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Human breast cancer ZR-75-1 cells expressed 1516 (105) (mean [S.D.]) interferon (IFN) receptors (IFNR) per 
cell with & of 0.61(0.15) nmoY1. Oestrogen independent ZR-PR-LT and tamoxifen resistant ZR-759al8 pmol/l 
cells expressed similar numbers of IFNR. ZR-759al cells, which had been maintained in the absence of tamoxifen 
or known oestrogenic activity for 46 weeks, expressed a significantly higher number of IFNR (3170 [315]). 
Exposure of ZR-75-1 cells to 10m9 moYl17@oestradiol (E2) led to a consistent reduction in IFNR numbers whilst 
10m6 mol/l tamoxifen slightly increased IFNR expression. Since IFN increases oestrogen receptors in this cell 
line, IFN and E2 appear to have opposite effects on expression of each others’ receptor. 10W9 mol/l medroxy 
progesterone acetate and mifepristone significantly increased IFNR numbers whilst ORG 2058 decreased IFNR 
expression and ZK 98.299 had no effect. Progestin/antiprogestin induced IFNR increase in this cell line correlated 
with down-regulation of progesterone receptor (PR). Thus an IFN/ER/PR axis may exist in ZR-75-l cells and 
variants. 
EurJ Cancer, Vol. 27, No. 2, pp. 143-146,199l. 

INTRODUCTION 
ALTHOUGH INTERFERONS (IFNs) have significant antiproliferat- 
ive effects on human breast cancer cells in vitro and in vivo [ 1,2] 
results with IFNs in the treatment of patients with breast cancer 
have been disappointing [3, 41. However, the combination of 
IFN and tamoxifen in the treatment of breast cancer may be of 
benefit since IFNs increase oestrogen receptor [ER] expression 
in vivo [5] and in vitro [6, 71 and increase the sensitivity of breast 
cancer cells in vitro to the growth inhibitory activity of anti- 
oestrogens [7, 81. In a pilot study complete remission of lymph- 
node metastases was achieved in one patient with IFN-(u,, and 
tamoxifen [9]. 

IFN binds to high-affinity cell surface receptors [lo]. We 
have investigated IFN receptor (IFNR) expression in ZR-75-l 
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human breast cancer cells and tamoxifen resistant and oestrogen 
independent variants and correlated IFNR content with ER and 
progesterone receptor (PR) expression. To establish whether 
heterospecific receptor modulation occurs we have also investi- 
gated the effect of oestradiol and progestinsiantiprogestins on 
IFNR number. 

MATERIALS AND METHODS 
Cells and culture conditions 

ZR-75-1 human breast cancer cells were obtained from Flow 
Laboratories. Cells were routinely maintained in RPM1 1640 
medium supplemented with 5% fetal calf serum (FCS), 100 
IUiml penicillin and 100 kg/ml streptomycin. Cells were grown 
in 5% CO2 at 37°C. ZR-PR-LT cells were selected for their 
ability to grow in the absence of known oestrogenic activity [ 1 l] 
and were routinely maintained in RPM1 1640 lacking phenol 
red and supplemented with heat treated (53°C for 1 h) 5% FCS 
stripped by dextran-coated charcoal. 

A tamoxifen resistant variant of ZR-75-1 cells, ZR-75-9al 8 
pmolil, was routinely maintained in RPM1 1640 supplemented 
with 5% FCS and 8 ymolil tamoxifen [12]. ZR-75-9al 8 p,mol/l 
cells which had been maintained for 46 weeks at the time of this 



144 J.H.J. Martin et al. 

study in RPM1 1640 lacking phenol red and tamoxifen and 
supplemented with 5% FCS stripped by dextran-coated charcoal 
are referred to as ZR-759al cells. 

Drugs 
Medroxyprogesterone acetate (MPA) and 17Boestradiol (E2) 

were obtained from Sigma. Mifepristone and ZK 98.299 were 
gifts from Dr H. Michna, Schering AG. ORG 2058 and 1251- 
NaI (37 GBq/ml) were obtained from Amersham International. 
Human recombinant IFN-or, (2.3 X 10s IU/mg) was a gift from 
Dr G.R. Adolf, Bender, Vienna. 

