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Cyclin-dependent kinase (CDK) inhibitor CYC202 (R-roscovitine) 
induces clock gene mPer2 mRNA expression rhythm in tumor: 
relevance for antitumor efficacy 

E. Filipski 1, M. Filipski 1 , H. Georgsson 1, A. Gianella-Borradori ~, F. Levi 1. 
11NSERM E 0354 & University Paris XI, Paul Brousse Hospffal, Villejuif 
Cedex, France; 2 Cyclacel Ltd, Dundee, UK 

Background: G2/M and GI/S gating are negatively controlled by the 
molecular circadian clock (Fu et al., Cell 2002; Matsuo et al., Science 
2003). Common regulatory pathways are shared by the circadian clock 
and the cell cycle (Canaple et al., Cancer Res 2003). 
Methods: We examined the relation between CYC202 antitumor efficacy 
and the circadian rhythm in clock gene mPer2 mRNA expression in liver 
and tumor. Glasgow osteosarcoma was inoculated to 132 male B6D2F1 
mice synchronized with 12 hours (h) of light (L) and 12 h of darkness (D). 
Nine days (d) later, CYC202 (300 mg/kg/d) or vehicle (50 mM HCI) were 
given daily x 5d to 96 treated and 36 controls, with tumor weight of 100 
to 300mg. CYC202 or vehicle was administered via oral gavage at one 
of three circadian times (CT) 8 h apart, during L (3 or 11 Hours After L 
Onset-HALO) or D (19 HALO). Liver and tumor were sampled at four CT, 
6 h apart (5, 11, 17 or 23 HALO) in order to determine mRNA expression 
of mPer2 and 36B4 as a reference invariant gene using quantitative PCR 
with Light Cycler. 
Results: Tumor growth was slowed down in the treated animals as 
compared to controls in a dosing time-dependent fashion. CYC202 was 
more effective if it was given at 3 or 11 HALO as compared to 19 HALO 
Over the 5-day treatment span, the average tumor weight increased by 
711±53 mg in controls and by 331±33 mg, 317±47 mg and 461±38 mg 
in the mice treated at 3, 11 or 19 HALO respectively (ANOVA (p < 0.001)). 
In control mice, mean mPer2 expression was 10 times as low in tumor as 
compared to liver. Mean mPer2 expression increased ~3.5-fold from a nadir 
at 5 HALO to a peak at 15 HALO in liver (p from ANOVA <0.0001) whereas 
significant rhythm was found in tumor. CYC202 administration markedly 
altered the 24-h pattern of mPer2 in liver, as the 24 h-rhythm was ablated 
in the mice treated at 19 HALO. Conversely a highly significant rhythm in 
mPer2 expression was induced in tumor, with a peak during L for the most 
active schedules (3 and 11 HALO) and during D for the least effective one 
(19 HALO). 
Conclusions: The anti-tumor efficacy of CYC202 may relate to the ability 
of this drug to induce a circadian rhythm in clock gene mPer2 expression. 
Optimal efficacy was associated with peak mPer2 expression during light 
(rest span) in tumor, raising the possibility that such timing could be 
important to best down regulate cell cycle progression in malignant cells. 
Supported by AnTiC,  Villejuif,, France; Cyclacel Ltd, Dundee, UK 
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In vivo and in vitro anticancer activity of the lanthanum compound 
KP772 (FFC24) 

P. Heffeter 1 , M.A. Jakupec 2, M. Micksche 1, M. Hauses 3, N. Graf von 
Keyserlingk 3, B.K. Keppler 2, W. Berger 1 . 1Institute of Cancer Research, 
Applied & Experimental Oncology, Vienna, Austria; 2Institute of Inorganic 
Chemistry, Vienna, Austria; 3 Faustus Forschungs-Translational Cancer 
Research AG, Vienna, Austria 

