VOL. 56 NO.1, JAN. 2003

THE JOURNAL OF ANTIBIOTICS

pp.1 — 5

Byssochlamysol, a New Antitumor Steroid against IGF-1-dependent Cells from

Byssochlamys nivea

I. Taxonomy, Fermentation, Isolation and Biological Activity

TosHIYA MoRI, KAZUO SHIN-YA, MAKI AIHARAT, KOSUKE TakaTor!” and YoicHI HAYAKAwA*

Institute of Molecular and Cellular Biosciences, The University of Tokyo,
Bunkyo-ku, Tokyo 113-0032, Japan
National Institute of Health Sciences,
1-18-1, Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

(Received for publication September 30, 2002)

A new antitumor steroid, byssochlamysol, was isolated from the mycelium of
Byssochlamys nivea M#5187. Byssochlamysol inhibited IGF-1-dependent growth of MCF-7
human breast cancer cells with an IC,, of 20 ng/ml, whereas serum-dependent cell growth was
not inhibited by less than 10 pg/ml of byssochlamysol. This substance induced apoptosis in
IGF-1-dependent Colo320DM human colon cancer cells.

Insulin-like growth factor 1 (IGF-1) is a potent mitogen
and survival factor for many cell types including breast
cancer cells”. IGF receptors are overexpressed in most
breast cancer cell lines and high circulating IGF-1
concentrations are associated with an increased risk of
breast cancer or colon cancer’?. There is substantial
experimental evidence to suggest that the IGF-1 receptor
(IGF-1R) plays an important role in cellular transformation,
mitogenesis and the inhibition of apoptosis®. Treatment of
murine breast cancer cells with antisense RNA to IGF-1R
inhibits cell growth in vitro and reduces tumorigenesis in
vivo”. Simian virus 40 large T antigen is unable to
transform mouse embryonic fibroblasts lacking IGF-1R®.
Thus, IGF signaling is expected to be a potential target for
anticancer agents against IGF-dependent tumor cells.

IGF-1 stimulates the growth of MCF-7 human breast
cancer cells and protects the cells from apoptosis in a
serum-free medium”. In the course of our screening for
inhibitors of IGF-1-dependent cell growth or survival using
MCF-7 cells, a fungal strain identified as Byssochlamys
nivea was found to produce a new active substance,
byssochlamysol (Fig. 1). This paper describes the
fermentation, isolation

and biological activity of

byssochlamysol as well as the taxonomy of the producing

organism. The physico-chemical properties and structure
elucidation of byssochlamysol are described in the
accompanying paper®.

Materials and Metheds

Cells and Cell Culture
Col0320DM, Saos-2, KATO-III, MKN-45 and 3Y1 cell

Fig. 1. Structure of byssochlamysol.

* Corresponding author: hayakawa@iam.u-tokyo.ac.jp
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lines were obtained from the Japanese Cancer Research
Resources Bank (JCRB). MCF-7, MDA-MB-231 and
HBC-4 cell lines were provided by Dr. TAKASHI TSURUO
(Institute of Molecular and Cellular Biosciences, The
University of Tokyo). HBC-4 cells and MDA-MB-231 cells
were maintained in RPMI-1640 medium and the other cell
lines were cultured in DULBECCO’s modified EAGLE’s
medium (DMEM). These culture media were supplemented
with 10% heat-inactivated fetal bovine serum (FBS). The
cells were grown at 37°C in a humidified atmosphere of 5%
CO,. Serum-free media were supplemented with 0.1%

bovine serum albumin.

Cell Growth Assay
Adherent cells were plated in each well of 96-well plates
at the density of 210" to 2 10° cells/ml. After incubation

with various concentrations of a sample at 37°C for 72

hours, the cells were treated with 0.5 mg/ml of 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
at 37°C for 1 or 2 hours. Relative cell number was
measured with formazan formation at 570nm using a
multilabel counter (Wallac 1420 ARVOsx, Perkin Elmer,
Inc.).

Nonadherent KATO-III cells were plated in each well of
96-well plates at the density of 5X10*cells/ml. After
incubation with various concentrations of a sample at
37°C for 72 hours, the cells were treated with 0.5 mm
of  2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-
disulfophenyl)-2H-tetrazolium monosodium salt (WST-8,
Dojindo Co.) at 37°C for 1 hour. Relative cell number was
measured with formazan formation at 450 nm using a
multilabel counter (Wallac 1420 ARVOsx, Perkin Elmer,
Inc.).

Apoptosis Assay

Cells were treated with a sample for 72 hours and
adherent and nonadherent cells were pooled. The cells were
fixed in 100 ul of 1% glutaraldehyde-phosphate-buffered
saline (PBS) at room temperature for 30 minutes. The cells
were collected by centrifugation and suspended in 20 ul of
PBS. Chromatin structure was visualized by fluorescence
microscopy (Axiovert 135, Carl Zeiss Co. Ltd.) after
staining the cells (1 10°) with 4 ul of Hoechst Dye 33258
(1 mm).

