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SUMMARY

The field of mass spectromeiry-based proteomics has been transformed over the last decade due {o sdvances in
technology, sample preparation, bioinformatics, and computztonal toels, While this has led to 2 dramatic in-
crease in research related to biemarker discovery, the promise of finding a significant number of new biomarkers
has not yet materialized. Current preteomic technology is able to detect and analyze exiremely small amonnts of
proteins (picomele to atfomole level), bet has difficulty detecting and quantifving proteins present at 2- {o 3-crders
of magnitude lower than the more abundant proteins. This Is referred to as the dynamic range prebiem. Normal
bigtggical {luids wsed for biomarker discovery, sach as piasma or urine, contzin & small number of proteins
present si mouch higher ameunts than the remaining proteins. For example, in the plasma, albumin and immunc-
clobulins are present at milligrams per milliliter, while proteins of interest for biomarker discovery may be pre-
sent at mierograms o piesgrams per ml. This has led us o investigate the microparticle sebproteome which has a
high likelthood of containing potential biomarkers. While this subproteome makes up less than 0.61% of the {otal
plasima proteome, it is rich in proteins aliered under a variety of pathological conditions.

{Clin. Lab, 2008;54:67-79)
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Apbreviations: INTRODUCTION
ESI -Electrospray ionization Current State of Mass Spectrometry {VS)-Based
ETD -Electron-transter dissociation proteomics
FT-ICR -Fourier iramsform  Jom  cyclotron A large namber of iechnological advances have revolu-
IESONAnCe tionized the feld of MS-based proteomics over the last
ICAT -Isotope coded affinity tag twenty years. MS determines the mass-to-charge (m/z)
ITRAG -Isobaric tag for relative and absolute o for gaseous ions. In the late 1980°s, two methods

gquantitation

were developed that generate zaseous ions from pro-

LC-MS/MS -Liquid chromatography-tandem mass tzing and paprides without causing significant degra-
spectrometry dation of these molecules. These lon sources, mairix-

MALDI -Mairix-assisted laser desorption/ioni- assisied Iaser desorptionfionization (MALDI) and sle-
zation ctrospray lomization {ESI), had such an impact in the

MS -Mass spectrometry zeld of proteorics that their inventors shared the Nobel

MP -Microparicles m/z mass-to-charge Prize in Chemistry in 2002 (1) Ta MALDI, the protein
ratio

PAGE ~Polyacrylamnide gel elecirophoresis Manuscript acceplad Apri 21, 2008
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or peptide is embedded in a matrix material which pro-
tzots the protein from being destroyed and aids in its va-
norization when excired with 2 laser, In ESL the pr
teins or paptides in an aguecus acidic buffer are sprayed
directly into an electrical field so that charged droplets
are formed. As the solvent gradually evaporaies from
these droplets, the ionized protein molecules remains as
2 gaseous 101
Additional advances concern semple preparation, bio-
informatics and compuietional tools, and instrumerma-
tion. Advances in sample preparation techmiques inclu-
de methods to better separste proteins and peptides, of-
ten by coupling older techmiques such as celi fractions-
tion to MS-based proteoraics. In particular, the develop-
ment and commercialization of affinity celurans which
remove the 6 to 10 most abundant proteins has greatly
improved our ability 1o examine the proteins present i
plasma (21. The advances of bioinformatics tools incla-
de the development of algorithms which automaiically
interpret the specira (3, 4) aided by the sequencing of
the genomes for many species including humans, rce
and rais. These approaches snable the reliable detection
of hundreds of proteins in a given MS analysis in days,
which would otherwise have taken months. In addiiion,
the improvements and inereased availability of MS ins-
umentation cannot be oversisizd. MS instrumenis to-
day are much more robust, have beter semsitivily,
higher resoiution, and quicker analysis time than those
of jast several vears ago.
Tmprovements in resolution came with the advent and
commercialization of a variety of differsnt instruments
including the guadropole TOF (5), Fourler Transform
Ton Cyelowon Resonance (FT-1CR]) (6), and the Orbi-
trap (7) Mass Spectrometers, The commercialization of
TD (Eleciron Transfer Dissociation) facilitates the
examination of longer peptides and pestranslational
modifications much more easily {§). Advances in zli
these areas are continuing at a robust rate, and while 20
single invention will likely heve the impact of MALDI
and ESi, their cumuiative effects will fead 1o a growth
in proteomics that may rival the advances which occu-
rred ia genomics over the last twenty years.

