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Drug 10 and A inhibited transcription of HIF-1 downstream target
genes by affecting its transactivation function
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Under the condition of low oxygen level (hypoxia, anoxia), hypoxia
inducible factor-1 (HIF-1) is stabilised and induces transcription of around
100 downstream target genes, many of which play important roles in
tumorigenesis, such as VEGF-1 for angiogenesis, LDH-A and GLUT-1 for
metabolism, and LOX for metastasis. HIF-1 also positively regulates
chemo- and radio-resistance of cancer cells. In clinical studies, HIF-1
expression in tumour biopsies is correlated with poor prognosis. Taken
together, these data suggest that inhibiting HIF-1 transactivation would be
beneficial for cancer therapy.

Previously we generated a HCT116 human cancer cell line, which stably
expresses a firefly luciferase reporter and a renilla luciferase reporter under
the control of a hypoxia response element (HRE) of the LDH-A gene and
general transcription promoter respectively (HCT116dc cell). By using
HCT116dc cells as a high-throughput screening method, we have initially
identified a compound, designated as Drug 10, as a potent HIF-1 inhibitor.
Derivatives of Drug 10 were synthesized for structure-function study, and
Drug 10 and one of its derivatives Drug A, were found to be the most potent
HIF-1 inhibitors among this series of compounds.

To unveil the mechanism of HIF-1 inhibition, further investigation was
carried out. Firstly, to validate the Drugs’ inhibition of HIF-1 transactivation,
mRNA levels of HIF-1 downstream target genes were evaluated in both
HCT116dc and HCT116 wild type (HCT116wt) cells. In anoxia (<0.01% O

2
),

mRNA levels of VEGF-1, LDH-A, and GLUT-1 increased, however these
levels decreased when cells were treated with Drug 10 and A.

Secondly, to examine whether the inhibition was only restricted to
HCT116 cells, HT1080wt cells were transient transfected with HRE-firefly
luciferase reporter using adenovirus, so that HIF-1 transactivation function
can be analysed by evaluating luciferase level, which is normalised by
protein concentration. Drug 10 and Drug A both inhibited induction of firefly
luciferase by anoxia in HT1080wt cells. This indicated that these inhibitors’
effect was not just specific on HCT116 cells.

Thirdly, mRNA and protein levels of HIF-1α in HCT116wt cells were
assayed. The mRNA level of HIF-1α had a substantial level in air and was
not changed by anoxia. Drug 10 and Drug A had no effect on the mRNA
level of HIF-1 in either air or anoxia condition. Besides, Western blot result
showed that anoxia induced HIF-1α protein level however Drug 10 or Drug
A did not decrease it. All of these data suggest that Drug 10 and Drug A
interfered with HIF-1 transactivation but did not affect synthesis or stability
of HIF-1α.

