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Editorial

The Proteomic Revolution in Laboratory Medicine

Mass spectrometry has a rich history, starting with the discovery
of the electron and the construction of the first mass spectrometer
by ].J. Thompson (Nobel Prize in Physics, 1906). Since that time, nu-
merous improvements in the instrumentation were introduced and
many other Nobel Prizes were awarded, including the latest one in
2002 (Chemistry) to John B. Fenn and Koichi Tanaka for developing
electrospray (ESI) and matrix-assisted laser desorption/ionization
(MALDI) techniques. Clinical Chemists have used mass spectrometry,
in combination with gas chromatography, and later with liquid chro-
matography, to measure a myriad of small molecules including drugs,
metabolites, vitamins, pesticides, and trace metals. Biological mass
spectrometry, which has the capability to analyze proteins and
nucleic acids, is a relatively new technique which rapidly progressed
after the development of the soft ionization techniques (such as ESI
and MALDI). In parallel to the development of new ionization tech-
niques, we also witnessed an amazing revolution in new mass ana-
lyzers, in addition to the traditional ones (such as the Quadruple),
including ion-traps, time-of-flight, Fourier transform ion-cyclotron
resonance, and OrbiTrap. The combination of various mass analyzers
to develop hybrid machines resulted in unparalleled mass resolution,
mass accuracy and mass range, leading to very reliable identification
of analytes with high sensitivity and throughput. These developments
were also complemented by new bioinformatic algorithms, sample
preparation techniques, development of novel reagents for quantita-
tive analysis and other advances. The combined developments alto-
gether, now allow identification and quantification of thousands of
proteins in very complex mixtures, something that is also known as
“proteomics”. Despite the fact that mass spectrometry is not the
only available proteomic technique, it is certainly the most powerful
and most highly utilized technology. For a historical overview and
current status, see Ref. [1].

We can state with confidence that proteomics and mass spectrom-
etry have revolutionized the following experiments over the last
20 years: reliable protein identification, resolution of complex
proteomes in a matter of days, multiplexing quantitative assays for
many proteins/peptides at the same time, unparalleled specificity
without the need for binding reagents (such as those used in ELISAs),
and relative ease in identifying complex post-translational modifica-
tions of proteins, nucleic acids and other biomolecules. Could we
speculate that mass spectrometry is rapidly becoming the method
of choice for just about every analytical problem? Certainly, mass
spectrometry has been used, as mentioned earlier, in many areas of
Clinical Chemistry as a specialty technology over many years, but it
is now expanding to areas including routine analysis of steroid
hormones (replacing the less specific immunoassays) and other
analytes such as Vitamin D and immunosuppressants for therapeutic
drug monitoring. Many believe that over the next 10 years or so, mass

spectrometry may have the capability to replace many ELISA-based
immunoassays and be able to quantify any protein in complex biolog-
ical mixtures without the need for binding reagents. Examples in
the literature point to the fact that mass spectrometry may have
unique advantages in measuring simultaneously not a single immu-
noreactive species, but multiple fragmented species of the same
protein (e.g. parathyroid hormone, intact molecules and its frag-
ments; this has been demonstrated already) [2], active and inactive
hormones and other peptides and proteins, etc. However, we need
to also realize that mass spectrometry, as it stands now, is not with-
out limitations.

One of the most important limitations of mass spectrometry is in
the identification and quantification of individual proteins in complex
biological mixtures without an enrichment step. We all know that
ELISAs can achieve this very easily with sensitivities down to approx-
imately 1 pg/mL [3]. Since quantitative mass spectrometry of proteins
relies on the identification of one or more peptide(s) in a sea of mil-
lions of other peptides, generated by trypsin digestion, there is tre-
mendous competition for ionization between the peptide of interest
and other peptides, even after an initial chromatographic step. This
leads to suppression of full ionization and a tremendous loss of sensi-
tivity, since the peptide of interest is ionized to a much lesser degree
than when present in pure form. Additionally, the various pre-
analytical steps of current protocols introduce significant variation
in the quantification of these peptides, thus compromising precision.
Head-to-head comparisons between ELISAs and quantitative mass
spectrometric techniques for proteins currently show that ELISA is
at least three orders of magnitude more sensitive and an order of
magnitude more precise than the current selected-reaction monitor-
ing (SRM) assays based on mass spectrometry [4]. Despite the fact
that there are now databases which allow easy development of
mass spectrometric techniques for any protein (e.g. the SRM Atlas
Database; www.srmatlas.org), the limitations mentioned above still
exist [5]. Many investigators have proposed ways of prior enrichment
of the peptides of interest, for better and more sensitive quantifica-
tion [6], but these techniques compromise throughput. It is thus our
opinion that it will still take some time and more improvements in in-
strumentation, software and high-throughput sample pre-treatment,
before mass spectrometry will pose a major threat to replacing cur-
rent immunoassay methodologies. Having said that, and as stated
earlier, the already-mentioned significant advantages of mass spec-
trometry qualify this methodology as a premier discovery technique,
at present [7-9].

