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FISH analysis revealed amplifications of genes in both BDII rat model
for endometrial adenocarcinomas and human type I endometrial
tumors
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Endometrial cancer is ranked fourth among invasive tumors in women.
In Sweden, approximately 1300 women, i.e. 27 per 100,000 women, are
diagnosed annually. Gene amplification is an important factor in tumor
progression and is often correlated to progressive tumor growth and
poor prognosis. Identification and characterization of genes involved in
amplification can provide valuable molecular tools for prognosis and therapy
of cancer. Investigations in the BDII rat model for hormone-dependent
endometrial adenocarcinomas (EAC) led to the identification of several
amplified genes on rat chromosome 4 (RNO4) and RNO6. Cdk6 and Met
were situated at the peaks of two amplified regions on RNO4 and MycN was
the most likely target gene on RNO6. Previous CGH analysis of 13 human
type I EAC tumors showed recurrent gains in human chromosome (HSA)
7q21-q31 and 2p21-p25 in this material. These regions are homologous to
the above-mentioned amplified segments in the rat model. In the present
work, 15 cancer-related genes were selected as candidate targets for
gene amplifications; 12 located in the HSA2 segment (RRM2, ODC1,
DDX1, MYCN, SDC1, POMC, GCKR, PPP1CB, XDH, CYP1B1, SLC8A1
and PRKCE) and three in the region on HSA7 (CDK6, TAC1 and MET).
Gene-specific PAC and BAC clones were obtained and used as probes for
FISH hybridization on tissue imprints from 13 frozen human EAC tumors.
We found clear evidence of amplification, 11 tumors showed aberrations
in either region, and only two tumors showed a normal genotype. All
15 genes showed amplification in at least two tumors; in fact 14 of 15
genes were found to be amplified in 50−75% of the tumors. SDC1 was
most frequently showing amplification/gain among those genes located
on HSA2p, whereas on HSA7q all three genes showed amplification in
75−88% of the tumors. Our results are an indication that specific findings
from genetically defined rodent cancer models, at least in some cases,
may give guidance with respect to which genes are involved in molecular
changes in the corresponding human tumors.
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Molecular determinants of radiation response modulation by
TNF-related apoptosis inducing ligand (TRAIL): Role of the
pro-apoptotic Bcl-2 protein Bak
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Background: TRAIL is a promising agent for targeted therapies in
combination with ionizing radiation (IR). Own experiments revealed
increased efficacy of combined treatment in which the combination
effect depended on an intact death-receptor-regulated apoptosis signaling
pathway. Aim of the present work was to analyze the importance of
the proapoptotic Bcl-2 protein Bak for efficacy of combined treatment
(TRAIL+IR).
Methods: Efficacy of IR (2.5−10Gy), TRAIL (2−10 ng/ml) and the
combination was tested in a Jurkat T-Lymphoma model (Bax-negative, p53-
negative). Cell lines with (Jurkat Bak-positive) and without expression of
Bak (Jurkat Bak-negative) were used to define the role of the proapoptotic
protein Bak for either treatment. Apoptosis induction and cell cycle
distribution were quantified by FACS-analysis (mitochondrial membrane
potential, DNA-content). Caspase-activation was tested by Western Blot
analysis.
Results: IR-induced apoptosis turned out to be clearly dependent on Bak-
expression: while 45% of Bak-positive cells underwent apoptosis after 24 h
increasing to 70% after 72 h, Bak-negative cells showed only 2% apoptosis
after 24 h and 40% after 72 h. In contrast, TRAIL induced comparable
rates of apoptosis within 24 h in Bak-positive and Bak-negative cells. At
later time points apoptosis levels even further increased in Bak-negative
cells. The kinetics of apoptosis induction reflected the kinetics of treatment-
induced accumulation of cells in the G2/M phase of cell cycle: after IR Bak-
negative cells showed a massively enhanced arrest in G2/M compared
to Bak-positive cells. The time dependent increase in apoptosis levels
corresponded in both cell lines to the decrease in G2/M. TRAIL itself
however had no influence on cell cycle distribution.
In both cell lines IR improved TRAIL efficacy in a time-dependent manner.
