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14 Isotope dilutionmass spectrometry is a reference technique for quantitative analysis, given
15 that it combines the sensitivity and selectivity of MS instruments with the precision and
16 accuracy associated with the use of internal standards. Isotope-labeled proteins are the
17 optimal internal standards for quantitative proteomics as they closely mimic the behavior
18 of their natural counterparts during the analytical process. A major complication of isotope
19 dilutionmass spectrometry proteomics is the technical difficulty of obtaining these internal
20 standards, especially in studies where a high number of proteins have to be quantified
21 simultaneously. In this paper, we review some of the characteristics of the isotope dilution
22 mass spectrometry approach, its benefits in terms of reliability and quality control in
23 targeted proteomic analysis and the different strategies developed for its application in
24 proteomics.
25 © 2013 Published by Elsevier B.V.
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6263 1. Introduction

64 Quality control procedures such as those related to method
65 validation and data traceability are well implemented in
66 clinical, environmental and drug development laboratories
67 [1–11]. With the development of new protein biomarkers for
68 approval by regulatory agencies, there is the need to develop
69 analytical methods to provide protein absolute quantitative
70 data of controlled accuracy and precision [12–14]. Isotope
71 dilution mass spectrometry (IDMS) is the optimum analytical
72 technique to provide reliable MS-derived absolute quantita-
73 tive data [15–17]. IDMS involves the addition to the sample of
74 an isotopically labeled compound, the internal standard (IS),
75 followed by the simultaneous determination of both the
76 analyte and IS by mass spectrometry. IS measurements are
77 used to neutralize changes in the analytical performance over
78 time and between laboratories affecting the analyte values.
79 Typically, quantification-oriented LC-MS methods use select-
80 ed MRM (multiple-reaction monitoring) transitions to obtain
81 optimum selectivity, sensitivity and precision in the detection
82 and quantification of analytes and internal standards [12,18].
83 In the past, quantification of larger proteins using IDMS
84 has been limited by a combination of technical problems that
85 have complicated the retrieval of accurate and reproducible
86 absolute quantitative concentration values. The technological
87 achievements of the last decade have solved many of these
88 limitations, and it is currently feasible to use IDMS for the
89 absolute quantification of a number of proteins in biological
90 samples [19–22]. Problems still exist, however, for its applica-
91 tion on proteome wide experiments, namely the availability
92 of standards for each of the proteins analyzed and the
93 confinement of the approach to targeted experiments. In
94 addition, the process of synthesizing and purifying isotopi-
95 cally labeled proteins for their use as IS can be expensive both
96 in terms of economic costs and of method development time
97 [13,15,23]. As a consequence, along the years, several alterna-
98 tive strategies have been developed for protein quantification.
99 These approaches includemethods which have been reported
100 to produce absolute quantification data of reasonably good
101 precision without the use of internal standard normalization
102 [24] as well as other well-known approaches using isotopic
103 labelling (e.g. ICAT, iTRAQ, TMT, SILAC) which have been
104 extensively used over the last 15 years to quantify relative
105 differences between a limited number of samples [25–29]. For
106 example, Zhang et al. [24] performed a reevaluation of the raw
107 data from an inter-calibration exercise [30] and calculated
108 that the variability without IS still remained around the
109 acceptable limit for a quantitative method (CV 20–30%, the
110 CV of the original study was ca. 10%). The authors concluded

111that absolute quantification without IS provided cost-effective
112alternatives to IDMS for many multiplexed MRM LC-MS
113applications [24]. Along the same line, a growing number of
114reports are presenting label-free approaches as viable alter-
115natives to isotopic labeling for relative quantitation [28,31–39].
116Quantification without IS has however important draw-
117backs. Any LC-MS-based analytical method contains a number
118of critical points that may lead to biased results, such as LC
119column deterioration, changes in MS response factor over time,
120low analyte recovery, matrix effects, and human errors [12,30].
121Without IS, the number of failed runs related to unpredictable
122events is liable to increase dramatically, depending on the
123long-term stability of the analytical setup [42]. These problems
124are well-recognized in most fields that have been using MS for
125quantitative purposes for decades [1,8,42–47]. The absence of IS
126must therefore be compensated by implementing procedures to
127minimize possible sources of errors, with consequent costs in
128terms of time and performance. Even if these problems are
129conveniently considered and neutralized, possible matrix ef-
130fects can produce biases (systematic or random) that cannot be
131detected nor compensated without IS [12,48,49].
132Thus, in comparison to other approaches, IDMS methods
133hold the potential to provide absolute quantification data of the
134highest precision and of controlled accuracy. The characteris-
135tics of IDMS quantification have made this approach the basis
136for many Definitive and Reference methods in Clinical Chem-
137istry. The correct application of the IDMS implies that quanti-
138fication results will be traceable to a common (i.e. international)
139reference standard, a conditionwhich allows the comparison of
140the results from an unlimited number of experiments aswell as
141inter-laboratory/inter-method comparison [40]. In this respect,
142the implementation of quality control procedures that ensure
143the accuracy and precision of the quantitative data is a basic
144requirement for successful data comparison [41].

1451462. General concepts in quantitative
147mass spectrometry

148The comparison of different datasets cannot be reliably
149performed unless there is the certainty that varying laborato-
150ry conditions (different analysis date, laboratory, instrumen-
151tal setup and reagents) as well as variability in the sample
152matrix have not introduced biases into the quantitative data
153[5,41,50]. To achieve this goal, both calibration standards and
154analytical procedures are required to be technically appropri-
155ate and validated [41,51] (Fig. 1).
156The calibration standards are samples of controlled
157composition that allow the transformation of the intensity
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