Radtiodination of IFN-cx2, 
IFN-a2, was radioiodinated with the Iodogen method [ 131. 

Iodogen was obtained from the Pierce Chemical Company, 
Illinois. 25 (*g IFN-02, in 100 t.~10.2 mol/l phosphate-buffered 
saline (PBS) pH 7.4 was added to 5 pg iodogen followed by 
37 MBq iZSI-NaI. The mixture was fractionated by reverse- 
phase high-performance liquid chromatography in a Waters 
Associates (Milford) gradient system fitted with an analytical C8 
column. The gradient was trifluoroacetic acid (TFA)/water 
(0.05/99.95) and TFA/water/acetonitrile (0.05/29.95/70.0) was 
used for elution. The flow rate was 1.5 ml/mm and 0.75 ml 
fractions were collected every 30 s. The column effluent was 
monitored at 214 nm (Absorbance Units Full Scale 0.2) and the 
radioactivity in each fraction was counted. The peak fractions 
were pooled and stored at -20°C in aliquots containing 4% FCS. 
Labelled IFN had a specific activity of 11.0-16.7 TBq/mmol. 

A “cold” iodination of IFN-or, was done by substituting an 
equimolar concentration of KI for ‘251-NaI. 

Interfmn binding to whole ceils 
IFNR expression was measured in a whole-cell binding assay 

similar to that described [7]. Cells (5 x lo4 or 2 X 10’) were 
plated into 24-place multiwell dishes and allowed to attach for 
48 h. In certain experiments cells were allowed to attach for 
24 h and medium was then replaced with medium with or 
without drug and receptor assays were done 6 days later. All 
further steps were done on ice. The medium was removed and 
IFN binding assessed with either a single concentration of 
radioactive ligand (1000 or 4000 IU/ml) or a range of concen- 
trations (100-5000 IU/ml) in the absence or presence of a 100 
fold excess of cold IFN-a2, to assess non-specific binding. After 
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Fig. 1. Time course of specitic binding of ‘251-IFN-a,, to ZR-75-1 
cells at 4X(*) and 37X(+). Free ‘Z51-IFN-a,, concentration was 

4000 IUhl. 

Table 1. ER and PR status of ZR-75-1 cells and variants 

Cell line ER 

ZR-75-1 214 (10) 
ZR-PR-LT ND 
ZR-75-9al8Fmol ND 
ZR-75-9al ND 

PR basal 

81 (11) 
1675 (134) 

ND 
ND 

PR induced* 

1237 (133) 
1443 (215) 

ND 
ND 

*5 day exposure to E2 ( 10e9 mol/l). 
All values arefmol/mgprotein [mean (S.E.)], n = 3. ND = not detectable. 

exposure of cells to radioactive ligand each well was washed 
three times with ice-cold PBS and cell layers were solubilised 
with 500 l.~l 1 mol/l NaOH for 1 h at 37°C. Contents were 
removed and wells were washed with a further 500 p,l 1 mol/l 
NaOH. Washings were added to the appropriate tubes and 
radioactivity counted. The exact concentration of free “‘1-1FN 
was measured by counting a 100 ~1 sample of each concen- 
tration. 

Maximum binding capacity (Bmax) and affinity (Kd) were 
calculated after linearisation of specific binding data [ 141. Lines 
were fitted by linear regression analysis. Data from each control 
and treated pair were analysed by deriving t values from standard 
deviations associated with the two regression lines [15]. Mean 
basal IFNR values for each cell line were compared using 
Student’s t test. 

Binding competition studies 
The relative affinities of unlabelled and “cold” iodinated IFN- 

dzc for binding sites were measured by incubating ZR-75-1 cells 
with 1000 IU/ml 1251-IFN-a2, in the presence of increasing 
concentrations of cold ligand. 

RESULTS 
Table 1 summarises the ER and PR status of the cell lines 

used. ZR-75-1 cells are ER positive and express low basal levels 
of PR that are inducible by E2. ZR-PR-LT cells [l l] fail to 
express specific binding sites characteristic of type 1 ER but 
possess PR at a concentration similar to induced values in the 
parent line. The tamoxifen resistant lines, ZR-75-9al 8 FmoVl 
ZR-75-9al are ER and PR negative [ 121. 

