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UNIQUE PATTERN OF ET-743 ACTIVITY IN DIFFERENI CELLULAR SYSTEMS
WITH DEFINED DEFICIENCIES IN DNA-REPAIR PATHWAYS
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The cytotoxic activity of ecteinascidin 743 (ET-743), a nat-
ural product derived from the marine tunicate Ecteinascidia
turbinata that exhibits potent anti-tumor activity in pre-clin-
ical systems and promising activity in phase | and Il clinical
trials, was investigated in a number of cell systems with
well-defined deficiencies in DNA-repair mechanisms. ET-743
binds to N2 of guanine in the minor groove, but its activity
does not appear to be related to DNA-topoisomerase | poi-
soning as the drug is equally active in wild-type yeast and in
yeast with a deletion in the DNA-topoisomerase | gene.
Defects in the mismatch repair pathway, usually associated
with increased resistance to methylating agents and cisplatin,
did not affect the cytotoxic activity of ET-743. However,
ET-743 did show decreased activity (from 2- to 8-fold) in
nucleotide excision repair (NER)-deficient cell lines com-
pared to NER-proficient cell lines, from either hamsters or
humans. Restoration of NER function sensitized cells to ET-
743 treatment. The DNA double-strand-break repair path-
way was also investigated using human glioblastoma cell lines
MO59K and MO59), respectively, proficient and deficient in
DNA-dependent protein kinase (DNA-PK). ET-743 was more
effective in cells lacking DNA-PK; moreover, pre-treatment
of HCT-116 colon carcinoma cells with wortmannin, a potent
inhibitor of DNA-PK, sensitized cells to ET-743. An increase
in ET-743 sensitivity was also observed in ataxia telangiecta-
sia-mutated cells. Our data strongly suggest that ET-743 has
a unique mechanism of interaction with DNA.
© 2001 Wiley-Liss Inc.
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Ecteinascidh 743 (ET-743 is anaturd produd derived from
the marire tunicak Ecteinascidh turbinata, selecte for its signif-
icart anti-tuma activity in differert in vitro and in vivo modelst-3
Currently, ET-743 is undergoilg pha Il clinical trials after hav-
ing shown activity in pha® | clinica studies with responses
observe in differert human tumors including soft tisste sarcoma,
osteosarcomanelanona ard brea$ cancert5

The mechanim of action of ET-743 has yet to be fully defined,
but DNA appeas to be the primaly target Indeed it has been
shown to bind in the minor groove of DNA ard to alkylate the N2
position of guanire with sonme degre of specificity® 7 Such ET-
743 minor-grooe alkylation induces a berd in the DNA helix
toward the majar groove afinding not comman to the othe minor
groove—alkylatig agents which berd DNA into the minor
groove? No single-strad breaks double-strad breals or DNA—
proten cross-links could be found by alkaline elution in cells
expose to IC5, concentrationof ET-7432 However Takebayashi
et al.10 showel that ET-743 was able to induce DNA—topoisomer-
a® | cross-linkirg but tha high concentratios were requirel to
produe the effect.

To provide sone insight into the mechanim of action of ET-
743 we hawe evaluate its cytotoxic activity using a pané of
different cellular systens characterizeé by well-definal deficien-
cies in differet mammalia repar pathways Our da@ indicate
tha ET-743 has aunique mechanim of interaction with DNA.

MATERIAL AND METHODS
Cells and drugs

Yead strairs K699 (MATa trp1-1 ura3-1 leu2-3,12 his3-11,15
ade2-11 canl-100 and the isogent derivatives CY2823 (Arad52)
ard CY2278 (Atopl) (kindly provided by Dr. M. Lopes Instituto
F.I.R.C di Oncologa Molecolare Milan, Italy) were grown in
YPD plates (1% yeas extract 2% bacto-peptone2% glucose)
with or without the drugs.

