
Abstract. The aim of this study was to examine whether the
degree to which cell lines model corresponding cells in vivo is
an important aspect of their value as models in studying
disease processes. Materials and Methods: The work presented
here utilizes gene expression data from two published
microarray datasets to compare the differences and similarities
among the two systems in order to identify major
transcriptional changes in the adaptation process from a tissue
to a cell line. Results: Gene ontology and pathway analyses of
comparator gene lists showed that the cell cycle related genes
were significantly up-regulated in cell lines and immune
response related genes were significantly up-regulated in
clinical specimens. Estrogen receptor analysis also indicated
differences in the clustering patterns of cell lines relative to
clinical specimens. Conclusion: These findings suggest that
significant differences in gene expression exist between clinical
conditions and their respective cell line models and that these
differences should be taken into account when extrapolating
cell line results to in vivo systems.

Cell line models are routinely studied to understand
particular biological phenomena, with the expectation that
discoveries made in these models will provide insight into
human biology. These models are widely used to explore
potential causes and treatments for human disease, where
experimentation on humans would be unfeasible or
unethical. Breast cancer cell lines are generated from cells
isolated from breast tumour specimens and have the

capability to divide indefinitely when grown in vitro under
stringent growth conditions. This potential makes these cell
lines an excellent model of study for understanding the basic
biology of breast cancer. Many studies which are not
possible on animal models can be relatively easily done on
these cell lines. 

There is, however, a great difference in the growth
environment of the cancer cells in vivo to that of in vitro.
Despite the relatively large number of cancer cell lines
currently under study in a variety of clinical settings worldwide,
so far studies aiming at investigating the similarity of cell line
models to their respective clinical conditions have been very
limited. A previous study found that only a small subset of
primary breast cancers that display certain features of
advanced tumour and poor prognosis can be cultured for a
lengthy time (1). This group also reported that there was an
excellent correlation among the cell lines to their clinical
specimens (2), in terms of morphological features, presence of
aneuploidy, immunohistochemical expression of estrogen
receptor, progesterone receptors, HER2/neu, p53 proteins,
allelic loss at all of the chromosomal regions analysed and
TP53 gene mutations. A more recent study, concluded that
most of the currently used cell lines are derived from
metastatic sites rather than primary tumour and therefore may
not be representative of the diverse nature of breast cancer (3).

The advent of large-scale expression profiling
experiments heralded by developments in microarray
technology have facilitated a whole-genome analysis
approach to this question. Large-scale expression profiling
has made it possible to quantify the gene expression profiles
of thousands of genes in a single experiment, thereby
allowing the comparison of different samples on the basis
of their full genomic expression profile, rather than on a
selected number of genes. A study by Chang et al. (4)
reviewed the role of microarrays in management and
treatment of breast cancer, and observed that a combined
genomic approach should be taken to understand the
heterogeneity of breast cancer.
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Given the novelty of microarrays, the number of studies
utilizing this technology to investigate similarity between
the gene expression profiles of cell lines and clinical
specimens are limited. It has been found that cell lines and
tumour specimens have distinct gene expression patterns
(5) which need to be considered for their appropriateness
for each subtype of clinical condition. Another study
compared gene expression profiles of early passage tumour
cultures and immortal cell lines (6) and observed that
epithelium cultures isolated from primary breast tumours
retain the characteristics of the tumour, but these
characteristics are eliminated following in vitro selection of
the rapidly proliferating cell population. In a similar
comparative study of gene expression profiles of lung
cancer cell lines and their respective clinical specimens (7),
it was observed that 51 of 59 cell lines represented their
presumed tumours of origin. 

This study aims to determine differences in gene
expression profiles between human breast cancer specimens
and cell lines to evaluate the clinical relevance of cell line
models which will assist in our translation of results
obtained from cell line studies to clinical conditions. 

Materials and Methods 

Gene expression profiles of 189 clinical breast specimens (GEO
accession: GSE2990) (8) and 19 cell lines (GEO accession:
GSE3156) (9) were obtained from Gene Expression Omnibus (10).
These samples were pooled as a single experiment and normalized
using the dCHIP (11) algorithm (www.dchip.org). Since the clinical
specimens were analyzed using U133A and the cell lines were
analyzed using U133_Plus 2.0 microarray chips, the genes not
represented in U133A were removed from the cell line data, giving
a total available probeset number of 22283. However, for the
estrogen receptor analysis on cell lines, all the genes on the
U133_Plus 2.0 chips were included (54675). 

Data filtration. Gene level filtering was done to remove those genes
which did not change across the experiment, prior to comparison
of samples by hierarchical clustering. This was achieved by applying
a standard deviation (SD) filter on individual genes across all
samples to remove these non-changed genes. For hierarchical
clustering and Principal Component Analysis (PCA) comparison
of cell lines relative to clinical specimens, all samples were pooled
and an SD of less than 0.5 across the samples was applied. For the
hierarchical clustering by ER status comparison of cell lines and
clinical specimens, an SD filter of less than 1.0 across each group of
samples (cell lines vs. clinical specimens) was applied and the
samples were clustered on each respective gene-list and coloured
according to ER status. 

