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Intraspecies hybrids of the sensitive and resistant KB cells (single step:
KCPS5 resistant to 0.5 mg/mL of cisplatin, two steps: KCP1 resistant to 1
mg/mL of cisplatin) were fused with D98OR (HAT sensitive, ouabain resis-
tant) to determine whether cisplatin resistance is a dominant or recessive
trait. Cell-cell hybridization between the sensitive cells and single-step or
two-step KB cisplatin resistant cells both indicated codominance of cisplatin
resistance compared to hybrids between sensitive cell lines (D98ORxKB).
The hybrids between sensitive cell lines (D98xKB) and a single-step cis-
platin resistant KB cell line (D98xKCP.5) also were cross-resistant to carbo-
platin. In addition, based on the doubling times of hybrid cells, the relatively
slower growth rate of cisplatin resistant cells appears to be dominant. Pre-
vious work in our lab has found membrane protein mislocalization in the
KB cisplatin resistant cell lines, including intracellular accumulation of fo-
late binding protein (FBP). Confocal microscopy imaging of the D98xKCP.5
hybrids for FBP showed the same mislocalization as the parental cisplatin
resistant cell lines, further indicating that mislocalization of FBP is likely to
be a dominant phenotype linked with cisplatin resistance, consistent with a
molecular defect in inability of cisplatin binding/transport proteins to get to
the cell surface. In the two-step cisplatin resistant KB cell line, KCP1, re-
sistance is no more dominant than in the single-step cisplatin resistant KB
cell line, KCP.5, suggesting that one of the two steps of resistance in KCP1
may not be dominant. These dominance data suggest that it might be pos-
sible to identify a gene or genes responsible for cisplatin resistance by gene
transfer from a resistant cell line in a sensitive cell line.
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Aberrant DNA methylation is one of the hallmarks of tumours. Human can-
cers show altered patterns of CpG island (CGl) methylation at genes in-
volved in essentially every facet of tumour development. We have shown
that CGls associated with genes known to be involved in drug sensitivity,
such as hMLH1, can become methylated in ovarian tumours and that treat-
ment of resistant cells with DNA methyltransferase (DNMT) inhibitors can
sensitise tumour cells to a variety of cytotoxic chemotherapeutic drugs. In
a pilot study we have identified patterns of increased gene methylation,
using array-based differential methylation hybridisation (DMH), which pre-
dict poor progression-free survival in ovarian cancer (Wei et al 2002, Clin.
Cancer Res., in press). Thus, ovarian tumours with such increased CGI
methylation may help define patient populations for combination treatment
of DNMT inhibitors with cytotoxics such as carboplatin. The MCJ gene, a
member of the DNAJ (HSP40) protein superfamily, has been identified as a
target for aberrant methylation and shown to play a role in sensitivity to cis-
platin (Shridhar et al 2001, Cancer Res. 61:4258). We show that expression
of the MCJ gene is lost in 8/10 cisplatin-resistant derivatives of the ovarian
carcinoma cell line A2780. Furthermore, treatment of two of the resistant
cell lines with the DNMT inhibitor 5-azacytidine, resulted in re-expression of
MCJ, suggesting that loss of expression may be due to increased methy-
lation. A CGI was identified beginning 164bp downstream of the transcrip-
tional start site, within the first exon of the MCJ gene. Bisulfite sequencing
of this region in normal ovarian tissue DNA determined that about 50% of
clones were densely methylated and about 50% of clones largely unmethy-
lated. MCJ expressing cell lines revealed a pattern of methylation similar
to normal DNA. However, the cisplatin-resistant, non-expressing, cell lines
exhibited dense methylation of 100% of clones sequenced. These results
suggest that methylation of the intragenic CGl of MCJ can result in loss of
gene expression. Sequencing of this region of the MCJ gene in a cohort of
32 ovarian tumour samples identified a subset of tumours (16%) that ex-
hibited high levels of methylated clones (>90%). Furthermore this identified
a possible link between high levels of MCJ methylation and poor response
to chemotherapy following platinum based chemotherapy in ovarian cancer
patients (p=0.01).
