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Microcanlers enhance the efficacy of PA31 7/HSV-1 tk gene 
therapy in 9L rat glioma model 

W.‘n*, H. Yan’, L. Bu’. L.C. Costantini3, C. Honey’, ‘University of 
British Columbia, Division of Neurosurgery, Department of Surge* 
Vancouver, Canada; 2 University of British Columbia, Department of 
Ophthalmology Vancouver, Canada; 3 Titan Pharmaceuticals, Inc., South 
San Francisco, USA 

Glioblastoma accounts for i/3 of primary brain tumors. Despite the use 
of combinations of therapeutic modalities (surgery, chemotherapy, radia- 
tion), prognosis is poor, with a median survfval of one year and a 9% 
five-year sulvival rate. Protocols utilizing viral vectors to deliver a gene 
for the treatment of malignant gliomas have been developed, and some 
are in clinical trials. Retrovims carrying herpes simplex virus tk Qene in 
combination with ganciclotir represents one approach. To improve produc- 
tivity of retrovirus in vivo, intratumoral injection of retrovitus-producing cells 
has been used. This approach relies on sutvfval of virus-producing cells 
in the tumor following injection. Attachment of cells to microcarriers (MC) 
has previously been shown to increase their survival and function after 
implantation in Parkinson’s disease studies. We therefore tested the effects 
of MC on HSV-1 tb/ganciclovir g+ne therapy in the 9L rat glioma model, 
using PA317 cells canying a retmviral vector expressing tk gene. Young 
adult Wistar rats received intrastriatal injections of 5 x lo4 9L glioma cells. 
On day 10 after tumor implantation, 5ul of PBS, PA317 cells (1.8 x 104), or 
PA317 cells attached to AnC (1.8 x iti cells plus 25Oug MC) were injected 
intratumoraliy to randomly-divided animals (n = 8 per group). Starting 15 
days following tumor implantation, all animals received 25mg/kg ganciclovir 
i.p. daily for IO days. Results show that treatment with PA317 cells and 
ganciclovir had a weak therapeutic effect compared to PBS control group, 
showing a slightly extended mean survival time (29fldays vs 25fl days, 
p&0498). MC-attached PA317 cells significantly increased the mean sur- 
vival time from 29&l days for PA31 7 cells only to 48f5 days for MC/PA317 
cells (p=O.O062). In addiiion, approximately 50% of animals treated with 
MC/PA317 cells survived over 60 days tumor-free while 100% mortality 
was observed in PBS and PA317 only goups. These results suggest that 
attaching tk-expressing cells to MC significantly enhanced effiicy of gene 
therapy for intracranial glioma model, and that MC may represent a general 
method for enhancing gene therapy to the brain. We are currently using 
immunocytochemistry to measure life span of implanted PA317 cells by 
pre-labeling with BrdU, and examining ,immune response of host animals 
with or without MC. Possible mechanisms of the enhanced effect of cells 
attached to microcarriers will be discussed. 
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The dose-volume interactlon in adult supratentorlal 
low-grade gliorna: higher radiation dose is beneficial among 
pattents w’M partial resection 

C. Leiahton’( 8. Fisher’,, L. Stitt*, D. Macdonald3, G. Bauman’ , 
J. Caimcross3. ’ Universifv of Western Ontario, Radiation Oncolow 
London, ONTARIO, Canaba; 2 University of W&em Ontario, C/in%/ 
Epidemiology and Biostatistics, London, ONTARIO, Canada; 3Univemily of 
Western Ontario, Newo-onculo~ ONTARIO, Canada 

Purpose: To test the hypothesis that adult patients with supratentorial 
low-grade gliima (LGG) and partial surgical resection (PR, 5 50% resected) 
benefit from higher doses of radiation. 

