported about the presence of oestrogen
receptors in intestinal tumours. Many inves-
tigators have reported the presence of oes-
trogen receptors in a distinct proportion of
primary colon carcinomas.7 Other studies, on
the contrary, failed to show the presence of
oestrogen receptors in colorectal cancers.Y'

It has been shown that, in addition to high
affinity, low capacity oestrogen receptors, rat
and human target tissues contain a second
binding macromolecule termed type II oes-
trogen binding site. Type II oestrogen bind-
ing sites display lower affinity but higher
capacity for the ligand than oestrogen recep-
tors."11"3 Furthermore, the presence of type II
oestrogen binding sites reflects the oestrogen
responsive state of tissues.4 15

As it has been reported that the presence of
type II oestrogen binding sites can interfere
with the accurate quantitation of oestrogen
receptors in human breast cancer and
myometrium,13 we analysed colorectal tumor
samples for the presence of both oestrogen
receptors and oestrogen binding sites.
Because, in target tissue, oestrogen can induce
synthesis of specific cytoplasmic receptors for
progesterone,16 we also assayed these tumours
for the presence of progesterone receptors.

Methods
Specimens for hormone receptor analysis
were collected at the time of surgery from the
tumor mass. Samples were frozen in liquid
nitrogen and stored at - 80°C until use. From
the samples to be assayed for receptor
analysis, frozen sections for histological
assessment were routinely taken to ensure that
there was only a minimum of connective
tissue and no normal mucosa in these.
Furthermore, some of these sections were
used for the immunohistochemical demon-
stration of nuclear oestrogen receptors with
the ERICA kit (Estrogen Receptor Immuno-
chemical Assay, Abbot Laboratories, North
Chicago, Illinois).
Oestrogen receptors and progesterone

receptors were assayed with the use of the
dextran coated charcoal (DCC) method, as
described previously.'7 Briefly, aliquots of
cytosol from the homogenised, ultracen-
trifuged specimens were incubated with
increasing concentrations of [2, 4, 6, 7-3H]-
oestradiol ([3H]-E2 (101 Ci/mmol) or 3H-
Organon 2058 (60 Ci/mmol) (Amersham, Lit-
tle Chalfont, England) in the presence and in
the absence of unlabelled diethylstilboestrol
and Organon 2058, respectively. After
overnight incubation at 4°C the reaction was
stopped with the addition of freshly prepared
0 4% (w/v) DCC. The mixtures were further
incubated for 20 minutes at 4°C, DCC was
removed by centrifugation, and the super-
natant was assayed for radioactivity by liquid
scintillation counting. The observed number
of binding sites was expressed as femtomoles
of [3H]-ligand specifically bound per
milligram of cytosolic protein, and the
apparent dissociation constant calculated from
the Scatchard plot.'8
Type II oestrogen binding sites were assayed

according to the procedure described by Clark
and colleagues," with minor modifications.
Briefly, aliquots of cytosol prepared in 10 mM
TRIS-HCI, 1 5 mM EDTA, pH 7-8, at 0°C
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Table 1 Oestrogen and progesterone receptors and type II oestrogen binding sites in
colorectal carcinoma

Dukes' staging/ Oestrogen Progesterone Type II oestrogen
Case Sex Site differentiation receptors receptors binding sites

1 M Rectum A/well 2.5* (0-2) 19-5 (0-3) 358 (18)
2 F Signoid B/moderate 71 (04) 359 (0-7) 273 (20)
3 F Sigmoid B/moderate 0 12 7 (0 4) 1040 (24)
4 M Caecum C/moderate 0 7 2 (0-4) 367 (19)
5 F Rectum B/moderate 0 13-8 (0 2) 479 (21)
6 M Sigmoid D/poor 0 8-3 (0-4) 712 (21)
7 F Ascending C/moderate 5-3 (0 3) 22-1 (0 5) 412 (19)

*Results are expressed as fmol/mg of protein. The corresponding nanomolar values of the
dissociation constant (KD) are in parentheses.

