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Letter from the editor

The bright days of summer
are here, but at Genome
Technology, school is still in
session. However, theres no
need to cram for finals be-
cause here at GT, we give you
all the answers. From the tried
and true — formalin-fixed
paraffim-embedded ~ tissue
sample prep and clinical qPCR methods — to the
new and challenging — multivariate biomarkers
— we called on several experts from around the
world to bring you their expertise and advice.

This guide contains tips for everything from
the latest methods of nucleic acid extraction
from FFPE samples to cutting-edge data stan-
dards for qPCR and the best ways to validate
multivariate biomarkers. Our information
comes straight from the source — our ex-

Index of experts

Many thanks to our experts for taking the time to

contribute to this technical guide, which would not be
possible without them.

s Mark Bouzyk

EMORY UNIVERSITY
SCHOOL OF MEDICINE

Janine Erler

INSTITUTE OF
CANCER RESEARCH

Stephen Hewitt

NIH/NCI

Clinical Focus: FFPE, gPCR, Biomarkers

perts are pioneers in their field, and are still
researching better and faster ways to extract
samples and validate biomarkers. In our sec-
tion on FFPE, you'll get the latest advice from
researchers who are still working on sample
extraction methods, while in the section on
PCR, you'll read about data standards from
the people who developed them. And in our
multivariate biomarkers section, you'll see the
opinions of a researcher who has written one
of the latest papers on this developing field. If
you really want to know about the best primer
design software for gPCR or data mining soft-
ware for multivariate biomarkers, the answers
are in this guide.

And take a look at the list of resources, Web
tools, and upcoming conferences at the end
of the guide for more information.

— Christie Rizk

Mohammad llyas

QUEEN'S MEDICAL CENTRE,
NOTTINGHAM UNIVERSITY

Rolf Jaggi

UNIVERSITY OF BERN

F Greg Shipley

UNIVERSITY OF TEXAS
HEALTH SCIENCE CENTER

JoVandesompele
GHENT UNIVERSITY
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Genome Technology: Which
method of RNA or DNA extrac-
tion yields the purest samples?
Mark Bouzyk: Over the last
few years we have evaluated a
number of commercial kits and
further optimized [them] for
higher yield and throughput.
These kits, suitable for extract-
ing DNAand/or RNA from FFPE
samples, are from vendors,
which include Ambion, Roche,
and Qiagen. Some compari-
son data and protocols can be
found in our publications, [see
Resources, page 13] which led
us to choosing Ambion as our
preferred kit for nucleic acid
extractions from FFPE, even
though this method is column-
based and the throughput is
low to medium. We have re-
cently had excellent experience
and results in terms of yield,
purity, and throughput using
products from Omega Bio-Tek
to isolate DNA from a variety
of sources including whole
blood, blood products, and
saliva. It is a magnetic bead-
based chemistry and we have
automated the protocol on a
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Sample Prep: FFPE

in the Clinic

Mark Bouzyk, Stephen
Hewitt, Mohammad

Ilyas, and Rolf Jaggi

Thermo KingFisher Flex mag-
netic particle processor robot,
in 96-well format. We are now
planning on evaluating Omega
Bio-Tek Mag-Bind FFPE KF
kit and include automation.
The purified DNA should be
compatible with a variety of
downstream analyses, in-
cluding real-time PCR and
multiplexed genotyping.

Genome Technology: Which
method of RNA or DNA extrac-
tion yields the purest samples?
StephenHewitt: The best meth-
od is the one that takes longest
in time. We have worked with a
number of in-house protocols
as well as commercial kits. In
general, we find that most pro-
tocols are adequate; however,
we have a protocol [see Re-
sources] that takes more than
three days and provides a small
margin of improvement in
quantity. Especially with RNA,
quantity is the best measure
of quality. More is better. We do
not go to this extreme in all cir-
cumstances, but it is an option
if we need it.

GT: How do PCR protocols
that can be used without the
need for DNA extraction or
paraffin removal compare
with older methods?

SH: These new extraction-free
protocols are impressive and
for many applications are more
than adequate. DNA in FFPE
is generally stable and of rea-
sonable quality. That does not
mean it is not without nicks
and other alterations that may
show up with sequencing; how-
ever, it can be easily amplified.
Many of these protocols use
heat and detergents to medi-
ate sufficient de-paraffination
for PCR. It becomes a simple
issue of sufficient template for
the polymerase. Long ampli-
cons are certainly harder.

GT: What's the best method for
getting around spurious copy-
number changes in FFPE tissue
samples in array-CGH profiles?
SH: We are still trying to get to
the bottom of this issue our-
selves. Our general finding is
that starting with more DNA
is the easiest approach. Our
model is that the DNA has un-
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dergone some level of nicking
and modification, and if you
provide more template, you are
more likely to get even and con-
sistent amplification.

