Urol Res (1989) 17:111-115

Urolegical Research

© Springer-Verlag 1989

Antiproliferative effect of interferons on human prostate carcinoma cell lines*

G. Sica!, L. Fabbroni!, L. Castagnetta?, M. Cacciatore’, and M. Pavone-Macaluso®

! Institute of Histology and Embryology, Catholic University, Rome, and
2 Hormone Biochemistry Laboratory and *Department of Urology, University of Palermo, Palermo, Italy

Accepted: October 1, 1988

Summary. The effect of purified human fibroblast
beta-interferon (B-IFN) and recombinant alpha-2b-
interferon (A-IFN) on cell proliferation was investiga-
ted in two human prostate carcinoma cell lines, named
PC-3 and DU-145. Both cell lines respond to the
antiproliferative action of interferon, B-IFN being
more effective than A-IFN. PC-3 is more sensitive than
DU-145 cell line, showing 95% inhibition of cell
proliferation at the highest concentration of B-IFN. As
interferons, besides reducing cell growth, are able to
modify steroid receptor content in different hormone-
sensitive human tumours, our results may be of some
relevance as these drugs might be used to regulate both
cell proliferation and hormone-sensitivity in prostate
cancer.
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Introduction

It has been reported that interferons have antiprolife-
rative effects in different experimental models. Howe-
ver, this information was from studies carried out on
cells grown in tissue culture. A wide range of cell types
have been used, including normal cells [13], and
relative tissue affinities for different interferons have
been postulated [3, 7]. As far as transformed tumour
cells are concerned, cell growth inhibitory action of
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interferons on cell lines derived from lymphomas [11],
myelomas [8], breast carcinomas [1, 14, 16], osteosar-
coma and soft tissue sarcomas [18], ovarian carcino-
mas [9], melanomas [4], and bladder carcinomas [2]
has been established. Moreover, a number of studies
dealing with inhibition of the synthesis of macromole-
cules such as DNA and protein [10], effects on cell cycle
[4], variation of cyclic nucleotides [19] have been
attempted to clarify the mechanism by which the
antiproliferative action of interferons is mediated. To
our knowledge, insufficient data are available regar-
ding the action of interferons on prostatic carcinoma
cell lines. The aim of the present study was to
investigate the effect of B-IFN and A-IFN on the
proliferation of two human prostatic carcinoma cell
lines (PC-3 and DU-145), which have been reported to
be hormone-insensitive [12, 17].

Materials and methods
Interferons

Natural beta-interferon (FRONE), induced in human fibroblasts by
poly I+ poly C was kindly supplied by SERONO, Rome, Italy.

Human recombinant alpha-2b-interferon (INTRON A) was
obtained from ESSEX ITALIA, Milan, Italy. Both interferons were
dissolved in culture medium at the appropriate concentrations just
before use.

Cell lines

PC-3 cell line was derived from a human prostatic adenocarcinoma
which metastasised to bone [12]. DU-145 cell line has been obtained
from a human prostatic adenocarcinoma brain metastasis [17].
PC-3 cell line was kindly donated by Prof. F. Labrie, Laval
University, Quebec, Canada. DU-145 cell line was a gift from Prof,
K. Griffiths, Tenovous Institute for Cancer Research, Cardiff, UK.
The cells were cultured in Dulbecco’s Modified Eagle’s Me-
dium (DMEM, Flow Laboratories, Irvine, UK), supplemented with
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Fig.1. Effect of various concentrations of B-IFN on PC-3 cell
proliferation after a 3-day treatment. Values represent the mean of
two different experiments. Bars represent standard deviation.
* P<0.01, Dunnett’s test [6]
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Fig.2. Effect of various concentrations of B-IFN on PC-3 cell
proliferation after a 6-day treatment. Values represent the mean of
two different experiments. Bars represent standard deviation.
* P<0.01, Dunnett’s test [6]

10 mM Hepes buffer (N-2-hydroxyethylpiperazine-N"2-ethansulfo-
nic acid, Sigma, St. Louis, Mo), 10% foetal calf serum (FCS, Flow
Lab.), 100 IU/ml penicillin, 100 pg/ml streptomycin (Flow Lab.), 2.5
pg/ml amphotericin B (Flow Lab.), under a humidified atmosphere
in a 5% CO, incubator.
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Fig. 3. Effect of various concentrations of A-IFN on PC-3 cell
proliferation after a 3-day treatment. Values represent the mean of
two different experiments. Bars represent standard deviation.
* P<0.05, Dunnett’s test [6]

Antiproliferative assays

Cells at logarithmic growth phase were trypsinized and plated out at
the density of 25,000 cells/ml, into 60 mm plastic Petri dishes in
DMEM supplemented as described above.

