
Gonadotropin-Releasing Hormone Binding Sites in 
Human Breast Carcinoma 

Abstract. Gonadotropin-releasing hormone analogs can cause regression of 
hormone-dependent breast carcinomas. These effects are thought to be mediated 
through the inhibition of gonadotropic and steroid hormones. These analogs may 
also act directly on the tumor because they are effective in treating breast cancer in 
some postmenopausal women. The presence of specific binding sites for gonadotro- 
pin-releasing hormone was demonstrated in human breast carcinomas by means of a 
novel approach of ligand immunoblotting. The results indicate a possible mechanism 
by which the peptide has direct effects on this tissue. These binding proteins were not 
detectable in non-neoplastic breast tissue. 
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Gonadotropin-releasing hormone 
(GnRH) and its analogs have recently 
been used in the therapy of gonadal 
hormonesensitive cancers. Prostatic tu- 

membrane proteins were electrophoreti- 
cally separated and transferred to nitro- 
cellulose by Western blotting, and the 
GnRH binding protein was visualized by 
a ligand-antibody-peroxidase technique 
(Fig. 1). A distinct band of approximate- 
ly 64,000 molecular weight was present 
in blots of certain breast carcinomas and 
of a human intraductal breast carcinoma 

cell line (Fig. 1A). The band was absent 
from blots of normal breast tissue and 
tissue showing fibroadenosis (Fig. 1C; 
Table 1). The GnRH binding protein in 
breast carcinomas was indistinguishable 
in its electrophoretic migration from that 
of the human pituitary GnRH receptor 
(Fig. 1A). The rat pituitary GnRH recep- 
tor was also visualized by this method 
and found to have a molecular weight of 
60,000, as has been reported (7) (Fig. 
1A). Specificity of the method was indi- 
cated by the disappearance of the stain- 
ing reaction when one or another of the 
reagents was omitted. Furthermore, no 
staining was evident when nonimmune 
rabbit serum or an antiserum to GnRH 
(which binds to the COOH and NH2 
termini of the molecule) were used (Fig. 
1B). The COOH- and possibly the NH2- 
terminal sequences of GnRH are thought 
to interact with the receptor and thus 
would not be available for binding by the 
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treatment with GnRH analogs ( I ) ,  and - .  

similar effects have been demonstrated 
experimentally in rats (2). Growth of 
hormone-sensitive mammary tumors in 
rats is inhibited by GnRH agonists and 
antagonists (3), and clinical studies have 
indicated beneficial effects of GnRH ana- 
logs in the treatment of metastatic breast 
cancer (4). The major mechanism of ac- 
tion of GnRH inhibition of tumor growth 
is thought to be a desensitization of the 
pituitary to GnRH with a consequent 
decline in gonadotropin secretion and 
gonadal hormone production. There is, 
however, an indication that GnRH exer- 
cises its effects on certain breast tumors 
by mechanisms independent of gonadal 
suppression because some postmeno- 
pausal women, in whom gonadal steroids 
are lacking, have responded to GnRH 
(5). We have considered the possibility 
that GnRH has direct effects on breast 
carcinomas and have demonstrated the 
presence of specific binding sites for 
GnRH in a high percentage of ductal 
breast carcinomas. These binding sites 
are rare in lobular breast carcinomas and 
absent from non-neoplastic breast tissue. 
A ligand immunoblotting technique es- 
tablished that ' the binding protein in 
breast carcinomas has a molecular 
weight of 64,000, which is identical to 
that for the human pituitary GnRH re- 
ceptor (6). 

Primary human breast carcinomas re- 
moved at surgery were processed as 
described (legend to Fig. 1). Solubilized 
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Fig. 1. (A to C) Ligand immunoblot analysis of solubilized breast tumor membranes after 
sodium dodecyl sulfate electrophoresis and Western blotting. (A and C) Incubation with 
antiserum 1076; (B) incubation with antiserum 432. The patient specimens are identified as 
described in Table 1; also included are human breast tumor cell line (UCT Br 1) (18), human 
pituitary (HP) (obtained at autopsy) (6), and rat pituitary (RP). Membranes were prepared from 
tissues and solubilized as  described (19). Solubilized membrane preparations were subjected to 
ligand immunoblotting as  described (20). Non-neoplastic breast tissue included tissue showing 
fibroadenosis and material obtained at mammaplasty. Apparently normal tissue surrounding the 
tumors was not included in the study because of the possible presence of scanty tumor tissue. 
(D) Log (molecular weight) plotted against relative migration (RF) of low molecular weight 
markers (Pharmacia) and receptor bands. 
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antiserum (8). Only antiserum 1076, The presence of specific GnRH bind- 
which is directed toward the middle re- ing sites in breast carcinoma tissues was 
gion of GnRH (9), visualized the GnRH confirmed by means of a different tech- 
receptors. nique. Instead of using an antiserum to 

