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MS-Based Blood Proteomics: Emerging Research Focus in Hematology

FU Lixia", CHENG Ziqian*, WANG Hong*, NIU Mingming*
(State Key Laboratory of Experimental Hematology, National Clinical Research Center for Blood Diseases,
Haihe Laboratory of Cell Ecosystem, Institute of Hematology & Blood Diseases Hospital,
Chinese Academy of Medical Sciences & Peking Union Medical College, Tianjin 300020, China)

Abstract With cutting-edge MS (mass spectrometry)-based proteomic technologies (e.g. single-cell pro-
teomics) getting mature nowadays, their application in hematology is quickly expanding. This article briefly intro-
duces MS-based proteomics, then reviews recent progress in blood proteomics, and further comments on the tech-
nological improvements of plasma/serum proteomics and the potential of extracellular vesicle proteomics. Finally,
the future development of clinical blood proteome is prospected. Clinical blood proteomics will certainly become a

research focus in near future.
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1897 Early MS by Thomson
1919 Observation of isotopes using MS

mass spectrometry; proteomics; single-cell proteomics; hematology; blood diseases; plasma;
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1 ETRIENEAREZRANER

1.1 ETFRIENERRAFEAR

1.1.1 MEmELEBM i (mass spectrometry, MS)
FARRAE 1O LR C A I, HEF| 201205
4320 S T B B AR 7T . AR T 19204F 42
R 5, B A =N — EH 3 1994454
e EFE (B ). 18974F, THOMSON KL HL T, [ifi
J& R T HLE AR B A v s S, R
TERARME S T IFOIPER TAEN . 19664F, B+ AR
TSR, s o v w7 2 B o i s e BT
HEBRKRDTAGE T, AR —ERET 7
T B/ AT . B 20140 804F UK,

1995 Single cell proteomics
1996 In-gel digestion
1998 ECD

2015 Tissue map of human proteome
2019 4D proteomics
2019 HPA blood atlas

1946 TOF 1999 1%t mention of “human proteome project” 2019 16-plex TMTpro
1953 Quadrupole 1999 ICAT 2021 18-plex TMTpro
1966 Peptide sequencing 2005 Human protein atlas
1966 Tandem MS 2007 HCD
. 1985 MALDI
1967 Edman degradation 1988 N 2008 First bioinformatic draft of the
anoscale LC
1968 CID human proteome
1968 ESI 2008 MAXQUANT
7 7 7 7 7 \J \J J J A 7 A
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
1993 Peptide mass fingerprinting
1994 “Proteome” defined 2010 SKYLINE
1994 1¢* ESI MS-MS protein 2010 HPP
identification 2013 10-plex TMT
1994 SEQUEST algorithm
1962 MS imaging 1975 2D PAGE MS 2000 Orbitrap
1962 Ion-mobility MS 1978 Triple quadrupole MS 2000 SILAC
1978 SRM/MRM 2001 HUPO formed
2001 MudPIT
2001 Human plasma proteome project
2002 DIA

2003 Sub-2 pm LC resin
2003 Target-decoy

2004 iTRAQ

2004 TMT

T[] 28 J 7~ M 19604 17 B0 7E 5T 1% FH AR 11 5 4H 2 R A AR MR R S . CID: AlESE 75 3 25; SRM/MRM: 3E#/ 2 5 ) N I I, ECD:
FHISRAR S ; ICAT: [FEAL RSz AIFRES; SILAC: U 7% rh kg FAL B brid; HUPO: NS AR 4LA4Y; iTRAQ: FIX AL i 2 B hR%S;

HCD: & AERER AR 25 HPP: AR R 410 H ; HPA: AR i 4.

Timeline indicates representative technological development in the field of mass spectrometry and proteomics occurred from before 1960 to the pres-

ent. CID: collision-induced dissociation; SRM/MRM: selected/multiple reaction monitoring; ECD: electron capture dissociation; ICAT: isotope-coded

affinity tags; SILAC: stable isotope labelled amino acid for cell culture; HUPO: human proteome organization; iTRAQ: isobaric tags for relative and

absolute quantification; HCD: higher-energy collisional dissociation; HPP: human proteome project; HPA: human protein atlas.
Bl FUEFMERRAFEAKRIEZERD LR

Fig.1 Representative landmark events in mass spectrometry and proteomics
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PR R LB v —— LM 55 HLEY (electrospray ioniza-
tion, EST)FIHE 51 il O i W HL 25 (matrix assisted
laser desorption ionization, MALDI) ) FF & A SEEL T
AR FRRAE FALCY. MG, BUEEREA
AR AR B I R R R R, WA RN
53 RN M A P 2 S B TR DL R A
S RZOEIAR .