Twenty-four hours after plating, by which time the cells became
attached to the surface of the dish, the medium was renewed with
fresh medium containing B or A-IFN at concentrations ranging from
5 to 1,000 IU/ml. Triplicate cultures were set up for each IFN
concentration. Control dishes were run in parallel. Cell counts were
performed with a hemocytometer after 3 days of exposure to the
drug. Medium containing IFN was replaced in the remaining dishes,
which were counted again after 3 days. Cell viability, as assessed by
trypan blue exclusion technique, was observed to be at least 90% for
each experiment. Statistical analysis was performed using one-sided
Dunnett’s test [6].

Results

Figures 1 and 2 show the effect of various concentra-
tions of B-IFN on PI1-3C cell proliferation after 3 and 6
days of treatment. On the third day, B-IFN produced
an inhibition of cell proliferation which was statistical-
ly significant at all the concentrations tested (P <<0.01),
reaching 60 % with respect to control at 1,000 IU/ml of
B-IFN.

On the sixth day, even at low doses of IFN,
inhibition was relevant (about 40% with respect to
control at 10 IU/ml of IFN) and became pronounced at
highest doses (from 80 to 95% at concentrations
ranging from 100 to 1,000 IU/ml). The difference
between treated cells and controls was statistically
significant (P<0.01).
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Fig. 4. Effect of various concentrations of A-IFN on PC-3 cell
proliferation after a 6-day treatment. Values represent the mean of
two different experiments. Bars represent standard deviation.
* P<0.01; ** P<<0.05, Dunnett’s test [6]
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Fig. 5. Effect of various concentrations of B-IFN on DU-145 cell line
proliferation after a 3-day treatment. Values represent the mean of
two different experiments. Bars represent standard deviation.
* P<C0.05, Dunnett’s test [6]

113

50

AV

30

20

Cell number x10%/dish
¥

0 5 10 25 50 100 500 1000
B-IFN concentration (IU/ml)

Fig. 6. Effect of various concentrations of B-IFN on DU-145 cell line
proliferation after a 6-day treatment. Values represent the mean of
two different experiments. Bars represent standard deviation.
* P<0.01, Dunnett’s test [6]
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Fig. 7. Effect of various concentraions of A-IFN on DU-145 cell line
proliferation after a 3-day treatment. Values represent the mean of
two different experiments. Bars represent standard deviation. Diffe-
rence between treated and control cells was not statistically
significant at all the IFN concentrations tested (Dunnett’s test [6])
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Fig. 8. Effect of various concentrations of A-IFN on DU-145 cell line
proliferation after a 6-day treatment. Values represent the mean of
two different experiments. Bars represent standard deviation.
* P< (.05, Dunnett’s test [6]

Figures 3 and 4 show the effect of various concen-
trations of A-IFN on PC-3 cell proliferation. After a 3-
day treatment a significant inhibition of cell growth
was seen only at IFN concentrations ranging from 500
to 1,000 1IU/ml (P<<0.05). On the sixth day, the
difference between treated and control cells became
significant at concentrations ranging from 100 to 1,000
IU/mi (P<0.05 at 100 IU/ml; P<0.01 from 250 to
1,000 IU/ml). The inhibition was about 30% at 100 IU/
ml of IFN and reached 60% at 1,000 TU/ml. The effect
of various concentrations of B-IFN on DU-145 cell
proliferation is depicted on Figs. 5 and 6. Inhibition of
approximately 40% was reached after a 3-day treat-
ment at the concentration of 1,000 TU/ml of medium
(P<0.05). After 6 days of treatment, a significant
inhibition of cell proliferation was seen at concentra-
tions ranging from 500 to 1,000 IU/ml (P<0.01). The
maximum inhibition (42 %) was obtained at the highest
IFN concentration used.

Figures 7 and 8 show the antiproliferative effect of
various concentrations of A-IFN on DU-145 cell line.

After a 3-day treatment no effect on cell growth was
seen at all the concentrations tested. On the sixth day a
slight inhibition of cell proliferation was observed only
at the highest concentration of A-IFN used (about 16%
with respect to control P<C0.05).

Discussion

Our data indicated that both cell lines were sensitive to
the antiproliferative action of interferons, but that they
differed in the degree of their sensitivity under the
experimental conditions employed. Naturally produ-
ced B-IFN was more active than recombinant A-IFN
in inhibiting cell growth both in PC-3 and DU-145 cell
lines. The decrease in cell growth, induced in PC-3 cell
line by B-IFN was noteworthy, considering that it is
produced by very low B-IFN concentrations (10 IU/
ml) both after 3 and 6 days of treatment in standard
culture conditions, i.e. presence in the culture medium
of 10% FCS, which contains factors that can antagoni-
ze interferon action. Higher doses of B-IFN from 25 to
1,000 TU/ml caused a massive reduction of cell num-
ber. PC-3 and DU-145 cell lines were not stimulated by
testosterone in our own experience and in that of other
authors [12, 17]. Nevertheless, preliminary results
obtained in our laboratory indicate that, unlike reports
by Kaighn et al. [12], these cells contain androgen
receptors as evaluated by a whole cell assay (unpublis-
hed data).

