
Conclusion
• A  Biomarker Translational Center was created combining 

expertise in analytical mass spectrometric methods for 
biomarker discovery, translation to future targeted SRM 
assays and clinical research capabilities as well as 
development of future routine assays. 

• This model will facilitate more rapid biomarker discovery, 
profiling and implementation of novel biomarkers into 
routine future clinical research assays.
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Overview 
Purpose: Creation of a Biomarker Translational Center in order 
to speed the process from biomarker discovery through future 
assay development, validation and roll out in compliance with 
applicable laws.

Methods: A two-pass workflow using high-resolution LC-MS/MS 
coupled to ROC classification and rapid SRM assay 
development.

Results: The two-pass discovery workflow was applied to a set 
of test plasma samples. Data analysis demonstrated that the 
discovery workflow could accurately detect, quantify and identify 
differently expressed  proteins. Using the discovery data from 
these types of experiments, SRM-based assays can be rapidly 
developed allowing rapid quantification and verification of 
putative protein targets.

Introduction
The efficient translation of basic MS biomarker discovery 
research into future clinical routine diagnostics is a major goal for 
tomorrow’s personalized medicine. A successful program 
requires cutting-edge expertise in analytical mass spectrometric 
methods and routine assay development and clinical research 
capabilities.  Historically, understanding clinician and patient 
needs as well as extensive clinical research have been key 
elements in successfully transferring the novel tests into clinical 
routine. To this end, we have created a working Biomarker 
Translational Center that brings together these capabilities in 
order to speed the process from biomarker discovery through to 
assay development, validation and roll out in compliance with 
applicable laws.  

Although mass spectrometry has been applied to biomarker 
discovery for at least a decade, one of the most difficult 
problems has been the interpretation and ranking of putative 
biomarkers derived from differential expression LC-MS/MS 
experiments. Limitations of the classical approaches that depend 
on data-dependent MS acquisition from complex peptide 
mixtures include lack of rigorous quantification and independent 
parameters for evaluating the “usefulness” of a particular 
biomarker. As an improvement to these approaches, we describe 
a two-pass, quantitative discovery workflow that includes early 
application of receiver operating characteristic (ROC – a 
classification model) analysis providing an orthogonal approach 
to expression ratio for the efficient evaluation and scoring of 
putative biomarkers. The two-pass approach couples very 
accurate (peak area CV’s less than 9%), full-scan quantification 
with MS/MS acquisition driven by an inclusion list generated 
from a ROC analysis of the full-scan data. Application of the 
inclusion list for MS/MS acquisition essentially uses the mass 
spectrometer to “fractionate” the sample and results in the 
increased identification of lower abundance and potentially 
clinically useful biomarkers. 

Once the candidate biomarkers have been identified, rapid 
(within hours) translation into selected reaction monitoring 
(SRM)-based assays is possible using synthetic peptide 
standards, automated method development and iterative 
optimization [1-3]. SRM assays developed in such a pre-clinical 
environment can be helpful for the final development of clinical 
assays at dedicated facilities.

Methods
Samples: A small cohort of stroke and normal patient samples 
were kindly provided by Dr. M. Ning, Harvard University. The 
preliminary results in this report are intended to demonstrate the 
two-pass workflow.

High-Resolution Mass Spectrometry: 

The strategy for the two-pass workflow consists of the separate 
optimization of MS parameters and configuration for protein 
quantification and identification.

Pass 1.  Plasma samples (280 ng, digested with trypsin) were 
injected onto a Thermo Scientific EASY-nLC system configured 
with a 10 cm x 100 µm trap column and a 25 cm x 100 µm ID 
resolving column.  We optimized the sample load for optimum 
quantification, i.e. full-scan data.  Buffer A was 96% water 4% 
methanol 0.2% formic acid, Buffer B was 10% water, 90% 
acetonitrile, 0.2% formic acid. Samples were loaded at 5 µL/min 
for 9 min, and a gradient from 0-60% B at 375 nL/min was run 
over 70 min, for a total run time of 115 min (including 
regeneration, and sample loading).  A Thermo Scientific LTQ 
Orbitrap Velos hybrid ion trap-OrbitrapTM mass spectrometer was 
run in a  standard data-dependent Top 10 configuration except 
with a higher trigger threshold (20K) to ensure that the MS2 did 
not interfere with the full-scan duty cycle. This ensured optimal 
full scan data for quantification. MS2 fragmentation and analysis 
was performed in the ion trap.  

