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Abstract Purpose: Hemiasterlin, hemiasterlin A and d
hemiasterlin B are newly isolated cytotoxic tripeptidelitroduction

with potential as antitumor drugs. We wished to determu]lgan hemi i family of . id
their mechanism of cytotoxicitMethods:We studied their | Ne hemiasterlins are a family of potent cytotoxic peptides

effect on cell survival, cell cycle progression, and micrd€cently isolated from marine sponges [3, 15]. Hemi-
sterlin A is a tripeptide composed of the unusual amino

tubule morphology in MCF-7 human mammary carcinom® ids trimethvl h leuci N-methvl h
cells. Results:At the nanomolar concentrations at whicitC!ds trimethyltryptophartert-leucine and\-methyl homo

they were cytotoxic, the peptides induced arrest in mito énylogous valine, and is closely related to hemiasterlin and
metaphase. Hemiasterlin A produced abnormal mitotiémiasterlin B (Fig. 1). This group of peptides is active in
spindles like those produced by the microtubule inhibito}dT0_2dainst murine leukemia P388, human mammary
taxol, nocodazole and vinblastine at low concentrations. gcinoma  MCF-7, - human  glioblastoma/astrocytoma
high concentrations hemiasterlin A did not cause micrg- 73, humqn 0\_/ar|an carcinoma HEY, and in vivo .a.galnst
tubule bundling like taxol, but caused microtubule depol 388 ce_IIs in mice [3]. Th.e mechanism of cytotoxicity of

merization like nocodazole and vinblastin@onclusions: S family of compounds is unknown.

The hemiasterlins probably exert their cytotoxic effect b In' this s.tudy we exa.mi”e‘?' the effects of hemiasterlin A,
inhibiting spindle microtubule dynamics. emiasterlin and hemiasterlin B on cell survival and cell

cycle progression in human mammary carcinoma MCF-7
Key words Cancer- Microtubules- Mitosis - Taxol - cells and suggest that they exert their cytotoxic effect by
Vinblastine binding to tubulin and inhibiting spindle microtubule dy-
namics.

Materials and methods

MCF-7 cells were grown as a monolayer at “& in a humidified
atmosphere containing 10% @@ DMEM supplemented with 10%
fetal calf serum, 100 U/ml penicillin and streptomycin, 2Mm
L-glutamine, 1 MM sodium pyruvate, 1% MEM nonessential amino
This work was supported by grants from the British Columbia Heal#cids, 1ug/ml bovine insulin, lug/ml hydrocortisone, 1 ng/ml human
Research Foundation to M. R. and from the National Cancer Institdt&F and 1 ng/mB-estradiol. The hemiasterlins, geodiamolide B, taxol
of Canada and the Natural Sciences and Engineering Research Cowtgll nocodazole (Sigma) were dissolved in dimethyl sulfoxide (DMSO)
of Canada to R. J. A. M. R. is a Scholar of the Medical Research and stored at —2€C. Vinblastine (David Bull Laboratories, Victoria,

Council of Canada Australia) was used as a 1 mg/ml solution in physiological saline.
Cytotoxicity was measured using a microculture tetrazolium assay
[4]. MCF-7 cells were grown at low density in multiwell plates and
Bé;éﬁ\%céirtsgp Bl\i/(l)'cﬁgr?ﬁsr?r?/ ?n)d Molecular Biology, treated with different concentrations of compounds for 20 h. The
2146 Health Sciences Mall, University of British Columbia, compounds were then washed away and the cells allowed to grow in
Vancouver, British Columbia, V6T 1Z3, Canada normal medium for 3—5 days before assay. .
Tel. (604) 822-2304; Fax (604) 822-5227 ~For mitotic arrest determination, MCF-7 cells were treated with
E-mail michel@otter.biochem.ubc.ca different concentrations of compounds for 20 h, prepared for chromo-
some spreads using a previously described method [5] and the
J. E. Coleman R. J. Andersen percentage of mitotic cells determined by fluorescence microscopy.
Departments of Chemistry and Oceanography, For tubulin immunofluorescence, MCF-7 cells were grown on

University of British Columbia, Vancouver, British Columbia, Canadaoly-L-lysine-coated coverslips, treated with the compounds for 20 h,
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Fig. 1 Chemical structure of the R,
hemiasterlins

Hemiasterlin: Rj = Ry = Me
OH Hemiasterlin A: Rp =H, Ry = Me
Hemiasterlin B:+ Ry =Ry = H