Asrecently demonstrated, interferon not only affec-
ted cell proliferation, but also modified oestrogen and
progesterone receptor levels in breast cancer cells [15,
16] and in neoplastic endometrium [5]. Work is in
progress in prostatic carcinoma cell lines to assess
whether the inhibitory action of IFN is associated with
the modulation of androgen receptor content. If such
an effect could be confirmed, it would be of clinical
relevance especially if interferon could affect not only
the growth but also the hormone sensitivity of prostatic
cancer cells.

References

1. Borden EC, Balkwill FR (1984) Preclinical and clinical studies of
interferons and interferon inducers in breast cancer. Cancer
53:783-788

2. Borden EC, Groveman DS, Nasu T, Dernikoff C, Bryan GT
(1984) Antiproliferative activities of interferons against human
bladder carcinoma cell lines in vitro. J Urol 132:300-803

3. Borden EC, Hogan IF, Voelkel JG (1982) Comparative antiproli-
ferative activity in vitro of natural interferons alfa and beta for
diploid and transformed human cells. Cancer Res 42:4948-4953

4. Creasey AA, Bartholomew JL, Merigan TL (1980) Role of G-
G, arrest in the inhibition of tumour cell growth by interferon.
Proc Natl Acad Sci USA 1471-1475

5. De Cicco F, Sica G, Benedetto MT, Ciabattoni G, Rossiello F,
Nicosia A, Lupi G, Iacopino F, Mancuso S, Dell’Acqua S (1988)
In vitro effects of B-interferon on steroid receptors and prostag-
landin output in human endometrial adenocarcinoma. J Steroid
Biochem 29:235-238

6. Dunnett CW (1955) A multiple comparison procedure for
comparing several treatments with a control. Am Stat Assoc
50:1096-1121



10.

11.

12.

13.

14.

. Einhorn S, Strander H (1977) Is interferon tissue specific? Effect

of human leukocyte and fibroblast interferons on the growth of
lymphoblastoid and osteosarcoma cell lines. J Gen Virol 35:573-
577

. Einhorn S, Strander H (1977) Interferon therapy for neoplastic

disease in man. In: Chapple PJ (ed) Human interferon produc-
tion and clinical use. Plenum, New York, pp 159-174

. Epstein L, Shen JT, Abele JS, Reese CC (1980) Sensitivity of

human ovarian carcinoma cells to interferon and other antitum-
our agents as assessed by on in vitro semi-solid agar technique.
Ann NY Acad Sci 350:228-244

Fuse A, Kuwata T (1978) Inhibition of DNA synthesis and
alteration of cyclic adenosine 3',5 monophosphate levels in RSa
cells by human leukocyte interferon. J Natl Cancer Inst 60:1227-
1232

Hilfenhaus J, Damm H, Johannsen R(1977) Sensitivity of
various human lymphoblastoid cells to the antiviral and anticel-
lular activity of human leukocyte interferon. Arch Virol 54:271-
2717

Kaighn ME, Shankar Narayan K, Ohnuki Y, Lechner JF, Jones
LW (1979) Establishment and characterization of a human
prostatic carcinoma cell line (PC-3). Invest Urol 17:16-23
Pfeffer LM, Murphy JS, Tamm I (1979) Interferon effects on the
growth and division of human fibroblasts. Exp Cell Res 121:111-
120

Shibata H, Papadimitriou JT (1981) Effects of human lympho-
blastoid interferon on cultured breast cancer cells. Int J Cancer
28:447-453

15.

16.

17.

18.

19.

115

Sica G, [acopino F, Robustelli della Cuna G (1988) Recombinant
alpha-2b-interferon (Intron A) modifies steroid receptor level,
inhibits cell proliferation and promotes the antiproliferative
activity of tamoxifen in in a human breast cancer cell line.
Proceedings of the 6th Mediterrancan Congress of Chemothera-
py:p 99

Sica G, Natoli V, Stella C, Del Bianco S (1987) Effect of natural
beta-interferon on cell proliferation and steroid receptor level in
human breast cancer cells. Cancer 60:2419-2423

Stone KR, Mickey DD, Wunderli H, Mickey GH, Paulson DF
(1978) Isolation of a human prostate carcinoma cell line (DU
145). Int J Cancer 21:274-281

Strander H, Einhorn S (1977) Effect of human leukocyte
interferon on the growth of human osteosarcoma cells in tissue
culture. Int J Cancer 19:468-473

Tovey M, Rocheete-Egly C, Castagna M (1979) Effect of
interferon on concentrations of cyclic nucleotides in cultured
cells. Proc Natl Acad Sci USA 76:3890-3893

Gigliola Sica, MD

Istituto di Istologia ed Embriologia
Universita Cattolica

Largo F. Vito, !

1-00168 Roma
Italy



