
Researchers at Erasmus Medical
Center in the Netherlands have discov-
ered expression profiles with distinct
splice variants that more accurately clas-
sify two forms of glial cancers.

They made the splicing discovery
using new microarrays that analyze over
1.4 million probe sets spanning all
known and predicted exons; their find-
ings may help clinicians more accurately
diagnose the multiple classes and vari-
able prognoses of brain cancer.

The team, led by Pim French, a post-

doctoral fellow in the department of neu-
rology at the Erasmus Medical Center and
the Josephine Nefkens Institute, tested 28
glioblastomas, 20 oligodendrogliomas and
6 control brain samples with the new
GeneChip® Human Exon 1.0 ST Array.
They discovered that both types of
tumors have a distinct pattern of alterna-
tive splicing in addition to a distinct gene
expression profile.

French believes that the develop-
ment of a splicing-based expression
profile for the different types of glial

tumors will provide a further level of
certainty to histological analyses and
may identify causative genetic changes.

“I would like to run a chip for every
tumor that comes in, because I think
you really need expression data to know
what molecular subgroup a tumor is in
to better aid the pathologist,” said
French. “Cancer is complex, and not
caused by a single gene mutation. So,
you really do have to have a global view
of what is happening in the cells in
order to get a good picture of disease
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and ultimately this involves studying
splicing isoforms.”

Justine Peeters led the bioinformat-
ics effort to analyze the glioma exon
array data. She is finishing her Ph.D.
studies in the analysis of microarray
data, with further applications to
cancer, in the laboratory of Prof. Peter
van der Spek at Erasmus. Her thesis
project will provide an educational
resource for performing expression,
SNP and exon microarray experiments,
from planning the experiment to ana-
lyzing the resulting data. French and
Peeters’ work has recently been submit-
ted for publication at PNAS.

“These arrays give us just a whole
other level of analysis, really,” said
Peeters. “Instead of just having your
transcript measured with expression
arrays, we can look at the differentially
represented exons and then translate
this information into changes in the
transcripts. So, even though you have
the same overall information, exon
arrays are more of a true measure of
gene expression.”

French and Peeters recently spoke to
Noam Shomron, a post-doctoral fellow
in the laboratory of Chris Burge at MIT
about new applications for studying
alternative splicing at the whole genome
level. One of Noam’s research fields
focuses on using novel computational

tools for studying alternative splicing
events in general and for identifying
unannotated alternatively spliced exons.

The three discussed:
■ The advantages of exon arrays over

other expression arrays in classify-
ing gliomas

■ Testing, troubleshooting and vali-
dating exon array data

■ The potential application of exon
arrays to clinical diagnosis and
prognosis

Exon arrays vs. other expression
arrays in glioma diagnosis

Shomron: Gliomas are noted for
their aberrations in alternative splicing.
How were you studying glioma gene
expression before and could you
describe your current approach?

French: Originally, we had been
studying global gene expression in gliomas
using GeneChip® Human Genome U133
and then using that information to supple-
ment our pathological diagnoses. We
could identify molecular subgroups of
gliomas and classify them based on their
expression profile.

Our current approach is to use exon
arrays to look at the contribution of
splicing to tumor biology. We strongly
believe that exon arrays will help us find
causative genetic changes in cancer. For
example, exon arrays readily detect

expression of a pathological splice vari-
ant of EGFR. Exon arrays should also
lead to the identification of fusion genes
because the exon probes would cover
the joined breakpoints. Such break-
points are hard to find using the old
U133 arrays.

Shomron: So, have you completely
shifted to exon arrays or are you still
using both?

French: We are still using both
because we don’t want to change proto-
cols for ongoing experiments. Further-
more, most of the gene expression
information we see is in transcripts rather
than in differentially expressed splice vari-
ants. So, for identifying molecular sub-
groups of gliomas, we use expression
arrays, but I think we will shift towards
using exon arrays, because in the end, you
just get more data from them.

Shomron: But can you successfully
retrieve expression data from the exon
array as well?

French: Yes, you can and in fact,
quite easily and very well.

Peeters: The probe sets used in the
U133 Plus 2.0 arrays are 3-prime biased,
so, they’re not really a true presentation
of what is really happening with tran-
scripts. If you have a splice variant influ-
encing the biology of what you are
looking at, this will most likely be missed
with a selection of probes interrogating
only the 3' end of the gene. This is where
exon arrays are more powerful in reflect-
ing the true biology, as every exon
whether it is located in the 3 prime or 5
prime end of the gene is represented in
the array. You can utilize these arrays in
looking at an exon by exon approach or
translate this information into transcript
intensities.

