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High-Abundance Polypeptides of the
Human Plasma Proteome Comprising the
Top 4 Logs of Polypeptide Abundance
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BACKGROUND: Plasma contains thousands of proteins,
but a small number of these proteins comprise the majority of protein molecules and mass.
CONTENT:

We surveyed proteomic studies to identify
candidates for high-abundance polypeptide chains.
We searched the literature for information on the
plasma concentrations of the most abundant components in healthy adults and for the molecular mass of
the mature polypeptide chains in plasma. Because proteomic studies usually dissociate proteins into polypeptide chains or detect short peptide segments of
proteins, we summarized data on individual peptide
chains for proteins containing multiple subunits or
polypeptides. We collected data on about 150 of the
most abundant polypeptides in plasma. The abundant
polypeptides span approximately the top 4 logs of concentration in plasma, from 650 to 0.06 mol/L on a
molar basis or from about 50 000 to 1 mg/L mass
abundance.

CONCLUSIONS: Data on the concentrations of the highabundance peptide chains in plasma assist in understanding the composition of plasma and potential approaches for clinical laboratory or proteomic analysis
of plasma proteins. Development of more extensive databases regarding the plasma concentrations of proteins in health and diseases would promote diagnostic
and proteomic advances.

© 2008 American Association for Clinical Chemistry

THE ABUNDANCE OF COMPONENTS OF THE PLASMA PROTEOME

Recent applications of diverse proteomic methods
have enabled the detection of ⬎3000 different protein
components in plasma, with high-confidence identification of about one-third of the components (1 ). The
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identification of individual components in plasma represents only a first stage in proteomic analysis, however. Quantitative analysis of components represents
an important next step. Determination of the relative
or absolute concentration of individual components in
many plasma specimens usually represents a key step
toward understanding the physiological significance or
diagnostic potential of individual proteins. Quantitative analysis of the many components in the plasma
proteome represents a major challenge, because the
concentrations of different proteins extend over 12 orders of magnitude (2, 3 ). There are a small number of
proteins with very high abundance and a gradually increasing number of proteins at lower abundance. A single protein, albumin, represents more than half of the
protein mass, and the dozen most abundant proteins
usually comprise ⬎95% of the total protein mass. The
small number of high-abundance components tends to
dominate most forms of proteomic analysis and limit
the ability to detect low-abundance components. Selective depletion of a dozen high-abundance proteins
extends analyses down about 1–2 orders of magnitude
on the abundance scale (4 –11 ). This approach has extended the depth of proteome analysis, although it presents challenges in unintended losses of minor components and issues of reproducibility (8 –11 ). The present
survey of high-abundance proteins suggests that depletion of about 150 major polypeptides extends the range
of analysis to about 10 000-fold lower concentrations.
A number of the high-abundance polypeptides are
components of multichain proteins, so the total number of proteins requiring depletion is smaller than the
number of polypeptides.
Although many efforts at proteomic analysis have
considered high-abundance proteins to be a hindrance
in the search for more interesting minor components,
the high-abundance proteins represent many physiologically important molecules, such as immunoglobulins, apolipoproteins, protease inhibitors, coagulation
factors, complement factors, and carrier molecules
(2, 12–14 ). Quantitative analysis of many of these
high-abundance components is diagnostically useful
for assessing nutrition, immune status, disorders of coagulation or fibrinolysis, disorders of lipoproteins, and
acute-phase responses to injury or disease. Therefore,
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measurement of these molecules is an important part
of clinical chemistry practice.
Because of their physiological and diagnostic significance as well as their impact on proteomic analysis,
we sought to identify the concentrations of the most
abundant plasma polypeptides and develop an approximate ranking of these components. This survey provides a ranking of the abundance of individual
polypeptides on the basis of either molar concentration
(Table 1) or mass abundance (Supplementary Table 1,
which accompanies the online version of this article
at http://www.clinchem.org/content/vol54/issue10).
Ranking of the concentrations of polypeptide chains
rather than of intact proteins offers a more representative measure for quantitative mass spectrometric
methods that analyze dissociated polypeptide chains or
small peptide fragments of proteins (15–18 ).
APPROACH FOR IDENTIFYING HIGH-ABUNDANCE PLASMA
PROTEINS