Methods: Patients treated wfth immediate post-operative radiation for 
WHO grade I-II LQG at the University of Western Ontario .belween 
19792001 were studied. Distribution of patient characteristics was com- 
pared among those receiving PR and those obtaining subtotal/total resection 
(STR, z 50% resected). Age Z= 40 yrs, gender, duration of symptoms > 30 
days, seizures at presentation, Kamofsky performance status (KPS) < 70. 
astrocytoma pathology (AS), and radiation dose 5 50 Gy were compared. 
A Cox regression model was constructed among patients with partial resec- 
tion to test the influence of radiation dose. Subsequently, a similar model 
was constructed of the entire patient sample. 

Results: One hundred and seven patients were analyzed. Patients who 
had PR were not sianifkantlv different from those with STR when age, 
gender, symptom du&on, s&ures, KPS, pathology, or median radiation 
dose were considered. Among the PR group, 89% had AS histology (N=41), 
39% were z 40 years age (N=23) and 29% received c 60 Gy (N=??). Seven 
patients in the PR group received doses c 42 Gy. Median survival (MST) 
of patients who received doses 5 50 Gy and PR (N=19) was 16.5 months 
while those who received doses > 50 Gy with PR had a MST of 109.2 
months. A Cox regression model of patients with PR was highly significant 

with radiation dose influencing survival (OS) after controlling for age and 
histology (p=O.O05). Subsequent modelling of the entiregroup (PR+STR) 
was completed. The interaction of radiation dose and residual tumour 
volume was tested after controlling for age and htstology. The regression 
model was hightv siqnifkant fog both OS and PFS @Q.Ol% and 0=0.903 -. - 
respectively). The model remained signifmnt after p&ents receivi& doses 
4 42 Gy (N=7) were excluded (OS p&024, PFS p=O.OOi). 

Condluslons: Outcome for adult LGG is highly dependent m post-surgi- 
cal tumour volume and radiation dose. Patients with partial resection should 
be considered for higher radiation dose schedules (> 50 Gy). Subgroup 
analysis of EORTC and RTOG- NCCTG-ECOG dose-response trials seems 
warranted. 
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Telomere length as a prognostic marker In glioblastomas 

T. Carroll,*, V. Hakin -Smith’, M. Tea’, D. Levy3, D. Jellinek2, M. Meuth’, 
J.A. Royds’, G. Xinatfanos’ . ’ University of Sheffield lnstitufe for Cancer 
Studies, Sheffield, UK; 2 Royal Hallamshire Hospital? Neurosurgery, 
Sheffield, UK; s Weston Park Hospital, New-oncology; Sheffiefd, UK 

Although glioblastomas multiforme are amongst the malignant human tu- 
mours with poor prognosis considerable differences do occur betwean the 
length of survival for patients with this disease. This sugge& the presence 
of intrfnsic factors that may influence outcome. Unfortunatety at present the 
molecular basis of this variation is not known and there are no markers for 
identifying the 10 to 15% tie are deemed ‘long tem~ suivivor$. Telomeres 
are essential structures at the ends of chromosomes which are eroded 
during cell division. Telomere shortening is viewed as a turnOur suppiessor 
mechanism which has to be overcome if cells are to become immortal. The 
objective of this study was to determine the effect of telomere.length and 
maintenance on survival in patients with hqh grade gliomas. We studied 
glioblastomas from 30 patients for telomere lengtll and telomerase activity. 
We found a subset of nine glioblastomas with very long tefomeres, a hall- 
mark of the Alternative Lengthening of Telomeres or ALT phenotype while 
21 patients had non-ALT turnours. Median survival time-for aii 30 pattents 
was 357 days (98% Cl 244 - 470). Patients with ALT giiomas had a mean 
post operative survival of 647 days compared to 327 days for patients 
with ‘normal’ telomeres treated similarly (p=O.O5). 67% of patient< with ALT 
glioblastomas are ‘long terrn’survivora. Patients with telorner?se positive 
tumours had a sigr@cantty shorter sucvlval time than those with telorrlerase 
negative tumours (257 vs. 411 days p~O.05). We sugges! ihat telomere 
length and maintenance mechanisms may have a bearing on-prognosis for 
patients with glioblastomas. 