were incubated with increasing concentrations
(4-60 nM) of [6, 7-3H]-E2 (53 Ci/mmol) alone
or in the presence of a 100-fold molar excess of
diethylstilboestrol at 30°C for 30 minutes, and
the specific binding was determined by the
hydroxyapatite method, as previously repor-
ted.'9 To determine the effect that sulphydryl
reduction has on type II oestrogen binding
sites cytosol was preincubated with 10 mM
dithiothreitol, as reported.20

Results
Clinical data of patients with colorectal adeno-
carcinoma evaluated for oestrogen receptors,
progesterone receptors and type II oestrogen
binding sites are reported in table 1. All female
patients studied were postmenopausal. A
woman was regarded as postmenopausal when
periods had stopped at least one year before
surgery. High affinity, low capacity oestrogen
receptors were assayed using [3H]-E2 concen-
trations ranging from 0-1 to 3 nM and were
found in three out of seven tumours, while
progesterone receptors were detectable in all
samples. The range of receptor concentrations
was 2-5 and 7-1 fmol/mg of protein for oes-
trogen receptors and 7-2 and 35 9 for proges-
terone receptors. The dissociation constant
(KD) values ranged from 0 2 to 0 4 and from 0 2
to 0-7 nM for oestrogen receptors and proges-
terone receptors, respectively. When the [3H]-
E2 tracer concentration was in the range 4-60
nM, a second class ofbinding sites appeared. In
fact, the curve of [3H]-E2 binding to cytosolic
samples was sigmoidal, with saturation occur-
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Figure 1 (A) specific binding of [3H/-E2 as afunction of tracer concentration in
colorectal adenocarcinoma. (B) Scatchard analysis ofdatafrom (A).
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Figure 2 Hill plot of binding datafrom figure 1. B
Specific binding; B,. maximum binding. Slope = Hi&l
coefficient. R = correlation coefficientfor this line.

ring at a ligand concentration of about 45 nM
(fig lA). As predicted from the biphasic nature
of the saturation curve, Scatchard analysis of
the binding values yielded a concave plot (fig
IB). An accurate estimate of both the KD and
the number of type II oestrogen binding sites
cannot be made from a curvilinear Scatchard
plot. Reasonable estimates of these parameters
can, however, be obtained from the saturation
curve.'5 Thus for the experiment shown, at
maximum binding, the amount of type II
oestrogen binding site was 1040 fmol/mg of
protein. The KD value determined from the
[3H]-E2 concentration required for half satura-
tion was 24 nM (fig 1A). Hill analysis of
binding data yielded coefficients greater than 2
(fig 2). A reduction in specific binding of about
70% was observed in the presence of 10 mM
dithiothreitol. As indicated in table 1, the
neoplastic tissues from all patients express type
II oestrogen binding sites. The amount ofthese
sites ranged from 273 to 1040 fmol/mg of
protein, with a KD value of20-3 (2 0)nM (mean
(SD) of seven cases). Experiments for steroid
specificity showed that both oestrogen recep-
tors and type II oestrogen binding sites are
oestrogen specific. Only those steroids with
oestrogenic activity inhibited the binding of
[3H]-E2, whereas non-oestrogenic steroid did
not (table 2, and data not shown). All seven
cases, when examined with the immunohisto-
logical technique, were oestrogen receptor
negative.

Table 2 Steroid specificity of type II oestrogen binding
sites

Competing steroids* Case I Case 3

Oestradiol 31 40
Diethylstilboestrol 20 24
Progesterone 89 84
5 alpha-Dyhydrotestosterone 98 103
Dexamethasone 88 86
Cortisol 91 95