Difficulties in Biomarker Discovery - Relative Quan-
titation.

Currently, there are two major difficuities in MS-based
proteomics. The first is in obtaining quantitative results
for complex mixtures.

While it is relatively easy to identify hundreds of prote-
ins in a given sample, it is much more difficult to deter-
mine the amount preseat. Bven when comparing two
similar samples, it is difficult 1o estimate the relative
amournt of a given protein. Most approaches being de-
veloped to generate relative quantitation of complex
protein mixtares can b\, classified as either unlabelied or
Jabelled. For unlabeled approaches, the classic and still
widely used method to determine differences is simply
to compare the rzlative signal (lon intensities) for pepti-
des of 2 given protein (9). This has been used for deca-

des to accuraiely cstimate the levels of smali motecules
in cornplex matrices, such as blood.
Howsver, with small molecules, one uses an isOIOPI-
cally labeled standard. This is more difficult with pro-
iein mixtures where one wanis 10 deiermine the relative
amoun of many proteins in the same sampie. Wiile, in
theory, this should provide a good estimate of relative
abundance, his appmac’n has been used with Hmited
success and omly for the more abundant proteins m &
complex mixtare, Wrennex this js due to a lack of repro-
duczblhtv in the chromatogrephy, problems with the
data processing, suppression of signals, instability of Cthe
ESI, the sampling algorithm used in data-dependent
searching, or other factors is unclear. Another approach
is based on spectral counting. In this method, the num-
ber of times a peptide or protein is selected for MS/MS
anaiysis or the score from thai analysis Is used as a rela-
five estimate of abundance {10). For example, in our 1e-
gent sudy, we detected differences in 22 protzins by
this method {9). These are very crude estimates of rela-
tive abuadance and statistical methods to compare pep-
tide abundance based on spectral counts are not avai-
Izble. The unlabeled approaches can provide gualitative
differences between two sampies, but are less likely to
datect even 2-fold changes in a given protein. Howe-
ver, advantages inherent in unlabeled approaches inclo-
de excellent sensitivity and the ability o compare more
than two samples directly. In the labeled approaches.
the peptides or proteins {rom two complex mixlures are
dijfferersiztly labelled with 2 tag containing either a hea-
vy or light isoicpe. These include commercially avai-
iable tags such as ICAT (11), iTRAQ™ (12, using hea-
vyflight water (Hy"*0/H,'°0) during protein digests
{13, or using stable isotope la-belling by amino acids in
cell culture (SILAC) (14). In the past, we have
compared two relatively compiex profein mixures
using an isotope Coded Affinity Tag (ICAT) (Figurel)
(9). This tag comteins a cleavable linker molecule
attached to biotn. ko one sample. all the cysieines are
tabeled with a “light” isotope tag and in a second sam-
ple with 2 “heavy” tag. The samples were mixed, delipi-
dated, and then dige stcd with trypsin to generae pepti-
des. The peptides were extracted, and ¢nnched using an
avidin column which seleciively enriches for the tagged
peptides. The biotin section of the ICAT reagent is
jeaved off and the resulting peptides are analyzed by
licuid chromategraphy-tandem mass spectrometiry {14
MS/MS). All proteins which are not enriched had simi-
lar jon intensities for the light and heavy labeled pepti-
des. Differentially labelled peptides had different ion in-
snsities. Other isotopic labeling technigues have their
own strengths and weaknesses. For example, eight di-
erent labels for iTRAQ will scon Se commercially
avajlable. They izbei all peptides, not just the ones con-
taining cysizine. These tags are ischaric, meaping that
the labsled peptides will only generate one peak during
MS. When the peptides are fragmented, ihe relative
abundance of the peptides from the various samples can
be quantified from their fragmenlation spectra. Since all
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peptides are labeled, postiranslationzily modified pep-
tides can be examined. ITRAQ may be less usefui for
zxamining a complex mixture because ICAT oaly looks
at a small number of peptides from a given proteia.

