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Nature Genetics
The Microarray Site  

 
The Microarray Meeting
22-25 September, 1999; Scottsdale, Arizona.
programme; abstracts; editorial; snapshots

●   

Published as a special supplement to the January '99 issue of
Nature Genetics
The Chipping Forecast is a collection of reviews on different aspects
of microarray analysis.

●   

Workshop on Methods and Applications
of DNA Microarray Technology
11-13 January, 1998; Tucson, Arizona.
Editorial: Getting Hip to the Chip (Nature Genet. 18, 195-197 1998).

●   
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The Microarray Meeting:
Technology, Application and Analysis

Sessions:

Technology Workshop
Model Organisms
Bioinformatics
Cancer Genetics
Human Biology, Variation and Disease

Conference program

Wednesday, 22 September

3:00-3:05 Welcoming remarks Barbara Cohen

Session I: Technology Workshop

3:05-3:10 Opening remarks Jeff Trent

3:10-3:45 Ed Southern

3:50-4:15 Hans Lehrach

4:20-4:45 Mike Bittner

4:50-5:00 Abdel Elkahloun

Conference Program

http://genetics.nature.com/microarray/confprog.html (1 of 5) [2/4/2000 2:35:14 PM]

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_6.fulltext
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5:10-5:40 Coffee

5:40-5:50 Walter Klimecki

5:55-6:05 Doug Amorese

6:10-6:25 Joe DeRisi

6:50-7:05 David Lockhart

7:10-7:30 Discussion

7:30-10:00 Arrival reception

 

Thursday, 23 September

7:00-8:00 Breakfast

Morning session: 8:15-12:10

8:15-8:20 Welcoming remarks Barbara Cohen

8:20-8:50 Keynote Francis Collins

Session II: Model Organisms
8:50-8:55 Opening remarks Chair

8:55-9:20 Pat Brown

9:25-9:50 Stuart Kim

9:55-10:05 Paul Spellman

10:10- 10:20 Joseph Mangan

10:25-10:45 Coffee

10:45-11:10 Rick Young

Conference Program
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11:15-11:40 Jonathan Pevsner

11:45-11:55 Asaph Aharoni

12:00-12:05 Yasuchi Okazaki

12:15-2:00 Lunch

3:30-5:30 Poster session

5:45-7:15 Dinner

Evening session: 7:30-11:00

Session III: Bioinformatics
7:30-7:35 Opening remarks Chair

7:35-8:00 David Lipman

8:05-8:30 Mark Boguski

8:35-8:45 Hidemasa Bono

8:50-9:10 Coffee

9:10-9:20 Zohar Yakhini

9:25-9:50 Mike Eisen

9:55-10:20 Terry Gaasterland

10:25-10:55 Stephen Friend

 
 

Friday, 24 September

Breakfast with Poster session 7:00-9:00

Conference Program

http://genetics.nature.com/microarray/confprog.html (3 of 5) [2/4/2000 2:35:14 PM]

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_15.fulltext
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_30a.fulltext
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_16.fulltext
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_17.fulltext
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_18.fulltext
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_19.fulltext
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_20.fulltext


 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 

Morning session 9:15-12:45

Session IV: Cancer Genetics
9:15-9:20 Opening remarks Chair

9:20-9:45 Jeff Trent

9:55-10:20 Louis Staudt

10:25-10:35 Jonathan Pollack

10:40-10:50 Peter Lichter

10:55-11:15 Coffee

11:15-11:25 Geoffrey Childs

11:30-11:40 Ash Alizadeh

11:45-12:10 Raju Kucherlapati

12:15-12:40 Olli Kallioniemi

1:00-2:30 Lunch

Afternoon session 4:30-7:15

Session V: Human Biology, Variation and Disease (part 1)
4:30-4:35 Opening remarks Chair

4:35-5:00 Aravinda Chakravarti

5:05-5:30 Leonid Kruglyak

5:30-5:40 Ann-Christine Syväenen

5:45-5:55 Rolf Krahe

6:00-6:30 Coffee

Conference Program

http://genetics.nature.com/microarray/confprog.html (4 of 5) [2/4/2000 2:35:14 PM]

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_21.fulltext
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_22.fulltext
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_23.fulltext
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_24.fulltext
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6:30-6:55 Thomas Shenk

7:00-7:10 Charlie Xiang

7:30-10:00 Outdoor barbecue

 
 

Saturday, 25 September

7:00-8:00 Breakfast

Morning session 8:15-12:00

Session V: Human Biology, Variation and Disease (part 2)
8:15-8:40 Rob Lipshutz

8:45-9:10 Eric Lander

9:15-10:30 Late-breaking session

10:50-11:20 Keynote - Pat Brown

11:20-12:00 Discussion/Closing remarks

   

Conference Program

http://genetics.nature.com/microarray/confprog.html (5 of 5) [2/4/2000 2:35:14 PM]

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_27.fulltext
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http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_29.fulltext


 

 

 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 

The Microarray Meeting:
Technology, Application and Analysis  
   
 
Abstracts  
   
 

A B C D E F G H I J K L M N O P Q R S T U V W X Y Z

Albertson, Donna Measurement of DNA sequence copy number variation
using comparative genomic hybridization to microarrays

Alizadeh, Ash Analysis of gene expression in normal and malignant
lymphocytes using the Lymphochip cDNA microarray

Amorese, Douglas Characterization of cDNA microarrays fabricated using
thermal ink jets

Amundson, Sally The 'stress chip': a specialized functional genomics
application for the study of genotoxic stress response

Baker, Henry Use of global genomic expression studies to define Gcr1p
as a major transcriptional activator

Balasubramanian, Sriram Caenorhabditis elegans gene expression
analysis using microarrays of covalently attached
oligodeoxyribonucleotides

Baldocchi, Russ Oligonucleotide-arraybased comparative genomic
hybridization

Barrett, Michael T. High yields of RNA and DNA suitable for array analysis
from cell sorter purified epithelial cell and tissue populations

Becker, Kevin Identifying biological pathway information from cDNA
arrays: BBID, the biological biochemical image database

Bjorbaek, Christian Identification of novel hypothalamic genes that are
regulated by leptin and play a role in development of leptin-resistance and

The Microarray Meeting: Technology, Application and Analysis 
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obesity

Bono, Hidemasa Cluster analysis of genome-wide expression profiles to
predict gene functions with KEGG

Bottinger, Erwin Genetic/genomic analysis of signal transduction
pathways using cDNA microarray technology

Brazma, Alvis A public repository for DNA microarray-based gene
expression data

Budach, Wolfgang Customized cDNA chips for pharma development

Bunker, Christopher Macrophage function in lipoprotein/cholesterol
metabolism and atherosclerosis

Bushnell, Steven GECKO: a software system for the analysis and
organization of gene expression information

Buxbaum, Joseph RNA profiling in neuropsychiatric disorders

Campbell, Michael Methods for comparing transcriptional patterns to
determine potential clues to biological function

Cary, Robert Microarray analysis of the DNA-dependent protein kinase
catalytic subunit knock-out mouse: global effects on gene regulation and
the cellular response to ionizing radiation

Causton, Helen Functional redundancy of two transcriptional coactivator
complexes

Chakrvarti, Shukti Ulcerative colitis and Crohn disease: gene expression
profiling using oligonucleotide microarrays

Chambers, James The generation of a viral DNA chip for simultaneous
expression measurements of all known ORFs in the largest member of
the herpesvirus family, human cytomegalovirus

Chen, Yidong Microarray ratio analysis under noisy background

Chenchik, Alex Novel hybridization chamber for expression profiling of
glass slide microarrays

Childs, Geoffrey An analysis of F9 embryonal carcinoma cell
differentiation into parietal endoderm using DNA microarrays

Chin, Khew-Voon Analysis of the mechanisms of drug resistance in
cancer by cDNA microarray

Chinnaiayan, Arul Using microarrays to study apoptosis

The Microarray Meeting: Technology, Application and Analysis 
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Chuang, Y. Eric Profiling toxic oxygen related-speciesinduced gene
expression using cDNA microarrays

Clarke, Paul A. Analysis of tumour gene expression following
chemotherapeutic treatment of patients with bowel cancer

Corbeil, Jacques Magnitude and specificity of temporal gene expression
during HIV-1 infection of a CD4+ T cell

Cossman, Jeffrey Genome-wide gene expression of the rare, malignant
Reed-Sternberg cell of Hodgkin lymphoma

Dangond, Fernando Differential gene expression in human spinal cord
tissues from ALS patients

de Saizieu, Antoine Genome-wide transcriptional analysis of bacterial
genomes: applications in antibacterial drug discovery

Der, Sandy Characterization of interferon-regulated pathways using
oligonucleotide microarrays

Diehn, Max Large-scale identification of secreted and
membrane-associated gene products using DNA microarrays

Dougherty, Edward Nonlinear stochastic determination for gene
expressions via cDNA microarrays

Dressman, Marlene Signing on to expression profiles

Dudoit, Sandrine Statistical methods for the characterisation of tumour
types using cDNA microarray data

Duffield, Giles Application of microarray technology to identify novel
components of the mammalian circadian clock

Duggan, David J. Microarray analysis discriminates BRCA2
mutation-positive from BRCA1 and sporadic breast cancer patient

duManoir, Stan High resolution CGH of head and neck tumours

Edgerton, Mary E. A bioinformatics tool to mine sequences for microarray
studies of mouse models of oncogenesis

Elkahloun, Abdel In vivo expression profile analysis of human breast
cancer progression using laser microdissection, cDNA array and
quantitative real-time PCR

Erlander, Mark Using laser capture microdissection (LCM) to build cDNA
microarray expression databases with cell-type specificity

Falciani, Francesco Monitoring cell response by cluster analysis of a gene

The Microarray Meeting: Technology, Application and Analysis 
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expression matrix

Flores Morales, Amilcar Differential cloning of growth hormone-regulated
hepatic transcripts in the aged rat

Fornace, Al Stress gene expression: analysis by informatics and
functional genomics approaches

Futscher, Bernard W. Gene expression profiles associated with MDR1
expression in a doxorubicin-resistant human multiple myeloma cell line

Galbraith, David W. Implementing microarrays for the study of plant
genomics

Gangi, Lisa Mammary gland involution studies with cDNA microarrays

Gant, Timothy W. Multiple analysis of gene expression contributing to
differential xenobiotic sensitivity

Ganter, Brigitte Discovery of septicaemia-related genes using cDNA
microarrays

Gerhold, David A gene expression microarray database for drug
metabolism and toxicology

Glynne, Richard Monitoring gene expression and amplification through
mid-density oligonucleotide array platforms

Gohil, Kishorchandra mRNA expression profile of a human cancer cell line
in response to a phytochemical extract with

Gokgoz, Nalan Characterisation of differential gene expression of soft
tissue sarcomas by microarray technology

Gooden, Gerald Determining the quantitative accuracy of cDNA
microarrays

Gregg, Jeff The generation of a brain tumour specific cDNA microarray for
molecular profiling of oligodendroglial and astrocytic tumours

Guilbaud, Cécile Transcript profiling in b3-adrenergic stimulation of white
adipose tissue in mice

Guo, Qingbin Identification of c-myc target genes using a rat cDNA
microarray

Hardwick, James The transcriptional profile of Saccharomyces cerevisiae
exposed to rapamycin mimics the profile induced by amino acid starvation

Hawthorn, Lesleyann Increased levels of human telomerase activity have
been demonstrated in a wide variety of human tumours

The Microarray Meeting: Technology, Application and Analysis 
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Hayashibara, Kathleen Mapping single and multigenetic traits in S.
cerevisiae by genomic mismatch scanning and DNA microarrays

Hegde, Priti Identification of genes involved in colon cancer metastasis
using cDNA microarrays

Heiskanen, Mervi A. Direct identification of amplified genes in human
cancers by genomic hybridization to cDNA microarrays

Hodgson, J. Graeme High-resolution assessment of DNA loss in RIP-Tag
mouse pancreatic carcinomas using comparative genomic hybridization to
microarrays

Hoffman, Eric Expression profiling in human muscle disease: identification
of early transcription changes consequent to dystrophin deficiency, and
design of a human muscle tissue oligonucleotide array chip

Hoheisel, Jörg Standardisation of DNA-array analyses

Holden, PeterToxicogenomics: the application of microarrays to toxicology

Huang, Tim Hui-Ming CpG island arrays: an application toward
deciphering epigenetic signatures of breast cancer

Hui, Lijian Analysis of gene expression patterns in hepatocellular
carcinoma

Hummel, Rene The combination of RFDD-PCR gene profiling and cDNA
arrays provides a strong gene profiling technology

Isaksson, Anders Multiplex analysis of nucleic acid sequences by
amplification of padlock probes on DNA arrays

Iyer, Vishy Genome-wide maps of DNA-protein interactions using a yeast
ORF and intergenic microarray

Jennings, Ezra Combinatorial negative regulation of glucose-responsive
genes in yeast

Jia, Libin Gene expression profiling of human bone marrow stromal cells
with FGFR-3 mutation (K650M) using cDNA microarrays

Jiang, Yuan Evaluating altered levels of gene expression in cancer cells

Johnson, Claire M. Gene expression profiling of wound healing in
keratinocytes using DNA microarrays

Kalocsai, Peter Visualisation and analysis of gene expression data

Kerkhoven, Ron The use of DNA-microarray technology to research the
cell cycle and tumour-specific expression profiles

The Microarray Meeting: Technology, Application and Analysis 
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Khan, Javed cDNA microarrays detect activation of a myogenic
transcription program by the PAX3-FKHR fusion oncogene

Khimani, Anis H. MICROMAXTM microarray system I: a complete system
for high throughput gene expression analysis and drug discovery

Klimecki, Walter A 3-dimensional microarray system for parallel
genotyping of single nucleotide polymorphisms

Krahe, Ralf DNA microarray-based profiling of global gene-expression
changes in myotonic dystrophy

LaBrie, Samuel Arabidopsis thaliana gene expression microarray services

Landgraf, Jeff R. Gene expression profiling in Arabidopsis using DNA
microarrays

Lee, Sang Y. Development of DNA microarray for the monitoring of
Escherichia coli metabolism

Lemkin, Peter MAExplorer  microarray exploratory data analysis

Lennon, Greg Challenges and opportunities in constructing
comprehensive gene expression databases

Levy, Shawn DNA microarrays as a method to monitor changes in
mitochondria-related gene expression during development and
mitochondrial dysfunction

Li, Haochuan Profiling expression patterns of 2,214 unigenes in mouse
craniofacial development by cDNA microarray analysis

Lichter, Peter Disease-specific microarrays for the automated analyses of
genetic imbalances by matrix-CGH

Link, Christopher Microarray analysis of gene expression in a transgenic
Caenorhabditis elegans Alzheimer disease model

Liu, Jianjun Further analysis of the mechanism of copper trafficking
pathways using yeast expression arrays

Liu, Suxing Differential expression of genes in human normal and breast
cancer cells determined by microarray technique

Livesey, Frederick Clustering cell types and identifying cell-type specific
transcripts by gene expression profiling in single neurons

Loftus, Stacie Informatic selection of a neural crest-melanocyte cDNA set
for microarray analysis

Loring, Jeanne Microarray analysis of gene expression patterns during

The Microarray Meeting: Technology, Application and Analysis 
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neuronal differentiation of embryonic stem cells

Los, Gerrit Identification of genes differentially expressed in
cisplatin-sensitive versus resistant tumour cells

Lou, Xing Jian Genotyping drug-metabolizing enzyme variation using
microarrays

Lucito, Robert Application of representational microarrays to genetic
analysis of primary tumours

Maillard, Karine Expression profiling of soft tissue sarcomas

Malek, Renae L. Use of the Rat Gene Index to examine gene expression
patterns from Src-transformed rat fibroblasts that exhibit broad differences
in metastatic potential

Mangan, Joseph The expression profile of Mycobacterium tuberculosis
infecting the human monocytic cell line THP-1 using whole genome
microarray analysis

Mecklenburg, Michael XNA on Gold™: a versatile microarray platform

Meltzer, Paul An altered gene expression profile is associated with tumour
vasculogenesis by human melanoma cells

Menzel, Rolf EDDS, an Escherichia coli-based system with a variety
applications amenable to miniaturization

Metspalu, Andres Universal and flexible DNA microarray approach:
arrayed primer extension

Mills, Jr, Allen Interconversion of electrical and DNA data for molecular
computation

Mir, Kalim U. What length of probe is optimal for microarrays?

Montgomery, Don Very large-scale arrays of biomolecules

Morrison, Norman Robust normalization of microarray data over multiple
experiments

Mousses, Spyro Identification of genes involved in hormone-independent
prostate cancer by cDNA microarrays, followed by in vivo analysis of
selected genes using tissue microarray analysis

Müller, Uwe Quantitation of sequence copy-number changes in genomic
DNA through GenoSensor-based comparative genomic hybridization

Munson, Peter P-SCAN: quantification and statistical analysis package for
cDNA microarrays

The Microarray Meeting: Technology, Application and Analysis 
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Nadon, Robert Statistical informatics: software tools for statistical
inference about expression arrays

Nagalla, Srinivasa R. Gene expression profiles for prognostic
stratification: generation of potential neuroblastoma specific microarrays
by combining suppressive subtractive hybridisation and microarray
analysis

Nagel, James Microarray analysis of chemokines, chemokine receptors
and related pathways

Nguyen, Hong-Khanh Minimizing the secondary structure of DNA targets
with a modified deoxynucleoside and its implication for nucleic acid
analysis by hybridization

O'Hagan, Ronan Identification of differentially regulated gene targets in
the Myc and Mad family proteins

Okazaki, Yasushi Gene expression profiling using a mouse full-length 20
K cDNA microarray

Ozcelik, Hilmi Using microarray technology to study the role of genetic
polymorphisms in breast cancer risk

Peng, Tao Inhibition of specific mRNA translation--possible mechanism of
rapamycin's inhibition of T-cell proliferation

Peterson, Todd Resonance light-scattering particles for ultra-sensitive
detection of nucleic acids on microarrays

Pilarsky, Christian Expression analysis using low amounts of mRNA and
GeneChips

Pinkel, Daniel Technical approaches for efficient printing of high-density
microarrays and rapid, high-precision fluorescence

Pollack, Jonathan R. Genome-wide analysis of DNA copy number
variation in breast cancer using DNA microarrays

Porkka, Kati Detection of differentially expressed genes by combining
suppression subtractive hybridization and cDNA library array

Raitio, Mirja Y chromosomal SNP genotyping using oligonucleotide
microarrays: comparison of different oligonucleotide immobilization
chemistries

Raja, Rajiv G. Quantitation of cDNA expression microarrays for DNA
repair and damage response genes

Ren, Bing A yeast genome expression monitoring database

The Microarray Meeting: Technology, Application and Analysis 

http://genetics.nature.com/microarray/abstracts.html (8 of 13) [2/4/2000 2:35:21 PM]



 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

Richards, Sue Optimisation of a dedicated microarray system

Ringwald, Martin Gene expression database for the laboratory mouse

Robinson, Alan Data mining and visualisation of microarray gene
expression data

Rose, Stanley A versatile system enabling analysis of slide-based,
high-density microarrays with a variety of alternative chemistries

Sahay, Nisha The reproducibility factor in differential gene expression
analysis by microarray technology

Sampas, Nick Feature extraction and clustering tools for analysing gene
expression data from DNA microarrays

Scott, James Use of biochip microarrays to discover genes for
dyslipidaemia, insulin resistance and hypertension in rats and humans

Shams, Soheil Information processing tools for microarray technology

Shannon, Karen Differentiation of homologous sequences using
oligonucleotide microarrays

Sherman, Fred DNA microarray analysis of strains lacking BTN1, the
yeast ortholog of the human Batten disease gene

Shroff, Robert Genome-wide mapping of meiosis-induced DNA
double-strand breaks

Sinibaldi, Ralph OpArraysTM: covalently-bound DNA microarrays

Smith, Stanley Gene expression profiling in a model of human neuronal
differentiation using oligonucleotide arrays

Soares, Marcelo A rat heart UniGene set for identification of spatially
and/or temporally regulated genes during heart development

Somme, Stig Differential gene expression in colorectal cancer of either the
ascending or the descending colon

Soukas, Alexander Gene expression profile induced by leptin in white
adipose tissue and liver

Spellman, Paul Functional clustering of genes using microarray gene
expression data

Statham, Victoria Applying cDNA microarray technology to gene therapy

Steffen, Martin Surface attachment chemistry for in situ probe DNA
amplification

The Microarray Meeting: Technology, Application and Analysis 
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Stephan, Dietrich Molecular pathophysiologic hints into Niemann-Pick
Type C disease using cDNA microarray technology

Stratowa, Christian Correlation of clinical data with expression profiles in
B-cell chronic lymphocytic leukaemia as determined by cDNA microarray
analysis

Su, Yan A. Identification of suppressor genes associated with the
chromosome 6-mediated suppressed melanoma cell UACC903(+6) by
cDNA microarray

Syvänen, Ann-Christine Primer extension on microarrays for typing
single-nucleotide polymorphisms and detecting disease-causing
mutations

Tao, Lian Isolation of chromosome 6-encoded differentially expressed
genes associated with breast cancer cell lines MDA-MB-231 and MDA/H6
by cDNA microarray

Teichmann, Ulrike Development of a mouse-specific cDNA set for
microarray gene expression analysis: differential gene expression in
melanocyte lineage samples of the neural crest

Teng, Chi-Hse Experimental designs using Affymetrix GeneChips

Theilhaber, Joachim Bayesian estimation of fold-changes in gene
expression: the PFOLD algorithm and its uses in the analysis of complex
expression profiles

Van Belle, Patricia Gene expression of RNA for b3 integrin and CD9 in
malignant melanoma and melanocytic nevi, evaluated by cDNA
expression array profiling

Van Rompaey, Luc Tel, a frequent target of leukemic translocations,
induces cellular aggregation and influences expression of extracellular
matrix components

Vetrie, David Development of a PCR product-based microarray system for
expression profiling of rat systems

Vilo, Jaak Discovery of putative transcription factor binding sites from
microarray-based gene expression profiles

Vinson, Charles A-ZIPs: potent dominant negatives that abolish the DNA
binding of B-ZIP transcription factors in a leucine zipper-dependent
manner

Wallace, Don M. Identification of helicobacter pylori epithelial cell
response genes by screening high-density cDNA arrays

The Microarray Meeting: Technology, Application and Analysis 
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Waring, Jeffrey Gene induction/repression response profiling of
hepatotoxic agents using cDNA microarrays

Wayne, Marta Statistical issues in functional genomics:
temperature-dependent gene expression in Drosophila melanogaster

Weaver, Daniel C. Simulation and predictions of gene expression
behaviour through a novel mathematical model

Weinstein, John A cDNA microarray gene expression database for cancer
drug discovery

Winokur, Sara Gene expression profiling in facioscapulohumeral muscular
dystrophy

Workman, Paul Array technology in the molecular pharmacology of
anticancer agents

Xiang, Charlie Comparison of cellular gene expression in Ebola-Zaire and
Ebola-Reston virus-infected primary human monocytes

Yakhini, Zohar Analysis of gene expression data: clustering and beyond

Yang, Liming Building lymphochip-computational algorithms for selecting
clones highly expressed in B cell cDNA libraries

Yang, Rongguang MAT a set of microarray data management and
analysis tools

Zhang, Li New algorithms for microarray data analysis

Zhao, Lue Ping Mapping complex traits with single nucleotide
polymorphisms

Zhou, Xiaochuan Light-directed, programmable microarray synthesis

Zong, Qin Genome-wide analysis of translation state: the effects of
eukaryotic translation initiation factor 4E level

The Microarray Meeting: Technology, Application and Analysis 
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Measurement of DNA
sequence copy number
variation using comparative
genomic hybridization to
microarrays

D.G. Albertson1, 2, R. Segraves2, B. Huey2, X. Zhang2, J.
Palmer2, S. Blackwood1, A. Snijders1, G. Hamilton2, B.
Ljung3, S. Dairkee4, L. Bolund5, H. Yuang5, E. Niebuhr6,
J.W. Gray2 & D. Pinkel2
 
1. Cancer Research Institute, University of California, San Francisco,
San Francisco, California, USA
2. Cancer Genetics Program, University of California, San Francisco,
San Francisco, California, USA
3. Department of Pathology, University of California, San Francisco,
San Francisco, California, USA
4. Geraldine Brush Cancer Research Institute, San Francisco,
California, USA
5. Institute of Human Genetics, Aarhus University, Aarhus, Denmark
6. Medical Genetics, University of Copenhagen, Copenhagen,
Denmark

Comparative genomic hybridization using arrays of genomic cosmid,
P1 and BAC clones (array CGH) provides quantitative copy number
data over a wide dynamic range with resolution determined solely by
the size and genomic spacing of the arrayed clones. We have
demonstrated previously that array CGH has the measurement
precision to reliably discriminate single copy-level changes from diploid
in the human genome. We are currently using this capability to map
the extent of deletions on chromosome 5p in Cri du Chat patients and
find fluorescence ratios for diploid targets of 1.0 0.07, while ratios on
deleted clones are 0.55 0.05 (mean s.d.). This measurement
precision is expected to permit recognition of deletions with
false-positive and -negative rates below one in several thousand.
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Recently, we have developed procedures that adequately suppress
hybridization from repeat sequences in mouse genomes so that
heterozygous deletions and duplications can now be mapped with the
same accuracy in interspecific backcross animals. In the course of
these studies, one clone in mouse and one in human were found to
have a ratio of approximately 0.75 when included in the deletion. FISH
mapping showed that these clones hybridized to two locations in the
genome. Thus, the measured ratios on these clones reflect the
accurate measurement of the copy number decrease from 4 to 3
copies in the deletions.

The unprecedented high dynamic range and quantitative accuracy of
array CGH also provide the capability to very precisely map copy
number profiles across an amplified region using contiguous and
overlapping clones as the array elements. When such an analysis was
performed across a 1-Mb contig at 20q13.2, we observed a constant
level of elevated copy number across the region in some tumours,
whereas we recorded abrupt variations in copy number in others. The
boundaries of different levels of amplification were thus mapped to
within a fraction of a BAC or P1 clone. In some tumours, copy number
profiles showed narrow peaks of amplification (some as small as

300 kb) and revealed the presence of two separate regions in the
1-Mb contig that could be the most highly amplified in different
tumours. This information focuses attention on the genes mapping to
the peak regions and may aid in the identification of the candidate
driver oncogenes. These studies using array CGH illustrate the
capability of this technology for scanning the entire genome for copy
number aberrations, identifying disease genes and providing
diagnostic information.

 

 Copyright 1999 Nature America Inc.
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Aharoni, Asaph

Strawberry on chips: gene expression
analysis during strawberry development

using cDNA microarrays

Asaph Aharoni1, Paul L.C. Keizer2, Mark Schena3, Harrie A.
Verhoeven1, Arjen J. van Tunen1 & Ann O’Connell1

1Department of Cell Biology, DLO-Centre for Plant Breeding and Reproduction
Research, Wageningen, The Netherlands

2Centre for Biometry Wageningen, The Netherlands
3Department of Biochemistry, Beckman Center, Stanford University Medical

Centre, Stanford, California 94305, USA

Strawberry fruit have high economic value for both the fresh market and the food
industry. During fruit maturation, dramatic changes occur which influence traits
such as firmness, pigmentation, sweetness and flavour. We are interested in the
isolation of genes, that directly influence strawberry development and ripening.
Novel genes identified will be further used to genetically engineer strawberries
with improved quality traits. The first step involved the cytological and biochem-
ical analysis of the strawberry fruit. The second step entailed the construction of
a ripe strawberry fruit cDNA library. From this library 1,800 cDNAs were ran-
domly selected and spotted in high density on microscope slides. Hybridization
experiments comparing gene expression in the green, white, turning and red
stages of fruit development identified more than 200 differentially expressed
cDNAs. Clustering the genes into functional groups showed that metabolic path-
ways concerned with secondary metabolism were evident at later stages of devel-
opment. This is in perfect agreement with physiological observations noted pre-
viously. Results demonstrate that cDNA microarrays provide a powerful tool for
the comprehensive investigation of the temporal expression pattern of genes relat-
ing to strawberry fruit development. The pattern of gene expression within a cell
can provide strong clues to their biological role and provide information concern-
ing the physiological state of the cell.

Albertson, Donna

Measurement of DNA sequence copy
number variation using comparative
genomic hybridization to microarrays

D.G. Albertson1,2, R. Segraves2, B. Huey2, X. Zhang2, J. Palmer2, S.
Blackwood1, A. Snijders1, G. Hamilton2, B. Ljung3, S. Dairkee4, L.

Bolund5, H. Yuang5, E. Niebuhr6, J.W. Gray2 & D. Pinkel2

1Cancer Research Institute, 2Cancer Genetics Program and 3Department of
Pathology, University of California, San Francisco, San Francisco, California, USA

4Geraldine Brush Cancer Research Institute, San Francisco, California, USA
5Institute of Human Genetics, Aarhus University, Aarhus, Denmark

6Medical Genetics, University of Copenhagen, Copenhagen, Denmark

Comparative genomic hybridization using arrays of genomic cosmid, P1 and
BAC clones (array CGH) provides quantitative copy number data over a wide
dynamic range with resolution determined solely by the size and genomic spacing
of the arrayed clones. We have demonstrated previously that array CGH has the
measurement precision to reliably discriminate single copy-level changes from
diploid in the human genome. We are currently using this capability to map the
extent of deletions on chromosome 5p in Cri du Chat patients and find fluores-
cence ratios for diploid targets of 1.0±0.07, while ratios on deleted clones are
0.55±0.05 (mean±s.d.). This measurement precision is expected to permit recog-
nition of deletions with false-positive and -negative rates below one in several

thousand. Recently, we have developed procedures that adequately suppress
hybridization from repeat sequences in mouse genomes so that heterozygous dele-
tions and duplications can now be mapped with the same accuracy in interspecif-
ic backcross animals. In the course of these studies, one clone in mouse and one
in human were found to have a ratio of approximately 0.75 when included in the
deletion. FISH mapping showed that these clones hybridized to two locations in
the genome. Thus, the measured ratios on these clones reflect the accurate mea-
surement of the copy number decrease from 4 to 3 copies in the deletions.

The unprecedented high dynamic range and quantitative accuracy of array
CGH also provide the capability to very precisely map copy number profiles
across an amplified region using contiguous and overlapping clones as the array
elements. When such an analysis was performed across a 1-Mb contig at 20q13.2,
we observed a constant level of elevated copy number across the region in some
tumours, whereas we recorded abrupt variations in copy number in others. The
boundaries of different levels of amplification were thus mapped to within a frac-
tion of a BAC or P1 clone. In some tumours, copy number profiles showed nar-
row peaks of amplification (some as small as ~300 kb) and revealed the presence
of two separate regions in the 1-Mb contig that could be the most highly ampli-
fied in different tumours. This information focuses attention on the genes mapping
to the peak regions and may aid in the identification of the candidate driver onco-
genes. These studies using array CGH illustrate the capability of this technology
for scanning the entire genome for copy number aberrations, identifying disease
genes and providing diagnostic information.

Alizadeh, Ash

Analysis of gene expression in normal
and malignant lymphocytes using the

Lymphochip cDNA microarray

Ash Alizadeh1,2, Michael B. Eisen1, R. Eric Davis2, John I. Powell3,
Liming Yang3, Robin R. Hart3, Hajeer Sabet2, Truc H. Tran2, 

Xin Yu2, Chi Ma2, Wing C. Chan4, Timothy C. Greiner4, 
Dennis D. Weisenburger4, James O. Armitage4, Izidore Lossos1,

Ron Levy1, David Botstein1, Louis M. Staudt2 & Patrick O. Brown1

1Departments of Genetics, Biochemistry and Medicine, Stanford University
School of Medicine, California, USA

2Metabolism Branch, National Cancer Institute, NIH, USA
3BioInformatics and Molecular Analysis Section, CIT, NIH, USA

4Departments of Pathology and Medicine, University of Nebraska Medical
Center, Nebraska, USA

Genome-wide knowledge of gene expression in cancer cells promises to illumi-
nate many aspects of their clinical behaviour. We have begun a study of gene
expression in lymphoid malignancies by constructing a specialized cDNA
microarray, termed the ‘Lymphochip’, that is enriched in genes selectively
expressed in lymphocytes and genes regulating lymphocyte function. As most
human lymphomas appear to represent malignant transformation of the germinal
center B lymphocyte, we created a cDNA library from germinal center B lym-
phocytes purified by flow sorting from human tonsils. We obtained 50,000
sequences from this library, over 10% of which had not been observed previous-
ly in other libraries. This rich source of novel genes formed the basis of the
Lymphochip microarray, which currently contains over 15,000 clones.

Initial experiments with the Lymphochip have focused on two B cell malig-
nancies: diffuse large cell lymphoma, a common and aggressive subtype of non-
Hodgkin lymphoma, and chronic lymphocytic leukaemia. We chose these malig-
nancies for study because they most likely encompass a variety of molecularly
distinct diseases that cannot be distinguished morphologically. Disease-specific
sets of genes were identified that were characteristically expressed in all cases of
one malignancy and not the other. Nonetheless, substantial variation in gene
expression was observed between cases in a given diagnostic group, which could
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Analysis of gene expression
in normal and malignant
lymphocytes using the
Lymphochip cDNA microarray

Ash Alizadeh1, 2, Michael B. Eisen1, R. Eric Davis2, John
I. Powell3, Liming Yang3, Robin R. Hart3, Hajeer Sabet2,
Truc H. Tran2, Xin Yu2, Chi Ma2, Wing C. Chan4,
Timothy C. Greiner4, Dennis D. Weisenburger4, James
O. Armitage4, Izidore Lossos1, Ron Levy1, David
Botstein1, Louis M. Staudt2 & Patrick O. Brown1

 
1. Departments of Genetics, Biochemistry and Medicine, Stanford
University School of Medicine, California, USA
2. Metabolism Branch, National Cancer Institute, NIH, USA
3. BioInformatics and Molecular Analysis Section, CIT, NIH, USA
4. Departments of Pathology and Medicine, University of Nebraska
Medical Center, Nebraska, USA

Genome-wide knowledge of gene expression in cancer cells promises
to illuminate many aspects of their clinical behaviour. We have begun
a study of gene expression in lymphoid malignancies by constructing a
specialized cDNA microarray, termed the 'Lymphochip', that is
enriched in genes selectively expressed in lymphocytes and genes
regulating lymphocyte function. As most human lymphomas appear to
represent malignant transformation of the germinal center B
lymphocyte, we created a cDNA library from germinal center B
lymphocytes purified by flow sorting from human tonsils. We obtained
50,000 sequences from this library, over 10% of which had not been
observed previously in other libraries. This rich source of novel genes
formed the basis of the Lymphochip microarray, which currently
contains over 15,000 clones.

Initial experiments with the Lymphochip have focused on two B cell
malignancies: diffuse large cell lymphoma, a common and aggressive
subtype of non-Hodgkin lymphoma, and chronic lymphocytic

Analysis of gene expression in normal and malignant lymphocytes using the Lymphochip cDNA microarray
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leukaemia. We chose these malignancies for study because they most
likely encompass a variety of molecularly distinct diseases that cannot
be distinguished morphologically. Disease-specific sets of genes were
identified that were characteristically expressed in all cases of one
malignancy and not the other. Nonetheless, substantial variation in
gene expression was observed between cases in a given diagnostic
group, which could be used to define novel diagnostic subgroups.

In another use of the Lymphochip, we have discovered 33 novel
lymphoid-restricted genes. Of these, 12 were not induced during in
vitro B cell activation and were restricted in expression to germinal
center B cells or memory B cells. Thus, transit of B cells through the
germinal center induces a differentiation event that is marked by
coordinate expression of a set of late-stage B cell differentiation genes.
The expression of these genes is maintained even as the B cell leaves
the germinal center microenvironment and differentiates into a
non-dividing memory B cell. Some novel genes were found to be
differentially regulated between centroblasts and centrocytes, showing
the power of this functional genomics approach to elucidate molecular
changes that occur during the process of positive and negative
selection in the germinal center.