*AIl competing steroids were 100-fold molar excess relative to
['HI-estradiol tracer concentration (40 nM).
Results are expressed as percentage of binding in the absence
of competitors.
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Discussion
Colorectal carcinoma cytosol preparations are
able to bind oestrogens specifically. This bind-
ing activity almost exclusively results from the
presence of high concentrations of type II
oestrogen binding sites, whereas oestrogen
receptors are absent or present at very low
(<10 fmol/mg of protein) concentrations. The
concave Scatchard plot and the Hill coefficient
of more than 2 for type II oestrogen binding
sites suggest that they are multiple and that
they display positive cooperation. Another dis-
tinguishing characteristic of type II binding-
that is, its sensitivity to the presence of sul-
phydril reducing reagents such as dithio-
threitol'0-is displayed by oestrogen binding
sites in colorectal carcinoma.
The presence of high numbers of this second

binding site can interfere with the accurate
quantitation of oestrogen receptors. This is
particularly true when an inappropriate range
of tracer concentrations is used to assay oes-
trogen receptors-that is, at concentrations
higher than 3 nM the [3H]-E2 tracer, in addi-
tion to oestrogen reteptors, also binds to type
II oestrogen binding sites. Colorectal
carcinomata are characterised by high numbers
of type II oestrogen binding sites but are
unreactive when tested with the anti-oestrogen
receptor antibody. This indicates that com-
mercially available anti-oestrogen receptor
antibody recognises oestrogen receptors but
not type II oestrogen binding sites.
Type II oestrogen binding sites have been

found in both normal and neoplastic rat and
human "classic" target tissues,"1 21 human
peripheral blood mononuclear cells,'9 acute
lymphoid and myeloid leukaemias,22 and rat23
and human pancreas,'7 but their role is still
unknown. In this respect it has been shown that
there is a close relation between increased
numbers of these sites and true uterine
growth.4 15 Moreover, in peripheral blood
mononuclear cells type II oestrogen binding
sites are modulated by oestrogen.'9 There is
also a positive correlation between the numbers
of type II oestrogen binding sites and concen-
trations of progesterone receptors. ' From
these data it seems likely that type II oestrogen
binding sites constitute an important aspect of
oestrogen sensitivity. On the other hand, it may
be argued that these sites in normal and neo-
plastic tissues have no physiological impor-
tance because of their apparent low affinity for
oestrogens and the low circulating oestrogen
concentrations. It is possible, however, that
higher concentrations of hormone exist within
tissues or subcellular compartments. Binding
sites need not be saturated to be functional:
oestrogen bound to a small number of sites
(spare receptors) can be effective in hormone
action.
Our results indicate that in colorectal cancer

the absence of oestrogen receptors does not
necessarily preclude the presence of high
affinity progesterone receptors. This finding
agrees with the observation that oestrogen
treatment is not needed to stimulate the
production of progesterone receptors in
chicken intestinal mesothelium and smooth
muscle."4

In conclusion, the presence of type II
oestrogen binding sites rather than that of
oestrogen receptors could provide support for
earlier suggestions2 3 25 that there is a female sex
hormone component in the risk profile for
colorectal cancer.

This work was partially supported by grants from CNR and
MPI (40%) and Ministero Lavoro e Previdenza Sociale. We
thank Paolo Baldassarri for editorial assistance.

1 Davis FG, Furner SE, Persky V, Koch M. The influence of
parity and exogenous female hormones on the risk of
colorectal cancer. Int J Cancer 1989;43:587-90.

2 Herrmann JB. Breast cancer and associated extramammary
malignant neoplasms. Am J Surg 1972;124:620-8.

3 Berg JW. Can nutrition explain the pattern of international
epidemiology of hormone dependent cancer? Cancer Res
1975;35:3345-50.

4 McClendon JE, Appleby D, Clandon DB, Donegan WL,
DeCosse JJ. Colon neoplasm, tissue estrogen receptor and
carcinoembriogenetic antigen. Archives of Surgery
1977;1 12:240-1.

5 Alford TC, Do HM, Geelhoed GW, Tsangaris NT, Lipp-
man ME. Steroid hormone receptors in human colon
cancers. Cancer 1979;43:980-4.

6 Sica V, Nola E, Contieri E, et al. Estradiol and progesterone
receptors in malignant gastrointestinal tumors. Cancer Res
1984;44:4670-4.