Clustering. For hierarchical clustering, the individual genes were
mean centered and divided by SD using dCHIP. The distance
criteria were Euclidean distance and the type of clustering used was
average linkage clustering. For PCA, the data was mean centered
and scaled to average intensity. The first two components were
used to plot the samples and the distribution of the samples was

observed. PCA was carried out using Genespring software
(http://www.silicongenetics.com.)

Significant genes. Average gene expression values were obtained for
all 22283 probesets for both the cell line and clinical groups and
these values were compared to identify genes which were
significantly differentially-expressed (DE) between the two groups.
A combination of filtration criteria was designed to identify genes
which were significantly up- or down-regulated, as defined by the
following criteria: p<0.001 (Student’s t-test), fold change >2 and
a difference of 100 units of expression on an Affymetrix scale. This
was carried out using dCHIP software.

Gene ontology and pathway analysis. In order to identify ontology
categories and canonical pathways affected by the changed genes,
Gene Ontology analysis and Pathway analysis was performed on
the DE lists using Genmapp (12). The GO categories and
canonical pathways were ranked by Z-score significance. The top
10 ranked categories/pathways (where available) are listed in
Tables I and II.

Estrogen receptor status. The estrogen receptor status of the cell
lines was obtained from the Breast Cancer Cell Line Database
(http://www.mdanderson.org) and the American Tissue Culture
Collection (http://www.atcc.org), while the ER status of the clinical
specimens was obtained from the GEO (http://www.ncbi.nlm.
nih.gov/geo/). 

Results 

Data filtration. As described in Materials and Methods, two
SD filters of 0.5 and 1.0 were applied to generate gene lists
for hierarchical clustering. For the pooled comparison of
cell lines and clinical specimens, the total number of DE
genes identified following an SD filter of 0.5 was 8036. For
the comparison of cell line and clinical clustering relative to
ER status, the number of filtered genes following
application of an SD filter of 1.0 was 7738 for the cell lines
and 6643 for the clinical specimens.

Clustering. Hierarchical clustering and PCA were performed
on these changed genes. Hierarchical clustering, using the
filtered 8036 gene list, separated the sample set into two
distinct clusters (Figure 1), one comprising the clinical
specimens and the other comprising the cell line models. To
examine whether the differences in hierarchical clustering
between cell lines and tumour specimens were due to
differences incorporated by sample processing at different
sites, the clustering analysis was repeated substituting a
separate 104-tumour dataset for the 189-tumour dataset
detailed here. In this experiment, two separate clusters of
cell lines and tumour specimens were again observed (data
not shown).

PCA was also performed on the sample using the filtered
8036 gene list, which also separated the clinical specimens
and cell lines into two distinct groups (Figure 2). As can be
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seen on the axes, the total variance accounted for in the
sample set was 27.95%. The clinical specimens also
segregated into two further sub-groups, although not as
distinct as those separating the cell lines from the clinical
specimens. 

Significant genes. The clinical specimens and the breast cell
lines were compared for transcripts which were significantly
up- or down-regulated in the two groups (p<0.001, fold
change >2 and difference of 100 Affymetrix units). Of 2615
genes which passed the above filtration criteria, 1086 were
up-regulated in cell lines relative to clinical specimens and
1529 genes were down-regulated in cell lines compared to
clinical specimens. 

Gene ontology and pathway analysis. Genmapp Gene
Ontology and Pathway Analysis were performed on the up-
and down-regulated gene lists and the over-represented GO
categories/canonical pathways are outlined in Tables I and
II. In cell lines relative to clinical specimens, many of the
functions which were over-represented were related to cell
cycle functions and nucleic acid processing (Table I). Where
clinical specimens were compared to cell lines, the majority
of categories and pathways affected were related to the
immune response and related functions (Table II). 

Estrogen receptor analysis. Hierarchical clustering was also
performed separately on the two groups (i.e. cell lines and
clinical specimens), to determine if either group clustered
similarly when compared for ER status. This analysis
segregated the cell lines into two distinct groups, which
clustered largely according to their ER status (Figure 3).
Exceptions to this rule included the ER-negative SK-BR-3
and MDA-MB-453 cell lines and the ER-positive HCC1428,
which clustered with the opposite group. Hierarchical
clustering performed on the 189 clinical sample dataset did
not demonstrate any appreciable clustering according to ER
status (data not shown), although there was a tendency for
clinical specimens to cluster based on their grade. 

Discussion 

Cell lines are widely used as models of in vivo systems.
However, limited studies have been carried out to establish
if these models accurately reflect in vivo scenarios. Our
study examined gene expression differences and similarities
in a representative group of breast cancer cell lines and
clinical specimens to estimate their approximate level of
similarity.

Cell lines grow under very tight and well-optimized
conditions, with enough space to grow and divide. In
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Table I. GO terms and pathways enrichment analysis for genes over-
expressed in cell line models compared to clinical specimens. A higher Z-
score represents a stronger association of that function to genes which have
over-expressed in cell lines relative to clinical specimens.