The Chine® hamste ovary (CHO) parentacel line CHO-AA8
ard the UV-sensitie DNA repairdeficiert mutart cel lines
CHO-UV23 CHO-UV6lL ard CHO-UV9% (hereafte named
UV23, UV61 ard UV96)** were kindly provided by Dr. M.
Stefanin (CNR IGBE, Pavia Italy). The UV96 cel line was
transfectd by the calcium phosphat techniqee using 10 pg of a
CMV-ERCCIL plasmd encodirg for ERCCL or with 10 pg of
CMV empy vector The CMV-ERCC1 plasmi was obtainel by
subclonirg the Hindlll and BamH fragmens from the pE12-12
plasmd (kindly supplied by Dr. J.H. Hoejimakers Erasms Uni-
versity, Rotterdam the Netherlandpin bluescrip plasmid yield-
ing BLER plasmid the Not-Apa fragmen of BLER was subse-
quenty clonad in CMV plasmd (Invitrogen La Jolla, CA),
yielding CMV-ERRCI1 plasmid Different clones were obtained 2
clones ERA2 ard ERAS, were selecte for further study, express-
ing, respectively the CMV empy vecta and CMV-ERCCL.
Clones were selectel on 800 p.g/ml of G418 All CHO cells were
maintainel in Ham-FD mediun (GIBCO, Paisley UK) supple-
menteal with 10% FCS and cultured at 37°C with 5% CO,. The
normd human fibroblag cel line (C3PV) and the xeroderma
pigmentosm group A (XPA) fibroblag cell line (XP25RQ were
kindly provided by Dr. M. Stefanin and maintainel in Ham-F10
medium supplementg with 20% heat-inactivaté FCS at 37°C
with 5% CO.,.

Humean glioblastona cel lines MO59K amd MO59J respec-
tively, proficiert and deficiert in DNA-dependet proten kinase
(DNA-PK), were obtainel from Dr. M.J. Allalunis-Turne (Cross
Cance Institute Edmonton Canada)maintaine in Ham-F10:D-
MEM (1:1) ard supplementé with 1 mM sodium pyruvae and
10% FCS at 37°C with 5% CO.,.

Epstein-Bar virus (EBV)-transformd lymphoblastad cell
lines IARC1663 (norma) and AT11 (ataxa telangiectasi ho-
mozygot¢ were kindly provided by Dr. J. Hill (IARC, Lyon,
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France) and cultured in RPMI-1640 medium supplemented wi%3. After treatment, cells were washed in PBS and fresh drug-free
20% heat-inactivated FCS. medium was added. At 72 hr after drug washout, cells were
The hMLH1-deficient human colorectal adenocarcinoma cell life@ounted with a Coulter (Hialeah, FL) counter. Data are expressed
HCT-116 and the subline into which a wild-type copy hMLH1 or@s percentages of untreated controls (meaSE of 3 different
chromosome 3 was introduced by microcell fusion (HCT-&63) €xperiments done in quintuplicate).
were obtained from Dr. G. Marra (University of Zurich, Zurich, The effect of ET-743 on the AA8 parental cell line and on the
Switzerland). Both cell lines were maintained in Iscove’s modifiedV-sensitive DNA repair—deficient cell lines was evaluated by a
Dulbecco medium (Sigma, St. Louis, MO), supplemented with 130andard clonogenic assay. Exponentially growing cells were
mM L-glutamine and 10% FCS. The chromosome-complemented dedlated with ET-743 for 24 hr; at the end of treatment, cells were
line was grown in medium containing 4Q0g/ml G418 (Sigma). washed in PBS and plated (300 cells) in 30 mm tissue culture
Experiments were performed in medium without G418. dishes supplemented with 3 ml fresh medium. Colonies were
ET-743 (Pharma Mar, Tres Cantos, Spain) stock solution wagowed to grow for 8 to 10 days. HCT-116 cells were seeded at
made in ethanol and stored at —20°C, and further dilutions wetg5 cells/ml in 6-well Petri dishes and, after 48 hr, treated with
done in medium just before use. Wortmannin and camptothec¢kprtmannin (35.5.M) for 2 hr; then, different concentrations of -
(Sigma) were stored in DMSO at —20°C and diluted in mediufaT-743 were added to the wells; after 1 hr, cells were washed in

immediately before use. warm PBS and wortmannin-containing medium or drug-free me-
o dium was added for a further 24 hr, after which cells were washed
Cytotoxicity assays in PBS and drug-free medium was added. Colonies were allowed

The cytotoxic effect of ET-743 and camptothecin on the diffeito form for 8 to 10 days. All colonies were stained with 1% crystal
ent yeast strains, pre-grown in liquid YPD medium, was evaluategblet solution and counted using the Entry Level image system
by spotting 2Qul aliquots of serially diluted cell cultures in treated(Immagini & Computer; Bareggio, Milan, Italy). A background
(camptothecin and ET-743) or untreated plates. Cell viability wa®rrection was made, and the smallest control cell colony was
scored after 3 days at 28°C. taken as the minimum for setting the cut-off point.