Another disedvantage of iTRAQ is that differences in
any processing prior to labeling can result in false posi-
tives. With ICAT, proteics are labeled prior to most
processing steps and then mixed. This eliminates false
differences due to variability in processing. Other fac-
tors, such as the type of mass specirometer being used
to analyze the sample, source of the sample. resocurces,

and 2xpertise of the sclentisi(s) may dictate which labe-

ling technigue is the most anproprizte for a given study.
While labeled methods can produce more quantiiative
resuits than the unlabeled approaches, they have draw-
backs including the imability o compare moee than 2
samples {8 for iTRAQ), poor or uneven labeiing produ-
cing misleading results, and increasad expense. In our
own studies, we detecied differences in the presence of
mary mote proteing using the speciral count (uniabeled}
approach than with ICAT labeliing.
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Figure 1: Strategy for relative guantitation of plasma MPs and platelet MPs using ICAT. The relative abundance of proteins in
two samples is compared using 2 labeled approach, The two MP proteomes are solubilized using SDS and the cysteine residues
are labeled with either a “heavy” {blue) or “light"{red) ICAT-label which differ in mass by 9 daltons. Both FCAT labels con-
tain a cleavable biotin arm. The samples are mixed, delipidated and SDS is removed by 1D PAGE. The proteins are digested
with trypsin to generate peptides which are extracted from the pel and labeiled peptides are separated from urlabeled pepti-
des msing an avidin colamn, The iotin arm is cleaved and the sample is analyzed by LC-MS/MS. If the relative protein abuxn-
danes is simitar In both samples, the relative jon intensities of the {wo peaks should be identical. If pot, the raties will differ,
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The Dynamic Range Problem in Mass Spectrometry

The second maior obstacle with MS-based protzomics
is relaied to the poor dynaimic range of MS based instru-
mentation. 1t 15 very difficult to detect proieins that are
present at concentrations several orders of magnitude
lower than the more abundant proieins. For example, we
have performed a simple analysis of human plasma
which ie believed 1o contain over 50,000 different gene
nroducts and up 10 an estimated half a miliion distinct
aroteins due to the generation of altemnaiively spliced
products, differences 19 post-iransiational modifications,
and cleavage producs (15). Blood was coliected from a
healthy individual in the presence of an anticoagulant.
Plasma was isolated following centrifugation, and the
plasmiz proteins were digested with Tvpsin to produce
peptides. A simple 3 hr LC gradient was uvsed to sepa-
rate the peptides, coupled to an ESI source of an ion
irap tandem MS. The instrument wes set o perform ong
MS scan followed by 10 MS/MS scans of the 10 peaks
with the highest intensity in & “data-dependemt” analy-
sis. To aveid continuously selecting the same peptides,
once @ particular mvz was selected for MS/MS analysis,
that particular m/z was not allowed to be selected for
one minute. We detected 1485 MS/MS spectra which
maiched to various human proteins. OFf these, 305 ma-
tehed 0 35 unigue peptides from alburnin. Two o more
peptides for 2 given protein were only detected for 65
protzins (Table 1), a minimsal siandacd used in many
proteomic cxperimenis to establish the presence of a
given protein. The more abundant proteins in plasma
are present in the range of mg/ml, whick include aibu-
min (4 mg/ml}, immunoglobulins {3 my'ml} and fibri-
nogen {2.5 mg/mi) This is in contrast to many orhers
presens In THiCTG-, fan0-, OT even picograms per
miltiliter {Figure 2). As of 2002, MS had only identified
287 plasma proteins {15). Within 2 years around 1175
had been identified (16). More recently, 12,300 peptides
from 4567 unique zene products have been ideniified in
a single sampie of mouse plasma in one study (17%
While these recent reschis are impressive, they only
begin o scratch the surface of the plasma proteome. In
addition, although current MS-based proteomics can
identify proteins in a complex mixture, relative quanti-
tation is extremely difficult for all but the most abun-
dant proteins.

