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MO059K, M059J) and that the activation of the PPARgamma pathway by its
ligands - namely, 15-deoxy-deltal12,14-prostaglandin J2 (PGJ2) and rosigli-
tazone - induces cell growth inhibition in these cell lines, with PGJ, being
more effective. In this report, we further characterized the mechanisms of
action of these two PPARgamma ligands by looking at induction of apop-
tosis, cell cycle arrest, and gene modulation. Treatment of glioblastoma
cells with PGJ; and rosiglitazone resulted in a dose-dependent induction of
apoptosis, which correlated with the sensitivity of the cells to each ligand.
In the most responsive of our glioblastoma cell lines, namely MO59K, we
observed a reversible (with rosiglitazone) and irreversible (with PGJ,) arrest
in the G»/M phase, accompanied by p21 up-regulation only with PGJ,. After
treatment with PPARgamma ligands, a consistent amount of MO59K cells
detach in a short time. Far more than the attached cells, the floating popu-
lation is growth-arrested and undergoing apoptosis, as shown by cell cycle
analysis and apoptosis detection through PARP cleavage and annexin-V
positivity. Interestingly, in the floating population of the treated samples, we
observed a dramatic down-regulation of PPARgamma and a concomitant
up-regulation of RXRalpha and RARbeta, while in the attached population
no substantial modulation of these genes was observed. PPARgamma
down-regulation may be due to proteasome-dependent degradation fol-
lowing activation of PPARgamma by its ligands. Our results indicate that
PPARgamma ligands exert an antiproliferative effect in glioblastoma cells
through induction of apoptosis and cell cycle arrest in Go/M phase. In addi-
tion, PPARgamma ligands might induce glioblastoma cells to differentiate,
since RARbeta up-regulation is a marker of this phenomenon.This work
was supported by Fondazione per 'Oncologia Pediatrica, Roma
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Establishment of a chemotherapeutic drug/gene expression
database for the molecular pharmacology of cancer

S. Johnson, 8. Biade, M. Marinucci, J. Schick, E. Lynch, B. Campling,
J. Stevenson, P. O’'Dwyer. University of Pennsylvania, Pharmacology,
Philadeiphia, USA

The potential of microarray technology for the identification of new drug tar-
gets is at an exploratory phase. Studies using the 60-cell line screen of the
National Cancer Institute have revealed its usefulness in predicting mech-
anism of drug action. We have studied a panel of 42 cell lines of colon,
lung and ovarian origin. The sensitivity of these cell lines to a variety of
chemotherapeutic agents (N>30) has been measured using the MTT cyto-
toxicity assay and ICsp values determined. Gene expression analysis in the
same cell lines was done using a 7000-element cDNA microarray platform.
Relationships were established between genes and drugs across the entire
panel of cell lines using a variety of statistical algorithms. Cluster analysis
grouped the cell lines with respect to their tissue of origin and arranged the
drugs with respect to their individual classes (e.g. antimicrotubule agents,
topoisomerase inhibitors). Relationships between classes of chemothera-
peutic drugs and gene expression patterns were established so groups of
drug sensitivity or resistance genes could be identified. The expression of
several potential drug targets was validated by quantitative "real time" RT-
PCR. This approach has the potential to allow in vitro data from cancer cell
lines to guide selection of candidate drugs within a class for clinical devel-
opment and to identify new therapeutic targets.
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Growth suppressive effect and apoptosis induction by
N-(4-hydroxy phenyl) retinamide in human osteosarcoma
cells in vitro

A. Gasperi-Campani'-2, D. Baiocchi', I. Brognara', S. Cocchi',

L. Roncuzzi'®. 1) University Of Bologna, Department Of Experimental
Pathology, Bologna, ltaly; 2University Of Bologna, Interdepartmental
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Bologna, Biotechnology Unit Of The Ist-Ge In The Department, Bologna,
lialy