Fig. 2.  Displacement of ['Z51]GnRH A ([D- 
~ 1 ~ 6  ~ a - m e t h y l  L ~ U ~ , P ~ O ~ - N ~ ' ~ ~ ' ~ ~ ' ~ ~ ] - G ~ R H )  
bound to human ductal breast tumor mem- 
branes by GnRH (Bachem) (a), TRH (Serva) 
(A), and GnRH (1-5) (X). Binding assays with o 

membranes prepared as described (legend of 
Fig. 1 )  were carried out as described (21). In 

o,4 
brief, the membrane pellet was resuspended 
in 10 mM tris-HC1, 1 mM EDTA, 1 mM 
dithiothreitol, and 0.1 percent bovine serum 
albumin 10 m g h l  at (4 pH mg 7 .4  per to tube). a final The concentration solution was of O,llt\ BO 10-10 Concentra t ion  10-8 of  peptide (M) 10-6 : 
incubated with [lZ51]GnR~ A (1400 )*.Cil)*.g) 
and increasing concentrations of unlabeled peptide for 60 minutes at 4'C. Incubation was 
terminated by addition of 0.04M sodium phosphate, O.15M NaCI, and 1.0 percent BSA at pH 7 .4  
and subsequent filtration through glass fiber filters (GFIC, Whatman). After several washings, 
membrane-bound label retained on the filters was measured in a gamma counter. Dose-response 
curves were analysed by a computerized fitting program (ALLFIT) with a four-parameter 
logistic function (22). Values show the mean k standard error of the mean of triplicate 
incubations. The ratio B:Bo represents the amount of [1251]GnRH A remaining after displace- 
ment compared to the amount initially bound. 

Table 1 .  GnRH receptors in relation to tumor histological classification and estrogen and 
progesterone receptors in women of different ages and reproductive status. GnRH receptors 
were visualized as described (legend to Fig. 1).  Estrogen and progesterone receptor assays of 
breast tumors were carried out as described (23). All non-neoplastic tumors studied from 
premenopausal (seven) and postmenopausal (four) subjects were negative for GnRH receptors. 
Symbols: N.D., not detected; +, distinct band; low +, faint band; -, no band. 

Carci- Patient Receptors (fmoVmg) for: Band for 
noma Num- Age Estro- Proges- GnRH 
type ber (years) gen terone receptor 

Ductal 
Premenopausal 

40 129 
42 N.D. 
42 N.D. 
44 33 
45 N.D. 
48 1 1  
49 277 
54 N.D. 

Postmenopausal 
60 20 
60 N.D. 
6 1 49 
63 44 
64 N.D. 
67 24 
70 327 
7 1 79  
71 10 
73 235 
77 294 
82 630 
85 N.D. 

Lobular Premenopausal 
22 30 40 
23 49 N.D. 
24t 51 129 

Postmenopausal 
25 57 185 
26 68 N.D. 
27 74 450 
28 77 N.D. 
29 9 1 24 
30 92 N.D. 

*Exact stage of menopause not known. irPerimenopausal. 

285 
52 

N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 

N.D. 
N.D. 
N.D. 

71 
N.D. 

68 
101 
28 

N.D. 
301 

N.D. 
645 

N.D. 

67 
N.D. 
N.D. 

178 
N.D. 
3 99 

N.D. 
145 

N.D. 

+ 
+ 

Low + 
+ 
+ 

Low + 
+ 
- 

- 
+ 
+ 
+ 
+ 
+ 

Low + 
+ 
+ 
+ 
- 
+ 
+ 

Low + 
- 
+ 
- 
- 
- 
- 
- 
- 

detect GnRH bound to nitrocellulose- 
immobilized proteins, we conducted 
conventional binding studies using the 
same membrane preparation and an 125-1- 
labeled GnRH analog ( [ ' 2 5 ~ ] ~ n ~ ~  A) 
(Fig. 2). Increasing doses of unlabeled 
GnRH displaced the labeled analog, with 
a median effective dose (ED5()) of ap- 
proximately 2 x 1 0 - * ~ .  The affinity of 
GnRH binding to breast carcinoma bind- 
ing sites is therefore apparently lower 
than that of binding to the human pitu- 
itary GnRH receptor (ED5,), 5.3 x 
IO-~M;  binding affinity, 2.1 x 10% (6). 
The affinity of GnRH binding to human 
corpus luteum is also low (10). Since rat 
ovarian granulosa cells and rat pituitary 
receptors have a similar high affinity for 
GnRH ( l l ) ,  it is unclear whether these 
are species- or tissue-related differences. 
Specificity of binding was indicated by 
an inability of the biologically inactive 
GnRH fragment (1-5) (10-'M) and thy- 
rotropin-releasing hormone (TRH, 
~ o - ~ M )  to displace appreciable amounts 
of [ ' 2 5 ~ ] G n ~ ~  A. In those instances 
when adequate mammary tissue was 
available, we compared the results of 
specific ['251]Gn~H A binding to those 
obtained by visualization on immuno- 
blotting. Specific [ ' 2 5 ~ ] G n ~ ~  A binding 
greater than 300 count/min (P < 0.05, 
unpaired t test) was considered positive. 
Seven breast specimens that were posi- 
tive for [ ' 2 5 ~ ] G n ~ H  A binding were also 
positive by the immunoblotting tech- 
nique, whereas four specimens were neg- 
ative in both systems. One specimen, 
which was not positive for [ 1 2 5 ~ ] ~ n ~ ~  A 
binding, showed low positive staining on 
nitrocellulose. The immunoblotting tech- 
nique appears to be more sensitive and 
specific, and exhibits a lower back- 
ground, than the conventional [ ' 2 5 ~ l G n ~ H  
A binding technique, which shows rela- 
tively high nonspecific binding. 

