COMPUTATIONAL ANALYSIS OF MICROARRAY DATA
KOSTAS LYKOSTRATIS, DEPARTMENT OF BIOLOGY, UNIVERSITY OF YORK

INTRODUCTION

Urothelium is a specialised transitional epithelium, which
lines the urinary tract and gives rise to the most common
form of bladder cancer, transitional cell carcinoma (TCC).
In the body, the urothelium is in constant contact with the
urine. It consists of three layers (figure 1) and forms a
permeability barrier, protecting underlying cells from
urine, which potentially contains many genotoxins and
non-genotoxins. Urothelium also has the ability to
accommodate changes in bladder volume therefore
relieving pressure from other organs such as kidneys.

The working hypothesis is that in order to maintain the
urinary barrier and protect underlying cells, the urothelium,
will respond to genotoxic damage through DNA repair and
cell survival, rather than cell death by apoptosis and this
will be reflected In characteristic changes In gene
expression. The work taking place in the Jack Birch unit
aims to use an in vitro model of human urothelial cells to
characterise the response to a range of genotoxic agents
In terms of both cell behaviour and gene expression
changes which may be used as markers of genotoxic
exposure.

Figure 1. The urothelium

AIMS OF THIS PROJECT

- Process the data obtained by microarray experimentin
an appropriate manner.

- Understand the responses to different damaging agents
by recognising gene expression levels and profiles

- ldentify a selected number of genes that can be used as
markers of damage

METHODS

RNA was extracted from NHU (normal human urothelial)
monocultures (figure 2) that were grown in serum free

medium with a hlgh prollferatlon rate.
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Figure 2. NHU monocultures

Cells were treated with 3 DNA damaging agents:

1) Hydrogen peroxide (h202)

2)Mitomycin C (mmc), used to treat superficial bladder
cancer

3) N-methyl-N-nitrosourea (mnu), mutagenic, used in
Chemotherapy

DNA microarrays: GSK Tox 2.2 model was used
(GlaxoSmithkline).Grids contained 3000 DNA sequences.
RNA from treated NHU cells were labelled with Green
fluorescence. Affymetrix scanner was used to scan the
grids and the median spot intensity was measured using
the ROBIOVISION program (total intensity normalisation
was used to normalise the intensities-get rid of the noise).
Correlation of spot positions with sequences was done by a
GlaxoSmithkline inhouse program.

From the original set of 3000 sequences used, a large
amount was removed due to experimental errors (empty
signals, etc). The data set used for the Microarray data
analysis consisted of 1611 genes.

For each test sample, the intensity obtained was divided by
that of the control. This produced an average ratio of gene
expression which was then converted to logarithmic ratios
(base 2) to avoid limiting values between 1 and O (Microsoft
Excel was used for this function). The log (ratios) varied
from 1.5t0 +~3.

The dataset was modified appropriately to be compatible
with formats used by the Microarray programs (tab
delimited-txt files: incorporated GWEIGHT, EWEIGHT and
GORDER).

The dataset was examined using hierarchical clustering, k-
means clustering and PCA analysis.

Four software tools were used overall including Cluster-
Treeview (EisenLab), Jexpress, AMANDA and
TIGRMultipleExperimentViewer. The last of these was the
one used primarily for visualisation of results.
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RESULTS

Hierachical clustering was performed using the Euclidean distance
by both TIGR-MultipleExperimentViewer and Jexpress. Due to the
nature of the expression dataset used (limited variation of fold
differences) the clusters were undefined in a multiple chain manner
without revealing any distinct pattern clamps. PCA analysis was
performed to reveal any present classification patterns but the
unimodal distribution of expression in the most informative two
dimensions suggested that the genes do not fall into well-defined
clusters (figure 3).
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An SQL query (via Microsoft Access) was used to isolate only the
most upregulated (more then 2-fold increase) and downregulated
(more that 1-fold decrease) genes for the analysis.

h202>=1 ORmmc>=1 OR mnu>=1 AND h202<=-0.5 OR mmc<=
-0.50R mnu<=-0.5;

The new set of genes was used again for hierarchical clustering
analysis (average-linkage clustering was used since the complete
and single linkage methods are inappropriate in the absence of
distinct clamps of clusters). This analysis performed well and 3
major clusters were identified (figure 4). PCA analysis also
suggested the same results (data not shown).

CLUSTER 1

CLUSTER 2

CLUSTER 3

Since 3 obvious clusters were generated by hierarchical clustering
and PCA analysis, the same dataset was used for k-means
clustering with k=3. The clustering results showed distinct patterns
of gene expression (figure 5).
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For a more accurate analysis of gene expression, cluster 1 was
selected for further examination since was the only one containing
significant fold differences (high upregulation).

The expression profile of cluster 1 (figure 7) In respect to the
different treatments is shown in figure 6. Mnu results in the greatest
Increase of gene expression levels overall compared to the levels
generated from the two other treatments.