The effect of ET-743 on MO59K and MO59J glioblastoma ET-743 IG, values were obtained by interpolation of the dose-
cells, on IARC1663 and AT11 lymphoblastoid cells and on C3P¥esponse curves in the different cell lines.
and XP25RO fibroblasts was evaluated by a standard growth- ) ) )
inhibition test. Briefly, exponentially growing cells were treated’rotein extraction and Western blotting analysis
for 2 hr (C3PV and XP25RO cells) or 24 hr (MO59K, MO59J, Proteins were extracted from exponentially growing cells ac-
IARC1663 and AT11 cells) with different concentrations of ET-€ording to procedures described previousifror each sample, 40

Dilution 1 o1 102 103 104 1 10" 102 10° 10
factor

Dilution 10" 102 103 10 1 10" 10% 103 10%

factor

WT
Arad52

Atopl

1uM ET-743 10uM ET-743

Ficure 1 - Cytotoxic activity of ET-743 and camptothecin on K699 (wild-type, WT), CY2§2Rad 52)and CY2278(Atopl) strains,
assessed as described in Material and Methods.
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ng of protein were electrophoresed by 10% SDS-PAGE ar8ifold increase in its G, value compared to the AA8 parental cell
transferred to a nitrocellulose filter. Filters were hybridized witfine. On the contrary, DDP, a cross-linking alkylating agent, and
antibodies against ERCC1 (kindly provided by Dr. R.D. Woodallimustine, a minor groove—alkylating agent, showed enhanced
Imperial Cancer Research Fund, London, UK) and actin (fromctivity in the same cell lines compared to the parental cell line. In
Santa Cruz Biotechnologies, Santa Cruz, CA), which were subd¢v96, DDP and tallimustine were, respectively, approximately 75
quently detected with the ECL system (Amersham, Aylesburgnd 2 times more active than in the parental AA8 cell line.

UK). To define better the role of NER in the recognition and/or repair
of DNA lesions induced by ET-743, we restored NER activity in
RESULTS the UV96 cell lines by transfecting the humBRCC1gene. Two
. . clones were selected, ERA2 and ERADS, respectively, transfected

Effect of ET-743 on yeast lacking a functional with a pCMV empty vector and a pCMV-ERCCL1 vector. ERAS,
DNA-topoisomerase | gene which over-expresses ERCC1 protein (Fif) vas less sensitive

The cytotoxic effect of ET-743 was evaluated in yeast carrying DDP treatment than the UV96 cell lines, with a sensitivity
a deletion of the DNA-topoisomeras€lOPI) gene. As shown in similar to that observed in the AA8 parental cell line (data not
Figure 1, ET-743 (1QM) was clearly equally cytotoxic on wild- shown). Restoration of NER activity sensitized cells to ET-743 at
type andTOPI-deletion yeast strains. On the contrary, in the samglevel comparable to that observed in AA8 cell lines (Fig. 2s
experimental condition, a typical topoisomerase | inhibitor, camexpected, ERA2 displayed sensitivity to ET-743 treatment similar
tothecin, was much less active on fi@Pl-deletion strain than on to that of UV96.

the wild-type strain. Conversely, cells carrying a deletion in the 14 fyrther corroborate these data, we tested the cytotoxic activ-
RADS2gene, which impairs recombinational repair, showed efyy of ET-743 in human fibroblasts from patients suffering from
hanced sensitivity to both ET-743 and camptothecin. XPA and normal control fibroblasts. Again, ET-743 was signifi-
cantly less active < 0.01) in XPA fibroblasts compared to

Effect of ET-743 on nucleotide excision repair (NER)-prof|C|entnormal fibroblasts (Fig. 3).

and NER-deficient cell lines
The cytotoxic effect of ET-743 was evaluated in 3 UV-sensitivE&ffect of ET-743 on mismatch repair (MMR)—proficient and

strains derived from CHO-AAS8 cell lines: one lacking a functionaMMR-deficient cell lines

ERCC3/XPBgene (UV23), one lacking a functionBERCC1lgene  The cytotoxic activity of ET-743 was evaluated in HCT-116