 

 Copyright 1999 Nature America Inc.
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Characterization of cDNA
microarrays fabricated using
thermal ink jets

M. Caren1, P. Webb1, L. Bruhn1, D. Wiest1, D. Ilsley1, L.
DaQuino1, W. Fisher1, R. Tella1, H. Cattell1, K.
Schliefer1, J. Bass1, D. Roitman1, G. Fulcrand1, R.
Simon1, P. Tseng1, M. Westal1, M. Bittner2, Y. Chen2, P.
Meltzer2, J. Trent2 & D. Amorese1

 
1. Hewlett Packard Company, Bioscience Products and Hewlett
Packard Labs, Palo Alto, California 94304, USA
2. National Human Genome Research Institute, Bethesda, Maryland,
20892, USA

Thermal ink jets (TIJ) have been used as a micro-delivery system for
the deposition of cDNAs onto modified glass supports. We have
modified TIJ heads and firing electronics, designed for the printing of
ink, to form the core of a micro deposition system that efficiently,
reliably and accurately deposits large numbers of cDNAs into tightly
packed arrays. Data will be presented demonstrating that these arrays,
generated by the TIJ process, generally perform similarly to arrays
generated using conventional pen technology but offer advantages in
feature quality, control of spot size and large-scale manufacturing.
Quality assurance data from the drop detect and inspection systems
used to qualify production runs will be presented as well as results
from experiments using multiple TIJ fires to produce variable feature
sizes. Lower limit of detection and two-colour competitive hybridization
data collected from a new high-speed, high depth of field, autofocus
scanner (under development) will also be presented.
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The 'stress chip': a specialized
functional genomics
application for the study of
genotoxic stress response

Sally A. Amundson, Michael Bittner, Bill Giasi, Khanh
T. Do, Paul Meltzer, Jeffrey Trent & Albert J. Fornace
 
NIH, NCI, Bethesda, Maryland 20892, USA

The cellular responses to ionizing radiation and other genotoxic
stresses are complex and are regulated by a number of overlapping
pathways. One such stress-signalling pathway is exemplified by the
transcription factor p53, which can regulate the expression of a myriad
of downstream genes in response to various stresses. We have
recently demonstrated the utility of cDNA microarray hybridization to
measure radiation stress-gene responses in p53 wild-type human
cells. Our initial experiments also resulted in the identification of a
number of new radiation-responsive genes. We have since extended
these studies to a broader range of doses and timepoints, and
identified a large set of genes regulated in response to ionizing
radiation, as well as other stresses. These and other newly identified
stress-responsive genes are being assembled in a stress-specific
array, tailored for use in future genotoxic stress experiments. By
focusing our efforts on a subset of responsive genes, we hope to
rapidly obtain large stress-specific databases suitable for an
informatics approach to analysis. Similar analytical approaches in our
laboratory have previously yielded important mechanistic insights into
the function of the gene GADD45, forming an important precedent for
the utility of informatics analysis. The wide variation in responses
observed for some stress-responsive genes in different cell lines, or in
response to different genotoxic stresses, highlights the importance of
cellular context to stress response, as well as the need for informatics
approaches to the study of stress-specific gene response pathways.
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In Saccharomyces cerevisiae the enzymes of glycolysis make up
30–60% of the soluble cellular protein. The first indication that
glycolytic enzyme genes were coordinately regulated came with the
isolation of gcr1 mutants, which have severely reduced levels of most
glycolytic enzymes. GCR1 encodes a positive transcriptional activator,
Gcr1p, that binds at the UAS elements of glycolytic enzyme genes with
the assistance of Rap1p. An important question concerning Gcr1p is
the extent of its action in the cell. Using high-density DNA microarrays,
we defined a limited set of genes that are dependent on Gcr1p. For
these studies we used two isogenic strains, wild type and a gcr1
mutant grown in the permissive medium of YP supplemented with
glycerol and lactic acid. RNA was collected from cells during
steady-state growth and used to prepare labelled cDNA. The labelled
cDNA was hybridized to DNA microarrays. ORFs that displayed
threefold or higher hybridization to cDNA from wild-type cells
accounted for 30% of the hybridization of the total transcriptome,
whereas these same ORFs accounted for only 4% of the transcriptome
of the gcr1 mutant. We identified approximately 50 ORFs using the
threefold cutoff. These 'GCR1-dependent genes' were placed in three
classes: (i) glycolytic enzyme genes; (ii) ORFs encoded by Ty
elements; and (iii) genes whose expression was not previously known
to be dependent on Gcr1p. Of the eight glycolytic enzyme activities
known to be severely affected by gcr1 mutations, ten ORFs encoding
seven of the activities were identified. Only PGI1 was not identified
using the threefold cutoff; it displayed a twofold difference. In total 32
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of the GCR1-dependent genes identified by microarry analysis were
previously known, or were expected, to be dependent on GCR1. The
expression of the remaining ORFs identified was not previously known
to be dependent on GCR1. Genes encoding ribosomal proteins were
not identified as GCR1 dependent, suggesting that Rap1p interacts
with activators other than Gcr1p at ribosomal protein gene UAS
elements. In summary, a limited set of genes is dependent on GCR1
for expression, but together they compose 30% of the yeast
transcriptome. The genomic expression studies described here further
establish Gcr1p as one of the most potent transcriptional activators.
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Axys Pharmaceuticals, 11099 N. Torrey Pines Rd., Suite 160, La
Jolla, California 92037, USA

The largest genome to be completely sequenced to date is the
nematode Caenorhabditis elegans. In such cases, the method of
choice for expression analysis is to use oligonucleotide arrays
designed directly from the genomic sequence. We have constructed
such an oligonucleotide microarray with nearly 1,500 C. elegans
oligonucleotide targets, which were synthesized with a 5'-amino group
and then covalently immobilized on polymer-coated glass slides. Using
this array, we have examined the developmental expression changes
that occur during the life cycle of this organism by hybridizing them
with fluorescently labelled cDNA generated from poly(A), as well as
total RNA from various larval, embryonic, dauer and adult stages.
When two sets of oligos for each gene were arrayed on the same chip,
we found that the intensities were quite similar to each other,
suggesting that one oligonucleotide per gene designed as described
here is sufficient for differential gene expression analysis. This would
enable densities of up to 9,216 genes per chip using our current
system. The comparative, two-colour hybridizations provided a close
look at many changes in the expression patterns during development,
including the differential expression of certain cathepsin-like proteases.
Expression levels determined by oligonucleotide microarrays were
confirmed by northern blot as well as cDNA Southern blot using a
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nematode plasmid library. The advantages of this microarray system
include being able to array PCR products at high densities, as
demonstrated here by the observation of changes in expression
pattern induced in HeLa cells by the cytokine interferon-gamma.
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Comparative genomic hybridization (CGH) provides a genome-wide
scan that detects chromosomal regions which have copy number
abnormalities (CNAs). For example, one can detect the loss of a
region containing a tumour-suppressor gene or the amplification of one
harbouring an oncogene. Typically, two genomes are compared by
labelling total genomic DNA with different flourescent dyes and then
co-hybridizing these complex probes to metaphase spreads. This
enables mapping as well as semi-quantitative measurement of CNAs.
Array CGH exploits contigued BACs (for example, BAC clones) as
targets for increased resolution ( 100 kb) and increased quantitative
capacity. In oligonucleotide-array CGH, a probe of reduced complexity
and no repetitive elements is produced by making a PCR-based
representation of each genomic DNA sample. In a 'proof-of-principle'
approach, a multiplex PCR was performed for ten loci using primer
pairs that contained gene-specific and adapter sequences. The target
elements, printed on plastic slides, consisted of 50-mer
oligonucleotides that mapped to the region flanked by primer
sequences. This method requires less than 25 ng of starting genomic
DNA template. The normalized copy number measurements shown
below are similar to those obtained using the well-established FISH
methodology, by which the amplifications of ZNF217 and AIBC1 in
MCF7 and CCND1 in 600MPE were clearly detected, as was a loss of
TP53 in 600MPE. This consistancy supports the feasibility of this
approach.
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Rabinovitch
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INTRODUCTION: Microarray technologies have made it possible to
perform high-throughput and comprehensive analyses of nucleic acid
sequences and expression. However, the technology to efficiently
obtain high yields of RNA and DNA suitable for array analysis from
purified populations of neoplastic cells from human tissues has not
been well addressed. Microdissection can enrich populations of cells
present in various tumour tissues, however it is not easily automated
for high throughput use. In addition, there are some tissues in which it
is difficult to separate neoplastic from contaminating normal cells. We
have previously shown that DNA suitable for high throughput
genotyping can be obtained from nuclei of neoplastic cell populations
purified by flow cytometric cell sorting. To apply array technology to in
vivo studies of human neoplastic progression, we have developed
protocols for rapid and efficient isolation of RNA and DNA from
flow-cytometrically purified whole epithelial cells from fresh and frozen
primary tissue. We have also utilised a real-time PCR assay to
determine RNA quality after flow sorting. MATERIALS AND
METHODS: A549 lung adenocarcinoma cells were cultured in RPMI
supplemented with 5% FCS. Cells were trypsinised according to
standard protocols, resuspended as single cells in the aqueous
reagent RNAlaterTM (Ambion, Inc. Austin TX) and kept on ice. Breast
tissues were obtained from mastectomy samples and biopsies frozen
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in minimal essential media (Gibco, Rockville MD) containing 10%
dimethyl sulfoxide (Fisher, Fair Lawn, NJ). Single-cell suspensions
were created by placing fresh or thawed tissues in phosphate buffered
saline with 1% bovine serum albumin (BSA; PBA), and mincing. The
minced tissue was resuspended in PBA, filtered through 40 u mesh,
centrifuged then resuspended in 100 ul of RNAlaterTM. Single-cell
suspensions were stained with epithelial-specific cytokeratin CAM
5.2-FITC (Becton Dickinson, San Jose, CA) or a FITC-labeled isotype
matched mouse immunoglobulin IgG2a-FITC (Becton Dickinson, San
Jose, CA) on ice for 1 hour. Samples were diluted with 1.5 ml of PBA
then resuspended in 0.5–1.0 ml of 10 g/ml 2,4
diamidino-6-phenylindole (DAPI) in NST buffer (146 mM NaCl, 10 mM
Tris base, 0.1% NP40 (Sigma), 2 mM Ca, 20 mM Mg, and 0.05% BSA
(Sigma), pH 7.4). All centrifugation steps were performed at 4 g for 8
minutes at 2°C and all reagents were DNAse/RNAse free. Whole cells
were sorted by DNA content and cytokeratin staining intensity on a
Becton Dickinson Vantage flow cytometer, with 100 mW, 488 nm
excitation (FITC and PI) and 100 mW, 354–361 nm (UV) excitation
(DAPI). The instrument was aligned daily using "DNA check" beads
(Coulter, Miami, Fl.) to give coefficients of variation of <3%. List-mode
data were analysed using MultiCycle AV and MultiPlus AV software
(Phoenix Flow Systems, San Diego, CA). RNA was isolated according
to standard protocols, while DNA was simultaneously extracted from
organic phases. The integrity of RNA from flow sorted cells was
determined by real-time PCR assays, TaqMan® EZ RT-PCR (PE
Applied Biosystems, Foster City, CA) using primers and probes
specific for the 5' and the 3' regions of GAPDH. RESULTS. A549 and
primary breast epithelial cells fixed in RNAlaterTM showed good
staining patterns with DNA dyes and CAM 5.2 cytokeratin antibodies.
Although fixation was effective after 1 hour in the reagent, cytokeratin
fluorescence intensity was further enhanced and DNA content CVs
were improved by continued incubation of cells for longer periods of
time. Visual observation by fluorescence microscopy showed that
epithelial cells were intact after sorting at a rate of 2–3

103 events/sec. Equivalent amounts of total RNA (3–10 µg/106 cells)
were isolated from fixed sorted and fixed unsorted epithelial cells. The
ratios of real-time PCR threshold concentrations (CT) for the GAPDH
probes (3'/5' CT) were equivalent for control RNA, and for RNA from
unsorted and sorted epithelial cells fixed and stained in RNAlaterTM.
Cells fixed in EtOH/acetic acid had poorer mRNA yields and lower CT
ratios. Furthermore, whereas scrupulous cleaning of the cytometer
tubing and use of the RNAse inhibitor DEPC in sheath fluid was
required in order to preserve message in EtOH/acetic acid fixed cells;
such treatment was not required for cells fixed in RNAlaterTM. Agarose
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gel analysis showed that high CT values correlated with intact 28S and
18S rRNA bands. DNA extracted simultaneously with RNA from sorted
epithelial cells provided a template for whole genome amplification,
genotyping and sequencing. CONCLUSIONS. The aqueous reagent,
RNAlaterTM, which fixes and preserves RNA, allows staining and
purification of whole epithelial cells by flow sorting. High yields of RNA
and DNA suitable for expression and genotype analysis can be
obtained from flow cytometrically purified populations of neoplastic
cells from tissues in vivo.
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Complex biological regulatory pathways of higher eukaryotes are
poorly described, difficult to present and difficult to study. One reason
for this is a lack of a central repository for regulatory pathway
information. The Biological Biochemical Image Database (BBID) is a
World-Wide Web searchable database of images from research
articles that describe regulatory pathways of higher eukaryotes. These
images are not redrawn, were obtained with permission, are
referenced and are thus attributable back to the original journal and
authors. The elements of each image are loaded into a table that can
be searched by keywords including: gene name, cell/tissue type,
species etc. In parallel, these image elements are attached to the gene
files that underlie large-scale gene expression studies such as cDNA
microarrays. Pathway information for complex gene expression studies
can then be extracted automatically. In this way, complex regulatory
pathways can be tested empirically in an efficient manner in the
context of large-scale gene expression systems. The BBID can be
accessed at the following address
http://www.grc.nia.nih.gov/hd/bbid99.htm.
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role in development of
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Christian Bjørbæk & Jeffrey S. Flier
 
Department of Medicine, Division of Endocrinology, Beth Israel
Deaconess Medical Center, Harvard Medical School, Boston,
Massachusetts 02215, USA

Background.
Leptin, a critical hormone produced in adipose tissue, provides
information on energy stores and energy balance to brain centers that
regulate appetite, energy expenditure and neuroendocrine function1, 2.
Leptin acts on leptin receptors expressed in regions of the
hypothalamus to activate signal transduction3-5 and to regulate mRNA
expression of key hypothalamic neuropeptides, some well known
(NPY, POMC) and others only recently discovered (e.g. AGRP, CART,
OREXIN and MCH). Through direct and indirect effects on neurons
expressing these neuropeptides6, leptin maintains energy balance
during starvation and energy excess. Although much has been learned
about leptin action on central pathways, a great deal remains
unknown, including yet unidentified genes that are transcriptionally
regulated by leptin. A central feature of most cases of human and
rodent obesity is "leptin resistance," defined as obesity despite high
levels of circulating leptin, and resistance to the weight reducing
effects of peripheral administration of recombinant leptin7. The
mechanism of human and rodent leptin resistance is unknown and is
likely, at least in part, to involve altered mRNA expression of known
and unknown hypothalamic genes involved in leptin action.

Results.
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We have demonstrated that leptin induces
suppressor-of-cytokine–signaling (SOCS)-3 mRNA in the
hypothalamus of mice and rats by quantitative RT-PCR8. We also
demonstrated that SOCS-3 is an inhibitor of leptin signal transduction.
Furthermore, SOCS-3 mRNA is elevated in the hypothalamus of
leptin-resistant obese Agouti mice, altogether suggesting that
inappropriate elevation of SOCS-3 activity in leptin-responsive neurons
may play a role in development of leptin resistance and obesity.

Future plans.
We will use mRNA isolated from central and peripheral tissues of
leptin-treated rodents with the goal to identify novel genes that are
regulated by leptin using the GeneChip technology from Affymetrix.
We will also identify differentially expressed genes in tissues from
obese humans and leptin-resistant rodents.
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Although the emerging cDNA microarray technology has made it
possible to observe genome-wide patterns of gene expression, there
are no well-established schemes for analysing their dispersed patterns
and formulating functional annotation of anonymous sequences.
Toward systematic gene function analysis from microarray data, we
evaluated several methods of cluster analysis using a publicly
available yeast microarray data set, which was effective in grouping
functional units by sequence similarity. These methods include the
nearest-neighbour method (single linkage clustering), the
furthest-neighbour method (complete linkage clustering) and the group
average method. Clustered groups were evaluated by looking up
functional annotations in the GENES database of the Kyoto
Encyclopedia of Genes and Genomes (KEGG). The GENES database
contains additional functional annotations compared with the original
databases. One example is the EC number of an enzyme, which
makes it possible to map the enzyme on the metabolic pathway
diagrams in our PATHWAY database. Genes clustered by expression
information were analysed in conjunction with sequence similarity and
three-dimensional structural classification to study the correlation
between these 'expression clusters' and functional units of genes that
have been stored in KEGG. We will demonstrate our results to
evaluate clustering methods from the biological aspect using KEGG
databases.
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cDNA microarray technology provides a novel approach to identify
individual target genes and survey global genetic programs under the
control of specific signalling pathways in mammalian systems. Smad2
and Smad3 are highly homologous members of the receptor-regulated
subfamily of Smad proteins with a central role in TGF-  signalling and
target gene regulation.

The purpose of this study is to identify genes that are regulated by
TGF-  through activation of Smad2 or Smad3, or through
Smad-independent pathways. Using cDNA microarray technology
developed at AECOM, we have profiled the expression of 9,000 genes
in wild-type mouse embryonic fibroblasts (MEFs+/+), Smad2-/- MEFs or
Smad3-/- MEFs at baseline and following exposure to TGF- 1 or
activin for 1 hour, 4 hours and 10 hours, respectively. Cells are
cultured in exponential growth conditions. Total RNA from MEFs+/+

and matched test samples (Smad2-/- or Smad3-/- MEFs) is
fluorescently labelled with either Cye3- or Cye5-dUTP. Probes are
then co-hybridized to genes gridded on the array and single-channel
fluorescence intensities are measured. Results are expressed as a
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normalized ratio (Cye3/Cye5) in which deviations from 1 indicate
increased (>1), or decreased (<1) levels of gene expression in
Smad2-/- or Smad3-/- MEFs relative to MEFs+/+. Using microarray data
mining and analysis tools (microarray analysis tools or MAT)
developed at AECOM, we have identified a large number of novel
genes (expressed sequence tags) that are differentially regulated in
Smad2-/- or Smad3-/- compared with MEFs+/+, depending on genotype,
cytokine treatment and time. MAT is used for global survey (cluster
analysis) of gene expression profiles in this genetically defined model
system.

In conclusion, using a high-throughput cDNA microarray approach, we
have identified gene modules differentially expressed in Smad2- and
Smad3-deficient fibroblasts compared with wild-type fibroblasts in
response to TGF- . Stratification of gene activation profiles according
to specific signalling mediators should provide new insights into the
mechanisms that determine biological specificity of TGF- .
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The European Bioinformatics Institute has discussed the possibility of
establishing a public repository for DNA microarray-based gene
expression data with many of the major laboratories developing and
using these technologies in Europe and the USA, and established a
consensus that the time is right to develop standards for storing these
data. There are many reasons for establishing a public repository of
these data. First, by storing data obtained from different experiments
under varying conditions, the repository will build up progressively
more detailed expression profiles for genes and aid in the study of
functional genomics. Second, it will facilitate the cross-validation of
data obtained by different technologies, characterise various
techniques and establish error rates, benchmarks and gold standards.
Third, by making these data available publicly, bioinformatics and
analysis of gene expression data will be promoted and pushed
forward. Fourth, that the experimental data should be public will be
consistent with the policy of most journals with regard to the verifiability
of published conclusions. As with biological sequence and molecular
structure public repositories, this will not prevent submitters from being
the first to exploit and publish their data from gene expression studies.
Currently the EBI is establishing a pilot database containing the
microarray gene expression data either available publicly or provided
to the EBI by laboratories generating these data. We would like to
encourage laboratories wishing to discuss submitting their data in such
a database to contact us.

 

A public repository for DNA microarray-based gene expression data

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_34b.fulltext (1 of 2) [2/4/2000 2:36:56 PM]

http://genetics.nature.com/archive
http://genetics.nature.com/search
http://genetics.nature.com/info
http://genetics.nature.com/classified
http://genetics.nature.com/subscribe
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_34b.pdf


 Copyright 1999 Nature America Inc.

A public repository for DNA microarray-based gene expression data

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_34b.fulltext (2 of 2) [2/4/2000 2:36:56 PM]



 
 
 

Customized cDNA chips for
pharma development

W. Budach, J. Gut, D. Neuschäfer, Ch. Wanke, E. Baer,
H. Schürch, O. Grenet, S. Chibout & J. Vonderscher
 
Novartis Pharma AG, 4002 Basel, Switzerland

The development of novel pharmaceutically active compounds
requires effective methods in order to increase throughput and focus
corporate research and development. The increasing number of
potential compounds in pharmaceutical research and the shortened
time frame in the drug development have created a need for novel
methods in order to accelerate development processes. Among other
methods, such as Real-Time RT-PCR, gene expression analysis with
customized cDNA chips providing study relevant markers have shown
to be a valuable tool for surrogate markers identification and
monitoring. The present paper describes the preparation and
application of cDNA chips for apoptosis targets genes as well as for
calbindin D-28k and cytokines. Validation of the results are performed
using the Real-Time RT-PCR technology. In addition, investigations
regarding the requirement of replicates as well as the development of
tools for chip quality control are discussed.Results of an in-house
cDNA mid-density feasibility study are shown. Customized multiple use
chips with genes for apoptosis, cytokines, and CYP450 were prepared.
The chip preparation steps such as ink-jet printing, incubation and
baking were monitored with Differential Interference Contrast
microscopy (DIC) which gives information on e.g. missing spots,
overlap, and homogeneity and can therefore be used as tool for quality
control. The correlation between number of replicates and coefficient
of variation (CV) of the fold change values was investigated with
specially designed chips and ink-jet and pin spotter principle was
compared. In addition, direct determination of the background and
background extrapolation was compared and the impact on the
obtained fold change values was investigated and discussed with
regard to non-specific binding of labeled species in the sample
solution. The customized cDNA chips were used in studies within
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pharma drug development and the results were compared to RT-PCR.
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Christopher Bunker, Jessie Gu, Zuwei Qian, Vincent
Chan, Uli Thomann & Brad Guild
 
Genome Therapeutics Corporation, 100 Beaver Street, Waltham,
Massachusetts 02453, USA

We have established a cDNA microarray platform for use in research
focused on atherosclerosis and heart disease. Our objective is the
elucidation of signalling pathways with an impact on cholesterol
metabolism regulation. Specifically, we aim to discover novel genes
and their encoded products that could serve as drugs, drug targets or
diagnostic markers for this indication. Our specific focus is on
modulating gene function to promote cholesterol efflux from peripheral
tissues (reverse cholesterol transport) via HDL, thereby alleviating the
potentially deleterious accumulation and oxidation of cholesterol, most
notably in macrophage foam cells, that is strongly correlated with
atherosclerosis.

Macrophages mediate a limited-specificity immune response that
includes recognition of 'foreign' lipid derivatives. Macrophages display
a diverse set of 'scavenger receptors' that bind bacterial
lipopolysaccharides (LPS), phospholipids inappropriately exposed on
apoptotic cells and oxidized forms of LDL cholesterol. The resulting
signal transduction events and transcriptional programs are
overlapping but distinct. Whereas LPS induces a transcriptional
program constituting an inflammatory response, the binding and
phagocytosis of apoptotic cells results in a non- (or anti-) inflammatory
response. It appears that oxidized LDL or oxidized cholesterol
metabolites stimulate an inflammatory response that becomes chronic
and pathological as they accumulate to high levels in macrophage
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foam cells.

A full understanding of the transcriptional programs and signalling
cascades mediated by related scavenger receptor ligands will enable
the identification of unique components of each signalling program,
which may provide opportunities for drug development. In addition to
targeting genes involved in an abherent inflammatory response to
cholesterol accumulation, target genes may regulate cholesterol
metabolism and have an impact on efflux mechanisms.

Our current microarray analyses cover approximately 50% of the
human genome ( 57,000 cDNAs from IMAGE, distributed by Genome
Systems). We are collecting data on gene expression in cultured and
primary monocytes/macrophage and those accompanying foam cell
formation and stimulation by bacterial lipids and apoptotic cells. A
future objective is the analysis of monocyte/macrophage-specific
arrays for a more targeted gene discovery effort. Novel candidate
genes will be confirmed and validated in physiological assays of
cholesterol metabolism and macrophage function.
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Steven Bushnell, Joachim Theilhaber & Rainer Fuchs
 
Hoechst-ARIAD Genomics Center, LLC, Cambridge, Massachusetts
02139, USA

The advent of large-scale gene expression technology in
pharmaceutical drug discovery has precipitated an acute need for
bioinformatics systems and methods for data analysis. These include
methods for: data storage; integration of LIMs information; assessment
of chip quality; normalization; metrics for the confidence of fold
changes; integration with annotation information; and clustering
approaches for the analysis of temporal and time series information.
We present a suite of tools, called 'gene expression computation and
knowledge organization' (GECKO), developed at the Hoechst-ARIAD
Genomics Center, LLC, for the analysis of high-throughput (thousands
of scans per year) gene expression data from both oligonucleotide
(Affymetrix) and spotted cDNA (Molecular Dynamics) technology. As
quality metrics are central to meaningful data interpretation, we also
present a method, grounded in a Bayesian framework, for estimating
the distribution of fold changes from inputs of experimental noise and
show how this can be used to establish a 'P-value' to represent the
statistical significance of fold change.
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neuropsychiatric disorders

Joseph D. Buxbaum, Vahram Haroutunian & Kenneth
L. Davis
 
Department of Psychiatry, Mount Sinai School of Medicine, One
Gustave L. Levy Place, Box 1230, New York, New York 10021, USA

There are several critical requirements for successful identification (or
exclusion) of specific alterations in expression profiles in brain samples
from individuals with neuropsychiatric disorders. These requirements
include antemortem neuropsychiatric assessment, short post-mortem
intervals, preservation of RNA and protein integrity, and, because of
likely heterogeneity, large numbers of cases and controls. The
Department of Psychiatry of the Mount Sinai School of Medicine has
been collecting brain samples from antemortem assessed subjects
since 1985. The original focus was on Alzheimer disease (AD), but
was expanded a decade ago to include psychiatrically ill patients,
especially those with schizophrenia. By collaborating with—and
providing clinical services for—long-term care facilities, the Brain Bank
has established a system whereby residents of the facilities are
followed for long periods and tested annually or semi-annually with an
extensive array of neuropsychiatric instruments. Post-mortem intervals
(PMI) are short (one-half less than seven hours and a one-sixth under
three hours), and tissue from half the brain is immediately snap frozen
for RNA and other studies. The remaining tissue is paraformaldehyde
fixed and examined for a large battery of neuropathological changes in
a blinded manner. Recently, RNA profiling, first using differential
display and now using microarrays, has been undertaken in both the
AD and schizophrenia cohort.

In AD we have been studying a large cohort (n=79) of cases chosen to
particularly represent early cognitive decline (clinical dementia rating of
0–2), with the expectation that early markers of dementia will be
identified. The sample cohort was selected from a group of 278
consecutively, rapidly autopsied subjects (between 1986 and 1997)
who had been residents of the Jewish Home and Hospital in
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Manhattan and the Bronx, New York. A multi-step approach was
applied to the assignment of clinical dementia rating (CDR) score
based on cognitive and functional status during the last six months of
life. Note that all patients with neuropathological lesions other than
those of AD were excluded from further studies. Using this sample
base, we are identifying molecular changes that occur very early in
cognitive decline, before a diagnosis of definite AD. We are studying
molecular changes in five different brain areas, including the middle
frontal gyrus, superior temporal gyrus, the entorhinal cortex, inferior
parietal lobule and the primary visual cortex. As part of these studies,
we have begun to make use of cDNA arrays for RNA profiling in brain
tissue to identify changes in gene expression that occur with the
earliest changes in cognition. Our initial focus for RNA profiling is the
middle frontal gyrus, an area free of neuropathology in early dementia
but where we have identified changes in total amyloid-  protein (A )
levels. The A  we measure represents soluble and perhaps
preaggregated A  and apparently increases before any neurofibrillary
changes or amyloid plaque formation. Our first studies are being
carried out in ten controls (CDR 0), ten individuals with questionable
dementia (CDR 0.5) and ten individuals with mild dementia (CDR 1.0).
Note that the controls are age and gender matched, are derived from
the same population as the cases and have undergone the same
antemortem and post-mortem assessments.

Schizophrenic cases have been selected from our available cohort of
143 antemortem assessed aged schizophrenic subjects. Subjects
were derived from the Pilgrim Psychiatric Center, a facility with which
the Department collaborates extensively and provides clinical services
and antemortem psychiatric assessments. A small subset of cases
(10) were identified for preliminary RNA profiling. Among the selection
criteria were the absence of neuropathology, short post-mortem
intervals and a minimum of six neuroleptic free weeks before death. In
addition, age, gender and PMI matching with those in the control group
for the AD was used to reduce the total cost of the project. Our studies
have begun in the middle frontal gyrus, an area implicated in
schizophrenia and being analysed in the AD sample. Later studies will
expand this survey to the medial and lateral aspects of the
mediodorsal nucleus of the thalamus and the medial and lateral
aspects of the pulvinar. These latter areas are the subject of intense
study by the Department because of alterations in size and cell
number associated with schizophrenia.

For all four groups (control, questionably demented, mildly demented,
schizophrenic) RNA profiling has begun making use of cDNA arrays
including known genes and sequence-verified ESTs. The cDNA arrays
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encompass over 7,000 cDNAs, of which over one-half are ESTs. By
this combined approach using known genes and sequence-verified
ESTs, we will maximize our chances of identifying mRNAs that have
consistently altered expression in AD and in schizophrenia. Note that
in previous studies in the Department we have made use of differential
display for RNA profiling and have identified several mRNAs that are
consistently altered in schizophrenia in a manner independent of
neuroleptic treatments. One such mRNA, termed SZ-1, represents a
very rare transcript that is consistently and profoundly altered in
schizophrenia. These results provide important support for the use of
cDNA arrays in RNA profiling in neuropsychiatric disorders.
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Methods for comparing
transcriptional patterns to
determine potential clues to
biological function

Michael Campbell
 
Molecular Applications Group, Palo Alto, California, USA

Human mitosis is both activated and accompanied by genome-wide
transcriptional changes, suggesting regulation of diverse biological
pathways. Cancer-associated genetic alterations that disrupt the cell
cycle often affect these broad transcriptional patterns, identifying
discrete biological processes potentially involved in tumour-associated
cellular phenotypes. To systematically identify biological processes
that may be activated during the human cell cycle, we characterized
more than 42,000 transcript levels during mitosis in fibroblasts. To
study how tumorigenic conditions might affect a subset of these
functions, we also performed this analysis on fibroblasts deficient in
retinoblastoma gene product function. To analyse this data, we filtered
the data based on the confidence level, clustered the remaining genes
and have developed the first algorithms for statistically linking
genome-wide transcriptional patterns and biological function. These
methods clearly demonstrate association of function with specific
transcriptional patterns, and provide means to automatically compare
transcriptional patterns to determine potential clues to biological
function.
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catalytic subunit knock-out
mouse: global effects on gene
regulation and the cellular
response to ionizing radiation

Robert B. Cary1, Akihiro Kurimasa2, Konan Peck3 &
David J. Chen2

 
1. Los Alamos National Laboratory, Life Sciences Division, DNA
Damage and Repair Group, Los Alamos, New Mexico 87545, USA
2. Lawrence Berkeley National Laboratory, Life Sciences Division,
Department of Radiation Biology and DNA Repair, Berkeley,
California 94720, USA
3. Institute of Biomedical Sciences, Academia Sinica, Taipei 115,
Taiwan, ROC

We have generated transgenic mice carrying targeted deletions of the
DNA-dependent protein kinase catalytic subunit (DNA-PKcs) gene.
These animals offer the unique opportunity to gain insights into the
molecular mechanisms of this kinase in DNA repair and other cellular
processes. As a step toward understanding the global effects of
DNA-PKcs knock-outs, we have examined the transcriptional
consequences of the targeted deletion using a microarray based
approach. These data have been generated using cells both exposed
and unexposed to low doses of ionizing radiation. By using a
combination of wild-type and heterozygous controls we have examined
the cellular response to ionizing radiation in homozygous knock-out
mice using a 9600 element human cDNA microarray coupled with a
colorimetric detection scheme. Cross-species hybridisation offers the
potential to focus on the identification of differentially regulated
transcripts of high conservation between these two recently diverged
species. Our results are presented and discussed in light of the known
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genetics and biology of the DNA-PK pathway of DNA repair.
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1. Whitehead Institute for Biomedical Research, Nine Cambridge
Center, Cambridge, Massachusett, 02142, USA
2. Department of Biology, Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139, USA

Genome-wide expression analysis is being used to study the extent to
which various components of the transcription machinery are involved
in gene expression in vivo and to identify the contributions of specific
subunits of these complexes to gene regulation. Among the
multi-subunit coactivator complexes described in eukaryotes, TFIID
and SAGA are among the best studied and most conserved, yet the
extent of their roles in vivo is not yet understood. These complexes are
also of interest because they share five subunits and possess histone
acetylase activities, raising the possibility that they are functionally
redundant. The results of genome-wide analysis on individual
components of TFIID and SAGA reveal that expression of most genes
requires the function of one or more of the shared subunits,
demonstrating that SAGA and TFIID are together required for
expression of most genes. Most striking was evidence that the different
histone acetylase components of SAGA and TFIID are functionally
redundant, revealing that half of the genome can be expressed
through the function of either complex.
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Shukti Chakravarti & Ian Lawrance
 
Departments of Medicine and Genetics, Case Western Reserve
University, Cleveland, Ohio 44106, USA

Inflammatory bowel disease (IBD) is a progressive, recurrent
gastrointestinal disorder influenced by genetic, immunoregulatory and
environmental factors and often requiring surgery for treatment.
Ulcerative colitis (UC) and Crohn disease (CD), the two most common
forms of IBD, have similar demographic and epidemiological features,
but differ in intestinal tissue damage and prognosis. UC is associated
with mucosal and submucosal injury involving the rectum and adjacent
colon, whereas CD is associated with extensive transmural damage
involving any segment of the colon. Both phenotypes are likely the
outcome of small changes in expression of many regulatory genes,
with consequent changes in expression of genes encoding cellular and
extracellular matrix proteins. To understand the overall gene
expression and dynamics in UC and CD we have performed
expression profiling using oligonucleotide microarrays.

Resected bowel tissue from fresh UC, CD and control (cancer) surgical
specimens were used to prepare total RNA. Poly(A)+ RNA was
extracted from pooled total RNA to prepare biotinylated cRNA for
hybridization to the Affymetrix HuGene Fl set according to the
manufacturer's recommendations. After hybridization, GeneChips were
washed in the Fluidics station 400 and scanned in a Hewlett-Packard
GeneArray Scanner. Scanned images were analysed using the
GeneChip3.1 Analysis Suite.

Probing of the UC target RNA identified fivefold or higher expression of
8 transcripts from HuGeneFLsubA array, 4 from sub B array, 8 from
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sub C and 29 from sub D array compared with control RNA. Two
independent probings showed remarkable reproducibility (33 of 49
overexpressed transcripts in common) between experiments.
Furthermore, overexpressed genes included several 'IBD-related'
genes, such as genes encoding proteins that bind HLA class II
cis-acting elements, metalloproteinases and collagen types I and IV
chains. Additionally, we identified several novel genes as
overexpressed or repressed in UC. Hybridization of the CD sample to
sub B, C and D arrays indicate overexpression of ten transcripts at
fivefold and higher levels. Compared with UC, fewer genes are
overexpressed in CD; for example, in the sub D array compared with
29 overexpressed transcripts in UC, only 6 were elevated in CD, of
which only 2 were unique to CD. In general, certain immunoregulatory
genes, antimicrobial factor encoding genes, extracellular matrix (ECM)
modulatory genes and ECM genes show altered expression in UC and
CD. These studies will lead to a fundamental understanding of IBD
pathogenicity, differences underlying UC and CD, and ultimately to
better therapeutic approaches.
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The generation of a viral DNA
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all known ORFs in the largest
member of the herpesvirus
family, human
cytomegalovirus

James Chambers
 
Invitrogen, 1600 Faraday Ave, Carlsbad, California, USA

We describe, for the first time, the generation of a viral DNA chip for
simultaneous expression measurements of all known ORFs in the
largest member of the herpesvirus family, human cytomegalovirus
(HCMV). In this study, an HCMV chip was fabricated and used to
characterize the temporal class of viral gene expression. The viral chip
is composed of microarrays of viral DNA prepared by robotic
deposition of oligonucleotides on glass for all known ORFs in the
HCMV genome. Viral gene expression was monitored by hybridization
to the oligonucleotide microarrays with fluorescently labelled cDNAs
prepared from mock-infected or infected human foreskin fibroblast
cells. By using cycloheximide and ganciclovir to block de novo viral
protein synthesis and viral DNA replication, respectively, the kinetic
classes of array elements were classified. The expression profile of
known and many previously uncharacterized ORFs provided a
temporal map of immediate-early ( ), early ( ), early-late ( 1) and late
( 2) genes in the entire genome of HCMV. Sequence compositional
analysis of the 5' non-coding DNA sequences of the temporal classes
using algorithms that automatically search for defined and recurring
motifs in unaligned sequences indicated the presence of candidate
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regulatory motifs for early, early-late and late genes. These fabricated
microarrays of viral DNA allow rapid and parallel gene expression
analysis at the whole viral genome level. The viral chip approach
coupled with global biochemical and genetic strategies should greatly
speed the functional analysis of established as well as newly
discovered large viral genomes.
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Department of Electrical Engineering, Texas A&M University, College
Station, Texas, USA

To quantitatively analyse gene expression level, two fluorescently
labelled RNAs were routinely hybridized to arrayed cDNA probes on a
glass slide. Ratios of gene expression levels from two co-hybridized
samples were obtained through image segmentation and signal
detection methods. In our early report, the expression ratio has been
studied via ratio statistics, and the ratio confidence interval has been
established so that ratio outliers can be easily identified. Typically, we
assume fluorescent background level does not interfere with ratio
measurement, which is derived via background subtraction and weak
target elimination. Many experimental results, however, suggested that
ratios derived from weak targets possess larger variation than those
from strong targets. In this study, we propose a new signal and noise
interaction model. Under the noisy environment, the ratio statistic will
be numerically evaluated and its self-adjusting confidence interval will
be introduced. The new confidence interval, which automatically
adapts under different signal-to-noise ratios (SNR), provides a better
criterion to further interrogate weak expression levels. In addition, a
new weighting factor for each ratio will be introduced which provides a
quality measure for the expression ratio measurement. The weighting
factor enables us to process gene expression data without introducing
a fixed intensity filter in analysis methods such as clustering,
fingerprinting analysis and predictive analysis.
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Dmitry Bochkariov, Sailaja Kuchibatla, Svetlana Gitin &
Alex Chenchik
 
CLONTECH Laboratories, Inc., 1020 East Meadow Circle, Palo Alto,
California 94303, USA

cDNA expression microarrays are becoming popular tools for high
throughput expression profiling. To simplify use of the microarrays in
research lab, we developed a disposable plastic chamber, which can
be used for a hybridization assay with a single slide. We compare
performance of the hybridization assay using conventional glass
slide-cover slide with 50 µl of hybridization mix and hybridization
chamber with 1 ml of hybridization solution. We have developed a
procedure for generating highly sensitive fluorescently labeled cDNA
probes. Low complexity hybridization probes were generated from
poly(A)+RNA using mixture of gene-specific primers. Using
allylamino-modified dUTP allows one to generate the cDNA containing
primary amino groups, which can be efficiently coupled with Cy3 or
Cy5 succinimid ester. Under the optimal hybridization buffer
composition, both approaches give similar sensitivity. The hybridization
chamber approach does not require any specialized equipment and
can be used in any research lab.
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The F9 teratocarcinoma cell line is a well-documented model system in
primary cell lineage differentiation. After exposure to trans-retinoic
acid, these cells can develop into two distinct forms of extra-embryonic
endoderm. To date, differential library screening has been the best tool
available to study the numerous events occurring during the
transformation from an undifferentiated tumor cell line into a fully
differentiated endoderm derivative. The advent of DNA microarray
technology now allows the ability to examine the changes in RNA
levels of a very large number of genes simultaneously.

The differential expression profile of F9 embryonal carcinoma cells
was studied during their differentiation into parietal endoderm after
exposure to 10-7 M retinoic acid (RA) and 10-3 M Dibutyryl cyclic AMP.
We examined the expression profile of the cells after induction for: 4, 8
and 16 hours as well as 1, 3, 4, 5, 7, 9 and 14 days, on microarrays
containing 5700 mouse cDNA clones. Our results indicate two major
stages in the course of differentiation into parietal endoderm. In the
first 24 hours, the cells turn off many markers that are specific for
several types of tissues, which are derivatives of all three primary cell
types. They also show induction of several transcription factors,
nucleases, proteinases and activators/inhibitors of several signal
transduction pathways. Around the third day, they begin to express
gene products that are associated with the final endodermal cell types.