Pass 2. After bioinformatic alignment and frame selection, m/z
values and time coordinates were exported to an inclusion list.  
Inclusion list masses were used exclusively for pass 2 analysis 
using Top 10 from list configuration. This ensured that the 
instrument acquired MS2 only of the inclusion list (not the 
highest intensity) masses. A larger sample load was used in 
pass 2 runs (630 ng) allowing for more and better quality MS2 
spectra. Since these full-scan spectra would not be used for 
quantification, peak shape and intensity reproducibility were not 
crucial. All fragmentation analysis was done in the Orbitrap mass 
analyzer, using both higher-energy collisional dissociation (HCD) 
and collision-induced dissociation (CID). 

Bioinformatic analysis: Full-scan data were analyzed with 
Thermo Scientific SIEVE software version 1.3 software using 
chromatographic alignment followed by feature extraction using 
unsupervised statistical techniques including isotope 
deconvolution. ROC curves were constructed for ratios of the top 
marker candidates determined by their ROC area-under-the-
curve (AUC).  An inclusion list was created for the best 
candidates based upon various criteria including ROC AUC, low 
ratios, high ratios, high abundance, and low abundance. This 
inclusion list was used for MS/MS acquisition in pass 2. 
Fragmentation scans from pass 2 were analyzed for 
identification using SEQUEST and FDR analysis. SIEVE 
software was used again to combine the fragmentation search 
results from pass 2 with the quantitative information from pass 1. 
Fragmentation scan information was assigned to SIEVE frames 
based upon the precursor m/z and retention time. 

SRM future assay development and analysis: As previously 
described (1).

Results
The described two-pass discovery workflow was applied to the 
test set of plasma samples (Figures 2, 3). The two-pass 
approach delivered superior quantitative statistics when 
compared to a standard data dependent run, Figure 4. 

Data analysis demonstrated that the two-pass discovery workflow 
could accurately detect, quantify and identify differently expressed 
proteins and application of the ROC algorithm rapidly determined 
which proteins would be good candidates for future targeted 
assays (Figures 5,6). Using the discovery data from these types of 
experiments, future SRM-based assays can be rapidly developed 
(Figures 7,8) incorporating isotopically labeled synthetic peptide 
standards as internal quantitative standards. This approach allows 
rapid quantification and verification of putative protein targets.

FIGURE 1.  Biomarker discovery-to-targeted workflow for 
proteomics. The complete workflow includes discovery of putative 
biomarkers coupled to high-throughput targeted verification.

SEQUEST is a registered trademark of the University of Washington.  All other trademarks are the property of Thermo 
Fisher Scientific and its subsidiaries.

This information is not intended to encourage use of these products in any manners that might infringe the intellectual 
property rights of others.

FIGURE 2. Two-pass discovery workflow using SIEVE 
software and LTQ Orbitrap Velos. In order to realize the 
quantitative power of SIEVE, data collection must be very robust
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FIGURE 4. Quantitative statistics for the two-pass workflow.
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FIGURE 3. Method for assessing systematic errors without 
sample technical replicates. Systematic errors are assessed 
from triplicate acquisitions of standardized plasma samples. 
Internal standards are spiked in all samples. This approach 
eliminates the need for clinical sample replicates and conserves 
valuable specimens. Biological variance and outliers are 
assessed  with PCA and other statistical methods.
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FIGURE 5. ROC analysis: How can we quickly rank the 
potential “usefulness" of putative biomarkers for clinical 
research? We use ROC analysis because expression ratio and 
Pvalue may not necessarily be specific to the pathology. To create 
ROC curves, plot false positives versus true positives while 
adjusting the criteria threshold. The area under the curve or AUC 
is a measurement of classification power.  We used  AUC to select 
optimal candidates and discard suboptimal candidates. AUC 
values range from 0.5 to 1.0. An AUC of 1.0 indicates a specificity 
and sensitivity of 100%.  We have also developed a multimarker 
ROC algorithm that calculates errors.

FIGURE 6. The data demonstrated high reproducibility and 
robustness. The reconstructed ion chromatograms  for 
individual frames (peptides) generated from the raw files showed 
excellent alignment. A total of 3575 unique peptides and 263 
proteins were identified in the study with high confidence,  and 
128 were differentially expressed (determined by ratio). 
Reproducibility was assessed with standardized plasma samples 
and spiked in standards (as described in Figure 3) eliminating 
the need for clinical sample replicates
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FIGURE 7. Pinpoint Software for SRM and targeted analysis. 
The algorithm is designed to make SRM assay development  
automated and efficient. Multiple data file types can be imported 
directly to allow rapid building and optimization of transition lists.
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FIGURE 8. SRM assay development. In most cases, SRM 
assays can be developed and optimized in several hours through 
automated, iterative refinement. In compliance with applicable 
laws, the finalized assay can be used to analyze hundreds of 
samples per day.
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