(UV96) and one lacking a functionBRCC6/CSBjene (UV61) by cells and HCT-116chr-3 cells, a subline obtained after chromo-

a standard clonogenic assay. some 3 transfer, respectively deficient and proficient in MMR. No
As shown in Table |, ET-743 was surprisingly less active in atifference in the ET-743 cytotoxic profile was observed between

UV-sensitive NER-deficient cell lines, with a statistically 2- tahe 2 lines (data not shown), with Jgvalues of 0.15+ 0.03 and

TABLE | —IC5q VALUES OF ET-743 AND OTHER ALKYLATING AGENTS IN CHO NER-PROFICIENT (AA8) AND
NER-DEFICIENT (UV23, UV61 AND UV96) CELL LINES

Cell lines
Drug
AA8 uv23 uvel uvoe
ET-743 (nM) 0.82+ 0.15 5.4+ 1.3 (6.5) 2.02+0.42(25) 6.9+ 2.5 (8.4)
DDP (uM) 42+ 2 10+ 28(0.23) 8+3%(0.19)  0.56=+ 0.13(0.013)

Tallimustine @M) 503+ 27 381+ 14%(0.76) 490+ 41(0.97) 258+ 27°(0.51)

1Each value is the meah SE of at least 3 experiments. Numbers in parentheses represent fold increase
in resistance compared to the parental cell line, AA8.< 0.05.p < 0.01.
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Ficure 2 —(a) Survival curves of AA8 (squares), UV96 (diamonds), ERA2 (triangles) and ERA5 (circles) after treatment with EB)743.
Western blot analysis of the different clones. Protein extracts were obtained from exponentially growing cells, and blots were hybridized with
antibody recognizing human ERCCL1 and actin.
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0.16 = 0.01 nM in HCT-116 and HCT-116chr3 cells, respec- specificity toward DNA-PK, at doses able to completely inhibit
tively. DNA-PK activity,!3 before ET-743 treatment. A clear shift to the
- - left of the dose-response curve was observed in cells treated with

Effect of ET-743 on DNA-PK-proficient and -deficient systems yo combjination of [\)Nortmannin and ET-743 compared to ET-743
MO59K and MO59J are glioblastoma cell lines derived from thgeatment alone, with a 2-fold decrease ind®alue (Fig. &).

same patient characterized, respectively, by the presence or ab-

sence of the DNA-PK catalytic subunit. As shown in Figure Z&ffect of ET-743 on ataxia telangiectasia—_mutated (ATM)

MO59J cells were much more sensitive to ET-743 treatment thaell lines

MOS59K cells, with a 5-fold decrease in ET-743 JCvalues  To understand the role, if any, of the ATM gene in the mech-

(0.041* 0.004vs.0.2 = 0.02 nM) p < 0.05). anism of action of ET-743, we compared its cytotoxic effect in
To better evaluate the role of DNA-PK in the cellular responsgmphoblastoid cell lines carrying a normal or mutated ATM gene.

to ET-743, HCT-116 cells were pre-treated with wortmannin, ATM-defective cells were statisticallyp(< 0.05) more sensitive to

well-known inhibitor of the PI3-kinase family with some degree oET-743 treatment than wild-type ATM cells (Fig. 5).

DISCUSSION

120

Our studies were designed to clarify the mechanism of action of
ET-743 using cellular systems with well-defined defects in differ-
ent repair pathways.

ET-743 induces DNA-topoisomerase | cross-linking, though
only at very high concentratiori8.However, our finding that cell
survival in the presence of 0M ET-743 is not affected by the
presence of a functiondlOPI gene indicate that DNA-topoisom-
erase | is not the primary target of ET-743.