Either undifferentiated F9 cells seem to be a plural collection of
different cell types or an indeterminate type of cell expressing gene
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products associated with neural, muscle and gastrointestinal tissue
types. After exposure to RA the expression of most of these genes
stops, with the exception of some neural markers, which are further,
induced during the time course. We observed an increase in
expression of several genes which have been previously reported to
be induced by retinoic acid in F9 cells (RAE-28, RAE-30, SPARC,
laminin) as well as genes induced in other teratoma cell lines such as
P19 (STRA-13, SHYC). In addition to genes that have been previously
reported, we observed the induction of many novel genes such as
posttranscriptional modifying enzymes, Ca+ binding proteins,
components of tight junctions and proteins involved in intracellular
trafficking. While 60% of the genes, that were either induced or
repressed, are not currently identified, the remaining genes will provide
interesting insight into the events occurring during the development of
endoderm and confirms the value of microarray technology in the
study of development.
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Drug resistance in cancer is a major obstacle to successful
chemotherapy. Cancer cells exposed to antitumour drugs may be
directly induced to express a subset of genes that could confer
resistance, thus allowing a population of cells to survive and form the
relapsed resistant tumour. Alternatively, some cancer cells may be
expressing an array of genes that could confer intrinsic resistance, and
exposure to cytotoxic drugs select for the survival of these cells that
form the relapsed tumour. To assess whether there are differences in
the mechanism of drug resistance by induction or selection, we used
complementary DNA (cDNA) microarray to monitor mRNA expression
in breast cancer cells that were either transiently treated with or
selected for resistance to doxorubicin. Expression profiles of the
human breast carcinoma MCF-7 cells transiently treated with
doxorubicin were compared with those obtained from a MCF-7 cell line
selected for resistance to doxorubicin. Transient treatment with
doxorubicin altered the expression of a diverse group of genes in a
time-dependent manner. We found a subset of transiently induced
genes constitutively overexpressed in cells selected for resistance to
doxorubicin, suggesting that cancer cells activate a distinct set of
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genes in acquiring drug resistance by either induction or selection. Our
studies demonstrate the feasibility of obtaining molecular profiles of
drug resistance in cancer cells by cDNA microarray, which might yield
insights into the mechanisms of resistance during chemotherapy, and
suggest alternative methods of treatment.
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Using microarrays to study
apoptosis
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TRAIL is a member of the Tumour Necrosis Factor (TNF) Family and a
potent inducer of apoptosis in many breast carcinoma cell lines but not
in normal human mammary epithelial cells. In vivo administration of
soluble TRAIL causes regression of breast cancer xenografts without
causing measurable toxicity. Combining it with other traditional
anti-cancer therapies enhances the efficacy of TRAIL treatment. The
basis for the resistance of normal breast epithelial cells to
TRAIL-induced apoptosis will be investigated using filter arrays and
high-density microarrays. Using a similar approach, the synergy
between TRAIL and other cancer therapies will be studied.
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Oxidative stress has emerged to encompass a broad variety of
biological stresses, some of which have obvious implications for health
care. Several modalities used in cancer treatment, including X-rays,
phototherapy and some chemotherapy drugs, exert their cytotoxicity by
producing oxygen-related free radicals, which imposes an added
burden of oxidative stress to normal cellular detoxification systems.
Toxic oxygen-related species including superoxide, hydrogen peroxide
and hydroxyl radical are produced by diverse initiating agents and both
chronic and acute diseases. Thus, it is important to understand the
patterns of oxidative stress-induced gene expression, which can
provide valuable insight with respect to how oxidative stress influences
genetic stability, including the cell cycle, DNA replication and repair,
cytotoxicity and mutation. In addition, such information may provide
new molecular targets for the development of more effective reagents
in cancer treatment. With the invention of microarray technology, we
are able to profile gene expression patterns of tens of thousands of
genes in a single experiment. In this study, we will use 6.9K cDNA
microarrays to investigate the patterns of gene expression following
exposure of oxidative stress in human tumour cells (MCF7). We will
compare the patterns of gene expression among various toxic
oxygen-related species. MCF7 cells will be treated with hydrogen
peroxide, menadione or T-butyl hydroperoxide for 1 hour, and then
total RNA will be extracted 0, 1, 3, 7 and 24 hours after treatments for
cDNA microarrays.
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Treatment with drugs can alter tumour gene expression. We are
interested in using DNA array approaches to examine alterations in the
pattern of gene expression following chemotherapeutic treatment and
have used this technology to analyse gene expression in tumours
before and during treatment with DNA-damaging agents or
signal-transduction inhibitors (see accompanying abstract by Workman
et al.). The aim of this strategy was to profile constitutive gene
expression and identify drug-responsive genes that may have potential
as surrogate markers for drug action or future targets for drug
development. To apply the technology to the clinical situation, tumour
biopsies were obtained from patients with inoperable bowel cancer.
These patients were enrolled in a clinical study examining the utility of
a chemotherapeutic regime to reduce tumour volume sufficiently for
surgical resection. This regime consists of a single dose of mitomycin
C and a protracted venous infusion (PVI) of 5-fluorouracil (5-FU). On
evidence of reduced tumour volume, the patients undergo further
treatment and the remaining tumour is removed by surgical resection.
Diagnostic tumour biopsies were taken by endoscopy before treatment
and subsequent biopsies were taken 6 weeks into the treatment with
5-FU. A small portion of each biopsy was set aside for gene
expression analysis. Poly(A)+ mRNA was extracted from the biopsy
and radiolabelled by reverse transcription from oligodT primers in the
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presence of [a33P]dATP. Labelled single-strand cDNA was hybridized
to commercially available arrays containing IMAGE/LLNL cDNAs and
the data collected by phosphorimaging. Good reproducibility was
obtained between experiments and changes in gene expression during
treatment were detected. These included increased expression of
thymidylate synthetase and uracil DNA glycosylase, consistent with
treatment of 5-FU. Additional data profiling constitutive gene
expression and expression in response to treatment will be presented.
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We have developed an application called HAPI (High-Density Array
Pattern Interpreter), which facilitates the analysis of microarray data by
selecting subsets of genes with specific characteristics and displaying
them with dynamic links to web-based databases. This allows
comparison of subsets of selected genes by determining similarities
and common properties of a selected set of genes using a lexical
algorithm based on Mesh keywords associated with each gene. We
tested the software's potential by analysing the transcriptional changes
induced by the infection of CD 4+ T cells with the human
immunodeficiency virus type 1 (HIV-1). Aliquots of either infected or
uninfected control cells were obtained at 30 minutes, 2, 4, 8, 16, 24, 48
and 72 hours after infection or mock-infection (control) and analysed
with the Hu6800 GeneChip. HIV infection of a CD4+ T cell modulated
a large number of genes at the transcriptional level. Genes were
repressed, induced or modulated significantly very early after
inoculation of the virus. Some expected outcomes such as the
activation of NFkB, p68 kinase and Rnase L were confirmed by the
GeneChip analysis and further corroborated by using real-time
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quantitative PCR. The modulation of genes and gene families not
previously considered associated with HIV infection was also
uncovered. Functional genomic approaches represent powerful tools
to dissect the relationship between infectious agents and their host
cells.
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We have determined the genome-wide gene expression profile of
Hodgkin disease, the most common cancer of young adult Americans.
Sequences were obtained from approximately 40,000 ESTs
(20,000,000 bases) from Hodgkin disease sources. These included
cell lines, primary tissue and living, single Reed-Sternberg cells — the
exceedingly rare but biologically active malignant cell of Hodgkin
lymphoma. Results of the high throughput sequencing increased the
number of named, expressed genes in Hodgkin disease from 100 to
2666. We devised an algorithm to globally compare the gene
expression profile of Hodgkin's disease to 100,000 ESTs from different
hematopoetic cell types. The analysis supports a B cell lineage of the
elusive Reed-Sternberg cell and provides a public database of the
gene expression profile of Hodgkin lymphoma1

(http://www.hodgkins.georgetown.edu).

To compare the results of high throughput EST sequencing with
microarrays, we are applying Hodgkin expressed genes to Affymetrix
arrays containing 42,000 features and representing approximately
30,000 distinct genes. Together, these analyses provide a substantial
expressed gene database and a resource for the diagnosis and
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treatment of Hodgkin disease, other lymphomas and immune system
disorders. The comparison addresses the relative informative value of
high throughput EST sequencing and expression microarrays in the
setting of human cancer.
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Amyotrophic Lateral Sclerosis (ALS) is a human neurologic disease
characterised by the progressive deterioration of motor function,
leading to death within a few years. In some of the familial forms of
ALS, a mutation of the superoxide dismutase (SOD) gene has been
demonstrated. Recent studies suggest that excitotoxic injury might be
responsible for the progressive neuronal degeneration found in ALS
spinal cords. In order to investigate differential expression of genes
that may be of relevance in ALS pathogenesis, we used the Affymetrix
6800 human DNA array and compared RNA isolated from grey matter
of cadaveric tissues, obtained from ALS and non-ALS spinal cords. We
discuss our findings and suggest the relative importance of several
genes.
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An oligonucleotide array of more than 250,000 specific probes
representing two complete bacterial genomes including the 1,743 open
reading frames of Haemophilus influenzae, and the 1,969 open
reading frames of Streptococcus pneumoniae has been designed.
When hybridised against labelled genomic DNA, all genes were
detected and more than 96% of the signal intensity values were within
a factor of three of the mean. For transcript imaging, microarrays were
hybridised against total RNA populations quantitatively represented by
labelled cDNAs. The measurements of transcript abundance for all
genes were shown to be sensitive, specific, quantitative and
reproducible. Nearly 85% of all S. pneumoniae mRNAs were found
expressed during in vitro exponential growth. Identification of regulons
important for S. pneumoniae entry into the stationary phase has been
used to validate the approach. We will show, for the first time, how a
genome-wide transcriptional analysis is applied to bacterial genomes
and is being used to identify signal transduction regulatory networks,
and to profile antibiotic compounds.
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Type I ( , ) and type II ( ) interferons (IFN) possess pleiotropic
functions, including antiviral, antiproliferative and immunomodulatory
activities, which are likely mediated by the induction of unique subsets
of IFN-stimulated genes (ISG) that are differentially regulated by IFN
subtypes and in different cell types. Oligonucleotide arrays (Affymetrix)
were used to investigate differential gene expression in the human
fibrosarcoma cell line, HT1080, or primary mouse embryonic
fibroblasts in response to IFNs or virus infection. In all samples, the
detection of known IFN-regulated genes helped to validate the
experimental design and conditions. Combined analysis of these data
sets, each with several hundreds of differentially expressed genes, has
led to the idenfication of groups of IFN-regulated genes with similar
functions, previously unknown IFN-regulated pathways and potential to
crosstalk with other signalling pathways. For example, ISGs with
similar functions included apoptosis regulators, chemokines, genes
involved with antigen processing and presentation, GTPases, heat
shock proteins and members of the ubiquitin system. Signalling
molecules identified as potentially novel ISGs included known kinases,
phosphatases and signalling adapter molecules. The functional
significance of each gene relating to IFN functions requires further
study on an individual basis, but the continuous refinement of a global
view for IFN-regulated pathways may identify additional yet unknown
areas of IFN action and enable better design of therapeutic strategies
based on IFN-regulated mechanisms.
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We describe a rapid and efficient method for identifying secreted and
transmembrane gene products. From yeast and human cell cultures,
mRNA species bound to rough endoplasmic reticulum
(rER)-associated polysomes were separated from free and
cytoplasmic polysome-associated mRNAs by sedimentation
equilibrium or sedimentation velocity. The representation of mRNA
species in each population was quantified by hybridization to
high-density DNA microarrays. Transcripts known to encode
transmembrane or secreted proteins were significantly enriched in the
rER-associated fractions, whereas those known to encode cytoplasmic
proteins were enriched in the fractions containing free and cytoplasmic
polysome-associated mRNAs. Based on our data, we are able to
predict with reasonable confidence that over 275 human and 300 yeast
genes encode previously unrecognized transmembrane,
ER/golgi-resident or secreted proteins. The combination of
fractionation of nucleic acids on the basis of physical properties and
analysis on DNA microarrays is a general method that can be applied
to a diverse set of biological questions.
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A basic problem in multivariate systems is finding predictive relations
between the measurable variables in the system. The extent to which
a target variable can be predicted via measurement of a set of
predictor variables reveals the level of interaction between the
variables. We want to quantify the degree to which the target variable
is statistically determined by the predictor variables, where statistical
determination does not imply physical causality. In signal processing
systems, stochastic determination provides a window into the overall
control structure. In the simple case of two variables possessing a
bivariate normal distribution, the best predictive relation is linear and
the correlation coefficient provides the desired coefficient of
determination. The problem can still be framed in terms of correlation
for multivariate linear systems (albeit, not in such a straightforward
form), but not for nonlinear systems.

We examine quantification of nonlinear multivariate stochastic
determination among gene expression levels using cDNA microarrays.
The method allows incorporation of knowledge of other relevant
conditions, such as the application of particular stimuli or the presence
of inactivating gene mutations, as predictive elements affecting the
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target expression level. The approach is general and can be applied to
any class of nonlinear predictor functions. For our talk, prediction is
based on a ternary perceptron, to which is input one of three values for
each predictor gene: +1 [up-regulated], -1 [down-regulated] or 0
[invariant]. External conditions are quantified as +1 [present] or 0 [not
present]. Our reason for choosing a perceptron is twofold: first, it is
intuitive; second, for n predictor variables, it has only n+1 parameters
to estimate and therefore requires much less data than more general
nonlinear predictors.

Owing to the large number of genes and a severe limitation on
experimental replication when using microarrays, any individual
predictor derived from the data lacks statistical significance relative to
the population. Since our interest is measuring degrees of
determination, we can derive the best predictors from the sample data
and then estimate the determination coefficients for various predictor
sets from the sample data. These estimates will be biased high, but
can be used as sample coefficients to relatively quantify the degrees to
which various expression-level sets stochastically determine a target
expression level. A more accurate, more computationally costly way to
proceed is to employ a bootstrap method to estimate the coefficients of
determination. The bias will on average be low, but we can again
obtain relative quantification.

The entire procedure is supported by software that has a number of
facilities to simplify data analysis, and which provides graphics for
visualising experimental data and sequential increases in
determination as additional expression levels are used for prediction.
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Unique expression patterns of a large number of genes can now define
cell specific signatures under a given context. Cell specific signatures
will be invaluable to understanding differentiation, cell type specificity
and the cellular biology of environmental responses. Expression
signatures could greatly enhance drug development by increasing
efficacy and decreasing toxicity of therapeutic compounds. We have
used (Affymetrix) oligonucleotide microarrays to survey and compare
the expression profiles of 7000 human genes from cells of various
origins, including lymphocytes, umbilical vein endothelial cells
(HUVEC), a breast adenocarcinoma cell line (MCF7) and a
glioblastoma cell line (U373MG). Environmental context such as time
in culture, state of differentiation, media composition, CO2 content and
culture confluency may alter cell signatures. Chemical compound
manipulation of cell lines provides one mechanism to dissect function
at the gene expression level. For example, extended treatment of
endothelial cells with vascular endothelial growth factor (VEGF) results
in greater than two-fold changes in expression level of approximately
100 genes, while extended treatment of glioma cell lines with platelet
derived growth factor (PDGF) results in greater that two-fold changes
in 39 genes. Analysing expression data from multiple cell lines can
also be used to identify similarities of expression profiles for all cell
lines. We have observed that an average cell type expresses 2335 out
of 7000 genes assayed (approxiamately 33%). Sixty-four percent of
the 2335 genes are expressed in endothelial, U373MG, and MCF7
cells, with a total of 630 expressed at similar levels in all three cell
types despite variation in growth media. Additional cell types are being
analyzed to refine the universal and cell-specific signatures.
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Statistics, University of California at Berkeley, Berkeley, California,
USA

We explore an ensemble of multivariate statistical methods for the
analysis of gene expression data from cDNA microarray experiments.
The statistical questions we investigate are motivated by the
experimental program carried out in the laboratories of professors
Brown and Botstein at Stanford University to characterise the
molecular variations among cancers of the breast, prostate, liver and
brain, based on transcript abundance for tens of thousands of genes in
several hundred tumour samples. The aims of the statistical analysis
are to assist the biologists in (i) developing a classification or
"taxonomy" of tumours based on gene expression data, and (ii)
identifying a subset of "marker" genes that characterise the different
tumour types defined in (i).

The statistical analysis for addressing aims (i) and (ii) involves a
synthesis of approaches from the fields of cluster analysis and
discriminant analysis, also known in the pattern recognition literature
as unsupervised and supervised learning, respectively. Unsupervised
methods (e.g. projection methods, partitioning methods such as
k-medoids, hierarchical clustering and self-organising maps) are
investigated to identify possible tumour types, some already
recognised (e.g. tumour site of origin) others (most?) not. A
concomitant question is the development of statistics for comparing
different clusterings. Supervised methods (e.g. linear discriminant
analysis, nearest neighbour methods, neural networks and
tree-structured classifiers) are used to examine in greater detail the
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definitions of tumour types from unsupervised learning methods and
identify a subset of marker genes which provide a more compact
description of these tumour types. Our analysis focuses on the CART
(Classification and Regression Tree) method and its extensions to
perform variable (marker gene) selection and develop a classifier for
tumour types. We apply re-sampling methods such as bagging and
boosting to improve the accuracy of the classifier and the variable
selection process.
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Circadian rhythms are integral to eukaryotic life, structuring temporal
patterns of physiology and behavior. These cycles are not a passive
response to the external environment, but are driven by an internal
biological clock with an endogenous period approximating 24 hours.
This biological clock and its constituent outputs are represented by
regular cycles in gene expression that continue in the absence of any
environmental stimuli. The suprachiasmatic nuclei of the hypothalamus
(SCN) are the site of a central circadian clock in the mammal. The aim
of our current study is to identify and characterise genes that are
components of the central oscillator or that are elements of the input or
output (clock controlled genes) pathways of the mammalian circadian
clock. Time-of-day specific cDNA libraries have been constructed from
mRNA extracted from the SCN (0.8 mm3 punched tissue sections) and
the cerebella of 2-month old male C57BL/6 mice maintained on a
12:12 light:dark cycle. Animals were sacrificed in three different
groups: 0.2–0.7 h after lights on (zeitgeber time [ZT] 0.2–0.7, morning),
ZT5.5–6 (midday) and ZT11–11.5 (evening, 0.5–1 h before lights off)
(ZT0=lights on). These timepoints and light–dark cycle (entrainment)
conditions were chosen since (1) known clock genes and
clock-regulated genes peak in expression at various time points after
the dark/light transitions, and (2) the amplitudes of rhythmicity are
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greatest under entrainment conditions. By collecting tissue under
entrainment conditions we have been able to use light-induced
immediate early genes such as c-fos as internal controls to validate the
method. For each collection, brain tissue from 90–120 animals was
extracted and frozen rapidly (approximately 1.5 min between sacrifice
and freezing of each tissue punch), yielding amounts of poly A+ RNA
sufficient to construct representative libraries containing even rare
transcripts.

Data will be presented describing differential gene expression in the
mammalian brain based on location (e.g. SCN versus cerebellum) and
time-of-day (e.g. midday versus evening). We anticipate that
microarray screening will identify novel clock genes, whose expression
changes as a function of time of day, and thus in turn will reveal
components of the central oscillator, or components of the input or
output pathways to the clock.
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Distinctive pathological and cytogenetic alterations distinguish familial
BRCA1 and BRCA2 mutation-positive (+) from sporadic (non-familial)
breast cancers. Using cDNA microarrays containing 6,500
sequence-verified human cDNAs, we have compared familial BRCA1
and BRCA2 (+) and sporadic breast cancer patient tumours with a
common reference. Relational analyses of individual genes across all
experiments has identified a small subset that is consistently up- or
downregulated in most BRCA2s and unchanged in most BRCA1
tumours. Similarly, we have identified a set of genes consistently up-
or downregulated in most BRCA1 tumours and unchanged in BRCA2
tumours. Analysis of the degree of similarity between expression
profiles for the entire gene set across all tumours showed that the
BRCA2 tumours form a unique cluster. Visualization of the extent of
similarity was performed using multidimensional scaling analysis.
Statistical analysis of these data has identified a subset of genes that
distinguish the BRCA2 tumours from the BRCA1 and sporadic
tumours. The genes identified include several known from previous
studies to be implicated in hereditary breast cancer, as well as others
previously unrecognized as transcriptionally altered in this disease. An
example of a gene in this subset includes that encoding cyclin D1,
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which was consistently upregulated in BRCA2 tumours, whereas it was
unchanged in the BRCA1 and sporadic tumours. Cyclin D1 expression
had not previously been correlated with BRCA1/2 mutation status. It is
known, however, that cyclin D1 overexpression is positively correlated
with estrogen receptor (ER) status, and in our sample set all BRCA2s
were ER positive, whereas all BRCA1s were ER negative. This work
suggests that investigation of the transcriptional networks of breast
cancers can identify genes that clearly distinguish BRCA2 (+) patient
tumour biopsies, and indicates this approach will have significant value
in 'molecular fingerprinting' of breast cancers. We are currently
confirming the microarray results and investigating the biological and
pathological significance of the other genes identified as key
discriminators of BRCA2 tumours.
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The feasibility of high resolution CGH has been recently demonstrated.
We designed a DNA chip of arrayed BAC cloned for frequently
involved chromosomal regions in head and neck tumours. Our pilot
experiments demonstrate that in our hands the method efficiently
detects tetrasomy or trisomy. We will show our initial results with DNA
extracted from histological sections from a series of selected head and
neck archival tumours. Clinical parameters including grade, histological
status, survival time and disease-free period are available. Results will
be compared with conventionnal CGH on chromosomes. In the near
future, this technique could contribute to the genetic profiling of
tumours in a pathology department.
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20892, USA
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One of the challenges to the effective use of cDNA array analysis in
mouse models of oncogenesis is the choice of a critical set of probes
which are informative for human disease. Given the thousands of
genes with a potential role in human oncogenesis and the hundreds of
thousands of mouse sequences available for use as probes,
assimilation of an overlapping set can be an overwhelming task. We
have developed a bioinformatics tool that will mine a source of mouse
sequences. It presents the output in a form that enables the user to
access the information necessary to define a list of sequences that will
enhance gene discovery and functional assessment in mouse models
of oncogenesis. This web-based sequence mining tool lists publicly
available sequences in order of importance to oncogenesis in humans
and provides a focused set of informative links including information on
clone source and, if known, gene function. The Mouse Oncochip
Design Tool uses the Mouse Genome Database (MGD) developed
and maintained by the Jackson Laboratories for mouse DNA
sequences. There are over 380,000 sequences in this database. The
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user can choose a subset of sequences based on expression in a
specified tissue source, chosen from over 300 types of tissues. The
output list has been ordered to present the most likely candidates first,
as defined by identification of a mouse gene associated with the
sequence, identification of a human homologue for the mouse gene
marker and inclusion of the human homologue in an oncogene set.
The tool is web based and uses a Perl common gateway interface
(CGI) to the browser and Standard Query Language (SQL) scripts
embedded in Data Base Independent Perl (DBI Perl) to extract the
necessary information from the Mouse Genome Database and the
Human Oncogene set (which was compiled in the Division of Clinical
Sciences at the National Cancer Institute). Links to the clone source
and annotation for the mouse genes stored in the MGD, to GenBank
and the Unigene cluster resource of the National Center for
Biotechnology Information (NCBI), and to GeneCards (Weizmann
Institute) are constructed dynamically by the code so that there is no
need for updating. This resource is part of a bioinformatics toolkit for
studies of mouse models of human cancer which uses microarray
technology.
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The recent advent of high-density cDNA microarray technology, with
its capacity for simultaneous monitoring of thousands of genes,
provides a unique opportunity for high-throughput genetic analysis of
cancer. Although most current microarray studies have been
performed with in vitro-derived genetic material, a major leap in
functional genomic investigations would be the ability to perform
array-based expression analysis with in vivo-derived genetic material
originating from morphologically distinct cellular populations, including
various stages of cancer progression. Until recently, in vivo analysis of
tumour-specific genomic alterations, array-based or otherwise, has
been hampered by the inability to accurately obtain specific cell types
from cancerous tissue. The recent development of laser capture
microdissection (LCM) has allowed for accurate and rapid procurement
of specific cell populations in complex tissue and provides the
opportunity to perform array-based expression profiling of in
vivo-derived genetic material. Here we describe the combined use of
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LCM, high-throughput cDNA microarrays and Taqman real-time
quantitative PCR (RTQ-PCR) to monitor gene expression levels in
breast cancer. We demonstrate that expression profiles of greater than
8,000 genes can be successfully generated using non-amplified RNA
derived from distinct cell populations in several different morphological
stages of human breast cancer.
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Gene expression profiles of thousands of genes can now be examined
en masse through cDNA and oligonucleotide microarrays. However,
present applications of microarray technology do not include the study
of gene expression from individual cell types residing in a given
tissue/organ. This kind of resolution is absolutely necessary if one
wants to generate hypotheses regarding mechanistic interactions
between different cell types. We have previously demonstrated that by
integrating laser capture microdissection (LCM) with DNA chips one
can obtain cell type gene expression profiles (Luo et al., Nature
Medicine, 5, 1999, 177–122). We present details of how we are using
LCM to obtain cell-type specificity by giving examples within the brain
and peripheral tissues. In addition, we will demonstrate the use of
cluster analysis for the identification of genes whose expression is
co-ordinated within specific cell types.

 

 Copyright 1999 Nature America Inc.

Using laser capture microdissection (LCM) to build cDNA microarray expression databases with cell-type specificity

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_44b.fulltext [2/4/2000 2:38:17 PM]

http://genetics.nature.com/archive
http://genetics.nature.com/search
http://genetics.nature.com/info
http://genetics.nature.com/classified
http://genetics.nature.com/subscribe
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_44b.pdf


 
 
 

Monitoring cell response by
cluster analysis of a gene
expression matrix

F. Falciani1, J.M. Cox2, C.L. Clayton1, Phil Robinson2, S.
Blakemore1, D.M. Wallace1, J.E. Crabtree2, M.K. Trower1

& P. Sanseau1

 
1. Genomics Unit, Glaxo Wellcome Medicines Research Centre,
Gunnels Wood Rd, Stevenage, Herts., SG1 2NY, UK
2. Molecular Medicine Unit, St Jame's University Hospital, Leeds, UK

We have developed a technology for the identification of genes
differentially regulated between biological samples based around the
hybridisation of RNA- derived probes onto nylon membranes
containing immobilised cDNAs gridded at high density. We used this
technology to examine changes in gene expression patterns in gastric
epithelial cells infected with a virulent H. pilory strain at different time
points. Radioactively labelled first strand cDNA, synthesised from
KATO III gastric cell mRNA, was prepared and hybridised to high
density arrays of amplified cDNA derived from a collection of 46,302
non-redundant I.M.A.G.E clones. Hybridisation signals were acquired
using the GlaxoWellcome developed DGENT PC-based software
package.

The large gene expression matrix generated with this approach has
been analysed using cluster analysis to reveal correlated patterns of
gene expression. The use of principal component analysis has also
been explored. We found that a considerable number of genes map
into discrete gene clusters suggesting that they belong to defined
pathways of gene expression. We are investigating the possibility of
applying this approach to gene expression matrixes based on the
frequency of appearance of a gene transcript in representative
libraries. Our results reinforce the use of statistical analysis in
differential gene expression experiments.
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It has been suggested that ageing, or at least some of its symptoms,
are related to a physiological decline in growth hormone (GH) levels
with age. To elucidate the molecular mechanisms behind
GH-dependent changes in aged animals, we have analysed
GH-mediated effects on gene expression in old male rats through the
application of cDNA representational difference analysis in
combination with RNase protection assays and DNA macroarrays on
nylon filters. In addition to well-characterized GH-regulated genes, we
demonstrate the differential expression of at least 11 genes not
previously known to be under GH control. Several transcripts encoding
enzymes and receptors involved in the metabolism of protein,
carbohydrates and lipids were identified. Another group of transcripts
consisted of gene products encoding proteins involved in the immune
system. This list of expressed genes in GH-treated old rats may shed
further insight on the action and mechanism behind the positive effects
of GH on, for example, body composition and immune responses
observed in different animal and human studies.
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Molecular responses to genotoxic stress are complex and are
mediated by a variety of regulatory pathways. One key element in
cellular response is the stress gene transcription factor p53, which can
regulate nearly 200 genes that have already been identified. Although
p53 has a central role in the cellular response to DNA-damaging
agents such as ionizing radiation (IR), other pathways can also have
important roles. One example is the transcriptional responses
associated with IR-induced apoptosis, where induction of some genes
is limited to p53 wild-type cells that also have the ability to undergo
rapid apoptosis after irradiation. In contrast, other genes are triggered
after IR in lines undergoing rapid apoptosis regardless of p53 status.
From this and other examples, it is apparent that the pattern of stress
gene expression is cell-type specific in both primary and transformed
lines. The premise will be developed that such differences in stress
gene responsiveness can be employed as molecular markers using a
combination of informatics and functional genomics approaches. An
example will be given using the panel of lines of the NCI anticancer
drug screen where both the p53 status and sensitivity to a large
collection of cytotoxic agents have been determined. The use of cDNA
microarray hybridization to measure IR-stress gene responses has
recently been demonstrated1 and a large number of additional
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IR-stress genes have been identified. The basal expression and
responses of some of these genes to DNA-damaging agents varied
widely in cell lines from different tissues of origin and different genetic
backgrounds, highlighting the importance of cellular context to
genotoxic stress responses; this also highlights the need for
informatics approaches to discover and prioritize hypotheses regarding
the importance of particular cellular factors. The presentation will focus
on the use of combining an informatics approach with functional
genomics in the study of stress responses.
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Multiple myeloma is a monoclonal plasma cell neoplasm that usually
responds to chemotherapy but subsequently becomes drug resistant.
Doxorubicin is a commonly used drug for myeloma, but its use leads to
the development of resistant cells that express the MDR-1 membrane
pump which actively extrudes doxorubicin and other agents from the
cytoplasm of resistant cells. Patients resistant to doxorubicin often
show resistance to many other drugs, some of which do not appear to
be extruded by the MDR-1 pump mechanism. We used cDNA
microarrays to evaluate the relative expression of approximately 5,700
human genes in a human multiple myeloma cell line (8226) and its
doxorubicin-resistant subline (8226/D40). The mRNA expression
profiles were performed in duplicate. As expected, the mRNA encoding
the multidrug resistance gene MDR1 was markedly increased in
8226/D40 versus 8226. Overall, 1%–2% of the 5,700 genes analysed
were differentially expressed, including a variety of genes not thought
to be directly related to the MDR1 mechanism. Other genes affected
by doxorubicin selection included N1 spermine/spermidine
acetyltransferase, CD10 and raf. These observations suggest that
changes in the expression of genes other than MDR1 may participate
in the emergence of the multidrug resistant phenotype. Identification of
such genes provides a basis for hypothesis generation with respect to
their roles in multidrug resistance.
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Feyereisen1, Hans Bohnert1, Ken Feldmann1, Virginia
Walbot2 & Jiri Macas3

 
1. University of Arizona, Arizona, USA
2. Stanford University, California, USA
3. Czech Academy of Sciences, Ceske Budejovice, Czech Republic

Microarrays provide the means for the large-scale analysis of gene
expression patterns in living organisms. My laboratory is part of three
federally funded projects that are directed toward an understanding of
the regulation of gene expression in higher plants.

In the first project, funded by the United States Department of
Agriculture (USDA) and the Human Frontier Science Program, we are
examining the functions and expression patterns of the approximately
340 members of the cytochrome P450 gene superfamily in Arabidopsis
thaliana. The second project, funded by the NSF program in Plant
Genomics, involves analysis of the changes in gene expression that
accompany imposition of drought and salinity stress on plants. The
final project, also funded by the NSF Plant Genome program,
proposes to categorize at least 50,000 ESTs and cDNAs from maize
(Zea mays) and provide this information to the public sector. In all of
these projects, microarrays have an integral role. In the first case, we
are studying tissue- and stimulus-specific gene expression to define
the catalytic activities of the different P450s. In the second case, we
are employing microarrays to unravel hierarchical patterns of gene
regulation in response to imposed stress. For the final project, we are
responsible for providing microarrays of the sequenced ESTs as a
service to the maize scientific community.

We are working to solve a variety of problems at all levels, including
identification of suitable substrates for printing, debugging programs
for commercial arrayers, establishing sensitivity and reproducibility
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criteria, implementing high-throughput methods including sample
tracking and methods for data analysis, reduction and archiving.

Finally, my laboratory provides campus-wide microarraying and
scanning services for the University of Arizona, and we are an integral
part of the core program in cancer biology currently underway at the
Arizona Cancer Center.
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Mammary gland involution follows the cessation of lactation. Similar to
lactogenesis, the involution process requires an ordered sequence of
events including the termination of milk production, increased secretion
of lactoferrin, apoptosis of the mammary epithelium and remodelling of
the extracellular matrix of the gland. A completed cycle of involution
requires apoptosis of the epithelial mammary structures involved in
milk production, resulting in the loss of the milk-secreting alveoli as the
gland returns to a pre-pregnant state. The complex cellular remodelling
and cell-specific targeted apoptosis make mammary involution an
excellent model system to apply to microarray platforms. The
development of a 3K mammary-enriched mouse cDNA microarray has
enabled us to perform high-throughput hybridization analysis to
establish the gene expression profiles associated with the distinct
cellular stages of the involution process. We find that a fall in
anti-apoptosis genes appears to initiate the process, followed by
induction of stress-response genes. In addition to uncovering many
genes involved in cell-cycle regulation, apoptosis, DNA repair and
cytoskeletal remodelling, these microarrays have proven to be a
powerful tool for gene discovery in epithelial involution.
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Multiple analysis of gene
expression contributing to
differential xenobiotic
sensitivity

T.W. Gant
 
Molecular Toxicology, Medical Research Council, Leicester, UK

Some inherited pathological disorders are caused by a single mutation
and others have susceptibility components which are heritable, but
polygenic (arising from the contribution of several genes) in origin.
Often, these genes have biological functions that are not obviously
related to the symptoms, and pathology of the disorder, and their
contribution is not thus recognized. The same is true when the
susceptibility (or resistance) of individuals is assessed in relation to
chemically induced toxicity, or in relation to the activity of molecules
with pharmacological properties. Working on the premise that any
genes which contribute to a susceptibility, or resistance, phenotype
may be differentially expressed in relation to those in a normally
responsive individual or tissue, we are using microarray technology to
screen for differential gene expressions that may be contributing to the
phenotype. We have built an arrayer based on the Stanford design,
with some modifications, and are using this to produce arrays of up to
2-56K clones (depending on requirement). We are arraying both
known genes and cDNA library clones from the rat, mouse and human.
Initial analytical work has been carried out on human drug resistance
cell lines, and increased expression of some well-characterized genes
have been observed (MDR1, GST), as well as some changes of
expression which are consistent with other phenotypic traits of these
cells. This work is currently being extended, and all relevant findings
will be presented.
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Infection induced by gram-negative and gram-positive bacteria results
in an enormous host immune response that has two possible
outcomes. One in which the organisms are eliminated and the host
returns to normal, and the other in which the battle between host and
invader leads to disregulation of innate immunity and the development
of septic shock. In inflammatory diseases such as septic shock, gene
expression patterns of diverse cell types contribute to the pathology.
We are currently in the process of monitoring gene expression during
different states of infection using cDNA microarrays. mRNA from
cultured human monocytic THP-1 cells and isolated peripheral blood
leukocytes stimulated with the endotoxin LPS or gram-negative
bacteria are analysed for this study.

Preliminary microarray data support the finding that inflammation is
associated with the expression of many different cytokines, such as
interleukin-1, TNF, interleukin-8 and an abundance of chemokines.
Current efforts aim to identify signature expression patterns associated
with different states of infection.
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database for drug metabolism
and toxicology

David Gerhold, Jian Xu, Meiqing Lu, C. Thomas Caskey
& Tom Rushmore
 
Merck Research Labs, West Point, Pennsylvania 19486, USA

The liver is a primary site for metabolism of xenobiotic compounds by
enzymes which are dynamically regulated. Gene regulation in the liver
also reflects the overall metabolic, energetic and hormonal state of the
organism. Thus, we have generated a DNA Chip database to profile
drug metabolism and toxic responses in rat liver. Rats were treated
with four compounds which induce characteristic cytochrome P-450
genes. Gene expression was assayed in livers of these rats using
Affymetrix DNA Chips. Induction of the expected cytochrome P-450
genes was observed, validating the approach. Additional regulatory
responses were identified for genes encoding drug-conjugating
enzymes and drug transporters for these well-studied compounds.
Sex-specific expression of drug metabolic genes was also identified by
comparing male and female rat livers. We encountered difficulties with
DNA microarray technologies due to heterologous hybridisation
between genes which share homology, or simple sequence repeats.
We used cytochrome P-450 genes from four subfamilies to evaluate
gene-to-gene hybridisation specificity using Affymetrix arrays.
Gene-specific hybridisation was maximised by rational selection of
DNA sequences to the array on the DNA chip.
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Richard Glynne
 
Eos Biotechnology, Genomics, 225A Gateway Blvd, South San
Francisco, California 94080, USA

Array technologies create an opportunity to identify diagnostic and
prognostic markers, as well as drug targets, from clinical samples. We
have developed a mid-density spotted oligonucleotide array platform
for monitoring gene expression and genomic amplification and loss
events in human tumours. The spotted oligo arrays are sensitive,
robust and allow rapid incorporation of new sequence information. We
have also designed a single custom Affymetrix GeneChipTM array to
monitor 35,000 genes and ESTs by empirically choosing probes on the
basis of consistent performance over a wide range of samples.
Integration of gene expression data from Affymetrix and Eos oligo
arrays, in conjunction with genome amplification data, has identified a
number of transcripts with increased mRNA expression and genomic
representation in breast cancer. We have further generated a normal
tissue atlas database that allows us to screen potential drug leads for
possible toxic side effects. Candidate disease genes identified by DNA
microarrays are then used to interrogate arrayed archival tumour
tissues in a highly parallel fashion by in situ hybridisation. These
tumour tissue microarrays allow for the rapid characterisation of
expression at single cell resolution. In addition, gene expression can
be associated with tumour grade and stage on hundreds of archival
tumours with known clinical outcomes. Using these multiple array
technologies we have identified a number of transcripts expected to
encode tumour-specific proteins which are potential targets for
therapeutic intervention, diagnosis and prognosis of breast cancer.
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Mount Sinai Hospital, Samuel Lunenfeld Research Institute, Toronto,
Ontario, Canada

Soft tissue sarcomas (STS) are a group of malignant mesenchymal
tumours that present a dilemma for clinical management. Current
staging systems, based largely on morphological tumour
characteristics, cannot accurately classify tumours nor predict an
individual patient's risk for eventual metastases. Consequently, it is a
challenge to identify patients with STS who should be considered for
intensive adjuvant treatment protocols. Characterisation of specific
gene expression patterns in STS will improve classification of these
tumours and be of value in identifying patients at high risk for
developing metastases.

Our aim is to generate comprehensive gene expression profiles of the
molecular alterations that occur during the development and
progression of human soft tissue sarcoma. We plan to accomplish this
by taking advantage of two major resources — a national STS tumour
bank with corresponding clinical information and a recently developed
microarray facility.

STS specimens for this study will be obtained from the Canadian
Sarcoma Group (CSG) Soft Tissue Sarcoma Tumour Bank that is a
resource of tumour tissue and clinical correlative data situated at
Mount Sinai Hospital, Toronto, Canada. The CSG tumour bank has
been actively collecting tissue and pertinent patient information
prospectively since 1993. As of December 1998, this bank had
collected 701 tumour samples from 609 patients with STS, and is
continuing to collect 110 STS cases per year. The CSG bank includes
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separate computer databases for clinical/pathologic and laboratory
information, and stores frozen tumour and normal tissues, blood, as
well as histological slides, paraffin embedded tissue and pathology
reports from the collaborating centres. Most sarcomas in the tumour
bank are large which generally allows for abundant frozen tumour
tissue.