Osteosarcomas are the most common primary bone tumors and occurr
mainly in children and young people between 10 and 20 years of age. De-
spite intensive treatment, including adjuvant chemotherapy, wide excision
of tumors and amputation of the affected limbs, approximately half patients
die within 5 years. The optimal schedule of therapy is still being investi-
gated, as is the acquisition of novel active agents. Retinoids, the naturally
occurring and synthetic analogues of vitamin A, have demonstrated thera-
peutic and chemopreventive activities. Among these, N-(4-hydroxyphenyl)-
retinamide (4-HPR) (fenretinide) is a synthetic derivative and is being eval-
uated clinically in the prevention of the development of second primary tu-
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mors of breast and aerodigestive tract. The primary cellular target of this
drug is unidentified as is the mechanism through which it kills tumor cells,
by necrosis or apoptosis, and in this case by p53 or caspases dependent
or independent pathways. In this study we analysed the growth suppressive
effect of 4-HPR on human HOS (p53-positive) and MG-63 (p53-negative)
osteosarcoma cell lines in vitro and the molecular mechanism of this re-
sponse. Results show for the first time that 4-HPR (0.125 - 25,M) is ac-
tive against human osteosarcoma in vitro, causing in it a significant dose-
and time- dependent inhibition of cell survival, as determined by SRB and
Trypan Blue exclusion tests, in each cell line. IC 50% was about 10 uM
after 24hr of treatment in the HOS cells, which lowered to 6 uM after 72
hr of treatment, whereas the MG-63 cells were less sensitive to the drug,
the IC 50% being about 10 uM only after 48 hr of treatment with 4-HPR.
Programmed cell death by the drug was definitively documented here by
the internucleosomal DNA fragmentation shown by the evidence of ladder
after 48 hr of treatment in each cell line, independent of p53, the role of
which as an apoptotic marker is not relevant here. By Western blot it was
evident the dephosphorylation of pRb in each cell line treated with 4-HPR
for 48 hr and up. This is the first report indicating that pRb may represent
the cellular target for the molecular pathway carried out by fenretinide for the
suppression of cell proliferation in osteosarcoma. Work supported by grants
from Carisbo Foundation, Bologna, MIUR, CNR and University of Bologna
(Funds for Selected Topics).
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Prognostic value of nuclear survivin expression in
oesophageal squamous cell carcinoma

P. Grabowski', T. Kuehnel, F. Muehr-Wilkenshoff!, B. Heine2, H. Stein2,
M. Hoepfner', C. Germer®, M. Zeitz', H. Scheruebl' . Benjamin Franklin
University Hospital, Medical Clinic I, Gastroenterology; 2Benjamin Franklin
University Hospital, Institute of Pathology, Berlin, Germany; 3Benjamin
Frankiin University Hospital, Department of Surgery, Berlin, Germany

Purpose: Survivin, a new member of the family of apoptosis inhibitors, is
expressed almost exclusively in proliferating cells, above all in cancers. Sub-
cellular localization and prognostic implications of the survivin protein have
not yet been determined in oesophageal squamous cell carcinoma.
Patients and methods: Survival of 84 patients with oesophageal squa-
mous cell carcinomas was correlated with the extent of immunohistochemi-
cal survivin expression in tumour cell nuclei. Tumours were scored positive
when >5% cells stained positive. Patients were followed up for at least 5
years or until death.

Results: In normal oesophageal squamous cell epithelium some cytoplas-
mic survivin expression was detected in the basal cells, whereas proliferat-
ing cells showed nuclear staining of survivin. Nuclear expression of survivin
was also detected in 67 cancers (80%). The mean survival for patients of
this group (28 months, range 20-36) was significantly less than that for pa-
tients without survivin expression in the tumour cell nuclei (108 months,
range 62-154, p=0.003). Using univariate analysis nuclear survivin expres-
sion (p=0.003), tumour depth (p=0.001), lymph node metastasis (p=0.003)
and stage (p< 0.001) were the best predictors of survival. In contrast, cyto-
plasmic survivin staining was noted in 53 (63%) tumours and had no prog-
nostic relevance.

Conclusion: The analysis of nuclear survivin expression identifies sub-
groups in oesophageal squamous cell cancer with favorable (survivin-) or
with poor prognosis (survivin+). We suggest that the determination of nu-
clear survivin expression could be used to individualize therapeutic strate-
gies in oesophageal squamous cell cancer in the future.
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Carbohydrate mimics bind to tumour cell surfaces and
inhibit cell adhesion

E.Frei', C. Gronewold', E.Y.-L. Kim'-, A. Chatterjee?, C. Kliem",

M. Wiessler'-. ' Deutsches Krebsforschungszentrum, Molekulare
Toxikologie, Heidelberg, Germany; 2Chittaranjan National Cancer Institute,
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Lectin-carbohydrate interactions mediate cell recognition and are involved
in cell adhesion. The binding avidity of branched, i.e. multiantennary
oligosaccharides to lectins has been shown to be greater than of linear
saccharides. We synthesised di- and triantennary galactosides and fuco-
sides with a carbohydrate mimic as core; either bishydroxymethyl-furan (1)
or trishydroxymethyl-cyclohexane (TMH, 2).