ET-743 binds in the minor groove of DNA and alkylates the N2
of guanine, butin comparison to the other minor groove—alkylating
agents, such as CC1065 or tallimustine, which covalently bind to
N3 of adenine in AT-rich regions and bend DNA into the minor
groove, ET-743 hinds in GC-rich regions and bends DNA into the
major groove? These differences in DNA bending and direction-
ality have been suggested to be responsible for the different
anti-tumor activity and toxicity observed between these 2 classes
of compound. CHO mutant cell lines with specific defects in NER
mechanisms have been shown to be useful for investigating the

% of controls

20 Y T T T | mechanisms of action of anti-cancer agéritndeed, they display
0 25 5 75 10 12.5 unusually high sensitivity to cross-linking agents such as DDP and
melphalan and slight but statistically significantly increased sen-
ET-743 nM sitivity (2-fold) to the minor groove alkylators tallimustine and

CC1065% On the contrary, our results show decreased sensitivity

Ficure 3— Cell growth inhibition of normal fibroblasts (squares)(2- to 8-fold) in NER-deficient hamster systenesd(., the CHO-
and fibroblasts from patients suffering from XPA (diamonds) aftédV-sensitive NER-deficient cell lines) and in a human NER-

treatment with ET-743. deficient system (fibroblasts of patients suffering from XPA).
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Ficure 4 —(a) Survival curves of MO59K (DNA-PK—proficient glioblastoma cell line) (squares) and MO59J (DNA-PK-deficient glioblas-
toma cell line) (diamonds) after treatment with ET-748) Survival curves of HCT-116 cells after treatment with ET-743 in the absence
(squares) or presence (diamonds) of wortmannin. Experimental conditions detailed in Material and Methods.
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125+ consistent with the former hypothesis. However, it is possible that
the ET-743-induced changes in DNA structure modify the recog-
nition by proteins involved in NER. In this regard, ET-743 is able
not only to block then vitro interaction of the transcription factor

100 NF-Y with its cognate binding sité but also to affect the regula-

tion of transcription by inhibiting the normal formation of com-
plexes between NF-Y and the CAAT béX.

A defect in DNA-PK activity causes sensitivity to ionizing
radiatior?® and to alkylating agents, such as chloramb@gih
relation to a defect in repairing DNA double-strand bre#&ks.
Although we were unable to detect any single- or double-strand
breaks by alkaline elution in cells treated with cytotoxic ET-743
concentration8,our results show a 2-fold increased sensitivity
in cells lacking DNA-PK activity compared to DNA-PK—pro-
ficient cells. Moreover, in an experimental setting in which
DNA-PK activity was almost completely blocked by wortman-
nin treatment, a 2-fold decrease in the ET-743J@alue was
observed. This increased sensitivity to ET-743 in a system
lacking functional DNA-PK activity might be related to the role
0 of DNA-PK systems in DNA damage-signaling pathways.

DNA-PK is a member of the PI3-kinase family; and together

754 ¢

% of controls

25

0 1 2 3 4 5 with other members of the same family, such as ATM (the
protein deficient in the human neurodegenerative and cancer
ET-743 nM predisposition condition ataxia telangiectasia) and the human

AT-related (ATR/FRAP-related) protein, it has been implicated
Ficure 5-— Survival curves of the lymphoblastoid cell linesin controlling transcription, the cell cycle and/or genomic in-
IARC1663 (ATM* cells) (squares) and AT-11 (ATMcells) (dia  stability in organisms ranging from yeast to humaass
monds) after treatment with ET-743. DNA-PK has been implicated in the DNA damage signal-
transduction pathway, being able to phosphorylatevitro
. 536 andin vivo Replication protein A7 A similar degree of
Although we do not have a clear-cut explanation for these res“'%T-MS-increased sensitivity (2-fold) has been observed in
the cause might be analogous to what has been proposed for MM\ nyll cells. Although it is well documented that ATM
deficiency in resistance to some anti-cancer agewetsthe resis- Célls are hypersensitive tg-radiation and some anti-tumor

tance to DNA-damaging agents, mainly methylating agents a | in. DDP ; Il inhibi-
DDP in MMR-deficient cell line¥-17is associated with the futile tg ents, e.g., bleomycin, and topoisomerase Il inhibi

