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The b ind ing  character is t ics  and steroidal  regu la t ion  of  the EGF receptor  were inves t igated  in the 
h u m a n  e n d o m e t r i a l  a d e n o c a r c i n o m a  cell l ine H EC -1 -B .  The cell l ine was shown to possess  a single,  
h igh  affinity b ind ing  site for ep idermal  growth  factor receptor  (EGF) with  a K d of  3.09 ___ 1.39 nM 
( m e a n  +_ SD, n = 6) and b inding  o f  845 _ 311 f m o l / m g  prote in  ( m e a n  _+ SD, n = 6). The prote in  kinase 
C act ivator,  phorbo l  12-myris tate ,  13-acetate  (PMA)  increased  the K d of  the  EGF receptor  in a dose 
de p e n d e n t  m a n n e r  (PMA: 0, 1, 10, 100nM; Kd:4.1, 5, 10, 50nM,  respect ively) .  The effect of  P M A  
(10 nM) was o v e r c o m e  by pre incubat ing  the cells wi th  the  prote in  kinase C inhib i tor  s taurospor ine  
(1 #M )  prior  to the  addi t ion  of  PMA.  The effect o f  the  ovar ian  steroids oestradio l  and progres terone  
on EGF receptor  a c c u m u l a t i o n  was s tudied  by pretreat ing  the cells for 6 days with  oestradio l  or 
proges terone  in pheno l  red free D M E M : F 1 2 ,  1:1 s u p p l e m e n t e d  with  5% charcoal  s tr ipped fetal cal f  
serum.  B o t h  steroids  were shown to increase  EGF receptor  n u m b e r  with  a m a x i m u m  5- and 7-fold 
increase  in the presence  of  I nM oestradio l  or 1 # M  progres terone ,  respect ively .  The s tudy d e m o n -  
strates the presence  of  a h igh affinity b ind ing  site for EGF in H E C - 1 - B  cells which  is regulated  by 
oes tradio l  and progres terone .  
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INTRODUCTION 

We have previously reported the presence of a single, 
high affinity EGF receptor in primary endometrial cell 
cultures of both glands and stromal cells [1] the syn- 
thesis of which is regulated by oestradiol and progres- 
terone [2]. However, the use of primary endometrial 
cell cultures presents several problems, namely in the 
cyclical variation which exists throughout the men- 
strual cycle, the lack of tissue homogeneity, a finite life 
span and loss of steroid receptors. These restrictions 
are particularly evident when studying glandular epi- 
thelium rendering detailed examination of receptor 
characteristics and regulation difficult in this cell type. 
One way to overcome these disadvantages is to use an 
epithelial cell line. 

The endometrial adenocarcinoma cell line HEC-l-B,  
established by Kuramoto et al., in 1972 [3], has been 
investigated with respect to the action of several growth 
factors. Presta et al. [4] demonstrated that basic fibro- 
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blast growth factor (bFGF) increases the synthesis of 
plasminogen activators and increases cell proliferation. 
In the same study transforming growth factor-fl was 
shown to have an inhibitory action on both basal and 
bFGF  induced cell proliferation. HEC-1-B cells also 
produce insulin-like growth factor binding proteins 
and possess insulin-like growth factor receptors [5]. 
These studies suggest that the HEC-1-B cell line is 
suitable for growth factor studies. 

The present study was undertaken to evaluate the 
HEC-1-B cell line as a model for the investigation of 
the EGF receptor and its regulation by oestradiol and 
progesterone. 