GO Name Number of genes Z-score

Changed Measured

Mitotic cell cycle 61 281 15.236
Cell cycle 87 576 13.874
Mitosis 29 105 12.317
M phase of mitotic cell cycle 29 107 12.163
M phase 33 137 11.981
Nuclear division 31 132 11.404
Cell proliferation 94 877 10.501
DNA replication and 
chromosome cycle 30 154 9.791
Regulation of cell cycle 45 325 9.111
Mitotic anaphase 6 11 8.5

MAPP name
Cell cycle (KEGG) 22 84 9.081
DNA replication reactome 11 42 6.347
G1 to S cell cycle reactome 9 65 3.311
Translation factors 7 48 3.069
Pentose phosphate pathway 2 7 2.856
mRNA processing reactome 12 115 2.739
Cholesterol biosynthesis 3 15 2.664

Table II. GO terms and pathways enrichment analysis for genes over-
expressed in clinical specimens compared to cell line models. A higher Z-
score represents a stronger association of that function to genes which have
over-expressed in clinical specimens compared to cell line models.

GO Name Number of genes Z-score

Changed Measured

Immune response 107 595 12.412
Defense response 110 650 11.847
Response to biotic stimulus 115 710 11.586
MHC class II receptor activity 9 11 10.458
Extracellular matrix 48 215 9.992
Antigen processing, exogenous 
antigen via MHC class II 8 10 9.731
Antigen presentation, 
exogenous antigen 8 10 9.731
Extracellular 105 742 9.451
Antigen presentation 12 23 9.204
Antigen processing 12 23 9.204

MAPP name
Complement activation classical 7 16 5.405
Complement and 
coagulation cascades (KEGG) 11 49 3.897
Matrix metalloproteinases 7 30 3.216
Smooth muscle contraction 19 143 2.574
Inflammatory response pathway 6 31 2.435
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Figure 1. Hierarchical clustering demonstrating that cell lines and clinical specimens form two discrete groups. The right cluster is of 19 cell lines included
in the study. The left cluster (incompletely shown because of large number of tumour specimens) represents 189 breast tumours.

Figure 2. Principal component analysis was performed on the samples and the two components were plotted. Clinical specimens are highlighted in red,
cell line samples are highlighted in yellow. 



comparison, tumours grow in a completely different
environment and are influenced by a varied range of
conditions. In this study, we show a clear segregation of the
cell lines and clinical specimens by hierarchical clustering.
This is in agreement with other similar studies where cell
lines and clinical specimens tend to cluster separately from
each other (5, 6). PCA also demonstrated a clear separation
of the two groups, i.e. the cell lines from the clinical
specimens. A segregation of the clinical specimens into two
smaller sub-groups was also observed, although the
clinical/biological basis for this has not been determined here.
An earlier experiment also reported considerable data scatter
among primary tumour cultures and cell lines compared to
normal breast specimens using PCA as a comparison tool (6).

From the Genmapp analysis, cell cycle, mitosis, nuclear
division, cell proliferation and other related functions are
over-represented in cell line models in comparison to the
clinical specimens, while functions related to immune
response and defense response are over-represented in
clinical specimens relative to cell lines. A recent study (13),
also reported that genes related to proliferation and the cell
cycle are over-represented in cell lines relative to clinical
specimens, while cell communication, cell adhesion
molecules and ECM-receptor interaction are down-
regulated in cell lines compared to clinical specimens. Our
study also indicated a decrease in expression of genes
involved in cell adhesion in the cell lines compared to
clinical specimens, although this data (not shown) did not
make it into the top ten ontologies outlined in Table II. 

While the analysis outlined above identified the
macroscopic broad-based differences between breast cancer

cell lines and clinical specimens, it was considered useful to
assess the similarity relationships of the cell lines and clinical
specimens with regard to their ER status. It was hoped that
while differences had been observed when comparing cell
lines and clinical specimens directly, both cell lines and
clinical specimens would cluster similarly when ER status
was used as the criteria. Previous studies had demonstrated
that both cell lines (14) and clinical specimens (15) cluster
largely on their ER status. To this end, unsupervised
clustering of the cell lines and clinical specimens separately
was carried out to determine if either group clustered
according to ER status. However, while the cell lines largely
clustered according to ER status, the clinical samples did
not. This result indicated that, even on a single parameter
basis, the differences between clinical specimens and their
respective cell line models may remain considerable. 

Conclusion

The findings reported here indicate that significant
differences in gene expression between clinical specimens
and their respective cell line models exist at both the large-
and small-scale levels. The study of Dairkee et al. concluded
that the results obtained from cell lines may act as good
models for high-grade cancer, but may fail as useful models
for most of the low- and medium-grade breast cancers (6).
While our study does not indicate a specific clinical
classification for which such cell line data may prove
relevant, the data presented here demonstrate that these
differences should be taken into account when extrapolating
in vitro cell line results to clinically-relevant in vivo systems.
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Figure 3. Hierarchical clustering of cell lines. The + indicates ER-positive cell lines and the – represents ER-negative cell lines. The left cluster in enriched
with ER-positive cell lines and the right cluster is enriched with ER-negative cell lines.
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