cycles that attempt to repair the base-pairing DNA anomali
induced by these agents. Such repair is, however, directed to
newly synthesized DNA strand, leaving the lesions on the paren
strand unexcised, resulting in the formation of gaps and breaks t
ultimately induce cell death. NER-deficient cell lines would b
more resistant to ET-743 treatment because they are unable
recognize and process the DNA damage induced by the drug a ; . ;
thertgfore, are rfble to survive. On the gontrary, in NyER-profigie ¢fieckpoint and repair); this would account for the enhanced
cells, the recognition and processing of ET-743-induced DNAENStivity observed in ATcells. .
damage would activate death signals. Restoring NER activity by The unusual pattern of sensitivity to ET-743 observed in cells
transfection of theERCC1gene in UV96 cells, which lack a defective in NER emphasizes the fact that ET-743 represents a
functional ERCC1, indeed sensitized cells to ET-743. The fact thagw class of anti-cancer agent able to interact with DNA in a way
ET-743 adducts are recognized and incised by the UvrABC repdlifferent from that observed with other alkylating agents, and this
proteins, though with an unexpected pattern of recognition andraght justify its striking anti-tumor activity in pre-clinical models
higher degree of incision observed in the DNA sequences wealkdgd in clinical trials against tumors that are not sensitive to the
reactive toward ET-743 than the highly reactive sequektés, available DNA-interacting anti-cancer drugs.

ors28-30the exact mechanims underlying these enhanced sen-

Rivities (specific defect in some DNA-repair pathways or
ects in checkpoints) remain under study. Indeed, the role of
M as a central signaling protein in the cellular response to
A damage and the connection between its checkpoint func-

ion and DNA repair are just beginning to be understood. It
ght well be that ET-743 interferes with both roles of ATM

REFERENCES

1. lzbicka E, Lawrence R, Raymond E, Eckhardt G, Faircloth G, Jimeno
J, et al. In vitro anti-tumor activity of the novel marine agent, ectein-
ascidin-743 (ET-743, NSC-648766) against human tumors explanted
from patients. Ann Oncol 1998;9:981-7.

2. Jimeno JM, Faircloth G, Cameron L, Meely K, Vega E, Gomez A, et
al. Progress in the acquisition of new marine-derived anti-cancer
compounds: development of ecteinascidin-743 (ET-743). Drugs Fut
1996;21:1155-65.

3. Valoti G, Nicoletti MI, Pellegrino A, Jimeno J, Hendriks H, D’Incalci
M, et al. Ecteinascidin-743, a new marine natural product with poteﬁt
anti-tumor activity on human ovarian carcinoma xenografts. Clift"
Cancer Res 1998;4:1977—-83.

4. Cvitkovic E, Riofrio M, Goldwasser F, Delaloge S, Taamma A
Beijnen J, et al. Final results of a phase | study of ecteinascidin-783
(ET-743) 24 hours (h) continous infusion (Cl) in advanced solid
tumors (AST) patients (pts) [abstract]. Proc ASCO 1999;18:180a.

5. Ryan DP, Supko JG, Eder JP, Lu H, Chabner B, Roper K, et al. 20.

phase | and pharmacokinetic trial of ecteinascidin-743 (ET-743) ad-

ministered as a 72 hours continuous infusion [abstract]. Proc ASCO
1999;18:188a.

Moore I, Seaman FC, Hurley LH. NMR-based model of an ectein-
ascidin 743-DNA adduct. J Am Chem Soc 1997;119:5475-6.
Pommier Y, Kohlhagen G, Bailly C, Waring M, Mazumder A. DNA
sequence- and structure-selective alkylation of guanine N2 in the
DNA minor groove by ecteinascidin 743, a potent anti-tumor com-
pound from the Caribbean tunicate Ecteinascidia turbinata. Biochem-
istry 1996;35:13303-9.

Zewail-Foote M, Hurley LH. Molecular approaches to achieving
control of gene expression by drug intervention at the transcriptional
level. Anticancer Drug Des 1999;14:1-9.

Erba E, Bergamaschi D, Bassano L, Damia G, Ronzoni S, Faircloth
GT, et al. Ecteinascidin-743 (ET-743), a natural marine compound,
with unigue mechanism of action. Eur J Cancer 2000;37:97-105.
Takebayashi Y, Pourquier P, Yoshida A, Kohlhagen G, Pommier Y.
Poisoning of human DNA topoisomerase | by ecteinascidin 743, an



588

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

DAMIA ET AL.

anti-cancer drug that selectively alkylates DNA in the minor groove21.

Proc Natl Acad Sci USA 1999;96:7196—-201.
Thompson LH, Salazar EP, Brookman KW, Collins CC, Stewart SA,

Busch DB. Recent progress with the DNA repair mutants of Chineg2.

hamster ovary cells. J Cell Sci 1987;6:97-110.