Genome Technology: Which
method of RNA or DNA extrac-
tion yields the purest samples?
Mohammad llyas: In our expe-
rience, the best yield of both
RNA and DNA comes from the
special commercially available
columns. The amount of nu-
cleic acid available from FFPE
tissue is usually limited (since
some of the original tissue, if
coming from a clinical case,
should be retained for the pur-
poses of diagnostic records).
The quality of nucleic acid is
also limited after formalin fixa-
tion and processing into paraf-
fin. The key is to ensure that
the material is fully digested by
proteinase K; usually overnight
digestion is sufficient although
occasionally it may require a
longer period (especially for
mesenchyme-rich tissue).
Following that, it is important
to ensure that all the residual
debris is spun down prior to
taking off the supernatant,
which can then be run down
the column. Whilst nucleic acid
precipitation is an acceptable
method, it is more time-con-
suming and is more likely to
have contaminants and a high

Clinical Focus: FFPE, gPCR, Biomarkers

— Mohammad Ilyas

both of
which may compromise down-

salt concentration,

stream applications. A number
of columns are available which
are specifically designed for
nucleic acid extraction from
FFPE tissue. They are from a
number of different sources
and our experience is that they
are all pretty similar in their
performance and it boils down
to individual preference.

Good sample preparation
and adherence to protocols will
give a good acceptable yield in
most cases. However, to re-
peat a hackneyed truism: it is
all about experimental design.
DNA derived from FFPE tis-
sue, even of the highest quality,
will have an upper limit of 300
to 400 base pairs after which
the PCR will become unreli-
able. These are considerations
which need to be takeninto ac-
count when designing experi-
ments using FFPE tissue.

GT: How do PCR protocols
that can be used without the

need for DNA extraction or
paraffin compare
with older methods?

removal

MI: This question can only
be answered bearing in mind
two considerations:

(@) How robust is the
PCR reaction? Without doubt
FFPE tissue can be incubated
with proteinase K without de-
waxing and the resulting di-
gest can be used directly for
PCR (after inactivation of the
proteinase K). This has some
advantages inasmuch as the
melted wax floats to the sur-
face and forms a seal for the
digestion reaction. However,
such a crude preparation will
inevitably contain contami-
nants and (notwithstanding
the commercially available
reagents which purportedly
bind the contaminants) will be
more prone to PCR inhibition. If
the proposed PCR is robust, it
[will] not be affected by minor
variations in template qual-
ity and the experiments will be
successful. If, however, the PCR
requires more stringent condi-
tions, there is a much greater
likelihood that template varia-
tion will interfere with the ef-
ficiency of the PCR and may
result in PCR failure in some
samples. Thus savings in time
may be offset by reduction
in the data set and the more
PCR tests that are planned,
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the greater the likelihood that
one of them will be fickle and
prone to failure. If quantitative
PCR is being considered, we
would recommend that it is
definitely not performed on
crude DNA template.

(b) What are the planned
downstream applications?
PCR with low-quality template
is more likely to generate PCR
artifacts such as non-specific
products. If there are plans to
perform other procedures with
the PCR product, then some
may be highly susceptible to
data corruption by these arti-
facts. Methods such as high-
resolutionmelting,single-strand
conformation polymorphism,
denaturing high-performance
liguid chromatography are
very stringent methods, which
will pick up PCR artifacts and
give false positive signals and
generate poor data. Similarly,
if there are plans to clone PCR
products, then the presence of
non-specific products will inevi-
tably mean more colonies have
to be screened. Other reactions
(such as bisulfite modification
for methylation-specific PCR)
may be inhibited by the con-
taminants in the template.

Again, the most important
thing is to understand the pur-
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pose of the experiment and de-
sign it appropriately. As a gener-
al rule, the more pure the DNA
template, the better and more
reliable the PCR data. Time can
be saved by not doing formal
DNA extraction, but this may
be lost by having to repeat ex-
periments or having a reduced
sample size from PCR failures.

GT: What's the best method for
getting around spurious copy-
number changes in FFPE tissue
samples in array CGH profiles?
Ml: We don't have much ex-
perience in this but from first
principles we would say that
(a) ensure the highest quality
of template for the whole ge-
nome amplification step and
(b) validate your data using
another method.

Genome Technology: Which
method of RNA or DNA extrac-
tion yields the purest samples?
Rolf Jaggi: We did not perform
very systematic comparisons
related to this issue but the
impression | get from vari-
ous users is that purity is not
a major issue when they use
their RNA for regular applica-
tions like cloning or real-time
PCR. All the reagents that we
use in the laboratory give high-
quality RNA (E260/280 close

to 2, regular spectrum between
220 nm and 320 nm). We have
not used phenol/chloroform-
based methods (e.g. Trizol) for
many years.

