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Table 1 Expression of the c-erbB-2 protein in ovarian carcinoma cells

The cells were cultured for 3 days before the Western blot or the immunocy-
tochemistry was performed as described in “Materials and Methods.” The amount
of c-erbB-2 in human SKBR-3 breast cancer cells was set arbitrarily as 100, and
that measured in the 4 ovarian carcinoma cell lines was related to SKBR-3.

Immunocytochemistry

Cell line Immunoblot Positive cells (%) Histoscore
HTB-77 85 86.8 + 1.8 2850+ 7.8
OVCAR3 7 14.1 £ 1.6 18.6 + 1.7
2780 8 11.6 £ 4.1 119+ 19
CRL 1572 6 30.3+5.1 32.5+6.8
SKBR-3 100 94 + 3.2 282.0+ 5.9

¢ Mean + SD.

was blotted onto nylon membranes (Amersham Hybond N) and fixed
by UV light. The c-erbB-2 RNA was detected by hybridization with a
32p_labeled 54-mer comprising codons 1 to 18 of the neu mRNA (1)
with the following sequence: 5 GAG GGC GAG GAG GAA CCC
CCA GCG GCA CCA GGC CGC CAG CTC CAT GAT GAT CAT
3’. Signals obtained were related to the 28S rRNA content measured
by densitometry of photographs of the UV-irradiated agarose gels.

RESULTS

The 4 human ovarian carcinoma cell lines evaluated in this
study expressed the M, 190,000 product of the protooncogene
c-erbB-2 (Table 1). The HTB-77 cells contain high levels of c-
erbB-2 protein. The amount is comparable to that found in
SKBR-3 human breast cancer cells. The other 3 ovarian carci-
noma cell lines expressed c-erbB-2 to a minor extent. The
SKBR-3 cells were used as a positive control because they have
a 10-fold c-erbB-2 gene amplification compared with human
placenta, which results in a marked overexpression of the M
190,000 protein (17).

In our previous work (15), the effects of y-interferon on
proliferation of ovarian carcinoma cell lines were analyzed. The
growth of HTB-77, OVCAR-3, and 2780 cells was inhibited by
this cytokine in a dose-related manner, whereas CRL-1572 cells
were resistant. The mean population time was 70, 47, 38, and
37 h, respectively, and was increased 1.4- to 2.7-fold by v-
interferon (10 ng/ml) treatment only for the 3 sensitive cell
lines. In analogy to the antiproliferative effect also, the per-
centage of c-erbB-2-positive staining is markedly reduced on
HTB-77, OVCAR-3, and 2780 cells after a treatment of 3 days
with y-interferon (1 ng/ml; Fig. 1; P < 0.01). The maximal
effect was achieved at a concentration of 0.1 ng/ml, and a

number of cells (% of control

c-erbB-2 positive cells (% of control)

further increase in the amount of y-interferon did not lower the
level of c-erbB-2. vy-Interferon did not induce any significant
change in the amount of c-erbB-2 protein in CRL-1572 cells.
The tumor cells showed a diffuse and sometimes granular
staining of the surface membrane (Fig. 2). The treatment with
interferon reduced the intensity and percentage of positive cells
but not the staining pattern or morphological features.

The v-interferon-induced c-erbB-2 reduction was time de-
pendent, and a significant effect appeared on OVCAR-3 and
HTB-77 cells between 24 and 48 h (Fig. 3; P < 0.01). A
prolongation of the incubation period up to 72 h improved this
action.

The effect of y-interferon on the expression of c-erbB-2 was
also demonstrated by immunoblotting the material obtained
from lysed cells (Fig. 4). Reduced levels of the M, 190,000
protein were detected in the 3 interferon-sensitive cell lines,
whereas in the resistant CRL-1572 cells, no change in the
amount of c-erbB-2 was observed. The reduction of c-erbB-2
expression was dependent on the concentration of v-interferon
administered and correlated to the growth inhibition (Fig. 5).

In contrast to the ovarian carcinoma cell lines, the 3 human
breast cancer cell lines SKBR-3, MDA-MB361, and BT-20 did
not decrease in c-erbB-2 expression after a y-interferon (5 ng/
ml) treatment, although the proliferation was inhibited in all of
them (Fig. 6).

The reduced amount of c-erbB-2 protein in ovarian carcinoma
cells after treatment with interferons could be explained by
either inhibition of gene expression or an increased turnover of
the M, 190,000 protein, which is often observed after activation
of growth factor receptors by their ligands. To distinguish these
possibilities, we studied the effect of vy-interferon on c-erbB-2
mRNA levels in HTB-77 cells. Using total RNA, two specific
transcripts with the size of 9 to 10 kilobases and 4.5 to 5
kilobases were detected, whereby the larger species was more
abundant. Expression of the high-molecular-weight mRNA was
first described by Bargmann et al. (1) in rodent cells, whereas
in human cell lines the 4.5- to 5-kilobase transcript is predom-
inant (2). In accordance with the reduction of the M, 190,000
protein, the mRNA was also significantly reduced in HTB-77
cells after 24 h of treatment with y-interferon (Fig. 7). An
incubation period of 3 h was not sufficient to suppress the
message for this oncogene. The results indicate that ~y-inter-
feron exerts its effect by reducing the amount of transcripts.