Sambrook J, Fritsch EF, Maniatis T. Molecular cloning: a laboratory
manual. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory
Press, 1989.
Damia G, Filiberti L, Vikhanskaya F, Carrassa L, Taya Y, D’Incalci

M, et al. Cisplatinum and Taxol induce different patterns of p524.

phosphorylation. Neoplasia 2000. (In press).
Damia G, Imperatori L, Stefanini M, D’Incalci M. Sensitivity of CHO

mutant cell lines with specific defects in nucleotide excision repair t85.

different anti-cancer agents. Int J Cancer 1996;66:779—83.

Fink D, Aebi S, Howell SB. The role of DNA mismatch repair in drug26.

resistance. Clin Cancer Res 1998;4:1-6.

Fink D, Zheng H, Nebel S, Norris PS, Aebi S, Lin TP, et al. In vitro
and in vivo resistance to cisplatin in cells that have lost DNA mis-
match repair. Cancer Res 1997;57:1841-5.

Moreland NJ, llland M, Kim YT, Paul J, Brown R. Modulation of
drug resistance mediated by loss of mismatch repair by the DNA
polymerase inhibitor aphidicolin. EMBO J 1999;59:2102—6.

Zewail-Foote M, Hurley LH. Differential recognition of minor groove 28.

Et 743-DNA adducts by UvrABC nuclease [abstract]. Proc AACR-
NCI-EORTC International Conference 123, Washington D.C., No-
vember 16-19, 1999.

Bonfanti M, La Valle E, Fernandez Sousa Faro JM, Faircloth @9.

Caretti G, D’'Incalci M. Effect of ecteinascidin-743 on the interaction
between DNA binding proteins and DNA. Anticancer Drug Des
1999;14:179-86.

Minuzzo M, Marchini S, Broggini M, Faircloth GT, D’Incalci M, 30.

Mantovani R. Interference of transcriptional activation by the anti-
neoplastic drug ET-743. Proc Natl Acad Sci USA 2000;97:6780—4.

23.

27.

Zdzienicka MZ. Mammalian mutants defective in the response to
ionizing radiation-induced DNA damage. Mutat Res 1995;336:203—
13 (1995).

Christodoulopoulos G, Muller C, Salles B, Kazmi R, Panasci L.
Potentiation of chlorambucil cytotoxicity in B-cell chronic lympho-
cytic leukemia by inhibition of DNA-dependent protein kinase activ-
ity using wortmannin. Cancer Res 1998;58:1789-92.

Smith GC, Jackson SP. The DNA-dependent protein kinase. Genes
Dev 1999;13:916-34.

Jeggo PA, Carr AM, Lehmann AR. Splitting the ATM: distinct repair
and checkpoint defects in ataxia-telangiectasia. Trends Genet 1998;
14:312-6.

Morgan SE, Kastan MB. p53 and ATM: cell cycle, cell death, and
cancer. Adv Cancer Res 1997;71:1-25.

Lees-Miller SP, Sakaguchi K, Ullrich SJ, Appella E. Human DNA-
activated protein kinase phosphorylates serines 15 and 37 in the
amino-terminal transactivation domain of human p53. Mol Cell Biol
1992;12:5041-9.

Shao RG, Cao CX, Zhang H, Kohn KW, Wold MS, Pommier Y.
Replication-mediated DNA damage by camptothecin induces phos-
phorylation of RPA by DNA-dependent protein kinase and dissociates
RPA:DNA-PK complexes. EMBO J 1999;18:1397—-406.

Fantini C, Vernole P, Tedeschi B, Caporossi D. Sister chromatid
exchanges and DNA topoisomerase |l inhibitors: effect of low con-
centrations of etoposide (VP-16) in ataxia telangiectasia lymphoblas-
toid cell lines. Mutat Res 1998;412:1-7.

MacLeod RA, Buchheim T, Kaufmann M, Drexler HG. Chromosomal
breakage correlates with delayed lethality in normal and ataxia telan-
giectasia cell lines treated with bleomycin. Mutat Res 1996;372:33—
42

ZHang N, Song Q, Lu H, Lavin MF. Induction of p53 and increased
sensitivity to cisplatin in ataxia-telangiectasia cells. Oncogene 1996;
13:655-9.



	MATERIAL AND METHODS
	FIGURE 1

	RESULTS
	TABLE I
	FIGURE 2
	FIGURE 3

	DISCUSSION
	FIGURE 4
	FIGURE 5

	REFERENCES