GT: How do PCR protocols
that can be used without the
need for DNA extraction or
paraffin  removal
with older methods?
RJ: We regularly use RNA and
DNA isolated from FFPE ma-

terial and we have invested a

compare

considerable effort to optimize
RNA extraction with regard to
recovery and quality. We found
that the quality of the RNA can
be improved considerably by
adding a separate incubation at
50°C to 90°C in a special buf-
fer. This incubation apparently
eliminates part of the chemical
cross-links in RNA molecules,
which are a result of fixation
with formalin; thereby the effi-
ciency of reverse transcription
is improved. We usually use
valuable and unique patient
material and, therefore, we do
not accept any steps that may
reduce quantity and/or qual-
ity. The protocol and reagents
which regularly give optimal re-
sults are commercially available
from AmpTec, a German com-
pany that specializes in RNA
amplification technologies.

Clinical Focus: FFPE, gPCR, Biomarkers



Genome Technology: How
do you work around the
lack of proper normaliza-
tion techniques?

Greg Shipley: The reason
there is no standardized
normalization method is
that if you use one or more
transcripts to normalize
transcript data, the ones
you choose depend on what
effect the experimental
conditions have on the tar-
get cells, tissue, or organ-
ism. Thus, it is not possible
to standardize on a single or
smallgroup of transcripts for
all experimental conditions.
It's one of the conundrums
of real-time gPCR. For a
single treatment, single tar-
get, and specific set of tar-
get transcripts or genes, it
would be possible to set up
a specific standardization
set of transcripts. But this
only works when you have
a repetitive experiment and

assay. Thus, for the clinic,

Clinical Focus: FFPE, gPCR, Biomarkers

this would be how it would
work for a clinical test. But
for research, we have to find
the best transcripts, or use
total RNA, or 18S rRNA. Or
in some cases you have to
measure total RNA using a
fluorescent assay separate
from real-time gPCR. When
folks come to talk with me
about a new project, when |
ask, “What are you going to
use to normalize for load-
ing?" the invariable answer
is, “What do you suggest
or what does everyone else
do?" Then | have to tell them
there is no answer to their
question. If someone has
run a microarray, they can
look there for transcripts
that did not change. Or they
can check the literature if
someone has reported a
transcript from an experi-
ment with identical condi-
tions. However, that has lots
of risk as many folks use
GAPDH because that's what

Clinical qPCR
Greg Shipley and
Jo Vandesompele

folks used for northerns.
But guess what? We can re-
ally quantify things now and
GAPDH hops around at the
slightest perturbation of
the cell. It's on a case-by-
case basis.

GT: Do you use real-time
PCR data markup language,
and how does it compare to
other PCR data standards?
GS: This is a standard data
export that was suggested
by Jo Vandesompele and Jan
Hellemans for all vendors. If
every instrument made it
possible to do an RDML ex-
port of their data, it would
be much easier for the end

— Greg Shipley
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user to import their data
into downstream software
packages for data analysis.
However, that is not pos-
sible now for all instrument
software. One company told
me that RDML did not allow
the export of all the features
their software can bring to
the data set so they were
not going to implement it.
| see their point, but | also
think they are being short-
sighted. So, the answer is
I'm not sure anyone is using
RDML, as it hasn't been uni-
versally implemented yet.
GT: What kind of primer de-
sign software do you use,
and why?

GS: | use Beacon Designer
and AllelelD from Premier
Biosoft. The reasons are: 1)
Both programs work well.
The designs | have received
from the programs work
well empirically when test-
ed in the lab. And 2) | am
a consultant for Premier
Biosoft and so am able to
use the programs for free. |
receive no other remunera-
tion from them and suggest
improvements to the soft-
ware or point out bugs that
| find. Lest you think this
association is unduly influ-
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— Gireg Shipley

encing my comments, | can
tell you as a core lab direc-
tor | cannot afford to have
bad primers and probe sets
being purchased on a regu-
lar basis. We also purchase
a long oligo for each assay
spanning the longest PCR
amplicon so we have a siz-
able investment in each as-
say that we order. We make
a lot of new assays here. If
the software didn't work
well, | wouldn't use it and
that's that. | will say that |
used Primer Express in my
early days when it was still
running on the Mac. | ran
the old Mac software long
after it migrated to the PC,
as the PC software didn't
work as well. | learned to
compensate for the short-
comings in that software,
which had some excellent
features, and made good

assays for years. However,

since I'm not a PC user
(although | run XP on my
Mac) | preferred software
that runs under the Mac
OS. Both of these programs
will work with either OS X
or Windows. Since | have
14 years of probe-based
assay design experience, |
know how to choose opti-
mal primer pairs. | always
order four primers around
a probe (same for UPL or
SYBR assays) and try them
in all four possible combi-
nations. The highest-rated
primer pair is not always
the one that works best
empirically. I'm not sure
the software will ever com-
pletely replace the empiri-
cal test, but | don't want
to say never. With the low
cost of primers these days,
the added cost is negligible
compared to the benefits of
knowing you have the best
assay possible and the only
way to know that is through
empirical testing. One fea-
ture of the Premier Biosoft
software packages that
sets them apart from the
pack is the ability to run an
m-fold analysis from within
the software (goes out to

the m-fold server of course)

Clinical Focus: FFPE, gPCR, Biomarkers



and then can use that
information to make as-
says that avoid strong
This is
feature and

stem structures.
a wonderful

extremely helpful.