Most of the work that has been done already on proteomic analy-
sis with mass spectrometry deals with the use of this technique for
biomarker identification, for studying protein-protein interactions,
pathway analysis, and post-translational modifications. For Clinical
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Chemists, the application of mass spectrometry for biomarker
discovery is of particular interest [7-9]. In this respect, mass spec-
trometry can easily resolve, as mentioned earlier, complete
proteomes of cell lines, fluids, tissues and other biological material,
making it an ideal technique for developing large catalogues of pro-
teins in such specimens. Among these proteins, the next step in bio-
marker identification usually includes a strategy for selection of the
best candidates by using various approaches, as we describe else-
where [8], but this is a very difficult task since most of the applied
criteria for biomarker selection are relatively arbitrary [10]. After se-
lection of candidates, the next step in biomarker discovery, which is
biomarker verification and validation, could be a very difficult step
since, at this point, quantitative assays and large numbers of clinical
samples are necessary. These difficulties in biomarker selection, veri-
fication and validation are major contributing factors in the realiza-
tion that very few biomarkers have been discovered using mass
spectrometry at present [7-9]. On the other hand, the ELISA method-
ology is very capable of analyzing one protein at a time, but in a
high-throughput and highly sensitive fashion. In the last 5 years, we
have witnessed the commercialization of a large number of ELISA
assays and it is predicted that over the next 5-10 years, ELISA assays
may become available for just about every known human protein.
Such assays need careful validation for specificity, something that is
not done rigorously at present. However, still, the ability of mass
spectrometry in identifying fragments, post-translational modi-
fications, multiparametric analysis and identification of mutated pro-
teins will remain major advantages in our quest for finding novel
biomarkers.

In this Special Issue of Clinical Biochemistry, we have collated a
number of reviews from expert groups dealing with diverse subjects
related to proteomics and mass spectrometry, and their applications
in the clinical laboratory. We hope that this collection will be highly
useful to Clinical Chemists, Technologists and other Laboratory Med-
icine professionals and to industry, since it provides a snapshot as to
where mass spectrometry and proteomics are at the moment, and
where these technologies are likely to be in 10-15 years. We thank
all the authors for their contributions and the reviewers for their
invaluable help with the assessment of the manuscripts.

References

[1] Yates IIl JR. A century of mass spectrometry: from atoms to proteomes. Nat
Methods 2011;8:633-7.

[2] Lopez MF, Rezai T, Sarracino DA, et al. Selected reaction monitoring-mass spectro-
metric immunoassay responsive to parathyroid hormone and related variants.
Clin Chem 2010;56:281-90.

[3] Yu H, Diamandis EP, Wong PY, et al. Detection of prostate cancer relapse with
prostate specific antigen monitoring at levels of 0.001 to 0.1 microG./L. ] Urol
1997;157:913-8.

[4] Kulasingam V, Smith CR, Batruch I, et al. "Product ion monitoring" assay for
prostate-specific antigen in serum using a linear ion-trap. ] Proteome Res
2008;7:640-7.

[5] Diamandis EP. Biomarker validation is still the bottleneck in biomarker research. J
Intern Med 2012 [Epub ahead of print].

[6] Anderson L, Hunter CL. Quantitative mass spectrometric multiple reaction
monitoring assays for major plasma proteins. Mol Cell Proteomics 2006;5:
573-88.