We plan to take advantage of the developing technology of cDNA
microarrays that allows differential gene expression to be quantitated
for thousands of genes simultaneously between multiple samples. A
gene array facility, which is situated at the Ontario Cancer Institute,
Toronto, is capable of producing high quality chips with up to 20,000
ESTs with an XYZ robot and generates data with a very fast and
sensitive reader at low cost to collaborating members of the facility.
Even without knowing the identity of the majority of the ESTs
examined, patterns of expression can be identified that are
characteristic of the behavioural aspects of a tumour and may be
prognostically important. As well, studying these gene cohorts will help
identify molecular pathways as well as novel genes important in
tumourgenesis.
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Cancer Genetics Branch, National Human Genome Research
Institute, National Institutes of Health, Bethesda, Maryland, USA

Gene expression profiles for large sets of genes can be generated
simultaneously with cDNA microarrays. The quantitative accuracy of
this assay requires that the immobilized probes be present in
abundant, non-limiting amounts relative to the amount of labelled
target. When this is true, the rates of hybridization for the cDNA targets
assayed will follow pseudo first-order kinetics and be limited only by
the relative concentrations of the probes themselves, providing linear
increases of signal relative to input target. We have examined how the
levels of PCR product in the printing solution and the amounts of
labelled cDNA target in the hybridization change net detectability and
ratio stability in our assays, and will present statistical evaluations of
their effect on reliability.
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and astrocytic tumours

Jeff Gregg
 
UC Davis School of Medicine, Pathology 4645 Second St,
Sacramento, California 95817, USA

Gliomas, which represent the second leading cause of cancer death in
individuals under age 35 and the fourth leading cause in those over
age 54, are a significant medical problem. To date, the diagnostic
classification of gliomas has relied on histologic criteria. These
histology-based grading systems (WHO and Daumas-Duport) are
sufficient as general criteria for grouping patients in terms of survival,
but are deficient because they often fail to provide information on the
individual patient's clinical course and sensitivity to chemotherapy and
radiation protocols. In addition, due to the subjective nature of the
classification system, difficulties arise in grading tumours and
differentiating certain tumour types (e.g.
oligodendrogliomas/oligoastrocytomas vs. astrocytomas), which have
very different behaviours and responses to chemotherapy. As
histologic classification cannot adequately predict tumour behaviour,
there arises the need for a better system for classifying
oligodendroglial and astrocytic tumors. As human cancer is a
consequence of the dysregulation or alteration of the subset of genes
expressed, our hypothesis is that the behaviour of a given tumour is
encoded within a set of genes expressed and that these genes can be
used to better classify tumours, specifically oligodendroglial, astrocytic
and mixed oligo-astrocytic tumours, and predict prospective responses
to clinical intervention.
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We propose to exploit microarray technology for the parallel analysis of
gene expression in order to classify brain tumours on a molecular
basis. We have created an 8,000-clone oligodendroglial and astrocytic
tumour specific brain array to reach this goal. This array has been
generated by a comprehensive informatic database search of the
Unigene Database (Unigene build #69). A set of approximately 7,400
non-redundant genes and ESTs were identified in four astrocytic
tumour libraries and two oligodendroglioma libraries representing
unique clusters in the Unigene Database. An additional 100 genes, not
included in the initial search but known to be important in brain tumour
biology were included. Five hundred genes, not necessarily expressed
in astrocytic or oligodendroglial tumours, but known to be important in
tumour biology and expressed in brain, were included. These genes
include many tumour suppresser genes that may be aberrantly
down-regulated in brain tumours. A unique set of 100 brain tumour
"housekeeping" genes, found in both the Soares adult brain library and
the normalised Soares infant brain, will also be included. All clones
selected for the array have been chosen to include, when possible, the
3' UTR.

These clones, obtained in collaboration with Research Genetics Inc.,
will be PCR amplified and arrayed in duplicate onto glass slides.
Fluorescently-labeled RNA from pure tumour tissue of different
histological type and grade will be hybridised to the array. Each tumour
will have available extensive clinical information and a selected
number of tumours will undergo in vitro chemosensitivity assays. The
gene expression profiles will be correlated with the clinical data,
tumour chemosensitivity and pathology. These data will be available in
a web-based repository. The goal is to demonstrate that molecular
classification of brain tumours can provide improved predictors of the
clinical behaviour and response to therapy; this will allow appropriate
disease management decisions for treatment to be made.
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Obesity is a prevalent condition frequently associated with diabetes,
hypertension and cardiovascular disease. Because available
treatments are minimally effective, substantial efforts have been
directed toward the discovery of new and effective anti-obesity drugs.
The Beta3-adrenergic receptor (AR) represents one of a number of
potential anti-obesity drug targets for which selective agonists have
been developed. In rodents, 3-AR mRNA is abundant in white adipose
tissue (WAT) and brown adipose tissue (BAT). It has recently been
demonstrated that mice lacking endogenous b3-adrenoreceptors have
a slight increase in body fat, but otherwise appear normal. These mice
are completely resistant to the specific b3-agonist CL-316.243, which
has been shown to increase lipolysis, energy expenditure and insulin
levels. When the b3-adrenoreceptor was ectopically expressed in WAT
and BAT or BAT only, it was demonstrated that the anorectic and
insulin secretagogue effects were mediated by WAT. How these
effects are mediated by 3-AR agonists remains poorly understood. To
investigate the mechanisms by which b3-agonist–stimulated WAT
exerts these effects, we have compared the transcript profiles of WAT
derived from CL-316.243-treated C57BL/6J mice with that of control
mice injected with a saline solution. Approximately 200 genes were
found to be decreased in the treated animals, and almost 200 genes
were found to be increased, among them several key genes known to
be involved in obesity. In conclusion, our results confirm that
3-adrenoreceptors in mouse WAT have a major role in controlling the
expression of genes involved in body weight regulation.
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USA
2. The Institute for Genomic Research, Rockville, Maryland 20850,
USA

The proto-oncogene c-myc encodes a highly conserved nuclear
phosphoprotein that functions as a transcription factor in the cell. The
discovery of deregulated c-myc in a variety of tumours and the ability
of c-myc to transform cells either alone or in cooperation with the ras
oncogene indicate that the activation of c-myc is involved in
tumorigenesis. In addition to its tumorigenic ability, c-myc has also
been implicated in apoptosis and the control of normal cell growth. The
identification and characterization of the target genes of c-myc may
help us to decipher the mechanism by which c-myc functions in
various biological processes. To identify the genes regulated by c-myc,
we compared the gene expression profiles between c-myc wild-type
and c-myc mutant rat fibroblast cells using the cDNA glass microarray
method. After rat EST clones were sequence verified and annotated,
we assembled unique 4,400-element cDNA microarrays on glass
slides. Using these microarrays, we studied differential gene
expressions between wild-type c-myc and c-myc-/- rat fibroblast cells
under different conditions. We confirmed the differential expression of
some candidate genes by northern blot. We hope that these
microarray studies may elucidate the pathways that are regulated by
c-myc, which may in turn help us to understand the mechanism by
which c-myc functions in normal, neoplastic or apoptotic cells.
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Rapamycin is a potent immunosuppressant that affects the cellular
protein translation machinery. The cellular targets of rapamycin,
FRAP/RAFT1/mTor in mammals and Tor1p/Tor2p in Saccharomyces
cerevisiae, are members of the PI3-kinase related family of protein
kinases. Rapamycin inhibits the catalytic activity of these serine protein
kinases while at the same time activating protein phosphatase 2A,
events that have the effect of sharply reducing the phosphorylation and
function of p70S6K and eIF-4E binding protein. Recent studies have
suggested that FRAP is involved in a cell-cycle checkpoint mechanism
that senses intracellular nutrient availability by sampling levels of free
amino acids. Here we used DNA microarrays to investigate the effects
of rapamycin exposure or amino acid deprivation on the transcriptional
program of the budding yeast S. cerevisiae. We show that over a
period of two hours the transcriptional response to rapamycin
exposure is similar to the response following amino acid starvation in
both haploid and diploid cells. The transcriptional response to
rapamycin appears to be a subset of a more extensive transcriptional
response induced by amino acid withdrawal. Our results suggest that
Tor protein inactivation elicits most features of a nitrogen starvation
response in yeast even in the presence of abundant nutrients. Our
results also indicate the ease with which a genome-based approach is
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able to identify the intracellular pathway targeted by a small molecule
drug.
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Increased levels of human
telomerase activity have been
demonstrated in a wide variety
of human tumours

Lesleyann Hawthorn
 
Cleveland Clinic Foundation, Cleveland, Ohio, USA

We have used a 19mer, antisense oligonucleotide directed against the
human telomerase RNA component (hTR) to inactivate this enzyme.
These oligos are linked to a 2',5'-oligoadenylate moiety which activates
RNAase L, resulting in degradation of the target RNA. Targeting hTR
in variety of human tumour cells from different origins in vitro results in
drastically reduced cell viability. In vivo tumours grown subcutaneously
in nude mice reduce in size following treatment with the anti-hTR
oligos. Normal fibroblast and epithelial cells do not show any reduction
in viability following treatment. TUNEL assays demonstrate that the
cytotoxic effects are mediated through apoptotic pathways where the
maximum effect is seen after only 4 days of treatment. This response
is p53 independent since the majority of the tumour cells used are
deficient in p53 function. It also seems that telomere shortening is not
the cause of cell death since the cells do not go through sufficient
rounds of division for this to happen. In order to gain more insight into
the pathways which are affected by the 2-5A anti-hTR treatment we
investigated the changes in gene expression which are produced in
the human glioma cell line U373 following 2-5A anti-hTR treatment
using Affymetrix GeneChip microarray technology. We compared gene
expression levels at 4 different time points after treatment using the
Affymetrix HU6800 chips. The data demonstrates dysregulation of a
significant number of genes implicating the possible involvement of a
number of different pathways. The role of these genes in the response
to inactivation of telomerase is currently under investigation.
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Mapping single and
multigenetic traits in S.
cerevisiae by genomic
mismatch scanning and DNA
microarrays

Kathleen C. Hayashibara1, Esha Ray1, David Elashoff2,
Joseph DeRisi1, John H. McCusker3, David O.
Siegmund2 & Patrick O. Brown1

 
1. Howard Hughes Medical Institute/Stanford University Department
of Biochemistry, Stanford, California 94305, USA
2. Department of Statistics, Stanford University, Stanford, California
94305, USA
3. Duke University Department of Microbiology, Durham, North
Carolina 27710, USA

The increasing abundance of sequence data has facilitated the task of
mapping genetic traits in several organisms by expanding the number
of highly informative locus-specific markers for linkage analysis.
However, the need exists for efficient, cost-effective methods for
high-resolution genetic mapping. Genomic mismatch scanning (GMS)
is a technique that utilises mismatch repair enzymes from Escherichia
coli to screen for polymorphisms between genomic DNA samples from
related individuals to select for regions of identity by descent (IBD)
simultaneously. Regions of IBD selected by GMS are identified by
hybridisation to a microarray of mapped DNA elements. No prior
knowledge of the location of sequence polymorphisms within the
population is required. To examine the ability of GMS to map genetic
traits on a genome-wide scale, we performed selections for regions of
IBD between multiple parent/segregant pairs of Saccharomyces
cerevisiae to define candidate regions for loci of single and multigenic
traits. DNA recovered from GMS of reciprocal parent/segregant pairs
was amplified, differentially labelled with fluorescent probes and
hybridised to microarrays containing all known yeast open reading
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frames. The degree of selection for regions of IBD was sufficient to
allow determination of the parental genotype for approximately 85% of
all open reading frames within the genome of each segregant based
on a threshold ratio of 1.25. Our study results demonstrated that GMS
was able to identify correct regions of the genome for all single gene
traits examined. We were also able to identify two candidate regions
for a multigenic trait predicted to result from the inheritance of two
alleles.
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metastasis using cDNA
microarrays
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#1Vasily Sharov, Norman H. Lee1, Timothy Yeatman2 &
John Quackenbush1

 
1. The Institute for Genomic Research, Rockville, Maryland 20850,
USA
2. The H. Lee Moffitt Cancer Center, Tampa, Florida, USA

Colon cancer is the second most common cause of cancer-related
deaths in the United States. Despite significant advances in therapy,
poor prognosis of colon cancer metastasis results in high mortality.
Metastasis occurs due to defects in multiple genes and consists of a
series of complex sequential events that define the ultimate stage of
tumour progression. Unlike tumourgenesis, which requires presence of
mutated genes, metastasis is mostly a result of altered expression of
genes. cDNA microarrays provide an ideal tool for the high-throughput
analysis of gene function on a genome-wide scale. We assembled a
collection of cDNA clones representing more than 40,000 distinct
genes, developed laboratory hardware and protocols, and created
databases and data analysis tools necessary for analysing differential
expression. We used High-density cDNA microarrays containing more
than 19,200 PCR-amplified clones to study differential expression
patterns between less metastatic (KM12C) and highly metastatic
(KM12L4A, KM12SM) cellular phenotypes in human colon carcinoma
cell lines. Our statistical analysis of the expression ratios calculated
from the measured fluorescent intensities suggests genes of
prognostic or diagnostic value. Identification of these genes would
assist in providing a more complete understanding of gene function
and regulation with respect to cancer metastasis.
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USA

Gene amplification is one of the major mechanisms of oncogene
activation in tumorigenesis. Currently, however, direct identification of
amplified genes in cancer remains difficult. The most important
technique allowing genome-wide screening of gene copy-number
changes is comparative genomic hybridization (CGH). CGH is based
on the hybridization of equal amounts of normal and tumour DNA in
situ on normal metaphase chromosomes. DNAs are labelled with
different fluorochromes and differences in the intensity ratios indicate
copy-number differences in the amount of sample and reference DNA
(ref. 1). CGH only allows the detection of copy-number changes on a
megabase scale, however, and the genes resident in amplicons must
be identified using other techniques. We have developed a technique
based on the hybridization of total genomic DNA on cDNA
microarrays. These microarrays contain thousands of known genes
and unknown ESTs. Compared with the previously published genomic
microarray techniques where genomic DNA is hybridized on genomic
clones (CGH microarrays), hybridization on cDNAs offers some
advantages. The most important is the possibility to directly identify
amplified genes, not just amplified genomic regions. Due to the
complexity of genomic DNA and the small size of the arrayed probe
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(0.5–2 kb), however, the hybridization signals are weak. To facilitate
signal detection, we have used a tyramide-based technique that allows
amplification of a fluorescent signal up to 1,000-fold. We hybridized
seven different cancer cell lines on cDNA microarrays. We detected
the amplification of several genes, including C-myc, N-myc, SAS,
MDM2, ERBB2 and OS4. The sensitivity of this assay was studied by
diluting tumour DNA with normal genomic DNA, and the results
suggest that amplifications of fivefold and higher can be detected. An
additional advantage of this technique is the potential to measure copy
number and gene expression for the same set of genes by hybridizing
either DNA or cDNA on identical arrays. This will eventually allow
correlation of gene amplification with gene expression on a
genome-wide scale. We think that this technique is very likely to
become an important tool for screening and discovery of genes
important in tumorigenesis.
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Transgenic expression of the SV40 large T-antigen under control of
the insulin gene regulatory region in the RIP-Tag mouse model results
in development of islet-cell carcinomas. Tumorigenesis involves a
distinct progression as the islets move from normal quiescence to a
hyperproliferative state, followed by angiogenic induction and finally to
reduced apoptosis, resulting in solid tumour formation. LOH and CGH
analyses have identified putative tumour-suppressor genes, as
recurrent loss of DNA on chromosomes 16 (LOH16) and 9 (LOH9)
have been observed corresponding to the angiogenic and reduced
apoptosis switches in tumour development, respectively. Although
partial loss of chromosomal DNA in some tumours and tumour-derived
cell lines (TCL) has narrowed the regions of interest, the regions
remain large ( 15 Mb on chromosome 9 and 12 Mb on chromosome
16) and no known tumour-suppressor genes are known to map to
these loci. To further delineate each region and to facilitate gene
discovery, we are using an array-CGH (CGHa) approach using BAC
clones as array elements that map to LOH9 or LOH16. Thus far, 12
BACs have been isolated from the LOH9 region based on known
marker and gene sequence information available in public databases
and FISH mapped to confirm chromosomal location. The clones are

High-resolution assessment of DNA loss in RIP-Tag mouse pancreatic carcinomas using comparative genomic hybridization to microarrays

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_50c.fulltext (1 of 2) [2/4/2000 2:38:43 PM]

http://genetics.nature.com/archive
http://genetics.nature.com/search
http://genetics.nature.com/info
http://genetics.nature.com/classified
http://genetics.nature.com/subscribe
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_50c.pdf


then arrayed onto silynated glass slides using using a high-throughput,
custom-made arraying device developed at UCSF. Additional BAC and
P1 clones known to map elsewhere in the mouse genome serve as
controls in the CGHa analyses. Tumour and TCL genomic DNA
derived from RIP-Tag mice are being used for CGHa to analyse DNA
copy-number loss and to identify BAC clones consistently deleted in
the LOH regions of interest.

 

 Copyright 1999 Nature America Inc.

High-resolution assessment of DNA loss in RIP-Tag mouse pancreatic carcinomas using comparative genomic hybridization to microarrays

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_50c.fulltext (2 of 2) [2/4/2000 2:38:43 PM]



 
 
 

Expression profiling in human
muscle disease: identification
of early transcription changes
consequent to dystrophin
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Expression array analyses promises to greatly expedite our
understanding of the molecular pathophysiology of inherited muscle
disease, and to assist in the identification of new disease genes
through locus-specific decreases in loss-of-function (recessive)
inherited dystrophies. Toward this end, we have initiated a series of
expression array analyses of human muscular dystrophy patient
muscle biopsies. We have chosen Affymetrix GeneChip technologies
for the following reasons: (i) muscle contains large numbers of related,
yet functionally diverse, genes (for example >10 myosin heavy chain
genes), which are not distinguished by cDNA array methods; (ii)
muscle is a relatively simple and homogeneous tissue which seems
particularly amenable to expression array approaches and (iii)
excellent non-normalized human muscle EST database has been
produced by the Telethon EST project in Italy, with approximately
1,000 genes, 1,500 EST clusters and 1,500 EST singletons currently
characterized.
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Duchenne muscular dystrophy is the most common inherited lethal
childhood disease in the world, and is equally frequent in animals. The
gene is approximately 2.5 megabases, and has a new mutation rate of
1 in 10,000 gametes. Dystrophin deficiency is the biochemical cause,
and this deficiency is expressed from fetal life (16 weeks gestation)
onward, yet clinical symptoms are not obvious until 4–5 years of age.
The reasons underlying the progressive pathophysiology are not
understood. Here, we describe initial experiments using human fetal
muscle samples from a normal fetus, and a DMD fetus, using
Affymetrix stock human 6,800 chips. DMD comparison of signals from
fluorescent cRNA samples was done using Affymetrix data analysis for
significant differences. Ninety-nine percent (7,062/7,129) of the probe
sets tested showed similar levels of cRNA between the control and
DMD samples. Seventeen (0.24%) of the probe sets showed
significant decreases in expression. These decreases included an
important dystrophin-associated protein, beta-dystroglycan, and
proteins involved in immune recognition of abnormal cells (tenascin X
and macrophage migration inhibitory factor [MIF]). Our data show that
secondary transcriptional changes occur soon after dystrophin
deficiency is biochemically evident, long before clinical symptoms
appear. This data will permit the delineation of the molecular
pathophysiological progression of this important disorder, and provide
insight into the development of the membrane cytoskeleton of muscle.

Our long-term goals are to construct an extensive database of
expression array changes in muscular dystrophy patients, with known
variables of patient age at time of muscle biopsy, and molecular
diagnosis (gene and gene mutation). By constructing a gene- and
age-specific expression array database, we anticipate that novel
muscular dystrophy genes can be identified through specific changes
in single RNAs in unknown samples. Toward this end, we have under
production an Affymetrix human muscle chip, which uses the
non-normalized muscle EST database of the University of Padova,
Italy. The chip will have 3,000 genes/clusters/singletons ranked from
most to least abundant on the chip, with the usual 40-fold redundancy
(120,000 features). The informatics should ensure the ability to
distinguish between closely homologous muscle genes, which would
be impossible using cDNA array technology.
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analyses
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Imperative for a sensible use of DNA-chips is the establishment of
standardised procedures and processes for a comparable and
compatible data production, quality control and analysis. To this end,
we have established a surface chemistry for the covalent attachment
by both immobilisation and in situ synthesis of DNA molecules on
glass or polypropylene. Apart from stable bonding of more than 30
consecutive hybridisations, parameters like loading capacity, charge
and hydrophobicity can be modified in a controlled manner. For
photolithographic oligomer synthesis, we developed a chemistry that
yields quantitative efficacy of each condensation reaction. In addition,
a procedure was set up allowing for an accurate measurement of yield
and amount at all individual positions of every oligomer chip prior to
subsequent uses of the very chip. Substitution of PNA for DNA
molecules on the arrays combined the high selectivity of oligomers
with the strong duplex stability of PCR-products at hybridisation
conditions which prevent double-strand formation between the DNA
probes. Lastly, we are working on technology to replace optical
detection by a system not requiring labelling nor PCR-amplification of
probe material even from limited samples prior to quantitative on-line
detection.
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Microarray technology provides an exciting new approach to testing
and predicting the toxicity of compounds as well as understanding their
mode of action. We have constructed a number of custom microarrays
specifically designed to investigate the transcriptional activation of
genes by toxic compounds. Around 600 cDNA clones from human and
mouse libraries were chosen because of their relevance to toxicology.
They were PCR-amplified, purified and immobilised onto nylon
membranes to generate species-specific toxicogenomics arrays. A
detailed database on biochemical function, role in disease and allelic
variation has been assembled for each gene on the array to facilitate
interpretation of the data. These arrays have been used to investigate
the mechanistic aspects of a number of toxic endpoints such as
hepatotoxicity, endocrine disruption and carcinogenesis. We are also
using these arrays to determine the toxicity of compounds on the basis
of their gene expression patterns. The results of these experiments will
be presented and the broad application of genomics to toxicology will
be discussed.
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Tremendous progress has recently been made in the development of
high-throughput microarray technologies for monitoring genetic
alterations and expression profiles of genes in cancer cells. Such
technological advances appear to be lacking, however, for another
common molecular alteration, namely DNA methylation, in cancer. We
have recently developed a novel technique, called differential
methylation hybridization1 (DMH) that provides for the first time, an
opportunity to conduct genome-based methylation analysis in breast
cancer. The first part of this innovation was the generation of over
1,000 CpG island fragments (or tags) as hybridization templates
arrayed onto nylon membranes. The second part involved preparation
of radiolabelled amplicons, representing a pool of methylated DNA
from the test genome. These amplicons were prepared from 28 paired
normal and breast tumour tissues and used as probes in
array-hybridization. Positive hybridization signals identified by the
tumour amplicon, but not by the normal amplicon, indicate the
presence of hypermethylated CpG island loci in breast tumours. Close
to 9% of these tags exhibited extensive hypermethylation in the
majority of breast tumours relative to their normal controls, whereas
others had little or no detectable changes. Pattern analysis in a subset
of CpG island tags revealed that CpG island hypermethylation is
associated with histologic grades of breast tumours. Poorly
differentiated tumours appeared to exhibit more hypermethylated CpG
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islands than their well or moderately differentiated counterparts
(P<0.041). Our early findings lay the groundwork for population-based
DMH study and demonstrates the need to develop a database for
examining large-scale methylation data and for associating specific
epigenetic signatures with clinical parameters in breast cancer.
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Hepatocellular carcinoma, the second leading cause of cancer death in
China, is responsible for over 130,000 deaths every year. Until now,
there have been very few screening tests for early diagnosis of
hepatoma, which often delays early treatment. We have developed a
modified representational difference analysis (RDA) technology and
identified more than 200 upregulated genes in hepatoma, among
which over 60% were later confirmed as truly upregulated genes in
additional hepatoma samples. Approximately 20%–30% of these
upregulated genes had detectable expression differences between
normal and hepatoma samples in a mini-cDNA array based on the
approximately 200-gene set. We built a cDNA array that represents a
set of 11,000 human genes, including approximately 5,000 previously
reported and 6,000 new EST clusters. By applying this cDNA array we
further identified more than 800 upregulated genes in clinical
hepatoma samples that were not detected by the previous RDA
method. Combining the two methods significantly facilitated the
discovery of hepatoma-related genes, as the cDNA array provides a
broader view of gene expression level and subtractive cloning offers
greater sensitivity in detection of low-abundance gene transcripts.
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geneARRAY group, Display Systems Biotech A/S, Copenhagen,
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Display Systems Biotech has developed a new approach to select for
interesting groups of genes and directly link them to microarrays. We
have combined a new differential display technique called Restriction
Fragment Differential Display PCR (RFDD-PCR) with microarray
technology. This method is based on ligation of specially-designed
adaptors to cDNA fragments, obtained by restriction enzyme digestion
with a four-base cutter, followed by PCR amplifications with a series of
specific primers. The use of specific PCR primers and touch-down
PCR makes the RFDD-PCR analysis highly reproducible. In addition,
having an internal confirmation of each gene fragment at two
independent positions in a profile further eliminates the possibility of
false positives among differentially expressed genes.

Furthermore, the sequence information from the ends of each
RFDD-PCR fragment allow identification of known genes without
isolating the fragments based on their correspondence to specific
cDNA fragments in your gene profile. Through the development of a
fully integrated bioinformatics package in this system, we have
successfully identified cDNA fragments without sequencing. To our
knowledge, this is the first time this has been possible with a gene
expression profiling method.

We have identified a range of downstream applications for this
technology. For example, through the re-amplification of RFDD-PCR
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fragments with two modified universal primers (primers having a
coupling technology attached to the 5'-end) we are able to generate
fragments that can be covalently coupled to glass chips. These
geneARRAYs can be constructed with a density of between 2–20,000
spots per chip. This makes them extremely versatile as verification
tools and for re-screening of new samples. Potential applications
include their use in analysing patient samples, in drug discovery and
optimisation, and as diagnostic tools.
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Methods are needed to identify large numbers of nucleic acid
sequence variations and to clarify their biological significance. We are
developing a method for identification and quantitation of DNA and
RNA sequences using padlock probes. The two ends of these linear
DNA probes can hybridize next to each other on a target strand. Only
when the ends are correctly matched to the target, however, can they
be joined by ligation, converting the probes to circular molecules.
Specific nucleic acid sequences can be detected by scoring
circularized probes. We have shown that padlock probes are
sufficiently specific to distinguish single-nucleotide variation in total
genomic DNA. If only circularized probes can be amplified, it may be
possible to perform highly multiplex analysis, because only
intramolecular reactions are detected. Such a method would be an
alternative to genotyping methods relying on multiplex PCR. We are
applying a rolling-circle replication mechanism to amplify circularized
probes and achieve localized signal amplification for parallel analysis
of sets of target sequences. The method employs arrayed primers that
bind specific padlock probes and initiate rolling-circle replication. A
localized, linear concatemer is generated that is detected by
fluorescence microscopy in a microarray format. Recently we have
shown that padlock probes can also be ligated on RNA template with
good sequence discrimination. Therefore, this method may also be
suitable for analysis of RNA expression. The ability of padlock probes
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to detect RNA sequence variation may facilitate the analysis of closely
related genes and alternatively spliced transcripts, which have been
difficult to study with cDNA-based expression arrays. The inherent
signal amplification will aid in quantitation of low-abundance RNA, and
may expand the use of expression arrays by permitting the study of
small cell populations such as developing tissues and solid tumours.
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We have made a DNA microarray that includes not only all the open
reading frames (ORFs) and other features in the yeast genome, but
also all the intergenic regions. We are using this as a tool to construct
genome-wide maps of DNA-protein interactions for proteins that
interact directly or indirectly with DNA or chromatin in vivo. Proteins
are crosslinked to DNA in vivo using formaldehyde and the crosslinked
DNA is extracted and sheared. DNA specifically associated with any
protein of interest is immunoprecipitated using a specific antibody
against the protein or an epitope tag that may be fused to the protein.
The selected DNA, representing loci that the protein interacts with in
vivo, can be identified by fluorescently labelling it and hybridizing it to
the microarray along with an appropriate reference probe. This
approach is being used to map the genome-wide interactions of
sequence-specific DNA binding proteins, components of the
transcription machinery and chromatin components, under a variety of
conditions.

We have analysed the interaction with the genome of SWI4, a
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sequence specific DNA binding activator that regulates genes
expressed in the G1/S phase of the cell cycle. We detected specific
interactions of SWI4 with the promoters of the HO, CLN1, CLN2, PCL1
and other G1/S specific genes. A majority, but not all, of the sites that
SWI4 appears to interact with in vivo are in the promoters of genes
that are G1/S specific. Initiation of transcription requires the specific
binding of TATA-box binding protein (TBP) to the core promoter and
the enhancement of this is believed to be a key step in the activation of
transcription. Using the intergenic microarrays, we found increased
association of TBP with the promoters of genes induced by heat
shock, 15 minutes after yeast cells were heat shocked. This supports
the idea that recruitment of TBP to these promoters is increased upon
heat shock and is an important step in the process of transcriptional
activation of these genes.

Comparison of the sites of actual interaction of a protein in vivo with its
predicted binding sites is likely to give us a better idea of the sequence
determinants for DNA interactions. Since these microarrays represent
nearly every locus in the yeast genome, they can also be used to
identify novel transcripts in the intergenic regions that may not have
been predicted by the sequence annotation of the genome.
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Glucose is the preferred carbon source for cells, and the molecular
machinery responsible for glucose uptake and metabolism is well
understood. In contrast, how cells reprogram genome-wide expression
when they encounter glucose is not known. We used genome-wide
expression analysis to elucidate the global regulatory response to
glucose and to investigate how negative regulators participate in
glucose repression. Our results reveal that 6% of yeast genes are
induced and 8% are repressed by exposure to glucose. We find that
the negative regulatory response is largely effected through the
combined action of two negative regulators that act on TATA-binding
protein (NC2 and Mot1), components of the RNA polymerase II
holoenzyme (Srb10 and Sin4), a factor recruited to promoters by
sequence-specific DNA-binding proteins (Tup1) and histones.
Although previous studies have established that proper expression of
many genes depends on the combined action of multiple positive
regulators, these results provide evidence for combinatorial regulation
of a substantial portion of the genome through highly conserved
negative regulators.
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Microarrays of cDNA provide a powerful tool for studying these
complex phenomena. We used a high-density microarray of 1,400
cDNA elements to search for differences in gene expression
associated with fibroblast growth factor receptor 3 (FGFR-3) K650M
mutation. In this system, fluorescent probes for hybridisation were
derived from two sources of human bone marrow stromal cellular
mRNA (H54 and FGFR-3 K650M), which were labelled with different
fluors to provide a direct and internally controlled comparison of the
mRNA corresponding to each arrayed gene. We analysed the
fluorescence signals representing hybridisation to each arrayed gene
to determine the relative abundance in the two samples of mRNAs
corresponding to each gene. There are at least 20 genes which are
highly expressed in the control cells or FGFR-3 K650M mutation cells.
For the gene expression level, 6 of these interesting genes were
confirmed by northern blot analysis. Previously unrecognised
alterations in the expression of specific genes provide leads for further
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investigation of the genetic basis of the dysplasia phenotype of
FGFR-3 mutant cells.
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A widely perceived opportunity for the use of microarrays is the
examination of gene expression across collections of cancer cells
derived from both tumour cell lines and tumours. Primary goals of such
a cataloging effort will be to determine whether there are subtypes of
cancer that can be identified on the basis of identifiable patterns of
gene expression and whether these types can be correlated with
susceptibility of the cancer to particular treatment regimes. While
pursuing these primary goals, it will also be possible to examine some
longstanding, basic questions about expression profiles in cancer. Our
presentation will examine a large set of expression profiles of
melanoma cells. It will furnish analyses of the extents of heterogeneity
and homogeneity between individual tumour specimens and of
differences in the extent and types of expression between tumours and
cell lines derived from them. We will also provide examples of the
coordinated changes in gene expression that result from
experimentally imposed alterations of the expression of genes showing
interesting patterns of expression in melanoma.
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Wound repair is a complex biological process involving cell migration,
proliferation and differentiation of multiple cell types. A number of
growth factors, receptors, matrix molecules and proteases have been
shown to be important during wound healing. However, a detailed
knowledge of the underlying gene expression changes occurring
during wound healing would further improve our understanding of the
repair process and how this may be disrupted in diseases of reduced
or excessive wound healing.

To date discrete differential display or subtractive hybridization
strategies have identified a small number of gene products that are
upregulated in response to growth factor stimulation and wounding1.
To view gene expression changes on a much larger scale, we have
applied DNA microarray technology to cell culture models of wound
healing. The power of DNA microarray technology lies in its ability to
collect gene expression data for tens of thousands of genes per study,
enabling a comprehensive picture of gene expression changes to be
built up2. Our studies with human primary epidermal keratinocytes,
either treated with growth factors or mechanically wounded in vitro,
have identified several differentially expressed genes. These include
previously identified wound related genes (for example stromelysin-2
and ADAM-TS) and a number of previously unreported or novel genes
whose role in wound healing is currently under investigation. Data will
be presented which illustrates the common and unique transcriptional
changes occurring upon mitogenic stimulus or mechanical injury to
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human keratinocytes in vitro.
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Recent advances in microarray technology have led to the proliferation
of experiments simultaneously measuring the transcriptional
responses of massive amounts of genes to a variety of stimuli. The
scale and complexity of the rapidly accumulating gene expression data
presents numerous problems for experimental design, data
interpretation and statistical analysis. At BioDiscovery, Inc. we are
developing and implementing algorithms using various multivariate
techniques that could provide solutions to many of the data analysis
and visualisation needs of the microarray research community. We
have implemented a variety of hierarchical and neural network-based
clustering techniques and two-way Principal Component Analysis. With
these tools it is possible to simultaneously search for patterns in gene
expression profiles and across many different experimental conditions.
Experiments analysing changes in expression pattern during the cell's
life cycle can easily be visualised using our Time Series Analysis tool.
The flexibility of our data analysis methods allow for analysis within
one experiment, for comparative studies between two experiments or
large scale analysis of any number of experiments. These techniques
can help establish functional groupings of genes or predicting the
biochemical and physiological pathways of previously uncharacterised
genes and they are even becoming an invaluable aid in drug
discovery. The usefulness of the aforementioned and other
visualisation and data compression techniques for information
integration and interpretation of expression data will be discussed,
along with identification of key areas in statistical research where
further developments are needed.
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The Netherlands Cancer Institute is running a DNA microarray facility
where this technology is used in fundamental research projects and
studies on patient material. We are using the Unigene 40k human
gene library (Research Genetics) to monitor tumour-specific
expression profiles. We aim to find prognostic markers that predict
treatment outcome. For these studies, we have available an extensive,
well-documented tumour bank that has been collected over the past 20
years. Currently, large numbers of tumour samples and healthy control
tissues are being prepared for analysis. To gain more insight into the
significance of tumour-specific gene expression profiles, we are in the
process of generating microarray data on important tumour-related
aspects of the eukaryotic cell, for example its cell division cycle. In the
last decade many of the key regulators of the cell cycle have been
identified. The role of the retinoblastoma protein family in regulating
the activity of the E2F transcription factors (potent inducers of the
G1-S transition of the cell cycle) is now well established. Activation or
repression of a series of genes is essential for a smooth passage
through each cell cycle phase. Among the target genes of E2F
transcription factors are cell-cycle control genes (for example, genes
encoding cyclin E and the pocket protein p107, a relative of the
retinoblastoma tumour-suppressor gene product pRb) and proteins
involved in the actual duplication of the genome (for example DNA
pola, TK and CDC6). So far, five E2Fs have been cloned that can bind
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members of the pocket protein family (pRb, p107 and p130). We set
out to identify new target genes of E2Fs by generating monoclonal
NIH3T3 cell lines that overexpress a particular E2F species. We used
DNA microarrays to screen for fluctuations in mRNA levels of known
and unknown genes and found that one major target of E2F1 was
insulin-like growth factor-2 (IGF-2). NIH3T3 cells overexpressing E2F1
and growing under low serum conditions show very low levels of IGF-2
expression. A plausible explanation for the frequently observed
programmed cell death in E2F1-overexpressing cells after serum
withdrawal now becomes apparent. It is known that IGF growth factors
can inhibit the apoptotic signals in cells. The fact that IGF-2 levels drop
as a consequence of E2F1 overexpression might hamper the
resistance of the cells to apoptosis. It might therefore be that
overexpression of E2F1 triggers apoptosis and levels of the rescuing
IGF-2 are too low to prevent the cells from undergoing apoptosis.
During the conference we will present our progress with the new
glass-based arrays we currently apply to find more E2F target genes,
to study cell cycle-related phenomena and to identify tumour-specific
expression profiles.
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cDNA microarrays allow large-scale analysis of the effects of
oncogenic transcription factors on gene expression. Alveolar
rhabdomyosarcoms (ARMS) are aggressive soft tissue tumours of
striated muscle in which 60% have a reciprocal translocation involving
chromosomes 2 and 13, [t(2;13)(q35;q14)]. This results in a novel
fusion transcription factor, PAX3-FKHR. Using retroviral transduction
we have introduced both PAX3 and PAX3-FKHR into NIH3T3 cells and
used a mouse cDNA microarray containing 2,200 elements to
investigate their effects on gene expression. Introduction of
PAX3-FKHR resulted in increased expression of several genes,
including that encoding the myogenic transcription factor myogenin, as
well as other muscle-specific genes. In contrast, PAX3 failed to induce
these genes and repression of several genes was noted, some of
which were also downregulated by PAX3-FKHR. This study
demonstrates the potential of cDNA microarrays to elucidate the
pathways of malignant transformation by oncogenic transcription
factors.
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A complete system containing high density microarrays on glass slides
and all necessary experimental reagents has been developed. Utilizing
the TSATM (Tyramide Signal Amplification) technology, the system
offers significantly improved sensitivity which reduces sample
requirement by 10-50 fold and uses fluorescence-based detection.
MICROMAXTM Microarray System I spotted with 2,400 known human
genes provides the opportunity to monitor gene expression between
two comparative cell lines or tissue samples. In addition to following
global changes in gene expression patterns in basic research, the
system also offers the potential of detecting changes in gene
expression for diagnostic applications. We have used the system to
analyze gene expression in human postmortem brains. Samples of
parietal cortex of patients with Rett syndrome, an autism-related
disease that affects females exclusively, were compared to
age-matched tissue samples from normal controls. Several genes
were up- or down-regulated in the diseased samples. These studies
highlight the potential of the MICROMAXTM system to measure gene
expression in complex biological samples.

MICROMAX[trade] microarray system I: a complete system for high throughput gene expression analysis and drug discovery

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_55b.fulltext (1 of 2) [2/4/2000 2:38:58 PM]

http://genetics.nature.com/archive
http://genetics.nature.com/search
http://genetics.nature.com/info
http://genetics.nature.com/classified
http://genetics.nature.com/subscribe
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_55b.pdf


 

 Copyright 1999 Nature America Inc.