The time course of specific binding of ‘251-IFN-a2, to ZR-75- 
1 cells at 4°C and 37°C is shown in Fig. 1. At 4°C specific binding 
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Fig. 2. Specific binding of *Z51-IFN-a,, to ZR-75-1 cells. Inset = 
Woolf transformation. 
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Table 2. IFNR expression by ZR-75-1 cells and variants 

Cell line Receptors per cell Kd (nmol/l) 

ZR-75-1 
ZR-PR-LT 
ZR-75-9al Swmol/l 
ZR-75-9al 

1516 (105) 0.61 (0.15) 
1443 (147) 0.53 (0.10) 
1292 (87) 0.55 (0.10) 
3170 (315)* 0.67 (0.14) 

*P = 0.005 vs. ZR-75-1. 

increased during the first 3 h of incubation and thereafter 
stabilised. At 37°C specific binding stabilised after 30 min and 
then decreased after 2 h. This may be due to internalisation and 
degradation of the IFNR complex [ 161. An incubation of 4 h at 
4°C was selected for all further experiments. 

Figure 2 shows a typical saturation binding experiment. 
Specific binding of iZ51-IFN-a2, to ZR-75-1 cells was saturable 
over the concentration range used and was linear on Woolf 
transformation. 

Table 2 shows IFNR expression by ZR-75-1 cells and variants. 
Both ZR-PR-LT and ZR-759al 8 p,mol/l contained similar 
numbers of IFNR to the parent ZR-75-1 cells. However, ZR- 
75-9a1, maintained in the absence of tamoxifen or oestrogens, 
expressed a significantly higher number of IFN receptors per 
cell (3170 [315]) compared with ZR-75-1 cells. There was no 
significant difference between the cell lines in the apparent 
affinity of IFN for specific binding sites. 

A 6 day exposure of ZR-75-1 cells to 10e9 mol/l E2 consistently 
led to a 20-40% reduction in IFNR expression (Table 3). This 
effect was significant at the 10 or 5% level in two out of three 
experiments. In contrast, 10d6 mol/l tamoxifen slightly increased 
IFNR levels, although in a single experiment this effect did not 
reach significance. 

Table 4 shows the effect of a 6 day exposure to progestins or 
antiprogestins on IFNR expression in ZR-PR-LT cells. Both 
MPA and mifepristone which effectively down-regulate PR in 
these cells over 6 days (data not shown), significantly increased 
IFNR levels. However, ZK 98.299 and ORG 2058, which 
do not significantly alter PR expression in these cells, either 
decreased IFNR numbers (ORG 2058) or had no significant 
effect (ZK 98.299). 

The results of a competition binding assay are shown in Fig. 
3. “Cold” iodinated IFN-a2, showed an approximate 5 fold 
reduction in its ability to displace “‘1-1FN compared with non- 
iodinated IFN-a2,. 

Table 3. Effect of 6 day exposure of ZR-75-1 cells to 10 ’ molll 
E2 or 106 molil tamoxifen on IFNR expression 

Receptors per cell 

-E2 tE2 
906 486* 

1403 1118t 
1419 1125 

-Tam +Tam 
1162 1452 

Tam = tamoxifen. 
*P < 0.1 vs control. 
tP i 0.05 vs. control. 

K, (nmolil) 

-E2 iE2 
0.25 0.31 
0.36 0.47 
0.5 0.45 

-Tam + Tam 
0.54 0.58 

Table 4. Effect on IFNR expression of 6 day exposure of ZR-PR- 
LT cells to 10e9 molll progestins or antiprogestins 

Drug 

Receptors per cell 

Control Treated 

Kd (nmolil) 

Control Treated 

MPA 1011 1354* 0.29 0.26 
Mifepristone 2289 3226* 0.50 0.43 
ORG 2058 1736 1351* 0.35 0.22 
ZK 98.299 2445 2347 0.50 0.50 

*P < 0.05 vs. control 

DISCUSSION 
We have demonstrated the presence of specific IFNR sites on 

ZR-75-1 cells and variants. IFNRs are expressed by several 
human tumour cell lines, with most cell types expressing 
between 1000 and 2000 receptor sites per cell [lo]. Our values 
were consistent with these. 