However, while in Bak-positive cells a clear combination effect could already
be noted after 24 h, this outcome was only achieved after 48−72 h in Bak-
negative cells. At that time point the initial resistance (24h) towards IR was
nearly balanced by the excellent effect of TRAIL.

Conclusions: While the proapoptotic effect of IR in Jurkat cells is clearly
dependent on Bak, the combination with TRAIL is suited to overcome Bak-
related treatment resistance at least at prolonged incubation times. This
may be due to the abrogation of the IR-induced arrest of cells in the G2/M
phase of cell cycle in the presence of TRAIL and/or the strong efficacy of
TRAIL.
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Patupilone, the novel microtubule stabilizer (MTS), retains activity
against human colon tumour cells over-expressing P-gp in vitro and
in vivo; comparison with other MTS
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Purpose: Evaluation of the potency in vitro, anti-cancer activity in vivo and
pharmacokinetics (PK) of the microtubule stabilizer (MTS) patupilone in
nude mice bearing human tumor cells with low and high expression of the
P-gp drug efflux pump.
Experimental design: The potency in vitro of patupilone and two other
MTS, paclitaxel and ixabepilone, was determined using human colon
carcinoma cell lines with low (HCT-116, HT29, RKO) and high (HCT-15)
P-gp expression, as well as two multi-drug resistance models (MCF7/ADR
and KB-8511 cells and their drug-sensitive parental counterparts). Using
HCT-15, HCT-116 and HT29 carcinoma cells to establish subcutaneous
tumor xenografts in nude mice, the pharmacokinetics (PK) of patupilone
was investigated in small and large tumors, and its activity in vivo was
compared to that of paclitaxel.
Results: Patupilone was highly potent in vitro against the colon carcinoma
cell lines (median IC50 of 0.36 nM) and retained activity against HCT-15
cells (IC50 of 0.36 nM) as well as the the two multi-drug-resistant cell
line pairs (resistance factor, RF of 0.8−2.4). In contrast, paclitaxel and
ixabepilone displayed significantly reduced activity on HCT-15 cells (IC50 of
324 and 110 nM, respectively) as well as markedly increased RFs of 274–
1630 and 47–685, respectively, in the two multi-drug resistance models. A
single i.v. bolus injection of patupilone (1.5−4mg/kg) was rapidly distributed
from the plasma to all tissues and was slowly eliminated from muscle,
liver and small intestine but showed even longer retention in tumor and
brain with no apparent elimination over 24 hr. Patupilone showed significant
activity against all tumor models, unlike paclitaxel, which only had activity
against the low P-gp expressing tumors. In HT-29 tumors, patupilone
activity and retention was independent of tumor size, despite the fact that
non-invasive dynamic-contrast-enhanced MRI showed that large tumors
(500mm3 versus 100mm3 for small) had significantly reduced tumor blood
volume and blood flow.
Conclusions: The high potency of patupilone both in vivo and in vitro
which was unaffected by P-gp expression levels, together with a favorable
PK profile, suggest that this novel MTS could show significant activity in
colorectal cancer and other indications where high P-gp expression may
compromise taxane activity.
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The transcriptional regulator gene E2 of the human papillomavirus
(HPV) 16 influences the radiosensitivity of cervical keratinocytes
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Introduction: Integration HPV into the host genome is a key event in
cervical neoplastic progression. Integration is associated with deregulated
expression of the viral oncogenes E6 and E7 and a loss of the
transcriptional repressor function of the viral gene E2. There is clinical
evidence that patients with HPV 16 positive cancer of the uterine cervix
with an intact E2 gene have a better prognosis than those with a disrupted
E2 gene. This might be due to a better response to radiation treatment.
Purpose of this study was to investigate the role of the E2 gene for
radiosensitivity of HPV 16 positive cervical keratinocytes using the W12
cell line model.