MICROMAX[trade] microarray system I: a complete system for high throughput gene expression analysis and drug discovery

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_55b.fulltext (2 of 2) [2/4/2000 2:38:58 PM]



 
 
 

A 3-dimensional microarray
system for parallel genotyping
of single nucleotide
polymorphisms

Walter Klimecki1, J. Todd Tuggle1, Aimee E. Gilbreath1,
Penny Gwynne1, Michael Gaskin1, Jeffrey D. Winick2,
Dvora Shmulewitz2, Jeff Friedman2, Sean Gallagher1,
James Xia1 & Theresa Raich1

 
1. Motorola BioChip Systems, Tempe, Arizona, USA
2. Howard Hughes Medical Institute, The Rockefeller University, New
York, New York 10029, USA

Motorola is developing a high-throughput, single nucleotide
polymorphism (SNP) analysis system which is based on microarrays of
raised, hydrophilic gel pads. This three-dimensional microarray system
offers distinct advantages over flat microarrays, including a
well-characterized, covalent linkage of probes to the gel polymer and a
diversity of functional groups available for biomolecule attachment,
within an aqueous microenvironment, which is conducive to enzymatic
activity. The SNP analysis system assays the DNA
polymerase-mediated extension of an anchored oligonucleotide probe
which is hybridized to a polymorphic site in an amplified target DNA
sample. Assays are analysed for fluorescence signal in a confocal
laser slide scanner. This SNP scoring system is currently being used
to genotype a population of 1,000 individuals within a larger effort to
identify genetic determinants of obesity-related phenotypes in humans.
We will presented data to illustrate both the overall performance of this
SNP genotyping system, as well as specific results from this pilot
study.
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Myotonic dystrophy (DM) is an autosomal dominant neuromuscular
disease with highly variable multisystemic manifestations. The
mutation underlying DM is an unstable (CTG)n expansion in the 3'
UTR of the myotonic dystrophy protein kinase gene (DMPK). The
pathophysiological mechanism(s) of the expanded (CTG)n repeat
remains unclear. Various effects have been proposed, most recently a
gain of function for mutant DMPK transcripts that results in a
generalized RNA metabolism defect, mediated through one or several
trans-acting proteins involved in RNA processing. This would in turn
lead to the loss of function of multiple genes by qualitatively or
quantitatively affecting post-transcriptional RNA processing, splicing or
nuclear export of their transcripts. To test these hypotheses, we
examined global mRNA expression changes between DM patients and
normal controls by comprehensively and simultaneously profiling more
than 6,800 human genes with oligo-based Genechip microarrays
(Affymetrix). Total, nuclear and cytoplasmic RNA fractions of DM
patient lymphoblastoid cell lines (four adult-onset, one congenital) as
well as primary undifferentiated myoblasts and differentiated myotubes
(one adult-onset, one congenital) were profiled. DM myoblasts in
culture showed a reduced differentiation rate to myotubes and a
tendency to dedifferentiate, suggesting a general block in or
reprogramming of differentiation. Expression profiles of DM cell lines
differed considerably from controls. Between the different DM cell lines
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profiled, many of the more than 6,800 genes assayed showed
dysregulation. Moreover, comparison of nuclear and cytoplasmic
fractions suggested a defect in the nuclear export of some processed
transcripts. The number of genes dysregulated and the degree of
dysregulation correlated with expansion size. Functions of the
dysregulated genes were highly varied. In conclusion, DNA microarray
expression profiling identified several novel DM phenotype effector
candidate genes that may explain the complex pathogenesis of DM.
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Incyte Pharmaceuticals, Inc., Genome Systems, St. Louis, Missouri
63134, USA

Incyte has developed a new gene expression microarray (GEM) for
analysis of the plant functional genomic system Arabidopsis thaliana.
This GEM features over 7,000 array elements from a non-redundant
cDNA collection; nearly 30% of the estimated 25,000 genes in this
organism. Over 2,000 of these clones represent genes that have
functional annotation in public databases. We are offering hybridization
and analysis services for the Arabidopsis GEM via Incyte and Genome
Systems. Arabidopsis is the primary model system for the study of
dicot plant genomics. Academic and commercial groups are using the
combination of genomic and genetic tools available for Arabidopsis to
study complex problems in plant biology. We have performed a few
biological studies using the Arabidopsis GEM to validate the platform
and provide examples of possible applications. We will present sample
data on these studies.
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MSU-DOE Plant Research Laboratory, Michigan State University, E.
Lansing, Michigan 48824-1312, USA

The microarray facility at MSU is part of the Arabidopsis Functional
Genomics Consortium (AFGC), a collaboration recently funded by the
National Science Foundation. Together with Shauna Sommerville at
Carnegie Institute and Mike Cherry at Stanford University our goal is to
make DNA microarray technology available to the academic
community through the WWW. The first year of our project will be
devoted to optimisation of the technology and preparation of the
microarrays containing thousands of Arabidopsis cDNAs. The DNA
fragments spotted on the microarray will be amplified from the
collection of cDNA clones sequenced by Tom Newman. By hybridising
these arrays with probes corresponding to mRNA extracted from
different tissues and organs or from plants subjected to different
stimuli, global gene expression patterns can be investigated. We will
also examine the expression of plant specific genes of unknown
function under a set of standardised conditions. The microarray facility
is scheduled to begin providing service to academic researchers in
year two of our project and the service will be continued in year three.
Other investigators in the AFGC will establish a gene knockout facility.
Together these technologies should provide the scientific community
with a set of powerful tools that can be used in their efforts to
understand the function and interrelationships of the genes of
Arabidopsis and other plants.
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Department of Chemical Engineering, Korea Advanced Institute of
Science and Technology, 373-1 Kusong-dong, Yusong-gu, Taejon
305-701, Korea

We developed a microarrayer system for the manufacture of DNA
chips. The 3-axis robot was designed to automatically collect samples
from 96- or 384-well microtiter plates using up to 16 pens
simultaneously and deposit them on a modified glass slides. This is
followed by a wash/dry operation and the cycle is repeated with a new
set of samples. This system can deposit cDNA with an interval of 150
micrometer to 80 micrometer in size, thus allowing high-density DNA
chips of about 5,000 ea/cm2 to be made. An in-house Visual C++
program running on a Pentium computer controls the whole procedure.
With our DNA chip microarrayer, we made DNA chips containing a set
of genes whose products are involved in the primary metabolic
pathways, heat shock response and protein secretion in Escherichia
coli. Expression of these genes in Escherichia coli was monitored
under various conditions: recombinant protein production, high-density
cell culture, etc. Details of the step-by-step procedures for
manufacturing DNA microarrayer and DNA chips will be presented.
Also, the results from the expression monitoring of central Escherichia
coli genes under various cultivation conditions will be presented.
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1. Laboratory of Experimental and Computational Biology,
NCI/FCRDC
2. SAIC/FCRDC
3. Laboratory of Genetics and Physiology, NIDDK

MAExplorer is a Java applet that runs in a user's Web browser. It
allows the exploratory data analysis of quantitative cDNA expression
profiles across multiple microarrays. Data may be viewed and directly
manipulated in images, scatter plots, histograms, expression profile
plots, cluster analysis and so on. A key feature is the clone "Filter" for
constraining a working set of clones passing a variety of user specified
tests. Reports may be generated with Web access to UniGene,
GeneBank and other Internet databases for sets of clones found to be
of interest. Reports may also be exported to MS-Excel. MAExplorer is
being developed in a collaboration between the Laboratory of Genetics
and Physiology (LGP, NIDDK) and the Laboratory of Experimental and
Computational Biology (LECB,NCI). LGP has established a program
designed to identify and understand genetic pathways operative during
normal mammary gland development and tumorigenesis. One arm of
this program focuses on the use of cDNA microarrays to profile gene
expression patterns. For this purpose, cDNA (EST) libraries are
generated, sequenced and clone inserts are spotted on nylon
membranes. These membranes are used to monitor expression
profiles under various physiological conditions. At this point,
expression profiles have been obtained from several stages of normal
mammary gland development and different tumour models. With this
program, you may: (i) analyse the expression of individual genes; (ii)
analyse the expression of gene families and clusters; (iii) compare
expression patterns. Data is downloaded as required to the user's Web
browser to perform real-time analyses on the user's computer.
However, the user has access to the entire database and may save
and share their explorations in a groupware environment. The
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MAExplorer may be accessed through the MGAP web site at
http://mammary.nih.gov/mgap
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in constructing
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Greg Lennon
 
Gene Logic, Inc., 708 Quince Orchard Road, Gaithersburg, Maryland
20878, USA

Gene Logic is using microarrays (including the Affymetrix
GeneChipTM) to construct a comprehensive gene expression database
for pharmaceutical, biotech and academic users. We are determining
thousands of expression profiles of normal and diseased mammalian
tissues, experimentally manipulated animals and cell lines, and tissues
and cells treated with pharmacologic and toxic doses of a diversity of
compounds. The technical issues in generating this data as well as the
complex challenges of storing, analysing and integrating it with public
data will be presented. In addition, the biological relevance of data
generated from this approach will be demonstrated as an example of
the type of functional information that can be derived and applied to
pharmaceutical and diagnostic research and development.
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Shawn E. Levy, Deborah G. Murdock & Douglas C.
Wallace
 
Center for Molecular Medicine, Emory University School of Medicine,
Atlanta, Georgia, USA

Mitochondria produce most of the cellular ATP by the process of
oxidative phosphorylation (OXPHOS) and generate most of the
endogenous oxygen radicals as a toxic by-product. In addition,
mitochondria are central in the regulation of apoptosis, calcium
homeostasis and cytoplasmic redox state. The 16-kb mitochondrial
genome encodes only 13 of the more than 100 proteins involved in
OXPHOS. Most mitochondrial proteins are encoded by the nuclear
genome. Although the role of mitochondria in various cellular
processes is becoming more and more apparent, little is known about
the regulation of mitochondria-related gene expression. We have
begun to use DNA microarray technologies to both identify genes
related to mitochondrial function as well as characterize changes in
mitochondrial gene expression during development and mitochondrial
dysfunction. Working in the mouse system, we have chosen a
preliminary set of 300 genes that are related to various aspects of
mitochondrial function. Using a standard two-colour fluorescent
system, we are analysing the temporal regulation of mitochondrial
gene expression during early development. Experiments are also
underway to analyse the changes in gene expression caused by
genetic models of mitochondrial dysfunction. Through these
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experiments, we hope to better understand the complex interaction
between nuclear and mitochondrial DNA gene expression in
mitochondrial biogenesis and bioenergetics.
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of 2,214 unigenes in mouse
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Haochuan Li1, Yidong Chen2, Yuan Jiang2, Michael L.
Bittner2, Paul S. Meltzer2, Jeffery M. Trent2, Kenneth M.
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1. Craniofacial Developmental Biology and Regeneration Branch,
National Institute of Dental and Craniofacial Research, Bethesda,
Maryland 20892, USA
2. Cancer Genetics Branch, National Human Genome Research
Institute, National Institutes of Health, Bethesda, Maryland 20892,
USA

The recent development of cDNA microarray technology enables
parallel expression monitoring of thousands of genes simultaneously,
which provides a powerful tool for characterizing transcriptional
activities of genes in various developmental stages and pathological
states. We initiated the Oral and Craniofacial Genome Anatomy
Project (OC-GAP) to identify genes important for craniofacial
development and disorders. As part of this genome project, we have
examined gene expression patterns during mouse craniofacial
development. Fluorescently labelled probes prepared using mRNA
from mouse embryonic craniofacial tissues at embryonic day (E) 9.5,
E13.5 and E16.5 were hybridized to microarray slides printed with
2,214 mouse unigenes. A microarray quantitative analysis revealed
that 10% of these genes were expressed in different levels during
craniofacial development, whereas the rest showed no significant
differences in expression throughout the different developmental
stages. We found that 41 genes, such as those encoding Wnt-1,
retinoid receptor and Brca1, showed higher expression levels at E9.5;
54 genes, such as those encoding Bmp-1, IGF II and Sox3, were more
highly expressed at E13.5; and another 126 genes, such as those
encoding Mash 1, FHF-1 and fibulin-2, were expressed at higher levels
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at E16.5. The identification of these genes with highly stage-specific
expression during craniofacial development is potentially important
because they are likely to have key roles in the formation of
craniofacial tissues. We are currently studying expression patterns of
genes from an E8.5–9.5 mouse craniofacial cDNA library to identify
novel craniofacial genes by microarray screening approaches.
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P. Lichter1, M. Nessling1, A. Soder1, D. Bock1, D.
Göttel1, S. Solinas-Toldo1, S. Stilgenbauer2, H. Döhner2

& Stefan Lampel1
 
1. Deutsches Krebsforschungszentrum, Im Neuenheimer Feld 280,
69120 Heidelberg, Deutschland
2. Medizinische Klinik und Poliklinik V, Heidelberg, Deutschland

Comparative genomic hybridization (CGH) has been used for a
genome-wide screening of genetic imbalances in tumours. As CGH to
chromosomes is technically difficult and yields only limited resolution,
the chromosome targets were replaced by arrays of defined DNA
fragments, an approach termed matrix-CGH. We have developed a
protocol which allows detection of low copy-number gains and losses
of genomic segments more than 75 kb in size, improving the resolution
of CGH by two orders of magnitude. High-level amplifications are
reliably detected with targets of cosmid size. Detection of high-level
amplifications is also achived when tumour test DNA is amplified by a
universal PCR procedure due to the limited amount of source material.
On automation of the matrix-CGH procedure1, we have focused on the
development of a disease-specific chip for the diagnosis of recurrently
imbalanced regions in chronic lymphocytic leukaemia of B-cell type
(B-CLL). The profile of genomic imbalances in B-CLL had been
previously assessed in a large series of tumours. DNA fragments from
recurrently imbalanced regions were isolated and immobilized on a
glass surface. This chip was applied for a screening in a series of
B-CLL tumours. Comparison of data obtained by matrix-CGH and
interphase cytogenetics revealed a specificity of more than 95% of
matrix-CGH. To further increase the sensitivity and specificity, the chip
was modified by including additional targets from the respective
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regions to obtain redundant informations for the relevant loci. The
usefulness of chip-based genomic and expression profiling in B-CLL
will be discussed.

 

 Copyright 1999 Nature America Inc.

Disease-specific microarrays for the automated analyses of genetic imbalances by matrix-CGH

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_58a.fulltext (2 of 2) [2/4/2000 2:39:09 PM]



 
 
 

Microarray analysis of gene
expression in a transgenic
Caenorhabditis elegans
Alzheimer disease model

Chris Link1, Amy Fluet1, Carolyn J. Johnson1, Carrie
Van Doren2 & Stuart Kim2

 
1. Institute for Behavioral Genetics, University of Colorado, Boulder,
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Stanford, California 94305-5427, USA

We have engineered C. elegans to express human beta amyloid
peptide, which is believed to be central to Alzheimer disease
pathology. This expression has clear pathological effects on these
transgenic animals. Characterisation of transgenic animals expressing
wild-type or variant beta amyloid peptide indicates that these
physiological effects are due to a specific, intrinsic toxicity of the beta
amyloid peptide, and not due to non-specific results of foreign protein
expression. We have therefore employed microarray hybridisation to
examine gene expression changes resulting from beta amyloid
expression in this model system, in hopes of understanding the cellular
and molecular basis of beta amyloid toxicity. Our initial analysis of two
independent beta amyloid/control transgenic pairs, using arrays with
11,990 gene-specific probes, has identified approximately 40 genes
that appeared to up-regulated twofold or more in both experiments.
Encouragingly, prominent among this set are genes encoding small
heat shock proteins, which we have previously demonstrated to be
strongly up-regulated in response to beta amyloid peptide expression.
We have also initiated microarray analysis of transgenic animals
containing suppresser mutations that block phenotypes resulting from
beta amyloid expression. Further expression comparisons will serve to
refine this list of candidate beta amyloid-responsive genes, which will
be subsequently explored in mammalian systems.
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& Surgeons, Columbia University, New York, New York 10032, USA

Copper is an essential element that serves as cofactor for a number of
oxygen-process enzymes involved in diverse biological processes. In
excess, copper ions are highly toxic, thus proper copper trafficking is
essential to cell vitality. Mutations in two copper transporting ATPases
(ATP7A, ATP7B) lead to disorders of copper starvation (Menkes
Disease) and toxicity (Wilson Disease), respectively, in humans.
Recent studies show that the molecular components of copper
trafficking pathways are highly conserved between yeast and human.
In yeast, extracellular Cu2+ is reduced to Cu+ by metaloreductase
enzymes encoded by fre1, fre2, fre7 and possibly other genes. Next,
CTR1 and CTR3 transport Cu+ into the cell where cytoplasmic
Cu+-chaperones deliver the metal to specific copper-dependent
enzymes. LYS7 delivers Cu+ to Cu/Zn-superoxide dismutase, COX17
to cytochrome oxidase and ATX1 to CCC2. CCC2 is the yeast
homologue of the Wilson and Menkes disease genes in humans. Ccc2
is located in the trans-Golgi network and transfers Cu+ to fet3 oxidase,
which is a homologue of human ceruloplasmin. In yeast, two
transcription factors are known to regulate copper metabolism, ACE1
and MAC1. Under conditions of copper starvation, MAC1 is stable and
is bound to the copper-responsive promoter elements (CuREs) of fre1,
fre2, fre7, ctr1 and ctr3. Under conditions of copper excess, MAC1 is
rapidly degraded by autoproteolysis, thereby repressing expression of
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the copper uptake machinery. To further explore the mechanism of
copper trafficking, we generated an S. cerevisiae strain lacking a
functional MAC1 gene. We then compared genome-wide expression
profiles of the mutant (mac1) and isogenic wild-type cells using yeast
expression arrays. We will present the results of our expression
analyses in light of copper trafficking pathways in yeast and humans.
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1. Tumor Biology Department, Schering-Plough Research Institute,
2015 Galloping Hill Road, Kenilworth, New Jersey 07033, USA
2. Bioinformatics Group, Schering-Plough Research Institute, 2015
Galloping Hill Road, Kenilworth, New Jersey 07033, USA
3. DNAX Research Institute, 901 California Avenue, Palo Alto,
California 94304, USA

The goal of this work is to study differential gene expression between
normal breast epithelial cells and the malignant counterpart using
microarray technique. We used GeneAlbum GEM 1 from Incyte
Pharmaceuticals, Inc., which contains approximately 10,000 cDNA
clones. 4 normal human mammary epithelial cells (HMEC) were used
to search different gene expression patterns. In addition, 7
well-established breast cancer cell lines were used as probes against
a common normal HMC.

Comparison between normal HMEC and malignant HMEC verified
several known HMEC molecular markers, laminin-5 beta 3 and alpha
3, cytokeratins 5, 15 and 17. We also observed some known breast
cancer related genes, such as, HER2, HER3, and pS2, etc., were
expressed as expected. The differential expression patterns among 4
normal HMEC, which may not be correlated with malignant phenotype,
were used to reduce the background, or frequency of false "positive".
In addition, microarray data analyses revealed that novel involvement
of genes that are commonly differentially regulated in these breast
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cancer cells, such as, integrins alpha 3 and 6.
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1. Department of Genetics, Harvard Medical School, Boston,
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2. Howard Hughes Medical Institute, Harvard Medical School,
Boston, Massachusetts, USA
3. Department of Neurobiology, Harvard Medical School, Boston,
Massachusetts, USA
4. Department of Pediatrics, University of Pennsylvania,
Philadelphia, Pennsylvania, USA

At least one-third of the 100,000 genes in the mammalian genome are
expressed only in the nervous system, but the diversity of types of
neurons and the functional significance of this diversity is unknown.
Given that much of what we know of the cell and molecular biology of
neurons has been learned at the level of hundreds of thousands of
cells, one essential tool for dissecting the diversity of neuronal types,
and for understanding their function, is that of gene-expression
profiling at the single-cell level. Therefore, we have used PCR-based
methods for amplifying picogram quantities of complex RNA
populations to synthesize and amplify cDNA from single, defined
neurons from the mouse retina. To analyse these cDNA populations,
we have used 1,100-element microarrays containing 130 known genes
and 960 random clones from an adult mouse retina cDNA library. To
test the ability of this system to distinguish between cell types and
identify cell-specific genes, we are carrying out two types of
experiments. To fingerprint cell types, we are comparing cDNA from
each cell to a single reference sample of total brain cDNA and
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clustering cell types based on gene expression relative to entire brain.
To directly isolate cell-type specific genes, we are also carrying out
pairwise comparisons of gene expression between each of the cell
types and identifying genes whose expression is restricted to each cell
type. Our studies demonstrate the feasibility of carrying out gene
expression profiling experiments at the level of single cells in the
nervous system and that such methods can be used to distinguish cell
types.
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Human Genome Research Institute, Bethesda, Maryland 20892,
USA
3. Genome Technology Branch, National Institutes of Health,
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While several genes, including three transcription factors (PAX3, MITF
& SOX10), that are essential for proper neural crest-melanocyte
development in mouse and man have been identified, little is known
about target gene regulation. Using cDNA microarrays it is now
possible to the compare the expression of many genes simultaneously.
We have taken advantage of the extensive sequence information in
the dbEST to identify a neural crest-derived melanocyte (NC-M) cDNA
set for microarray analysis. Analysis of characterised genes using
dbEST identified one library (library 198) that contained ESTs
representing 21 neural crest expressed genes and further analysis
indicated the distribution of these genes was biased towards being
derived from library 198. From library 198, we selected a subset of 852
clustered ESTs that have a library distribution profile similar to that of
the 21 neural crest expressed genes. Microarray analysis
demonstrated the majority of the neural crest-selected 852 ESTs were
differentially expressed in melanoma cell lines compared to a
non-neural crest kidney epithelial cell line (P<1 10-8). This was not
observed with an array of 1,238 ESTs that was selected without library
origin bias (P=0.204). This study presents an approach for selecting
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tissue appropriate cDNAs that can be used to examine the expression
profiles of developmental processes and diseases and for dissection of
pathways involved in neural crest differentiation.
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1. Neurobiology Dept., Incyte Pharmaceuticals, Inc., Palo Alto,
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2. Transgenic Unit, Genome Systems, Inc., St. Louis, Missouri
63134, USA

The totipotence of embryonic stem (ES) cells makes them ideal for
analysis of genes expressed during cellular differentiation. Some ES
cell lines differentiate almost entirely to neurons in response to retinoic
acid. We are studying changes in gene expression that accompany
neuronal differentiation, using cDNA microarrays to compare the
expression levels of nearly 9,000 mouse genes in undifferentiated and
differentiated ES cells. We have defined a "gene expression signature"
of ES-derived neurons, which includes approximately 100 genes that
are up-regulated by at least fivefold, and 60 similarly down-regulated
genes. Among those that increased are neuron-associated genes such
as APP and neuronal protein 3.1, and genes associated with tissue
remodeling (proteinases and inhibitors). Many of the affected genes
are unannotated expressed sequence tags (ESTs), and these
experiments will contribute to an understanding of their functions.
Since differentiation of ES cells can be directed in several ways in
culture, our studies will define a set of genes for each cell type. These
gene sets may be involved in the determination and differentiation of
embryonic cells in vivo.
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Identification of genes
differentially expressed in
cisplatin-sensitive versus
resistant tumour cells

G. Los, A. Johnson, F. Yang, C. Berry & S. Howell
 
UCSD Cancer Center, La Jolla, California 92093, USA

Acquired resistance to cDDP (cisplatin, a cytostatic drug) appears to
be a multi-factorial process and is likely to be the result of an altered
gene expression pattern. The goal of this study is to profile such an
expression pattern by identifying genes whose mRNA levels are
differentially expressed in cDDP-sensitive cells (UMSCC10b) versus
its resistant variant (UMSCC10b/Pt-S15). Using suppressive
subtraction hybridization (SSH) and cDNA expression array
technology, 400 clones were randomly selected and differentially
screened using cDNA arrays, resulting in 2 different cDNA libraries: a
UP library with 51 cDNA fragments (upregulated in cDDP-resistant
variants) and a DOWN library with 16 fragments (downregulated in the
cDDP-resistant variants). We positively identified 87% of the cDNA
fragments in GenBank. To identify those mRNAs whose change in
expression level was most closely linked to the degree of cDDP
resistance, cDNA probes obtained from the parental UMSCC10b cells
and four resistant UMSCC10b variants with different levels of
resistance (two- to sixfold) were used to hybridize cDNA arrays
containing the UP and DOWN libraries. Among the mRNAs analysed,
only one demonstrated a clear association with the magnitude of
resistance (cytochrome oxidase mRNA), all the other mRNAs showed
increased levels in resistant variants, but these increases varied only
slightly at the various levels of resistance. Given the function of most of
the identified genes (encoding cytochrome oxidase, ribosomal protein
28S, elongation factor 1a, glyceraldehyde phosphate dehydrogenase,
a-enolase, stathmin and HSP70), it appears that they mainly represent
genetic downstream events, thus describing a resistant phenotype with
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increased level of metabolism, proliferation rate, protein synthesis and
cytoskeletal function as well as activated signalling pathways.
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enzyme variation using
microarrays
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Pharmacogenomics, diaDexus, LLC, Santa Clara, California 95054,
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Adverse drug reactions are the fourth-leading cause of death in the
United States1. In addition, many patients are refractory to drug
treatment or receive limited benefit from such therapy. DNA sequence
polymorphisms have been found in genes encoding the
drug-metabolizing enzymes (DMEs). In addition, variation in drug
receptors and the genes that regulate DMEs can also have a role in
differential drug response. Selected sequence polymorphisms
correlate with an increased risk of drug toxicity or reduction in efficacy.
It has become clear recently that each of us has his or her own
'individual fingerprint' of unique alleles encoded by DMEs and related
genes. The identification of the fingerprints of variation in DMEs will
become invaluable for the selection and optimization of drug therapy
but requires development of robust, cost-effective parallel analysis of
the sequence variants. To develop a platform for parallel analysis of
polymorphism in DMEs, a microarray containing 42 mutations was
constructed by printing amine-modified oligonucleotides on microscope
slides pre-coated with amine-reactive groups. Cy3- or Cy5-labelled
oligonucleotides complementary to wild-type or mutant alleles, as well
as probes generated by multiplex PCR from genomic DNA of patients,
were hybridized to the array. Different hybridization conditions were
compared to increase the sensitivity and specificity of detection.
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Application of
representational microarrays
to genetic analysis of primary
tumours

Rob Lucito, Joe West, Andy Reiner, Joan Alexander,
Clifford Yen, Mariko Nakamura & Mike Wigler
 
Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, USA

We have explored using DNA microarrays for measuring gene copy
number in cancer biopsies. The high nucleotide complexity of the
human genome makes hybridization analysis of the entire genome
problematic. Therefore, we have used the approach of making
complexity-reducing representations1. Accordingly, the printed probes
themselves are derived from simplified representations of the human
genome, and are hybridized to representations of tumour and normal
DNA. Data from pilot experiments indicate that this method can be
used to detect amplifications and deletions in cancer specimens. The
theoretical resolving power of these microarrays is on the order of
100 kb with a 30,000-member array, but higher resolving power is not
excluded. In contrast to expression array analysis, only minute
amounts of starting material (5,000 nuclei) are sufficient for sample
preparation. Also, the starting material for analysis is DNA not RNA,
which is easier to obtain from surgical specimens. The two methods
should work best in concert; that is, combining copy-number analysis
with expression analysis for the same tumours, enabling the user to
more readily identify the primary defects in cancer cells. Presently we
have produced a 2,000-member array that contains fragments of
known sequence and mapping location as well as fragments cloned
randomly from a representation. The copy number of many of these
probes is known in respect to several tumours we have characterized
by more conventional methods. Representations from these tumour
pairs have been hybridized to these arrays and analysed. By querying
the hybridization results we have identified the fragments known to be
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effected in these tumours. We are now confirming the results of the
hybridizations by more accepted techniques. Several obstacles remain
to creating a high-density genomic chip, including the assembly of a
collection of probes, mapping them and developing the software tools
to seamlessly analyse the data. Genomic chips have uses beyond
cancer, including detection of polymorphisms in individuals and de
novo germline rearrangements.
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Expression profiling of soft
tissue sarcomas
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Soft tissue sarcomas involve the connective tissues of the limbs,
girdle, trunk, head and neck. Despite the numerous subtypes of
sarcomas (synovial sarcoma, fibrosarcoma and malignant fibrous
histiocytoma), tumours in a particular subtype behave in a reasonably
consistent fashion, allowing predictions of recurrence and metastasis.
Histological and cytogenetic techniques can group most sarcomas;
however, the diagnosis can be problematic and must be performed by
experts. We are using DNA microarrays to analyse the expression
pattern of genes in soft tissue to identify expression signatures specific
to the various sarcoma subtypes.

Our DNA expression arrays are based on cDNAs from the UniGene
set of ESTs. PCR products from an initial set of 3740 cDNAs were
gridded onto poly-L-lysine-coated glass microscope slides at a density
of 378 spots/cm2. Hybridisations were performed using Cy3- and
Cy5-labelled first strand cDNA from cell lines or sarcomas. After
washing, the arrays were scanned using a General Scanning
Scanarray3000 scanner. The results of this work will be discussed.
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rat fibroblasts that exhibit
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USA
2. Department of Cancer and Cell Biology, Division of Clinical
Sciences, National Cancer Institute, Bethesda, Maryland 20892,
USA
3. H. Lee Moffitt Cancer Center & Research Institute, Tampa, Florida
33612, USA

We are developing a Rat Gene Index to serve as a non-redundant
resource for rat genes that will contain information on expression
patterns, gene identity and function as well as links to mapping
information and orthologous genes in other species. The
non-redundant transcript database was generated by assembling
cleaned ESTs and non-redundant expressed transcripts (ETs) into
tentative rat consensus sequences (TCs). The TCs were searched
against a non-redundant amino acid database and assigned a putative
identity where possible. ESTs that failed to assemble into TCs were
searched individually. Of the more than 100,000 ESTs currently in
GenBank, The Institute for Genomic Research has contributed over
50,000 ESTs. The current RGI Release, version 2.0, contains almost
90,000 ESTs which assemble into over 26,000 singletons and almost
14,000 TCs. We have assigned role categories to identified genes to
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estimate the number of genes represented by a variety of cellular and
organismal functions. We have identified several hundred TCs that do
not have significant homology to any known gene in several public
databases. These TCs may serve as potential candidates for novel
genes that have not been previously identified. We have used the
Index to identify tissue-specific TCs and have confirmed the
tissue-specific expression of several hypothetical and unknown
proteins by Northern analysis. Finally, we have compared gene
expression patterns between rat fibroblasts containing various
Src-oncogene derivatives using a glass array containing cDNAs from
over 4,000 clones selected from the Rat Gene Index.
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USA

Bacterial virulence is dependent on the correct temporal and spatial
expression of overlapping sets of genes in response to specific
environmental cues. Defining the genes expressed by intracellular
pathogens during interaction with host cells will help increase our
understanding of pathogenic mechanisms that result in disease and
may provide insights into potential vaccine strategies and novel targets
for drug design. We have examined the expression profile of
Mycobacterium tuberculosis infecting the human monocytic cell line
THP-1, using whole genome microarray analysis. Our previous protein
profiling and proteomics work indicates that the majority of gene
modulation occurs early in the infection process, and thus, has led us
to examine the early time points during our model of infection. To do
this, we developed RNA extraction methodologies, which both protect
bacterial RNA from degradation and prevent transcriptional changes
associated with bacterial harvesting while simultaneously allowing the
removal of the excess macrophage RNA. Fluorescently-labeled cDNA
probes made from these RNA samples were hybridised to a
microarray containing PCR products representing each ORF of the M.
tuberculosis genome. Analysis of the M. tuberculosis responses during
early interactions with the macrophage is presented and the biology of
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macrophage induced gene expression explored.
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XNA on GoldTM: a versatile
microarray platform

Michael Mecklenburg
 
INTERACTIVA Biotechnology, Lund, Sweden

Microarrays containing thousands, perhaps tens of thousands, of
genes provide a unique opportunity to identify vague genetic factors as
well as yet uncharacterised open reading frames (ORFs). However, in
many instances, a group of 50 to 100 candidate genes is available or
can be gleaned from the literature. In these cases, use of low-density,
high 'informational content' microarrays can accelerate genetic
analysis.

XNA on GoldTM is INTERACTIVA's affinity array biochip. XNA
integrates thin and thick film technologies with Streptavidin-based
immobilisation in a microarray format. The stability of the chemically
bonded self-assembling monolayers (SAMs) combined with the high
affinity of the streptavidin linker layer provides a flexible, robust
platform for assay development. The wide range of commercially
available biotinylated compounds and the diversity of biotinylation
reagents makes it possible to immobilise virtually any biomolecule
including nucleic acids, such as DNA, RNA and PNA, proteins, such as
antibodies, peptides and lectins, as well as other classes of
biomolecules such as carbohydrates and lipids. The '2 96' XNA
format, as well as the '2 384' format under development, provide a
flexible strategy for constructing custom 'user-defined' arrays. Use of
the microscope slide footprint and the standard well spacing simplifies
processing by allowing the use of a wide range of commercially
available manual and robotic, handling and deposition equipment for
slides and microtiter plates. XNA is compatible with most detection
schemes including radiometric, fluorescence and chemiluminescence.
Model hybridisation and immunoassay data will be presented.

XNA was originally developed as a tool for studying biological
self-assembly processes. Biology uses nanometer sized units, that is
to say proteins, carbohydrates, lipids, etc. to build everything from
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viruses to elephants. In this context, developmental biology defines the
frontier in biosciences. If we are to understand the molecular basis of
developmental processes, then we must learn to fabricate coatings
capable of mimicking biological surfaces in relevant dimensions, i.e.
nanometers, and in relevant environments, i.e. aqueous, as tools for
studying these (self-) assembly processes. XNA technology provides a
tool for 'reverse engineering' self-assembly processes that will serve
as the basis for the development of a new generation of diagnostic
bioassays.
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2. Department of Anatomy and Cell Biology, The University of Iowa
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3. Department of Ophthalmology, The University of Iowa College of
Medicine, Iowa City, Iowa, USA
4. Department of Pathology, The University of Iowa College of
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5. Hadassah University Hospital, Jerusalem, Israel

We have recently observed that tissue sections from uveal melanoma
and metastatic cutaneous melanoma generally lack evidence of
significant necrosis and contain patterned networks of interconnected
loops of extracellular matrix. Similar networks are formed in tissue
cultures of highly invasive primary and metastatic melanoma. These
networks, which are not formed by melanocytes or poorly invasive
melanomas, have the properties of vascular channels and suggest that
certain tumours may have an intrinsic ability to undergo
vasculogenesis without a contribution from host endothelial cells.
Previous studies have identified abnormal co-expression in aggressive
melanoma cells of intermediate filaments (an interconverted
phenotype), suggesting reversion to a pluripotent cell. We sought to
extend the definition of this phenotype at the gene expression level by
cDNA microarray analysis. Comparison of aggressive melanomas that
form vascular channels with less aggressive cells that do not exhibit
this phenotype reveal differences in their gene expression profile. The
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specific genes expressed in the highly invasive melanoma cultures
include those encoding extracellular matrix proteins, signalling and
regulatory molecules which are highly consistent with the vasculogenic
phenotype exhibited by these cells. The results of this study support
the concept that some tumours generate vascular channels
independently of conventional angiogenesis and have important
implications for the development of therapeutic interventions directed
at this novel property of aggressive melanomas.
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coli-based system with a
variety applications amenable
to miniaturization
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Small Molecule Therapeutics, Inc., 11 Deer Park Drive, Monmouth
Junction, New Jersey 08852, USA

The miniaturization of molecular biology technologies into formats
reminiscent of electronic 'chips' has proceeded rapidly, with nucleic
acids allowing high-throughput DNA and RNA analysis. This has
ushered in new eras in both biology and commerce with potentials yet
to be fully appreciated and realized. Similar developments will be
possible in other biological areas, as appropriate tools are adapted to
formats amenable to miniaturization. Microchips with fluid-handling
capabilities will allow for the growth of organisms in micro-formats.
Whole-cell-based approaches will permit complex biological endpoints
to be assayed. Escherichia coli provides a robust platform for a variety
of assays that cover a diverse collection of biological endpoints, and
we have developed a number of E. coli-based assays. Our most
advanced platform is EDDS (E. coli dimer detection system). EDDS is
a protein-protein interaction system (in some ways analogous to the
yeast two-hybrid system) that is uniquely able to address membrane
protein interactions. This presentation describes the principles behind
EDDS and several of its implementations. We have developed
applications of EDDS that include small molecule drug discovery,
receptor-ligand interactions and matching, and proteomic applications
that generate reagents useful in the description of gene function.
EDDS and other microbial models that express mammalian genes
provide surrogate systems for the development of many assays with
diverse biological endpoints. Microbes are more robust and
economical than mammalian cells and with their simple growth
requirements will be amenable to the development of chip-based
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assays. A nanoliter of culture media can contain over 103 bacterium
that can be engineered to provide signals that could be based on a
wide range of complex biological endpoints.
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We describe an integrated genetic testing system consisting of DNA
oligonucleotide array production, template preparation, multiplex
primer extension on the array, fluorescence imaging equipment and
data analysis. DNA oligonucleotide (ON) arrays are produced by
spotting presynthesized 25-mer ON with a 5' amino group on the glass
microscope slide. This approach involves a number of potential
problems, such as silanization of the slides, ON selection and
immobilization. As a matter of fact, these steps should be more
efficient and reproducible. Currently, the spacer separating ON from
the glass surface is 2–18 carbons, but longer linker arms seem to be
better. Two DNA strands have been analysed simultaneously
according to our protocol. The double-stranded DNA template
preparation can be described as an one-tube reaction with minimal
number of pipetting steps without centrifugation or ethanol
precipitation. Arrayed primer extension (APEX) is carried out as a
single-step reaction simultaneously with all four dye terminator
nucleotides (fluoresceine, Cy3, Texas Red and Cy5) in the presence of
the DNA polymerase (Thermo Sequenase). For this purpose, a special
four-colour instrument, FD-003, was developed at Asper Ltd. The latter
uses a total internal reflection fluorescence (TIRF)-based excitation
mechanism combined with four lasers, filter wheel and scientific grade
CCD camera. Image acquisition is fast (0.5–2 min for 4-colour) and
automatic, followed by software analysis to convert the fluorescence
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information into DNA sequence data. Signal-to-noise ratio is at least
30:1, allowing comfortable analysis of heterozygous positions in DNA.
This system is used for mutation detection in -globin, BRCA1 and
BRCA2 genes, resequencing of p53 gene fragments, SNP testing and
gene expression using mtComplex I genes.
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To make practical use of the large-scale computing possibilities
associated with a molecular computer based on DNA hybridization1 it
will be necessary to quickly convert data back and forth from electrical
to molecular form. In a DNA computer configured as an analogue
neural network2 we will let a subset of all single-stranded DNA q-mers
Ei be in 1:1 correspondence with the basis vectors ei, I=1,2,...,m in the
abstract m-dimensional vector space used to represent the network.
The concentration [Ei] of strands with index i in a DNA sample
representing a vector V=iViei is proportional to the amplitude Vi of the
i-th component of the vector.

Suppose that input data are presented in the form of images of nn=m
pixels. The images may be flashed on a DNA microplate3 whose pixels
match the image pixels and each of which is covered with unique DNA
strands Ei attached by hybridization to complementary anchored
strands. The image flash causes local heating4 that melts some of the
double-stranded DNA. The liberated single stranded DNA is
subsequently collected to yield a solution containing a concentration of
Ei molecules proportional to the image intensity at the i-th pixel for
I=1,2,...,m. The DNA image solution may be used for DNA
computation and may be reconverted to electrical form at any time,
that is "read out", by allowing a portion of the solution to rehybridize
with a single-stranded microarray. The amount of duplex DNA at each
pixel may be determined by fluorescence analysis in the usual fashion
to reconstitute the original image.
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DNA microarrays, comprising spotted PCR products of 0.6 Kb or
above, have become a major platform for functional genomics. It is
considered that array performance could be improved by turning to
oligonucleotides instead of cDNAs and by controlling the site of
attachment. Furthermore, to bring the approach within the reach of
methods for combinatorial synthesis, the length of the probe needs to
be minimised.

However, under the low stringency conditions required for short nucleic
acid probes to form stable interaction, the longer single-stranded
targets are able to engage in secondary structure. This can mask the
desired interaction between target and probe.

We find that the extent of interaction of target with short
complementary probes varies sharply even at adjacent positions.The
factors that affect hybridisation have been studied using combinatorial
arrays and the well-characterised yeast tRNAphe as a model. We find
that heteroduplexes giving high hybridisation yield incorporate target
single- and double-stranded portions and that specific structural
features may increase or decrease yield.

We have conducted studies to find the optimal length of probe for
achieving efficient hybridisation across all target sites in nucleic acids.
A combinatorial "scanning" array was synthesised in situ comprising a
set of probes which ranged in length from 1 to 76 nucleotides—a
length that is within the constraints for efficient oligonucleotide
synthesis.

We find that the effects of secondary structure can be overcome with
probes beyond a specific length when hybridisation is performed within
a specific temperature range and in an appropriate buffer.
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DNA has a negatively charged backbone that requires cations to form
a duplex. We have also studied an alternative to DNA, the Peptide
Nucleic Acids (PNA) which have a neutral backbone. An array of PNA
probes complementary to tRNAphe was used to study the
hybridisation behaviour of PNA in comparison to DNA and to see if
hybridisation could be enhanced (in collaboration with J. Hoheisel, S.
Wuertz, S. Matysiak).