Background: The aim of this study was to determine the in vivo and in vitro 
anticancer activity and in vivo toxicity of the 1,10-phenanthmline-derived 
lanthanum compound KP772 (FFC24) as well as molecular mechanisms 
which determine cellular KP772 sensitivity/resistance. 
Materials and Methods: In vivo toxicity was examined in Sprague Dawley 
rats and outbred albino mice. In vivo efficacy was assessed in DLD-1 
xenografts (4, 8, or 12 mg/kg i.v. qdx5). In vitro cytotoxicity exerted against 
6 tumor cell lines and their chemoresistant sublines (over-expressing either 
P-up, LRP, MRP1, or BCRP) was determined by MTT-assay. Induction 
of apoptosis was investigated by DAPI staining. Mitochondrial membrane 
depolarisation and cell cycle analyses were performed by FACS. DNA 
damage was determined by comet assay. 
Results: The LDs0 and no-observed-adverse-effect level (NOAEL) of 
KP772 in rats were 21.6 mg/kg (11.5 mg/kg for females alone) and 
7.5 mg/kg, respectively. In mice, the LDs0 and NOAEL were 62 mg/kg 
(26.6 mg/kg for males alone) and 10 mg/kg, respectively. In DLD-1 
xenografts the activity in terms of relative tumor volume doubling time 
was comparable to cisplatin and methotrexate without significant adverse 
effects. 
In vitro IC50 of KP772 at 72 hrs exposure were in low ~M range. None 
of the multidrug resistant cell models displayed reduced KP772 sensitivity. 
In contrast, all ABC-transporter-over-expressing (P-up, MRP1 and BCRP) 
cells were KP772-hyperaensitive. Apoptosis, which was already induced at 
5 and 10 ~M KP772 at 12 hours treatment, was demonstrated by PARP 

and caspase 7 cleavage. Morphologically, cells showed classical signs of 
apoptosis (cell shrinkage, condensed chromatin). Almost no mitochondrial 
membrane depolarisation was observed after 24 hours drug incubation. 
Treatment with KP772 led to massive G0/G1 block within 12 hours, 
paralleled by a decrease of cyclin B and E but not cyclin A. Comet assay 
indicated no DNA damage after exposure to KP772. Correspondingly, 
N-acetylcysteine had not protective activity indicating that cytotoxicity was 
not based on oxygen radical formation. 
Conclusions: KP772 has promising anticancer activity in vitro and in 
vivo and comparably mild adverse effects. The drug exerts its anticancer 
activity via a potent cell cycle arrest and induction of apoptosis. Cell death 
is not based on DNA damage or radical formation but a more complex 
mechanism, which seems especially active against ABC-transporter 
overexpressing cells. 
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The role of p27 in efficacy of chemo- and radiosensitivity of primary 
mouse squamous carcinoma cells 

A. Grosse-Wilde. FHCRC, Human Biology, Seattle, USA 

The cyclin-dependent kinase inhibitor and tumor suppressor p27Kipl 
mediates Gl-arrest induced by several stimuli. Interestingly, it was 
found that p27 expression levels positively correlate with patient survival 
prognosis in a wide range of human tumors. That can be partially explained 
by the growth inhibitory role of p27. However, patient survival also critically 
depends on responsiveness towards chemotherapy. Therein the role of p27 
is unclear. 
While p27 over-expression seems to inhibit tumor cell growth in vitro, 
high p27 levels can even reduce the sensitivity of cells towards many cell 
cycle-dependent cancer therapeutic agents or radiotherapy. In contrast, 
in some cell lines (such as squamous head and neck cancer cells) other 
agents such as the newly discovered drug UCN-01 up-regulate p27 protein. 
Therefore it has been hypothesized that the efficacy of UCN-01 critically 
depends upon p27 expression and thereby induces G1 arrest. 
Here we will present data about the effect of p27 expression on efficacy 
of short term tumor therapy. We have analyzed the response of mouse 
squamous skin carcinoma cells derived from carcinogen-treated p27 
deficient, p27 heterozygous and p27 wt mice towards UCN-01, and the 
cell cycle-dependent therapy by 5-FU and gamma irradiation. Interestingly, 
the expression levels of p27 do not seem to have a significant effect on 
toxicity of the therapeutic agents, as determined by MTT survival assays, 
apoptosis assays and colony assays. 
These results demonstrate that in our primary squamous carcinoma cells 
p27 is not necessary for efficient tumor therapy with UCN-01. In addition, 
we show that down-regulation of p27 by gene targeting in mice, which 
leads to physiological relevant p27 protein levels similarly as observed in 
human tumors, is not indicative of a better therapy response (5-FU and 
radiotherapy) in vitro. 
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PTEN inactivation is a common event in childhood leukemia 

