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ET-743: More than an innovative mechanism of action
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Ecteinascidin-743 (ET-743), an anti-tumor agent derived
from the marine tunicate, Ecteinascidia turbinata, is
active against various solid tumor cell lines, including
soft tissue sarcoma, breast, ovarian, non-smali-cell lung
and prostate cancers and melanoma, and has a broad
spectrum of anti-cancer activity in vivo. For reasons as
yet unclear, sarcoma cell lines are exquisitely sensitive
to ET-743. The drug has a unique mechanism of action
that makes it a novel anti-tumor agent. ET-743 is a DNA-
binding agent that covalently interacts with the minor
groove of the DNA double helix to bend the molecule
towards the major groove. Defects in DNA repair path-
ways have paradoxical effects on the anti-tumor activity
of ET-743: loss of mismatch repair does not affect its tox-
icity; loss of DNA-dependent protein kinase activity
enhances its toxicity; defects in transcription-coupled
nucleotide excision repair confer resistance to ET-743.
As a DNA repair capability appears to be necessary for
at least one mechanism of ET-743-mediated cytotoxicity,
the drug may interact with the DNA repair machinery to
induce lethal strand breaks. One of the most novel
aspects of ET-743 is its effect on RNA polymerase II-
mediated gene transcription. ET-743 selectively inhibits
activation of the multidrug resistance gene, while
leaving constitutive gene expression relatively unaf-
fected. Preliminary studies of other genes and transcrip-
tional inducers indicate that ET-743 may be a more
general inhibitor of activated, but not basal, transcrip-
tion. [© 2002 Lippincott Williams & Wilkins.]
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Introduction

Ectcinascidin-743 (ET-743) is an anti-tumor agent derived
from the colonial tunicate, Ecteinascidia turbinata — a sea
squirt found in the Caribbcan and Mediterranean seas.! The
drug is cytotoxic against various solid-tumor cell lines,
including soft-tissue sarcoma, brcast, ovarian, non-small-cell
lung, prostate and renal cancers and melanoma, and has a
broad spectrum of anti-cancer activity in vivo.! ET-743 has
a unique mechanism of anti-tumor action, yet to be fully
elucidated, that makes it a novel anti-tumor agent (Table 1).

Interactions of ET-743 with DNA

ET-743 is a carbinolaminc-containing DNA-binding agent
that consists of three tetrahydroisoquinoline rings.
Structural modeling studies indicate that two of these rings
(the A- and B-subunits) provide the framework for covalent
interaction with the minor groove of the DNA double helix,
whereas the third ring (the C-subunit) protrudes from the
DNA duplex, apparently allowing it to interact with adja-
cent macromolecules (nuclear proteins or nucleic acids).

DNA-binding agents frequently cause structural perturba-
tion of the DNA molecule, with the direction of bending
being dictated by their site of interaction: binding in the
minor groove causcs bending of DNA towards the minor
groove, whereas binding in the major groove results in
bending towards the major groove. Onc of the first features of
ET-743 to be noted, and one that distinguishes it from cur-
rently available DNA-binding agents, is that it interacts with
the minor groove of DNA, but bends the molccule towards
the major groove? (Figure 1). This pattern of interaction with
DNA may account for some of its unique properties.

Table 1. Summary of pharmacodynamic properties of
ET-743

ET-743 interacts with DNA and proteins

ET-743 blocks cell cycle progression at G,/M

Cells in G, are hypersensitive to ET-743

Cells deficient in TC-NER are resistant to ET-743
ET-743 is a unique inhibitor of activated transcription
Sarcoma cell lines are exquisitely sensitive to ET-743

TC-NER = transcription-coupled nucleotide excision repair.
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Figure 1. Interaction of ET-743 at the minor groove of
DNA results in bending of the macromolecule towards the
major groove.2

ET-743 and DNA repair mechanisms

Defects in DNA repair pathways (mismatch repair and
nucleotide excision repair) have paradoxical effects on the
anti-tumor activity of ET-743: loss of mismatch repair does
not affect the toxicity of ET-743; loss of the DNA double-
strand repair pathway enhances its toxicity; defects in tran-
scription-coupled nucleotide excision repair actually confer
resistance to ET-743 .34

The observation that impairment of a critical DNA
repair mechanism results in resistance to ET-743 sets this
drug apart from other DNA-damaging agents such as cis-
platin, because resistance to this latter agent is often attrib-
utable to an increase in DNA rcpair proteins. Of the two
types of nucleotide excision repair mechanism, the first type
(global nucleotide excision repair) involves the entire gene,
but is particularly important to those parts of the gene that
are not undergoing active transcription. In contrast, the
second type (transcription-coupled nucleotide excision
repair, TC-NER) occurs on actively transcribing genes,
which tend to be more susceptible to DNA damage. These
two nucleotide excision repair mechanisms share many
protein components, but the transcription-coupled repair
process also makes use of several specific subunits: XPC,
CSA and CSB. By analyzing cells deficient in these sub-
units, Takebayashi and coworkers* identified the TC-NER
pathway as a mediator of ET-743 cytotoxicity. Thus it
would appear that a DNA repair capability is a prerequisite
for at least one type of ET-743-mediated cytotoxicity, sug-
gesting that ET-743 may interact with the DNA repair
machinery to induce lethal DNA strand breaks.3-3

Inhibition of activated gene transcription

Another novel aspect of ET-743 is its effect on RNA
polymerase ll-mediated gene transcription. In our labora-
tory, we have investigated the effect of ET-743 on tran-
scription of the human P-glycoprotein gene, MDRI, which
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Figure 2. Activation of the MDR1 promoter by different
inducers. ATRA = all trans-retinoic acid; UV = ultraviolet;
P/CAF = histone acetyltransferase; NF-Y = nuclear factor-Y.

is involved in multdrug resistance. P-glycoprotein has an
important role in certain tumor cells, removing drugs
before they have a chance to exert their cytotoxic effects,
and MDRI gene overexpression has been associated with
poor clinical prognosis in some tumor types.® P-glycopro-
tein expression can be induced very rapidly: in solid tumors
isolated from patients undergoing chemotherapy, we have
observed activation of P-glycoprotein cxpression within
20 min of exposure to doxorubicin.

