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Abstract-Clinical and experimental evidente suggests a role for estrogen in the natura1 history of 
desmoid tumors (DT) Antiestrogen (tamoxifen) has been used empirically in some patients with 
significant tumor regression. To further investigate the mechanism of hormonal injuence on desmoid 
tumors we initially characterired the cytosol estrogen receptor (ER) and antiestrogen binding sites 
(AEBS) in microsomal fractions of 15 cases of DT. Biopsy specimens were obtained from nine 

female and six malepatients. ER assay was determined in cytosol ( 105,000 g) and the AEBS was 
detected in the microsomal fraction (7000 g for 20 min) by a DCC assay technique. ER was 
present in 33% of D T assayed (5/15), with equal incidence in males andfemales. Receptor content 
in female patients was higher than in male patients (26.52 + 16 VS 10.82 +r 8.32 fmollmg 
protein). Dissociation constant (Kd) range (0.44-3.97 nM) was wel1 within the values seen in 
other estrogen target tissues. The AEBS were detected in 79% of the cases. The mean binding value 
was 236.7 + 170.2 fmol/mg protein. Kd values were between 0.39 and 5.97 nM. ER 
settledpredominantly in the 4S region and AEBS settled in the 5-5.5s region in a 5-20% sucrose 
gradient. AEBS was detected in seven patients with negative ER. NO correlation between ER and 
AEBS contents was observed. Competition studies revealed minima1 binding with either DEX, 
DHT, R5020, and R1881, but partial binding with tamoxifen in gtosol and estradiol in 
microsomalfractions. ER and AEBS assays may be ofprognostic signi$ïcance in the natura1 history 
of these tumors. 

INTRODUCTION 
DESMOID tumors (aggrcssive fibromatosis) arc rare 
tumors of fibrous origin [l-31. Clinical corrclates 
suggest that steroidal hormones may have a rolc in 
the natura1 history of these tumors. It is predomi- 
nantly sccn in fcmale patients of child-bearing agc 

[4-71, and regrcssion of these tumors has been 
associatcd with menopause [5]. More rccently, 
Kinzbrunner el al. [8] noted that high-dose tamox- 
ifcn lcd to complete rclief of pain and a dccrcase in 
the sizc of a dcsmoid tumor. Similarly, Waddcll el 
al. [9] attaincd significant tumor regression in 
paticnts with desmoid tumors following treatmcnt 
with tamoxifcn and nonstcroidal antiinflammatory 
drugs. 
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As an initial step in investigating the mcchanism 
of hormonal influence on desmoid tumors, WC 
studied the incidence and binding characteristics of 
cytosol estrogen receptor and subcellular fraction 
AEBS of 15 cases of dcsmoid tumors. 

MATERIALS AND METHODS 
Specimens were obtained from 15 patients (ninc 

females, six male) who were operated on for either 
primary or recurrent desmoid tumors during the 
period April 1978 to April 1985. Tumor tissues 
were immediately divided into 1-cm portions, 
frazen in liquid nitrogen, and storcd at -80°C until 
receptor analysis. Beforc frcezing, a portion of cach 
specimen was proccssed for examination by both 
light and electron microscopy. 

Specimens for assay were wcighed whilc stil1 
frozcn and pulvcrized in a tissue pulvcrizcr. Al1 
subscquent steps were pcrformcd at 0-4°C. Thc 
pulvcrizcd tissue was homogenizcd with two 1 0-sec 
bursts in a polytron homogcnizer scparatcd by a 
30-sec cooling period in thc following buffer sys- 
tcm: cstrogen buffer (buffer A) - 10 mM Tris- 
HCL, 5 mM EDTA, 10 mM sodium molybdatc, 12 
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mM monothioglyccrol (v/v), 10 mM dithiotrcitol, 
10% glycerol (v/v), pH 7.4. For AEBS assay 
(buffer B) - 0.2% BSA was addcd to Buffer A. 
Thc homogcnatc was centrifugcd at 7000 g for 20 
min and thc pellct discardcd. Thc supernatant was 
rcccntrifugcd at 105,000 g for 60 min to obtain 
cytosol for cstrogcn receptor analysis and the mic- 
rosomal pcllet resuspcndcd in Buffer B for AEBS 
assay. 