[7] Kulasingam V, Pavlou MP, Diamandis EP. Integrating high-throughput technolo-
gies in the quest for effective biomarkers for ovarian cancer. Nat Rev Cancer
2010;10:371-8.

[8] Kulasingam V, Diamandis EP. Strategies for discovering novel cancer bio-
markers through utilization of emerging technologies. Nat Clin Pract Oncol
2008;5:588-99.

[9] Makawita S, Smith C, Batruch I, et al. Integrated proteomic profiling of cell line
conditioned media and pancreatic juice for the identification of pancreatic cancer
biomarkers. Mol Cell Proteomics 2011;10 [M111.008599].

[10] Makawita S, Diamandis EP. The bottleneck in the cancer biomarker pipeline and
protein quantification through mass spectrometry-based approaches: current
strategies for candidate verification. Clin Chem 2010;56:212-22.

Dr. Maria D. Pasic, PhD, is a Clinical Biochemist in the
Department of Laboratory Medicine at St. Joseph's
Health Centre in Toronto and Assistant Professor, De-
partment of Laboratory Medicine and Pathobiology,
University of Toronto. She is also involved in collaborative
research in the areas of Personalized Medicine and
Molecular Diagnostics at the University of Toronto. As a
young investigator, Dr. Pasic recently received the George
Grannis Award for Excellence in Research and
Scientific Publication from the National Academy of
Clinical Biochemistry, and has previously received a
Young Investigator Award from the International Society
of Thrombosis and Haemostasis. She has published
numerous research and review papers, and has served as
a peer reviewer for Clinical Biochemistry for several years. Dr. Pasic is currently the Chair
of the American Association for Clinical Chemistry Upstate New York Section.

Dr. George M Yousef, MD, PhD, FRCPC (Path),MSC is an
Anatomical Pathologist and a Scientist at the Li Ka Shing
Knowledge Institute, St. Michael’s Hospital, and an Associate
Professor at the University of Toronto, Canada. He is also the
director of postgraduate research at the Department of Lab-
oratory Medicine. Currently, his research laboratory is focus-
ing on the cancer biomarkers in urologic tumors including
renal cell carcinoma and prostate cancer using an integrated
genomic, quantitative proteomic, transcriptomic and miRNA
approaches. In addition, he published extensively on the dis-
covery of kallikrein family of tumor markers and their roles
in cancer. His has over 140 published research papers, re-
view articles and book chapters. He is an associate editor
of two peer-reviewed journals and serves as a reviewer for over 40 journals. He is also
a founding member of the International Scientific Committee of Kallikreins.

i
Al

Dr. Elefterios P. Diamandis is Division Head of Clinical Bio-
chemistry at Mount Sinai Hospital and Biochemist-in-Chief
at the University Health Network and is Professor & Head,
Division of Clinical Biochemisty, Department of Laboratory
Medicine and Pathobiology, University of Toronto, Ontario,
Canada. His research activities evolve around discovery
and validation of cancer biomarkers, proteomics, mass
spectrometry and translational research.

Maria D. Pasic*

Division of Clinical Biochemistry, Department of Laboratory Medicine,
St. Joseph's Health Centre, Toronto, ON, Canada

Department of Laboratory Medicine and Pathobiology,

University of Toronto, Toronto, ON, Canada

*Corresponding author at: St. Joseph's Health Centre, Department
of Laboratory Medicine, 30 The Queensway, Toronto, ON, M6R 1B5.
Fax: +1 416 530 6284.

E-mail address: pasicm@stjoe.on.ca.

George M. Yousef

Division of Pathology, St. Michael's Hospital, Toronto, ON, Canada
Department of Laboratory Medicine and Pathobiology, University of Toronto,
Toronto, ON, Canada

Eleftherios P. Diamandis

Department of Pathology and Laboratory Medicine, Mount Sinai Hospital,
Toronto, ON, Canada

Department of Clinical Biochemistry, University Health Network, Toronto,
ON, Canada

Department of Laboratory Medicine and Pathobiology, University of Toronto,
Toronto, ON, Canada


mailto:pasicm@stjoe.on.ca

	The Proteomic Revolution in Laboratory Medicine
	References


