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Abstract: Exosomes are 40-160 nm vesicular nano-bodies secreted by most cells that carry

large amounts of biologically active substances originating from the parent cell. Proteins in exo-
somes are protected by phospholipid bilayer membranes that protect them from degradation by
enzymes within body fluids. Along with nucleic acid, proteins and metabolites, exosomes are
biomolecules that are considered to be among the most important for discovering tumor mark-
ers. Plasma is among the most commonly used body fluids in clinical settings; it is highly com-
plex and contains many proteins and metabolites that interfere with exosome isolation.
Consequently, the development of methods for effectively isolating exosomes is a key challenge
prior to their use in clinical research.

In this study, we used a phosphatidylserine molecularly imprinted polymer ( PS-MIP) to
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enrich plasma exosomes. Subsequent immunoblotting analyses for the CD9, TSG101, and CDS81
exosome marker proteins showed that signals can be detected using only 5 wL of plasma, there-
by demonstrating the efficiency and specificity of the enrichment protocol. Transmission elec-
tron microscope (TEM) and nanoparticle tracking analysis (NTA) data revealed that the en-
riched vesicles are 30-100 nm in size with elliptical or cup-shaped structures, consistent with
the morphology and particle-size-distribution characteristics of the exosomes, suggesting that
PS-MIP is capable of successfully isolating exosomes. Nanoflow cytometry revealed that 75. 4%
of the multi-angle laser scattering ( MALS) signal is derived from the PS-MIP-enriched exo-
somes, which indicates that these enriched exosomes are highly pure and free of interference
from impurities, such as aggregated protein particles that are similar in size to the exosomes
themselves. This method was used to analyze the proteomes and potential exosomal protein
markers of clinical plasma samples from three pancreatic-cancer patients and three healthy vol-
unteers. A total of 1 052 proteins and 4 545 peptides were identified in the plasma exosomes of
healthy volunteers, with a total of 972 proteins and 4 096 peptides identified in the plasma exo-
somes of the pancreatic-cancer patients. Further bioinformatics analyses revealed that the Vesi-
clepedia database covered 84% of the proteins identified in the plasma exosomes isolated using
the PS-MIP method; these proteins comprise 77 of the 100 most frequently identified exosomal
proteins in the ExoCarta database. The identified proteins from the cellular components were
subjected to gene ontology ( GO) analysis, which revealed that they are mainly derived from
the exosomes, thereby demonstrating the high selectivity of the PS-MIP method for enriching
plasma exosomes and providing specificity for subsequent tumor-marker screening. Label-free
quantitative analysis showed that 11 proteins were upregulated and 24 proteins were downregu-
lated in the plasma exosomes of patients with pancreatic cancer compared to those of healthy
volunteers. The highly expressed and lowly expressed proteins in the plasma exosomes of pa-
tients with pancreatic cancer were subjected to GO, which showed that highly expressed pro-
teins related to the positive regulation of metabolic and biological processes were found in the
plasma exosomes of patients with pancreatic cancer compared to those of healthy volunteers,
whereas the most significantly under-expressed proteins are related immune-system processes,
followed by stimulus-responsive, multicellular bioprocesses, bioregulatory, and interspecies-in-
teracting biological-process-related proteins. The top three proteins, which are relatively highly
correlated through protein-protein interaction networks ( PPI) analysis, were determined to be
complement factor D ( CFD), complement component 3 ( C3), and von Willebrand factor
(VWF). Among the upregulated proteins in the exosomes of patients with pancreatic cancer,
exostosin-like glycosyltransferase 2 (EXTL2) , a-2-macroglobulin like 1 ( A2ML1), and Parkin-
son’s disease protein 7 (PARK7) were the most significantly overexpressed. Hence, these pro-
teins are potential biomarkers for the diagnostic and prognostic assessment of pancreatic cancer
and may provide support for further clinical studies into pancreatic cancer.