Our work has demonstrated that the molecular basis of target-probe
interactions can be exquisitely studied using combinatorial arrays and
that this is an important resource for developing and optimising
applications of array technologies.
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ArrayChips are semiconductor devices that enable rapid and flexible
fabrication of very large-scale arrays of biomolecules. Array fabrication
is controlled by electronic hardware on the chip and is software
configurable. This feature enables very rapid turnaround times of new
array designs for testing and optimization. Biomolecules in the array
are synthesized in situ or immobilized at selected addressable
locations. Synthesis occurs directly within the interstices of a hydrated
and highly porous membrane that overlays the ArrayChip. Synthesis is
accomplished in situ using reagents that are generated
electrochemically at individually addressable microelectrodes on
ArrayChips. We have developed technologies for in situ synthesis of
arrays of oligonucleotides, peptides and small molecules. ArrayChips
obviate any need for microfluidics or other unconventional
semiconductor hardware. First-generation ArrayChips have
microelectrode array densities of over 1,000 individually addressable
sites per cm2. Second-generation hardware designs have over
500,000 individually addressable sites per cm2.
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Microarrays have set the stage for an explosion of large-scale
expression data, driven by a diversity of genome sequencing projects.
The technology has already demonstrated its applications in analysis
of model systems, such as the response of mammalian fibroblasts to
serum and sporulation in yeast. The comparison of data between
multiple experiments run as a time series or under different conditions
is not a trivial task. Although the analysis is challenging, it has the
potential to answer some of the most interesting questions regarding
information mining on gene expression patterns or function. To
address these questions we have investigated standardization
methods over multiple expression analysis experiments covering
systems from high-density microarrays ( 40,000 individual gene
transcripts) to membrane applications ( 500 individual gene
transcripts). By making the assumption that global changes in gene
activity are negligible, we show that normalization over the entire set of
gene expression values in a given profile (provided that profile is not
biased for examination of a particular system) provides a more
statistically robust method than using housekeeping gene expression
values. We also show that there is no significant reason for
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normalizing with a reduced subset of genes over a given range of
expression. We have compared expression data derived from two
different technological systems (glass slide and filter based); both of
these systems have an intra-experimental distribution close to
log-normal. We therefore normalize by mapping logged expression
values within each experiment to a standard distribution with zero
mean and unit variance. This transformation can be seen to effectively
reduce to a minimum intra- and extra-experimental variances when
analysing replicate experiment data. These methods are currently
being applied in the statistical analysis of differential expression among
patient groups and in the analysis of model organisms subject to
certain conditions.
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Although prostate cancer initially responds and regresses in response
to androgen-depletion therapy, most human prostate cancers will
re-grow as an androgen-independent tumour. The goal of our study
was to apply functional genomics to identify gene expression changes
involved in this process. Two high-throughout technologies, cDNA
microarrays and tissue micorarrays, were applied to explore the
molecular mechanisms underlying hormone-refractory prostate cancer.

A cDNA microarray consisting of 6,048 transcripts was constructed
(including 4,032 known genes, and 2,016 ESTs) and applied to the
identification of differentially regulated genes between a panel of
hormone-sensitive human prostate cancer xenografts (CWR22), and
their hormone-refractory derivatives (CWR22R). A tumour tissue
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microarray1 with 269 clinical specimens (27 benign prostates, as well
as 50 incidental, 138 clinically localized and 54 hormone-refractory
recurrent cancers) was constructed to investigate whether candidate
genes discovered by the cDNA microarray are also involved in vivo in
human prostate cancer progression. For example, upregulation of one
of such gene, insulin growth factor binding protein 2 (IGFBP2), was
significantly (P<0.0001) associated with hormone-refractory tumours
using the tissue array analysis. In conclusion, the combination of cDNA
and tissue microarray analysis is a powerful strategy to identify novel
cancer associated genes, and to rapidly explore their role in clinical
prostate cancer.
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Comparative genomic hybridization has been adapted to the
microarray format with the GenoSensorTM system, which consists of a
unique chromium-coated chip surface, multi-colour fluorescent
hybridization chemistry and a wide-field, non-scanning, CCD-based
imaging system. In genomic assays differentially labelled test (green)
and reference (red) DNA are co-hybridized to the chip in the presence
of Cot-1 DNA (to suppress repeat sequences). Custom software
determines the green/red ratios for each pixel under each target spot
to deduce sequence gains or losses. The combination of these
features provides for high sensitivity and a linear dose response over
several orders of magnitude in model systems. For applications to
oncology research we have developed the AmpliOncTM I array, which
contains 3 spots for each of over 50 target loci (mostly oncogenes) that
have been shown to be potentially amplified in tumour tissues. In
hybridizations of normal female (green) against normal male (red) total
human DNA, the spots containing the androgen receptor (X
chromosome) revealed a green/red ratio significantly higher than the
ratios of all other loci (>99% confidence level). This suggests sufficient
sensitivity for single copy-change detection. In tests with defined
tumour cell lines, the expected ratios were obtained for multiple
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amplifications with more than 95% confidence on each chip. Multiple
tumour cell lines and primary tumours have been analysed with the
AmpliOncTM chip. In all cases known oncogene amplifications were
confirmed, and in some instances additional and so far unknown
amplifications were discovered.
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We have developed an algorithm and sofware package, peak
quantification with statistical comparative analysis (P-SCAN), for
quantification and analysis of a wide variety of commercially available
and special-purpose cDNA microarrays. The program is oriented
toward experiments using radiolabelled probes (P32 or P33), nylon
filter-based arrays and image data acquired from phosphorimager
devices, but has also been adapted to experiments using fluorescent
probes, glass-based arrays and laser scanners. The program correctly
reads the Molecular Dynamics, Fuji and TIFF data storage formats.
The peak quantification strategy employs a hybrid of automated and
interactive methods for determination of the placement of each spot in
the array, and permits several choices of algorithms for quantifying
individual spots. The strategy is designed to minimize operator time
and effort in processing each array while maintaining data quality.
Statistical comparison of results of two hybridizations is shown in a
scatterplot of normalized log-intensities together with lists of genes
yielding extreme ratios, after accounting for spots falling below the
background level. Output files are generated for use in subsequent
analysis by such statistical packages as JMPTM. These files merge
information from several sources, including spot address, spot
location, clone identifier, gene name if available, spot intensity,
normalized intensity, intensity ratios and log-ratios. Simultaneous
visualization of the original filter layout, the log-intensity scatterplot and
the table of spot intensities is thereby facilitated. One may choose
genes by name and highlight the corresponding spots in the scatterplot
and filter layout, or choose spots by relative intensity or by array
position and highlight them in the other two representations. This
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approach has proven invaluable in recognizing experimental and
image artefacts while still uncovering real expression changes. We
have applied this approach to more than 400 sets of experimental data
drawn from almost 24 laboratories at the NIH, using Genome Systems,
Clontech and Research Genetics commercial arrays on nylon
membranes, as well as special-purpose arrays on glass. Our
experience has demonstrated the value of performing independent
replicate hybridization experiments to distinguish reproducible
expression level changes from experimental variability and artefact.
The P-SCAN program runs on many computer platforms
(MacintoshTM, WindowsTM or Unix machines) and source code is
freely available on the web (http://abs.cit.nih.gov). P-SCAN is written
using the commercial package MATLABTM available from The Math
Works. A self-contained Java version of P-SCAN is under
development.
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The characteristics of systematic and random measurement errors
associated with expression arrays present unique challenges for
statistical inference. Existing methods for estimating both types of error
(e.g., use of reference genes) can be imprecise and dependent upon
potentially invalid assumptions. We report novel statistical modelling
procedures which estimate measurement error based upon replicate
variability and properties inherent to the array. The procedures, which
can be used with both micro- and macro-arrays, include outlier
detection, confidence intervals, statistical tests of differences between
conditions and statistical power analysis for determining the number of
replicates needed to detect between-condition differences of specified
magnitude.
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Neuroblastomas is the most common extracranial solid tumour in
children. The clinical behaviour of this tumour ranges from
spontaneous regression to non-responsiveness to therapy. The
molecular events that regulate the unique spontaneous regression,
induced differentiation or heterogeneity in outcome within the same
risk group are poorly understood. To develop a molecular basis for
stratifying patients into various risk groups, we examined gene
expression patterns that correlate with: (1) stage of the disease and (2)
cellular differentiation of the tumour. We performed suppressive
subtractive hybridisation (SSH) and microarray screening
simultaneously, to compare and to combine the markers identified by
both methods to develop a neuroblastoma specific array. The
subtracted pool of 900 cDNA's were used to prepare a custom array.
Unsubtracted and subtracted probes were used to screen
neuroblastoma custom arrays and general microarrays representing
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known genes and EST's (10,000 cDNA's). A pool of 60 cDNAs (40%
known and 60% novel genes) that were consistently differentially
expressed were identified. The differential expression of 20 cDNAs
was further evaluated using the Taqman sequence detection system
based on real time RT-PCR quantitation. In preliminary studies, the
expression of selected target genes correlated with the stage of
disease and differentiation. The expression of known gene products
such as cyclin A1 and p21 was further examined using
immunohistochemistry, and correlated with mRNA levels. A large
number of samples from retrospective clinical trials are currently being
analysed for prognostic value of the identified targets using Taqman
sequence detection and quantitation. Combining SSH and microarray
screening will facilitate toward developing potentially disease specific
and organ specific custom arrays that can be used for routine clinical
stratification of patients.
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Besides chemotaxis, C-X-C and C- C chemokines function as
mediators in T-cell activation and in many lymphocyte biological
responses. Detailed information about downstream signalling
pathways is necessary to understand the role of chemokines in normal
physiology and inflammation. We have built a focused cDNA chip
containing 675 known genes that are expressed and secreted by
lymphoid cells and participate in their growth, signal transduction and
apoptosis. In initial experiments, Jurkat T cells expressing endogenous
CXCR-4 and transfected with CXCR-3 were used to examine the
ability of chemokine ligands to induce unique mRNA expression. We
compared transfected cells treated with the C-X-C chemokines
SDF-1-, which interacts via CXCR-4, and IP-10, which interacts via
CXCR-3. Further experiments examined the effects of anti-CD3,
TARC, 6Ckine, IL-8, MIP-3 /LARC/Exodus, MIP-3 /ELC/ Exodus-3 and
HIV gp120 glycoprotein on mRNA expression by PBMC and purified T
cells. Using this approach we have observed differences in gene
expression by cells treated by different ligands that bind the same
chemokine receptor. This focused microarray is also useful to define
candidate genes for further study, and to identify informative
experimental and clinical specimens before molecular profiling on the
NIA 15K chip.
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Some regions of nucleic acid targets are not accessible to
heteroduplex formation with complementary oligonucleotide probes
because they are involved in secondary structure through
intramolecular Watson-Crick pairing. In order to form a heteroduplex,
we destabilize the secondary conformation of the target to assist its
interactions with oligonucleotide probes. To achieve this goal, we
modified the DNA target by replacing dC with N-4-ethyldeoxycytidine
(d4EtC), which hybridizes specifically with natural dG to give a G4EtC
base pair with reduced stability compared with the natural GC base
pair. In contrast to its natural analogue, the use of d4EtC greatly
minimized the formation of the target's secondary structure in
preliminary solution studies. The lower level of secondary structure
allowed hybridization with a complementary probe. To characterize
further the influence of d4EtC on the stability of secondary structure,
hybridization of the targets is currently being studied using an array of
complementary oligonucleotides scanning the sequence.
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Myc and Mad family proteins regulate diverse biological processes
through their capacity to influence gene expression directly. Their
biochemical profiles, as well as their behaviour in surrogate assays for
transcription and transformation, support a model in which the
opposing properties of Myc and Mad occur primarily through their
reciprocal regulation of common gene targets. An examination of this
model on several levels reveals that Myc and Mad family basic regions
are not functionally equivalent in oncogenesis, that their E box-binding
activity is influenced by critical interactions between flanking nucleotide
sequences and non-conserved residues at position 2 of the basic
region, and that there is lack of complete concordance in the genes
regulated by the Myc and Mxi1 basic regions. These data support the
view that the opposing biological actions of Myc and Mxi1 are likely to
extend beyond reciprocal regulation of common gene targets. This
complex inter-relationship is further emphasized by the finding that
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alterations in the basic region can influence the ability of Myc to
directly repress targets, suggesting that the basic region may also
have a role in Inter-mediated gene regulation. Identification of these
differentially regulated gene targets provides a framework for
understanding the mechanism through which Myc governs the growth
and survival of normal and neoplastic cells.
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Genomic Sciences Center, Genome Science Laboratory, RIKEN,
Tsukuba Life Science Center, 3-1-1 Koyadai, Tsukuba, Ibaraki
305-0074, Japan

Most public-founded large-scale sequencing projects that use cDNAs
are primarily using cDNA libraries which are not enriched for full-length
cDNAs. Consequently, only a fraction of the resulting ESTs matches
the 5' end of the original transcript. The target of the Genome Science
Laboratory of RIKEN is to clone and sequence the largest number
possible of full-length mouse cDNAs in two phases. The first phase is
to classify the cDNAs and the second is to complete full-length
sequencing and functional annotations. We have developed two
original methods to construct full-length cDNAs efficiently:
'cap-trapper', which preferentially recognizes the Cap site of mRNA;
and the 'trehalose-thermoactivated reverse transcriptase', which allows
the reverse transcriptase reaction at higher (60°C) temperatures. We
have constructed over 80 libraries from embryonic tissues of different
developmental stages and adult tissues to ensure the greatest
possible coverage of the expressed mRNA. More than 200,000
successful sequencing passes have been performed with the use of
two tools developed in-house: a high-throughput plasmid preparation
system and the RISA 384 capillary sequencer. Most of the sequences

Gene expression profiling using a mouse full-length 20[thinsp]K cDNA microarray

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_66d.fulltext (1 of 2) [2/4/2000 2:40:47 PM]

http://genetics.nature.com/archive
http://genetics.nature.com/search
http://genetics.nature.com/info
http://genetics.nature.com/classified
http://genetics.nature.com/subscribe
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_66d.pdf


were performed from the 3' end to select individual cDNAs. We have
selected more than 30,000 different cDNAs. Using these sets of
RIKEN full-length cDNA, we have established gene expression
microarrays containing a 20 K set of RIKEN full-length cDNA unique
mouse genes (http://genome.rtc.riken.go.jp). This set has been used to
profile expression patterns of various adult and embryonic tissues.
Target DNAs were PCR amplified and printed on Poly-L-lysine coated
glass slides. Target DNAs were blocked by excess amounts of
Cot1DNA. Probes were labelled by two-colour fluorescent dye using
random primer and reverse transcriptase. Normalization has been
achieved using a global normalization method. We have also
developed a program to filter the noise. The experiment was done
twice and reproducible results were extracted and clustered. We will
present a large set of data that show the spatial and temporal
expression patterns of mice. These mouse full-length 20 K cDNA
microarrays are widely applicable to analyse the global expression
profiling of normal and diseased status of mice.
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Mutant alleles of dominant, highly penetrant breast cancer genes,
including BRCA1 and BRCA2, do not occur frequently, and hence
account for only a small proportion of breast cancer cases. On the
other hand, several studies have suggested an association between
low-penetrant alleles and breast cancer risk. Although the contribution
of low-penetrant alleles to the individual breast cancer risk is relatively
small, they can contribute to a large proportion of breast cancer cases
in the population because the risk-conferring alleles of these genes are
common. Candidate gene approach is one of the most logical and
practical strategies to identify these risk-enhancing, low-penetrant
variants. Until now, a major obstacle in investigating the risk
associated with multiple candidate genes has been a lack of
technology for large-scale genotyping of large populations.
Consequently, many studies have focused efforts on only one or two
genetic polymorphisms, and even in these cases the analysis was only
limited to relatively small sample sizes. Microarray technology is a
solution to this obstacle. We plan to exploit the high-throughput power
of microarrays to simultaneously genotype 32 different genetic
polymorphisms derived from 26 genes in a well-defined, representative
population-based sample containing a large number of subjects. We
have selected genetic polymorphisms in genes functioning in

Using microarray technology to study the role of genetic polymorphisms in breast cancer risk

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_67a.fulltext (1 of 2) [2/4/2000 2:40:48 PM]

http://genetics.nature.com/archive
http://genetics.nature.com/search
http://genetics.nature.com/info
http://genetics.nature.com/classified
http://genetics.nature.com/subscribe
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_67a.pdf


biochemical/biological pathways frequently perturbed in cancers, those
genetic polymorphisms in genes encoding components of the
carcinogen metabolic pathways and the immune response pathways.
We have access to the Ontario Familial Breast Cancer Registry
(OFBCR), which is the largest population-based breast cancer registry
in Canada. We also have support from the established microarray
facility of the Ontario Cancer Institute in Toronto. The objective of the
proposed study is to identify low-penetrant, yet commonly occurring,
genetic polymorphisms which contribute to the risk of developing
breast cancer. The establishment of this approach will prepare us for
large-scale genotyping involving hundreds or even thousands of
candidate genes in large defined populations. This will lead to a more
complex analysis of gene-gene and gene-environment interactions
than is currently possible. Advances in disease aetiology will
significantly expand our abilities to design strategies for the prevention
of breast cancer development and progression.
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The Whitehead Institute, Cambridge, Massachusetts 02142, USA

Rapamycin, an immunosuppresant drug, prevents interleukin 2 (IL-2)
induced proliferation of T-cells. Although the signalling pathway
affected by rapamycin is poorly understood, current evidence indicates
that the drug acts by inhibiting the translation of specific mRNAs. To
identify mRNAs translationally regulated by IL-2 and/or rapamycin, we
screened high density oligonucleotide arrays with probes prepared
from polysomal mRNA from the IL-2 dependent human Kit-225 and
mouse CTLL-2 cells. In Mouse 11k chips containing 11,000 genes
(known genes and ESTs), 5% of genes showed significant polysome
profile change after rapamycin treatment. The rapamycin sensitive
genes include translation control molecules, such as ribosomal
proteins and elongation factors, secreted proteins, cytoplasmic
signaling molecules, metabolic enzymes and transcription factors.
Similar results were obtained in human Kit-225 cells. We are designing
cDNA-based microarrays that contain IL-2 and rapamycin sensitive
mRNAs and using these arrays to study translation control during cell
growth and division.
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The emergence of microarray-based technologies has revolutionized
the analysis of gene expression and DNA sequence. In advanced
mircroarray applications, nucleic acids are labelled with fluorescent
dyes and hybridized to cDNAs or oligonucleotides configured on a
solid surface. Fluorescent signals are detected and interpreted using
sophisticated instrumentation that relies on scanning confocal
fluorescence microscopy and fluorescent image analysis software. In
practice, the performance and accessibility of many microarray
systems is encumbered by limited sensitivity of the fluorescent label(s),
poor dynamic range, fluorescence quenching, photobleaching and
expensive instrumentation. To address these microarray system
performance issues, we have applied resonance light-scattering (RLS)
particle technology, a novel, ultra-sensitive and relatively simple signal
generation and detection technology, to microarray systems.
Submicroscopic RLS gold and silver particles of uniform dimension
(20–120 nm diameter range) scatter incident white light to generate
coloured light that appears as highly intense fluorescence. The
intensity of coloured light signal generated by a single RLS particle is
104–106 times greater than the signal from a single molecule of the
most sensitive fluorophore. The intense RLS signal does not
photobleach and the colour of scattered light generated by RLS
particles depends on particle composition, size, shape and the
refractive index of the scattering medium. The intensity and colour of
individual RLS particles can be accurately predicted to develop
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multiplex detection systems by practical application of mathematical
calculations derived from electromagnetic radiation theory1. The high
level of signal intensity allows detection at extremely low particle
concentration by the unaided eye (10-15–10-16 M) and single RLS
particles can be detected under appropriate illumination conditions
using low-power magnification2. On solid surfaces, the RLS signal can
be detected by the unaided eye at particle densities as low as
0.01–0.05 particles per square micron. RLS particles can be
derivatized with a variety of molecules for analytical bioassays
including proteins, antibodies, small molecule ligands, nucleic acids
and oligonucleotide probes. Once derivatized, RLS particles are highly
selective for detection of specific biomolecular targets. Simple
detection instrumentation consisting of an illumination source,
configured light microscope, video camera and image analysis system
has been developed and successfully applied to microarrays. The
optical properties and practical application of RLS particles for
microarray-based gene expression and DNA sequence analysis will be
discussed.
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Expression analysis could be used for the detection of novel regulatory
networks and characterisation of primary tumours, leading to an
improvement of cancer diagnosis. For this purpose metaGen has
designed a custom GeneChip containing known tumour-associated
genes (for example PTEN) and 1,500 cDNAs which were shown to be
differentially expressed in EST libraries of several tumours by
bioinformatics methods. Microdissected tissue needs to be used for
accurate transcript profiling of solid tumours, but only low amounts of
mRNA can be isolated from this source. Therefore validated and
robust amplification techniques must be established. We compared the
transcript profiles obtained from various amounts of mRNA as starting
material from the human breast cancer cell line MDA-MB-231. As a
standard for comparison we used 300 ng of poly(A)+-RNA which was
labelled according to the Affymetrix protocol. For the amplification of
10 ng, 1 ng, 100 pg and 10 pg we applied a descibed aRNA
technique1 until 300 ng of aRNA was obtained. This RNA was then
labelled according to a modified Affymetrix protocol. For hybridisation
and detection of the RNA we used the standard Affymetrix protocols.
The GeneChips were analysed by the Affymetrix GeneChip software
3.1 and the coefficients for the average differences of the five
experiments were calculated. For each of the four RNAs two cycles of
preamplification with cDNA synthesis and in vitro transcription were
necessary. We observed a correlation coefficient of 0.97 between the
hybridisations with 10 ng and 1 ng, whereas the correlation coefficient
for the hybridisations with 10 ng and 100 pg was 0.81. The correlation
between the hybridsations with 300 ng (no preamplification) and 10 ng
or 1 ng was 0.79 and 0.77, respectively. The correlation was weaker

Expression analysis using low amounts of mRNA and GeneChips

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_68a.fulltext (1 of 2) [2/4/2000 2:40:50 PM]

http://genetics.nature.com/archive
http://genetics.nature.com/search
http://genetics.nature.com/info
http://genetics.nature.com/classified
http://genetics.nature.com/subscribe
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_68a.pdf


for the two other experiments. The preamplification of mRNA enables
us to use low amounts of tissue. Based on the assumption that each
cell contains roughly 0.5 pg mRNA, only 2,000 cells are required per
hybridisation experiment. For better reproducibility expression levels
should only be compared with samples that have undergone the same
number of preamplification cycles.
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We have developed an integrated microarray production and analysis
facility for quantitative comparisons of DNA copy number and RNA
expression. The overall process is managed by a custom Oracle
database that tracks clone acquisition and preparation of printing
solutions, manages array printing and image acquisition, and stores
results of the fluorescence analysis. The printing robot employs
printing pins made from quartz capillary tubing with an outside
diameter of approximately 0.4 mm, which has been heated and pulled
to have an opening of approximately 25–50 µm. Each spot contains
50–100 pl of solution. Maximum load of a pin is restricted to
approximately 0.2 µl, permitting thousands of spots to be printed from
one load, and numerous print runs to be made from the same plates.
Standard source plates contain 864 wells, so that a 16-pin print head
prints arrays that are 12 mm2. The small diameter of the pins will
permit printing out of 1,536 well plates, so that 36 pins could be used
to print 13.5-mm arrays. Pin tip dimensions are being optimized to
permit routine printing on less than 100-µm centers. The overall goal is
to keep the array size small to minimize the amount of specimen
material required for analysis, while employing a large number of
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printing pins to increase printing rate. The array-imaging system uses
a CCD camera, allowing acquisition of 16-bit fluorescence data from
the entire array with an exposure of several seconds or less for each
fluorochrome. The custom-designed imaging lenses are chromatically
corrected from 450 to 750 nm, and they provide flat images over the
entire field. Illumination is supplied by a mercury arc lamp. Excitation
and emission bands are established by computer-controlled filter
wheels. Emission of at least four fluorochromes can be independently
measured from a single specimen. These typically include DAPI, which
is used as a counterstain to permit spot localization, and three labels in
the specimen DNAs or RNAs, for example fluorescein, Cy3 and Cy5.
Fluorescence ratios are calculated using custom software that
automatically segments the spots of each sub array (the portion of the
array printed by each pin) based on the DAPI image, determines local
background and integrates signal intensities within each segmented
spot. Our techniques permit measurement of genomic DNA copy
number with ratio coefficient of variation of approximately 0.07 at the
single-copy level, and measurement of expression levels with signal
intensities approximately 100-fold lower than -actin (ratio coefficient of
variation=0.1).
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1. Stanford Medical Center, Stanford, California, USA
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Haukeland University Hospital, Bergen, Norway

Gene amplifications and deletions frequently have pathogenetic roles
in cancer. 30,000 radiation-hybrid mapped cDNAs provide a genomic
resource to map these lesions with high resolution. We developed a
cDNA microarray-based comparative genomic hybridisation method for
analysing DNA copy number changes across thousands of genes
simultaneously. Using this procedure, we could reliably detect DNA
copy number alterations of twofold or less. In breast cancer cell lines,
we have mapped regions of DNA copy number variation at high
resolution, revealing previously unrecognised genomic amplifications
and deletions, and new complexities of amplicon structure. Recurrent
regions of DNA amplification, which may harbour novel oncogenes,
were readily identified. Alterations of DNA copy number and gene
expression could be compared and correlated in parallel analyses.

We have now collected genome-wide DNA copy number information
on a set of 9 breast cancer cell lines and over 35 primary breast
tumours. For the breast tumours, DNA copy number information is
being compared and correlated with data already collected on p53
status, microarray gene expression profiles, and treatment response
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and clinical outcome. The results of this analysis will be presented.
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Differential expression can be used to identify genes that are likely to
be involved in the development and progression of cancer. To detect
genes whose expression is decreased in prostate cancer, we have
combined two methods: suppression subtractive hybridization (SSH)
and cDNA library array. Although both methods are potentially
powerful, so far they have been inadequately validated. Here we have
studied the enrichment of differentially expressed sequences by
subtraction and investigated the sensitivity, linearity and reliability of
cDNA array hybridization. A subtracted cDNA library was constructed
using benign prostatic hyperplasia (BPH) as a tester and a prostate
cancer cell line (PC-3) as a driver. Inserts from 386 individual clones
were PCR amplified and arrayed on nylon membranes, which were
subsequently hybridized with radioactively labelled first-strand cDNA
preparations from BPH, PC-3 and several other cancer cell lines. To
demonstrate the enrichment of differentially expressed sequences, the
number of clones from prostate-specific antigen (PSA) was studied in
the subtracted library and in unsubtracted library. Northern analysis
was used to confirm the results of cDNA array hybridization. Array
hybridization sensitivity and linearity were studied by hybridizing the
membranes with cDNA probes containing various amounts of PSA
cDNA. The number of PSA was 17-fold higher in subtracted cDNA
library compared with unsubtracted cDNA library, demonstrating the
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enrichment of differentially expressed sequences by the SSH. The
detection limit of the array hybridization was found to be 50 pg,
corresponding 0.01% of the total poly(A)+ RNA. cDNA array
hybridization was linear from 50 pg to 1,000 pg. Of the 386 subtracted
cDNA clones analysed, 111 were classified as differentially expressed
between BPH and PC-3 by array hybridization. In conclusion, by
combining SSH and cDNA array hybridization we were able to detect
sequences that are differentially expressed in BPH and PC-3. Further
studies will be carried out to determine whether some of them are truly
involved in tumorigenesis of prostate cancer.
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Y-chromosomal single-nucleotide polymorphic (SNP)-markers are of
particular importance in studies on population genetics and human
evolution, because they represent slowly evolving mutations and may
be regarded as unique events during evolution. We are currently
investigating paternal lineages from different Finno-Ugric speaking
populations. An oligonucleotide microarray screening system for
analysing 28 published Y chromosomal SNPs has been set up. The
method is based on the single nucleotide primer extension reaction1

and allows direct multiplex determination of SNPs at known sequence
positions. The microarrays are prepared using a custom-built robot to
deliver the oligonucleotide primers onto a support. We have
investigated three different oligonucleotide attachment chemistries. 5'
NH2-modified oligonucleotides have been attached onto
epoxysilanized2 or isothiocyanate activated glass3 and 5' succinylated
oligos have been attached by amide bonds to aminopropyl silanized
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glass4, 5. We show that the signals obtained in the mini-sequencing
reactions on the array are greatly affected by the chemistry used for
attaching the oligonucleotides.
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The analysis of normal and induced variation in gene expression is
important for understanding the molecular mechanism of disease and
the effects of environmental stress. The advent of microarray
technology has provided the means to study expression of large
numbers of genes in parallel. In our study, we present a gene
expression study, the array development methodology, implementation
of custom software for quantifying expression ratios and the
expression findings. Our gene expression study employs cDNA from
genes of interest (called targets). These are immobilized onto a solid
silicon support using an amino modification chemistry which resists
strong washing and hybridization procedures. Pools of mRNA from
tissues of interest (called probes) are labeled using multiple
fluorochromes, hybridized to the array, and the relative amount of
fluorescence at each spot is used as a measure of the difference in
gene expression. Fluorescence probe labeling strategies were
validated for specificity, sensitivity and reproducibility using FITC and
Cy3. Multi-color labeling is advantageous for comparing the relative
abundance of mRNA from two biological samples within the same
array. For probe concentrations ranging from 20 nanograms to 10
picograms, we have demonstrated linear responses for up to 1000-fold
differences in fluorescence intensities. Custom image processing
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software performs automated background subtraction, grid detection,
spot detection and quantitation. Custom perl scripts are used to ratio
and normalise data resulting from the image analysis. First, synthetic
images were used to test the accuracy of the analysis, and then a
known dilution series was prepared and arrayed onto slides to test the
entire system.

These tested methods were finally applied to examine the biological
significance of expression variation of DNA repair genes in different
tissues. We are using cDNA microarrays containing genes involved in
double strand break repair, nucleotide excision repair, base excision
repair, direct reversal of damage, mismatch repair, cell cycle
regulation, apoptosis and damage response. We have identified
several differentially expressed genes that may be important for
damage response and meiosis.
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Whitehead Institute for Biomedical Research, 9 Cambridge Center,
Cambridge, Massachusetts 02142, USA

The advance in genome sequencing and high-density DNA microarray
technologies is transforming the field of biology into an
information-processing science. Analysis and sharing of large volumes
of data call for new computational tools that few envisioned a few
years ago. Of central importance is a database that, at the minimum,
facilitates collection, storage and retrieval of biological data. We have
designed and developed a database to store and process data
obtained from yeast genome monitoring experiments. This database
relies on an Oracle database management system running on a
Windows NT workstation. We have also developed web-based
applications that provide a flexible and friendly interface to the
database. Thus, using a web browser, a researcher can upload raw
data from microarray experiments to the database, perform various
types of data analysis, and more importantly, store the results back
into the database to allow higher levels of data analysis. The features
of the database also include graphical viewing of gene expression
data, clustering analysis, functional categorisation of genes and a
search engine that allows user to quickly find and download the
expression information for selected genes in selected sets of samples.
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3QA, UK

Microarraying is rapidly becoming the method of choice for high
throughput gene expression analysis. Using this relatively simple
technique of arraying cDNA's or oligos at high density onto glass
slides, it is now possible to analyse thousands of genes in a massively
parallel manner. Here we describe some of the parameters that have
to be optimised in order to achieve good quality, meaningful microarray
data. These parameters include various slide substrates, pin design,
hybridisation systems and reading of arrayed slides.
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The laboratory mouse serves as a pivotal animal model in gene
expression and function studies, because it is closely related to the
human and because tissues from many different mouse strains and
mutants are readily available for detailed expression analysis.
Array-based methods will provide a tremendous amount of expression
information. In order to take full advantage of these data, we must be
able to analyse them in a broader biological context.To address these
issues and to cope with the complexity of gene expression information
for the mouse in general, we developed the Gene Expression
Database (GXD). GXD is designed as an open-ended system that can
integrate many different types of expression data, such as RNA in situ
hybridisation and immunohistochemistry data, Northern and Western
blot data, RT-PCR data, cDNA data and microarray data. Thus, as
data accumulate, GXD can provide increasingly complete information
about what transcripts and proteins are produced by what genes;
where, when and in what amounts these gene products are expressed;
and how their expression is affected in different mouse strains and
mutants. Through collaborative efforts with the MRC Human Genetics
Unit and the University in Edinburgh, UK1, we have established a
comprehensive hierarchically structured dictionary of anatomical terms
for the mouse. The dictionary is used to annotate expression patterns
in standardised ways and will facilitate an integrated description of
expression, anatomy and phenotype/disease data. GXD is available at
http://www.informatics.jax.org/. It is integrated with the Mouse Genome
Database (MGD) to enable a combined analysis of genotype,
expression and phenotype data. In collaboration with Flybase, the
Saccharomyces Genome Database and MGD we are building shared
controlled vocabularies to describe biological processes, and cellular
function and location of gene products. These classification schemes
and the associated data curation will provide important new search
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parameters for expression data.

Extensive interconnections with sequence databases and with
databases from other species further extend GXD's utility for analysis
of gene expression information.
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DNA microarray technology is one of the most important recent
breakthroughs in experimental molecular biology. With evermore
laboratories acquiring this high-throughput technology, the amounts of
data being generated are growing extremely rapidly, and the
informatics necessary for handling and analysing these data is
becoming a major bottleneck. The EBI is working on the development
of applications to promote and further the development of the
informatics and analysis of microarray data and that is integrated with
other biological resources in order to better understand the results of
gene expression experiments. We are exploring the development of
new techniques as well as technology transfer from marketing and
telecommunications domains, e.g. application of visualisation, data
mining and statistical analysis. Currently, the EBI is assessing the
suitability of different data mining algorithms to microarray gene
expression data, e.g. neural networks, classification trees, market
basket analysis, clustering, classification, etc. As well developing
Internet tools that will allow users to browse and query microarray data
stored in a database, the EBI is investigating techniques and
technologies that will allow direct access to the microarray information
in a database over computer networks, for example CORBA and
JDBC. This technology will allow developers at other sites to develop
and write their own novel software tools that can perform queries and
analyses on microarray data that is pulled over the Internet from the
EBI microarray database.
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It is now becoming generally recognized that microarray technology
will be a fundamental tool used in future genomics research. As the
technology becomes more widely accessible, larger numbers of
biologists will be able to shift their focus from the study of individual
events to the analysis of complex systems and pathways. To help
drive this transition, we have used novel tools for creating and reading
high-density microarrays of spotted DNAs to investigate whether
conventional chemistries (for example, Southern, northern and western
blots) might be applied to microarray analysis. It had previously been
assumed that these well-documented methodologies could not be
used for microarray analysis because: (i) spotting instruments could
not produce arrays on membranes such as nitrocellulose or nylon; and
(ii) these membranes were thought to produce levels of fluorescence
which would make analysis impossible. We will show data developed
using a Pin-and-RingTM spotting system (the GMS 417 Arrayer) and
an epi-fluorescent confocal laser microscope that employs Flying
ObjectiveTM scanning technology (the GMS 418 Array Scanner),
demonstrating that conventional chemistries can be used for
microarray analysis. We believe that demonstration of the feasibility of
this approach will facilitate the migration of more biologists toward the
use of microarray technology, as they will now be able to use
commercially available instrumentation and familiar methodologies for
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highly parallel genomic analysis. These novel instrument systems also
provide enhanced performance (for example, consistency of spotting,
speed and sensitivity of scanning) with biochemical methodologies
developed specifically for microarray analysis, so that scientists can
obtain the same degree of analytical power independent of the
biochemistry they choose to employ.
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DNA microarray technology is a powerful tool to investigate the
expression pattern of a high number of genes in parallel. A major
experimental challenge of this emerging technology is establishing the
reproducibility of data sets. For differential expression measurements,
total RNA from human adult and fetal brain was reverse transcribed
and labelled with Cy3 and Cy5 fluors respectively, to obtain
single-stranded cDNA probes. The labelled cDNA probes were used
for competitive hybridisation on a microarray chip containing 768
genes, each gene spotted by the FlexysTM robot five times in an 8 8,
32 grid pattern. Potential errors in hybridisation efficiency were
minimised by the use of the GeneTACTM Hybridisation Station. The
slides were imaged in the GeneTACTM 1000 Biochip Analyser, a
high-throughput imager equipped to handle up to four fluors
simultaneously. Images were analysed using the GeneTACTM
Integrator software. Genes showing threefold and higher change in
expression were targeted to determine a percent variation in
reproducibility. First, an intra-array reproducibility study was performed
where a change exhibited by a gene was compared with its duplicates
within a single array. In addition, an inter-array experiment was done to
determine the variation in numerical values of genes between ten
separate 384-gene chips, each independently hybridised with identical
sets of probes.
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Washington, Seattle, Washington, USA
4. Stanford University, Department of Developmental Biology,
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69978, Israel

To extract useful biological information from DNA microarray
experiments, it is necessary to accurately quantify the measured
expression levels and to systematically organize them in biologically
meaningful ways. There are many options for the implementation of
feature extraction and gene clustering programs to help accomplish
these goals. We have developed Matlab prototypes that emphasize
flexibility, accuracy, transparency and the systematic incorporation of
statistical analysis. These prototypes facilitate the development and
refinement of algorithms as we converge on fully automatic analysis.

There are many possible approaches to feature extraction, and the
choices are influenced by factors including: feature morphology and
uniformity, and positioning errors, array deposition methodologies and
tolerances, labelling methods and scanner specifications. Our feature
extraction software includes several methodologies and a number of
adjustable parameters that can be modified to suit the application. For
example, image file formats, image alignment procedures for
two-colour images, irregular modifiable grids, feature locating, grid
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fitting, extraction, pixel-level outlier rejection, feature-level outlier
rejection, background-subtraction and dye-normalization processes
have all been incorporated. With this feature extraction prototype, we
are can explore different methods of image analysis, outlier rejection,
background subtraction and normalization while optimizing sensitivity
and specificity. Relative expression levels are reported along with their
respective statistical information.

