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A Novel Tetracyclic Peptide, Trapoxin, Induces Phenotypic Change from
Transformed to Normal in sis-Oncogene-transformed NIH3T3 Cells
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A novel tetracyclic peptide, trapoxin [cyclo(L-phenylalanyl-L-phenylalanyl-D-pipecolinyl-L-2-amino-
8-0x0-9,10-epoxy-decanoyl)], was found to induce the flat phenotype in v-sis-transformed NIH3T3
cells at a quite low concentration of 1 ng/mi. Actin stress fiber could be detected after trapoxin
treatment. Almost complete reversion into the flat phenotype was observed at 6 h after the adminis-
tration of the compound. The effect of trapoxin was reversible, when the cell culture was incubated for
more than 24 h after its removal. The intracellular level of sismRINA did not decrease with trapoxin
treatment at a concentration (50 ng/ml), sufficient to reverse the transformed morphology. Substitu-
tion of pipecolinic acid with proline in trapoxin did not change the activity. WF3161, in which leucine
was substituted for a phenylalanine of trapoxin, showed only one-sixteenth of the activity of trapexin.
Reduction of the epoxide residue of trapoxin destroyed the activity.
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Recent extensive studies have revealed a close correla-
tion of oncogenes with carcinogenesis.” sis is an onco-
gene possessing a sequence homologous to a gene encod-
ing platelet-derived growth factor (PDGF)* and is ex-
pressed in some tumor cell lines derived from osteo-
sarcoma and gliomas.** The sis-oncogene product is
assumed to confer the characteristic cellular morphol-
ogy, as well as the ability of autocrine growth.” The
transformed phenotype induced by overexpression of
c-sis is similar to that induced by v-sis,”’ indicating that
they might induce the transformation of the cells through
the same mechanism, that is, binding to the receptor of
PDGF. During screening for an agent inducing flat
reversion of the morphology of v-sis-transformed
NIH3T3 cells (a kind gift from Dr. K. C. Robbins,
National Institute of Health, USA), we found that a
novel tetracyclic peptide, trapoxin (Fig. la), produced
by a fungus, showed an extremely strong activity with
low toxicity against v-sistransformed cells,” In this
paper, we describe the biological activity and the
structure-activity correlation of trapoxin.

We found that trapoxin induced phenotypic change
from transformed to normal in v-sis-transformed NIH-
3T3 cells over a wide range of concentration (1-100 ng/
ml), while it did not significantly change the morphology
of normal NTH3T?3 cells at a concentration of 100 ng/ml.
Conversely, trapoxin inhibited the growth of the normal
and v-sis-transformed NIH3T3 cells at a higher concen-
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tration (the concentration for 509 inhibition of cell
growth is 200 ng/ml). The effect of trapoxin was revers-
ible when the cells were treated for 24 h with trapoxin
(8 ng/ml) to make them flat and further incubated for
more than 24 h after the removal of trapoxin (Fig. 2). To
find out how long the cells have to be exposed to trapoxin
to make their shape flat, the morphological change was
followed after addition of trapoxin to v-sis-transformed
cells. The morphological change into a flat phenotype
was observed in more than 759 of the cells after expo-
sure for more than 6 h, whereas it was observed in less
than 50% at 4 h (Fig. 3). The flat cells induced by
trapoxin exhibited contact inhibition, which is one of the
characteristics of normal cells (data not shown). In
general, one of the most characteristic phenotypes of
transformed cells is the loss of bundles of actin stress
fiber.? Therefore, we examined the appearance of the
actin stress fiber in v-sis-transformed cells after treatment
with trapoxin. Under fluorescence microscopy, the clear
bands of actin stress fiber were observed in v-sis-
transformed cells after trapoxin treatment at the concen-
tration of 8 ng/ml for 24 h, but not in the control culture
without the treatment (Fig. 4). To determine whether
the morphological reversion was caused by the decrease
in sismRNA level, we measured the amount of sis-
mRNA by the Northern blotting method using a v-sis
oncogene probe {1.23 kbp, Takara Shuzo, Kyoto) in
v-sis-transformed cells with and without trapoxin treat-
ment. Trapoxin did not decrease the level of sismRNA
at less than 50 ng/ml, at which concentration the
transformed phenotype was clearly reversed (Fig. 5).
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Structures of trapoxin and related compounds. (a) trapoxin, (b) reduced form of trapoxin, and {c) WF3161.