Key words: liquid chromatography-tandem mass spectrometry (LC-MS/MS) ; exosome; plas-
ma; proteomics; pancreatic cancer; molecular imprinting; phospholipids
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S F A A H FH A S R 2 e A wiUs A s (8
P T AR R RN AR S R AT i DA S I R A Y i A
B T AE R 2 R 4 1 EE D s M D RE AR B, RE A%
“hy JEE g ) 2 W R YA T RIS 4t B
TRIbR SRR

ARG P FRATH % T PS-MIP I8 157 T 1fit.
S A UM T B AR RN IR AR R B REAS I B 1 B2 A )
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Talos L120C i ) Hi - & {8 5% ( € [ Thermo
Scientific) ; RF-6000 2¢ 650 6T ( HA R H) ;
CentriVap H. %5 & .0 ¥k 45 1 ( 32 [ Labconco ) ;
Nanosight NS300 44 k7 7 B i 4 B2 (2 [ 5 /R
SCIAZARL) ; nanoElute 2 #4471 2% #5250 i AH (038
(%% Bruker Daltonics) ; timsTOF Pro 2 i &
T4 B 1% (4% Bruker Daltonics ) ; &5 4 9 % 44
K A4 (9L [E AS0 micro plus Apogee) ; Im-
age Quant LAS 4000mini ( 3¢ [ GE Healthcare)

3-JIK N 3 = 2 S A BE B (UPTES, 40. 0% ~
50. 0% , ) L PO 2 48036 ik e ( TEOS, 98% ) |
PS(97% ) AR (4rHT4) (NG (Ei%g) R (6
TR ) 0. 25% g4 R A Sigma 2\ ) (35 [ %
IREUMN B 5 Wil ) s R (ISR L S BE (BT
) ERAR (A M) FEK (28% ) T A [ 24 4 4k
AR PR A (BT ) 5 PUOK SEAREER (99% ) Fios
KA (97% ) W [ BT T Tk Al (L) 5 N-
AL = W ERAL B ( CTAB, 43 BT 4% ) AR ( 43
Mree) W B J& K Scientific Ltd. ( _F ) ; i3 B 5
(3500 Da) ) H Solarbio 2\ il ; i 2 2% ¥ ( PBS)
I AP A A B A BRA F (RI0) ; RIPA i
% H Thermo Fisher Scientific( 3¢[# ) ; BCA &
WA & [ 8= RAEYHARGR AR (L
#3) ;CD63 (% ik, 1:3 000, abl134045) TSG101 %
SErEBAAR (B, 1:3 000, ab83) tJ [ Abcam Plc
(£H) ;CDY Fp5etEdTiA (H i, 1:3 000, D3HAP )
3 H Cell Signaling Technology ( 3 [# ) ; fk 2% &
HA L A ALY (HRP) JIEY (ECL) WB 52 il H
Merck Millipore ( £ ) ; CD81 ( % ) Fr S PEHiiAk
HRP-Anti-Rabbit I HRP-Anti-Mouse — #i Il H
Santa cruz( )
1.2 #HARE

W 2 MR 2E 5 R B R A e B B A it
e HEHES Sl SB-2023-008, & 5 H M R K
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RASFRAE AL, 2 BUBE M A0 0o Ak B A5 51 1 3%
JFUGHEAS , T =80 CURME, fERGRIEFFITE 18 %
DL b JCGYEIDIE S e B ba | B e e AR
B A B 1 (HIV) SR s I3 A % i LA
2500 g MG EE B0 15 min, 2B ANMRE F Uk I
THTROVE R TR B I RS

1.3 PS-MIP H#l&

PS-MIP #4531 =2 w4538 19 05 ik &, fif
WAF . & 5% 0. 020 mol CTAB 4M57E 100.0 g T
PR A, TE A RS T, IMAE 1,724
mmol FeCl, - 4H,0 # 3. 448 mmol FeCl, - 6H,0
(9. 44 mL /KW, BIZUBFE 1 h, 292 A 1 mL
ZK(28% KW ) , B A1 Z 57 B4R JB ) SR IIE 1
T Fe,O, 4Kk G M ¥ SR E A 20 pmol PS 1E
MR 4 T, 7843 B ¥ 20 min, A1 60 wmol fY
UPTES #1 TEOS {R&¥ (W itk 0.5:9.5) ,
A IR A T AL FE 6 h, FA 20 mL
PRI LR 24, 6 1.5 mL 3R (37.2%) 5 150
mL FEEIR A T B R v A S A s ), 1l
B (B 2 F IR 3.5 kDa) #E 7R K
24 ", 2 Bk A T 6 1 SR RN ED S AR, B JE TE 60 C B
2S5 T BIAE 3] PS A FELBR AW,

