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.ABSTRACT:

Microarray technology is the central platform for functional genomics and transational
research in the post-genomic era. Our main goal is to establish an up-to-date microarray core facility,
dedicated to provide high quality microarrays, technical supports and services to researchers in
genomic medicine nationwide. Access to this high quality microarray will allow our researchers to
be on the cutting edge of genetic research, focus on microarray-based gene expression profiling to
explore the pathogenic mechanism of human diseases. The microarray technology is particularly
important to clinical medicine in post-genomic era. It will provide high throughput and valuable
insights into differences in an individua’s disease as compared with constitutional mRNA
expression. The microarray information can provide tissue-specific disease signatures and
therefore, can improve disease diagnosis, disease classification, prognosis evaluation, identify
biomarkers, individualized patient treatment and improve treatment outcome. Although the cDNA
microarray is extremely powerful, the current application is still limited. The major obstacles are its
high cost and difficulty in maintaining good quality microarray and experiment. The purpose of this
project presented here isto establish the Core Lab and libraries for high quality service of microarray
under the reasonable price. The core facility will provide services including target labeling,
microarray hybridization, colorimetric and fluorescence detections, image digitization, and cluster
analysis. In addition, the services of custom-made chips including membrane- and glass-format
microarray are also provided. According to the work capacity, microarray core facility will open for
the investigators of academic and research institution participated in National Research Program of
Genomic Medicine to apply. The core facility has been established in National Taiwan University
College of Medicine for more than four years. Also, the Core Lab offered related research
consultation and education training to medical campus. National Science Council supports our core
facility from 2002 to set up the “Microarray Core Facility for Genomic Medicine”, which offers
nation-wide microarray services right away. The microarray core facility has provided complete
microarray services for dozens of institutions, including the researchers of Taiwan University,
Chung-Shan, Y ang-Ming University, Chang-Geng University, Chung-Shan Medical University, and
so on, for 2,853 pieces of microarray membranes including human, mouse, and custom-made chips.
There are still hundreds of chips waiting for preparation. We had published 7 papers on SCI journals
and submitted 3 papers. The users of this core facility also had published 5 papers on SCI journals
and submitted 2 papers (see publication). We will provide services by the enrolled order and work
capacity. To provide a large number and swift microarray services and develop new microarray
format such as cell-based SSRNA and promoter screening microarrays, the additional equipment and
personnel are essentiadl. The Web address of Microaray Core Facility is
http://microarray.mc.ntu.edu.tw in which containing application procedure and working flow path,
applicants can apply for services on-line and download the application form.
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1. Discovery of tumorigenesis-related genes
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We have identified a novel candidate gene HLJ-1 involving tumor metastasis using microarray technology.
Immuno-fluorescent staining indicated that HLJ1 protein was located in nucleolus and focused on
chromosomes at anaphase. The transfectants with HLJ1 possessed the less ability of in vitro invasion,
migration, and colony formation. Tumorigenic analyses in SCID mice showed that the expression of HLJ1
could suppress the tumor growth and reduce the tumor mass volume. The results of real-time quantitative
reverse-transcription polymerase chain reaction (RTQ-RT-PCR) also revealed that HLJ-1 was expressed more
in normal tissues (80 %) than in tumor ones (20 %), furthermore, significantly correlated with survival and
relapse in lung adenocarcinoma patients. All the results suggested that HLJ1 is a potential
invasion/tumor-suppressor gene. HLJL inhibits cell proliferation by blocking G1/S transition. To synchronize,
the cells were serum-starved and 0.5ug/ml of aphidicolin was added to block the cells at GO/G1for 24hr. Next,
cells were stimulated with 10% FBS and the same times, 40ng/ml Nocodazole was added to block the cells at
G2/M. The cells were harvested at various time points, fixed with 70% cold ethanol and stained with
propidium iodide (PI) for DNA content analysis by flow cytometry. Results showed that the CL1-5 and
PCC10 control cells entered S phase 2 hr after being released from the G1/S block, while HLJ1 tranfected
cells had just started DNA synthesis at 4 hr after the removal of aphidicolin. These data suggest that HLJ1
may block or retard initiation of DNA synthesis. In further studies, we investigated in more responsible for
this growth suppression. We found that HLJ1 suppresses the growth of non- small lung cancer cells
prominently up-requlated expression of cyr61 and p21.
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We identify tumorgenesis-associated genes using cDNA microarrays containing 31104 nonredundant
expressed sequence tag clones. Among identified targets, microphthalamia-associated transcription factor
(MITF) was noticed, whose expression was negatively correlated with cell line invasiveness and tumorgenesis.
MITF encodes a transcription factor that is essential for normal melanocyte development and appears to
regulate expression of several pigmentation genes. The transcriptional expression analysis of MITF using
guantitative RT-PCR demonstrated a tight correlation between its expression level and clinical characteristics
in lung cancer specimen. MITF was lower expressed in cancer tissues compared to the counterparts of normal