Amnalytical Fractionation

One of the ways scientists have been able to identify
more proteins is by prefractionating the semple using
analytical approaches. The basic scheme performed in
many MS-based discovery izborateries is depicted in
Figure 3. First, the plasma is depleted of its 6 10 10 mest
ahundant proteins using & commercially available affini-
ty column (2). While depletion kits are very effective,

 small differcnces in their efficiencies can jead to mis-
leading tesukts and they generally omly increase the

dvnamic range by about one order of magnitude. In
addition, 2 large number of pepiides and smaller prote-
ins may bind to the columns sither divectly or indirectly
23, Next, either the profeins are fractionated and then
digested or the proteins are digested and then the pepti-
des fractionaied. The separation techriques Soing utili-
zed inciude gel filration, ion exchange chromatogra-
mphy, isozlectric focusing, and capillary electrophore-
sig. Next, all the fractions are analyzed by LC-MS/MS.
in theory, this approach should identify many differen-
tially expressed proteins. However, there are two major
problems. The first is that cach fractionation step resuits
in many more sampies to analyze by LC-MS/MS. For
example, if the peptide mixture is separated into 10
fractions, cach one of these has to be analyzed Using
the standard tandem MS instrumentation today, MS-
hased proteomics is a relatively low throughput opera-
tion, and mcreasing the number of samples 10-fold will
decrease throughput proportionally, bur will increase
the dynamic range by only one order of magnitude. To
idemify proteins in the ng/ml and pg/mi ranges is essen-
tially impossible. The second problem with tiis model
is that all fractiopation steps mist be performed ina
very reproducible manner. If & given protein {of pep-
1ide) is in a given fraction one time and the next fraction
the next, it may lead to many fals2 positives. Therefore.
exiTeme care must be taken with ail fractionation stsps.
Instead of using these anelytical approaches with all
their inherent probiems, sorme investigators have taken a
different approach to this probiem. Instzad of trying to
analyze all proteins in the proteome of plasme {or other
easily accessible sample), they have tried to select a
subproteome within the sampie which has a high likely-
hood of containing biemarkers. We have developsd and
usad one such approach.

Table 1: Sixty-six proteins detected by two or more peptides from ar analysis of plasma digest using LC-MS/MS, Specira have
not been individuslly inspected and a number of preieins may be erroneous or duplicates. Accession pumbers are from NCBL

Aczcession | Protein unique pepiides spectral counts ]
4502027 | Albumin 53 305
compiemeit cormponent 3 ED) 29
alpha-2-macroglobulin 25 47
Transferrin 28 &2
2 serine {or cysigine) proteinase inhibitor 18 43
complement component 4B 17 17
epolipoprotein A-l 16 25
1 fibrinogen, alpha chain 14 ; 20
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i 153 | apolipoprotein B H 13
1631 | fibrinogsn, beta chain i
: 7485 ceruiopiﬁmin {ferroxidase) 10 . 15
419 | vitsinin D-binding proiein i id
723 | haptoglobin-retated protein 9 16
1633 | Dboposen gamma chain g iz
1783 | inter-alpha (globulin) inhibitor H2 g g
561 | nemopexin 3 i3
7277 1 bew-2-zhvooprotein i g 8
762 | haprogiobin 7 g
2251 | serine {or cysieine} proteinass ichibitor 7 7
complement component 1 & 7
apolipoproiein A-T 3 il
inter-alpha {glebuling inkibitor B4 5 7
inter-aiphs (globulin} inhibiror H1 5 7
Geisobin 3 5
alpha-2-HS-glveoprotein 3 3
apolipoproteir ATV 3 3
complement facter B 3 5
compisment component 4 binding protein, aipha 3 3
Kiginogen i 5 5
Plasminogen” ) 3 5
Tracsthyretin 5 5 :
| pregnancy-zone protein 4 3 :
histidine-rich glveoprotein : 4 & i
arosemucoid 2 | 4 3 ;
grosomucoid | : 4 5 |
alphs | B-glveoprotein 4 2
alphe- i -antichymotrypsin 4 4
complement {actor 4 4
1 facior {complement) E]
compiement factor H-related | 3
4

BEP4 gene product
RIKEN ¢DNA AS30030G 1S gene product
ankyrin 2
hivpothetical nrotein DEFZp434F031E
WHSCILI proteis
titin
parzoxonase |
? | A-kimasc ancher profein 9
23097308 | nesprin ]
2956810% | dedicator of oviokinasis 4
7972"»6(}7 ¢ smooth muscie cell associated profein-|
%8 | kanesin family member 27
34 1 gerine {oF cystsing) proteinase inhibitor
3 | serinefthreonine Kinass 2
32 ¢ complement component |
7 | afasun
atpha-1-microglobulin