Fig. 2 Cytotoxicity of the hemi-
asterlins, microtubule inhibitors
and geodiamolide B. Mean and
standard deviation of quadrupli-
cate measurements are shown for
each point
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centrifuged at 200y, rinsed with PBS (10 M sodium phosphate, (Fig. 3). Since each compound caused mitotic arrest and
pH 7.4, 150 M NaCl), fixed with 3.7% formaldehyde in PBS andcytotoxicity in the same concentration range, it is likely that

rinsed in KB (10 nM Tris-HCI, pH 7.5, 150 M NaCl, 0.1% Triton X- s . . . - .
100, 0.1% BSA). The coverslips were then incubated with monoclodfX!tOUIC arrest is an important determinant of their cytotoxic

antibody E7 toB-tubulin (Developmental Studies Hybridoma Bank,_aCtiV_itY- _GeOdiamOHde B, b){ contrast, failed to block cells
University of lowa, lowa City, lowa) at a dilution of 1/30 in KB for in mitosis, even at 300M (Fig. 3).
30 min at room temperature. After two rinses of 10 min each in KB, the The most common compounds causing mitotic arrest are

coverslips were incubated with CY3-conjugated goat antimouse | : PP
secondary antibody (Jackson ImmunoResearch Laboratories) qffé? microtubule inhibitors. We therefore compared the

30 min at room temperature. They were then rinsed in KB, stainéytotoxic and antimitotic activity of the hemiasterlins
with the DNA dye bisbenzimide, mounted on slides in 10% PBS with the activity of taxol, vinblastine and nocodazole, as
glycerol, and photographed on Kodak TMax 400 film with a Zeiseepresentatives of the major classes of microtubule inhibi-
Axiophot microscope. tors. Taxol, vinblastine and nocodazole showed half-max-
imal cytotoxicity at 5 M, 2 nM, and 63 M (Fig. 2) and
half-maximal ability to arrest cells in mitosis at ®n15 riv
and 42 M, respectively (Fig. 3). The hemiasterlins are
Results therefore potent compounds, with hemiasterlin and
hemiasterlin A being more potent in both capacities than
We first determined the cytotoxicity of the hemiasterlinghe microtubule inhibitors.
towards MCF-7 human mammary carcinoma cells. Cells We next compared the morphology of cells treated with
were treated for the duration of one cell cycle (20 h) withemiasterlin A with those treated with the microtubule
different concentrations of the compounds or the vehicighibitors. We treated cells with concentrations of
DMSO and cytotoxicity was determined after 3—5 days
using a microculture tetrazolium assay. DMSO had no
effect. Hemiasterlin killed MCF-7 cells half-maximally at
0.5 nM, hemiasterlin A at 2 kl, and hemiasterlin B at 7\
(Fig. 2). Geodiamolide B, a cytotoxic cyclodepsipeptide
also found in the marine spondgeéymbastelasp. [3], was
also tested and found to be less potent, killing cells half-
maximally at 80 M.

Since many antitumor drugs affect the transition be-
tween particular phases of the cell cycle, we next examined
the effect of the hemiasterlins on mitosis. Cycling cells
were treated with different concentrations of the hemi-
asterlins or DMSO for 20 h and the percentage of mitotic
cells was determined microscopically. DMSO had no effect.
All three hemiasterlins induced a concentration-dependent
accumulation of cells in mitotic metaphase, with hemias-
terlin having a half-maximal effect at 0.5 M) Fig. 3 Antimitotic activity of the hemiasterlins, microtubule inhibitors
hemiasterlin A at 2.5 M, and hemiasterlin B at 28M and geodiamolide B. For an explanation of the symbols, see Fig. 2
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human solid tumor cell lines and show equally potent
cytotoxicity against murine leukemia P388 both in vitro
and in vivo [3]. Preliminary data indicate that the effective
in vivo dose against P388 in mice is at least two orders of
magnitude lower than the toxic dose (T. M. Allen, personal
communication). In this study, we showed that at nanomo-
lar concentrations these compounds are cytotoxic to MCF-7
cells, cause mitotic arrest, and at least one, hemiasterlin A,
produces abnormal mitotic spindles.

A broad array of drugs can arrest cells in mitosis,
producing abnormal mitotic spindles. Some of these bind
tubulin directly, such as the well-studied microtubule in-
hibitors taxol, vinblastine and nocodazole used here for
comparative purposes [9, 10]. They do so at distinct sites,
the taxol, vinca and colchicine domains respectively. At the
low concentrations at which they cause mitotic arrest, all
three produce abnormal spindles [9, 10], as does
hemiasterlin A. At higher concentrations each of the three
drugs produces a different set of microtubule morphologies.
Vinblastine and nocodazole depolymerize microtubules [9],
as does hemiasterlin A. At even higher concentrations
vinblastine can assemble tubulin dimers into nearly crystal-
Fig. 4A—E Microtubule and chromosome distribution after 20 Hine arrays called vinblastine paracrystals [9]. In contrast, at
incubation with no drug &, B), 2 nM hemiasterlin A €, D) or high concentrations taxol enhances microtubule assembly
10 M hemiasterl_in_AE,_F).A, C, Ear)titubul_in_immunofluorescence; and produces thick bundles of microtubules [10]_ Hemi-
B, D, F DNA staining with the dye bisbenzimid@ar 26 um asterlin A at high concentrations does not produce para-
crystals or microtubule bundles.