tissues and its expression level also significantly corrected to survival and disease free of cancer patients.
2. Development of cell-based microarray and viral chip
a. Cell-based microarray

Co-tranzfaction
|EGFP and DSRED)
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Cell-based microarray performed by reverse transfection of plasmid DNASs in glass dlides

layered with HEK293 cells.

First, we used a recently developed new technique so-called reverse-transfection to develop cell-based
microarray. The EGFP-expressed vector in 0.2%gelatin solution printed onto a glass dlide with varied



concentration (100pg to 1000pg) by a solid pin arrayer about 500 um apart. The fluorescence expression
levels of cell clusters in a microarray were proportional to the amount of vector DNA printed onto the slide.
When the cells were reverse transfected with pEGFP-expressed plasmid and pDSRED-expressed plasmid at
the same spot printed with both plasmids, the fluorescence microscopy image showing green and red signals

indicated that the co-transfection is possible in cell-based microarray.
b. Viral chip

Layout of the test virus chip Flavivirus; Dengue virus type 2
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Experimental results for the virus chip of seven viral samples (left panel) and illustration of viral

genome amplification protocol (right panel).

To verify the approach of probe design, 128 70-mer oligonucleotides covering three viral genera (Coronavirus,
Flavivirus, and Enterovirus) were synthesized and spotted on glass slides. Seven viral genomes (SARS-CoV,
transmissible gastroenteritis virus, Japanese encephalitis virus, Dengue virus I1/111/IV, and Enterovirus 71)
extracted from infected cell cultures were individually labeled with fluorescent dye and hybridized to the
oligonucleotide microarray. The experimental results indicate that only the correct spot/target pairs yield
detectable signals (left panel). We have aso established a standard operating procedure (SOP) to amplify and
detect unknown virusesin clinical specimens. The SOP applies to detection of viruses of either DNA or RNA
genomes (right panel). The current detection limit of the virus chip is less than 100 virus particles for
SARS-CoV.

3. Development of pathway analysistool



Simulation result of PathBL AST using the published diauxic shift experiments.

We tested the utility of PathBLAST initially with the data from the diauxic shift experiments (38), which
have become the "gold standard" for the application of expression arrays to the study of metabolism. The
experiment investigates the temporal program of gene expression accompanying the metabolic shift from
fermentation to respiration that occurs when fermentingyeast cells, inoculated into a rich medium containing
glucose (20 g/L), turn to aerobic utilization of the ethanol produced during the fermentation after the
fermentable sugar is exhausted. The authors made whole-genome hybridization experimentscomparing gene
expression at seven timepoints (T;-T;) to characterizethe changes in gene expression that take place during
the diauxic shift.

