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Abstract: This study aims to screen plasma differential proteins in colorectal cancer (CRC)

across different TNM stages, identify non-invasive potential candidate protein molecules to provide
references for early tumor diagnosis, stage differentiation and prognostic evaluation, and character-
ize plasma molecular alterations during malignant tumor progression. A plasma cohort consisting of
healthy controls and CRC patients at different TNM stages was enrolled. After depletion of
high-abundance plasma proteins, mass-spectromeiry detection was performed using DIA-based
label-free quantitative proteomics. Data mining was implemented by statistical analysis and functional
enrichment analysis, with multi-dimensional auxiliary analyses based on a small-scale DIA valida-
tion cohort and the TCGA public dataset. A total of 1 736 protein groups were identified. By inter-
section analysis of multiple-group comparisons, 32 up-regulated and 19 down-regulated proteins
were obtained, which satisfied the differential screening thresholds in comparisons between each
TNM stage and healthy controls within this cohort. Enrichment analyses revealed that the
up-regulated proteins were enriched in items related to coagulation activation, tumor invasion and
metabolic reprogramming; the enriched items of down-regulated proteins were associated with biolog-
ical processes including immune regulation and intestinal mucosal repair. Nine predominantly highly
expressed candidate proteins for stage IV were further screened, and high expression of TIMP1 in-
dicated poor patient prognosis. In conclusion, this study characterizes the dysregulated plasma pro-
teomic profiles during CRC progression. The multi-stage intersection proteins and late-stage predomi-

nantly highly expressed candidate proteins derived from this cohort can provide candidate molecular
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references for the research on non-invasive liquid biopsy and prognostic stratification of colorectal can-
cer.
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1.1 FEMNHREERE

£ FRIRE Ol . Vanquish Neo JAH 1S | Orbitrap Astral #8540 PET G4 . THIRIE 4 . £
Thermo Fisher Scientific 23 77l ; H 245 BRI . HIRIR 2 = Eppendorf/z}ﬁ]ﬁ:lﬁl; FEFRASL «
L1 BioTek 22 FIF= s WERIR SN : 32 Scilogex A F ;= ; HLFRF: I Sartorius 23 7 P2 i
1.2 FEMESIAF

Pierce™ BCA % € 8 IR F & . High-Select™ Topl4 & F & A LM IS IR A & . iR
(ACN) ., BB HIR (FA). FigkZ%/K: 32 Thermo Fisher Scientific 23 ®lJ24fh; JRFE (urea) . B
PERE (DTT) . MLZBEE (JAM) . =L (TFA): £ Sigma-Aldrich 24 &) 772 8 I 2% 2R 1 B
(Trypsin) . Lys—C VIR 321 Promega 23 77 i o
1.3 RIWHEH
1.8.1 MBERERFEARE (@EMNEARELS CRC B H MR EA B #E R CEI R AL 5t
ERE. BENNIRE: SRS AL EE; RILETARBEZ BT . a7 sk R iay 7 S b
FHSTEYT o HERRbRIE: S IFHAERIENR . M EFE DR 2. B SRR . 208 T R
fatFEXT HRAMNBRIE : [T AR BE AR i) (R B s Toll A IR s . HERRARiE ST SIEPERA |
LEEM B HAEE T | PR A SRR SRR . T T REERBHC I LA it (No.
2021-3-1-17), ZAEYZEERIERZ . ERRESEFIKILS mL, Framesh 5 imid IET L 1.
9IREGPUEE, 10 °C, 1800 g 5c/F Ty 10 min, WRELLJZIMHKESrE%, ¥ F-80 CIKF{RTE, R
NGRS
1.3.2 MEHATopl4BRFEEARMNER HEASFERAOMIBHE 2 EM-FHE, B0 wLiid
FEAMANRIIERERN , S EAER G RESE, HRIESHERTEMIRS); ERBEREENE 10 min, 75
ihAEA . CHEEFEEA,; WHELERGITARIEHE L FimE 7, BT 2 mLIEET, 1000 g
02 min, FEEMARHE, B IR KBRS R G E AR
1.3.3 BEARER. EENX. BF BCAKNIENEEERIKE, SHARFEEEAS ng, FHS
M urea A ZAMNE R 20 pL; JIADTT BAWKE S mM, FEIRIEE 30 min 588 E FOAIR; M IAM F2&
W10 mM, SEIREDEIEE 30 min B R ASE; FRKIENDTT BLRES mM, =EiRMFE 10 min R
R IAM; #MER S Lys-C BRI 100: 1 IMANEERE, 37 CHH#2 h; HI125 mM BREE S EEFEE urea
BWEART2M; BEEA SBEEARBFELS0: AN FER Trypsin, 320 %SG 37 “ClEIR A
8~18 h; IS MINZIREEO. 1% TFA, £ bFfi R, MRIEIKE S IR RGN ER AR AR, HAS B0
i oe i T .
1.3.4 ®EEGF LR O0. 1% FAKEREE THIKEL, 18000 g %0 15 min, W EIHHER
FORE R s WO ARG H Thermo Vanquish™ Neo UHPLC B0 A, @44 PepMap™ RSLC C,, 4,
PEAE (2 um, 100 A, 150 pmx15 em), FREIAH AFHA0. 1% FA KGR, BAH A 80%ACN/O. 1% FA L,
YRR 13 min, PERRERFAIT : 0~0. 7 min, BAHELG 19%~4%, i 1.8 pl/min; 0.7~1.0 min, B
AH 4%~8%, i 1.8 wh/min; 1.0~7.7 min, BAHS. 5%~22.5%, ¥k 1.8 wL/min; 7.7~11.4 min, BAH
22. 5%~45%, Uik 1.8 wl/min; 11.4~11.8 min, BAHH45%~65%, i 2.5 pl/min; 11.8~12.3 min, B
HH65%~99%, ik 2.5 wl/min; 12.3~13.0 min, ZERFBAH99%, HH 2.5 pl/min, IEZ %2 HKEE SR
H EASY-nLC 1200 AR A3 REHAT0 5, Bkesh DR C Ak R, P Acclaim PepMap™ 100
(75 pm x 2 cm, nanoViper 2Pk, C,, 3 wm, 100A) , 4 M7 A% 4 Acclaim PepMap ™ RSLC
(75 wm X 25 cm, nanoViper, C,, 2 wm, 100A), #BhA A 5 0.1% FA KIEW , BH A
80%ACN/0. 1% FA ¥ W, Ui B 4 300 nL/min, M VERIAE R K 60 min; BEERFOT .
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0-2 min, BAHMA4%-8%; 2-39 min, BAH8%-25%; 39-50 min, BAH25%-35%; 50-57 min, BAH
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AR FAL B BN BB, PRAREL. A NI 2B, B . BB, g EKF
False Discovery Rate (FDR) JJ¥HI7E 1% LI 5 K2 B far bk X 18] 200~3000 m/z, FEA4N 52 FPUAC 3~6 5%
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Fig. 1 Number of identified plasma protein groups (A) and dynamic range of abundance (B)
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Fig. 2 PCA (A) and boxplots of distribution after data normalization (B) of plasma samples
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Fig. 3 Volcano plots of differentially expressed proteins comparing CRC patients at different TNM stages with healthy controls
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Fig. 4  Venn diagrams for comparison of upregulated (A) and downregulated (B) proteins in CRC patients at different stages
2.4 HZEBENRPHNERREIEODERESESW

