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Abstract and Introduction

The accurate diagnosis of renal allograft rejection currently depends on a biopsy. Transplant medicine would
benefit greatly from the availability of non-invasive tests for early detection of rejection as well as
immunosuppressive drug therapeutic monitoring. Only a limited number of studies have been published to date
on specific proteins associated with allograft rejection. Typically, renal dysfunction due to humoral transplant
rejection or other pathologies results in the increase of protein excreted in urine (1). In blood, endogenous peptides.
(not generated by trypsin digestion ex vivo) are likely candidate biomarkers for many diseases and pathologies as they are
secreted from tissues and enter the bloodstream (2,3). By a similar mechanism, the analysis of endogenous protein
and peptide fragments in urine may also provide a non-invasive, early indication of kidney transplant rejection or

isease.

Endogenous peptide recovery from body fluids poses numerous hurdles. First, proper collection and storage must
minimize the generation of artefactual peptides that may be generated ex vivo. Second, the dynamic range of molecular
size and abundance reqires separation of proteins from peptides and metabolites.

Recently, there has been an increased focus in the clinical community on the development of targeted SRM-
based assays as an alternative to traditional but less specific ELISA. Mass spectrometry-based assays offer a
number of alternatives over antibody-based assays including higher specificity, robust quantification based on
heavy labeled standards and the ability to monitor a panel of diagnostic markers in a multiplexed assay format.
Unfortunately, designing effective targeted assays still remains a challenge, and may require large amounts of
samples and multiple iterations to empirically deievmme the optimal proteatypi peptides and transiions
Fortunately, in many cases, SRM develop a list of
target proteins and peptide biomarkers. We have found that high resolution MS2 spectra generated during the
discovery process can be directly used to increase the efficiency and accuracy of SRM assay development by
quiding the selection of optimal transitions (Figure 1)

In this study, we describe the development of a workflow utilizing oft-line size fractionation coupled with on-line
liquid chromatography and_high resolution tandem MS on an LTQ-Orbitrap XL hybrid mass spectrometer
specifically geared toward the identification of differentially expressed proteins and endogenous peptides in
urine. A panel of the protein or peptide biomarkers identified in the high-resolution discovery workflow were
subsequently quantified in targeted selective reaction monitoring (SRM) assays on a TSQ Quantum Ultra triple
quadrupole mass spectrometer.
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FIGURE 4. Clinical samples and experimental d

raw, high-resolution mass spectral data were processed with SIEVE algorithm to identiy differentially expressed

peptidesiproteins (see Table 1). (8) shows an example of a non-differentially expressed peptide (ration 0.8) identified as.
‘mitochondrial ribosomal protein. A peptide with increased expression (ratio 167.4) identified as serine proteinase inhibitor

Clade Ais shown in (C).
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n. Three sample sets were compared. A matched set of 2 samples from
pre-ejection and rejecting transplant patients were compared with a set of 5 samples from stable transplant patients. The

The described quantitative workflows were used to analyze urine samples from normal, early rejection and acute
1

humoral rejection transplant patients,

Materials & Methods

Urine samples were collected from study
participants with full consent and approval under
IRB protocols. Details of experimental design and
'sample preparation are given in Fig 2, 3. Prepared
'samples were run on an LTQ Orbitrap XL
instrument (Thermo Scientific, Bremen, Germany)
with CID and HCD as the fragmentation modes.
Label-free differential analysis was performed
using SIEVE algorithm

Targeted peptide quantitation experiments were
performed using 2 TSQ Quantum Ultra (Thermo
Scientific, Bremen, Germany) .Quantitative
differential analysis of peptides was carried out
using label-free analysis with SIEVE software
algorithm. Proteotypic peptides and transitions for
the targeted SRM assays were selected using a
novel software algorithm automatically
incorporating the most selective and sensitive.
predictions for SRM transitions. The automated
data processing methodology utilizes alignment,
probability scoring and ion ratio analysis for
confirmation and quantitation. The workflow for
integrating high resolution MS2 data (from
discovery experiments) with the design of targeted
SRM assays is shown in Figure 1.
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FIGURE 1. Workflow for integrating differential
expression analysis with targeted protein
quantitation.
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TABLE 1. Summary of label-free differential analysis results.

‘The top 31 peptides/proteins increased in stable vs pre-rejection (putive early markers) and stable vs rejecting (putative late markers)
are shown in Table 1. Several of these proteins (in yellow) have been previously identified as associated with transplant refection or
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FIGURE 5. Discovery driven design of SRM assay method. High resolution MS2 spectra of target

proteins/peptides (A) were analyzed to determine the most sensitive or intense transitions. The selected
peptides and transitions were used to build a method for Quantum with SRM Builder software ().

Individual transitions for a vitronectin peptide (C) and a uromodulin peptide (D) are illustrated.

FIGURE 6. SRM assay results. Preliminary results for uromodulin peptide SVIDQSRVLNLGPITR are
presented below. The 5 transitions for the uromodulin peptide, charge state +3, 590.007 (but not charge
state +2, 884.507) were observed in the pre-rejection and rejecting patient samples but not in the stable
patient samples (A, B). This is an example of presence/absence of a specific endogenous peptide. in a
patient sample set. The confidence level for this result is high because all 5 transitions for the peptide.
were observed. The probability of this result due to random chance is very low or non-existent. The next
steps will be to optimize other proteins/ peptidesftransitions and test the complete panel with larger and

blinded

sample

Results and Conclusions

A robust workflow was created for the recovery of inact endogenous peptides (not generated by
proteolytic cleavage ex vivo) from urine Fig 2A.,

Quantitative, label-free differential analysis was applied to high-resolution MS spectra to drive the
selection of a panel of putative peptide markers for early transplant rejection Fig 2, 3, 48C.

The high-resolution MS2 fragmentation data facilitated design of a targeted SRM assay, Fig 5.
Atargeted SRM assay for one of the peptides in the panel was tested on the patient sample set and
quantitative data were obtained, Fig 6.

Future will optimize other in the panel and the targeted
assay panel will be tested the current and other other sample cohorts to determine sensitivity and
specificity of the panel, Fig 2 B.

The described workflows can serve as a model to link biomarker discovery and validation.

References

van Timmere . Ve S, an R . Oiedaom 1+ Ve A, Gns O, v Gor H, tgeman A, Brwene 3. Slder . i uiory
excretonof
il Wts . Golrks £, Porcan I EF Lo LA Pasn . Ly C. Gt . Wity G Rocetot . Gurant,
Nanda A, Neil S, Cullen'S, O'Gormman M, Satacin . Fihman . A nove, Carrer
‘samples 53, 1067-1074.

patient. Cin Chem 200551193345,

eting WS, Rogers 8, Krck TP, Mtas A, bahim H. Am 3 Kidney

Dis. 2006 47,692.904

Ko<, Gy . Lihoge . Ly Tan ool o  mser o orl sl clon. ol s 1984215113
wansplantaion

ferm renal ouscome.
Filer , e F. Lepage N, S P Volmr 1 Gk H, Keely €. mazingr . At A ARfus H. Jung K. btaace rjen, cysain €,
Cin Chem 2002 48:729.736,