Cytosol and subccllular fractions were dilutcd to 
1-2 mg protein/ml for receptor analysis by a mod- 
ification of dextran-coated charcoal (DCC) [lO,l l] 
or 5-6 mg/ml for sucrose dcnsity gradient (5-20%) 
analysis. Cytosol protein was detcrmincd accord- 
ing to thc method of Bradford [ 121. For estrogcn 
receptor (ER) asscssmcnt, cytosols (200 (~1) were 
incubatcd for 16 hr at 4°C over a concentration 
range of 0.05-6 nM [3H] estradiol in parallel with 
lOO-fold molar exccss of DES. For antiestrogen 
binding sites (AEBS), 200 ~1 of the microsomal 
fraction were incubated for 16 hr at 4°C over a 
concentration range of 0.05-6 nM [3H] tamox- 
ifcn in parallel with lOO-fold excess radioinert 
tamoxifen. The bound was separated from the free 
ligand by the DCC tcchnique. Data were analyzed 
according to thc method of Scatchard [ 131. 

For sucrose density gradient analysis tumor 
cytosols (250 ~1) were also layered on 4.6 ml of 
5-20% sucrose dcnsity gradients, made up in an 
appropriate buffer following a 4-hr parallel incuba- 
tion with labelled (5 nM [3H]-estradiol or [3H]- 
tamoxifen) and lOO-fold excess of radioinert 
ligands. Frcc stcroid was rcmoved during a 15-min 
incubation with a DCC pellet at 4°C (1500 rpm for 
15 min), and cytosols were centrifuged for 16 hr at 
285,000 g in a S.W. 50.1 rotor (Beckman Instru- 
mcnts). The gradient tubes were punctured, and 
lO-drop fractions were collccted and counted in a 
5-ml aqucous counting scintillation cocktail at an 
efficiency of 33%. ‘“C-BSA was used as internal 
standard with a scdimentation constant of 4.6s for 
thc dctermination of thc sedimcntation cocfficicnt 
according to the method of Martin and Ames [ 141. 

Compelition studies 
Cytosol fractions were dilutcd to 1-2 mg pro- 

tcin/ml; 5 nM [3H] cstradiol was incubated with 
200 ~1 cytosol in thc prcsencc or absencc of 
100 X cold compctitor for 16 hr at 4°C. Thc DCC 
techniquc was uscd for scparation of fret from 
bound ligand. Data were exprcsscd as the perccn- 
tage of thc spccific binding of [“Hl cstradiol in thc 
prcscncc of 100 X cthinyl estradiol. For AEBS 
competition, 200 ~1 was incubated with 5 nM ]sH] 
tamoxifcn in thc prcscnce or abscncc of different 
molar concentrations of cold compctitors for 16 hr 
at 4°C. DCC was uscd for separation. Thc data 
were cxprcsscd as thc pcrcentagc of thc specific 

[‘Hl tamoxifcn bound. Thc compctitors uscd in 
both studies were dihydrotcstostcrone (DHT), dc- 
xamcthasonc (DEX), promcgestonc (R5020), 
mcthyltricnolonc (R1881), cstradiol (E2), and 
tamoxifcn (T). 

RESULTS 
Table 1 summarizes the incidence and distribu- 

tion of estrogen and AEBS in 15 patients with 
desmoid tumor. Thcre were six males and ninc 
females, with a total ER incidence of 33%. ER 
incidence was similar in both female (3/9) and 
male (2/6) paticnts. Thc mean ER levels were 
higher in thc femalc patients than in thc malc 
(26.52 VS 10.82 fmol/mg cytosol protein). Tumors 
from 14 patients were available for cvaluation of 
AEBS. The overall incidence of AEBS was 78.5%, 
7/9 females (77.7%) and 4/5 males (80%) had 
detectablc binding. Therc was no differencc in 
AEBS between males (255.7 fmol/mg cytosol pro- 
tein) and females (225.9 fmol/mg protein). Tablc 2 
sumarizes the relation of the presence of cytosolic 
cstrogen receptor and presence or absente of 
AEBS. 