Decades of efforts at fractionation of plasma protein
components and application of tools of protein chemistry identified more than 50 high-abundance protein
components as summarized by Putnam in 1975 (12 )
and Peters in 1983 (13 ) and provided information
about the structure of molecular forms in the circulation. We surveyed more recent studies using 2-dimensional electrophoresis for major components and bottom-up proteomic studies for frequently identified
components (19 –26 ), and we examined studies that
determined the concentrations of multiple plasma protein components (27, 28 ). We searched data on human
plasma proteins in the Peptide Atlas (http://www.
peptideatlas.org) of the Institute for Systems Biology
for polypeptides, with ⬎20 identifications of tryptic
peptides. We conducted literature surveys using MedLine and Google to identify information on the concentration and structure of the circulating forms of
plasma proteins, and we surveyed textbooks for summary information on coagulation and complement
components. We also surveyed reference intervals for
clinical assays of proteins to identify components of
high abundance and the reference intervals for these
components. Sources of data are summarized in Supplementary Table 2 in the online Data Supplement.
Ranking of components was according to the mean of
their concentration range for healthy adults, where a
range was identified. In some cases, where the distribution of concentrations has unusual distributions in the
population, ranking by the median concentration or
geometric mean might be preferable, but was not done
in the present survey, because many references do not
provide detailed information about the median or distribution of values in the population.

We obtained structural information from sequence databases and references describing protein
analyses to identify the mass of the molecular forms of
polypeptides that occur in the circulation rather than a
calculated mass that does not account for the posttranslational modifications of many of the proteins.
Polypeptide masses determined by mass spectrometry
are listed where this information was available (29, 30 ).
RANKING OF THE MOST ABUNDANT POLYPEPTIDES IN PLASMA

An approximate ranking of the molar abundance of
plasma polypeptides in healthy adults is provided in
Table 1. This ranking should be most applicable for
analytical approaches that respond to the number of
molecules. Examples of such techniques are most immunoassay and mass spectrometric methods, where
the signal response is related to the number of molecules rather than the size of molecules (30 ). One approach for quantification of proteins that is seeing increased application is the analysis of tryptic peptides by
liquid chromatography-triple quadrupole mass spectrometers with the use of stable isotope-labeled internal standards (15–17 ). That technique determines the
absolute concentration of one or more short peptide
segments of a protein.
Ranking of polypeptides according to mass abundance (Supplementary Table 1 in the online Data Supplement) is more suitable to analytical approaches such
as electrophoretic analysis with staining of polypeptides or ultraviolet detection of components resolved
by electrophoresis or chromatography. High-molecular-weight components move up in this form of ranking and are more strongly represented in approaches
using detection related to mass abundance rather than
methods responding to the number of molecules.
The most appropriate ranking of the molecular
forms of polypeptides and whether by molar concentration or mass abundance depends on the state of proteins in the method of analysis and the method of detection. A previous, more limited survey (30 ) provided
a ranking of the molar abundance of covalently-bound
polypeptide complexes, which would differ from the
present ranking for proteins containing multiple disulfide-linked chains, such as immunoglobulins. That
ranking of proteins was directed at analysis of proteins
by MALDI-TOF mass spectrometry, which does not
dissociate disulfide-linked polypeptides. One needs to
consider whether proteins are analyzed under denaturing or reducing conditions.
DEVELOPING DATABASES OF POLYPEPTIDE AND PROTEIN
CONCENTRATIONS

Two of the most important parameters in the analysis
of plasma protein components are the sequences of individual components and their concentrations. AccuClinical Chemistry 54:10 (2008) 1609
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Table 1. Approximate molar abundance and masses of polypeptides in plasma from healthy subjects, based on
literature survey.
Rank