This work was supported by Yorkshire Cancer Research, UK. 
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Occupational risk factors for brain tumours in adults. 
Results from the international brain tumour case- control 
study 

B. Schlehofer’, I. Hettinger’, P. Ryan*, J. Liie3, 5. Praston-Martln3, 
A. Ahlbom3, F. Menegoz3, G. Howe3, G. Giies3, M. Blettner4. ‘German 
Cancer Research Center, Unit of Environmental Epidemiology. Heidelberg, 
Germanv; 2 University of Adelaide Dept. of Publio Health, Adeiaide, 
Au&al& 31ntemati&al Agency for &search on Cancer, Adult-Brain 
Tumor Study Group, Lyon, France; 4 University of Bieleleld, Dept. of 
Epidemiology and Medical Statistics, Bietefeld, Germany 

Purpose: Risk factors for brain tumours have beendiscus@ for various 
occupational exposures frequently with lnconsist$ results. Ttia presented 
study provfdes the opportunily to further evaluate the etiologic role of 
occupation for glioma and meningioma. 

Methods: A population-based case control study. was performed in the 
late 1980’s in eight study centres in Australia (Ad@aide, Me&me), Canada 
(Winnipeg, Toronto), Europe (France, Germany, Sweden) and USA (Los 
Angeles). 330 mdningioma and 1178 glioma.cases, all hfsiokgically con- 
firmed, were included. Controis have been ~indlvidlrally. ma&w by &year 
age group, gender and region (1123 controls for meningioma and 1987 
controls for glioma). Lifetime occupational~hiiory was obta&+d +rom all 
cases and controfs. Dccupational activities here &der# by means of ISCO 
and subsequentfygrouped into 16 occupatidnal &te#ria& Sii of these cat- 
egories were examined, because of a priori detenhlnied h-is, initiated 
by respective literature: chemical, metal, elect&al, a@ic&&l, conshuc- 
tion and transpott. For each turnour lype a,poole& apaiysis WY performed 
separately, using conditional WC regression to estimate relative risks 
(RR) and 95% confidence intervals (Cl) (adjusted fof years of @&cation). 
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Results: No increased occupational risk factors could be identified for 
gliomas. For meningiomas, however, increased risks were found for em- 
ployment in the categories transport (RR=1.87, 95%CI 1.04-3.37) and con- 
struction (RR=1 94, 95%CI 1.17-3.20). For gliomas the tisks were slightly 
decreased for involvement in the chemical (RR=O,73,95%CI 0.50-l .06), the 
electrical (RR=0.87,95%CI 0.64-l .19) and the agricultural group (RR=O.86, 
95%CI 0.66-l .12). No other risk factors could be identified. 

Conduslon: This international multicenter case-control study is one of 
the largest brain tumour study in adults. Occupational risk factors could 
only identified for meningiomas but not for gliomas. We were not able to 
confirm the hypothesis of risk increase for employment in chemical, metal, 
agricultural or electrical industries. 

Cell biology/Genetics I 
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Tumour class prediction and discovery by microarray-based 
DNA methylatlon analysis 

S. Maier’, P. Adojan’, J. Distler’, E. Lipscher’ , J. Mueller3, C. Pelet’, 
C. Schob?, K. Berlin3, C. Piepenbrock2, A. Olek’ ’ fpigenomics AG, 
Biomedical R&D, Berlin, Germany; 2Epigenomics AG, Information 
Sciences, Bedin, Germany; 3 Epigenomi~ AG, Technology Development, 
Berlin, Germany; 4 Charite, Campus Berlin-Buch, Roberf-Roessle Klinik, 
Humboldt University, Department of Hematology, Oncology and 
Tumorimmunolq Berlin, Gennany 