There were five female patients and two male 
patients with no ER in the cytosol fraction, but 
AEBS was present in the subcellular fraction. 
Among the four patients who had both ER and 
AEBS, the mean AEBS leve1 was 11 times the 
mean ER leve1 (166 VS 14.13 fmol/mg protein). 
There were two patients with neither estrogen nor 
AEBS (one male, one female) and one female with 
estrogen cytosol receptor and no subcellular bind- 
ing for tamoxifen. There was no correlation bc- 
tween the cytosol ER leve1 and microsomal AEBS 
level. The mean dissociation constant (KJ for 
AEBS was 2.9 X the Kd for ER (4.18 VS 1.44 nM). 
There was no correlation betwcen the location of 
the tumor and the prcsence of binding for cstrogcn 
or tamoxifen. 

Scatchard analysis of the binding data (Fig. 1) 
showcd a single class of specific high-affinity satur- 
able receptors for cstrogcn and tamoxifen. To 
furthcr charactcrize thc estrogen and AEBS, suc- 
rose density gradicnt ultracentrifugation analyses 
were performed on selccted tumor samples. 

Figurc 2 shows thc sucrose density gradient for 
cytosol binding of [sH] 17-B-cstradiol. It settlcd 
predominantly in thc 4s rcgion under low salt 
conditions. 

Figurc 3 shows a reprcscntativc result of thc 
gradicnt analysis of [‘Hl tamoxifcn binding to 
microsomal fraction of dcsmoid tumor. Thc [3H] 
tamoxifcn alonc was charactcrized by a 5-5.53 
pcak undcr low salt conditions which was sup- 

pressiblc by lOO-fold molar cxccss of unlabcllcd 
tamoxifcn. This 5-5.58 pcak was not suppresscd by 
prcincubation of thc microsomal fraction with lOO- 
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Table 1. Clinical characteristics and binding parameters of estrogen and antiestrogen binding sites in 
15 desmoid tumors 

Estrogrn receptor A.E.B.S. 

Pt Sex Age fmol/mgprot. K,, (nM) fmollmgprot. & (nM) Location 

1 F 21 44.67 3.97 Neg. 
2 F 33 20.9 0.54 381.74 
3 F 32 Neg. _ 130.5 
4 F 36 Neg. _ 201.2 
5 F 40 14 0.94 109 
6 F 21 Xeg. _ 457.7 
7 F 65 Neg. - 8.7 

8 F 42 Neg. _ Neg. 
9 F 24 Neg. _ 292.2 

10 M 19 4.93 0.44 140.48 
11 M 31 Neg. _ Neg. 

12 M 52 16.7 1.3 35.2 
13 M 59 Neg. _ 514 
14 ,M 63 Xeg. _ 333 
15 M 35 Neg. _ N..4. 

_ 
5.67 
2.16 
5.97 
3.86 
7.5 
1.18 

_ 

7.5 
3.9 

_ 

0.39 
4.53 
3.33 
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Fig. 1. Scatchard Ana[vsi.c of [“Hl tamoxifen binding in microsomal 

fraction of desmoid tumorfrom Patient 14. Inset - Scatchard Analysis of 
[“Hl 17-P-estradiol binding in qtosol Jktion of desmoid tumor from 

Patient 10. 
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Fig. 2. IGe to twen@ per cent sucrose densi!v gradienf of [‘Hl 
17-p-estradiol bindin,q in the ptosol frurtion of desmoid tumors. ’ ‘C 

labelled albumin u,n.r used os internal .ttnndard. 

Table 2. Inridenre and correlation oJ_ estrogen and anti- 

estrogen binding .rites in 14 dermoid tumors 

Sex 
n MZllC Femalr 

ER+ AEBS+ 4 2 2 
ER+ AEBS- 1 0 1 
ER- AEBS’ 7 9 5 
ER- AEBS- 2 1 1 

10 20 30 ? 3! 

BolTOM FRACTION MJMEER TOP 

Fig. 3. /TizIe /o tmenfv per rent .rucrose den.ri!sgrodirnt cf[ ‘H ] tnmoriJèn 
binding to micro.tomalfraction of dermoid tumor. C’ ’ Inbelledalbumin uans 

u.<ed or internal ctondard. 
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fold molar cxccss of radioinert estradiol for 30 min 
before adding [“Hl-tamoxifcn. AEBS is rcported to 
be a membrane bound microsomal protcin [ 15,161. 