Polypeptide

Concentration mol/L

Mr

1

Albumin

500–800

66 400

2

Immunoglobulin , light chain

68–150

23 000

3

Immunoglobulin ␥1, heavy chain

40–130

52 000

4

Immunoglobulin , light chain

36–84

23 000

5

Immunoglobulin ␥2, heavy chain

20–90

52 000

6

Apolipoprotein A-I

30–70

28 100

7

Apolipoprotein A-II

30–60

8700

8

Transferrin

25–45

79 000

9

␣1-Antitrypsin

18–40

50 000

10

Immunoglobulin ␣1, heavy chain

8–50

57 000

11

Haptoglobin ␤-chain

6–40

35 000

12

Transthyretin subunit

15–30

13 800

13

Haptoglobin, ␣1-chain

0–40

9200

14

Haptoglobin, ␣2-chain

0–40

15 900

15

␣2HS-glycoprotein, heavy chain

9–30

38 400

16

␣2HS-glycoprotein, light chain

9–30

4000

17

Fibrinogen, ␣-chain

10–27

67 600

18

Fibrinogen, ␤-chain

10–27

52 300

19

Fibrinogen, ␥-chain

9–24

49 000

20

Hemopexin

9–20

57 000

21

␣1-Acid glycoprotein, gene 1

9–20

40 000

22

Immunoglobulin , heavy chain

4–25

70 000

23

Apolipoprotein C-III

6–20

9000

24

␣2-Macroglobulin subunit

7–17

180 000

25

Gc-Globulin

8–14

51 000

26

Immunoglobulin ␥3, heavy chain

2–16

50 000

27

Apolipoprotein C-I

6–12

6631

28

C3, ␣-chain

5–10

110 000

29

C3, ␤-chain

5–10

75 000

30

␣1-Acid glycoprotein, gene 2

4–10

40 000

31

Immunoglobulin ␥4, heavy chain

32

␣1-Antichymotrypsin

0.3–13

50 000

4–9

68 000

33

Apolipoprotein D

2–10

23 000

34

␤2-Glycoprotein I

3–6

40 000

35

C4b–binding protein, ␣-chain

3–6

75 000

36

Apolipoprotein A-IV

3–6

43 000

37

Apolipoprotein C-II

2–7

38

Serum amyloid A4

4

39

Bikunin chain, inter-␣-trypsin inhibitor

3–5

30 000

40

Immunoglobulin ␣2, heavy chain

1–7

55 000

8900
13 000

41

Antithrombin III

3–5

65 000

42

␣1B-Glycoprotein

3–5

63 000

Continued on page 1611
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Table 1. Approximate molar abundance and masses of polypeptides in plasma from healthy subjects, based on
literature survey. (Continued from page 1610)
Rank

Polypeptide

Concentration mol/L

Mr

43

Gelsolin

3–5

80 000

44

Ceruloplasmin

2–5

135 000

45

Factor H

2–5

155 000

46

Factor B

2–5

100 000

47

Inter-␣-trypsin inhibitor, heavy chain 1

2–4

65 000

48

Inter-␣-trypsin inhibitor, heavy chain 2

2–4

70 000

49

Plasminogen

2–4

90 000

50

Kininogen, heavy chain

3

60 000

51

C1 Inhibitor

2–4

105 000

52

Low–molecular-weight kininogen, light chain

3

4000

53

␣1-Microglobulin

3

27 000

54

Retinol-binding protein

2–3

21 000

55

C1q, A-chain

2–3

27 000

56

C1q, B-chain

2–3

25 000

57

C1q, C-chain

2–3

23 000

58

Immunoglobulin, J-chain

0.5–4

16 000

59

Hemoglobin, ␣-chain

0.3–4

15 100

60

Hemoglobin, ␤-chain

0.3–4

15 900

61

Histidine-rich glycoprotein

1–3

58 500

62

Apolipoprotein F

2

30 000

63

Paraoxonase

64

Apolipoprotein B-100

65

Vitronectin

1–3

75 000

66

Clusterin, ␣-chain

1–2

35 000

67

Clusterin, ␤-chain

1–2

37 000

68

Serum amyloid P

1–2

25 500

69

Afamin

1–2

75 000

70

Pre-␣-inhibitor, heavy chain 3

1–2

90 000

2

45 000

1–3

550 000

71

Inter-␣-trypsin inhibitor–related protein, heavy chain 4

1–2

120 000

72

Fibrinogen, ␥⬘-chain

1–2

51 000

73

Prothrombin

1.5

72 000

74

Heparin cofactor II

1.5

65 600

75

Transcortin

1.4

53 000

76

High–molecular-weight kininogen, light chain

1.4

50 000

77

Apolipoprotein E

0.6–2

35 000

78

C4A and C4B, ␤-chain

0.5–2

78 000

79

C4A and C4B, ␥-chain

0.5–2

33 000

80

Zinc ␣2-glycoprotein

0.8–1.6

38 500

81

C1r

1

95 000

82

C1s

1

85 000

83

␣2-Antiplasmin

1

63 000

84

Angiotensinogen

1

65 000

Continued on page 1612
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Table 1. Approximate molar abundance and masses of polypeptides in plasma from healthy subjects, based on
literature survey. (Continued from page 1611)
Rank