Results and Discussion

Taxonomy

The producing strain M#5187 was isolated from decayed
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Fig. 2. Ascocarps of Byssochlamys nivea
M#5187.

canned peach. The colonies on potato - dextrose agar grew
fast, reaching a diameter of 75 mm after incubation at 30°C
for 2 weeks. The surface was cream to white in color and
partly floccose. The reverse side was pale brown to pale
yellow. No soluble pigment was produced. From the
microscopic findings, the strain formed ascocarps that were
white in color and globose to subglobose with a diameter of
200 to 350 um (Fig. 2). The asci were colorless and globose
with a diameter of 8 to 12 um. The ascospores were single,
colorless and subglobose to ellipsoid with a size of
4~5X2.5~3 um. This strain showed anamorph stage. The
conidia were subglobose with a size of 3~5X2.5~4.0 um.
The chlamydospores (6~8 um) were particularly abundant
on malt-yeast agar.

From the colonial characteristics and these morpholog-
ical features (shapes and sizes) of ascospores and conidia, it
was clearly identified as Byssochlamys nivea given by
SamsoN and HOeksSTRA”. Strain M#5187 was deposited
in the National Institute of Bioscience and Human-
Technology, Agency of Industrial Science and Technology,
Japan, with the name of Byssochlamys nivea M#5187 under
accession No. FERM BP-7722.

Fermentation

A seed medium consisted of glucose 0.4%, malt extract
1.0% and yeast extract 0.4% (pH 7.3). Byssochlamys nivea
M#5187 was cultured in flasks containing the seed medium
on a rotary shaker at 27°C for 5 days. The resultant seed
culture was transferred into 500-ml Erlenmeyer flasks
containing a solid medium consisting of 9 g of brown rice,

18 mg of yeast extract, 9 mg of sodium tartarate, 9 mg of



VOL. 56 NO. 1

Fig. 3. Effect of byssochlamysol on the growth of
MCF-7 and Colo320DM cells.
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Cells were cultured for 72 hours with various
concentrations of byssochlamysol in a serum-free
medium with (@) or without () IGF-1 (MCF-7: 30
ng/ml, Colo320DM: 50 ng/ml), a 0.5% FBS-containing
medium (O) or a 10% FBS-containing medium (A).
The relative cell number was measured by the MTT
method.

potassium dihydrogenphosphate and 27 ml of water. The

fermentation was carried out at 27°C for 14 days.

Isolation

The 80% acctone extract of the culture (6 flasks) was
cvaporated to an aqucous concentrate and then partitioned
between ethyl acetate and water. The organic layer was
subjected to silica gel column chromatography with
chloroform - methanol (85:1). The active eluate was
chromatographed on a Sephadex LH-20 column with
methanol. The active fraction was purified by HPLC using
a Senshu Pak PEGASIL ODS column (particle size: 7 um,
20 i.d.X250mm) with 70% acetonitrile. Further purifi-
cation was carried out on a Senshu Pak PEGASIL ODS
column (particle size: 5um, 20 1.d. X250 mm) with 80%

methanol to give a colorless powder of byssochlamysol
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Fig. 4. Fluorescence micrographs of MCF-7 and
Colo320DM cells stained with Hoechst Dye
33258.

MCEF-7 cells (A, B) and Colo320DM cells (C, D)
were cultured with (B, D) or without (A, C) 2 ug/ml of
byssochlamysol for 72 hours in a serum-free medium
containing IGF-1 (MCF-7: 30ng/ml, Colo320DM:
50 ng/ml).

(1.2 mg).

Biological Activity

Byssochlamysol inhibited the growth of MCF-7 cells in a
serum-free medium containing 30 ng/ml of IGF-1 with an
ICy, of 20ng/ml (Fig. 3). Such growth inhibition was not
observed in FBS-containing media. This compound
exhibited cytotoxicity against Colo320DM human colon
cancer cells in a serum-free medium containing 50 ng/ml of
IGF-1 (ICs, 240 ng/ml) but not in FBS-containing media.
To analyzc whether FBS inactivated byssochlamysol under
the assay condition, byssochlamysol was incubated with
0.5% FBS at 37°C for 72 hours. The FBS-treated sample
retained the activity against MCF-7 cells (ICy, 38 ng/ml).

IGF-1 has been shown to suppress apoptosis in many
types of cells*. To determine whether growth inhibition by
byssochlamysol resulted from apoptosis, we obscrved
chromatin structure in MCF-7 and Colo320DM cells
treated with byssochlamysol for 72 hours in a serum-free
medium containing IGF-1. Condensed chromatin and

fragmented nuclei were found in byssochlamysol-treated
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Table 1.
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IC4, values (ng/ml) of byssochlamysol against various cell lines.