In contrast to the effects of y-interferon the treatment of
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Fig. 1. Effects of y-interferon on proliferation, percentage of cells with c-erbB-2-positive staining, and histoscore. The ovarian carcinoma cell lines HTB-77 (W),
OVCAR-3 (V), 2780 (®), and CRL-1572 (A) were cultured for 10 (evaluation of proliferation) or 3 (immuncytochemistry) days in the presence of y-interferon
(abscissa). Cell numbers, percentage of positive cells, and histoscore were related to untreated control groups which were set as 100. Each point represents the mean
value of 6 wells evaluated. The coefficient of variation was always below 15% and is not shown for reasons of clarity.

7038

Downloaded from cancerres.aacrjournals.org on January 17, 2021. © 1990 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

c-erbB-2 BY y-INTERFERON

Fig. 2. Immunocytochemical detection of
c-erbB-2 on HTB-77 cells which were cultured
for 4 days in control medium (A4) or in the
presence of 1 ng/ml of y-interferon (B). The
bound antibody was visualized, and the
counterstain was performed as described in
“Materials and Methods.”
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days in the presence of the vehicle alone or 1 10} 70k
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Fig. 4. Detection of c-erbB-2 protein by Western blotting. The 4 ovarian
carcinoma cell lines were treated with (IFN) or without (C) 1 ng/ml of -
interferon for 3 days. The amounts of cellular protein separated on a 7%
polyacrylamide gel were 25 ug for HTB-77 and 40 ug for OVCAR-3, 2780, and
CRL-1572 cells. The molecular weight of the c-erbB-2 protein was estimated
using standard proteins and found to be about 190,000.

either HTB-77 or OVCAR-3 cells with different cytostatic
agents did not reduce the expression of the c-erbB-2 gene
product determined by immunoblotting, although the prolifer-
ation of these cells was markedly inhibited (Table 2).

the Western blot agreed with the immunocytochemical findings.
This indicates that the treatment with interferon reduced both
the mean cellular content of c-erbB-2 gene product as well as
the percentage of cells above the detection limit. There was no
evidence for a clonal selection or suppression of a subpopulation
of cells.

The c-erbB-2 downregulation was correlated with the sensi-
tivity for y-interferon. Whereas in CRL-1572 cells neither the
proliferation nor c-erbB-2 expression was modulated by v-
interferon, both parameters were reduced in HTB-77, OVCAR-
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Fig. 5. Suppression of proliferation and c-erbB-2 gene product by y-interferon.
The HTB-77 cells were cultured for 10 (evaluation of proliferation) or 3 (immu-
noblotting) days in the presence of y-interferon (abscissa). Each point represents
either the mean number of cells of 6 wells counted in relation to the untreated
control or the relative amount of c-erbB-2 protein determined by immunoblotting
and:)iensitometry of the autoradiographs (as described in “Materials and Meth-

number of celis (% of control)

Fig. 7. Quantitation of the c-erbB-2 RNA level in HTB-77 cells after treatment
with vy-interferon (1 ng/ml). Twenty ug of total RNA isolated after 3 (lef?) or 24
(right) h of treatmented were electrophoresed, blotted, and hybridized as described
in “Materials and Methods.” At the bottom, the 28S rRNA is shown on the
ethidium bromide-stained gel. The densitometry could not demonstrate any
significant difference in the amount of RNA loaded between the control and +-
interferon-treated groups.

Table 2 Effects of cytostatic agents on c-erbB-2 expression

The HTB-77 cells were cultured for 3 days in the presence of the agents
indicated, and Western blots were performed from the extracted protein. The
autoradiographs were measured by densitometry and results were related to the
untreated control group. The number of cells was determined after 6 days of
treatment as described in “Materials and Methods™ and expressed as the per-
centage of control.

o

c-erbB-2 Cells
Treatment Concentration expression (% of control)

None 100 100
Without fetal bovine serum 120 37
Cisplatin 10 ymol 110 44
Methotrexate 10 nmol 105 84
Epirubicin 1 ug/ml 88 22
Etoposide 10 pg/ml 109 96
Actinomycin D 1 ug/ml 108 6
Cycloheximide 10 pug/ml 79 5
Hydroxyurea 20 mmol 71 4
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Fig. 6. Effects of a ~y-interferon treatment on proliferation and c-erbB-2
expression in human breast cancer cells. The cells were treated with (/FN) or
without (C) vy-interferon (5 ng/ml) for 14 days, and the number of cells was
counted. Each column represents the mean number of cells of 6 wells counted in
percentage of control plus 1 SD. The inset shows the c-erbB-2 M, 190,000 protein
immunoblot for each cell line and the respective treatment group. The Western
blot was performed at Day 3 of treatment, and 30 ng of protein were applied for
SKBR-3 and MDA-MB361 cells, whereas 100 ug of protein for BT-20 cells.