To analyse data from multiple array experiments we developed a
package built around a clustering method based on a graph theoretic
approach. This approach requires no assumptions as to the number of
clusters expected and is flexible with regard to the selection of a
similarity function. In particular, similarity functions that take into
account statistical characteristics, such as confidence intervals, are
supported. Results from applying both analysis tools to raw images
and to processed gene expression data from humans, C. elegans and
other organisms will be presented.
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Timothy J. Aitman
 
Hammersmith Hospital, Du-Cane Road, London W12 ONN, UK

The metabolic overlap syndromes hyperlipidaemia, diabetes mellitus,
insulin resistance, obesity and hypertension together constitute the
major risk factors for coronary heart disease. The genetic
predisposition to these conditions is strong but complex, and many of
the genes involved have not been identified. The identification of the
genes or metabolic pathways involved in these disorders would lead to
new diagnostic and therapeutic targets with wide applicability. The
spontaneously hypertensive rat (SHR) is a model of essential
hypertension which also displays abnormalities of lipid metabolism and
insulin resistance similar to those found in the human metabolic
syndromes. These include raised blood triglycerides and fatty acids,
defective catecholamine-mediated lipolysis and excessive growth of
intra-abdominal adipocytes. Similar abnormalities have been identified
in combined hyperlipidaemia, maturity-onset diabetes mellitus and
obesity in humans. We are using the SHR as a model to identify genes
and pathways that are likely to be in common with those causing the
human diseases. Quantitative trait loci (QTL) for glucose and fatty acid
metabolism, hypertriglyceridaemia and hypertension map to a locus on
rat chromosome 4. We used cDNA microarrays, congenic strains and
radiation hybrid mapping to identify a defective gene, Cd36 (encoding
fatty acid translocase), at the peak of linkage. Cd36 cDNA contains
multiple sequence variants and the encoded protein product is
undetectable in SHR adipocyte plasma membrane. Transgenic mice
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overexpressing Cd36 have reduced blood lipids. We conclude Cd36
deficiency underlies insulin resistance, defective fatty acid metabolism
and hypertriglyceridaemia in SHR (ref. 1). Human CD36 is being
examined for mutation in subjects with insulin resistance from different
ethnic backgrounds. The role of other genes showing primary or
secondary alteration in expression and their role in metabolic pathway
tracking ('pathwayomics') and QTL identification will be discussed.
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With the maturation of the technology for fabricating and scanning
high-density gene expression microarrays, information processing
issues loom over as the fundamental challenge to the widespread use
of this technology. These issues can be broadly organised into three
interrelated categories: data tracking and management, image analysis
and expression level quantification, and data mining and analysis.
Data tracking and management requires tools for automated tracking
of samples and generation of mapping tables to specify what has been
spotted at each location on a microarray slide. The image processing
issues are one of the more important and difficult issues at this time.
Issues with proper image segmentation, separating signal from
background and contamination, must be effectively dealt with in an
automated fashion. A number of sophisticated approaches have been
developed and will be presented. The data analysis and mining issues
require a uniform and flexible method of data representation and
normalisation to allow for sharing of data among different "data
suppliers". Once the data is made available a number of clustering and
dimensionality reduction approaches can be used to analyse, visualise
and compare various experiments together. We will describe software
tools for performing these operations.
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Microarrays of surface-linked oligonucleotide probes are an emerging
technology for understanding the genome-wide relationships among
gene sequences and cellular functions. Microarrays can potentially
measure the inter-relationships among the expression levels of all an
organism's genes in parallel, enhancing our ability to use sequences to
understand disease processes. Chemically synthesized
oligonucleotide probes can be designed to differentiate between
closely related homologues and alternatively spliced mRNAs; arrays
based on probes derived from cDNA libraries cannot perform such
measurements. Estimates of the degree of cross-hybridization
(specificity) of that probe to other biological targets represented in the
sample are essential requirements for the extraction of meaningful
data and results. To provide such estimates, we have characterized
the performance of in situ-synthesized oligonucleotide microarrays
fabricated by a novel, highly parallel printing process. The microarrays
contained 25-mer oligonucleotide probes for yeast b-actin (ACT1) and
4 homologous actin-related genes (ARP1, ARP2, ARP3 and ARP5).
Cy3-labelled actin-specific targets were hybridized in the presence of
Cy5-labelled targets derived from the actin-related genes. For the
arrays and protocols used here, most actin-specific 25-mer probes did
not hybridize to the actin-related targets. Those probes that showed
detectable cross-hybridization were readily predicted using BLAST
analysis. Cross-hybridizing probes could also be predicted with
reasonable accuracy by including probes complementary to
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homologous targets on the experimental array. Low ratios of
cross-hybridization control probe signal-to-target-specific probe signal
were indicative of lower levels of cross-hybridization. This approach
may offer a general method for experimentally verifying probe
specificity.

 

 Copyright 1999 Nature America Inc.

Differentiation of homologous sequences using oligonucleotide microarrays

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_72c.fulltext (2 of 2) [2/4/2000 2:41:22 PM]



 
 
 

DNA microarray analysis of
strains lacking BTN1, the
yeast ortholog of the human
Batten disease gene

David A. Pearce, Tracy Ferea, Seth A. Nosel, Biswadip
Das & Fred Sherman
 
University of Rochester Medical School, Department of Biochemistry
and Biophysics, Rochester, New York 14642, USA

Batten disease is the most common form of Neuronal
ceroid-lipofuscinoses (NCL), the most frequently occurring group of
progressive neurodegenerative diseases in children with an incidence
as high as one in 12,500 live births, and with about 440,000 carriers in
the USA. These disorders are autosomal recessive with progression
characterised by visual problems leading to blindness, decline in
mental abilities, increased severity of untreatable seizures, blindness,
loss of motor skills and premature death. Although the gene
responsible for Batten disease, CLN3, was positionally cloned in 1995,
the function of Cln3p is still unknown. We previously reported that the
yeast Saccharomyces cerevisiae contains a homolog to Cln3p,
designated Btn1p, and that the human Cln3p complemented the
pH-dependent resistance to
D-(-)-threo-2-amino-1-[p-nitrophenyl]-1,3-propanediol in btn1-D yeast
mutants. Furthermore, the severity of Batten disease in humans and
the degree of ANP resistance in yeast are related when the equivalent
changes in Cln3p and Btn1p are compared. This establishes that the
yeast and human protein perform the same function in the cell.

Examination of the expression of virtually all yeast genes by DNA
microarray analysis of BTN1 and btn1-D strains revealed differential
expression of two genes, HSP30 and BTN2 (YGR142W). Expression
of both HSP30, a down regulator of plasma membrane ATPase, and
BTN2 is increased in btn1-D strains.
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Our biochemical studies have revealed that the pH-dependent
resistance to ANP of btn1-D strains results from an elevated ability to
acidify the growth medium. This increased rate of acidification is due to
an increased activity of the plasma membrane ATPase, during the
early phases of growth. Yeast lacking Btn1p have a vacuolar pH of 5.8,
as compared to normal, 6.2, in the early phases of growth. As btn1-D
strains grow, the elevated plasma membrane ATPase activity and the
decrease in vacuolar pH are apparently normalised. A link between
vacuolar pH and plasma membrane ATPase activity was confirmed in
strains which have a disrupted vacuolar ATPase, which elevates
vacuolar pH to pH 6.9, and results in a lower than normal plasma
membrane ATPase activity. We propose that btn1-D strains have
increased expression of HSP30 in response to an elevated plasma
membrane ATPase activity due to an altered regulation of vacuolar pH.
The increased expression of BTN2, a previously unknown gene that
has homology to human HOOK1, whose Drosophila homolog is a
novel endocytic component may suggest a role for this protein in
balancing intracellular pH.
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The major applications of DNA microarray technology to date have
been genome-wide analysis of gene expression and analysis of DNA
variation. Our goal is to develop an approach using DNA microarray
technology to quantitatively study the distribution of DNA-associated
proteins at the whole-genome level. An initial approach will determine
the genomic distribution of DNA double-strand breaks (DSBs) that
initiate meiotic recombination in Saccharomyces cerevisiae. DSB
formation involves an intermediate stage where DNA ends are
covalently linked to Spo11p. In a rad50S mutant background these
intermediates accumulate throughout meiosis. Our approach is to
purify Spo11p::His6/DNA intermediates by immobilized metal-affinity
chromatography. The DNA purified from these intermediates is then
hybridized to DNA microarrays to map the distribution and frequency of
Spo11p-linked double-strand breaks throughout the genome. With the
addition of a formaldehyde cross-linking step, this approach could be
used to map the distribution of any protein that interacts with the
genome, either independently or as part of a protein complex. The
affinity chromatography approach allows large amounts of material to
be purified, and should enable the detection of minor or transient
protein/DNA intermediates.
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Sajeev Batra & Bob Saul
 
Operon Technologies, 1000 Atlantic Ave., Alameda, California
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We have developed a procedure of covalently attaching nucleic acids
to 1" 3" glass microscope slides. When we calculate the degree of
target wash-off during hybridisation and subsequent washes (using
oligonucleotides of 35nt to 45nt in length), we demonstrate a very
stable attachment of the target nucleic acid to the glass slide. We
measured the target wash-off using our chemistry and compared it to
target wash-off experiments with published poly-L-lysine, aldehyde, UV
crosslinking and amino chemistries. Our chemistry exhibits almost no
wash-off whereas the other chemistries can exhibit as high as a 70%
wash-off. We also wished to investigate different types of target nucleic
acids on microarrays. Using our developed chemistry, we chose 96
yeast genes regulated during auxotrophic shift and designed and
made three different types of target nucleic acids to be attached to
microarrays. We made full-length cDNAs (500nt–2000nt), optimised
amplified gene segments (400nt) and specific oligonucleotides
(35nt–45nt) for comparison. These microarrays were hybridised to
fluorescently-labeled cDNA made from yeast mRNA and the
hybridisation signals were determined using a laser scanner. These
experiments are designed to determine the relative sensitivity and
reproducibility of these types of nucleic acid targets in gene expression
experiments. The results of these experiments will be discussed.
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In an effort to understand the process of human neuronal
differentiation, we have monitored gene expression in a cell culture
model, NTERA2/D1 (NT2). This pluripotent human teratinocarcinoma
cell line was induced to differentiate with retinoic acid (RA) over a
21-day period. We monitored gene expression at four time points using
a custom-fabricated oligonucleotide GenechipÒ. A panel of human
genes that were expected to participate in the process of neurogenesis
or act as differentiation markers were chosen and FASTA analysis
determined regions of unique sequence. Oligonucleotide selection,
masking and fabrication of GenechipsÒ were performed at Affymetrix.
Arrays contained 50 probe pairs per gene and 589 genes per chip, as
well as controls (probe pairs for housekeeping genes and spiked
samples). We analysed data using GenechipÒ software and
performed pairwise comparison between untreated NT2 at 0 days and
RA-treated NT2 at 3, 7, 14 and 21 days. Increased and decreased
expression of select genes was seen throughout the time course. The
largest differences observed were in the order of a 50-fold difference
from control. As expected, expression of the intermediate filament
neuroepithelial marker nestin increased rapidly following RA-treatment
and decreased toward the end of the time course. This regulation likely
reflects the appearance and differentiation of neuronal precursors in
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the cultures. These data suggest that the experimental design and
analysis techniques were valid. Expression of Hox genes A1, A4, B2,
B3, B5 and C5 were greatly altered throughout the time course, as
were expression of helix-loop-helix domain-containing genes important
to the process of neuronal specification. The ability to study the
coordinate regulation of such genes with oligonucleotide arrays may
enable signal transduction pathways associated with human
neurogenesis and differentiation to be deciphered.

 

 Copyright 1999 Nature America Inc.

Gene expression profiling in a model of human neuronal differentiation using oligonucleotide arrays

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_74a.fulltext (2 of 2) [2/4/2000 2:41:27 PM]



 
 
 

A rat heart UniGene set for
identification of spatially
and/or temporally regulated
genes during heart
development

Jennifer Laffin, Shereen Chang, Todd Scheetz, Kyle
Munn, Chad Roberts, Kang Liu, Jim Lin, Thomas
Casavant & Marcelo Bento Soares
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Mammalian cardiac morphogenesis involves a number of fundamental
processes, which are as yet poorly understood at the molecular level,
such as the commitment of mesodermic cells to cardiogenic cells, the
fusion of cardiogenic mesoderm into a tubular heart, the rightward
looping of the tubular heart, the formation of valves and septa, the
chamber specification, the trabeculation of myocardium, the
vasculogenesis, etc. The resulting cardiovascular system comprises a
diversity of cell types, which need to work in concert to generate
normal cardiovascular function. Among those are muscle cells critical
for producing and maintaining pulsatile flow, neuroendocrine cells
involved in control and regulation, endothelial cells lining the vascular
tree and matrix secretory cells responsible for the deposition and
upkeep of fibrous and elastic components of the system. Genes with a
spatial and/or temporal pattern of expression during heart development
are anticipated to play an important role in the formation of a
functioning heart. Thus, the primary objective of our project is to
generate a comprehensive catalogue of genes expressed during
development of the rat heart, and to conduct microarray hybridisation
experiments to identify a subset of spatially and/or temporally
regulated genes. Our ultimate goal is to contribute resources that
might facilitate research aimed at understanding the molecular
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mechanisms underlying heart development and congenital heart
diseases. To date we have generated a rat heart UniGene set
comprising 5,000 unique 3'ESTs from a total of 11,900 3'ESTs derived
from a number of non-normalised and normalised adult and embryonic
heart cDNA libraries. More specifically, ESTs were generated from
cDNA libraries made from adult heart, 13 dpc ventricles, 15 dpc atria,
15 dpc ventricles, 15 dpc AV canal, 17 dpc atria, 17 dpc ventricles and
17 dpc AV canal. Microarray hybridisation will be performed with cDNA
targets derived from RNA obtained from each region of the heart
throughout development for identification of spatially and/or temporally
regulated genes.
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Colorectal cancer is one of the most common cancers affecting both
women and men; it kills approximately 50% of patients and this
number has been almost unchanged for 20 years. Gene expression
arrays are promising instruments for the study of gene expression in
cancer. This high-throughput technology offers an advantage to more
conventional techniques because of the large number of genes that
are studied simultaneously. This offers insight into up- and
downregulation of multiple genes. Gene expression profiling can help
to characterize colorectal cancer and provide information on
therapeutic gene targeting if this becomes available as a treatment
modality. We have developed a method to study the differential
expression of genes in colorectal cancer of either the ascending or
descending colon by using mouse xenografts and gene expression
arrays. We developed xenografts from patients with colorectal cancer
of either the ascending or descending colon. Gene expression arrays
were used to study the differential expression of 588 genes in two
ascending colon cancer xenografts and two descending colon cancer
xenografts. These results were compared with the expression profile of
normal colon mucosa. We identified a significant upregulation (>3
times) of 3–9 genes in the 4 xenografts. We also identified a significant
downregulation (>3 times) of 48–74 genes in the xenografts compared
with the normal mucosa. To supplement the results, we have
constructed a database, accessible via the Internet. This study
demonstrates how expression arrays in combination with animal
models can be used to study differential gene expression in colorectal
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cancer. The large amount of data obtained from this study offers both
a challenge and an opportunity to better understand why colon cancer
of the ascending colon prognostically and epidemiologically differs
from that of the descending colon.
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Leptin, the product of the ob gene, is a hormone that regulates body
weight by decreasing food intake and increasing energy expenditure.
After binding to its receptor in the hypothalamus and other tissues,
leptin induces a novel metabolic response, which is physiologically
distinct from food restriction alone. To better characterise this
metabolic response, we monitored gene expression in lean and obese
mice after leptin treatment or pair-feeding (food restriction) using
Affymetrix GeneChips. We report the specific gene expression profile
induced by leptin in white adipose tissue and liver. From these
analyses, it is possible, for the first time, to distinguish leptin treatment
from food restriction on a molecular level, as a number of genes are
differentially expressed between the two states in the aforementioned
tissues. This information will make it possible to further characterise
leptin's novel metabolic effects and the efferent signals that coordinate
them.
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Gene expression data generated using microarrays can be used to
group genes into clusters that reflect their involvement in biological
processes1. We have more than tripled the gene expression data
available to include approximately 25 physiologically different
conditions assayed with approximately 400 individual array
hybridizations (each hybridization measures mRNA levels for each
gene in the entire genome). This data set now contains
characterizations of gene expression changes in response to
numerous stresses, as well as changes during the cell cycle,
sporulation and nutritional conditions. Such a large data set ( 2.5
million independent observations) permits only a cursory description in
words; instead, these data are the foundation for a reference
physiological gene expression database. An example of the kinds of
information one can extract from these data is the genome-wide
pattern of gene expression in response to stress. In addition to generic
negative responses (for example, turning down transcription of the
genes responsible for translation or progress through the cell cycle),
there are a large number of genes that are induced by virtually any
stress. There are far fewer genes whose induction is seen only in a
particular type of stress. Of particular interest is the overlap in gene
expression between oxidative stress and heat shock. We hope that
this data set will be useful in providing a context for a great variety of
physiological measurements in the future.
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Gene therapy has often been described as a "black box" technique;
that is, it is not known what happens to the cell after vector-mediated
gene transfer. Although expression levels of the transgene are
monitored, very little is known about how cellular gene expression is
affected by the transduction process or transgene expression.
Perturbations of cellular gene expression may be deleterious, even
harmful, in several ways and could decrease the efficacy of therapy by
altering the expression of the therapeutic gene. Studying the global
changes in gene expression of cells transduced with different viral
vectors is necessary for understanding the biology of gene therapy,
and should yield safer, more effective therapies. To analyse these
potential changes in gene expression more comprehensively, we are
using the recently described cDNA microarray to look at cells
transduced with a neoR-expressing retroviral vector. The cDNA
microarray consists of numerous cDNAs representing genes and ESTs
spotted individually on a microscope slide. Total RNA from transduced
and untransduced cell populations are reverse transcribed with a
fluorescently labelled nucleotide to produce differently labelled cDNA
probes. These probes are mixed and hybridized to the cDNA targets
on the microarray, which is then scanned to record fluorescence
intensities for each probe at each target. A ratio of these intensities is
used to identify expression differences between the cell populations,
and signal intensity can approximate RNA quantity. This technique
using the 1.4 K array allows us to look at the expression of more than
1,200 host genes at one time, and in so doing, screen for alterations
caused by transduction or the expression of this commonly used
bacterial reporter gene. Preliminary data indicate that the expression of
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several genes is significantly altered when cells are analysed
immediately after selection. When these same cell populations are
removed from growth in G418-containing selection medium and
cultured for several months, significant changes in gene expression
were not observed. These studies will help to address potential safety
concerns as well as provide information to be used as a basis for
designing better vectors.
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Routine expression analysis of complete mammalian genomes will
require the extension of several existing technologies. Spotters will
need to be able to print features more densely, and the cost and labor
involved in preparing probe DNA for slide manufacture needs to be
reduced. To meet these goals, we employ non-contact piezoelectric
ink-jet print heads. These print heads can produce features as small as
50 microns, and we routinely spot samples at densities allowing
100,000 features per slide. With 75 micron center-to-center spacing,
one would be able to spot 200,000 features per slide. Another
advantage of ink-jet print heads is that features can be printed without
stopping spotter movement, and can therefore achieve printing speeds
of 20 spots per second per printing head. DNA preparation by
conventional PCR is labor intensive, time consuming and expensive.
One hundred thousand PCR reactions require greater than 1,000
96-well plates, and 100 microliter reactions use nearly $1 worth of
enzyme per reaction. This will prohibit many labs from routinely
manufacturing complete mammalian chips. We have developed a
surface attachment chemistry that allows the probe DNA to be
amplified directly on the slide in a single enzymatic process, making
the cost and time required to prepare a slide only a few times greater
than a single reaction. Using this chemistry, the probes are attached at
their 5' ends to an acrylamide matrix. This approach has two
theoretical advantages. First, probe molecules are attached to a
volume of acrylamide rather than a two-dimensional surface, which
enables a greater amount of probe to be attached per feature. In
principle, this could increase the signal-to-noise ratio of hybridization
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reactions. Second, a 5' attachment increases the kinetics of
target-probe hybridization, and may increase the specificity of
hybridization compared with probes attached to the surface at many
bases by UV crosslinking. We believe this will allow more stringent
wash conditions, and may enhance the specificity of hybridization
reactions.

We have also developed the ExpressDB database for yeast RNA
expression data and loaded it with 17.5 million pieces of data reported
by 11 studies, including data from Affymetrix arrays, cDNA arrays and
SAGE. A web-based tool supports queries from 217 conditions (see
http://arep.med.harvard.edu/ExpressDB). Clustering analyses of the
217 conditions by similarity of ORF expression profiles indicate that
conditions cluster more closely with conditions from the same source
study than they do with ostensibly similar conditions from other
studies.
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The identification of a disease gene is often only the first of many steps
toward understanding the pathophysiology of a disorder, particularly
when a cascade of events leads to the disease phenotype. In
Neimann-Pick types A and B there is a primary genetic defect involving
sphingomyelin, which results directly in neuralgic dysfunction. This is
not the case in Niemann-Pick Type C (NPC), where the gene NPCl,
which regulates lysosomal cholesterol metabolism, is mutated1. Here
the link between the primary genetic defect and the severe
demyelination, which is a hallmark of the disease, is not apparent. We
have used cDNA microarray technology2 to identify genes which could
be influenced by the primary gene defect and whose altered
expression could result in the phenotype. Two arrays were used, an
early 1,400 human EST set, and a sequence-verified 5,000 EST set.
Fluorescently labelled NPC human fibroblast cDNA (Cy5) and
unaffected human fibroblast cDNA (Cy3) were hybridized to the array
and ratios of the transcript level of each EST between normal and
affected were determined. Transcripts that were outside of the 99.0%
confidence interval were chosen on the basis of interesting biology for
further consideration. Among these was the gene CD9, which encodes
a transmembrane protein which is a major component of the myelin
sheath and which is confirmed by northern analysis as significantly
downregulated in NPC (20% of normal). FACS analysis confirms the
abnormality at the protein level as well. The mouse model of NPC was

Molecular pathophysiologic hints into Niemann-Pick Type C disease using cDNA microarray technology

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_76a.fulltext (1 of 2) [2/4/2000 2:41:32 PM]

http://genetics.nature.com/archive
http://genetics.nature.com/search
http://genetics.nature.com/info
http://genetics.nature.com/classified
http://genetics.nature.com/subscribe
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_76a.pdf


used to verify the abnormality at the RNA level in vivo. This data
suggests a major component of the myelin sheath is directly regulated
during cholesterol metabolism and may contribute to the NPC
phenotype. Another gene, encoding Galactocerebrosidase, was
upregulated in NPC and may indicate a similarity in mechanism
between NPC and the two other forms of the disease (A and B).
Finally, the entire cholesterol biosynthetic pathway can be seen to be
upregulated by looking specifically at enzymes in this pathway in the
outlier data set. We are attempting to facilitate elucidation of the link
between the primary genetic defect and the molecular pathophysiology
of Niemann-Pick type C disease.
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Combining data obtained by gene expression profiling with other
sample-related data (for example clinical data in the case of patient
samples) should increase the amount of information that can be
extracted from the raw data. We performed a feasibility study by
systematically comparing large-scale gene expression profiles with
clinical features in human B-cell chronic lymphocytic leukaemia
(B-CLL), a disease characterized by broad clinical variability but
well-defined disease progression criteria. cDNA microarrays were
employed to determine the expression levels of 1,024 selected genes
in 54 peripheral blood lymphocyte samples obtained from patients with
B-CLL. Statistical analyses were applied to correlate the expression
profiles with clinical parameters including patient survival and disease
staging. We were thus able to identify a set of genes whose
expression levels correlated with patient survival or with disease
progression. Unexpectedly, most of these genes encode either
cell-adhesion molecules (L-selectin, integrin- 2) or factors inducing
cell-adhesion molecules (interleukin-1 , interleukin-8, EGR1),
suggesting that prognosis of this disease may be related to a defect in
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lymphocyte trafficking. This report demonstrates the feasibility of a
systematic integration of large-scale gene expression profiles with
clinical data. We anticipate that the availability of databases integrating
comprehensive molecular with clinical information and subsequent
computational analyses will foster our knowledge of the complex
nature of human cancer.
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The development and progression of human malignant melanoma is
believed to be due to multiple genetic alterations resulting in complex
changes in expression of many genes. The parental malignant
melanoma cell line UACC903 displays anchorage-independent growth
and the chromosome 6-mediated suppressed subline Clone1 is
anchorage-dependent1. The revertant cell line SRS3, derived from
Clone1 by retroviral transduction, resembles the phenotype of
UACC903 (ref. 2). Here we describe identification of the chromosome
6-encoded tumour-suppressor gene encoding connexin43 (Cx43) by
cDNA microarray and suppression of the anchorage-independent
growth of UACC903 by overexpression of this gene. We first measured
expression of 4,536 genes between UACC903, Clone1 and SRS3
using cDNA microarrays, resulting in 7.08% of genes (321/4,536)
showing changes in their expression levels. Notably, 12 genes
displayed higher levels of expression in Clone1 than in both UACC903
and SRS3, providing candidates for further identification of
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tumour-suppressor genes. Genes encoding Cx43 (suppressor activity),
monocyte chemotactic protein1 (MCAF/MCP1; suppressor activity)
and cysteine proteinase CPP32a (apoptotic activity) were all
upregulated in Clone1 in contrast to both UACC903 and SRS3.
Transfection of Cx43, encoded on chromosome 6q21–q23, a region
frequently altered in malignant melanoma, resulted in its
overexpression and suppression of anchorage-independent growth of
UACC903. Thus, our results demonstrate that the combination of the
ability to alter cellular phenotype by successive genetic alterations and
the ability to examine the gene expression patterns facilitates
identification of a tumour-suppressor gene.
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In the 'minisequencing' primer-extension method, the DNA synthesis
reaction catalysed by the DNA polymerases is used to distinguish
between sequence variants1. We have converted the mini-sequencing
reaction principle into a microarray format, and shown experimentally
that it discriminates more than tenfold better between homozygous and
heterozygous genotypes than hybridization with allele-specific
oligonucleotide probes in the same array format2. The minisequencing
microarrays are manufactured by coupling 1 or 2 primers per mutation
to be detected as 100-M spots at a density of 400 M on a glass surface
using an 'in-house'–constructed printing robot. The arrayed primers are
allowed to anneal to templates amplified by multiplex PCR, and the
polymorphic nucleotides are detected by extending the primers with
labelled nucleotide analogues using a DNA polymerase. For reading
the fluorescence signals on the microarrays, we use an in-house
experimental multicolour fluorescence scanner or the commercial
'ScanArray' instrument. The genotypes are assigned by simple
calculation of the ratios between the signals for normal and mutant
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nucleotides. We have applied our array-based minisequencing system
to analyse SNPs in a set of candidate genes for their association with
myocardial infarction in a case-control study in the Finnish population3.
We found that allelic variants of PAI1 and GPIIIa genes contributed an
additive risk of developing myocardial infarction. As an alternative to
minisequencing, we have developed a method based on allele-specific
extension of immobilized detection primers. We are using this method
to screen regional population samples from Finland for 30 mutations of
the 'Finnish disease heritage' and other recessive diseases to
determine their population frequencies and to identify regional clusters
of disease carriers. All the mutations, constituting both point mutations
and small and large deletions, are distinguished unequivocally in both
heterozygous and homozygous form by our fluorescence-based primer
extension assay on microarrays. The fact that we are able to use our
in-house genotyping system based on primer arrays of intermediate
density in practice to generate tens of thousands genotypes is
evidence for the robustness of the primer extension approach.
Moreover, the specific primer extension reactions on the microarrays
allows quantitative mulitplex mutation detection. The through-put of the
system is only limited by the capacity of performing multiplex PCR
amplifications. Based on our results, we are convinced that primer
extension is a more promising reaction principle for future efficient
genotyping on high-density DNA chips than hybridization-based
approaches.
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The loss of heterozygosity and chromosomal alterations were
frequently observed on human chromosome 6 in cancers. In this study,
we analyse the relative RNA levels between the parental breast cancer
cell line MDA-MB-231 and the chromosome 6-mediated suppressed
cell subline MDA/H6 using high-density gene filters containing more
than 5,000 genes. Two cell lines were cultured under the same growth
conditions for RNA preparation. Total RNA was reverse transcribed
into first-strand cDNA in the presence of a33P-dCTP. Approximately
10E8cpm of the labelled cDNAs were used for hybridization. Signal
intensities from the hybridization were used to compare the relative
levels of gene expression. Our analysis revealed approximately 100
genes were differentially expressed between the two cell lines. We
identified 10 differentially expressed genes encoded on human
chromosome 6, including genes encoding insulin-like growth factor 2
receptor, 5T4 oncofetal antigen and protein-tyrosine kinase 7. These
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results should facilitate our understanding of the molecular basis of the
chromosome 6-mediated suppression of breast cancer.
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We are developing sets of mouse cDNAs with low redundancy for use
in microarray analysis. The sets are based on sequence information
from GenBank and the Washington University/Merck EST sequencing
project. Related sequences from the non-redundant GenBank
database were compared with mouse EST clones from the IMAGE
consortium. A single EST for a given cluster was selected, colony
purified and sequence validated. To evaluate this set of cDNAs for its
use in differential gene expression studies, we generated cDNA
microarrays. Those microarray slides were used in hybridization
experiments using samples of the melanocyte-specific lineage of the
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neural crest as a model system. Gene expression was compared
between RNA samples obtained from mouse melanoma tissue
samples of a transgenic hepatocyte growth factor/scatter factor
melanoma mouse model and a MEF-derived mouse fibroblast cell line
(NIH3T3). Applying a confidence level of 99%, 8.5% of the arrayed
genes were found to be differentially expressed. The melanocyte
lineage marker genes Dct, Pmel17 and Sox10 are overexpressed in
the melanoma samples with a ratio of 7.6, 6.9 and 7.8, respectively. A
low expression ratio of 0.6 is seen for the fibroblast marker gene
fibronectin. Genes encoding ubiquitin and the heat shock protein
Hsc73 display no significant expression changes between the two
differential samples.
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Affymetrix GeneChip has been a popular and power tool for detecting
mRNA transcripts to monitor genome-wide gene expression. Several
sources of variability could have influence on the results, for example,
different genetic background, RNA sample pooling,
labeling/hybridisation processes, and different chips. Statistical
concepts, randomisation, replication, blocking, and averaging, are
introduced. Five experimental designs providing different information
are demonstrated. Design 1 provides information on chip-to-chip
variability. Design 2 provides information on treatment effects. Design
3 provides information on treatment effects and
probe/chip-to-probe/chip variability. Design 4 provides information on
treatment effects and individual/probe/chip-to-individual/probe/chip
variability. Design 5 provides information on treatment effects,
individual-to-individual variability, and probe/chip-to-probe/chip
variability. The strength and weakness of each design will be
discussed. These design examples are intended to demonstrate the
concepts rather than real scenarios. Different prior knowledge and
assumptions will have an effect on the design choice.
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The relatively low signal-to-noise ratio prevalent in expression
technology, typically in the range 2-5 when "signal" is defined as the
median level of gene expression, makes quality metrics such as
confidence intervals and statistical significance essential in interpreting
the data. We present models for the several sources of noise which
affect expression measurements, including cross-hybridisation and
chip-to-chip variation, and discuss how the model parameters may be
obtained on-the-fly, either from single-scan data or from replicate
experiments. These noise models have been integrated into the
PFOLD algorithm: this is a method, grounded in a Bayesian
framework, which not only estimates fold-changes, but also assigns a
statistical significance to the change through a P-value. We have found
that the ability to make selections in the two-dimensional space of
fold-changes/P-values (rather than fold-change alone) can greatly
enhance the selectivity of detection. In turn, the PFOLD algorithm has
been fully integrated into our suite of analysis tools called GECKO
(Gene Expression Computation and Knowledge Organisation). Turning
to the analysis of entire expression profiles, as obtained for instance
from time-courses, we shall present results on cross-technology
comparisons (e.g. Affymetrix vs. MD) and also on the biological
reproducibility of expression profiles, including protocols for estimating
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false-positive rates in the presence of complex queries. We shall finally
present some graphical methods for the display of expression profiles
with moderate number of samples, including what we have called the
"Gene Planet."
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The expression pattern of mRNA was investigated in a pooled set of
seven human tumourigenic vertical growth phase (VGP) melanomas
and a pooled set of nine compound or dermal nevi (benign melanocytic
tumours) using the Atlas Human Cancer cDNA Expression Array
system. We hypothesized that expression of mRNA for beta 3 integrin
would be increased in melanomas compared with nevi, because this
has already been demonstrated at the protein level. We studied 587
genes from 6 functional groups, and the results were compared
between the two different lesion types. In initial analyses, we have
explored the expression of beta 3 integrin and certain other adhesion
molecules.

We demonstrate that the mRNA of beta 3 integrin is highly expressed
in tumourgenic malignant melanomas and low or absent in compound
nevi, paralleling these findings at the protein level1. We also
demonstrate that the tetraspanin adhesion molecule CD9 is highly
expressed in nevi with a low signal intensity detected in the melanoma
sample. CD9 is a known marker whose function in melanomas is
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thought based on limited studies to inhibit metastatic potential.

To confirm the mRNA expression data for these two markers as a
proof of principle, we examined 20 tumourigenic malignant melanomas
and 20 dermal nevi by immunohistochemistry to evaluate protein level
expression of the respective markers. All of the melanomas showed
expression of the integrin in more than 60% of lesion cells, whereas all
of the nevi expressed the marker in less than 20% of their cells.
Conversely, CD9 was expressed in more than 80% of cells in all but
one nevus, and in less than 20% of cells in all of the melanomas. Our
findings confirm the microarray expression profile for these two
markers at the protein level, providing a proof of principle for use of
expression arrays to evaluate expression profiles for interesting
markers in RNA extracted from human tumours.
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Tel (ETV6) is an ETS transcription factor that is found fused to a
variety of tyrosine kinases and transcription factors in lymphoid and
myeloid leukemias and in fibrosarcoma and mesoblastic nephroma. It
contains two functional domains, a pointed (PNT) protein interaction
domain and a DNA binding domain (DBD).

Retroviral transduction of a wild-type Tel cDNA into a clonal subline of
NIH3T3 fibroblasts resulted in a reproducible, striking morphological
change: at confluency, the cells reorganized into a specific 'bridge-like'
pattern over the entire surface of the culture dish, and started
migrating, thereby leaving circular holes in the monolayer. Thereafter
cellular cord formation became apparent. This morphological change is
most reminiscent to that of endothelial cells that differentiate into tubes
in vitro. This effect may relate to the role of Tel in angiogenesis: a Tel
knockout study showed that early in development Tel is required for
the maintenance of the cell layer surrounding the endothelial cells in
the yolk sac. Electron microscopic examination of the fibroblastic
cellular cords revealed that they did not contain a lumen. Retroviral
transduction of endothelial cells did induce aggregation of the cells but
not cellular cord or tube formation. We inhibited the Tel-induced
morphological change in the fibroblasts by coating the culture dishes
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with high but not low concentrations of fibronectin and collagen IV.
Transduction of the fibroblasts with deletion mutants or point mutants
of Tel, or with MN1-Tel and VP16-Tel, showed that both the pointed
domain and the DNA binding domain of Tel are required to induce the
morphological change. MN1-Tel and VP16-Tel as well as the ETS
transcription factors Fli1 and Ets1, both expressed in endothelial cells,
did not result in this morphological change. These results strongly
suggest that native Tel, and probably target genes of Tel are causally
involved in the induction of this phenotypic change.

We therefore searched for differentially expressed genes in Tel- versus
vector-transduced fibroblasts using DNA filter arrays and
antibody-based techniques. Thus far, 4 differentially expressed genes
have been found that might relate to the observed phenotype.
Expression differences were found to be consistent (present in at least
3 independent experiments), but low (1.5- to 3-fold different). More
putative Tel target genes that function in ECM-build-up, cell adhesion
and proteolysis are under investigation.
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Over the past five years, we have been investigating means of
performing high-throughput gene expression studies. Previously, we
have developed an RT-PCR-based analysis system to monitor gene
expression of a large collection of mouse genes (see The Jackson
Laboratory, Gene Expression Database, dataset ID J:46439). More
recently, we have begun to work on the rat and investigate the use of
high-density microarrays for performing large-scale expression studies.
To this end, we are examining the potential of creating microarrays of
RT-PCR products for all known rat genes. We are currently optimising
the conditions necessary for arraying these PCR products on glass
slides with a variety of surface chemistries using a first-generation
arrayer from Genetic MicroSystems (GMS 417), as well as determining
how these arrayed target DNAs perform during hybridisation. To
further determine the sensitivity and reliability of this approach, we are
preparing a 96-sample "mini"-microarray of rat genes for which the
preliminary expression patterns have already been determined by
RT-PCR. As we already have working RT-PCR assays for over 1,200
rat genes, we will have the capacity to generate gene arrays and
RT-PCR expression profiles for a large collection of rat genes once the
initial optimisation studies are completed. It will therefore be possible
to directly compare microarrays and RT-PCR, and evaluate
extensively their respective uses in large-scale expression studies. It is
our intention to use these two technologies, together with other
approaches for expression profiling, to investigate gene expression
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patterns across a range of normal rat tissues. Additionally, these
technologies can be used to identify novel drug targets and help in
understanding the mechanisms of action of therapeutic agents.
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We have analyzed gene upstream regions in the complete yeast
genome for occurrences of regular expression type patterns with the
goal to identify potential regulatory elements. First we clustered the
upstream regions of all the genes by similarity of their expression
profiles based on publicly available gene expression data by various
methods. Next we developed a new sequence pattern discovery
algorithm that searches exhaustively for a priori unknown patterns that
are overrepresented in the regions upstream to the genes with similar
expression profiles as compared to all other upstreams. We rated the
patterns based on their overrepresentation. Among the highest rating
patterns most have matches to substrings in known yeast transcription
factor binding sites. Moreover, several of them are known to be
relevant for the expression of the genes from the respective clusters.
Experiments on simulated data show that the majority of the
discovered patterns are not expected to occur by chance. The
information from the expression profiles allowed to discover patterns
(such as transcription factor binding sites) that are likely to play a role
in transcription regulation by an in silico experiment, completely
formally and automatically with very little human intervention.

 

Discovery of putative transcription factor binding sites from microarray-based gene expression profiles

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_79c.fulltext (1 of 2) [2/4/2000 2:42:06 PM]

http://genetics.nature.com/archive
http://genetics.nature.com/search
http://genetics.nature.com/info
http://genetics.nature.com/classified
http://genetics.nature.com/subscribe
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_79c.pdf


 Copyright 1999 Nature America Inc.

Discovery of putative transcription factor binding sites from microarray-based gene expression profiles

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_79c.fulltext (2 of 2) [2/4/2000 2:42:06 PM]



 
 
 

A-ZIPs: potent dominant
negatives that abolish the
DNA binding of B-ZIP
transcription factors in a
leucine zipper-dependent
manner

Laszlo Szilak1, Maria Bonovich1, Yuan Jiang2, Jeff
Trent2, Mike Bittner2 & Charles Vinson1

 
1. National Cancer Institute, NIH, Bethesda, Maryland 20892, USA
2. National Human Genome Research Institute, NIH, Bethesda,
Maryland 20892, USA

We have developed potent dominant negatives (DNs), termed A-ZIPs,
that abolish the DNA binding of B-ZIP transcription factors in a leucine
zipper-dependent manner. These DNs (including those that interact
with CREB, CEBP, AP1, ATF2 and TFE) are ideal reagents for
exploring the transcriptional targets of B-ZIPs involved in, among other
things, chemotheraputic resistance of human cancer cells. To identify
B-ZIP gene targets, we are expressing dominant negatives using
E1-deleted adenovirus that infect 100% of the cells in culture. Using
DNA microarray chips, we have started to identify transcriptional
targets in A549 human lung cells infected with the DNs at a multiplicity
of infection (MOI) of 10. Under these conditions, cisplatin sensitivity is
increased threefold due to the interaction of A-FOS. We have
additional data on three pairs of samples: E1-deleted virus versus
uninfected cells; A-CEBP–infected cells versus empty virus-infected
cells; and A-CREB–infected cells versus empty virus-infected cells. We
used two probes: Cy5 labelled dominant negative-infected cells, and
Cy3 labelled empty adenoviral-infected cells. Differences in
hybridization intensity of the two probes to the microarray reveal the
activity of the dominant negatives. We used a microarray chip
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containing 1,342 genes on a polylysine-coated glass slide. Empty virus
infection after one day caused 1.5% of the genes to be misregulated,
of which approximately half were overexpressed. A-CEBP or A-CREB,
when compared with empty virus infection, changed the expression
patterns of about 3% of the genes at least threefold with 25% of these
genes being upregulated. We plan on presenting data showing
changes in gene expression resulting from addition of cisplatin.
Identifying A-ZIP alterations of gene expression of cisplatin-treated
cells will suggest potential transcriptional targets of the B-ZIP family in
cancer-resistant cells.
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Helicobacter pylori is a Gram-negative spiral shaped bacterium that
can colonize the mucous layer of human gastric epithelium. The
organism, one of the most common chronic bacterial infections of
humans, is associated with chronic active gastritis and is implicated in
peptic ulceration and gastric cancer. Disease outcome depends on
many factors, including bacterial genotype and host physiology,
genotype and dietary habits. Relatively little is known about the
response of the human host to H. pylori infection. The aim of our study
was to identify changes in gene expression in human gastric epithelial
cells in-vitro upon infection with H. pylori using high-density cDNA
array hybridization.

KATO III gastric epithelial cells were cultured with H. pylori or no
bacterium as control. mRNA, isolated at 0 minutes, 45 minutes, 3
hours and 24 hours post-infection, was used as a template for the
synthesis of radioactively labelled 1st strand cDNA for hybridization to
high-density gridded arrays of PCR-amplified cDNA clone inserts
immobilized on nylon membranes. The arrays included a
non-redundant version of the human IMAGE Consortium cDNA array
(46,302 clones), a redundant spleen cDNA library (12,288 clones), a
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custom "inflammatory gene set" and Clontech Atlas grids.
Hybridization signals were captured by phosphorimaging and image
analysis performed using a GW proprietary PC-based software
(DGENT). Differentially expressed sequences were confirmed by a
second hybridization.