EXPERIMENTAL 

Materials 

All reagents except culture media were, unless other- 
wise stated, obtained from the Sigma Chemical Co. 
Ltd, Poole, U.K. Culture Media, trypsin/EDTA, 
sodium bicarbonate, fetal calf serum and 'Linbro'  
multiwell plates were obtained from Flow Laboratories 
Ltd, Rickmansworth, Herts, WD3 1PQ, U.K. 
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HEC-1-B cells 

The  HEC-1-B  human endometrial adenocarcinoma 
cell line (ATCC NO HTB113) ,  which was isolated in 
1968 by Kuramoto  et al. from a stage 1A endometrial 
cancer [3], was obtained from the American Ty p e  
Culture Collection, Rockville, Maryland 20852, U.S.A. 
T he  cells were maintained in 75 cm 2 tissue culture 
flasks at 37°C in Minimum Essential Medium 
(Modified Eagle's) with Earle's salts (MEM),  sup- 
plemented with 2 m M  glutamine, 1 × non-essential 
amino acids, 0.075To sodium bicarbonate, l m M  
sodium pyruvate and 10% fetal calf serum, until 
confluent, after which they were removed by a brief  
(approx. 2 min) incubation with 3 ml t ryps in /EDTA.  
T he  t ryps in /EDTA was poured off, the cells dislodged 
with a sharp tap and resuspended in the required 
volume of M E M ,  supplemented as described above, 
but  containing 5 % fetal calf serum. The  resulting cell 
suspension (dispersed with a pipette to avoid clumping 
of the cells) was plated into 24-well multiwell plates 
(20,000 cells per well) and incubated for 24 h prior 
to use. For  experiments not involving steroids, the 
cell cultures were maintained in supplemented M E M  
containing 3% fetal calf serum until 70°/'0 confluent 
(usually 2-3 days), after which binding studies were 
performed. Where  the effect of steroids was investi- 
gated, the cells were transferred, after the initial 
24 h, to phenol red free Dulbecco's Modified Eagle's 
Medium ( D M E M )  : F12 (1 : 1 by volume) supplemented 
with 5 % charcoal stripped fetal calf serum. The  cells 
were used between passages 137-140 (calculated from 
the establishment of the cell line). 

Iodination of EGF 

Epidermal growth factor (5#g) ,  obtained from 
Bachem (U.K.)  Ltd,  Saffron Walden, Essex, was 
prepared in 5 #1 iodination buffer (0.5 M sodium acet- 
ate buffer pH  6.0) and reacted with 1 mCi125I ( ICN 
Biomedicals Ltd,  High Wycombe,  Bucks., U.K.)  
and 10 pg  lactoperoxidase (in 50 #1 iodination buffer) 
for 6min .  The  reaction was terminated with 100#1 
saturated tyrosine and 100#1 PBS containing 2~o 
bovine serum albumin (BSA). The  reactants were 
mixed, transferred to a PD10, Sephadex G-10 column 
(Pharmacia Biosystems Ltd,  Milton Keynes) pre- 
viously equilibrated with 25ml  iodination buffer 
and 20 x 1 ml fractions collected. 125Epidermal growth 
factor eluted in fractions 3-5 and the specific activity 
was 127.6 and 142 .9pCi /#g  for the 2 preparations 
used. 

EGF receptor binding studies 

Prior to the measurement of E G F  receptor binding, 
the cell cultures were washed 3 times with Hank's  
Balanced Salt Solution (HBSS) and then maintained 
for 24 h without serum in either M E M  or, for the 
steroid studies, D M E M : F 1 2 ,  supplemented in each 

case with 1 0 m M  glutamine, 10mg/ml insulin, 
100ng/ml hydrocortisone, 10mg/ml transferrin, and 
25 ng/ml sodium selenite. Th e  cells were then washed 
3 times with 1 ml of ice cold phosphate buffered saline 
(PBS) pH 7.5. 

Scatchard analysis of EGF receptor binding. Cell 
cultures were incubated at 37°C for 30 min in M E M  
containing 0.1% BSA and 125I E G F  at concentrations 
between 0.3 and 12.0nM. Non-specific binding was 
determined in the presence of a 500-fold excess of 
unlabelled EGF.  The  reaction was terminated by the 
addition of 1 ml of ice-cold PBS and the cells then 
washed twice with 0.5 ml ice-cold PBS. Th e  cells were 
solubilized with 200pl  sodium hydroxide (5 M) and 
then transferred to polystyrene tubes and counted in a 
Hewlett-Packard 7 counter. Results were transformed 
by the method of Scatchard [6]. 