Polypeptide

Concentration mol/L

Mr

85

Fibronectin

1

275 000

86

Factor H–related protein 1

1

37 000

87

Haptoglobin-related protein, ␤-chain

0.6–1.2

35 000

88

Haptoglobin-related protein, ␣-chain

0.6–1.2

10 000

89

Glutathione peroxidase 3

0.8

23 000

90

C4b–binding protein, ␤-chain

0.5–1

45 000

91

C8, ␣-chain

0.5–1

64 000

92

C8, ␤-chain

0.5–1

64 000

93

C8, ␥-chain

0.5–1

22 000

94

C7

0.5–1

120 000

95

C9

0.4–1

79 000

96

C6

0.5–0.9

95 000

97

Tetranectin subunit

0.4–0.9

20 000

98

C4A, ␣-chain

0.3–1

95 000

99

C4B, ␣-chain

0.3–1

95 000

100

Prekallikrein

0.6

86 000

101

Factor H–related protein splicing variant

102

Lysozyme

103

Factor I, heavy chain

0.5

50 000

104

Factor I, light chain

0.5

38 000

105

C5, ␣-chain

0.4–0.6

115 000

106

C5, ␤-chain

0.4–0.6

75 000

107

Fibulin-1

0.4–0.6

80.000

108

Immunoglobulin ␦, heavy chain

0–1

65 000

109

Glycosylphosphatidylinositol-specific phospholipase D

0.2–0.8

120 000

110

Serum amyloid A

0–0.9

11 700

111

Ficolin-3 subunit

0.2–0.7

34 000

112

Leucine-rich ␣2-glycoprotein

0.4

50 000

113

Properdin

0.4

55 000

114

Factor XII

0.3–0.5

80 000

115

Thyroxine-binding globulin

0.2–0.5

58 000

116

Protein S

0.3

69 000

117

Adiponectin subunit

0.3

28 000

118

Ficolin-2 subunit

119

C2

120

Kallistatin

121

Apolipoprotein L

0.2

42 000

122

Factor X, heavy chain

0.2

42 000

123

Factor X, light chain

0.2

16 000

124

Factor XIII, ␣-chain

0.2

75 000

125

Factor XIII, ␤-chain

0.2

80 000

126

Fibrinogen, ␣E-chain

0.1–0.3

0.2–1

49 000

0.01–1

14 700

0.03–0.4

35 000

0.1–0.3

100 000

0.2

58 000

95 000

Continued on page 1613

1612 Clinical Chemistry 54:10 (2008)

Mini-Review

High-Abundance Plasma Polypeptides

Table 1. Approximate molar abundance and masses of polypeptides in plasma from healthy subjects, based on
literature survey. (Continued from page 1612)
Rank

Polypeptide

Concentration mol/L

Mr

14 000

127

Apolipoprotein C-IV

0.07–0.3

128

Procarboxypeptidase

0.07–0.3

55 000

129

C-reactive protein

0.01–0.3

23 000

130

Hyaluronan-binding protein

0.07–0.2

75 000

131

Sex hormone–binding protein

0.03–0.2

45 000

132

␤2-Microglobulin

0.08–0.16

11 700

133

Factor D (adipsin)

0.04–0.2

24 400

134

Insulinlike growth factor–binding protein 3

0.07–0.17

42 000

135

Mannose-binding protein

0.1

24 000

136

Lipopolysaccharide-binding protein

0.1

60 000

137

Factor IX

0.1

57 000

138

Protein C, heavy chain

0.1

41 000

139

Protein C, light chain

0.1

21 000

140

Protein C inhibitor

0.1

53 000

141

Apolipoprotein M

0.1

26 000

142

Pigment epithelium–derived factor

0.1

46 500

143

S100 A9

0.05–0.14

13 200

144

S100 A8

0.05–0.14

10 700

145

Apolipoprotein(a)