3, and 2780 ovarian carcinoma cells. Expressing the effect in
relation to untreated control cells, the action of y-interferon on
these two parameters was much the same. Other chemothera-
peutic agents evaluated did not affect c-erbB-2 expression,
although they inhibited to a various degree the proliferation of
the ovarian carcinoma cells. This suggests that interferon-
mediated c-erbB-2 modulation in ovarian carcinoma cells is not
the consequence of the growth-inhibitory effect of the drug, but
rather one possible reason for its antimitogenic activity. It is
interesting to note that there is no relation between the absolute
amount of c-erbB-2 protein expressed and the growth rate as

well as the sensitivity of the ovarian carcinoma cells for an
antiproliferative activity of y-interferon.

Our findings are also in agreement with earlier reports show-
ing that interferons modulate the expression of several onco-
genes, such as c-myc, c-fos, c-Ha-ras, or c- and v-src in target
cells (11). Kelly ez al. (18) recently observed that y-interferon
augmented c-myc expression in HeLa cells, while a- or 8-
interferon down-regulated this oncogene (18). The interferon-
mediated inhibition of oncogene expression was uniformly as-
sociated with reduced cell proliferation or loss of tumorigenicity
of cultured cells. The normal function of these genes is not fully
understood, but all of them are related to phenomena of cell
growth. It is also known that the c-erbB-2 gene product has the
structural features and many of the functional properties of
Subclass I growth factor receptors and that monoclonal anti-
bodies against this protein have an antiproliferative effect on
cultured human breast cancer cells (19). Considering these
results, it seems conceivable that one of the possible mecha-
nisms by which y-interferon inhibits cell proliferation is the
inhibited biosynthesis of such a growth factor receptor. Zoon
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et al. (20) recently showed that treatment of Madin-Darby
bovine kidney cells with human interferon results in a dose-
dependent reduction of cell growth and binding of '**I-labeled
EGF. This is of interest since the c-erbB-2 gene product is
closely related to the EGF receptor in its overall structural
organization and primary sequence (1, 2). Both contain cyto-
plasmic tyrosine kinase domains which are connected via hy-
drophobic transmembrane sequences to their extracellular li-
gand binding domain. While the EGF receptor is known to
bind EGF, transforming growth factor «, and the vaccinia virus
genome-encoded peptide p19, the ligand of the receptor-like c-
erbB-2 gene product is still unknown. These two receptors may,
however, interact since the binding of EGF to its receptor was
found to stimulate phosphorylation of the M, 185,000 c-erbB-
2 protein on serine, threonine, and tyrosine residues (21). It is
also interesting that the levels of both the c-erbB-2 protein and
EGF receptor are repressed by the same cytokine. This under-
lines the close connection of these genes which are candidates
to mediate the antiproliferative activity of interferon.

It is interesting that interferon lowered c-erbB-2 expression
only in the ovarian and not in the y-interferon-sensitive breast
cancer cells. This occurred despite the fact that the two types
of tumor share some important properties. In both tumors the
amplification of the c-erbB-2 occurs in 25 to 30%, amplification
is associated with overexpression, and in both malignancies
there is an association between amplification and clinical out-
come (4). Although ovarian and breast cancer cells have com-
parable sensitivity to interferons in vitro (15, 22, 23), in clinical
trials this cytokine was more beneficial for ovarian than mam-
mary carcinoma patients (5-8, 24, 25). It remains speculative
whether this difference in efficacy may be caused by the ability
of interferons to modulate c-erbB-2 expression leading to the
interruption of an autocrine loop. Similar to our findings Einat
et al. (9) recently reported that treatment with interferon inhib-
ited the proliferation of U-937, HL-60, or Friend erythroleu-
kemia cells without any change in c-myc mRNA, whereas for
several other cell lines derived from leukemic patients the
oncogene down-regulation was found to be a crucial interferon-
induced process. The interferon-mediated modulation of on-
cogene expression may be a central point in the regulation of
proliferation in neoplastic cells from different origins. However,
the network of actions of interferons is incompletely discovered,
and we cannot exclude that they may exert their antiprolifera-
tive activity by additional mechanisms. The repression of the
leading oncogene in ovarian cancer as we have shown in vitro
could nevertheless be an explanation of the observed remissions
in patients treated with interferons.
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