Transcriptional activation of the MDRI gene involves
the MDR1 enhanceosome, which is a complex of tran-
scription factors including nuclear factor-Y (NE-Y),
Sp1/Sp3 and the histone acetyltransferase (P/CAF) in asso-
ciation with the DNA enhancer sequence. The MDRI pro-
moter is readily activated by several different inducers,
including the histone deacetylase inhibitors trichostatin A
(TSA) and sodium butyrate, in addition to doxorubicin,
ultraviolet radiation and certain hormones (Figure 2).

Identification of the MDRI gene in human tumors has
prompted the search for approaches to blocking its activa-
tion. In theory, prevention of MDRI gene activation abro-
gates the need to reverse P-glycoprotein function as a later
event. Our initial screening efforts failed to identify a com-
pound that could inhibit activation of MDRI gene tran-
scription  without also affecting constitutive gene
expression. However, in ET-743 we found a compound
that selectively inhibited activation in response to many of
the above-mentioned inducers, but did not appreciably
alter constitutive gene expression.

Transcriptional analysis using promoter constructs
linked to luciferase (a reporter gene that is not normally
present in mammalian cells) has provided information on
the effects of ET-743 on inducible MDRI promoter activ-
ity in SW620 colon carcinoma cells. In this test system,
luciferase activity serves as a marker of MDRI promoter
activity. In the absence of inducers such as TSA, sodium
butyrate or ultraviolet radiation, there is only a basal level
of MDRI gene expression, and this constitutive expression



is essentially unmodified by ET-743. However, in the pres-
ence of inducers there is a pronounced increase in pro-
moter activity, which is largely abolished by concomitant
incubation with ET-743. Therefore, ET-743 specifically
inhibits promoter activation through the MDR/ enhanceo-
some, without affecting basal expression.

A total of more than 20 DNA-binding compounds,
including minor groove binders, major groove binders,
intercalators and alkylating agents, have been screenced for
inhibitory activity at the MDRI promoter, but none have
been found to mirror the effects of ET-743. For example,
cisplatin, distamycin, mitoxantrone, actinomycin D or mit-
omycin C did not differentially affect basal or TSA-induced
MDR! promoter activity. Thus, to date, ET-743 is the only
drug that has been shown to inhibit activated transcription
while leaving basal transcription relatively unaffected.

Our studics of the MDRI promoter, taken in conjunc-
tion with the findings of Mantovani? that ET-743 inhib-
ited heat-shock induction of the hsp70 promoter, led us to
proposce that NF-Y, a transcription factor involved in
induction of both the MDRI and hsp70 genes, was the
target for ET-743. However, ET-743 does not appear to
alter the NF-Y-dependent MDRI promoter-associated
histone hypcracetylation induced by TSA, suggesting that
the drug acts at a molecular target downstream of, or inde-
pendent of, NF-Y binding. Our recent attempts to identify
this target have been directed at other genes thar are regu-
lated by the same inducers that regulate MDRI.

On the basis of experimental findings obrained with
these genes and other DNA-binding transcription facrors,$
it would appear that ET-743 blocks activated gene tran-
scription, and that this effect is generally independent of
the transcription factor and the DNA binding site (major
or minor groove). Preliminary indications suggest thar this
inhibitory effect of ET-743 may be mediated through
interaction with chromatin.

It is interesting to speculate as to whether the above-
mentioned effects of ET-743 on activated gene transcrip-
tion and TC-NER may in some way be inter-related. Both
processes involve the transcription factor, TFIIH, and the
fact that components of this multisubunit protein are
required both for polymerase-1I-mediated gene transcrip-
tion and for TC-NER raises the possibility that TFIIH may
link these scemingly disparate actions of ET-743.

ET-743 is highly active against several different tumor
cell lines, in particular sarcoma cells.” '' Against many
sarcoma cell lines, including those resistant to merhotrexate,
doxorubicin, VP-16 and paclitaxel, ET-743 is cytotoxic at
sub-picomolar concentrations.!! The reason for this exqui-
site sensitivity of sarcoma cells to the drug is unclear. In
addition, ET-743 has cell-specific effects on the cell cycle.
At sub-toxic concentrations, it causes growth arrest at the
G,/M rtransition in some tumor cell lines, and these cells

show hypersensitivity to ET-743 during the G, phase.?

ET-743 mechanism of action

Moreover, ET-743 shows synergy with the P-glycoprotein
substrate, doxorubicin,'? and this effect is apparently
enhanced by prior exposure to ET-743. This is consistent
with the ability of ET-743 to prevent activation of MDRI
transcription by the chemotherapeutic agent, thereby
enhancing the anti-tumor activity of the lacter.

Conclusions

ET-743 is a novel anti-tumor agent. It interacts with DNA
and possibly with proteins. Most unusually, ET-743 binds
in the minor groove of DNA to bend the helix towards the
major groove, resulting in significant physical distortion. It
can block cell cycle progression at the G,/M phase, making
cells hypersensitive in G,. Paradoxically, cells deficient in
TC-NER mechanisms are resistant to the cytotoxic action
of ET-743. Uniquely, ET-743 sclectively blocks activated
transcription of different genes by different inducers.
Finally, for reasons that are as yet unclear, sarcoma cell lines
are exquisitely sensitive to this drug.
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