We used PathBLAST to rank the statistical significance of the changes observed in the genes organized
accordingto the logic of the 92 KEGG metabolic pathways during the diauxicshift. PathBL AST employs the
fold-change weighted scoring test to measure the probability that a pathway is significantly altered, for any
specified threshold (usually the cutoff is <= 0.05). The results from PathBLAST indicate that the main
positively affected pathways during the diauxic shift are oxidative phosphorylation, the citrate cycle, the
electron transport system complexes 11 and 1V, and pyruvate metabolism. The negative values of the genes for
ribosomal proteins and RNA polymerase are aso in agreement with the progressive reduction in cellular
metabolism, DNA and RNA synthesis, and entry into stationary phase, which are expected with the
exhaustion of the sugars and alternative carbon sources (see above Figure). The above in-silicon simulation
has fully demonstrates the validation of this approach on the diauxic shift experiments and its potential to help

interpret the results from one or more experiments, by examining differential expression.

4. Development of home-made oligonucleotide microarray
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Figure 1. (A) A hybridization image of 150mer gene-specific oligonucleotide microarray. (B) A part of

hybridization image of new 20k oligo microarray.

il P

Figure 2. The homepage of UniProbe database.

Home-made types of oligonucleotide microarrays

With the aid of liquid handing robotics and integrated data management system established in our laboratory,
we successfully developed a high throughput platform for PCR mass-production. About ~14,000 human
gene-specific 150-mer probes have been generated by PCR with genomic DNA and spotted on
surface-activated glass dlides. An image of the oligonucleotide microarray hybridized with Cy3- and
Cy5-labeled samples is shown in Figurel. At the same time a web-based database called UniProbe
(http://140.109.43.20/genestamp/uniprobe.ntm) is constructed for large scale gene expression analysis.
UniProbe isimplemented on a MySQL relational database management system. The Web application to query
and manage the database is based on PHP. The compl ete application runs on an Apache web server in a Linux
9 environment. Currently the database contains about 14,000 human named genes, and each gene includes
information on empirically validated gene-specific DNA probe and PCR primer sequences for microarray
fabrication and for real-time gPCR assays. In addition to the internally generated data, UniProbe provides
external links to the National Center for Biotechnology Information (NCBI) LocusLink for more detailed



gene function description, Kyoto Encyclopedia of Genes and Genomes (KEGG) and BioCarta databases for
pathway information via UniGene Cluster ID, GenBank accession number, or gene symbol hyperlinks. Figure
2 displays the homepage of UniProbe database. All the gene-specific PCR primer pairs in the database have
been empirically verified and can be readily employed in quantitative real-time QPCR assays.

Progress Report
Microarray service

The core facility has been established in National Taiwan University Hospital, National Taiwan
University College of Medicine for more than four years and manufactured more than 1,800 pieces
of microarray membranes including human, mouse, and custom-made chips. Also, the core Lab
offered related research consultation and education training to medical campus. National Science
Council supports our core facility two years ago to set up the “Microarray Core Facility for Genomic
Medicine”, which offers countrywide microarray services right away.

Our microarray core facility has provided complete microarray services for dozens of
ingtitutions, including the researchers of Taiwan University, Yang-Ming University, Chang-Geng
University, Chung-Shan Medical University, and so on, for more than 1,000 pieces of microarray
membranes including human, mouse, and custom-made chips. There are till hundreds of chips
waiting for preparation. We will provide services by the enrolled order and work capacity. To
provide a large number and swift microarray services and develop new microarray format such as
home-made oligonucleotide chips, viral chips, cell-based, promoter screening microarrays and
SIRNA microarrays, and SNP analysis system, the additional equipment and personnel are essential.

The statistical analysis for service is provided as follows to show the working status of core
facility, including user list, institution, chip type, number, service items, and so on, in the past three
years. Briefly, we have provided 842, 145, and 48 chips of complete microarray services at 2002,
2003 and half a year of 2004, respectively. And we have also provided 1422, 299 and 175 chips at
2002, 2003 and half ayear of 2004, respectively. The semi-annual income of 2004 isNT 832,702.

Total chips provided
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Training and Education
1. Our core facility has given a 50-hour microarray training course including lectures and

experimental practices every year in the past three years. The total number of traineesis
more than fifty. The schedule of course is provided as followed.

2. We aso offer related research consultation and education training anytime if applicants
request. We have trained more than 100 persons for microarray experiments and they
can successfully carry out microarrays themselvesin the past three years.
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