Class prediction is of crucial importance for most therapeutic decisions 
in cancer. Recent studies have shown that classification of cancers can 
be achieved by mRNA expression monitoring. However, due to difficulties 
with handling mRNA samples, expression analysis is not widely used for 
large-scale analyses or clinical settings. Here we present a novel, more 
robust approach to cancer classification based on analysis of characteristic 
DNA methylation patterns. Information on methylation status is obtained 
for many sites in parallel using a novel DNA-based microanay technology. 
Methylation patterns are then presented to a learning algorithm to perform 
class prediction. In addition, hierarchical clustering methods can be used 
for class discovery. Our results demonstrate that analysis of methylation 
patterns combined with supervised and unsupervised learning techniques 
constitutes a powerful tool to classify human cancers. 
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Application of genomic real-time PCR to characterlse 11 q 
deletions in mantle cell lymphoma and chronic lymphocytic 
leukaemia 

F. Bertoni’,‘, R.L. Auer’, C. Jones’. E. Zucca2, S.B. Cogliatti3, 
M. Ponzoni4, A.J.M. Fet?eti5, F. Cavalli’, F.E. Cotter’. ’ Barts and The 
London, Experimental Haematology, London, United Kingdom; 20ncology 
Institute of Southern Switzerland, Medical Onrwlog~ Bellinzona, 
Switzerland; 3Siate Hospital, Pathology; St. Gallen, Switzerland; 4San 
RafYaele H Scientific Institute. Pathology, Milan. Italy; 5San Raffaele H 
Scientific hxtitute, Radiochemoiheram Milan, /fa(v 

Purpose: Chromosome llq22-23 is frequently deleted in human solid and 
lymphoid neoplasms, including mantle cell lymphoma (MCL) and chronic 
lymphocytic leukaemia (CLL). Candidate cancer genes have been mapped 
to this region. Deleted regions vary in size and can also be discontinuous. 
lt is assumed that genes within these regions could affect the function the 
malignant cells. Although usually performed to quantify gene expression, 
real-time PCR can be applied to genomic DNA where it is able to discriminate 
between one and two copies of a target sequence! In order to characterise 
the pattern of deletions in lymphoproliferative disorders at a molecular level, 
a chromosome llq22-ter PAC/BAC contig was initially constructed and 
real-time PCR primers were designed from sequences within this contig to 
potentially map the extent of deleted regions. 

Methods: BAC and PAC clones were identified and mapped by screen- 
ing of different human genomic libraries by PCR, filter hybrid&ion and 
database searches, using sequence-tagged sequences (STSs), expressed 
sequence tags (ESTs) or gene sequences known to map to the region of 
interest. The PAC and BAC end sequences were then used as new STSs 
for database analysis or to design PCR primers, after filteling the repetitive 
elements using the BLAST software. Real-time PCR primers were designed 
with the assistance of the ABI Palmer Express software. DNA samples from 

MCL and CLL samples were anaiysed in triplicate, using the ABI SYBR 
Green PCR Master Mix and run on an ABI Prism 7700. 

Rest&: A first group of 31 MCL, classic variant, and 25 CLL cases 
were analysed. Chromosome 11q22-23 deletion was detected in 6 (19%) 
MCL and in 11 (44%) CLL cases. Cases with deletions underwent further 
investigation with different primers to succesfully characterise the detailed 
extent of the deletion. 

Conclusion: The combination of data originating from the BAC/PAC 
assembled contig together with those obtained by genomic real-time PCR 
on tumour samples provides a new promising tool to understand the 
pathogenesis of CLL and MCL. Analysis of further MCL and CLL cases is 
under way. Supported by the Leukemia Research Fund, the Krebsforschung 
Schweiz, and the Swiss Group for Clinical Research (SAKK). 
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Alteratlons of CDKN2A, ~53 and related cell cycle regulatory 
genes In esophageal squamous cell carcinoma 

J. Smeds, P. Berggren, X. Ma, 2. Xu, R. Kumar, K. Hemminld. Kafolinska 
Institute, Department of Biosciences, Huddinge, Sweden 

Purpose: Alterations of the tumor suppressor genes CDKN2A and p53 
represent essential steps in the tumorigenic process in a varietv of cancer 
types. We investigated these genes aid the related cell cycle regulators 
pl4ARF, CDKNPB, CDKNPC, CDK4, and p53R2 for alterations in 21 cases 
of esophageal squamous cell carcinoma iorn China. 

