This case study analyses data described in Perou et al (Nature 2000). 65 surgical specimens of
Human breast tumors (36 infiltrating ductal carcinomas, 2 lobular carcinomas, 1 ductal carcinoma
in situ, 1 fibroadenoma and 3 normal breast samples) from 42 different individuals were studied
using c-DNA microarrays representing about 9000 human genes. Twenty of these tumors were
sampled twice, once before and once after a 16-week course of doxorubicin chemotherapy. Two
of the tumors were paired with a lymph node metastasis from the same patient. To help interpret
the variation in expression patterns seen in the tumor samples, 17 cultured cell lines (with one cell line
cultured under three different conditions) which provided models for many of the cell types
encountered in these tissue samples were also characterized. This yielded a total of 84 arrays. Gene
Expression patterns in these 84 samples were then studied using Avadis. The common reference
sample used in all the arrays was derived from 11 different cultured cell lines.

Data in the form of Scanalyze .txt files were imported using the Two-Dye Import Wizard in
Avadis. This wizard automatically performed background correction, thresholding of signal values
to 50, logarithm transformation, Lowess Normalization, and ratio-conversion. Pre-Normalization
and Post-Normalization MVA plots are
shown in the figure on the left. As the
regression line shows, there is a small
but significant adjustment needed

between the channels as well as a variation in the
adjustment across intensity levels. The scatter plots
of Channel 2 vs Channel 1 on the various arrays
showed 45 degree bands of width roughly 2 log units
on either side around the center line. Based on this,
fold changes of only 4 or above were considered
significant.

Log Ratios for the 84 arrays were analyzed further. Principal Component Analysis on the
arrays with all 9000 genes under consideration
showed that the -cultured cell lines (in gray)
separated out clearly from the tumor samples as
well as the normal breast samples. Tumor samples
labeled Norway (in blue), Stanford (in brown) and
New York (in green) and the normal breast samples
(in red) clustered together. Further, the Norway
and Normal samples appeared to cluster together
and away from the Stanford and New York samples
which tended to cluster together. This indicates that
the tumors and normal breast samples exhibit very
distinct gene expression patterns as compared to
the cultured cell lines and that the distinct tumor

sources also display very distinct expression patterns. Indeed, human breast tumours are known

to be very diverse in their natural history and their responsiveness to treatment.



Annotations for all the 9000 genes were fetched from the Stanford Source web page and the
Unigene and Locuslink pages using the automated annotation-fetch workflows in Avadis; these
annotations were then incorporated into the expression data.

Hierarchical Clustering using average linkage on the tumor and normal breast samples yielded
a dendrogram in which samples corresponding to the same individual (i.e., before- and after-

chemotherapy, indicated by BE and AF, or lymph and breast tissue indicated by LN and P)
appeared together or very close to each other in a large number of cases suggesting that
variation across individuals is substantially larger than the variation within an individual. In
particular, this also suggests that the molecular program of a primary tumor is retained upon
metastasis.

Cluster analysis was performed on genes next;
before this was done, a subset of 1828 genes was
obtained using the Filter Low Variation feature of
Avadis; this feature removes genes which show a
more than 4 fold variation from median in less than
5% of the arrays. The remaining genes were
clustered hierarchically along both genes and
samples to obtain the clustered dendrogram and
heat map shown on the right. The cultured cell
lines and tumor/normal breast tissues separate out
on the column dendrogram. The row dendrogram
shows the genes divided into two broad clusters
and the lower of these seems to comprise genes instrumental in the separation of cell lines and
tumor samples. This lower cluster in turn has two sub-clusters: the upper of these sub-clusters
has several genes which are underexpressed (relative to the control) in the cell-lines and the
lower sub-cluster has several genes which are overexpressed in the tumor samples. Delving
further into these sub-clusters yielded several patterns: for instance, here is a cluster of genes

containing the ERB-B2 oncogene: two of the cell lines seem to overexpress this oncogene while
the tumors seem to be divided into two groups, those which do indeed overexpress this oncogene
and those which do not.



Next, the 22 pairs of samples (the BE and AF pairs, and the Lymph Metastasis pairs) were
analysed to identify genes which show more
variation across pairs than within pairs; this
was done using a one-way ANOVA and 433
genes with a p-value cap of 0.001 were
chosen. Hierarchical clustering was
performed on just these genes and the tumor
samples (the cell lines were not considered);
this gave two broad clusters of tumor
samples, the branch on the left roughly
corresponding to ER+ve clinical status and
the branch on the right corresponding roughly
to an ER-ve clinical status. The ER+ve cluster

contained, with a few exceptions, samples which do not overexpress the ERBB2 oncogene while

the ER-ve cluster contained a subcluster with strong ERBB2 overexpression as shown below.