Drug 10 and Drug A were verified as inhibitors of HIF-1 function. They
decreased transcription of HIF-1 downstream target genes induced by
anoxia. This was not through decreasing HIF-1α mRNA or protein levels in
anoxia but affecting on HIF-1 transactivation.
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high-fat diet-induced obesity mice
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Diseases such as Obesity, Type II Diabetes Mellitus and Metabolic
Syndrome are correlated to an elevated predisposition in some types of
cancer, to aggressiveness increase in others and share a common state of
hyperinsulinemia. mTOR signaling pathway is associated with
carcinogenesis and is also the main insulin signaling pathway. However,
the molecular mechanisms involved in the increased aggressiveness of
prostate cancer in obesity needs to be better defined. Here we show the
effects of diet induced obesity on the tumor growth and characterize the
IRS/PI3-kinase/Akt/mTOR pathway in PC-3 and DU145 xenografts on
SCID mice. Our results show that high-fat diet-induced insulin resistant
mice had a larger tumor growth compared to the control group. We also
noticed an increase in IRS-1 phosphorylation, IRS-1/PI3K association, Akt
phosphorylation and mTOR activity in the PC-3 and DU145 xenografts after
acute insulin treatment on the high-fat diet animals, however in these
animals the activation of this signaling pathway was reduced in peripheric
tissues involved in insulin sensitivity (liver and muscle). Our data suggest
that the IRS/PI3-kinase/Akt/mTOR pathway directs the metabolic signals to
tumor growth and that the increase in the activation of this signaling
pathway is involved in the aggressiveness increase of the prostatic tumors
in diet induced obesity.
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Resistance of tumors to chemotherapeutic agents is a common clinical
problem in human cancer. Recently, the blocking of the PI3K signaling
pathway was shown to enhance apoptosis induced by SN-38, an active
form of irinotecan. To gain further insight into the molecular events of the
irinotecan-associated increase in the PI3K signaling pathway, aspirin and
rapamycin were used to modulate this signaling pathway. We herein report
that aspirin is able to further inhibit IRS-1 serine phosphorylation induced
by irinotecan through targeting of JNK and NFkB. Thus, agonist activation
of the IRS-1/PI3K pathway blocked the growth-inhibitory effect of irinotecan
in HT-29 colon cancer xenografts; our data also demonstrate a synergistic
effect of mTOR inhibition and irinotecan on tumor growth. Activation of the
PI3K/Akt/mTOR pathway may, thus, contribute to refractoriness for
treatment with irinotecan.
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Down-regulation of p53 protein expression in lung carcinoma cells
in response to the tyrosine kinase inhibitor gefinitib
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Epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs)
have been shown to produce dramatic responses in a fraction of non-small
cell lung cancer patients. Over the past years, clinical and biological
predictors for TKI sensitivity have been identified. Among clinical features,
never-smoking history seems the most critical factor, probably because of the
different spectrum of molecular abnormalities associated with cigarette
smoking exposure. However, clinical responses to TKI are at best transient
and the general impact of TKI on overall cancer survival is limited. Among
biological predictors, several studies indicate that EGFR mutations and
increased EGFR gene copy number are implicated in response to TKI
therapy, with conflicting results on survival. Second mutations in the EGFR
gene, as well as in K-RAS, impair TKI effects, leading to TKI resistance. In a
previous study, we have observed that p53 function is systematically
disrupted in primary lung carcinomas with EGFR activating mutation. This
inactivation can take place either through TP53 mutation, or through loss of
expression of p14arf, or both. P14arf is a critical regulator of the anti-
proliferative response to excessive or untimely growth stimuli by controlling
the activity of Hdm2, which itself controls p53 stability. These results suggest
that p53 is a rate-limiting factor for cell proliferation induced by activation of
the EGFR, and that cells with a constitutively active receptor must abrogate
p53 function in order to prevent growth suppression or apoptosis. To further
investigate the role of p53 in the cascade of signaling events dowstream of
EGFR, we have investigated the effects of tyrosine kinase inhibitors on p53
expression function in lung cancer celll lines with different TP53 and EGFR
mutation status. We show that inactivation of EGFR kinase with selective
inhibitors significantly reduces p53 expression by down-regulating p53
mRNA. This transcriptionnal repression is mediated through NfkappaB which
negatively controls p53 promoter. Our findings suggest that downregulation
of p53 may represent an adaptative mechanism that allow cell survival upon
TKI and ultimatly promotes escape from therapy and tumor relapse.
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Human non-small cell lung cancer (NSCLC) cell lines with
inactivated LKB1 and KRAS mutations are sensitive to MEK
inhibition
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LKB1 is a tumour suppressor kinase, germline mutations of which are
responsible for Peutz-Jeghers syndrome a hereditary condition that leads
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to an increased risk of cancer. Somatic mutations have also been found in
sporadic lung adenocarcinomas.

Sequencing of 154 lung cancer cell lines has revealed an apparent
clustering of LKB1 mutations with KRAS or BRAF mutations in non small
cell lung cancers (p-value 2.34x10-5). The two signaling pathways
containing LKB1 and KRAS or BRAF are linked via Rheb, a GTPase and
member of the Ras superfamily. Overexpression of Rheb leads to
overactivation of mTOR and inhibition of wild type BRAF and therefore the
Ras-MAPK signaling pathway. Thus, Ras-MAPK pathway mutations may
be necessary in a subset of LKB1 null lung cancers to maintain proliferative
advantage.