Shomron: So, when do you think you
will completely shift to using exon arrays?

French: It mainly depends on fund-
ing for running such a large number of
arrays. Also, it is slightly more difficult
to handle exon arrays than the U133
Plus 2.0 arrays. So, there’s a little more
training involved.

Peeters: And previously you were
dealing with 54,000 probe sets. Now we
have 1.4 million probe sets. It creates a

is a post-doctoral

fellow at the Josephine Nefkens Insitute

and department of neurology at the

Erasmus Medical Center in Rotterdam,

Netherlands. He received his Ph.D. at

Erasmus Medical Center in cell biology, and

completed a post-doctoral fellowship at the

National Institute for Medical Research in

London. His main focus is using microarray

technology to study neurological cancers

and disorders, to aid pathology and to find

causative genetic mutations.

Pim French



problem for computational analysis—
available computer memory and avail-
able software.

Shomron: Can you elaborate on any
overlapping clusters and correlations
you found from using these two array
platforms?

French: The two platforms correlate
extremely well. The subgroups that we get
with U133 Plus 2.0 arrays are identical to
the subgroups that we get with the exon
arrays. That was an important step in
saying how well they work. Here’s an
example. We have two oligodendroglial
tumor samples that cluster with glioblas-
toma samples on the exon arrays — they
are outliers. On the U133 Plus 2.0 arrays,
we ran the same two samples and we
found that one of the two samples also
clustered with glioblastomas as opposed
to oligodendromas. The subgroups clus-
tered very well and some of the same
samples are outliers in both studies.

Testing and validating glioma
expression studies 

Shomron: In the exon array, how
many positive controls of known splic-
ing isoforms did you look at in order to
gain some confidence that your arrays
worked well before you proceeded for
further analysis?

Peeters: We looked at EGFR variant
III, which has been seen in glioblastomas
containing EGFR amplification. EGFR,
of course, is known to be differentially
spliced in glioma. We also looked at other
causative splice isoforms in other tissues
such as breast cancer. In developing an
algorithm to detect splice variants, we
used this as a positive control as a guide to
look at step-by-step filtering procedures.
As part of this algorithm, we had to filter
out exons which have a non-linear rela-
tionship with transcript as well as non-
informative exons which are also
represented on the chip. Signal from such
exons can skew your results and lead to
many false positives.

Shomron: In your studies, you note
that there was a correlation in the sub-
groups defined through expression
analysis and through histology. Was
that surprising? 

Peeters: Well no. Gene expression

basically directs morphology and thus,
histology, but a pathologist cannot see
what gene expression tells us. Therefore,
the differences are quite informative for
follow-up and treatment. It's possible that
the underlying transcript I am seeing
through expression studies can also pre-

dict drug response. Looking at the tran-
script, you can actually predict, even
though they may look the same histologi-
cally, how the patient can respond to treat-
ment or what type of treatment you can
actually give.

Shomron: Do you always perform
histology in addition to arrays?

French: Not all samples are of suffi-
cient quality to run on our arrays. Of
course, for samples that are good quali-
ty, we do the comparison with histology.

Shomron: You’ve identified hun-
dreds of novel exons in gliomas that are
not supported by current databases. Have
you confirmed them through RT-PCR? 

French: Yes. This is our protocol:

We design two primer pairs, both of
which contain one primer in the putative
novel exon and one in a known exon. In
designing the primers, we make sure that
there is a large intronic region in
between, to avoid amplifying genomic
DNA. We run the assay and get bands

of about the expected size. We then
sequence the bands and indeed, you get
the product that you would expect. With
the sequence, we refer to genomic data-
bases and we often find consensus splice
acceptor and donor sites.

Shomron: And what is the success
rate? What is the false positive and neg-
ative of those RT-PCRs?

French: We have identified around
700, of which about 80 percent truly
represent novel exons. we can confirm
something like 60 to 70 percent of can-
didates. The 30-40 percent we cannot
confirm may be due to incorrect primer
design because you might have a com-
pletely differently spliced transcript. This
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means that the number of novel exons
may even be higher than we can confirm
by RT-PCR.

Shomron: That’s terrific. Now, let’s
talk technically about non-linear exons
— exons that are expressed at levels out-
side the linear detection range of the
arrays, or exons that bear no relation to
its putative transcript. You mentioned
that after comparing the exon array
results and RT-PCR you recalculated
PAC, the probability of the splicing
events, based on metaprobe sets lacking
“non-linear” exons. How much data was
discarded as “non-linear”?