Effect of phorbol 12-myristate 13-acetate (PMA), 
staurosporine and calphostin C on EGF receptor binding 
and affinity. Cells cultures were pretreated for 30 min 
at 37°C with or without the protein kinase C activator 
PMA (1-100nM)  prior to Scatchard analysis. 
Cells were also incubated in the presence of absence of 
the protein kinase C inhibitors staurosporine (1 #M)  
and calphostin-C (100 nM) for 1 h after which PMA 
(10nM)  was added and incubation continued for a 
further 30 min. Scatchard analysis was then performed 
as described above. 

Effect of oestradiol and progesterone on EGF receptor 
binding. Cell cultures were transferred after 24h  
to phenol red-free D M E M / F 1 2  supplemented with 
5% charcoal stripped serum and treated with either 
10 pM-1 # M  oestradiol or 100 pM-10  # M  progester- 
one or vehicle (ethanol) alone for 6 days. Fresh medium 
and steroids were added daily. Total  E G F  binding was 
determined using 125I E G F  at a concentration of 8 nM 
in triplicate for each treatment. Non-specific binding 
was determined in the presence of a 500-fold excess of 
unlabelled EGF.  Protein content was measured by the 
method of Lowry  et al. [17] and the results expressed 
as fmol E G F  bound per mg protein. 

R E S U L T S  

HEC-1-B cells were shown to possess a single 
high affinity binding site for E G F  with a Ka of 
3.09 ___ 1 .39nM (mean __+ SD, n = 6) and binding of 
845 ___ 311 fmol/mg protein (mean ___ SD, n = 6). A 
typical Scatchard plot is shown in Fig. 1. Pretreatment 
of HEC-1-B ceils for 30 min with P MA  (1-100 nM) 
caused a shift in the affinity of the E G F  receptor from 
a Kd of 4 n M to 50 nM (Fig. 2) but  no change in the 
number  of binding sites (Fig. 3). This  effect of PMA 
was overcome by preincubation of the cells with the 
protein kinase C inhibitor staurosporine (1 p M)  prior 
to the addition of PMA (Fig. 3). However,  pre- 
incubation with calphostin-C (100 nM) had no effect 
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Fig. 1. Sca t cha rd  analysis of  t2SI-EGF binding  in HEC-1-B 
cells. The K a was 2.8 nM. 
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Fig. 3. T h e  ef fect  of P M A  (10 nM) and s t au rospor ine  (1 ~M) o n  
EGF receptor affinity and binding in H E C - I - B  cells. 

on the response to PMA (data not shown). Nei ther  
staurosporine nor calphostin-C alone had an effect on 
E G F  receptor binding (data not shown). 

Prolonged treatment with oestradiol stimulated a 
significant increase in E G F  receptor binding (Fig. 4) 
which was dose related and reached a maximum 
5.5-fold increase in response to l nM oestradiol 
(P < 0.01 compared with untreated cells). T h e  effective 
range of oestradiol was 100 pM-10  nM while at higher 
concentrations (100 nM and 1/~M) the stimulatory 
effect was lost. 

Progesterone also caused a marked increase in 
E G F  receptor binding when tested using the same 
6 day treatment schedule (Fig. 5). A significant increase 
in E G F  receptor binding was seen over the concen- 
tration range 1 0 n M - 1 0 # M  progesterone with a 
maximum 7-fold effect at 100nM-1 # M  (P < 0.001 
compared with untreated cells). There  was a 
small increase in E G F  receptor binding at the lower 
doses tested (0.1 and 1 nM) but  the effect was not 
significant. 
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Fig. 2. T h e  ef fect  o f  P M A  o n  E G F  r e c e p t o r  affinity in HEC-1-  
B cells. Each  ba r  r ep re sen t s  the dissociat ion cons tan t  ob-  
t a ined  by Sca t cha rd  analysis  using a 7 point  assay at  t h e  

specified concen t ra t ion  of  PMA. 