To visualise cell surface carbohydrate-binding proteins, the diantennary car-
bohydrates were coupled via a Diels-Alder reaction (1) or directly (2) to
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biotin. Reaction with avidin-FITC revealed discrete staining patterns on ep-
ithelial tumour cell lines, while normal human fibroblasts showed no stain-
ing. The influence of the synthetic carbohydrates upon the adhesion of
B16F1 and B16F10 mouse melanoma cells to different extracellular ma-
trix proteins (ECM) was then investigated. The adhesion of the highly
metastatic B16F10 cells to fibronectin, vitronectin or laminin was inhib-
ited by the galactosides, while the low metastatic B16F1 cells showed only
marginal sensitivity. The greatest effects were 80% inhibition by 1,3 (Gal)2-
TMH on fibronectin and 70% by 3,4 (Gal)2-furan on laminin at 40 mM each.
Lower concentrations enhanced binding of both cell lines to ECM. Zymog-
raphy of serum free conditioned medium showed reduced expression and
activation of matrix metalloproteases in B16F10 cells incubated with 3,4
(Gal)2-furan. The consequence of this is apparent in a reduced migration of
these cells through matrigel. These synthetic di- and triantennary carbohy-
drate mimics are therefore versatile tools which can be modified to influence
processes of adhesion and migration and in addition can be derivatised with
fluorescent labels for diagnostic purposes.
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Endothelin a receptor blockade with atrasentan does not
change PSA secretion in prostate cancer cell lines

S. Pecher, A. Brink, B. Pflug, J. Nelson. University of Pittsburgh,
Department of Urology, Pittsburgh, USA

In the United States, it is estimated prostate cancer will account for 30%
(189,000) of new cancer cases in men, with 30,200 deaths from the dis-
ease this year. Worldwide, it is estimated 204,000 men die each year of
prostate cancer. Endothelin-1 (ET-1) has been identified as a potentially
important factor in the pathophysiology of advanced prostate cancer. The
effects of ET-1 appear to be mediated primarily through the endothelin-A
(ETA) receptor, as the ETB receptor gene, EDNRB, is frequently hyperme-
thylated. Atrasentan (ABT-627), developed by Abbott Laboratories, is a po-
tent, ETA-selective receptor antagonist. In phase Il clinical trials of men with
advanced, hormone-refractory disease, atrasentan treatment significantly
delayed time to disease progression in evaluable men, and delayed time
to prostate specific antigen (PSA) progression. In some men, there was a
drop in PSA following exposure to atrasentan. It is our hypothesis that the
decline in PSA is evidence of anti-tumoral activity rather than a direct effect
of atrasentan on PSA secretion by prostate cancer cells. To test this hypoth-
esis in vitro, two human, PSA-secreting, androgen sensitive prostate cancer
cell lines, LAPC-4 and LNCaP, were studied. In LNCaP cells, ETA receptor
expression is very low, and the ETB receptor gene is hypermethylated. In
LAPC-4 cells, saturation by 125[l]-ET-1 demonstrates high affinity binding
(Kd 1.3 nM, 1200 binding sites/cell). LAPC-4 also has hypermethylation of
EDNRB. Both LNCaP and LAPC-4 cells were exposed to atrasentan, or
an ETB receptor antagonist (A192621) across a wide range of concentra-
tions (10-6-10-10 M) for 24 hours. Neither atrasentan nor an ETB antago-
nist changed PSA concentrations in the media of LNCaP or LAPC-4, while
addition of dihydrotestosterone, a positive control, produced a significant
increase in PSA. These data suggest that changes in serum PSA in men
treated with atrasentan are not due to a direct effect of that agent on the
secretion of PSA from prostate cancer cells, but may result from an anti-
tumoral activity.

376

Image guided proteomics for molecular target discovery:
a human giloma study

G. Shi', S. Hobbs', R. Homer', G. Harsh?, G. Atlas', M. Bednarski'.
! Stanford University, Radiology, Palo Alto, USA; 2 Stanford University,
Neurosurgery, Palo Alto, USA

