
http://genomebiology.com/2001/2/8/research/0031.1

co
m

m
ent

review
s

repo
rts

depo
sited research

interactio
ns

info
rm

atio
n

refereed research

Research
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Abstract

Background: We propose two different formulations of the Rasch statistical models to the
problem of relating gene expression profiles to the phenotypes. One formulation allows us to
investigate whether a cluster of genes with similar expression profiles is related to the observed
phenotypes; this model can also be used for future prediction. The other formulation provides an
alternative way of identifying genes that are over- or underexpressed from their expression levels
in tissue or cell samples of a given tissue or cell type.

Results: We illustrate the methods on available datasets of a classification of acute leukemias and
of 60 cancer cell lines. For tumor classification, the results are comparable to those previously
obtained. For the cancer cell lines dataset, we found four clusters of genes that are related to drug
response for many of the 90 drugs that we considered. In addition, for each type of cell line, we
identified genes that are over- or underexpressed relative to other genes.

Conclusions: The cluster-Rasch model provides a probabilistic model for describing gene expression
patterns across samples and can be used to relate gene expression profiles to phenotypes. 
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Figure 1
Example of Rasch probabilities as a function of the value of the latent factor for an item with four different response
categories for two different sets of item-specific parameters (a) � = (0.3,0.5,-0.5,0) and (b) � = (-0.3,-0.5,0.5,0).
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Classification using cluster-RM
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Figure 2
(a) Log (base 10) of gene expression levels of 100 genes chosen using the Wilcox rank sum tests for the leukemias dataset.
Darker spots indicate higher expression levels. The first 47 samples along the x-axis are ALL, the next 25 samples are AML.
Genes are selected to best separate the two types of leukemias. (b) Plot of two latent factors estimated using the Rasch
model for all 72 samples based on their gene expression profiles over 100 genes selected.
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Figure 3
(a) Estimated latent factor and its 99% confidence interval for each gene based on its expression profile over the ALL
samples. (b) Estimated latent factor and its 99% confidence interval for each gene based on its expression profile over the
AML samples. For each plot, genes are ordered in the increasing order of the estimated latent factor. Genes between the two
vertical lines are those whose expression levels are not significantly different. For a given leukemia type, genes with 99%
confidence interval of the estimated latent factor not including zero show significantly different expression from those genes
with 99% confidence interval of the estimated latent factor including zero.
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Figure 4
(a) Estimated latent factors for each gene using ALL and AML samples. Genes in the upper left quadrant tend to be
overexpressed in the AML samples, but underexpressed in the ALL samples, and genes in the lower right quadrant tend to be
overexpressed in the ALL samples, but underexpressed in the ALL samples. (b) Log (base 10) of gene expression levels for
genes differentially expressed between ALL and AML samples.
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Table 1

Genes over- and under-expressed in breast-cancer cell line

Overexpressed 

TP53 tumor protein p53 (Li-Fraumeni syndrome) 

Antiquitin 

Elongation factor TU, mitochondrial precursor 

Human mRNA for collagen-binding protein 2 

Homo sapiens intermediate conductance calcium-activated potassium
channel 

H. sapiens mRNA for phosphoenolpyruvate carboxykinase 

H. sapiens inactive palmitoyl-protein thioesterase-2i (PPT2) mRNA 

H. sapiens lysosomal neuraminidase precursor

Underexpressed

Tumor-associated antigen CO-029 

Probable trans-1,2-dihydrobenzene-1,2-diol dehydrogenase 

Human fetus brain mRNA for membrane glycoprotein M6 

Human mitochondrial 1,25-dihydroxyvitamin D3 24-hydroxylase mRNA 

H. sapiens DAP-kinase mRNA 

Carbonic anhydrase II antileukoproteinase 1 precursor
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Figure 5
(a) BIC scores as a function of the number of clusters for the NCI60 dataset. (b) Dendrogram showing hierarchical
clustering of the genes. (c) Four latent factors estimated by using the Rasch model. The cancer indexes are sorted by cancer
types as CNS, BR, RE, LC, ME, PR, OV, CO, LE (see text for abbreviations). (d) Dendrogram showing hierarchical clustering
of cell lines based on four latent factors estimated by using the Rasch model.
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Figure 6
(a) Parameter estimate and the bootstrap 99% confidence interval of simple linear regression parameter � for each of the 90
drugs and for each latent factor. For a given latent factor, drugs with 99% confidence interval of the estimated � parameter
not including zero are those whose activities are related to genes which determine this latent factor. (b) Parameter estimates
(for each drug, four regression coefficients for four latent factors) of multiple linear regression for each of the 90 drugs.
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Figure 7
Estimated latent factor for each gene and each cell line type. Genes are in the same order across different cell lines to show
that genes have different values of the latent factors, and therefore, different expression profiles across different cell line
types. See text for abbreviations.
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Figure 8
Estimated latent factor and the associated point-wise 99% confidence interval for each gene and each cell line type. For cell
line type, the genes are sorted by the estimated value of the latent factor. For a given cell line, genes with 99% confidence
interval of the estimated latent factor not including zero show significantly different expression from those with 99%
confidence interval of the estimated latent factor including zero. See text for abbreviations.
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