7 Francavilla A, Di Leo A, Polimeno L, et al. Nuclear and
cytosolic estrogen receptors in human colon carcinoma
and in surrounding noncancerous colonic tissue.
Gastroenterol 1987;93:1301-6.

8 Wobbes T, Beeks LVA, Koenders AMJ. Estrogen and
progestin receptor in colonic cancer? Dis Colon Rectum
1984;27:591-2.

9 D'Istria M, Fasano G, Catuogno F, et al. Androgen and
progesterone receptors in colonic and rectal cancers. Dis
Colon Rectum 1986;29:591-2.

10 Dawson PM, Shousha S, Blair SD, et al. Oestrogen recep-
tors in colorectal carcinoma. J Clin Pathol 1990;43:
149-51.

11 Clark JH, Hardin JW, Upchurch S. Heterogeneity of
estrogen binding sites in the cytosol of the rat uterus. JBiol
Chem 1978;253:7630-4.

12 Panko WB, Watson CS,Cfark JH. The presence of a second
specific estrogen binding site in human breast cancer. J
Steroid Biochem 1981;14:1311-4.

13 Syne JS, Markaverich BM, Clark JH, Panko WB. Estrogen
binding sites in the nucleus of normal and malignant
tissue: characteristics of the multiple binding sites. Cancer
Res 1982;42:4449-54.

14 Markaverich BM, Clark JH. Two binding sites of estradiol
in the rat uterine nuclei: relationship to uterotropic
response. Endocrinol 1979;105:1458-61.

15 Markaverich BM, Upchurch S, Glasser SR, McCormack
SA, Clark JH. Oestrogen stimulation of uterine growth:
effects of steroidal and non steroidal oestrogen antagon-
ists. In: Sutherland RL, Jordan VC, eds. Non steroidal
anti-estrogens: molecular pharmacology and anti tumor
activity. New York: Academic Press, 1981:113-8.

16 Horwitz KB, McGuire WL. Estrogen control of the proges-
terone receptor in human breast cancer. J Biol Chem
1978;253:2223-8.

17 Carbone A, Ranelletti FO, Rinelli A, et al. Type II estrogen
receptors in papillary cystic tumor of the pancreas. Am J
Clin Pathol 1989;92:572-6.

18 Scatchard G. The attraction of proteins for small molecules
and ions. Ann NY Acad Sci 1949;51:660-72.

19 Ranelletti FO, Piantelli M, Carbone A, et al. Type II
estrogen binding sites and 17 beta hydroxysteroid
dehydrogenase activity in human peripheral blood
mononuclear cells. J Clin Endocrinol Metab 1988;67:
888-92.

20 Markaverich BM, Williams M, Upchurch S, Clark JH.
Heterogeneity of nuclear estrogen binding sites in the rat
uterus: a simple method for the quantitation of type I and
type II sites by [3H] estradiol exchange. Endocrinol
1981;109:62-9.

21 Panko WB, Watson CS, Clark JH. The presence of a second
specific estrogen binding site in human breast cancer. J
Steroid Biochem 1981;14:1311-4.

22 Larocca LM, Piantelli M, Leone G, et al. Type II oestrogen
binding sites in acute lymphoid and myeloid leukaemias.
Br J Haematol 1990;75:489-95.

23 Boctor AM, Band P, Grossmnan A. Analysis of binding
of estradiol to the cytosol fraction of rat pancreas:
comparison with sites in the cytosol of uterus. Endocrinol
1983;113:453-62.

24 Salomaa S, Pekki A, Sannisto T, Ylikomi T, Tuohimaa D.
Progesterone receptor is constitutively expressed in
chicken intestinal mesothelium and smooth muscle. J
Steroid Biochem 1989;34:345-9.

25 McMichael-AJ Potter JD. Reproduction, endogenous and
exogenous sex hormones, and colon cancer: a review and
hypothesis. JCI 1980;65:1201-7.

1006

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.43.12.1004 on 1 D
ecem

ber 1990. D
ow

nloaded from
 

http://jcp.bmj.com/