Methods: Mutational analysis was performed by SSCP-sequencing. The 
methylation status was analysed for the CDKNPA and pl4ARp genes by 
methylation-specific PCR. LOH was analysed forfive micmsatellii markers 
flanking the INKCARF locus and one marker at the p53 locus. 

Results: Frameshift or premature stop codon mutations in the CDKN2A 
gene were identified in six cases and hypermethyiation ‘of the promoter 
region in four cases. The conelation between mutation or methylation in the 
CDKNPA gene and LOH at the INKCARF locus was significant (Fischer 
exact test, P=O.OOl). A CDK4 mutation was detected in one case which 
also had a mutation in the CDKN2A gene, suggesting lack of ,function for 
one of the mutations. A high frequency of methyfation was detected in the 
promoter region of the pl4ARF gene (52%). Mutations in the p63 gene were 
detected in 14 cases, of which otle case was found to have two mutations 
located in exon 5. 

Conclusion: The study provides clear evidence to the invalvement of 
the CDKN2A and p53 genes in esophageal cancer. A high prevalence of 
biallelic inactivation of the CDKN2A gene was detected in the esophageal 
cancer cases. Furthermore, a role of the pl4ARF gene is indicated by the 
frequent methylation of its promoter, although no mutations were observed 
in exon 1 b. Other cell cycle regulators studied, CDKNPB, CDKNPC, CDK4 
and p53R2, did not show important roles in the esophageal cqncer cases. 
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Evidence for adeno-a’ soclated virus-induced cellular 
factor(s) in transgeni 
human papillomavlru f 

mice, mediating lrihlbitiqn of the 
type 18 promoter 

C.M. Walz’e2, MM. Correa-Ochoa2, M. Mueller1,2, J.R. Sdlehofer’. 
’ German Cancer Research Center Applied Tumor Virology, Heidelberg, 
Germany; 2 Loyola University Medical Center, Strich Scholl of Medicine, 
Department of Obstetrics and Gynecol~, Division of Resbanzh, 
Maywood, III., USA 

The cervix uteri has been found to be frequently co-infected with both, human 
papillomaviruses (HPV) and the helper virus-dependent adeno-associated 
viruses (AAV). Sero-epidemiological data suggest that AAV infection could 
inhibit cervical cancer caused by ‘high risk” types of HPV. In vitro, infection 
with AAV type 2 (AAV-2) or transfection of AAV-2 early (rep) genes has 
been shown to inhibit transformation by HPV. To analyze effects of AAV on 
HPV in vivo we studied the influence of AAV-2 infection on the promoter 
of ‘high risk’ HPV type 18 (HPV-16) in mice, transgenic for sequences of 
the Upstream Regulatory Region (URR) of HPV-18 controlling transcription 
of the reporter gene, IacZ. Transgenic animals (OF tongue cells thereof, 
explanted in culture) were treated with’ dexamethasone (DEX) to induce 
the HPV-18 promoter. Simultaneously they were (i) infected with AAV, (ii) 
inoculated with AAV virus-like particles (VLPs; empty capsids) or (iii) mock 
infected. Inoculation with AAV-2 or VLPs inhibited activation bf the HPV-16 
promoter. In vitro, in BHK cells transfected with the HPV-16-IacZ construct, 
tissue extracts from AAV-infected animals suppressed the HPV-18 URR 
to a similar etient as AAV-infectton did. Down-regllation of the HPV-18 
promoter was less efficient with extracts from animals inoculated with VLPs, 


