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The “omics” Haystack: Defining Sources of Sample Bias in
Expression Profiling

Great medical benefit may result from biomarker discov-
ery, but the scarcity of useful biomarkers among myriad
genes and proteins makes this task every bit as daunting
as finding the needle in a haystack. At the moment we are
not even certain what the needle or the haystack looks like
(although many of us are certain we know one when we
see one) or, more precisely, how to separate the signal
from the noise. The need for better disease management
tools has placed considerable demand on the scientific
community to find appropriate clinical biomarkers, ush-
ering in the “omics” era—the application of specific
technologies such as proteomics, genomics, and metabo-
lomics along with the mainstreaming of high-throughput,
high-volume analytical approaches.

Clearly the development and implementation of novel
technologies as well as innovative new application of
“old” technologies is justified. However, this pushing of
the technical envelope must be balanced with careful
scientific evaluation of the performance characteristics of
each new paradigm. The collision of these two impera-
tives has never been more apparent than in the current
debate over protein expression profiling and pattern
recognition—based diagnostics. The opposing forces of
excitement associated with innovation (1, 2) and caution
regarding bias, chance, and overgeneralization (3-5) must
be balanced by the research community.

One case study for this issue is serum protein expres-
sion profiling. Following promising seminal work, many
questions were raised after closer scrutiny of published
data (3-5). Causes of concern included lack of analytical
reproducibility, diminished robustness of discovered
biomarkers during validation, and the fear that the prev-
alent detected serum proteins were produced by the liver.
Indeed, the majority of these concerns can be attributed to
bias, chance, and our rush to generalize results, a phe-
nomenon nicely articulated in two recent articles (6, 7).
The research community is called to strengthen its vigil
over possible sources of bias, which can occur at many
points along the discovery pathway. Although biostatis-
ticians and epidemiologists bear the greatest responsibil-
ity for study design and data analysis, there are avoidable
sources of experimental bias that must be recognized by
laboratory scientists. Evaluation of analytical reproduc-
ibility and determination of sources of variability are
essential steps in the biomarker discovery process. Iden-
tifying sources of sample bias introduced during clinical
or laboratory processing allows for a greater understand-
ing of the non-disease-related events that confound bio-
marker discovery.

Examining the influence of known sample processing
variables on the spectral output after expression profiling
analysis by mass spectrometry was the focus of the study
by Rosamonde Banks and colleagues (8) in this issue. The
authors introduced several changes in blood sample col-
lection and processing and measured the resulting vari-

ability by use of surface-enhanced laser desorption/ion-
ization time-of-flight mass spectrometry (SELDI-TOF
MS). Specifically, they assessed the impact of anticoagu-
lant, types of serum collection tubes, and elapsed time
between venipuncture and sample analysis. The test sam-
ples were processed by use of various affinity-activated
surfaces immediately before mass spectral analysis. As
has been suggested elsewhere (9), plasma types and
serum separator tube choice appeared to have a profound
impact on the spectra observed. This variability was
further confounded by the selected affinity surface, con-
firming a phenomenon that has been observed before but
never demonstrated under controlled conditions (10). Of
particular interest is the observation that the time from
blood collection to analysis is a critical period in which
changes in protein profiles occur. Whereas most research-
ers would assume that the quicker the serum sample is
processed the better, these authors observed that a sample
stabilizes following a 30-min period. Thus, the recommen-
dation for protein expression profiling of blood samples
would include a provision that analysis should not be
performed until after an initial 30-min period. Clearly the
skeptical researcher must be aware that this study inves-
tigated only a small number of many possible variables.
Thus, although analysis after a 30-min stabilizing period
will avoid these reported blood changes, there is no
guarantee that analysis between 30 min and 4 h will avoid
artifacts in all features of the serum proteome. Indeed, the
results presented by Banks and colleagues (8) serve to
underscore the need for further and more extensive
examination of the constituents of the “haystack”.

When we attempt to understand the possible sources of
sample processing variability it is useful to examine
known biological phenomena that might give rise to
observed events. The authors approach this question by
examining the impact of the clotting process on the
sample-specific spectra. Their analysis of the spectral
profile showed alterations of many fairly prominent
peaks corresponding with in vitro manipulation of plate-
lets. The authors list several m/z peaks that were altered in
their system, providing a useful catalog for the research
community, but the strongest take-home message here is
that these sorts of perturbation studies should be rou-
tinely conducted as a means of pinpointing possible
confounding events. The knowledge that biological phe-
nomena such as platelet activation can profoundly influ-
ence observed mass spectral output demands that “om-
ics” researchers examine study protocols for population
characteristics that would affect the platelet activation
process.

A benefit of studies designed to discover sources of
experimental bias is the direct definition of confounders
that lead to incorrect associations and erroneous conclu-
sions. Such new knowledge will facilitate study design
and data interpretation. Our efforts toward uncovering
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the elusive protein biomarker in the proteome require a
complete understanding of the proteomic haystack. The
observed platelet-dominated changes seen in the unfrac-
tionated abundant proteins may or may not be relevant
among the less abundant proteins, but selective removal
of platelets before sample analysis might prove useful.
Conceptually, one might reduce the impact of the hay-
stack by targeting subproteomes. In this respect, biologi-
cal perturbation studies may serve as nice systems for
developing techniques that minimize the observation of
non-disease-related events. The more we define the bio-
logical noise, the easier it will be for us to find the
biologically relevant signal.
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