DISCUSSION 

Th e  present study demonstrates the presence of  a 
single, high affinity receptor for E G F  in the endo- 
metrial carcinoma cell line HEC-1-B.  T h e  mean value 
of the K o for 6 experiments was 3.09 _ 1.39 n M  which 
is of  the same magnitude as demonstrated in primary 
cultures of endometrial  stromal cells and glandular 
epithelium (1.1 and 0 .9nM,  respectively) [1]. The  
number  of binding sites for the HEC-1-B  cell line 
(mean number  for 6 experiments: 845 _ 311 fmol/mg 
protein) is also similar to that observed in our primary 
cell cultures (510 and 260 fmol/mg protein for stromal 
cells and epithelial cells, respectively) [1]. The  simi- 
larity between the cell line and normal primary endo- 
metrial cells in terms of the number  of E G F  binding 
sites measured suggests that HEC-1-B cells do not 
overexpress the E G F  receptor and points to their 
suitability as a model for the study of  E G F  receptor 
function in the endometrium. 
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Fig. 4. The effect of  a 6-day t r e a t m e n t  with oes t radiol  on EGF 
r e c e p t o r  s y n t h e s i s  in  H E C - I - B  cells. Each  ba r  r e p r e s e n t s  
m e a n  + SD of  t r ip l ica te  es t imat ions .  Resul ts  w e r e  e x p r e s s e d  
as fmol  EGF b o u n d  p e r  m g  p r o t e i n ,  t h e n  as % c o n t r o l  w h e r e  
t h e  c o n t r o l  value was des igna ted  to be 100%. Data  w e r e  

analysed by unpa i r ed  t - t e s t  (*P < 0.05,**P < 0.01). 
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Fig. 5. The effect of a 6-day t rea tment  with proges terone  
on EGF receptor  synthes i s  in HEC-1-B cells. Each bar  
represents  the mean __+ SD of tr iplicate estimations. Results  
were  expres sed  as fmol EGF bound per mg protein, then as 
% control where  the control value was designated to be 
100%. Data were  ana lysed  by unpaired t- test  (**P < 0.01, 

***P < 0.001). 

T h e  aff ini ty o f  the  E G F  r e c e p t o r  in H E C - 1 - B  cells 
was dec reased  fo l lowing  t r e a t m e n t  wi th  P M A  w i thou t  
any  c o n c o m m i t a n t  a l t e ra t ion  in E G F  r e c e p t o r  b ind ing .  
P h o s p h o r y l a t i o n  o f  the  E G F  r e c e p t o r  by  p r o t e i n  
k inase  C is c o n s i d e r e d  to r egu la te  E G F  r e c e p t o r  aff ini ty 
thus  exp la in ing  the  decrease  in affinity i nvoked  by  
the p r o t e i n  k inase  C ac t iva to r  P M A  [8,9] .  T h e  
i nh ib i t i on  o f  th is  effect b y  the  p r o t e i n  k inase  C 
i n h i b i t o r  s t a u r o s p o r i n e  lends  we igh t  to this  obse r -  
va t ion ,  a l t hough  c a l p h o s t i n - C ,  r e p u t e d  to be a m o r e  
specif ic  i n h i b i t o r  t han  s t au rospo r ine ,  had  no effect. 
H o w e v e r ,  it  is poss ib le  tha t  the  concen t r a t i on  o f  
c a l p h o s t i n - C  used  ( 1 0 0 n M )  was too low to cause 
inh ib i t ion .  S tud ies  wi th  o the r  cells  (e.g. A431 cells) 
have  shown tha t  a concen t r a t i on  o f  c a l p h o s t i n - C  
o f  1 0 0 0 n M  is r e q u i r e d  to achieve  i nh ib i t i on  [10]. 
T h e  cy to tox ic  effect of  c a l p h o s t i n - C  to H E C - 1 - B  cells 
at  concen t r a t i ons  above  1 0 0 n M  ( u n p u b l i s h e d  data)  
p r e v e n t e d  fu r t he r  inves t iga t ion .  O u r  s tudies  o f  the  
E G F  r e c e p t o r  wi th  p r i m a r y  cu l tu re s  of  e n d o m e t r i a l  
s t roma l  cells  have  d e m o n s t r a t e d  a s imi la r  effect o f  
P M A  [1]. 