A | A m s

1} complementcomponent ¥
3629 | ceagulation fagior XH
3635 | ceagulation factor 1t
1207831 | unc-31-ilke kinase }
4357287 | anglotensinngen
4357323 | apolipoproiein C-iil
4337325 | apolipoproiein B
514932

ta 03 [0 e (e [rd o [ e b [ e o [t o o b2 o [ e a e Tra fra Lo J 1o [ b (e | 4

(RN CUR R ¢ I I P% N S ) [\; b [t [oed [ B fhad (b [ b [ [ ED | B2 [l | b | B [t

G5 | chromosome 14 open reading frame 78
9506655 | hvpotheticsl protein FLIZ0034
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Figure 2: Dynamic Range of Plasma. Relative abundznce of approximately 70 proteins in the plasiza. More abundant protems,
such as aibumin and mmunaclobnhm are present ot mulligram per milliliter Ievels. Others zre present at many orders of
magnitude lower concentratisas. From Anderson NL. 2602; Mol Cell. Proteomics 1: B45-867.
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Figuere 3. Currently used scheme to examine ihe plasma proteome more extensively. Many biomarker discovery efforts to
examine plasma first remove the six to ten most highly abundant proteins by affinify chromatography. Then, either the
proteins are digesied o generate pepiides and the peptides are separated or the proteins are separated and then digested. All
samples ure ty;m:ally analyzed by LEC-MS/MS.
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ieroparticles

Microparticles (MPs} are small subceliular membrazous
vesicies released by essentialiy all cell types, especially
wher activated or under stress. They include eciosomes,
generated from the ectocytosis (or blebbing) of the plas-
ma mermbrane and exosomes, released by fssior of in-
sracelivler maltivesicular endosomss with the cell sur-
face {Figare 4) (18-19). Ectosomes have a wide range of
sizes even when they are from: the same cell type and
cap be up 0 1.5 wm in dizmeter while exosomss are
uniform in size and rangs from 30 to 90 am depending
on celluiar origin, In plasma, MPs were discoversd zs a
component of the blood which promote coagulation due
1o the presence of anionic phosphoelipids on their outer
surface (19} These anionic phospholipids, laier deter-
mined to be mestiy phosphatidvlserine, are now widely
used 1o detect MPs from blood sampies using flow cyto-
mairy. based on their affinity for fluorescently labeled
annexin V. The cellular source of the microparteles is

determined by cell-specific markers detected by flow
cyiemetry (Z0)

For example, MPs with CD41 (glycoprotein 1Ib) expre-
ssion are believed to bz generated from platelets. Using
this method, micropasticles from erythrocvies, endothe-
lial cells, newtrophils, lymphocytes and even smooth
muscle cells have been delected in the plasma. Howe-
ver, in heaithy individuals, over 90% of plasma micro-
pariicles originate from platelets (20).

The number of microparticles and their celluler origin
appears 1o be a very sensitive marker of vascular health.
Under a whole host of differert pathological conditions
the microparticle number and compaosition s aliered
{Table 2). Conditions inciude sepsis (21), disbetes (22},
and sicklz cell disease (23, 24). The proteins present in
microparticies are dependent on the agonist used io
activete the cells (25, 26). We therefore hypothesized
that microparticles may contain a very useful plasma
subproteome for hiomerker discovery.
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Figure 4: Pathways for Microparticle production from cells. The two major sources of plasma microparticles are by ectocveosis
and esacytosis. Top: Exosome originate from endocytic vesicles which ars created from invagination of the cell membrane to
form a pocket. Titis then pinches off into the cell to form an endecytic vesicle. Sections of the membrane pinch off to form exo-
somes inside the vesicle which are then released from the cell. Generally exosomes are uniform in size between 50

and 90 mn, Bottom: Ectosomes ars created directly from the outward blebbing of the plasma membrane. Their size varies up

to 1.5 pm in diameter even from the same celiular source.
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Tabie 2: Pathological Conditions Associated with ehanges in the pumber andfor cellular svuree of ¥Ps. All entries refer to
changes in piasma MPs cxcept when noted.