Genome Technology: How
do you work around the
lack of proper normaliza-
tion techniques?

Jo Vandesompele: The
gold standard and univer-
sally applicable normaliza-
tion method is the use of
multiple, stably expressed
reference genes. Such ref-
erence genes are typically
identified in a pilot experi-
ment on a representative
set of samples in which a
list of candidate reference
genes is measured. This pi-
lot data set is then analyzed
using a dedicated algorithm
(such as geNorm built into

PLUS, Hellemans et

gbase
al., Genome Biology, 2007;
http://www.gbaseplus.com
[see Resources]). We and
others could demonstrate
that such a normalization
strategy can better reduce
the experimental noise and
yields statistically more
significant results and is

able to reliably detect small

Clinical Focus: FFPE, gPCR, Biomarkers

expression differences.

GT:. Do you use real-time
PCR data markup language
and how does it compare to
other PCR data standards?
JV: As co-author on the
RDML paper (Lefever, Hel-
lemans et al., Nucleic Acids
Research, 2009 [see Re-
sources]), I'm a strong ad-
vocate of making your real-
time PCR publicly available
(e.g. as supplemental data
file with your publication).
The RDML data format is
really the perfect instru-
ment to do so. Various lead-
ing gPCR instrument compa-
nies are acknowledging this
and currently making their
software RDML compatible.
In addition to the online
(http://
www.rdml.org), third party

RDML generator

qPCR data-analysis software
is also becoming RDML com-
patible. Biogazelle's gbase-
PLUS software is the first of
its kind to be fully RDML
compatible (import and ex-
port of gPCR data and run
annotation information).

GT: What kind of primer de-
sign software do you use,
and why?

JV: There are many primer

design tools available, both

free and commercial, and
many do a good job. Most
importantly is that state-of-
the-art bioinformatic tools
are used to predict the per-
formance of a gPCR assay,
in terms of absolute speci-
ficity and absence of se-
guence polymorphism and
secondary structures in the
primer annealing regions.
While such in silico qual-
ity control tools are sepa-
rately available online (e.g.
UNAfold, BiSearch, dbSNP
[see Resources]) we have
integrated these concepts
in our own primer design
pipeline primerXL. This not
only results in a high suc-
cess rate, but also enables

high-throughput designs.

—Jo Vandesompele
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Genome Technology: What
is the best method to vali-
date a multivariate bio-
marker, and how does it dif-
fer from the validation of a
univariate biomarker?
Janine Erler: A multivariate
biomarker is best validated
through repeated testing
under multiple conditions.
For example, the activation
status of a protein should
be investigated in multiple
physiologically relevant
conditions. It differs from
a univariate biomarker be-
causeitreflects the network
state of the cell or disease.
Univariate biomarkers are a
snapshot of a situation and
do not really reflect what is
going on in the system.

GT: What kind of data-min-
ing software do you use
for multivariate discovery
and why?

JE: We mostly use mass
spectrometry as we are in-
terested in dynamic protein
interactions because these

12 TECH GUIDE JULY/AUGUST 2010

—Janine Erler
|
are what determine cell be-
havior, phenotype, or dis-
ease. Mass spectrometry
is an extremely sensitive
technique. We tend to fo-
cus on phosphoproteomic
data, and analyze this with
NetPhorest and NetworKIN
algorithms developed by
our collaborator, Rune Lind-
ing at the Institute of Can-
cer Research [in London].
These allow assignment
of probabilities to protein-
protein events. However,
we always integrate
these data with behav-
ioral and phenotype data.
When analyzing microar-
ray data, we collabo-

rate with Monica Nicolau

Multivariate
Biomarkers and
Molecular Diagnostics
Janine Erler

of Stanford University
and use a DSGA algorithm
she has developed. This al-
lows disease-specific anal-
ysis of data.

GT: What type of analysis
do you use to evaluate the
stability of candidate multi-
variate biomarkers?

JE: We will attempt to look
at the protein half-life to
have an idea of turnover.
However, through network
biology studies, we will be
able to determine stability
as a biomarker.

— Janine Erler
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