Method and Material: W12 cell line was derived from a low grade cervical
lesion by Stanley MA et al. 1989, and is unique among HPV16-containing
cell lines in carrying its HPV 16 genome as a multicopy episome. We made
use of a pair of isogenic cell lines, W12 and S12 to compare the difference
of survival after irradiation. W12 cells contain episomal HPV 16 genomes,
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whereas S12 cells, which derived from the W12 line, contain HPV DNA as
integrated copies. E2 gene region was screened by using PCR with three
separate primers covering the whole genome. Cells where irradiated with
singles doses of 0 Gy, 1 Gy, 2 Gy, 3 Gy, 4 Gy, 5 Gy and 7Gy. Clonogenic
survival was analyzed by using the 96-well in vitro test. Survival fraction
and survival curves where calculated using Sigma Plot 8.0. At least three
experiments where performed for each dose point.
Results: The E2 gene of the S12 cells (passage 88–103) was disrupted
in the E2C region. The W12 cells (passage 8−14) with an intact E2 gene
showed a higher radiosensitivity with a radiation enhancement factor of 1.5
(4 Gy).
Conclusion: HPV 16 positive W12 cells with an intact E2 gene showed
a higher intrinsic radiosensitivity compared to those with an disrupted E2
gene. About 30% of patients with cervical cancer have tumors with an intact
E2 gene. Our experiments indicate a better response to radiation treatment
might be factor for their better prognoses.
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Gossypol activates the SAPK/JNK pathway and enhances
radiation-induced apoptosis
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Background: Overexpression of anti-apoptotic members of the Bcl-2
family has been associated with treatment resistance and poor outcome.
Gossypol (GP) is a small molecule inhibitor of Bcl-XL and Bcl-2 and induces
apoptosis in a wide range of tumor cell lines. Here, we tested the effect
of GP on radiation-induced cell death in a panel of human head and
neck cancer (HNSCC) and leukemic cell lines Because activation of the
SAPK/JNK pathway is important for apoptosis induction by other stimuli,
we also investigated the role of this signaling cascade in GP-induced
apoptosis.
Material and Methods: Four types of human HNSCC (UM-SCC-11B, UM-
SCC-22A, UM-SCC-14C, VU-SCC-OE) and 2 leukemic cell lines (Jurkat
T, U937) were treated with increasing doses of GP, radiation and the
combination. Apoptosis was quantified by FACS analysis; SAPK/JNK
activity was measured by Western blot; isobolographic analysis was
performed to characterize the interaction between radiation and GP.
Results: In all cell lines tested, GP induces apoptosis in a time-
and dose-dependent fashion, with ED50 values in the uM range. Like
radiation, GP rapidly activates SAPK/JNK which can be blocked by the
kinase inhibitor SP600125. To demonstrate the critical role of SAPK/JNK
activation in GP-induced apoptosis, U937 cells stably expressing the
dominant negative mutant of c-Jun, TAM-67, were used. In these U937-
TAM-67 cells both radiation- and GP-induced apoptosis was significantly
reduced as compared to vector-only controls. By combining radiation
and GP, in particular radiation given 24 hours before GP, apoptosis
was strongly enhanced. Isobolographic analysis revealed a synergistic
interaction between both stimuli.
Conclusion: GP strongly enhances radiation-induced apoptosis in human
HNSCC and leukemic cells. Our studies also indicate a requirement of the
SAPK/JNK pathway in this response. This type of apoptosis modulation
may lead to the development of new effective combination therapies.
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HER2 polymorphism is associated with gastric cancer risk
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Introduction: Gastric adenocarcinoma (GC) is a major public health
problem worldwide. In Portugal, GC represents a sixth of all cancer related
deaths, with twice the average mortality of European Union. Several host
genetic variations have been regarded as potential risk markers for this
neoplasia. The Human Epidermal growth factor Receptor-2 (HER2) plays

an important role in cell differentiation and proliferation, being associated
with cancer evolution. A single-nucleotide polymorphism in the HER2 gene
(Ile – Val) was described. The aim of this study was to evaluate the role of
this polymorphism in the development of GC within a southern European
population.
Materials and Methods: We conducted a case-control study on 484
individuals, including 162 patients with histological confirmed GC and 322
healthy blood donors from the same geographical area as the cases.