Analysis of the hybridized cDNA arrays identified many genes to be
differentially expressed. Sequence analysis revealed more than 200
genes of known function and 60 novel genes/ESTs being differentially
expressed. This included sequences encoding growth
factors/receptors, cytokines/receptors, apoptosis proteins,
oncoproteins and transcription factors. Subsequent RT-PCR of human
gastric biopsy samples showed that several of these genes are also
differentially expressed in vivo (for example p23/histamine releasing
factor, amphiregulin and a novel gene hprg1).

The identification of a large number of H. pylori host response genes
by cDNA array hybridization demonstrates the usefulness of this
technology. Also, the cell culture in vitro model has shown correlations
with human in vivo infection. Further in vivo gene expression studies
and characterization of the genes/pathways involved will improve our
understanding of the host response to infection and may aid vaccine
development for this important pathogen.
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DNA microarray technology is a powerful technique that allows for the
simultaneous expression analysis of thousands of genes. In the field of
toxicology, microarray analysis can be used to identify individual genes
or families of genes regulated during adverse drug reactions. Such
information provides us with a more detailed understanding of the
molecular mechanisms underlying toxic effects. Additionally,
microarray technology can be used to identify gene expression profiles
for new therapeutic compounds, thus providing an early screening
method for potential toxic effects. An important step in using
microarray analysis in toxicity screening is to construct a library of
genes that are regulated positively or negatively during hepatotoxicity,
as these genes may not be represented in libraries prepared from
normal tissue. In order to facilitate this, we have treated rats with
hepatotoxins representing diverse structural and therapeutic classes.
These compounds induce a variety of hepatotoxic responses including
peroxisomal proliferation, hepatic necrosis and apoptosis, cholestasis,
DNA damage, protein synthesis inhibition, oxidative stress,
mitochondrial damage, P-450 induction and phospholipidosis. The
livers were harvested from the treated rats and mRNA was isolated.
The mRNA was pooled and gene expression analysis of treated
versus untreated rats was assayed using microarray analysis. The
data gathered from microarray and sequence analysis allows us to
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identify signature sets of genes regulated during toxicity. These gene
responses are then used to identify mechanisms of toxicity. Knowledge
of specific toxicologic pathways can help determine potential human
liabilities, and the identification of signature gene sets can be used to
evaluate drug candidates for potential adverse effects. In a follow-up
case study, using microarrays, we evaluated changes in gene
expression in rat liver associated with hypertrophy, hyperplasia and
single cell necrosis (apoptosis) following administration of a drug
candidate.
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Using the full potential of microarray data as an experimental tool will
require appropriate statistical analyses. By its nature, it is quantitative
data: data which exhibit continuous, rather than discrete, variation. The
data may be fluorescence intensity, or ratios of fluorescence intensity
at different wavelengths representing two- or four-color systems.
Investigators may impose thresholds on the data to make them appear
discrete, but information may be lost or is at best underutilised in the
process. Further, some if not all of the genetic variation being
measured is itself quantitative (e.g. regulatory variation). An
appropriate statistical analysis which takes this into account is
desirable. Further, microarray data has the additional complication that
hundreds of tests are assessed simultaneously. Thus it is likely that
some of the tests will appear significant purely by chance (type I error).
However, traditional approaches to multiple testing, such as the
Bonferroni approach, are unsatisfactory because they are too
conservative, that is, too likely to reject effects of biological interest.
This is particularly true if the tests are not independent, as would be
the case where genes are part of a single developmental cascade or
network. Two tests are proposed that address these issues, an
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analysis of variance (ANOVA) approach and permutation. The ANOVA
allows the examination of all sources of variation contributing to
continuous data on a spot by spot basis, evaluating not only the
statistical significance but the relative contributions of these effects.
The ANOVA includes the main effects of genotype and treatment, as
well as assessing variation between independent RNA preparations
and between chips. This test functions to identify all loci of potential
interest, but ignores the multiple testing problem. In contrast, the
permutation test focuses on multiple testing. This test reshuffles, or
permutes, the identities of the spots and their fluorescence values to
generate an empirical null distribution appropriate to each unique
dataset. In contrast to Bonferroni corrections, however, permutation
takes the correlation structure within the dataset into account, thereby
generating a biologically appropriate response to non-independence.
The tests will be compared using a sample microarray dataset
comparing the well-studied response of Drosophila melanogaster to
heat shock across five genetically distinct stocks. By using the heat
shock system, we will be able to assess how well the tests perform in a
defined context.
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With large sets of gene expression data, biologists will be able to
construct mathematical models accurately simulating and predicting
gene expression behaviour of biological systems. We present one
approach to generating such mathematical models using linear
coefficients (or "weights") to calculate the regulatory interactions
between any two genes. In this system, a gene's expression level at
some time t is a function of the summed regulatory inputs from the
previous time step. We will show that simulations using this approach
yield stable and cyclically stable gene expression levels, like those
observed in biological systems. Furthermore, we will demonstrate that
this system is competent to model the effects of environmental inputs
and that these inputs can drive a system between steady states.
Finally, we will show that this model system can predict all the
regulatory interactions between a set of genes even starting with noisy
simulated gene expression data.
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63134, USA

Application of gene expression technology to cancer pharmacology
and drug discovery is particularly challenging because most clinical
tumour specimens have complex and imperfect treatment histories. In
contrast, the 60 cell lines of the National Cancer Institute's drug
discovery program can be likened to 60 patients in a clinical trial in
which each patient has been treated with more than 70,000 different
chemical compounds one at a time and independently. This analogy
provided a major reason to characterize gene expression in the 60 cell
lines, despite the obvious fact that cell lines are not fully representative
of clinical tumours. Accordingly, we have used 9,704-gene cDNA
microarrays to assess gene expression patterns in the cell lines and
found correlations of those patterns with profiles of sensitivity to a set
of 1,400 potential anticancer agents. In tandem with the experimental
studies, we have developed web-based analytical and data
visualization tools (http://discover.nci.nih.gov and
http://rana.stanford.edu) for examination of the large amounts of data
derived from the gene expression patterns, drug sensitivity profiles and
molecular structure descriptors of the tested compounds.
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Facioscapulohumeral muscular dystrophy (FSHD) is the third most
common form of inherited muscle disease following Duchenne and
myotonic dystrophy. FSHD is initially characterized by an asymmetric,
progressive weakness of the facial and pectoral girdle muscles. The
disorder is inherited in an autosomal dominant fashion with nearly
complete penetrance. FSHD results from a deletion of integral copies
of a 3.3-kb tandem repeat unit on the long arm of chromosome 4
(D4Z4). A "short" EcoR1 fragment (<35 kb) containing D4Z4
segregates with the disease, whereas the size of this polymorphic
locus in the normal population ranges between 35 and 300 kb. The
immediate proximity of the 3.3-kb tandem repeat to the telomere and
its sequence similarity to constituitive heterochromatin suggest that
this repeat, deleted in FSHD, lies in telomeric heterochromatin. This
conclusion is further supported by the fact that, despite intense efforts
over the past seven years, there have been no protein coding
transcripts identified fr om this repeat sequence. Integral deletions of
the heterochromatic D4Z4 repeat instead appear to disrupt the normal
expression of adjacent genes, a phenomenon akin to position effect
variegation in Drosophila and telomere silencing in yeast. The genes
affected by the D4Z4 polymorphism have not been identified, as the
4qter region is rich in repetitive and pseudogene sequences. We are
currently using the Affymetrix GeneChip system to examine
large-scale differential gene expression in FSHD muscle tissue and
myoblast cell lines. In addition, we have used the GeneChip system to
examine the regulatory mechanism disrupted by deletions of the
heterochromatic repeat D4Z4. Differential gene expression in yeast
strains carrying telomeric half-YACs encompassing the FSHD region

Gene expression profiling in facioscapulohumeral muscular dystrophy

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_82a.fulltext (1 of 2) [2/4/2000 2:42:13 PM]

http://genetics.nature.com/archive
http://genetics.nature.com/search
http://genetics.nature.com/info
http://genetics.nature.com/classified
http://genetics.nature.com/subscribe
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_82a.pdf


have been analysed in an effort to identify yeast homologues of genes
involved in heterochromatin formation at the D4Z4 locus. A number of
genes involved in DNA interstrand crosslink repair were found to be
upregulated, perh aps unveiling the initial mutational mechanism in this
disease. Thus, we will likely yield immense insight into both the
regulatory and mutational mechanisms of the human disease FSHD as
well as elucidate the primary cause of this disorder through microarray
analysis.
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Exposure of cells to anticancer agents can result in altered gene
expression. In general, only a single gene or a small number of genes
are studied. To improve the efficiency and value of such experiments,
we are interested in using DNA array technology to identify, on a
genome-wide scale, drug-responsive genes which might serve both as
surrogate markers for drug action and as future targets for drug
development. As a means to establish this approach in our Centre we
have carried out two exploratory projects. In the first project, we
examined gene expression in p53 wild-type and mutant ovarian cell
lines established from two patients with ovarian cancer who achieved a
complete remission following treatment. Neither line can grow in vitro
and were passaged as subcutaneous xenografts in nude mice. In the
xenograft model both tumours were curable following multiple dosing
with cisplatin. Growth-delay experiments following a single dose of
6 mg/kg cisplatin demonstrated that the p53 mutant PXN65 line was
more sensitive to cisplatin than the wild-type PXN100 line. Northern
blot, RNase protection and western blot demonstrated the induction of
p21, MDM-2 and Bax expression in PXN100, but not PXN65. This was
consistent with the p53 status of these tumours. These studies were
extended to two commercial cDNA arrays, one encompassing genes
involved in signal transduction, cell cycle and apoptosis regulation and
the other with ESTs of known identity. There was very little difference
in the overall constitutive expression pattern between the two cell lines.
Following cisplatin treatment the expression of a number of
p53-responsive genes was increased in the wild-type PXN100 cell line.
There were also changes in the expression of a number of cell-cycle
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regulators and regulators of the insulin-like growth/survival factor
pathway. In contrast, no major changes in gene expression were
detected in the p53 mutant PXN65 line. In the second project, we have
looked at the effects of a novel agent, the benzoquinone ansamycin
17-allylamino geldanamycin (17-AAG), in two colon adenocarcinoma
cancer lines in vitro. This agent inhibits hsp-90 activity, a protein
required to maintain the stability of a number of signalling proteins,
including c-Raf-1, and is about to enter clinical trial in our centre and
elsewhere. Treatment of HT29 and HCT116 cells rapidly reduced the
levels of c-Raf-1 detected by western blot and inhibited the high levels
of constitutive MAP kinase phosphorylation detected in HCT116 cells.
This occurred as early as 24 hours and resulted in death by apoptosis
72 hours after treatment. Data detailing changes in gene expression in
response to 17-AAG treatment of both HT29 and HCT 116 cells will be
presented.
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Ebola viruses are filamentous, enveloped, nonsegmented RNA
viruses. Although most Ebola viruses, notably Ebola-Zaire virus, are
highly infectious for primates and can cause severe haemorrhagic
diseases, Ebola-Reston virus does not cause serious disease in
humans. Microarray technology was employed to compare cellular
gene responses to Ebola-Zaire and Ebola-Reston virus infection of
primary human monocytes, the early targets of Ebola-Zaire virus
infection. We found that approximately 200 of 1,400 human genes on
the array exhibited changes in expression in response to Ebola-Zaire
virus infection after 24 hours. Most affected genes were upregulated in
their level of expression, including cytokine and chemokine genes
(IL-1, IL-1, IL-6, IL-8, IL-15, MIP-1, MIP-1 and TNF), genes involved in
regulation of cell cycle or apoptosis and other genes involved in signal
transduction. The gene expression profile from Ebola-Reston–infected
monocytes was totally different from that observed with Ebola-Zaire
virus. The results from northern-blot or ribonuclease protection assays
confirmed the array data. The possible influence of differences in
cellular gene expression observed between Ebola-Zaire and
Ebola-Reston viruses on the ability of these viruses to cause diseases
will be discussed.
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Data obtained from multiconditional gene expression assays contain
information that is instrumental in understanding related biological
processes, in a variety of levels and contexts. The nature of studies of
multiconditional gene expression patterns may vary widely.
Accordingly, it is important to have flexible analysis tools that are
useful in as many contexts as possible. Clustering techniques are
applicable as they cluster sets of genes that 'behave similarly', under
any appropriate definition of similarity. A common theme in the
literature of clustering methods is the need to fit the approach to the
problem at hand and the necessity to assess the quality of solutions by
subjective impression of experts in the field. We have developed an
efficient and effective clustering algorithm well suited to the analysis of
gene expression data. In contrast to prior approaches to clustering
gene expression patterns, which use hierarchical methods
(constructing phylogenetic trees) or methods that work for only a single
class of similarity metrics (Euclidean distance), our algorithm is based
on an abstract graph theoretic approach. There is no need to assume
a particular similarity function or number of clusters sought. The cluster
structure is produced directly, without involving an intermediate tree
stage. On an appropriate stochastic model of the input, a O(n
log(n))-time version of the algorithm recovers cluster structures with
high probability (n is the number of genes). Practical heuristic
improvements of the algorithm were implemented in a software
package we routinely use to analyse actual data. In the talk we
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demonstrate the algorithm's performance on simulated data as well as
on gene expression data from humans, Caenorhabditis elegans and
other organisms. The algorithm correctly generated a number of
expression clusters with genes that are known to have similar
biological function. For example, two known tumour-suppressor genes
were present on the pilot C. elegans arrays, and both genes appeared
in the same cluster with four other genes. Clustering of cancerous and
normal human tissues demonstrates the power of gene expression
profiles as a base for functional classification. Our package enables
further analysis of the clusters such as highlighting the conditions that
best characterize them. We also support the analysis of expression
data given as distributions rather than as single numbers, thus allowing
for more confidence in the implied relationships. It seems clear that
this method of analysis will facilitate the generation of new biological
hypotheses and insights.
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The human immune system is important in immune responses, cancer
biology and several genetic diseases. Studies on the expression levels
of genes related to immune system are critical in understanding the
mechanisms of immune response and pathology of human diseases.
Recent development of cDNA microarray technology makes it possible
to study genome-scale gene expression. Lymphochip is designed as a
cDNA microarray chip, representing genes in a wide variety of
lymphocyte differentiation and activation processes. Screening over
70,000 EST sequences from germinal centre B cell, follicular
lymphoma, follicular mixed small and large cell lymphoma, mantle cell
lymphoma and chronic lymphocytic leukemia libraries required
development of automated computational tools and a structured,
robust data management system. We used multiple criteria for
selecting clones on the Lymphochip. One is the frequency with which a
gene sequence has been sequenced from the select set of B cell and
lymphoid libraries, an expanded set of lymphoid libraries versus all
other libraries. Clones were classified as being unique to a library,
unique to the pool of libraries or mostly lymphoid (i.e. 75% of matching
hits were derived from an expanded set of lymphoid libraries). The
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analysis was performed by tabulating the BLAST results of each
candidate sequence against the dbEST database. A second criterion
was to select clones matching a specific set of interesting genes. This
set of named genes includes genes encoding cytokines, cytokine
receptors, adhesion molecules, cell surface differentiation markers,
signal transduction and transcription factors, cell cycle and apoptosis
proteins, oncogenes, tumour suppresser and human viral genes.
Additionally, if they existed, we chose a second clone from a cluster
meeting a criterion. Computational algorithms were designed for
automating the selection process for the above criteria. To minimise
the redundancy of clones included on Lymphochip, we used a modified
version of the CLEANUP algorithm to cluster the overlapping
sequences. UniGene clustering was also used as a reference and
some additional clones from "mostly lymphoid" UniGene clusters were
selected. The current version of Lymphochip includes 17835 clones,
with 9865 clones unique to the B cell libraries. The clones on
Lymphochip represent a total of 6343 UniGene clusters. With the fast
accumulation of new EST sequence data and new studies on known
genes, iterative analysis with the computational algorithms is
necessary to include further novel clones derived from B cell libraries
and new genes of interests on Lymphochip. A number of experiments
with clinical samples or laboratory cell lines have been performed with
Lymphochip.
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MAT a set of microarray data
management and analysis
tools

Rongguang Yang, Aiming Zhang, Aldo Massimi,
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Raju Kucherlapati
 
Department of Molecular Genetics, Albert Einstein College of
Medicine, Bronx, New York, USA

DNA Microarrays have become important in genome-wide expression
studies. However, to fully use the power of the microarrays, more
sophisticated and user-friendly data management and analysis tools
have to be developed. We have developed a software package called
MAT (Microarray Analysis Tools). MAT consists of a data entry tool, a
web-based analysis tool and a relational database. User interfaces
written in Java and JDBC are used to access the relational database
(Sybase Adaptive server 11.5). The data entry tool is a form-based
interface for user-friendly data entry. The web-based analysis tools
consist of a synthetic image view tool, a graphic plot tool to display
results from a series of experiments and a neural network-based data
clustering tool. All of the interfaces are inter-connected. A user can
view a single experiment or multiple experiments. A user can plot a
time course, as well as a correlation graph with different experimental
conditions. The mouse and human clone databases are automatically
updated by searching through GenBank. The program also allows for
the user to obtain GenBank data for any clone. Finally, the cluster tool
will provide an advanced algorithm for clustering selected data. Our
MAT tools are facilitating gene expression studies at AECOM, and can
be adapted for use in other research laboratories.
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New algorithms for microarray
data analysis

Li Zhang
 
EGCRC, University of California at San Francisco, San Francisco,
California, USA

Microarray technologies are generating new data at a breathtaking
speed. Because of the sheer size of these data and the technical
complexity involved in microarray chip designs, it is a challenge to
assess the reliability and the accuracy of these data. In our research
using Affymetrix microarrays, many genes of interest are expressed at
low levels and are only slightly up- or down-regulated under various
biological conditions. By using the software offered by Affymetrix Inc.,
these genes are mostly called "absent". However, in the original raw
data on the chip images, we have found consistent and reproducible
patterns regarding those lowly expressed genes. Based on this finding
we designed and tested a new algorithm for expression profile
evaluation. When applied to our microarray data set, the new method
seems to be able to identify genes that are simply called "absent" by
Affymetrix's method and actually have reproducible changes in gene
expression in duplicate experiments. Furthermore, compared with
Affymetrix's algorithm, the new algorithm reports far fewer genes as
differentially expressed when comparing two samples that were
prepared under identical biological conditions. Thus, the new method
is believed to have less false positives and more true positives in
recognising differentially expressed genes, a highly desired property
for the microarray data analysis.
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Molecular geneticists are developing the third generation human
genome map with single nucleotide polymorphisms (SNPs), which can
be assayed through chip-based microarrays. One use of these SNP
markers is to locate loci that may be responsible for complex traits
through linkage/linkage-disequilibrium analysis. We describe a
semiparametric method for combined linkage/linkage-disequilibrium
analysis using SNP markers. Asymptotic results are obtained for the
estimated parameters, and the finite sample properties are evaluated
through a simulation study. We also applied this technique to a
simulated genome scan experiment for mapping a complex trait with
two major genes. This experiment shows that separate linkage and
linkage-disequilibrium analyses correctly detected the signals of both
major genes, but the rates of false positive signals seem high.
Combining linkage and linkage-disequilibrium signals, the analysis
yielded much stronger and clearer signals for the presence of two
major genes than two separate analyses.
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2. Department of Chemistry, University of Houston, Houston, Texas
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A new method of parallel synthesis suitable for making microarrays of
biomolecules has been developed. The method involves the use of
novel solution chemistry and programmable photolithographic
instruments. The chemistry described herein lies in its use of
photo-generated reagents to affect otherwise conventional synthesis
chemistry. The photolithographic instrument consists of a digital light
projector that is capable of generating photolithographic patterns
directly from a computer. We will describe our results on the synthesis
of oligonucleotides and peptides using photogenerated acids.

Our method of using photo-generated reagents enables light-initiation
of conventional synthesis reactions. This new approach takes
advantage of well-established synthesis procedures and materials and
thus, promises simple, flexible, high quality and low cost parallel
synthesis of microarrays of oligonucleotides, peptides and diverse
molecular sequences. The use of a digital light projector makes
light-directed synthesis flexible and eliminates the need for expensive
photomask-based photolithographic equipment and associated
cleanroom facilities.

Using the new method as a technological foundation we are currently
developing a programmable maskless automated microarray
synthesiser that is affordable and technically manageable by most
laboratories interested in biochips. The availability of such an
instrument would significantly accelerate the processes of gene
analysis and the development of gene-based applications.
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USA

Eukaryotic translation initiation factor 4E (eIF-4E) is believed to have
an important role in controlling the rate of translation initiation. It does
so by binding to the mRNA 5' cap, and bringing the mRNA into the
protein synthesis initiation complex. When eIF4E is overexpressed, it
can oncogenically transform cultured cells, whereas downregulation of
eIF4E can lead to arrest in the G1 phase of the cell cycle. In this study,
we used a high-throughput expression screen method, combining
polysome display with high-density DNA array, to explore the effects of
eIF4E level on both transcription and translation of individual mRNA
species in the yeast Saccharomyces cerevisiae. The high-density DNA
arrays consist of PCR products of all 6,000 ORFs of the entire yeast
genome on glass slides. We find that eIF4E level preferentially affects
synthesis of only a small proportion of proteins. This result is
consistent with the view that eIF4E not only has a role in regulating
general protein synthesis, but also preferentially affects the synthesis
of a subset of proteins with regulatory functions.

 

Genome-wide analysis of translation state: the effects of eukaryotic translation initiation factor 4E level

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_85.fulltext (1 of 2) [2/4/2000 2:42:25 PM]

http://genetics.nature.com/archive
http://genetics.nature.com/search
http://genetics.nature.com/info
http://genetics.nature.com/classified
http://genetics.nature.com/subscribe
http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_85.pdf


 Copyright 1999 Nature America Inc.

Genome-wide analysis of translation state: the effects of eukaryotic translation initiation factor 4E level

http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_85.fulltext (2 of 2) [2/4/2000 2:42:25 PM]



 

© Copyright Nature America Inc. 2000 --- All Rights Reserved.

Nature America is the publisher of the Nature monthly journals. These include
Nature Neuroscience, Nature Genetics, Nature Medicine, Nature Structural
Biology, and Nature Biotechnology.

You may refer to the information in Nature America's web sites in books,
online, or in other media, but you may not reproduce or distribute this
information, in whole or in part, without the prior written permission of Nature.
In addition, you may not reproduce or distribute any image in this site without
prior written consent of Nature.

To request such consent, send email to webmaster@us.nature.com, including
your name, address, and a description of the purpose of your intended
distribution, with a list of the information you would like to distribute.

 
 
 

   

Nature America Copyright Statement

http://genetics.nature.com/info/copyright/ [2/4/2000 2:42:28 PM]

http://genetics.nature.com/email_response/email.html?webmaster@us.nature.com


Please use this form to provide feedback on the Nature Genetics web site. If you
are experiencing difficulties with this web site, please use our Support form.
You can expect a response to your e-mail within 24 hours. You may also call
+1 888 266 9541 (toll free in the US and Canada).

 

Please categorize your feedback:required

Editorial Inquiry / Comment
Website Inquiry / Comment
Subscription Inquiry / Comment - North and South America
Subscription Inquiry / Comment - Japan & Korea
Subscription Inquiry / Comment - U.K. & Rest of World
Display Advertisement Inquiry
Classified Advertisement Inquiry

Your Name: 

Your E-Mail: required

Your Comments:

 
 
 

   

Feedback

http://genetics.nature.com/feedback/ [2/4/2000 2:42:30 PM]

http://genetics.nature.com/support/


   

Information/Site Guide

http://genetics.nature.com/info/site_guide/ [2/4/2000 2:42:33 PM]

http://library.genetics.nature.com/server-java/Propub/genetics/GenPastIssues
http://genetics.nature.com/web_specials/
http://library.genetics.nature.com/server-java/Propub/genetics/ng0200.contents
http://genetics.nature.com/info/guide_authors/
http://genetics.nature.com/info/editorial_purpose/
http://genetics.nature.com/info/editorial_contact/
http://genetics.nature.com/info/subs_services/
http://genetics.nature.com/info/display_advertise/
http://genetics.nature.com/info/contact/
http://genetics.nature.com/info/masthead/
http://genetics.nature.com/info/privacy/

	nature.com
	Nature Genetics: Home
	The Microarray Meeting: Technology, Application and Analysis 
	The Microarray Meeting: Technology, Application and Analysis 
	Conference Program
	The Microarray Meeting: Technology, Application and Analysis 
	Measurement of DNA sequence copy number variation using comparative genomic hybridization to microarrays
	http://library.genetics.nature.com/server-java/Propub/genetics/ng1199supp_30b.pdf
	Registration
	Registration
	Information
	Classified
	Registration
	The Microarray Meeting: Technology, Application and Analysis 
	Analysis of gene expression in normal and malignant lymphocytes using the Lymphochip cDNA microarray
	Characterization of cDNA microarrays fabricated using thermal ink jets
	The [lsquo]stress chip[rsquo]: a specialized functional genomics application for the study of genotoxic stress response
	Use of global genomic expression studies to define Gcr1p as a major transcriptional activator
	Caenorhabditis elegans gene expression analysis using microarrays of covalently attached oligodeoxyribonucleotides
	Oligonucleotide-array[#150]based comparative genomic hybridization
	High yields of RNA and DNA suitable for array analysis from cell sorter purified epithelial cell and tissue populations
	Identifying biological pathway information from cDNA arrays: BBID, the biological biochemical image database
	Identification of novel hypothalamic genes that are regulated by leptin and play a role in development of leptin-resistance and obesity
	Cluster analysis of genome-wide expression profiles to predict gene functions with KEGG
	Genetic[sol]genomic analysis of signal transduction pathways using cDNA microarray technology
	A public repository for DNA microarray-based gene expression data
	Customized cDNA chips for pharma development
	Macrophage function in lipoprotein[sol]cholesterol metabolism and atherosclerosis
	GECKO: a software system for the analysis and organization of gene expression information
	RNA profiling in neuropsychiatric disorders
	Methods for comparing transcriptional patterns to determine potential clues to biological function
	Microarray analysis of the DNA-dependent protein kinase catalytic subunit knock-out mouse: global effects on gene regulation and the cellular response to ionizing radiation
	Functional redundancy of two transcriptional coactivator complexes
	Ulcerative colitis and Crohn disease: gene expression profiling using oligonucleotide microarrays
	The generation of a viral DNA chip for simultaneous expression measurements of all known ORFs in the largest member of the herpesvirus family, human cytomegalovirus
	Microarray ratio analysis under noisy background
	Novel hybridization chamber for expression profiling of glass slide microarrays
	An analysis of F9 embryonal carcinoma cell differentiation into parietal endoderm using DNA microarrays
	Analysis of the mechanisms of drug resistance in cancer by cDNA microarray
	Using microarrays to study apoptosis
	Profiling toxic oxygen related-species[#150]induced gene expression using cDNA microarrays
	Analysis of tumour gene expression following chemotherapeutic treatment of patients with bowel cancer
	Magnitude and specificity of temporal gene expression during HIV-1 infection of a CD4[plus] T cell
	Genome-wide gene expression of the rare, malignant Reed-Sternberg cell of Hodgkin lymphoma
	Differential gene expression in human spinal cord tissues from ALS patients
	Genome-wide transcriptional analysis of bacterial genomes: applications in antibacterial drug discovery
	Characterization of interferon-regulated pathways using oligonucleotide microarrays
	Large-scale identification of secreted and membrane-associated gene products using DNA microarrays
	Nonlinear stochastic determination for gene expressions via cDNA microarrays
	Signing on to expression profiles
	Statistical methods for the characterisation of tumour types using cDNA microarray data
	Application of microarray technology to identify novel components of the mammalian circadian clock
	Microarray analysis discriminates BRCA2 mutation-positive from BRCA1 and sporadic breast cancer patient tumour biopsies
	High resolution CGH of head and neck tumours
	A bioinformatics tool to mine sequences for microarray studies of mouse models of oncogenesis
	In vivo expression profile analysis of human breast cancer progression using laser microdissection, cDNA array and quantitative real-time PCR
	Using laser capture microdissection (LCM) to build cDNA microarray expression databases with cell-type specificity
	Monitoring cell response by cluster analysis of a gene expression matrix
	Differential cloning of growth hormone-regulated hepatic transcripts in the aged rat
	Stress gene expression: analysis by informatics and functional genomics approaches
	Gene expression profiles associated with MDR1 expression in a doxorubicin-resistant human multiple myeloma cell line
	Implementing microarrays for the study of plant genomics
	Mammary gland involution studies with cDNA microarrays
	Multiple analysis of gene expression contributing to differential xenobiotic sensitivity
	Discovery of septicaemia-related genes using cDNA microarrays
	A gene expression microarray database for drug metabolism and toxicology
	Monitoring gene expression and amplification through mid-density oligonucleotide array platforms
	Characterisation of differential gene expression of soft tissue sarcomas by microarray technology
	Determining the quantitative accuracy of cDNA microarrays
	The generation of a brain tumour specific cDNA microarray for molecular profiling of oligodendroglial and astrocytic tumours
	Transcript profiling in b3-adrenergic stimulation of white adipose tissue in mice
	Identification of c-myc target genes using a rat cDNA microarray
	The transcriptional profile of Saccharomyces cerevisiae exposed to rapamycin mimics the profile induced by amino acid starvation
	Increased levels of human telomerase activity have been demonstrated in a wide variety of human tumours
	Mapping single and multigenetic traits in S. cerevisiae by genomic mismatch scanning and DNA microarrays
	Identification of genes involved in colon cancer metastasis using cDNA microarrays
	Direct identification of amplified genes in human cancers by genomic hybridization to cDNA microarrays
	High-resolution assessment of DNA loss in RIP-Tag mouse pancreatic carcinomas using comparative genomic hybridization to microarrays
	Expression profiling in human muscle disease: identification of early transcription changes consequent to dystrophin deficiency, and design of a human muscle tissue oligonucleotide array chip
	Standardisation of DNA-array analyses
	Toxicogenomics: the application of microarrays to toxicology
	CpG island arrays: an application toward deciphering epigenetic signatures of breast cancer
	Analysis of gene expression patterns in hepatocellular carcinoma
	The combination of RFDD-PCR gene profiling and cDNA arrays provides a strong gene profiling technology
	Multiplex analysis of nucleic acid sequences by amplification of padlock probes on DNA arrays
	Genome-wide maps of DNA-protein interactions using a yeast ORF and intergenic microarray
	Combinatorial negative regulation of glucose-responsive genes in yeast
	Gene expression profiling of human bone marrow stromal cells with FGFR-3 mutation (K650M) using cDNA microarrays
	Evaluating altered levels of gene expression in cancer cells
	Gene expression profiling of wound healing in keratinocytes using DNA microarrays
	Visualisation and analysis of gene expression data
	The use of DNA-microarray technology to research the cell cycle and tumour-specific expression profiles
	cDNA microarrays detect activation of a myogenic transcription program by the PAX3-FKHR fusion oncogene
	MICROMAX[trade] microarray system I: a complete system for high throughput gene expression analysis and drug discovery
	A 3-dimensional microarray system for parallel genotyping of single nucleotide polymorphisms
	DNA microarray-based profiling of global gene-expression changes in myotonic dystrophy
	Arabidopsis thaliana gene expression microarray services
	Gene expression profiling in Arabidopsis using DNA microarrays
	Development of DNA microarray for the monitoring of Escherichia coli metabolism
	MAExplorer [#150] microarray exploratory data analysis
	Challenges and opportunities in constructing comprehensive gene expression databases
	DNA microarrays as a method to monitor changes in mitochondria-related gene expression during development and mitochondrial dysfunction
	Profiling expression patterns of 2,214 unigenes in mouse craniofacial development by cDNA microarray analysis
	Disease-specific microarrays for the automated analyses of genetic imbalances by matrix-CGH
	Microarray analysis of gene expression in a transgenic Caenorhabditis elegans Alzheimer disease model
	Further analysis of the mechanism of copper trafficking pathways using yeast expression arrays
	Differential expression of genes in human normal and breast cancer cells determined by microarray technique
	Clustering cell types and identifying cell-type specific transcripts by gene expression profiling in single neurons
	Informatic selection of a neural crest-melanocyte cDNA set for microarray analysis
	Microarray analysis of gene expression patterns during neuronal differentiation of embryonic stem cells
	Identification of genes differentially expressed in cisplatin-sensitive versus resistant tumour cells
	Genotyping drug-metabolizing enzyme variation using microarrays
	Application of representational microarrays to genetic analysis of primary tumours
	Expression profiling of soft tissue sarcomas
	Use of the Rat Gene Index to examine gene expression patterns from Src-transformed rat fibroblasts that exhibit broad differences in metastatic potential
	The expression profile of Mycobacterium tuberculosis infecting the human monocytic cell line THP-1 using whole genome microarray analysis
	XNA on Gold[trade]: a versatile microarray platform
	An altered gene expression profile is associated with tumour vasculogenesis by human melanoma cells
	EDDS, an Escherichia coli-based system with a variety applications amenable to miniaturization
	Universal and flexible DNA microarray approach: arrayed primer extension
	Interconversion of electrical and DNA data for molecular computation
	What length of probe is optimal for microarrays[quest]
	Very large-scale arrays of biomolecules
	Robust normalization of microarray data over multiple experiments
	Identification of genes involved in hormone-independent prostate cancer by cDNA microarrays, followed by in vivo analysis of selected genes using tissue microarray analysis
	Quantitation of sequence copy-number changes in genomic DNA through GenoSensor-based comparative genomic hybridization
	P-SCAN: quantification and statistical analysis package for cDNA microarrays
	Statistical informatics: software tools for statistical inference about expression arrays
	Gene expression profiles for prognostic stratification: generation of potential neuroblastoma specific microarrays by combining suppressive subtractive hybridisation and microarray analysis
	Microarray analysis of chemokines, chemokine receptors and related pathways
	Minimizing the secondary structure of DNA targets with a modified deoxynucleoside and its implication for nucleic acid analysis by hybridization
	Identification of differentially regulated gene targets in the Myc and Mad family proteins
	Gene expression profiling using a mouse full-length 20[thinsp]K cDNA microarray
	Using microarray technology to study the role of genetic polymorphisms in breast cancer risk
	Inhibition of specific mRNA translation[#150]possible mechanism of rapamycin's inhibition of T-cell proliferation
	Resonance light-scattering particles for ultra-sensitive detection of nucleic acids on microarrays
	Expression analysis using low amounts of mRNA and GeneChips
	Technical approaches for efficient printing of high-density microarrays and rapid, high-precision fluorescence analysis
	Genome-wide analysis of DNA copy number variation in breast cancer using DNA microarrays
	Detection of differentially expressed genes by combining suppression subtractive hybridization and cDNA library array
	Y chromosomal SNP genotyping using oligonucleotide microarrays: comparison of different oligonucleotide immobilization chemistries
	Quantitation of cDNA expression microarrays for DNA repair and damage response genes
	A yeast genome expression monitoring database
	Optimisation of a dedicated microarray system
	Gene expression database for the laboratory mouse
	Data mining and visualisation of microarray gene expression data
	A versatile system enabling analysis of slide-based, high-density microarrays with a variety of alternative chemistries
	The reproducibility factor in differential gene expression analysis by microarray technology
	Feature extraction and clustering tools for analysing gene expression data from DNA microarrays
	Use of biochip microarrays to discover genes for dyslipidaemia, insulin resistance and hypertension in rats and humans
	Information processing tools for microarray technology
	Differentiation of homologous sequences using oligonucleotide microarrays
	DNA microarray analysis of strains lacking BTN1, the yeast ortholog of the human Batten disease gene
	Genome-wide mapping of meiosis-induced DNA double-strand breaks
	OpArrays[trade]: covalently-bound DNA microarrays
	Gene expression profiling in a model of human neuronal differentiation using oligonucleotide arrays
	A rat heart UniGene set for identification of spatially and[sol]or temporally regulated genes during heart development
	Differential gene expression in colorectal cancer of either the ascending or the descending colon
	Gene expression profile induced by leptin in white adipose tissue and liver
	Functional clustering of genes using microarray gene expression data
	Applying cDNA microarray technology to gene therapy
	Surface attachment chemistry for in situ probe DNA amplification
	Molecular pathophysiologic hints into Niemann-Pick Type C disease using cDNA microarray technology
	Correlation of clinical data with expression profiles in B-cell chronic lymphocytic leukaemia as determined by cDNA microarray analysis
	Identification of suppressor genes associated with the chromosome 6-mediated suppressed melanoma cell UACC903([plus]6) by cDNA microarray
	Primer extension on microarrays for typing single-nucleotide polymorphisms and detecting disease-causing mutations
	Isolation of chromosome 6-encoded differentially expressed genes associated with breast cancer cell lines MDA-MB-231 and MDA[sol]H6 by cDNA microarray
	Development of a mouse-specific cDNA set for microarray gene expression analysis: differential gene expression in melanocyte lineage samples of the neural crest
	Experimental designs using Affymetrix GeneChips
	Bayesian estimation of fold-changes in gene expression: the PFOLD algorithm and its uses in the analysis of complex expression profiles
	Gene expression of RNA for b3 integrin and CD9 in malignant melanoma and melanocytic nevi, evaluated by cDNA expression array profiling
	Tel, a frequent target of leukemic translocations, induces cellular aggregation and influences expression of extracellular matrix components
	Development of a PCR product-based microarray system for expression profiling of rat systems
	Discovery of putative transcription factor binding sites from microarray-based gene expression profiles
	A-ZIPs: potent dominant negatives that abolish the DNA binding of B-ZIP transcription factors in a leucine zipper-dependent manner
	Identification of helicobacter pylori epithelial cell response genes by screening high-density cDNA arrays
	Gene induction[sol]repression response profiling of hepatotoxic agents using cDNA microarrays
	Statistical issues in functional genomics: temperature-dependent gene expression in Drosophila melanogaster
	Simulation and predictions of gene expression behaviour through a novel mathematical model
	A cDNA microarray gene expression database for cancer drug discovery
	Gene expression profiling in facioscapulohumeral muscular dystrophy
	Array technology in the molecular pharmacology of anticancer agents
	Comparison of cellular gene expression in Ebola-Zaire and Ebola-Reston virus-infected primary human monocytes
	Analysis of gene expression data: clustering and beyond
	Building lymphochip-computational algorithms for selecting clones highly expressed in B cell cDNA libraries
	MAT a set of microarray data management and analysis tools
	New algorithms for microarray data analysis
	Mapping complex traits with single nucleotide polymorphisms
	Light-directed, programmable microarray synthesis
	Genome-wide analysis of translation state: the effects of eukaryotic translation initiation factor 4E level
	Nature America Copyright Statement
	Feedback
	Information/Site Guide


	MJKBLCDGOKEMLJMBOFOIGHMDIODPKDBH: 
	form1: 
	x: 
	f1: 
	f2: 

	f3: 


	OCIFGGDGHEGKIAEGDBIKILOBCAAGOGOH: 
	form1: 
	x: 
	f1: 
	f2: 

	f3: 


	FJKAEMGPBCKJKHLAHOFMFMLACLAMPHLFIM: 
	form1: 
	x: 
	f1: guest

	f2: 


	JCKHKIEJDHOHIHGPHHDIAJBADFEPFCFC: 
	form1: 
	x: 
	f1: Off
	f2: 
	f3: 
	f4: http://genetics.nature.com/microarray/abstracts.html
	f5: 

	f6: 