Disease/Condition Celtular Origin of MPs Reference
Vasculer and Cardiovascular Related
Coronary Arery Disease or ACS Plateict, Endotheliai 36-39)
Myocardial Infaretion Platelet {37y
Peripheral Aricrial Disease Platelet (37
Acute and Chronic Vasculids i Nertrophil {453
Venous Thromboembeoiism ! Endothelial 411
Hypertension Endothelial, Plateiet 42)
Acwuie Ischemic Stroke Endothelial {433
Cispigtin-induced stroke Endothelial and Plateiet (446)
Atherascleratic {in plagaes; Leskoovics (45)
Raynaud's Phenomenon Plateists [=0)
Nonvabvular Aial Fibrillation i Platelet (46}
Dreterioration of Artery Elastiony Endotheiial 47}
Stert-induced Vascuiar inflammation lateiet {25
Arherothrombotic Events Plateiet {48}
Aortic Prosihetic Valve Surgery | Platelet {451
Transient Ischemic Atacks | Piatelets 503
Lacunar Infarcts | Plaselets (50}
Mailtiinfarct Demantias Plaielets (50}
Metabolic Diserders

Type | Diabsics Endothalial, Platelet (51)
Ty I dizbetes Endoihelial (51-53)
Diabetic Retinopaihy Plateiet, monocyles {54, 35)
Metabolic Syndrome Eadothaiial {563

{ Fabry Disorders Endotheliai (57}

Infection Related

Ebole Hemorthagic Fever {macagues) Tissue Factor positive {58)
Meningococce! Sepsis Platelets or Granulocyies Zh
Infectious Colitis Towgl 593
SRS Endothelia (60)
Sepsis Endothetial, Plaielet f61)

Bloosd Diseases

{ Sickle Cell Disease

Endothehial, Monocyies, Platelsts

{ Thalassazmiz

Plateler

; Obesity Totat
Svsizmic Lopus Erythematosus Platelet
Thrombotic Thrombocytopenic Parpura Endothelisl
Paronysmel Nocturna! Hesmoglobinuria FEndothelizi
Irflammatory Disease
Rhizumaiid Arthriis Platelat (69}
Uleerative Colitis Plaisle! {70)
Crohn's Disease Toiz! {55}
¢ Interstitial Nephritis i Neutrophit (40
Gther
Erzciile Dysunction Endothelial {71}
High fat meals Total {723
Precclampsia Syncytiotrophoblasts M
Pregnancy Syneytiotrophoblasis 73
End-stage Renal Discase Endothelia! {74)
Colerecial Cancer Tissue Fasior positive (75)
Mnitiple Scigrosis Endothelial (78)
Hematopoietic siem cell wansplants Endothelial il
Chronic Renal Failure Endothshial {733
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Oer first goal was 0 datermine if we conld analyze the
protcoms of micropariicles. We initially investigated
the proicome of platelet-derived microparticles in onder
to establish the mathods necessary for proteome analy-
sis. Plateleis were isolated from & healthy individual and
activaied with ADP 10 generaie MPs. The MPs were
isotated, lysed with SDS, delipidated and the proteins
were partisily separated by 1D PAGE. The g2l lane was
cut into 26 sections, For each section, the profeins were
digested with trypsin o generaie peptides, which were
extracted from the gel and apalyzed by LC-MS/MS. We
detected 378 proteine with high confidence based on the

Albumin —»|

detection of 5 of more specira fTom at least 2 different
peptides per profein (27). This was zpproximaly twice
the number of proteins identifizd in any single report of
the proteome of platelets.

Nezxt, we anaivzed the proteome of microparticles isola-
ted from plesma {plasma MPs). Initally, we used the
conventional method for isolating MPs. Platelet poor
plasma was ceatrifuged at high speeds for 1 to 2 hours
to isolate MPs, We performed this type of analysis and
found that the protein profile by 1D PAGE appearsd o
ba very similar to that of plasma (Fig. 5}, suggesting an
ovarwhelming contarminadon with plasma prowing,

Blood with amticoagulant

Remove cells by
low gpeed cenirifugation

Plasma {with MPs)