0.002–0.15

variable

146

Factor XI

0.06–0.09

87 000

147

Apolipoprotein B-48

0.03–0.1

270 000

148

Cholinesterase

0.04–0.08

85 000

149

Cystatin C

0.04–0.08

13 000

150

von Willebrand factor subunits

0.04–0.08

240 000

rately assessing the concentration often represents the
more challenging problem, as concentration may vary
with many physiological, population, preanalytical,
and analytical variables. Many years of experience in
clinical chemistry laboratories show that establishing
reference intervals for specific components can be a
challenging task that can require widespread collaboration for standardization of analyses and the application of best available reference methods of analysis
(31 ). Experience with the analysis of apolipoproteins
provides good examples of the method-dependent
variation in results and challenges in establishing reference intervals (32 ). For many of the entries in Table 1,
available studies offer concentration data on only a
small number of specimens, physiological characteristics of subjects providing the specimens may be incompletely identified, and methods used for analysis may
be imprecise or lacking well-characterized standards
for calibration. There clearly is a need for more extensive reference range data for many of the abundant
polypeptides.

The method of specimen collection can have significant effects on the composition of components. In
particular, there is considerable change in the composition of plasma when it is allowed to clot and to form
serum. Some of the coagulation components (such as
fibrinogen chains) are removed, activation peptides are
generated, and platelet components are released
(30, 33, 34 ). Plasma specimens generally have been
preferred for proteomic studies (34 ). Many physiological and pathological processes also lead to major
changes in the concentrations of multiple plasma proteins. The acute-phase response is a well-characterized
example of a process dramatically affecting the concentrations of many components (35 ). Thus, it becomes
necessary to determine the changes in concentration of
a protein for each physiological or pathological process
of interest as well as the reference intervals for healthy
subjects.
The issues noted above present challenges in developing a database of reference ranges for protein or
polypeptide concentrations. This challenge must be
Clinical Chemistry 54:10 (2008) 1613
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addressed routinely by clinical laboratories or vendors
of in vitro diagnostic tests and for special populations
such as pediatric patients (36 –38 ). To be of optimal
utility, data on protein concentrations need to include
information on the population, specimen types, analytical method, and distribution of results. Collection
of more extensive data on the concentrations and
structural variation of a wider range of plasma components would assist in providing a general frame of reference for plasma proteomic and diagnostic analysis.
The present effort to develop a listing of highabundance polypeptides is admittedly a simplification.
Some proteins undergo proteolytic processing that can
yield internally cleaved or truncated forms, and there
can be variation in posttranslational modification of
proteins. Many of the posttranslational modifications
of individual polypeptides are listed in Supplementary
Table 2 in the online Data Supplement. Supplementary
Table 2 also includes synonyms for protein names,
links to sequence databases, and references for
polypeptide abundance and mass. Some genes are duplicated, such as for ␣1-acid glycoprotein (gene 1 and
2) and the fourth component of complement (C4A and
C4B). The duplicated gene products are highly homologous and are differentiated by a limited number of
sequence substitutions. Only a few of the many tryptic
peptides from these proteins distinguish different gene
products. Some of the related polypeptides such as
apolipoprotein B-48 and B-100 and haptoglobin ␣1and ␣2-chains are more likely to be distinguished by
top-down analysis of intact polypeptides than by bottom-up analysis of tryptic peptides. Immunoglobulin
chains represent a set of millions of different sequences,
with sequence variation of the variable domains and
defined sequences for the constant domains. Therefore, the listed molar concentrations of immunoglobulin chains apply only to the constant domains and not
to the complete polypeptide chains. From 2-dimensional electrophoresis, there is evidence for increased
clonal expression of a few hundred light-chain molecules, which therefore achieve a concentration approximately in the 0.1–1 mol/L range (2 ). It has not been
determined whether there are similar subsets of heavychain clones with increased expression.
The present list offers representation of only a few
examples of alternatively spliced forms of proteins. Fibronectin, for example, is known to occur in multiple
spliced forms (39 ), but these were not broken out as
separate entries for the present list. Advances in our
understanding of the plasma proteome should allow
progressive improvement in the delineation of major
structural variants of proteins and their concentrations.
The list of high-abundance components in Table 1
and Supplementary Table 1 in the online Data Supple1614 Clinical Chemistry 54:10 (2008)