1.4 PS-MIP E & I 4 5p ik

# 5 mg PS-MIP ¥ F 0.5 mL PBS H/ 20
min, SR 5 AT BRI | 78 4 C ¥ i &= e % Ik
Giow L 3EFE 30 min, @4 W S H 4 T AMIBARY PS-
MIP, Jil A 500 pL PBS MR & ki 3 ¥k, 5% %
BEW, A 200 L 0. 2 mmol/L Z /KW , MIZU4E
10 min, Y5 PS-MIP & 42 (19 S AR | J5 I e e 4R
PS-MIP )4 B U, WSCHE ) A M AR Tk i v 4502
TS5 RAFAE-80 C
1.5 SREENTSHT

TG, % 5 mg PS-MIP JilA 5 pL i, &
1R FHMIMA SR I5F RIPA 24601 N AGZ Mk
UK _F246#% 30 min, i ] BCA 5 & ( P0010S, Bey-
otime ) I 7 4 I W TR A VA TR (1 Ik 3, 98 ol 2
HBRHREE N 1. 5~2 ng/pL, BEdh o 20 pL, H T&
FI e BN 40 BT, AN IMAARIC & 1 CD9,CD63 |
TSG101 F1 CD81(1:1000, sc-166029, Santa) %
YE—4t, IF H HRP &2 A8 —$T (sc-2357, Santa
Crus Biotechnology ) #1715 5 ik, ffi | Luminata
Western 4.2 % 5% HRP Ji& 4 ( Merck Millipore ) #l
Image Quant LAS 4000mini ( GE Healthcare ) it 5%

Western EJili {55,
1.6 EHBEFERERN

¥ PS-MIP & 4E (1 40 I 44 38 /3 BU7E 10 pL
PBS H K Hh WA A W T A5 TE T A Al B 1) B 1Y O
PEEIR IR 1 min, FIE 40 2530 2% L2 A iR
Ja  MAS WL 2% B9 7R (pH {H 6. 5~7.0) , XF 4 [
AT Y 1 min, FHZE I8 K E Ve W JF 76 S 5 2R
BT B R 7E 120 KV A4 s e T {8 3 i el
T W AR R A MR P R A A T RSN
1.7 KRB FBIERSH

S IMARLAR I BE 43 AT 43 BT R AN K - R B
SIMTASGIAT I AER BC A8 T OGO IR N =5 2803 %
G, SEER VL E TR S AT BRAR L G 15,18
JEBEE N 25.0 T, ZEEEIREE R 0. 86 P, BEAPIIEL A
B 25, AR E] K 60 s, 6 I R {E 8, FESr BT 2
AT, PBS & M BERE A, LARR O e AR ik
H NanoSight NTA 3. 4 Ji 44 x5 8 B Bt 11 7 4
H o,
1.8 EHRAESH

= SN AT 2L A A5 B 8 A g 4y,
BCA 2 6 I e vk B f | e BB 11 5 5 e 2 P 1Y)
i Ry 5001 78 37 CHEf# 16 h, Ze0d C18 [EAI#
HURESl AL 5, 4T WA €0 3% - o 0K B 3% 43 B, SR
ReproSil-Pur C18-AQ & #H & i #1 (100 pm x 30
cm, 1.9 pm) AEEE R 55 C, s A f1 B &
SR 0. 1% (v/v) RERIGK A 0. 1% (v/v) R
(1) 80% (v/v) LIEZKEEW , B0 BERS ]2 75 min, i
4 300 nL/min, J5 3% £ 4 >R A SR RO AR 49 4
(DDA) 7, 1 A0 R 4% 24 (PASEF) £ T
PEAT , 2LHEAT 4 YRk PASEF MS/MS $33# , R A5k d
i i+ MSFragger #EAT8E R R