S. Zheng 1 , J. Wiencke 1 , J. Wiemels 1 , M. Smith 2, P. Buffler 2. 1University of 
California at San Francisco, Neurosurgery, San Francisco, USA; 2 University 
of California at Berkeley, School of Public Health, Berkeley, USA 

Background: The candidate tumor suppressor gene PTEN, or MMAC1, 
located at chromosome 10q23.3 encodes a 403 amino acid dual-specificity 
phosphatase and is frequently altered in a number of solid tumors. Loss of 
PTEN expression is not consistently correlated with genetic or epigenetic 
alterations. Little is known about the status of PTEN in hematological 
malignancies. To evaluate the role of the PTEN/MMAC1 gene in leukemia, 
especially in childhood leukemia, we analyzed 11 leukemia cell lines 
and 17 primary pediatric leukemia patients for promoter methylation and 
expression in PTEN and pseudo PTEN (~p PTEN) loci. 
Material and Methods: We used methylation specific PCR to assess 
PTEN and ~p PTEN methylation in both leukemia cell lines and bone marrow 
mononuclear cell (BMMC) samples from primary pediatric leukemia, and 
RT-PCR technique and western blotting to analyze gene transcript and 
protein expression respectively. 
Results: 10% (1/10) of cell lines was methylated at PTEN promoter region 
and 70% (7/10)of the cell lines were methylated at ~ PTEN locus. 18% 
(3/17) of BMMC samples were found methylation positive at PTEN and 
PTEN loci. 27% (3/11) of the leukemia cell lines were found no protein 
expression, and 18% (2/11) dramatically reduced. Analysis of 17 BMMC 
samples from primary pediatric leukemia, and revealed that PTEN protein 
was absent in 41% (7/17), and reduced in 24% (4/17). 
Conclusion: PTEN protein loss is a common event in leukemia cell 
lines and childhood leukemias, and it may play an important role in 
the development of this disease. Since only 18% of BMMC samples 
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were methylated at PTEN promoter region, and 65% (11/17) were found 
absent or reduced protein expression, our results indicate that multiple 
mechanisms are involved in disrupting PTEN expression. 
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Identification of response marker genes of the antitumor sulfonamide 
indisulam (E7070) 

T. Owa 1 , Y. Ozawa 2, A. Yokoi 2, T. Nagasu 1 , F.G. Renshaw 3, M. Yule 4. 
l Eisai Co., Ltd., Laboratory of Seeds Finding Technology, Tsukuba, 
Ibaraki, Japan; 2 Eisai Co., Ltd., Drug Discovery Laboratory II, Tsukuba, 
Ibaraki, Japan; 3Eisai Medical Research Inc., Ridgefield Park, N J, USA; 
4Eisai Ltd., London, UK 