ment should be viewed as a work in progress. As additional quantitative data about the abundance of plasma
polypeptides becomes available, the ranking of some
components will change and additional polypeptides
within the high-abundance range will be added. The
Peptide Atlas, which identifies tryptic peptides derived
from thousands of polypeptides in human plasma, represents a database that might be further explored for
candidates for high-abundance polypeptides. Our preliminary search of the Peptide Atlas identified a number of additional proteins with relatively frequent peptide identifications for which independent measures of
protein concentration by immunoassay or other techniques were not found. Those results suggest that there
will be further additions to the roster of high-abundance polypeptides.
THE SIGNIFICANCE OF HIGH-ABUNDANCE PLASMA
POLYPEPTIDES

The high-abundance polypeptides in Table 1 predominantly represent major secretory proteins released
from abundant tissues such as liver, lymphoid and hematopoietic tissues, and intestines. A few other tissues
are rarely represented, such as adipose tissue by adipsin
and endothelial cells by von Willebrand factor. Intracellular proteins are represented by only a few examples such as hemoglobin chains. There is limited representation of products from other major tissues such as
epidermis, bone, muscle, lung, pancreas, kidneys, and
central nervous system, or of small specialized organs
such as prostate, ovary, thyroid, and pituitary. Efforts
such as the Human Protein Atlas (40 ) might help clarify the sources of high-abundance proteins and identify
additional candidates from major organs that have limited representation in the current list of high-abundance proteins.
The high-abundance polypeptide components, although critical to systemic physiology, appear to represent primarily products of a few major tissues. Therefore, the search for polypeptides that can serve as
diagnostic markers for disorders of other tissues or of
small early-stage tumors may be justified in an interest
in low-abundance components. The only changes detected among high-abundance components in such
disorders of many tissues may be nonspecific responses
to injury.

Author Contributions: All authors confirmed they have
contributed to the intellectual content of this paper and
have met the following 3 requirements: (a) significant
contributions to the conception and design, acquisition of
data, or analysis and interpretation of data; (b) drafting

Mini-Review

High-Abundance Plasma Polypeptides

or revising the article for intellectual content; and (c) final
approval of the published article.
Authors’ Disclosures of Potential Conflicts of Interest: Upon submission, all authors completed the Disclosures of Potential Conflict of Interest form. Potential conflicts of interest:

Research Funding: Glen L Hortin, NIH Clinical Center, Department of Health and Human Services; Leigh
Anderson, National Cancer Institute’s Clinical Proteomic Technology Assess for Cancer Program (grant
U24-CA126476).
Expert Testimony: None declared.

Employment or Leadership: None declared.
Consultant or Advisory Role: None declared.
Stock Ownership: None declared.
Honoraria: None declared.

Role of Sponsor: The funding organizations played no
role in the design of study, choice of enrolled patients,
review and interpretation of data, or preparation or
approval of manuscript.
References