2 GRS

AN T A AR R B PS, Bk AT LUFH PS

LEAEEIR (U Timd B H4) kB AMBAR , H
B AER (1 B A B 5% ELRE AR A PE4R 2%, PS-MIP fE
MAEES RN T hi A, A A RORTRS 2 M 4 1
0, PS-MIP BEF 25 A1y U0 A1 W8 44 S5 JEs b - 11
PS, 1] A 2 AT Hh PR 3 15 e B g AN A AT
FERRTAR I | iR, 1 ek 7 PS-MIP 4k A&
B ARRCR AN, SR Je 0o T8 B g B 5 I 3 A s R
17 =38 £ Y LC-MS/MS 5 [ 4 20 5% , LA i 5 g
JIR I A VR R 2R 1 T bR A
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2.1 PS-MIP E &M RAE

P A 928 BP0 3 2 A0 8 A P S 0 1) S T
B%,CD81.CD63 ,CD9 Hil TSG101 & % % JH 1y 4 Ff
SMBIRRREE T, BAT1S 5 MR R TE R A3 b ik
TR, N T PPAR IR AEAS I F R S MIMA B SRR Y
0, 5 mg PS-MIP 5 AN AR B 1 % (5,10,
20.50.100 pL) JEZ%8FE 30 min, JfK 00 S s AR bR
G/ M TSG101 .CD81 .CD63 .CD9 M5 G155, 45
R AU S WL I 2R BRI AT A 2 S AR 5 2
M55 (K 2a) , % S5 &A1& 3 S i

SR A 2 T 23 ) PS-MIP 5 &1 30 4 1t 8%
PR R FH AT 3R A5 S e 98 A5 5 Haz T /N1 5
L ISR TN AR I B A

TEM 4550 2b W, PS-MIP & 4E ) 1fit 3¢ 4h
WMA , K /INEE 30 ~ 100 nim 3 Bl P, S22 106 151 s AR
RFEHLER , NTA L5541 2¢ /R, PS-MIP & 4E
I AMIMAR I 7K G R AR 3 A0 387, Bl LAF- 2491 45
WEZEFRIR (p>0.05) , M3 AN A I 7 R4 0
(81.5+7.3) nm, 90% ORI R HE K (142. 4
+21.6) nm , F A5 3K NIRRT =N (2. 66+

Pre-treatment

Isolation

Proteomics analysis

Plasma Exosome

1 PS-MIP E£mEHHMIMEATFEARAERR
Fig. 1 Phosphatidylserine molecularly imprinted polymer ( PS-MIP) enrichment of
exosomes in plasma for proteomics analysis
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Fig. 2 Characterization of PS-MIP enriched exosomes
a. Exosomes in different volumes of plasma were analyzed by Western blot for the marker proteins CD81, CD63, CD9 and TSG101. b.
Transmission electron microscopy showed the morphology of plasma exosomes. c. Size distribution of plasma exosomes was analyzed by
nanoparticle tracking analysis (NTA). d. multi-angle laser scattering (MALS) distribution of plasma exosomes. e. nano-flow cytometry
results of plasma exosomes. f. nano-flow calibration microspheres (488Grn-MALS).
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0. 11) x 10" particles/mL,, 7= 73 H¥ 5 40 K It =X 410 fiig
IXEE AN E 2d A 2f TR, PS-MIP & 5 A4 Zh A
(7K R A FEEAEHHTE 80~ 180 nm JEFE N, H.
Z A B WOGHUR (MALS) 58 B 43 1 808 4 v (]
2d) , Ak i A 4 AR 25 5 75.4% 11 MALS {55
K H PS-MIP & 4 (1 4Nk (& 2e) , X % B PS-
MIP & 4 SR 4l B AR &7, mT LLHERR 55 4 i iR K
INKRMA A 5 1 I 58 S SR 45 2% 5 A T4, A
T 208 1o 5 bR E IR (488GaIm-MALS) fiY 44 K 37 =X
SR (i 2f ) te# A5, TEM Al NTA 45 55k B
PS-MIP )58 1T ANMA , HAFA M i I8 55 F1
R TAFFAIE
2.2 MmMEIMMEMEARAZSH