We have undertaken experiments to test this hypothesis in LBK1/Ras-
MAPK mutant lung cancers using MEK inhibition as a targeted approach.
The data shows that cell lines with LKB1 and KRAS mutations are more
sensitive to MEK inhibition, than KRAS mutant cell lines or cell lines wild
type for both genes. Western blot analysis of phosphorylated ERK confirms
the inhibition of MEK and we are now undertaking siRNA knockdown of
components in both pathways.

Gene expression analysis of LBK1/Ras-MAPK mutant lung cancers has
revealed alteration of a large number of metabolic pathways, which would
further confirm the role of LKB1 in regulating response to energetic stress.
This may also provide a possible mechanism by which these LBK1/Ras-
MAPK mutant lung cancers avoid the premature senescence observed in
LKB1 null MEFs when transformed with oncogenic RAS. From this analysis
there are a number of genes we are following up with western blot analysis,
siRNA knockdown and immunocytochemistry.
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The ETS family comprises about 30 transcription factors sharing a
consensus DNA binding sequence and several of them are oncogenic. For
example, FLI-1 which is normally expressed in megakaryocytes and
macrophages but downregulated in erythroid cells, is recurrently involved
in erythroleukemia. Indeed, the fli-1 gene is constitutively activated in most
of clonal erythroleukemia induced by the Friend virus in mouse. Friend’s
erythroleukemia cells proliferate without growth factors and are blocked at
an early stage of differentiation. We showed using shRNA mediated
inducible fli-1 knock-down that FLI-1 indeed contributes to the proliferation,
survival and differentiation block of Friend’s erythroleukemia cells. We then
search for new FLI-1 target genes potentially involved in its oncogenic
properties by a transcriptomic approach. Among genes activated by FLI-1,
we identified a surprisingly high proportion of genes involved in ribosome
biogenesis in the nucleolus. Real-time RT-PCR confirmed that the
expression level of these genes decreased following fli-1 knockdown and in
vivo chromatin immunoprecipitation (ChIP) experiments revealed FLI-1
occupancy at their promoters thus indicating that they are direct FLI-1
target genes. Interestingly, increased ribosome biogenesis resulting in an
hypertrophied nucleolus is a well known feature of cancer cells. Based on
these results we hypothesized that the control of ribosome biogenesis by
ETS factors could be a general mechanism potentially used by oncogenic
ETS factors to modify the ribosomes quality or quantity in cancer cells. In
agreement with this hypothesis, we found that the promoters of these
genes are also bound by others oncogenic ETS factors such as SPI-1/PU.1
in Friend erythroleukemia cells and ETS1 and ETS2 in human prostate
cancer cell lines. Two alternative, although not mutually exclusive,
mechanisms can be considered to explain how FLI-1 and others oncogenic
ETS factors could favor cell transformation by impacting on ribosome
biogenesis. The first possibility could be that oncogenic ETS factors modify
the ribosome quality, resulting in altered translation of some specific mRNA
encoding proteins which themselves contribute to cell transformation.
Alternatively, oncogenic ETS factors could favor ribosomes production and
by this way contribute to the increased growth rate of cancer cells. We are
now using FLI-1 in erythroleukemic cells as a model to distinguish between
these two possibilities.
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A conserved mechanism to maintain the spindle checkpoint: Cdc20
switches from an APC/C activator to a substrate
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The proper control of mitosis depends on ubiquitin-mediated proteolysis of
key substrates at the correct time. Crucially, securin and Cyclin B1 must not