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Preclinical rationale for a combined treatment with
irinotecan and the epidermal growth factor receptor tyrosine
kinase inhibitor (EGFR-TKI) ZD1839 (Iressa) in
irinotecan-refractory human colon cancer
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EGFR over-expression and activation of its intrinsic TK are involved in ma-
lignant transformation, which is commonly associated with poor clinical
prognosis. EGFR targeting agents have shown antiproliferative activity in
clinical trials, eg monoclonal antibody IMC-C225 (cetuximab) in patients
(pts) with irinotecan-refractory colorectal cancer (CRC) [ASCO 2001, abs
7] or small molecule EGFR-TKIs, eg ZD1839 (Iressa), in NSCLC (ASCO
2002, abs 1166, 1188). We investigated the effect of ZD1839 on cellu-
lar determinants of resistance to the active metabolite of irinotecan (SN-
38) in drug-sensitive (HCT-8/wt) and resistant (HCT-8/SN-38) human colon
cancer cells. Co-administration of ZD1839 at non-cytotoxic concentrations
completely restored sensitivity to SN-38 in EGFR-expressing HCT-8/SN-38
cells, both in the presence or absence of EGF (1-100 ng/mL). ZD1839 did
not affect topoisomerase | (Topo I), Topo Il-b and general protein expres-
sion, but we observed a significant time- and dose-dependent downregula-
tion of Topo Il-a protein and inhibition of its enzymatic function, which cor-
responded to a G1-phase block in cell cycle analyses. These results were
confirmed using quantitative RT-PCR. ZD1839 dose-dependently increased
SN-38-mediated induction of protein-linked DNA single-strand breaks (for
10 uM SN-38: 5.1 £+ 0.87% [ICso ZD1839] and 15.9 + 0.44% [4-fold ICsp
ZD1839] vs 2.42 + 0.29% [untreated] [p=0.005 and p<0.0001, respec-
tively]), with no alteration of Topo | protein expression or unwinding activ-
ity of pBR322 plasmid DNA using nuclear extracts of HCT-8/SN-38. Nei-
ther induction of resistance to SN-38 nor the following exposure to ZD1839
showed an influence on EGFR expression, but there was a significant de-
crease in EGFR phosphorylation levels with ZD1839 in specific immunoblot-
ting and immunocytochemical analyses. Cellular pharmacokinetics of the
active SN-38 lactone revealed no significant differences of drug accumu-
lation or retention by ZD1839 using HPLC. Analyses of membrane trans-
porters, EGFR downstream signaling and differential gene expression in
the resistant cell line with or without ZD1839 treatment will be presented. In
conclusion, inhibiting EGFR-TK activation with ZD1839 reverses resistance
to SN-38 in human colon cancer cells. These data support combination
therapy with ZD1839 and irinotecan in patients with CRC that is refractory
to irinotecan-based regimens. Iressa is a trademark of the AstraZeneca
group of companies
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The polymorphic human GSTP1 gene locus encodes proteins that dif-
fer functionally in their metabolism of electrophilic compounds, including a
number of anticancer agents. This study was designed to gain a better in-
sight into the potential role of the GSTP1 genetic polymorphism in the out-
come of cancer chemotherapy. Using a prokaryotic system and GSTP1-null
human tumor cells genetically modified to express each of the GSTP1 alle-
les, we investigated the differential protection conferred by the GSTP1 alle-
les against four anticancer agents, namely, carboplatin, cisplatin, thiotepa,
and 4-hydroperoxyifosfamide (HI). In the prokaryotic system, E. coli were
transformed with expression vectors carrying cDNAs of the GSTP1 alle-
les and the cytoprotective effects examined in a clonogenic survival as-
say. Simultaneously, isogenic variants of the GSTP1-null human medul-
loblastoma cell line, engineered to stably express each of the GSTP1 al-
leles, were examined for altered resistance to cisplatin, and for the level
of cisplatin-induced DNA damage and apoptosis. The results showed all