To determine what structural features of trapoxin are
important for activity in inducing the flat phenotype, we
prepared related compounds and compared their ac-
tivities with that of trapoxin. Reduction of the epoxide
residue (Fig. 1b) destroyed the activity; the product was
inactive even at the concentration of 250 ng/ml. WF-
3161” (Fig. lc, a kind gift from Dr. Y. Hori, Fujisawa
Pharmaceutical Co., Ltd., Tokyo), in which leucine was
substituted for a phenylalanine of trapoxin, exhibited
only one-sixteenth of the activity of trapoxin. However,
replacement of pipecolinic acid of trapoxin with proline
did not decrease the activity.

There are several reports on agents which induce
phenotypic change from the morphology of various
oncogene-transformed cells to the normal flat morphol-
ogy,'”"® such as herbimycin for sre tyrosine kinase,'” erb-
statin for tyrosine kinase of epidermal growth factor,!"
and azatyrosine for ras-transformed cells.”” Concerning
inhibitors of sis-transformed cells, only the heterocyclic
polyanionic compound suramin'® has been reported. This
compound blocks the binding of PDGF to the receptor
on the cell membrane,'” although it requires a high con-
centration {more than 200 zg/ml) to show this activity
and its inhibition is not specific to PDGF, as it inhibits
not only the binding of PDGF, but also that of bFGF.'"

Fig. 2. Induction of the flat morphology of v-sis-transformed
NIHATS3 cells by trapoxin and reversion to the transformed
phenotype after its removal. The v-gis-transformed NIH3T3
cells were inoculated into petri dishes (¢ 6 cm, Falcon) at 2.5X
10* cells/ml in 5 ml of D-MEM (10% FBS) and cultured
overnight in a 5% CQ, incubator and then for 24 h in the
absence {a) or the presence (b} of trapoxin (8 ng/ml) and
further incubated for 48 h after its removal (c).
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Fig. 3.
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Kinetics of trapoxin activity to reverse the phenotype of v-sis-transformed NIH3T3 cells. The morphology of the
cells was observed at O h (a), 2 h (b}, 4 h (¢}, 6 h (d), & h (e), and 10 h (f) after the addition of trapoxin (8 ng/ml).

We found that trapoxin, a novel tetracyclic peptide
which was isolated from the fungus Helicoma ambiens,”
induced the flat phenotype of v-sis-transformed cells at a
much lower concentration (1 ng/ml) than that of
suramin. Trapoxin did not induce the normal flat mor-
phology in any other oncogene-transformed cells tested
{v-Ha-ras-, v-src-, v-fos-, v-abl, and v-fgrtransformed
cells) (data not shown). Thus, trapoxin seemed to be a
specific inducer of the normal flat phenotype of v-sis-
transformed cells. A little earlier, we had found that
trichostatin A (TSA), an inhibitor of histone deacety-
lase,'” changed the abnormal piled-up morphology of v-
sis-transformed NIH3T3 cells to normal flat morphology
after exposure for more than 6 h, and the morphology
induced by TSA was similar to that induced by a-
butyrate.” Therefore, we compared the biclogical activ-
ity of trapoxin with that of TSA, and found that they

Fig. 4. Restoration of actin stress fiber in v-sis-transformed
cells with trapoxin treatment. For fluorescence microscopy,
actin stress fiber in the cells was observed after staining with
rhodamine-phalloidin.” (a) Untreated cells. (b) Cells treated
with trapoxin (8 ng/mi) for 24 h.
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Fig. 5. No decrease of sismRNA level by trapoxin. Normal
(a) and v-sis-transformed (b—d) NIH3T3 cells were inoculated
into a 75 cm? bottle (Falcon) at 5> 10" cells/ml in 15 ml of
D-MEM, and incubated for 48 h with 10 ng/ml (¢}, and 50 ng/
ml {(d) of trapoxin. Preparation of total RNA from v-sis-trans-
formed and normal NIH3T3 cells with and without trapoxin
treatment, electrophoretic separation of RNA, and Northern
blotting followed the methods reported previously.**
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were similar in several properties: the induction of the
flat morphology, the short time required to show the
activity, the reversibility of action, and the absence of a
decrease in sissmRNA level. Furthermore, a preliminary
experiment showed that the TSA-resistant mutant cells
(a kind gift of Prof. T. Beppu, University of Tokyo)
which possess a mutation in histone deacetylase,'” were
also resistant to trapoxin. All these results suggest that
the target molecule of trapoxin might also be involved in
the histone acetylation-deacetylation equilibrium. The
epoxide residue is critical for the activity, since reduction
of this portion apparently destroyed the activity. Fur-
thermore, substitution of a phenylalanine of trapoxin
with leucine caused significant reduction of the activity
(1/16). Since trapoxin probably binds to protein(s)
through its epoxide residue, the next step will be to
determine the immediate target of trapoxin.
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