I i A R I AL ) S A AR
FIRA 25 5%, FRATT R AR bR IE R B 1 7150 BT T
3 BRI B RN 3 44 il B T A I R ) AR
i, S55E 3a Fin, 3 Bl R R IR # (N1~ N3) Il
WA A 34 55 Y 1052 FREE 1R 4 545 4%
Jok Bt |3 101 B g £ 25 (C1 ~ C3) I3 A b A v P-4
WeE 972 FhE 1T 4 096 5K BE, I A1
IR AR v S 5 1 R P TR 114 5 e R A R
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BHERAK, E—2 8 w5 b Kk PR AR B e
SRR S I AN UAMA I 2 PR REAS 19 B 7R HEM R 5 R 5K
23 W1 0.990 F1 0. 980, i £H [] £ AR Y Kz /K # AH
KZFONLTF 0. 940, FRBH 1% 45 1 b 4l AR A 2R
F BT RA 22 /N T4 [ FEAS 2 1 B 608 25 3
K(KE 3b),

W5 B P T 4 2 S B R A I A B 1A TR e
A N 115 B Vesiclepedia 04 2 3517
FeAs, 45 22 W 84% 1) PS-MIP & 45 (14 1fiL 3% AP s A4
HEAAETIZEEE D 5 RS SR s 715 B
() ExoCarta $CHis 217 L3, & 3 PS-MIP 15 %
HT ExoCarta (4 % 7 Top 100 #M A 1 i
(1) 77 Fh (& 4a) . XTSRS EE FBTHER T T A
SIEERAA (GO) 43 #, 45 AR R B4 i A
B EEOR A AN (K 4b) . BIRGERKRW] T PS-
MIP X Ifil 3% 71 s A 5 46 1) v 1 60k, Ry S T e 98
AP R SRR A T IR
23 BFERERESEREEEMRIIMNIMMEERE
kH

R i g 5 A R B A TR A Y i SR AR B
AH S =F 1 25 S 1 R LS O L B Br B Sa s, 45
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Fig. 3 Proteomic analysis of plasma exosomes from pancreatic cancer patients (C1-C3) and healthy volunteers ( N1-N3)
a. numbers of proteins and peptides identified; b. Pearson correlation analysis of proteomic results.
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Fig. 4 (a) Proteins of plasma exosomes enriched with PS-MIP compared with Vesiclepedia database and
ExoCarta database and (b) gene ontology ( GO) analysis of cellular components
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i B A 24 NMEAERE T N X EAT
Z50 35 AN TR BT R a0 AR BT,
HFka BERY 11 R BT R IERE 1 4 (tro-
pomyosin, TPM4) i Ifil 41 i 45 5 Lyn K (hem-
atopoietic cell-specific Lyn substrate, HCLS ) | a-2-
EH 3k % A # & M ( a-2-macroglobulin like 1,
A2ML1) WA4:FRAH%EE 11 7( Parkinson’ s disease-
associated protein 7,PARK7) Ft3Liifie 1 AH [F e L
B 5 2 W (acyl-CoA cholesterol acyltransferase,
ACAT1) ZhiMHRTI40F 1 (adhesion regulator mole-
cule 1,ADRM1) FIMIEVEMFEE T A4 (serum amy-
loid A4,SAA4) T HAGE 5 R Mg £E 40 27 R R A O
AT R s S5 A L A A v (18 e s AR
INMEH BT T GO 20 (&l 5b) G55 R0, 5k
A AR L, e B M AN AR g A A AR
W AR AN Wit AR G 1 1 R T A S R A R, iR R
T A A O R G A DGR T, LR R
N A YRR AR AR A B AR Y
AP FEAR SR R