1.12 J#EAK Uk M s
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LB 2 BT R i, R R O S AT B T,
(1) 85 7 V5 ZESIFIMALDI. £ T-MALDIS ¥ AH 43
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W B HES AR B A A s d i i 3 B 3 i
il 2113z 5, i 5E 2 B 0 i 5 fr EE (mass-to-charge
ratio, m/z) X HAHXT o FE, 45 215 K. 5
FH 2 B 88 4  KAT I [A] (time of flight, TOF). DUk
#F(quadrupole)~ &5 F B (ion trap)FlZk 4 2 1 B (linear
ion trap)=5¥, 201 28904 AR R 1t A (1) %1 TE Bif (orbi-
trap) v ik 7 RIS AE SRR UEAEE . R
JEE e R AR S5 5 T AN A2, AE B 1 ot 42 S
AHEXRBE AT BT, R AR A o
P A A A sy, Zalid g5 AN RS i S R AL
K H 22 ot 20 B 4 Hp I 2R S SRS A, a0 E I
Exploris 480F1tims TOF pro%. & [ i 43 # ik vl 37
FHAERTIE AR, G2 T4 5 56 AR 1 77 (R s
F® ELISAN G5 20 234K, 2 ) o T A% IR Jic A
[R5, AR 2877 ko s kR R R e 1, ANTE
T 52 3 WA I B RR FE 40 i), FEREE
JoT VB AR I RO R, T 1 B AL DR
B RN Ja B DR AR 2 B A R

1.2 EHREZFDIHIRES

12,1 FAMBFLMGERRS TR
B T RN LR BT R A
JR B E TR 8 E 5 2H %2 (top-down proteomics) Al
X EE B A G P AR IR BO#EAT 0 B B B R T AR
[ Jii 41 2% (bottom-up proteomics). H T E¥FEA &
1 0T 2HL 0 e B A2 e e, o e B A 1 o AT 43 B
BT AR KRBk . X, BRBCE 2 5 b
N BTHEE, Fibottom-upd 15 4154 1
IS BE g i, & B AT 2% B A SR AR AT KR
RN v 368 B 23 BT (R B T V00

122 ZamaAFawFHR  ETRENEAR
AT EEAAEIANDIR: FEATUACE ., B
KA ALY E B2 7 (K2). fEbottom-upi
FRAA A e, AN EREAS s R B B st B R B
J53 7K fige il (L ke 2 1 il ) Bl U7 RSO, TR B P2 VA £
ik (liquid chromatography, LC)#H{7 /3%, 4 i ESIEE
NBEACHAT 734, 77 B AT LS B B o 1
K, 7 i AR AL A B4 WMaxQuant. SEQUESTAI
JUMPE 58 SO0 o7 1% 50408 11 2 1 B 25080 e 4 22, T
S8 RONT R 5T 1R 46 R R IR o i ) AE
SR b, fRd A E B iE R B E R EA, IF
¥ B0 A S H A A R AT RS T
DASZIRE H B B0 Uk AR it () B

123 ZaAR@AFHHrE RIEHIERELE
B = Fpb A B K R £E (data-dependent acqui-
sition, DDA). % ## 9F 4K #i K £ (data-independent
acquisition, DIA)FI#E 7] &5 [ 57 2H %% (targeted pro-
teomics). =M 7L &A%, DDA EE R H R
BT e, AE R o 2H 2 i AR U )2 R, H
Tl R LEAS [FREAS B0 B 43 A A 2 Bk O A )
DIAXE DDA} BLsk & A8 (1 i) 7, {5 K 8
B4, LB 5 B8 DDA 2%, H 75 B8 4 M
FEAHT T SE A R e 1% e . [RIRY, BT DIAL Bk
JF B FR25 (tandem mass tag, TMT)&5E 4k 22 bRic A 3
2, BT UAAIE A AT REA I 700 18, DRl G 5 e 1 78
5RO B AN =, Targeted #5538 G H A5
JIk Ko R R vE R AT, 1E A A T 5 E H bRk
A BOE 270 8, A BE R T &K I i & E el
124 ZAOMAFHTETHFE  KAFEHEE
R B A BT 2 5 1 R I8 AT K e & T,
REEMASEEYES PR SR, FER
AR (MS/MS)H, BSEIEE 205 (MS1) 2 Hr
A AR B 1 (ben 8 B o R 7 AE IR B ), B8 S Al
WEFEMERE~ AR TR, &M 90
T (MS2) 4T 40t o H B8 B 7 VA bR id ik
(label-free) & T4k % bR 2: (labeling) . AR
777 L2 5 T EUK e 31 BT MSTERMS2
{1%) SRS #E () B 8 AT . AR IE T VR LR A
T MS1(W ICATFI SILAC)F1FE F MS2(WiTRAQ-
TMTAHI DiLeu )i bric 777417, EF MS1HIARIC
JEWH TSR AR, RS e SR gk, Hix
2 HAEARIC 2~3/ AR 5 T2 T MS2 I AR1L U5 ¥ )
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» Tissues N
Samples collection '$ » Biofluid (e.g., serum/plasma, CSF)
» Cells (e.g., single, bulk)
\> Sub-prot (e.g., organelles, extracellular vesicles) )
(> Protein extraction and digestion \
» Labeling/label free
lPl'e-MS . I:> » PTM enrichment (e.g., phosphorylation)
samples processin:
P P g » Peptide fractionation (e.g., liquid chromatography, isoelectric
\ focusing) /
f> DDA
» DIA/SWATH
Mass spectrometry Iil>
data acquisition > Boxear
\ > Targeted(e.g., MRM, PRM)