Background: Indisulam is a sulfonamide antitumor agent currently under 
clinical evaluation both as a single agent and in combination with existing 
chemotherapies. Although drug-induced G1 checkpoint activation has been 
evidenced in cultured cancer cell lines, the precise antitumor mechanism(s) 
of indisulam and its downstream molecular effects are yet to be fully 
elucidated. In view of this, we decided to perform gene expression analysis 
to identify marker genes altered in response to indisulam in cancer cells. 
Material and Methods: We used Affymetrix oligonucleotide microarrays 
for monitoring indisulam-induced transcriptional changes in human cancer 
cell lines HCT116 (colon cancer) and MOLT-4 (leukemia). Based on the 
observation in FACS analysis, both cell lines were treated with 0.8 ~M 
indisulam for 6, 12 and 24 h. RNA samples isolated at each time point 
were subjected to expression analysis. After elimination of data points with 
low signal or high background, genes up- or down-regulated at least 2-fold 
were selected and verified by TaqMan RT-PCR. Using a panel of 36 human 
cancer cell lines and in vivo xenograft models with HCT116 and SW620 
(colon cancer), we further tested the utility of each of these genes as a 
potential response marker. 
Results: Processing the microarray data illuminated 21 genes (3 up- 
regulated and 18 down-regulated) as altered in a time-dependent manner 
in common in HCT116 and MOLT-4. Furthermore, the expression of 
13 down-regulated genes was considered to be closely associated with 
the antitumor action of indisulam because of significant correlations 
confirmed between rank orders of their transcriptional repression and 
growth suppression in drug-treated 36 human cancer cell lines. Down- 
regulation of these 13 genes was not observed for other antitumor agents 
such as trichostatin A (HDAC inhibitor) and kenpaullone (CDK inhibitor) in a 
comparable experimental setting, suggesting that this effect is characteristic 
of indisulam and not concomitant with a general growth inhibition. In vivo 
animal experiments also demonstrated a clear decrease in the mRNA levels 
of all 13 genes in HCT116 and SW620 tumors excised after 24 h of drug 
administration. 
Conclusion: Of the 13 genes identified as potential response markers, 
glutathione synthetase, cyclin H, topoisomerase II alpha and several energy 
metabolism genes may be particularly noted with reference to combination 
strategy and their implication in a putative antitumor mechanism of 
indisulam. 
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Elevated Skp2 protein expression and its association with 
cytoplasmic mislocalization of p27Kipl protein in acute 
myelogenous leukemia: its prognostic value 

J. Cheong 1, J. Kim 2, J. Lee 2, S. Lee 1, J. Hahn 1 , Y. Ko 1 , Y. Min 1. 
1Yonsei University College of Medicine, Department of Internal Medicine, 
Seoul, Repubfic of Korea; 2 yonsei University College of Medicine, Clinical 
Research Center, Seoul, Republic of Korea 

Background: The F-box protein S-phase kinase-associated protein 2 
(Skp2) positively regulates the G1-S transition by controlling stability of 
several G1 regulators, such as p27Kip1. The p27Kip1 level was inversely 
related to the Skp2 level in various human cancers. However, the clinical 
significance of Skp2 in patients with acute myelogenous leukemia (AML) 
remains unknown. 
Materials and Methods: We examined the clinical and biological 
significance of Skp2 expression in 99 AML patients and evaluated 
the relationship between Skp2 expression and p27Kip1 expression or 
intracellular localization. 
Results: Western blot analysis showed that high Skp2 expression was 
observed in 57 (57.6%) cases, and significantly correlated with unfavorable 
cytogenetics (P=0.035), but not with age, white blood cell count, serum 
lactic dehydrogenase level and the French-American-British subtype. 
An inverse correlation was not observed between Skp2 and p27Kip1 
expression. However, p27Kip1 protein was preferentially localized to 
cytoplasm in the high Skp2 expression group. The cytoplasmic to nuclear 
ratio of p27Kip1 expression was significantly correlated with the levels 