Gliomas are the most common type of brain cancer and glioblastoma multi-
forme (GBM) is the most malignant form. Classic MRI appearance of GBM
reflects the tumor’s heterogeneous pattern of hypercellularity, necrosis, neo-
vascularity, and invasion. Image guided proteomics may help elucidate
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mechanisms responsible for the imaging patterns and pathologic variability
seen in GBM and offers a novel technique for discerning new molecular tar-
gets. In this study, image-guided protein expression profiling was performed
on human GBM specimens. Samples were taken from MRI Gd-enhanced
(CE) and non-enhanced (NE) regions of each tumor during surgical resec-
tion. Proteins were isolated from the fresh-frozen tissue samples followed by
proteomic mass spectral analysis. Protein expression profiles of enhanced
regions differ from non-enhanced regions. The NE regions across the four
tumors and from different NE regions within the same tumor are markedly
homogeneous. In contrast, no common protein profile can be determined
from the CE regions. Protein expression profiles were further characterized
by 2D-gel electrophoresis for mass spectrometric protein identification. This
first use of MRI-guided proteomics in human tumors identified a protein fin-
gerprint that correlates with spatial contrast enhancement patterns in solid
tumors. Specific proteins identified by this method to account for the dif-
ferent patterns may prove useful as diagnostic markers and/or therapeutic
targets.
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The cyclin-dependent kinase inhibitor cyc202 is effective in
human leiomyosarcoma (LMS) cell lines in combination with
doxorubicin

H.M. Coley, C.S. Shotton, H. Thomas. University of Surrey, Postgraduate
Medical School, Guildford, United Kingdom

The cyclin-dependent kinase (CDK) inhibitor CYC202 (R-roscovitine) is be-
lieved to exert its anticancer effects by inhibition of CDK types 1 and 2 and
by inhibition of phosphorylation of pRb (retinoblastoma protein), thus pre-
venting cell cycle progression. For this study 2 human LMS cell line models
have been used: SK-UT-1 and SK-LMS-1. Both cell lines are mutant for
p53, SK-UT-1 is pRb deficient, whilst SK-LMS-1 is pRb wild-type. Flow cy-
tometric analysis for DNA cell cycle measurements using propidium iodide
showed that when both cell lines were treated with DOX for 24h a G2M
cell cycle arrest was induced. Treatment with CYC202 (20uM) in combi-
nation with DOX showed complete abrogation of the G2M arrest at 24h,
with CYC202 treatment alone showing a G1 arrest for both cell lines. When
SK-LMS-1 cells were treated with CYC202 a decrease in pRb phosphoryla-
tion was apparent, an effect that was further enhanced when CYC202 was
combined with DOX, seen at 48h. For SK-UT-1 cells no p53 induction was
seen following treatment with CYC202, DOX or the drugs in combination at
48h. SK-LMS-1 cells showed induction of p53 following treatment with DOX
and in combination with CYC202 in the same experiments. In both cell lines
there was no induction of either p21waf-1 or p27'%-! following treatment with
DOX, CYC202 singly or in combination. The SK-UT-1 cell line shows rela-
tively high levels of cyclins D and E which, following treatment with CYC202
remained unaltered after 6h. Cytotoxicity testing (MTT assay) showed an
overall additive effect between DOX and CYC202 (used simultaneously) in
SK-LMS-1 cells, but there was a suggestion of some synergy seen for the
SK-UT-1 cells. CYC202 is effective in tumours showing a variety of molec-
ular abnormalities such as human LMS which are very chemorefractory
in nature. It may also be a useful agent when used in combination with
chemotherapy.
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Cytochrome P450 1B1 (CYP1B1) is expressed in human
colon adenocarcinomas, but its expression is not limited to
the malignant epithelial cells

P. Gibson', J. Gill', M.C. Bibby', J.A. Double', J. Seargent!, PA. Khan',
P. Batman?, P.M. Loadman' . ' University of Bradford, Cancer Research

Unit Tom Connors Research Cenire, Bradford, United Kingdom; 2 Bradford
Royal Infirmary, Department of Histopathology, Bradford, United Kingdom

Cytochrome P450 monooxygenases (CYPs) are the protein products of a
superfamily of genes. CYPs have great diversity of expression and activity.
They are involved in activation and detoxification of endogenous and ex-
ogenous compounds. CYP1B1 has been reported as present in humans
only in tumours, being absent from the corresponding normal tissues; thus,
CYP1B1 may represent a target for selective anticancer drug development.
This study aimed to validate CYP1B1 as a target by looking at its expres-
sion in human colon cancer biopsy material. Immunohistochemical meth-
ods were used to investigate the expression pattern of CYP1B1 in human
colon adenocarcinomas, in order to determine its potential role in drug
metabolism. Sections (5um) of formalin-fixed and paraffin-embedded ma-
lignant human colon adenocarcinomas from fifty patients were used. These
originated from tumours representing a range of stages, grades, and pa-