Comparisons of clinical and biochemi- 
cal data show that the presence of GnRH 
binding sites is not related to the age and 
reproductive status of the patient or the 
presence of estrogen or progesterone re- 
ceptors in the tumor tissues. However, 
GnRH binding was prevalent in ductal 
carcinomas (19 of 21) compared to the 
lobular carcinomas (2 of 9) (Table 1). 

Seppala and Wahlstrom (12) have de- 
tected GnRH immunoreactivity in mam- 
mary ductal carcinomas using an antise- 
rum similar to the one used here. It is 
possible, therefore, that they identified 
occupied GnRH binding sites in the 
mammary tumor cells. The observation 
that GnRH is present in human breast 
milk (13) suggests that there may be cells 
producing GnRH as well as cells with 
receptors for the peptide in the lactating 
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mammary gland. The absence of GnRH 
binding sites in non-neoplastic tissues 
suggests that carcinogenic transforma- 
tion of normal breast cells is in some 
instances accompanied by the appear- 
ance of membrane proteins not normally 
present, or present only in undetectable 
amounts, in the nonlactating gland. 

Evidence that the GnRH binding sites 
in tumor tissue are GnRH receptors may 
be provided by demonstrating that 
GnRH can affect cellular function. 
GnRH agonists have been reported to 
inhibit the estrogen-dependent growth of 
cultured mouse mammary tumor cells in 
a dose-dependent fashion (14), and inhi- 
bition of the growth of a single human 
breast cancer cell line in culture by 
GnRH analogs has been described (15). 
GnRH analogs also inhibit the incorpo- 
ration of [3H]thymidine and [l4C1leucine 
into MCF-7, MDA-MB-231, and ZR-75-1 
human breast tumor cells in culture (16). 
These ductal cell lines were all positive 
for GnRH binding sites. 

Although a major mechanism of inhibi- 
tion of breast carcinomas by GnRH ana- 
logs is likely to be the inhibition of 
gonadotropin secretion and decline in 
gonadal steroid hormone production, the 
efficacy of the hormone in the treatment 
of some postmenopausal women with 
breast cancer and the effects demonstrat- 
ed in vitro argue in favor of a direct effect 
of GnRH analogs on breast tumor cells. 
Our demonstration of specific GnRH 
binding sites in certain breast carcino- 
mas illustrates a potential mechanism for 
these effects. A precedent for GnRH 
binding sites in a steroid hormonesensi- 
tive tissue has been shown in rat prostat- 
ic tumors (17). The significance of GnRH 
binding sites in human breast carcinomas 
and their relevance in clinical manage- 
ment of breast cancer remain to be deter- 
mined. The possibility of a correlation 
between the direct effects of GnRH on 
breast carcinoma cell lines and the pres- 
ence of GnRH binding sites in the cell 
lines merit further study. 
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Tissue Factor Gene Localized to Human Chromosome 1 
(lpter + lp21) 

Abstract. Tissue factor (tissue thromboplastin, coagulation factor ZZZ), a protein 
component of cell membranes, is an essential cofactor for factor VZZ-dependent 
initiation of blood coagulation. Since no tissue factor-dejicient condition has been 
described, it is one of only a few proteins of the coagulation system for which the 
pattern of inheritance has not been ascertained. Because of the species-specijicity of 
tissue factor activity and the availability of a very sensitive chromogenic assay, it 
was possible in the present study to use somatic cell hybrids to assign the 
chromosomal location of the tissue factor structural gene (F3) to human chromo- 
some 1 (lpter -+ lp21). 
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Tissue factor is a glycoprotein present 
in the membranes of most cells and is 
traditionally assigned to the extrinsic 
pathway of blood coagulation (1,2).  Also 

known as tissue thromboplastin or coag- 
ulation factor 111, tissue factor serves as 
a lipid-dependent cofactor for factor 
VII-mediated activation of factor X (3-6) 
and factor IX (7). That it may be the 
primary physiological initiator of blood 
coagulation ( I )  is supported by the ob- 
servation that tissue factor is the only 
known protein in the pathway leading to 
blood coagulation for which a congenital 
deficiency has not been reported (8, 9). 
Tissue factor regulation, both in terms of 
expression of activity at the cell mem- 
brane and at the genetic level, is impor- 
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