of Skp2 expression (P < 0.001). Cytoplasmic mislocalization of p27Kip1 
was also significantly associated with the constitutive Ser473 Akt/PKB 
phosphorylation (P<0.05). Transfection of U937 cells with an expression 
construct encoding the constitutively active form of Akt/PKB resulted 
in a remarkable increase in the levels of cytoplasmic p27Kip1. The 
Skp2 overexpression was significantly associated with shorter disease- 
free survival (DFS) and overall survival (OS) (P=0.0386 and P=0.0369, 
respectively). Multivariate analysis showed that Skp2 expression was an 
independent prognostic factor both in the DFS and OS. 
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Conclusions: High Skp2 expression is an independent marker for a 
poor prognosis in AML. The level of Skp2 expression is not associated 
with the level of p27Kip1 expression, but significantly associated with the 
cytoplasmic mislocalization of p27Kip1 in AML. 
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Cyclin D1, P27 and Skp2 expression in non-small cell lung cancers 
(NSCLC) 

T. Jennings, C. Sheehan, J. Ross. Albany Medical College, Pathology 
and Laboratory Medicine, Albany, USA 

Background: Cyclin D1, localized to chromosome 11q13, regulates the 
passage of cells through the G1 phase of the cell cycle and functions as a 
dominant oncogene. S-phase kinase protein (SKP2), the F-box substrate 
recognition component of the SCF (E3) ubiquitin ligase complex is required 
for the degradation of the cell cycle regulatory protein, p27 (Kip1), by the 
proteasome, p27 is a dosage-dependent tumor suppressor protein inhibitor 
of G1 cyclin-dependent kinases. Overexpression of Cyclin D1 and reduced 
expression of p27 have been correlated with poor prognosis in a variety 
of cancers. In this clinicopathologic study, we evaluated the expression of 
Cyclin D1, SKP2 and p27 proteins and their impact on disease outcome in 
NSCLC. 
Design: Formalin-fixed paraffin-embedded sections from 140 cases of 
NSCLC were immunostained with mouse monoclonal antibodies for Cyclin 
D1 (SKP2 (Zymed Laboratories) and p27 (Transduction Laboratories), 
using an automated method (Ventana Medical Systems). The study 
group included 54 (39%) squamous cell carcinomas (SCC), 49 (35%) 
adenocarcinomas (AC) and 37 (26%) AC with bronchioloalveolar cell 
carcinoma features (BAC). Nuclear immunoreactivity for all 3 proteins 
was scored for intensity and distribution and results were correlated with 
clinicopathologic variables. SKP2 mRNA expression was also quantified 
from total RNA isolated from fresh frozen tumors and adjacent normal lung 
tissue by RT-PCR using the Taqman technique (Applied Biosystems). 
Results: Forty-nine 49 (48%) of 103 non-BAC NSCLCs showed diffuse 
expression of cyclin D1,49% featured loss of p27 protein and 32% SKP2. 
Diffuse cyclinD1 expression was uncommon in 26% of SCC compared to 
45% of AC and 51% BAC (P=0.01). The mean cyclin D1 expression was 
higher in BAC than in non-BAC NSCLC (p=0.02). CyclinD1 expression 
correlated with tumor size in non-BAC cases (p=0.05). SKP2 expression 
was significantly more common in SCC at 49% than AC at 19% (p=0.008). 
Tumors with concomitant decreased p27 and increased SKP2 expression 
featured a high tumor grade (p=0.045). In non-BAC NSCLC, loss of p27 
correlated with SKP2 expression (p=0.05). By RT-PCR, SKP2 mRNA 
expression was 4.5 fold greater in non-BAC NSCLC compared with 
histologically normal adjacent tissues. There was no correlation between 
p27 and SKP2 expression and patient survival. 
Conclusion: Diffuse cyclinD1 expression was more frequent in AC and 
BAC vs SCC and the mean cyclin D1 expression was highest in BAC. p27 
expression loss correlates with SKP2 expression in NSCLC. P27 negative, 
SKP2 positive status correlates with high tumor grade, but not disease 
outcome. SKP2 expression in NSCLC is significantly more common in SCC. 
Based on these data, further study of the correlation of cyclin D1, p27 and 
SKP2 expression in NSCLC appears warranted. 