GSTP1 alleles to be cytoprotective against the anticancer agents. For cis-
platin and carboplatin, the GSTP1xC allele was most protective followed by
GSTP1xB and GSTP1x*A. In contrast, protection against thiotepa was high-
est for GSTP1xA followed by GSTP1«B and GSTP1xC. Protection against
4-Hl was the same for both GSTP1«B and GSTP1xC and higher than
GSTP1xA. In the medulloblastoma cells, the levels of cisplatin-induced DNA
damage and apoptosis were decreased by all three GSTP1 alleles in the or-
der GSTP1+C > GSTP1xB > GSTP1xA the same order as was observed
for the increase in cisplatin resistance. Using HPLC and mass spectral anal-
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ysis, we showed that formation of the mono-glutathionyl platinum metabolite
was catalyzed differentially by the GSTP1 allelic proteins, the highest levels
being with GSTP1xC followed by GSTP1xB and GSTP1xA. These results,
along with the results of molecular docking studies of thiotepa and 4-HI
in the active sites of the GSTP1 allelic proteins, suggest that the GSTP1
alleles differ in their ability to protect cells against electrophilic anticancer
agents, and that this results, at least in part, from differences between
the GSTP1 proteins to metabolize anticancer agents. A GSTP1 genotype-
based differential protection of tumor cells against the cytotoxicity of anti-
cancer agents may thus be an important pharmacogenetic determinant of
clinical response to cancer chemotherapy.
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To improve the curative success of chemotherapy, it will be essential to
understand the molecular basis of drug resistance (DR). The availability
of high-complexity retroviral cDNA libraries enables "large-scale" genetic
screens for DR genes by phenotypic selection following random gene over-
expression. We have developed a cell culture system that enables the
functional cloning of mammalian DR genes by this approach, and here
we show proof of principle of our system using the anticancer drug cis-
platin. Retroviral packaging cells were transfected with a human placenta
retroviral cDNA library, which led to the production of high-titer, replication-
deficient virus containing the unknown cDNAs. Viral supernatant was used
to infect excision repair cross complementation group 1 (ERCC1)-deficient,
and therefore cisplatin-hypersensitive mouse embryonic fibroblast (MEF)
target cells. After selection with cisplatin, 24 primary DR cell clones were
picked and grown separately. To confirm that the DR phenotype resulted
from the expression of an integrated retroviral cDNA insert (provirus), the
primary clones were infected with a wild-type murine Moloney virus to mo-
bilize the proviruses. These proviruses were subsequently produced as in-
fectious particles into the culture medium, which was then used to infect
fresh target cells prior to a second round of cisplatin selection. The cisplatin
resistance of 18 primary DR clones could be confirmed. PCR and subse-
quent sequencing revealed that each of these clones was rescued from
drug-induced cell death by a recurring ERCC1 gene from the cDNA library.
Surprisingly, 9 of these clones contained 5-truncated ERCC1 sequences in
which the reported ATG start codon is absent. The resulting protein, when
encoded from the first subsequent in-frame ATG codon, should be inac-
tive since it lacks the binding domain for the damage recognition protein
XPA that is required for ERCC1 repair activity. Notably, the XPA binding do-
main sequence was present in the truncated cDNAs, and must have been
translated to result in functional ERCC1 protein. We conclude that our cul-
ture system enables phenotypic selection of genes whose expression com-
promises cisplatin-induced cell death. Moreover, translation of 5'-truncated
cDNA inserts can start upstream on the vector sequence, improving the
chances of success using these retroviral cDNA libraries.