Medium
Cell line Cell type IGF-1 dependency*
IGF-1 0.5% FBS 10% FBS Serum-free
MCF-7 Breast cancer 20 >10,000 >10,000 >10,000 +
Colo320DM Colon cancer 240 >10,000 >10,000 >10,000 +
MDA-MB-231 Breast cancer 4,100 >10,000 >10,000 >10,000 +
Saos-2 Osteosarcoma >10,000 >10,000 >10,000 >10,000 +
HBC-4 Breast cancer 410 >10,000 >10,000 420 -
Hela Cervical cancer 240 >10,000 >10,000 510 -
KATO-III Gastric cancer 320 370 >10,000 340 -
MKN-45 Gastric cancer >10,000 >10,000 >10,000 >10,000 -
3Y1 Fibroblast >10,000 >10,000 >10,000 >10,000 -

*Cell line whose growth was stimulated by IGF-1 in a serum-free medium.

Colo320DM cells but not in MCF-7 cells after staining
Hoechst Dye 33258 (Fig. 4). These findings indicate that
byssochlamysol induced apoptosis in Colo320DM cells and
inhibited the growth of MCF-7 cells without apoptosis.

The cytotoxic and cytostatic effects of byssochlamysol
were investigated using various cell lines. As shown in
Table 1, byssochlamysol was active against several IGF-1-
independent cell lines as well as IGF-1-dependent cell
lines. In all the cell lines, the activity of byssochlamysol
was reduced by addition of FBS. These results suggest that
byssochlamysol induced apoptosis or growth arrest by
inhibiting an IGF-1-independent pathway, which cooperates
with IGF-1 signaling to stimulate cell growth and survival.
Further biological studies are in progress.

Acknowledgements

This work was supported in part by a Grant-in-Aid for
Scientific Research on Priority Areas, The Ministry of
Education, Science, Sports and Culture, Japan.

References

1) PoLLack, M. N.: Endocrine effects of IGF-I on normal
and transformed breast epithelial cells: potential
relevance to strategies for breast cancer treatment and

2)

3)

4)

5)

6)

7

prevention. Breast Cancer Treat. Res. 58: 209~217,
1998

HANKINSON, S. E.; W. C. WILLETT, G. A. CoLpiTzZ, D. J.
HunTER, D. S. MicHAUD, B. DEROO, B. ROSNER, F. E.
SpeizER & M. PoLrak: Circulating concentrations of
insulin-like growth factor-I and risk of breast cancer.
Lancet 351: 1393~1396, 1998

Wu, Y.; S. YAKAR, L. ZHAO, L. HENNIGHAUSEN & D.
LeRoITH: Circulating insulin-like growth factor-I levels
regulate colon cancer growth and metastasis. Cancer
Res. 62: 1030~1035, 2002

BaserGa, R.; A. HoNGo, M. RuUBINI, M. Prisco & B.
VALENTINIS: The IGF-I receptor in cell growth,
transformation and apoptosis. Biochim. Biophys. Acta
1332: F105~F126, 1997

CHERNICKY, C. L.; H. Tan, L. Y1, J. R. LORET DE MoLA
& J. TLaN: Treatment of murine breast cancer cells with
antisense RNA to the type I insulin-like growth factor
receptor decreases the level of plasminogen activator
transcripts, inhibits cell growth in vitro, and reduces
tumorigenesis in vivo. Mol. Pathol. 55: 102~109, 2002
SELL, C.; M. RuBINI, R. RUBIN, J.-P. Liu, A. EFSTRATIADIS
& R. BASERGA: Simian virus 40 large tumor antigen is
unable to transform mouse embryonic fibroblasts lacking
type 1 insulin-like growth factor receptor. Proc. Natl.
Acad. Sci. USA 90: 11217~11221, 1993
NEUENSCHWANDER, S.; C. T. ROBERTS Jr. & D. LEROITH:
Growth inhibition of MCF-7 breast cancer cells by stable
expression of an insulin-like growth factor 1 receptor
antisense  ribonucleic acid. Endocrinology  136:
4298~-4303, 1995



VOL. 56 NO. 1 THE JOURNAL OF ANTIBIOTICS

8) Mori, T.; K. SHIN-vYA, K. TAKATORI, M. AIHARA & Y.
HAvAkawA: Byssochlamysol, a new antitumor steroid
against IGF-1-dependent cells from Byssochlamys nivea.
II. Physico-chemical properties and structure elucidation.

J. Antibiotics 56: 6~8, 2003
9) Samson, R. A. & E. S. HoeksTrA: Introduction to Food-

Borne Fungi, pp. 26~31, Centraalbureau voor
Schimmelcultures Baarn, 1988