French: If you look at the 1.4 million
probe sets that are on the array, only a few
percent are nonlinear or nonspecific
exons. But, if you try to identify regulated
splice variants, then you narrow down
your search to a few thousand candidate
exons. So the smaller set of candidates are
now biased with these nonlinear exons,
and you end up with quite a high percent-
age  —  up to 80 to 90 percent in first
pass, without any filtering steps.

Shomron: Then does your filtering
process actually retain a large number of
nonlinear exons?

French: Yes, we find it difficult to
completely filter them out. But in identi-
fying regular splice variants you ask that
every probe set within the gene of inter-

est behaves in a completely linear fashion.
So if the gene is upregulated two-fold in
one sample or subgroup, all the individual
exons of that gene should be upregulated
exactly two-fold on the array. Any probe
set that does not show this two-fold
upregulation will be identified as a false
positive candidate.

Peeters: And also, in identifying splice
variants, you have to translate all of your
exon probe sets into your transcript signal
intensity in order to calculate differences
in expression. This is a whole additional
level of analysis as compared to the U133
Plus 2.0 expression arrays. What we used
was an adapted correlation based PAC
algorithm in our calculations of the splice
variants. Including these nonlinear exons
in your initial calculation of the transcripts
to be utilized in the PAC algorithm dis-
rupts the true correlation between your
exon and your transcript, which compli-
cates things.

Shomron: And, you verify them by
quantitative or nonquantitative RT-PCR? 

French: We use nonquantitative RT-
PCR, because differences are pretty obvi-
ous. For ones that we could confirm, we
have a verification success rate of about
40 percent. RT-PCR using primers that
span the spliced exon gives you a semi-
quantitative result anyway, because you
see the ratio of inclusion and exclusion of

the spliced exon.
Shomron: I think the next stage after

identifying which exons are represented is
finding the difference in magnitude and
the varied interplay or network between
the different isoforms. That is probably
something for the future after users feel
confident with their exon arrays.

Future studies and using exon
arrays for diagnostics 

Shomron: Will your results from
these arrays take you into follow up
studies of individual genes or back to
running more arrays and clustering?

Peeters: I think we would definitely
use both approaches. Following up on
these individual genes to look at their role
in the development of the subtypes of
brain tumors is definitely going to be
interesting, but we also would be interest-
ed in running some more arrays and also
reassessing the arrays that we have already
run with alternative analysis techniques.
We believe that we can identify causative
changes using these exon arrays and
hopefully identify more molecular sub-
types or subgroups of brain tumors. We
would like to be able to include some
more histological subgroups and see
whether again we can find differentially
regulated splicing and even causative
changes that cause the errant splicing
event. So, yes there is a lot of information
in these exon arrays that we can utilize.

Shomron: I agree that there is an
advantage of looking at the global gene
expression/isoform picture, rather than
just one or two genes at a time. Do you
think that splicing isoform clusters will
eventually replace expression clusters in
diagnosis and prognostics?

Peeters: Yes, I do think exon arrays
will be the future of diagnostics and prog-
nosis, because they do have a lot more
information than the older expression
arrays. As I have mentioned before, we
can look specifically at different isoforms
of transcripts that may be involved in
patient response to drug treatment and
the specific diagnosis of disease.

At the moment, it is fresh, new analy-
sis for us. So, the most important thing
for us is to see if we can use this platform
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to identify differential expressed splice
variants and be able to confirm them in
the lab.

Shomron: Last question — if you
could set up the ultimate diagnostic lab-
oratory what would it look like?

French: You would use exon and
SNP arrays to identify which molecular
subgroup the tumor belongs to. These
subgroups would aid in guiding therapy
and will also give prognostic information
for the patient. I also strongly believe
that future therapies will focus on the
molecular aberrations of tumors.
Therefore, I would also like to perform
an array experiment that would sequence
all of the known tumor suppressors and
oncogenes. This way, you know that in
patient A you have genes X, Y, and Z
mutated. Such molecular knowledge will

be of high importance to guide future
therapies. I think that would be the ulti-
mate diagnostic lab.

Shomron: Yes, I definitely agree with
you. Use microarrays to analyze every-
thing, collect the data, then look at part of
it now, and then maybe reanalyze a few
years later, when there are a few more rev-
elations and a few more diagnostic tests
and genes or mechanisms identified. An
example would be regulation by
microRNAs, a concept which has gained
ground only in the past few years.

French: You never know what you
are going to get from such large data sets,
but there is a lot of information encoded
in the expression data and most of it we
do not really know at this point. It’s amaz-
ing. We are only scratching the surface of
what you can do with these arrays.
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