4

» Protein identification (e.g., protein databases, spectral libraries)

» Protein quantification

Post-MS
data analysis

| ®

= Label free (e.g., DIA)
= Isotope labeling (TMT, SILAC)
» Statistic and DE analysis

» Network/pathway and multi-omics integration

» System biology analysis

BT B I E A B BT SRR AR . FEATIAL T, BT HOE R AR A S B . CSF: A PTM: SR A LRI G

&4, PRM: “TAT [ R 50

Major steps in MS-based proteomics consist of sample collection, pre-MS sample processing, mass spectrometry data acquisition, and post-MS data analysis.

CSF: cerebrospinal fluid; PTM: post-translational modification; PRM: parallel reaction monitoring.
E2 ETRIENERRAFIITRE

Fig.2 Schematic diagram of major steps in a standard MS-based proteomics analysis
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— Peptide spectra ~«—— 3 | ‘

TMT reporter ions <+—
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AR B 7R T 2E T TMT-LC/LC-MS/MS [ et 2 I B 2 1 i 20 21 6 11 32 ZESE 0 D IR
Schematic workflow shows the major steps involved in TMT-LC/LC-MS/MS-based high-throughput deep proteomics platform.
B3 KEMSEEREEAREFFArRIEE
Fig.3 Schematic workflow of a MS-based high-throughput deep proteomic pipeline

T AT RE AT 18, TR e AE B o 2 AR I R
AR TMT-LC/LC-MS/MSF 4 .

JREAE R MR BR IR R, NRE AR
P o 2R DL R T 92% B T G B T A1) ) o
UEHE e BOBT B R R B SRR A
A 2 B2 RS SEBLAE /N T A0 5w R D I R 41
23 B A L A 5 % R DR A v PR L E B T
AANEARP, ETRENEARAERACS
JEA FE MR S0 FC R AN R BRR RTER 2

2 ETFTRIENEREFEMBERETH
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SR e IS E R TRy A I 3 R R OB
RE AT 4 1, [RI I 002 48 K 2 $0 259 1 7 B
o JUE A FE A7 (whole genome sequencing,
WGS). 24ME T ¥ (whole exome sequencing,
WES) & RNAJI F (RNA-sequencing, RNA-Seq) .4
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[ Clinical blood proteomics J

Bulk/single-cell
proteomics

High-throughput deep pl / Ultr
serum proteomics

itive extracellular
vesicles proteomics

1. Pathophysiology 2. Biomarker 3. Clinical translation
Developmental trajectories »> Diagnosis and prognosis » Therapeutic targets
HSC heterogeneity Causal biomarker pQTL Drug combination

Novel cell population

Surface marker & neoantigen

YV VV VY VYV
Y V V V

Disease mechanism

Microenvironment

Patient stratification
Guide treatment decision

Treatment surveillance

>

» EV-based precision drug delivery
> Blood derived therapeutic reagent
>

Immunotherapy

FE T TS R0 M PR AL BORAE BV I 2 A ALV R 2R . R A NI PRBE FE PRI o HSC: a& F40H0; pQTL: & (A BT MR AL

Cutting-edge MS-based proteomics technologies to address emerging basic, translational and clinical research questions in the hematology and blood

diseases field. HSC: hematopoietic stem cell; pQTL: protein quantitative trait loc.
E4 ETRIENEBREAFEMRFMMRRGERTR TR
Fig.4 Application of MS-based proteomics in hematology and blood diseases
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