DNA extracted from peripheral blood was submitted to Polymerase Chain
Reaction (PCR) followed by Restriction Fragment Length Polymorphism
(RFLP), in order to identify the possible HER2 genotypes; Ile/Ile, Ile/Val
and Val/Val. The restriction fragments were analyzed in a 3% agarose gel,
stained with ethidium bromide.
Results: We found that the frequency of the Ile/Val genotype was higher in
gastric cases (36.4%) than in controls (30.1%), and the same was observed
with the Val/Val genotype (4.9% and 2.2%, respectively). A twofold increase
in the risk of gastric cancer was found among carriers of Ile/Val and Val/Val
genotypes (OR adjusted to age = 2.04; 95% CI: 1.18−3.52; p = 0.011). This
risk was even higher when we analyzed only female individuals (adjusted
OR = 3.18; 95% CI: 1.44−7.00; p = 0.004). Moreover, we observed that the
median time-to-onset of gastric cancer was shorter in the patients carrying
the Val allele (63.6 vs 71.6 months for all patients; p = 0.011; and 64.9 vs
78.9 months for women; p = 0.004).
Conclusions: Our results indicate an association between the presence
of the Val allele in the HER2 polymorphism and the risk of gastric cancer.
Studies hypothesize that the presence of this allele has been implicated
in the formation of active HER2 receptors, leading to enhanced signal
transduction activation, which may therefore trigger carcinogenesis. In
this study, the risk of gastric cancer was even higher in women, and an
association between HER2 and estrogen has been extensively studied.
Further studies are needed to elucidate this association.
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Expression of intratumoral lactate dehydrogenase 5 (LDH5) and
expression of biomarkers for angiogenesis and hypoxia are linked in
patients with colorectal cancer (CRC)
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Background: Results from two Phase III randomized clinical trials in 1st
line (CONFIRM 1) and 2nd line (CONFIRM 2) metastatic CRC indicated
that PTK787/ZK222584 (PTK/ZK), an oral tyrosine kinase inhibitor (TKI)
which blocks all known VEGF receptors (VEGFR), demonstrated greatest
efficacy in patients (pts) with high baseline serum lactate dehydrogenase
(LDH) levels (>1.5 ULN). To better understand the relationship between
angiogenesis, tumor hypoxia and acidosis, we investigated whether CRC
pts with high levels of tumor LDH5 would also have increased expression of
proteins linked to tumor-cell hypoxia [hypoxia inducible factors: HIF-1 alpha
(a), and -2a] dehydrogenase kinase (PDHK) and angiogenesis [VEGFA;
phosphorylated VEGFR2 (pKDR)], as well as acidity [carbonic anhydrase
9 (CA9)]. We also assessed vessel density (VD).
Methods: Using a nominal scoring system, we will conduct an immunohis-
tochemical analysis of tissue-sections of primary or metastatic tumor taken
from over 100 participants of the CONFIRM 1 and 2 trials. A measure of
association between the scores for protein-expression will be estimated
by the phi-coefficient (correlation coefficient) and assessed by means of
p-values from pairwise Fisher’s exact test (two-sided).
Results: An earlier analysis of 42 tissue samples revealed associations
between the expression levels of LDH5 and the following proteins:
pKDR (Phi = 0.53; p < 0.001), VEGF (Phi = 0.41; p = 0.006), VD (Phi = 0.34;
p = 0.052), HIF-1alpha (Phi = 0.56; p < 0.001), and PDHK (Phi = 0.58;
p = 0.0014). HIF-1a was associated with pKDR (Phi = 0.38; p = 0.027),
VD (Phi = 0.34; p = 0.045), and VEGFA (Phi = 0.33; p = 0.067) expression.
VEGFA was associated with PDHK (Phi = 0.52; p = 0.035). These results
will be updated using data derived from over 100 samples.
Conclusions: Tumor samples from mCRC patients with high levels of
intratumoral protein expression of LDH5 also demonstrated elevated HIF-
1a, pKDR, VEGFA, PDHK expression and VD. The results suggested a
link between tumor hypoxia and angiogenesis, and demonstrate elevated
LDH protein expression may serve as a surrogate marker for an activated