1. States DJ, Omenn GS, Blackwell TW, Fermin D,
Eng J, Speicher DW, Hanash SM. Challenges in
deriving high-confidence protein identifications
from data gathered by a HUPO plasma proteome
collaborative study. Nat Biotechnol 2006;24:
333– 8.
2. Anderson NL, Anderson NG. The human plasma
proteome: history, character, and diagnostic prospects. Mol Cell Proteomics 2002;1:845– 67.
3. Hortin GL, Jortani SA, Ritchie JC, Valdes RC, Chan
DW. Proteomics: a new diagnostic frontier. Clin
Chem 2006;52:1218 –22.
4. Pieper R, Su Q, Gatlin CL, Huang ST, Anderson
NL, Steiner S. Multi-component immunoaffinity
subtraction chromatography: an innovative step
towards a comprehensive survey of the human
plasma proteome. Proteomics 2003;3:422–32.
5. Zolotarjova N, Martosella J, Nicol G, Bailey J,
Boyes BE, Barrett WC. Differences among techniques for high-abundant protein depletion. Proteomics 2005;5:3304 –13.
6. Huang L, Harvie G, Feitelson JS, Gramatikoff K,
Herold DA, Allen DL, et al. Immunoaffinity separation of plasma proteins by IgY microbeads:
meeting the needs of proteomic sample preparation and analysis. Proteomics 2005;5:3314 –28.
7. Darde VM, Barderas MG, Vivanco F. Depletion of
high-abundance proteins in plasma by immunoaffinity subtraction for two-dimensional difference gel electrophoresis analysis. Methods Mol
Biol 2007;357:351– 64.
8. Liu T, Qian WJ, Mottaz HM, Gritsenko MA, Norbeck AD, Moore AD, et al. Evaluation of multiprotein immunoaffinity subtraction for plasma
proteomics and candidate biomarker discovery
using mass spectrometry. Mol Cell Proteomics
2006;5:2167–74.
9. Gong Y, Li X, Yang B, Ying W, Li D, Zhang Y, et
al. Different immunoaffinity fractionation strategies to characterize the human plasma proteome.
J Proteome Res 2006;5:1379 – 87.
10. Brand J, Haslberger T, Zolg W, Pestlin G, Palme S.
Depletion efficiency and recovery of trace markers from a multiparameter immunodepletion column. Proteomics 2006;6:3236 – 42.
11. Seam N, Gonzales DA. Kern SJ, Hortin GL, Hoehn
GT, Suffredini AF. Quality control of serum albumin depletion for proteomic analysis. Clin Chem
2007;53:1915–20.
12. Putnam FW. Alpha, beta, gamma, omega—the
roster of the plasma proteins. In: Putnam FW, ed.,

13.

14.

15.

16.

17.
18.
19.

20.

21.

22.

23.

24.

The Plasma Proteins, Vol. 1, 2nd ed. New York:
Academic Press, 1975, p. 57–130.
Peters T. Plasma proteins made by the liver. In
Glaumann H, Peters T Jr, Redman C, eds., Plasma
Protein Secretion by the Liver. London: Academic
Press, 1983, p. 1–5.
Johnson AM. Amino acids, peptides, and proteins. In: Burtis CA, Ashwood ER, Bruns DE, eds.,
Tietz Textbook of Clinical Chemistry and Molecular Diagnostics, 4th ed. Philadelphia: Elsevier
Saunders, 2006, p. 533–95.
Anderson L, Hunter CL. Quantitative mass spectrometric multiple reaction monitoring assays for
major plasma proteins. Mol Cell Proteomics
2006;5:573– 88.
Bondar OP, Barnidge DR, Klee EW, Davis BJ, Klee
GG. Quantification of Zn-␣2-glycoprotein (ZAG)
by LC-MS/MS: a potential serum biomarker for
prostate cancer. Clin Chem 2007;53:673– 8.
Hortin GL. A new era in protein quantification.
Clin Chem 2007;53:543– 4.
Sechi S, ed. Quantitative Proteomics by Mass
Spectrometry. Totowa, NJ, Humana Press, 2007.
Golaz O, Hughes GJ, Frutiger S, Paquet N, Bairoch
A, Pasquali C, et al. Plasma and red blood cell
protein maps: update 1993. Electrophoresis 1993;
14:1223–31.
Anderson NL, Polanski M, Pieper R, Gatlin T,
Tirumalai RS, Conrads TP, et al. The human
plasma proteome: a nonredundant list developed
by combination of four separate sources. Mol Cell
Proteomics 2004;3:311–26.
Pieper R, Gatlin CL, Makusky AJ, Russo PS,
Schatz CR, Miller SS, et al. The human serum
proteome: display of nearly 3700 chromatographically separated protein spots on twodimensional electrophoresis gels and identification of 325 distinct proteins. Proteomics 2003;3:
1345– 64.
Rose K, Bougueleret L, Baussant T, Bohm G, Botti
P, Colinge J, et al. Industrial-scale proteomics:
from liters of plasma to chemically synthesized
peptides. Proteomics 2004;4:2125–50.
Donahue MP, Rose K, Hochstrasser D, Vonderscher J, Grass P, Chibout SD, et al. discovery of
proteins related to coronary artery disease using
industrial-scale proteomics analysis of pooled
plasma. Am Heart J 2006;152:478 – 85.
Sheng S, Chen D, van Eyk JE. Multidimensional
liquid chromatography separation of intact proteins by chromatographic focusing and reversed