Oes t r ad io l  is k n o w n  to s t imu la t e  e n d o m e t r i a l  g r o w t h  
b u t  the  exact  m e c h a n i s m  by  wh ich  this  occurs  is 
stil l  unc lear .  E p i d e r m a l  g r o w t h  fac tor  has been  shown  
to s t imu la t e  p ro l i f e r a t i on  in n o r m a l  e n d o m e t r i a l  
s t roma l  cells  [11] and  it is now b e c o m i n g  a p p a r e n t  
tha t  one  way  in w h i c h  oes t rogen  regu la tes  u t e r i ne  
g r o w t h  is b y  i n d u c i n g  the  syn thes i s  o f  E G F  [12] o r  
i ts r e c e p t o r  [13-15] .  O u r  s tud ies  wi th  p r i m a r y  cu l tu res  
o f  e n d o m e t r i a l  s t romal  cells have d e m o n s t r a t e d  tha t  
t r e a t m e n t  wi th  oes t r ad io l  or  p r o g e s t e r o n e  increases  
E G F  r e c e p t o r  n u m b e r  and  tha t  this  effect is e n h a n c e d  
w h e n  bo th  s te ro ids  are  p r e s e n t  [2]. I n  the  p r e se n t  
s t u d y  we have  d e m o n s t r a t e d  tha t  bo th  oes t rad io l  
and  p r o g e s t e r o n e  cause a dose  d e p e n d e n t  increase  in 

E G F  r ecep to r  n u m b e r  in H E C - 1 - B  a d e n o c a r c i n o m a  
cells. T h i s  suggests  tha t  ovar ian  s te ro ids  m a y  also 
regu la te  the  g r o w t h  and  d i f fe ren t ia t ion  o f  these  cells 
by  inc reas ing  E G F  r ecep to r  synthesis .  H o w e v e r ,  
fu r the r  work  is r e q u i r e d  to d e t e r m i n e  w he the r  this  
is a d i rec t  effect on r ecep to r  synthes i s  or  w h e t h e r  
o the r  m e c h a n i s m s  are involved .  S tud ies  wi th  n o r m a l  
e n d o m e t r i a l  ep i the l ia l  cells are also r e q u i r e d  in o rde r  
to c lar i fy  w h e t h e r  the  s t imu la to ry  effects of  oes t rad io l  
and  p r o g e s t e r o n e  are charac te r i s t i c  of  e n d o m e t r i a l  ep i -  
the l ia l  cells in genera l  or  solely a fea ture  of  H E C - 1 - B  
cells.  

T h e  resul ts  o b t a i n e d  in this  s tudy  indica te  tha t  
the  H E C - 1 - B  e n d o m e t r i a l  a d e n o c a r c i n o m a  cell l ine 
possesses  an E G F  r ecep to r  wi th  s imi la r  p rope r t i e s  
to tha t  o f  p r i m a r y  e n d o m e t r i a l  cells in cul ture .  On  
this  basis ,  the  su i t ab i l i ty  o f  the  cell l ine as a m o d e l  
for  s t u d y i n g  the  r egu la t ion  o f  the  E G F  r ecep to r  
in e n d o m e t r i a l  ep i the l ia l  cells  is p romis ing ,  b u t  u l t i -  
ma te ly  its usefu lness  will  d e p e n d  on w h e t h e r  endo-  
me t r i a l  ep i the l ia l  cells r e s p o n d  to s te ro ids  in the  same 
manne r .  
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