Anti-oestrogen resistance in ZR-75-1 cells routinely main- 
tained in the presence of 8 FmoVl tamoxifen was associated with 
loss of detectable ER and PR (ref. 12 and Table 1). However, 
IFNR levels were unchanged compared with the parent cell 
line. Similarly oestrogen independence, which was associated 
with a loss of detectable type 1 ER and elevated levels of PR 
(ref. 11 and Table l), was not accompanied by a significant 
change in IFNR levels compared with the ZR-75-1 parent cell 
line. The tamoxifen resistant line maintained in the absence 
of tamoxifen or known oestrogens (ZR-75-9al) expressed a 
significantly higher number of IFNR compared with the other 
lines. Thus, whilst short or chronic exposure to tamoxifen did 
not significantly affect IFNR expression, removal of the drug 
allowed up-regulation of IFNR numbers in the anti-oestrogen 
resistant line. 

Exposure of ZR-75-1 cells to E2 for 6 days resulted in a 
reduction in IFNR number. Since we have shown that IFN-a2, 
increases ER expression in these cells [ 171, IFN and E2 appear 
to have opposite effects on expression of each other’s receptor. 

Progestins and antiprogestins down-regulate PR levels in 
human breast cancer cells and generally oppose the effects of 
oestrogens [ 171. We have found that the down-regulation of PR 
by MPA and mifepristone in ZR-PR-LT cells is accompanied 

Fig. 3. Ability of IFN-(u,, (*) and “cold” iodinated IFN-a,, (0) to 
displace ‘Z51-IFN-a,, from specific binding sites on ZR-75-1 cells. 

Free ‘251-IFN-a,, concentration was 1000 IU/ml. 



by an increase in IFNR expression (Table 4). Neither ORG 
2058 or ZK 98.299 down-regulated PR at the concentration 
used or up-regulated IFNR. The reason for these observations 
is not known, but it is of interest that the latter two compounds 
lack the potent glucocorticoid/antiglucocorticoid activity of 
MPA and mifepristone [18]. Further studies are required to 
establish the dose-dependency of IFNR modulation in relation 
to the affinity of progestins or antiprogestins for the PR and the 
glucocorticoid receptor. 

Reduction induced by progestins or antiprogestins in PR 
expression in ZR-PR-LT cells resulted in an opposite effect on 
IFNR number to that observed in E2 treated ZR-75-1 cells, 
which also responded to E2 exposure with a 6 fold increase in 
PR levels. IFNR expression is, therefore, inversely related to 
PR expression. This suggestion is supported by the observation 
that ZR-75-9al cells, which lack PR, express a significantly 
higher number of IFNR than ZR-75-1 cells. However, elevated 
PR expression in ZR-PR-LT cells was not accompanied by a 
significant reduction in IFNR. 

The observation that “cold” iodinated IFN-a*, has approxi- 
mately one fifth of the affinity of the natural peptide for binding 
sites on ZR-75-1 cells suggests that the affinity of native IFN- 
clzu for its receptor, assessed by saturation binding analysis of 
LZ51-IFN-a2,., may be underestimated by a similar factor. This 
would result in a Kd for the natural peptide of approximately 
0.1 nmolil or 460 IU/ml. This value is in good agreement with 
the antiproliferative effects of IFN-al, towards ZR-75-1 cells, 
which are maximal at 500-1000 IU/ml[7]. 

Our results suggest that an ERilWIFNR axis exists in human 
breast cancer cells in culture. This may have important conse- 
quences for combined modality therapy in viva. IFNR may be 
depressed by circulating oestrogens, thus compromising the 
ability of IFN to modulate ER expression. However, our results 
do indicate that co-administration of tamoxifen may prevent 
IFNR down-regulation and possibly increase IFNR levels. 
Progestins or antiprogestins may also facilitate IFN action 
by increasing IFNR numbers, and additional studies of this 
combination therapy in breast cancer are warranted. 
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