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

phase of the human serum proteome. Mol Cell
Proteomics 2006;5:26 –34.
Adkins JN, Varnum SM, Auberry KJ, Moore RJ,
Angell NH, Smith RD, Springer DL, Pounds JG. Toward a human blood serum proteome: analysis by
multidimensional separation coupled with mass
spectrometry. Mol Cell Proteomics 2002;1:947–55.
Misek E, Kuick R, Wang H, Galchev V, Deng B,
Zhao R, et al. A wide range of protein isoforms in
serum and plasma uncovered by a quantitative
intact protein analysis system. Proteomics 2005;
5:3343–52.
Haab BB, Geierstanger BH, Michailidis G, Vitzhum F,
Forrester S, Okon R, et al. Immunoassay and antibody microarray analysis of the HUPO Plasma Proteome Project reference specimens: systematic variation between sample types and calibration of mass
spectrometry data. Proteomics 2005;5:3278 –91.
Liu T, Qian WJ, Gritsenko MA, Xiao W, Moldawer
LL, Kaushal A, et al. High dynamic range characterization of the trauma patient plasma proteome. Mol Cell Proteomics 2006;5:1899 –913.
Hortin GL, Remaley AT. Mass determinations of
major plasma proteins by matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry. Clin Proteomics 2006;2:103–16.
Hortin GL. The MALDI-TOF mass spectrometric
view of the plasma proteome and peptidome.
Clin Chem 2006;52:1223–37.
Dati F, Schumann G, Thomas L, Aguzzi F, Baudner
S, Bienvenu J, et al. Consensus of a group of
professional societies and diagnostic companies
on guidelines for interim reference ranges for 14
proteins in serum based on the standardization
against the IFCC/BCR/CAP reference material
(CRM 470). Eur J Clin Chem Clin Biochem 1996;
34:517–20.
Labeur C, Rosseneu M. Immunological assays of
apolipoproteins A-II, A-IV, C-I, C-II, and C-III in
plasma: methods and applications. In: 387– 400.
Marcovina SM, Koschinsky ML. Lipoprotein(a):
structure, measurement, and clinical significance.
In: Rifai N, Warnick GR, Dominiczak MH, eds.,
Handbook of Lipoprotein Testing, 2nd ed., Washington, DC: AACC Press, 2000, p. 345– 85.
Coppinger JA, Cagney G, Toomey S, Kislinger T,
Belton O, McRedmond JP, et al. Characterization
of the proteins released from activated platelets
leads to localization of novel platelet proteins in
human atherosclerotic lesions. Blood 2004;103:
2096 –104.

Clinical Chemistry 54:10 (2008) 1615

Mini-Review
35. Rai AJ, Gelfand CA, Haywood BC, Warunek DJ, Yi J,
Schuchard MD, et al. HUPO Plasma Proteome
Project specimen collection and handling: towards
the standardization of parameters for plasma proteome samples. Proteomics 2005;5:3262–77.
36. Gabay C, Kushner I. Acute-phase proteins and
other systemic responses to inflammation. N Engl
J Med 1999;340:448 –54.

1616 Clinical Chemistry 54:10 (2008)

37. Solberg HE. Establishment and use of reference
values. In: Burtis CA, Ashwood ER, Bruns DE,
eds., Tietz Textbook of Clinical Chemistry and
Molecular Diagnostics, 4th ed. Philadelphia:
Elsevier Saunders, 2006, p. 425– 48.
38. Soldin SJ, Brugnara C, Wong EC. Pediatric Reference Intervals, 6th Ed., Washington, DC: AACC
Press, 2007.

39. Hegele A, Hofmann R, Kosche B, Kropf J. Evaluation
of cellular fibronectin plasma levels as a useful
staging tool in different stages of transitional cell
carcinoma of the bladder and renal cell carcinoma.
Biomarker Insights 2007;1:1–7.
40. Uhlen M. Mapping the human proteome using antibodies. Mol Cell Proteomics 2007;6:
1455– 6.