= 1 = Figure 7. Cluster 1 shown in detalil
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59 Liver-type arginase gene exon 8 (RATARGS)
80 MSH6
100 2020
111 Stromelysin-3
112 precursor-lymhocyte-specofic-regulatory-light-cahin-protein
114 Common acute lymphoblastic leukemia antigen
129 2083c2
135 2075¢2
136 Fetuin (RNFET)
140 111.3+4c3
155 cellular proto-oncogene (c-mer)
185 Phosphatidylinositol 3-kinase aplpha (PI3K-a)
187 Phosphatidylinositol 3-kinase beta (PI3K-b)
190 2034c2
192 TNF aplpha (Tumor necrosis factor)
193 c2
197 2037
240 Cytochrome P450 (RAT CY45FS)
242 tTg
251 Human STS
265 PMS2
271 No Blast hits
273 Rat Tamm-Horsfall protein mMRNA complete cds
279 Monocyte chemoatractant prtein (MCP-1)
285 2032
288 1268
295 667
298 Receptor tyrosine kinase DTK
306 B-raf
307 DCC (deleted in colorectal cancer)
314 EGR-2
319 EMPTY
323 Rattus Norvegicus tRNA-Lys gene.+ ATP synthase subunit 8
336 2058c1
341 Nedd2/Ich-1
342 Arc
349 No sequence
351 Vascular H+ATPase
367 H.SAPIENS geneseqp:Y07056 Renal cancer assoc antigen precursor
369 1269
372 JMD34 (carboxypeptidase N)
375 UPA11C (SC.slow myosin binding protein C)
403 RAUR10 (SC.RN protein)
405 UPAS8B (SC.preproalbumin)
410 EMPTY
429 2034c1
433 c4
449 Apurinic/apyrimidimic endonuclease
453 Human genomic
455 Interferon-inducible-protein-10
462 Human mRNA, unknown function
473 ICAD-S
56 R.Norvegicus mRNA for kynurenine/a-aminoadipate aminotransferase
64 Beta-2 glycoprotein (RRB2GLY)
67 Bok
78 CYCLIN-D2
83 No hits
90 No interesting Blast hits
99 1262c2
119 dog HPRT
123 ENS2 gene, complete cds
128 Cytochrome P450 Pbl (RAT CYPPB)
132 C-reactive protein (RAT CREAPRO)
133 2017
137 PCNA
138 2033c1
142 1300
145 Caspase-6
186 2067C1
191 cdc-2 (cell division cycle 2 protein)
202 Common acute lymphooblastoma leukemia antigen)
205 nucleophosmin (NPM1=nucleolar phosphoprotein B23, numatrin
211 No sequence
214 No hits
219 EMPTY
221 Extracellular-signal-regulated-kinase-2
237 Fibrinogen beta chain (RNU05675)
238 Steroid 3-alpha-dehydrogenase (RATS3AD)
241 Perchrolic acid soluble protein (PSP1)
244 Vitamin D binding protein (DBP) (RAT DBP)
245 Caspase-2
257 No sequence
259 No hits
275 EMPTY
280 2068c1
283 JMDL1 (alpha-1-antitrypsin)
284 JMD4 (fetuin)
292 2088C1
293 1266¢2
302 pleiotrophin
309 Antigens-CD44
311 gonadotropin-releasing-hormone-associated-peptide
312 Interferon regulatory factor 1
324 No hits
334 RA1
335 Neuronal Death factor
337 120kDa lysosomal membrane glycoprotein (RATLGP120)
338 Serine protease inhibitor 2 mrAN (RATSP12)
346 Prohormone converting enzyme NEC2
350 No hits
359 SAP 130 spleceosomal protein selenoprotein W
361 No sequence
366 Rat mRNA for glutamate dehydrogenase (EC 1.4,1.3)
371 JMD27 (GST)
373 RADR11 (SC.Carboxylestarase)
374 RADR20 (SC.fetuin)
378 747
379 1258
385 parathyroid -hormone-related protein
390 No sequence
401 JMD27 (GST)

DISCUSSION

Cluster 1 shows upregulated groups of genes that are involved in
different cell processes. Presence of DNA repair genes such as
MSHG6, PMS2 and PCNA, supports the working hypothesis for
urothelium repair following DNA damage. However, genes such as
Caspase-2, caspase-6 and ICAD-s indicate that apoptosis might
be also occurring (in cells beyond repair).

Genes involved in cell cycle and signalling (e.g. CyclinD2, cdc-2,
PI13Ks, B-raf) also show upregulation, possibly indicating cell
recovery. Finally, genes involved in the immune response (TNF
alpha, interferon inducible factor 10) are also upregulated as
expected after DNAdamage.

The selected set of genes can be further tested (Self Organising
Maps) or coupled experimentally with Northern blotting or real time
PCR to isolate a small nhumber of genes that can be used as
markers of DNAdamage.

To date, there is no standard method for microarray data analysis
and the currently available tools need to be optimised for more
efficient data interpretation.

Many thanks to Prof J.Southgate and R.Grallan for their advise,
discussions, and providing the data and tools needed for the analysis.