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The mTOR inhibitor, CCI-779, restores tamoxifen response in
breast cancer cells with high Akt activity
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The Akt kinase is a serine/threonine protein kinase that has been impli-
cated in mediating a variety of biological responses. Studies show that high
Akt activity in breast carcinoma is associated with a poor pathophenotype
as well as hormone and chemotherapy resistance. Additionally, high Akt
activity is associated with standard markers for a poor outcome progno-
sis. Thus, a chemotherapeutic agent directed specifically towards tumors
with high Akt activity could prove extremely potent in treating those breast
tumors with the most aggressive phenotypes. Several studies have demon-
strated that rapamycin, which inhibits mTOR, a downstream target of Akt,
sensitizes certain resistant cancer cells to chemotherapeutic agents. We
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are currently evaluating the efficacy of mTOR inhibition in the treatment of
tamoxifen-resistant breast carcinoma characterized by high Akt activity. We
found that MCF-7 breast cancer cell lines expressing a constitutively ac-
tive Akt are able to proliferate under reduced estrogen conditions, and are
resistant to the growth inhibitory effects of tamoxifen, both in vitro as well
as in vivo in xenograft models. Co-treatment with rapamycin in vitro, or the
structural analog of rapamycin, CCI-779 (Wyeth-Ayerst) in vivo, restored
sensitivity to tamoxifen. The average TGl of each tumor type with CCI-779
alone, tamoxifen alone, or with the combination of CCI-779 and tamoxifen
is as follows:

Control MCF-7 Tumors Akt MCF-7 Tumors

CCI-779 21% 42%
Tamoxifen 64% 28%
CCI-779 and Tamoxifen 62% 76%

Molecular analyses to determine alterations in signaling transduction path-
ways, apoptotic and proliferative responses are on going. These data cor-
roborate prior findings indicating that Akt activation induces resistance to
tamoxifen in breast cancer cells. Importantly, inhibition of the PIBK/Akt path-
way by CCI-779 restores the susceptibility of these cells to tamoxifen. These
data may have implication for future clinical studies of CCI-779 in breast
cancer cells.
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Cisplatin resistance continues to be a major obstacle in the successful treat-
ment of advanced ovarian cancer. There is a diverse set of mechanisms that
have been shown to play a role in acquired resistance, ranging from cellu-
lar uptake and efflux, intracellular sequestration of cisplatin to differences
in the response and repair pathways induced by DNA damage. The goal of
our study was to use an in vitro model of cisplatin resistance and compare
the expression profiles of four derived, increasingly resistant cell lines to a
common parental sensitive cell line, as well as to compare their response
following cisplatin exposure, using a 15K cDNA microarray. First, we com-
pared the expression profile of the cisplatin sensitive and resistant cell lines
at baseline (prior to drug exposure) and identified genes that showed the
most significant difference. We correlated these findings with two other cell
lines with known intrinsic properties of cisplatin resistance and sensitivity
(SKOV3, OVCAR4). Our results showed 70 genes with significant differ-
ence in expression between the resistant cells and the reference (sensitive)
cell line. One fifth of these genes correlated with the expression pattern
of the other two cell lines with known intrinsic cisplatin resistance. We also
compared the gene expression patterns of the two cell populations following
induction by cisplatin. Using clustering algorithms we identified genes that
appeared to be differentially regulated between the two cell lines. Among
these genes are several known cell cycle regulators, pro-apoptotic genes
and DNA damage repair genes, as well as new potential candidates of
these pathways. Our study provides the expression profile of an in vitro
model of cisplatin resistance before and after cisplatin induction and allows
us to identify genes that could distinguish the sensitive and resistant phe-
notype.
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Novel splice variants in the ABCC1 (multidrug
resistance-associated protein-1) gene in ovarian cancer
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Ovarian cancer strikes more than 23,000 American women annually, with
~14,000annual deaths. While the past decade has brought new under-
standing of theetiology of this disease, treatment advances have not kept
pace, and women stillsuccumb to therapy-resistant disease. While resis-
tance associated withoverexpression of P-glycoprotein (the product of the
ABCB1/MDR1 gene) has beendocumented in breast and other cancers,
this is not usually seen in ovariancancer. Of interest, the expression of the
related gene family member,multidrug resistance-associated protein (Mrp)-
1, the product of the ABCC1/MRP1gene, is more ubiquitous, and while its