hemiasterlin A, taxol, vinblastine or nocodazole that pro- In recent years many other naturally occurring cytotoxic

duce half-maximal or maximal mitotic arrest and examine%)mpounds have been isolated that bind tubulin, causing

the morphology of their mitotic spindles by indirect imJnitotic arrest. Their structures are extremely varied, in-

munofluorescence using a monoclonal antibod-twbu- CIl]Jd'Egt“poeXFi’::d?fz]su;r:]gscehotrgoﬁsé?np‘[ﬂ]d tgs (\ﬁﬁsfstms
lin and the distribution of their chromosomes using th[:z’ id ' d yphp y " v hizoxi
fluorescent DNA dye bisbenzimide. The results are shovﬁ??pﬁpt' € compounds such as maytansine, rhizoxin,
in Fig. 4. In the presence of hemiasterlin A at Bimo nalichondrin B, homohalichondrin B and the halistatins
completely normal spindles were seen. Some cells sho é}j curacin A [2], the spongistatins [1], discodermolide

: 16l steganacin, combrestatin, and podophyllotoxin [14]. In

relatively minor abnormalities in which a bipolar spind ilro these compounds bind in or near the taxol [6], vinca
was present, but the astral microtubules were con&deraﬁé/?, 11, 12], or colchicine domains [2, 14], and are the

longer than normal and the chromosomes were not cof:

pletely confined to the metaphase plate. Most commo bule morphology vary at high concentrations, as for taxol,

cells had multiple asters, and the chromosomes were : .
tributed in a spherical mass (Fig. 4C, D). Half—maximaglnblas‘tme and nocodazole. However, what these diverse

3 bject of structure-activity studies. Their effects on micro-

concentrations of taxol, vinblastine and nocodazole pr rugs appear to have in common, no matter where or how

duced the same types of abnormal spindle as hemiasterli o c/)g}\ys gpyvgﬁ:;ut?gmér'rse;?ec';”’C;bi'::%;;thhealszw tgo(;greumﬁhe
(not shown). Hemiasterlin A at 10My the lowest concen- ,~. yarn P v pti
delicate control of microtubule dynamics that is essential

tration causing maximal mitotic arrest in MCF-7 cells . . .
caused microtubule depolymerization in mitotic CeIIgor the conversion of the interphase microtubule network

oo the precisely organized mitotic spindle and for the
indle to carry out its function of arranging and sorting
romosomes [9, 10].
Other drugs that can arrest cells in mitosis are inhibitors
protein phosphatases 1 and 2A [8, 13]. They also
produce multiple asters with elongated microtubules [13,
16, 17], but probably act indirectly on microtubules by
promoting the phosphorylation of proteins such as micro-
Discussion tubule-associated proteins that control microtubule dy-
namics. Hemiasterlin A does not inhibit protein phospha-
The hemiasterlins are chemically novel tripeptides [3, 18ses 1 or 2A in vitro (C. Holmes, personal communica-
with promising potential for development as antitumaion). Although the hemiasterlins could act indirectly on
drugs. They show potent in vitro cytotoxicity againsmicrotubules through another, unknown, mechanism, they

of vinblastine and nocodazole (not shown). Taxol at hi
concentrations had a quite different effect, causing bundli
of cytoplasmic microtubules in interphase cells and veng
dense multiple asters in mitotic cells.
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are more likely to be microtubule inhibitors. In vitro 6. Haar E ter, Kowalski RJ, Hamel E, Lin CM, Longley RE,
binding studies should resolve this issue. Gunasekera SP, Rosenkrantz HS, Day BW (1996) Discodermolide,

. . . . a cytotoxic marine agent that stabilizes microtubules more po-
The hemiasterlins are §ma|| moIgcu]e_s with smpler tently than taxol. Biochemistry 35: 243
structures than all known microtubule inhibitors, promisingz. Hamel E (1992) Natural products which interact with tubulin in
ease of chemical synthesis and structure-function studies.the vinca domain: maytansine, rhizoxin, phomopsin A,
Cytotoxic drugs that cause metaphase arrest through dig,—fliorl]adSta:i(nSF 10 I?”d 13 algd haliFh%fAdfisn B. P’\;‘ag“?flf90|JT£?rlgg5£)31
. . . 8. Ishida Y, Furukawa Y, Decaprio JA, Saito M, Griffin

rupting mlcrthbme dynamics are already V‘?"“ab.'e che Treatment of myeloid leukemic cells with the phosphatase inhib-
motherapeutic agents. It would be useful to identify new jior okadaic acid induces cell cycle arrest at either G1/S or G2/M
drugs of this type that act at lower concentrations, thereby depending on dose. J Cell Physiol 150: 484

reducing the possibility of pleiotropic and possibly delete9. Jordan MA, Thrower D, Wilson L (1992) Effects of vinblastine,

rious effects, that are effective against multidrug-resistant Egg?gg{”omxm and nocodazole on mitotic spindles. J Cell Sci

tumor cells, and that can be produced cheaply. The heny: jor4an MA, Toso RJ, Thrower D, Wilson L (1993) Mechanism of
asterlins might fit these criteria. mitotic block and inhibition of cell proliferation by taxol at low
concentrations. Proc Natl Acad Sci USA 90: 9552
11. Kerksiek K, Mejillano MR, Schwartz RE, Georg Gl, Himes RH
(1995) Interaction of cryptophycin 1 with tubulin and microtu-
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