Rt A IR T U AR B A A R A Y D REAFAE , XHZR A B AR GO B T, s
Wy 3t R (Biological process, BP) | 20 M 2H 43 (Cellular component CC) Fi4r FIhEE (Molecular
function, MF) 3ANYERE, JF45E KEGG MM E BT, WITIZEOESICERINE Tl

XA BAGY & TNM 73 %F b (g FEouk HR 35 16 31 22 S BB B3 A EA T s SR 40T, 45 Rzl n
B H FEW RA/MGE . AH-BEBRGR . LS D AN S | SR O 2 L R KA
YRS RS RE (E5), AT & R R RIS RH , $ER% Bl B8 SNRIE RN
M MAE SR FKFRAESCE, REGBIERREE L RFE S0 AR A RES . A2
B A, BEIPEER P SANRLERS . A ARSI E A UL A TR | S
W RS- PRI AR A G S H B 5, WIS R ERR R 48 b AR 5 R B ARG R i & AR
B

ABNF R LT RSB T HER, BEFH BRI, HLUBE | TaS A S LA R
SEMER (B6). RN . AMEREE . PUSRS SR CDRELBUE £ T, RBEMEE S
5 A R R A F R AR, SEEAARE P IR T S WA G 53 - I AR AR AR I N
Fuikiz | O EMRS HE KPR, XREAZ SImERERGENBEERE, %8 El%
o RMER R 2 5HLUEE | I ERERGSEIEN E AR AR . A 2R . KRG
HEZE 5 YA 2 ARG 0 T, S RAUARIE MR AR S L K 2 S S AR G 2 B 3)
2.5 ZHEPEMNREARRRSYIGIE

5403 1 CRC A M2 A 70 ) SRR AEEAT 2250004, 456 2 2 72 53 28 1 B0 5 JE BT 28 XL
B, RZERE M 9MUAE TV I CRC B M P RF ks Rk H , 4% HSPB1, CSTB, TIMPI,
S100P, GDI2, FABP4, ANXA3, PSMB3FIMASP1, “HELRE/R (K7A), HETEBMIE, %9
ANMEATEIV M RS B3, TEI-IUHE] W —& Bidiass, (H B gt A K v i,
$ERH L CRC MR ERE R B DA G A B Bk H 0 48 e RN A B R AE 73, (AR S5 2T
Jie B RAEABAS E— 25 EAfT

SRR R AR T i 18 A5 3] Y I 2 S ) G B D TE MR A N IR L SRARES FeAT I B
TCGA 45 H Wit s B SE TP R AR B /0 M o A TCOA B ZEEAS , X ki 9 AN A 6H I A 35k PR J
FWITHT . GERER, IEWEHAL (Colon-Sigmoid_GTEx) . #E5ZHZ (COAD_Peritumor) 5451
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