be degraded until all chromosomes are properly attached to the spindle.
The spindle assembly checkpoint (SAC) is activated by unattached/
improperly attached kinetochores, and once activated it prevents the
anaphase Promoting Complex/Cyclosome (APC/C) from ubiquitinating
Cyclin B1 and securin. It has been shown the primary target of the SAC is
Cdc20/Fizzy, the APC/C activator. However, It is unclear how the SAC
prevents Cdc20 from activating APC/C to degrade Cyclin B and Securin.To
gain a better understanding of how the SAC regulates Cdc20 we combined
biochemical analysis with a live cell assay monitoring the behaviour of YFP
tagged Cdc20 by time-lapse fluorescence and DIC microscopy. Although
Cdc20 levels did not normally change during a checkpoint arrest, Cdc20
accumulated in nocodazzole arrested when we added proteasome
inhibitor. Cyclohexamide chase studies in Hela cells showed that the half-
life of cdc20 in checkpoint arrested cells was 30min. Consistently, in live
cell assay, YFP-Cdc20 levels began to decline as soon as we added
nocodazole to cells in prometaphase or metaphase. Depletion of APC3
stabilized Cdc20 in the axperiments above, suggesting that APC/C is the
ubiquitin ligase responsible for targeting Cdc20 to degradation.We
analyzed nocodazole or taxol blocked mitotic cells by gel filtration column
chromatography to identify in which complex Cdc20 accumulated when we
prevented the turn-over. We blocked the proteasome with MG132. This
showed that Cdc20 accumulates in the complex containing BubR1 and
APC/C. These results were consistent with Cdc20 binding to the BubR1
complex when the checkpoint was active to be presented to the APC/C as
a substrate for ubiquitination. To determine the importance of ubiquitination
and degradation of Cdc20 to the SAC we made a mutant of Cdc20 that
could not be ubiquitinated by changing all he lysines to arginines. This
K23R mutant of Cdc20 was functional because it could rescue the mitotic
arrest induced by siRNA directed against Cdc20 with a similar timing to wild
type Cdc20. Moreover, It was able to drive checkpoint-arrested Hela and
RPE cells out of mitotsis whereas wild type Cdc20 could not. Microinjecting
cells with various levels of the K23R mutant demonstrated that even low
levels were sufficient to override the checkpoint. K23R mutant is still able
to bind to Mad2 and form complexes with BubR1. Therefore, our data
indicates that Cdc20 ubiquitination is required to maintain the SAC.
Moreover, since Cdc20 that cannot be ubiquitinated is able to replace wild
type Cdc20 to promote mitotic exit, and can do so even in the presence of
nocodazole or taxol, we find no evidence that cdc20 ubiquitination is
important to inactivate the checkpoint as it had been suggested in two
recent studies.
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Environmental genotoxic stress such as UV light is one of the major causes
of genomic instability. During such a stress, normal cells orientate their
physiological response toward DNA repair or, if the extent of damage is too
severe, undergo apoptosis. This process, deleterious for cell survival, is
crucial because it leads to the destruction of cells that bear the risk of
becoming tumorigenic. Such an anti-tumor mechanism involves the
regulation of specific genes under the control of signaling pathways
initiated by key transcription factors.

In this particular context, we have identified a novel ATF3 dependent
death pathway triggered by UV irradiation. We have demonstrated that
ATF3 transcription factor contributes to UV induced apoptosis, through the
regulation of Hif-2alpha expression which in turn induces expression of pro-
apoptotic genes, such as Casp7 or TRAIL. Gain of funtion of Hif-2alpha as
well as ATF3 is sufficient to trigger cell death, while loss of function of both
proteins drastically inhibits UV induced apoptosis. Repression of Hif-
2alpha, by a siRNA approach, strongly impairs ATF3 mediated death,
providing evidences that Hif-2alpha is the major death effector of ATF3. In
addition, Hif-1alpha, already known as pro-apoptotic gene upon UV
irradiation, is not able to compense lack of Hif-2alpha expression,
confirming thus the major contribution of Hif-2alpha in UV mediated cell
death. We further demonstrate that this cascade of gene activation
depends on p38 and JNK activity. Impairment of such a pathway is likely to
contribute to oncogenesis by promoting survival of cells that could
accumulate severe chromosomal alterations.
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