Whether the 5-5.5s peak observed in thc present 
study represcnts the true sedimentation constant of 
this protein or is just an aggregation of membrane 
fragments with bound [3H] tamoxifen is not clear 
at the moment. 

Specificity of bindings of [3H] estradiol to tumor 
cytosol and [3H] tamoxifen to microsomal fraction 
were achieved by the competition of various stcr- 
oids for binding of [3H] estradiol and [“Hl tamox- 
ifen (Fig. 4). Tamoxifen competed moderately wel1 
with [3H] estradiol binding in the tumor cytosol 
(74%). While estradiol was partially competitive 
(35%) with [3H] tamoxifen in the microsomal 
fraction. DEX, DHT, R5020, and R1881 were 
weak competitors for [3H] Tamoxifen and [3H] 
estradiol binding. 

DISCUSSION 
There is clinical and experimental evidente sug- 

gesting a possible hormonal influence on desmoid 
tumor development and progression. Lipschutz 
and co-workers [17] described the formation of 
fibrous tumors histologically similar to desmoids in 
the abdominal organs, anterior abdominal wall, 
and thorax of guinea pigs after prolonged estrogen 
administration and the prevention of these tumors 
by the administration of testosterone, progester- 
one, and desoxycorticosterone [ 18-201. High-dose 
estrogen treatment in a man with prostate cancer 
induced abdominal desmoid four years later which 
subsequently regressed after hormone interruption 
and orchiectomy [21]. Pregnancy seems to stimu- 
late the growth of desmoid tumor [4, 5, 221 and 
regression of this tumor has been associated with 
menopause [5] and onset of menstruation [23]. 

The finding of a cytosolic receptor for estrogen in 
this group of tumors represents the first step in 
determining a putative role for estrogen in the 
biology of these tumors. In our original report of 
steroid receptors in soft tissue sarcomas, we found 
no estrogen binding in two desmoid tumors [24]. 
Havry et al. [25] dcmonstrated ER in three of four 
patients with desmoid tumors, although the reccp- 
tor levels were low (range 1.9-4.6 fmol/mg pro- 
tein). Our overall incidence of cytosolic estrogcn 
binding is lower than 33% in a larger series of 
patients and our receptor levels are generally high- 
er. The affinity constant is wel1 within thc valucs 
seen in other estrogen target tissue and is spccific 
for estrogen. Although the presence of a cytosolic 
estrogen receptor does not imply a biologie role for 
cstrogen it is neccssary for thc mechanism of 
estrogen as it is understood today. 

Tamoxifen, a nonstcroidal anticstrogcn, is 
thought to mediatc its effects through the specific 
ER of hormonally rcsponsive tissue [26-291, Morc 
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L 
E2 T R5020DEX DHT R1881 

COMPETITORS 

Fig. 4. (a) Competitionfor [“Hl tamoxifen binding des by variow 
steroids in desmoid tumors. (0-0 Tamoxifen, M DES, A- A 

R5020, ??-W R1881, 0-0 DEX). 
(b) Competition for ER in rytosol.fractions Ff desmoid tumors. 

recently, Suthcrland et al. [15] describcd an anti- 
estrogen binding site distinct from ER and sug- 
gested this binding sitc might be important in 
modulating or mcdiating the action of the anti- 
estrogen. Sudo et al. [16] found these sitcs to 
fractionate in the microsomal or subcellular frac- 
tion of rat uterus and only very smal1 amounts arc 
detected in the high-speed cytosol. WC have 
adopted Sudo’s procedure and dctectcd a 79% 
incidencc of binding for tamoxifen. Four tumors 
which were ER-negativc were found to have high 
levcls of AEBS in the subcellular fraction. This 
might cxplain responses to tamoxifcn [8, 91 whcn 
an overall incidence and conccntration of estrogen 
receptor is low for an estrogcn-responsive tissue. 

We have dcmonstrated cytosol estrogen rcccptor 
and microsomal anticstrogcn binding sitcs in a 
group of dcsmoid tumors. This is a prcliminary 
step toward understanding thc rolc of cstrogcns 
and anticstrogcns in the biology of these tumors. 
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