9} min. at
Plasma ‘/ 150,000x g
12 3 4 {no MPs) ’
4 T Microparticles
{lane Z}
[
- Buffer of rein. at
= o am
= 155,600 =
@ .2 Plasma ’ g
- {no MPs) :
farm
% Washed Microparticies
= (tane 3)
Buifer i 90 min. at
158,000 =
Plasrna : g
{10 MPs)

Washed Microparticles

(lanz 4)

Figare 5 Iselation of Plasma Microparticles from Plasma using Ultravenirifugation alope. Initial attempis to isolate plasma
MPs is illusirated. The pretein srofile of MPs as determnined by PAGE followed by visualiznden by silver stain was similar to
that of plasma (lane 1 versus lane I} Folipwing two washings, the protein profile appeared different, but the major profeias

still included the predominant plasma proteins such ag albumin.
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Afier washing the pellet several times, the protein.pro-
file began to change but analysis of the gel indicates
that plasma proieins wers stiil 2 major problem.

Jin, et &b, performed similar studies and found that the
top 5 proteins were all major plasma proteins (28).
Therefore, we developad a differem approach io isolate
the plasma MPs, combining gel filiration with uitracen-
trifigation. We compared the proteome of plasma M?Ps
with that of MPs generaied frem purified plateiets (9).
We found a wial of 2] proteins that were almost sxciu-
sively found in the plasma MPs, and another 2 that wer
greatly enriched. Von Willebrand factor (vWF) was the
most abundant protein {(based on spectral counts), and
has been linked o the generation of platelet MPs (29).
The proteins found almost exclusively in plasma MPs
can be classified as involved with apoptosis (CD5-like
antigen, galectin 3 binding protein, several complement
components), iton transpori {transferrin, ransferrin re-
ceptor, haptogiobin), immune response (complememnt
comporents, immunoglobulin J and kappa chains), and
the cozgulation process {protein S, coagulation factor
VII). Tt appears that these proteins arise from a variety
of cell types. For example, CD3 antigen-iike protein,
also called SP g, is probably from monocytes and ma-
crophages (30). Transferrin recepior is knowa 1o be
downergulated from the surface of crythrocytes by -
ternalization followed by sxocytosis (31).

Typically, we isclate about two micrograms of plasma
WP protein per ml of plasma. This is in conrast to plas-
ma, which has about 20 mg of protein per mi. Having
established these systems In our laboratory, we aie cu-
rrentty using this approach 1o examine changss in the
MP composition in a variety of disease siaies in hopes
of discovering disease bomarkers.

Urine is another sample sowrce which has been used
extensively in biomarker discoverv. Like plasma, 1t
suffers from the same dynamic range problems, butto 2
lesser degree. One established marker in urine is water
channel aguaporin-2 for several water-balance disorders
(32). This is a membrane protein which czn be isolated
in the fFaction of urine containing small, low-density
membrane vesicles, Pisitkun 2t al, kypothesized that this
protein and other putative membrane proteins are excre-
ted inzo the urine as part of exosomes (33). They confir-
med this hypothesis by isolatng and examining these
microparticies. Dug to the lower amount of protein in
the urine, about 1/1000 of that in blood, i was sufficient
to isolate these by ulracentrifugation, followsd by a
single wash. Their initial report identified 255 proteins
in urine exosomes which originate predominantly from
the kidney distal tabiles. They went on to examine the
sample storage and processing requiresnents for use of
this method in biomarker discovery (34} More recently,
they compared the urine exosome proigome in both an
animal model and in urine obtained from individuals
with acuze kidney injury and discovered femin-A as a
potential biomarker for this atlment (35},
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CONCLUSION

The field of mass spectrometry-based protcomics has
been transformed over the last decade due fo advancss
in technology, semple prepamation, bicinformatics. and
computational iools. While one might expect this would
lead 1o & dramatic increase in the discovery of new bic-
markers, the number of new biomarkers has not incres-
sed. One of the rzasons for this is that potential biomar-
kers are probably present in the plasina ar submicro-
oram per w1 levels, while more predominant proteins
are present at milligrams per ml. Using normal proieo-
mic-based approaches, the signa) ffom poiential biomar-
kers is drowned our by noise from abundant plasma
proteins, This has led us to investigate the plasma mi-
sroparticle subproteome which we belisve has a high
likelihood of containing potennal biomarkers.
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