i — 20 R I R 9 FE T I A AR A s
Yy, B BANIMARTE R BEL RS FE i 2 (exostosin like
glycosyltransferase 2, EXTL2 ) . i& Ifil 40 itd 45 5 ¥
Lyn JE % 1 ( hematopoietic cell-specific Lyn sub-
strate 1, HCLS1) . A2MLI | 8} /1 8 {1 4 fif s 70 1
( dynein light chain roadblock-type 1,DYNLRBI1) |
PARK7 W& {1 % % 1 ( phosphorylase kinase 1,
CALM1) ACAT1 ADRMI 41 fifg i A b4 A= 0 2% 2
¥ 1 (treacle ribosome biogenesis factor 1,

TCOF1) Fll SAA4 75 JiF Bif J88 F 38 L 2K AN AR 0 25

b

1
| (TPm4)
| e
. .
| |
]
|

!

log, fold change

A 2 2 rh gk B E, Hoh EXTL2 , A2ML1 F
PARK7 Wil &R ik e b 3% . EXTL2 2Rl T %
AP G R — A B RS, T ST
BRI R BE LA IR B-1-4 14 12 1) 48] 4 A
Fik ( GlcA) Fil a-1-4 # £ (1) N- 2 B AR ( GleNAc)
AT, AR R IR E A AR (5 S Sk
B R EE S HEN, EXTL2 25 b 40 i A K
TR (R UG Ak L KRG & B R0 I
AR  EXTL2 1954 #6355 2R s (0 & A
UL M 56, G045 2L I | 45 B o | V98 A 98
A A2MILT FE DR AT U AR ) U, R
TRIMS58/cg26157385 HI JEAL AR | A2MLI s 7]
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Fig. 5 Analysis of differentially expression proteins of plasma exosomes in pancreatic cancer patients and healthy volunteers
a. volcano plot of differentially expressed proteins |log, fold changel> 1, P<0.05); b. GO analysis of highly expressed proteins; c.

GO analysis of lowly expressed proteins.



. 546 - @

i F43 5

TR IT T Ol B 32 | XoF — 10 30 1 8 LA 3 038 B
FUESE S 2R B EE Y B nl BEAE AN pf
ZRABAT PRSI 1 95 R 27 1 e & e v 99 3 B B A
61 CALMI 16 K 2R it (BLIE HARIR ) his
Fik, CALMI Ay 335 18 A 1R & /Y12 W7 Fn 155 v
T, AT A RIF 5 IR R 92 e A T U ) i A s 0
CALMI 3k i T+ A B T 300G 98 RE A0 G 38 %,
WNT F1 MAPK i i , H. 33878 2 F i i h % DNA
PR LA 5 1 e 240 0 R w40 S 1 32 7K S
B AR EPY ) TCOF1 75 M BE K 24 W) & 4
DNA i 141 b % (DDR) | A3 22 53 4 8 45 il i 467 56 %
VRS A 1 B P R A% S H /R ], TCOF Al BE4 5
i) ATPase M A 45 & U8 8 H1 45 & F1 DNA
PEARTE M, A s S0 R A e i
B 5 kAt AR R 44U TCOF1 33k
K TR H AL, R IR AE A BUS , -5 e 4
OIS AR

gE b e B R 11 A B 22 R R
B S o ) & A R R VTR oG, Herp EXTL2
A2MLI1 F1 PARK7 ()55 Rik e h &, iX 2L 8 1
Jo R R 2 W AR 7 T R4S T B SN
i, R B BT & (R I 43 B 300 M4 B AE I % A1 b
PACHE 1A o 4 AT LA W Y N R L, PT R I R 2
Wi AR SR AL A T T H S5 %,

3 it

AWFFEKE PS-MIP HF ML AL AR (R S b iR = 4
iz Fp R AE, S8 WK b5 & & 1 CD9, TSG101 FI
CDS81 M5 RE BRI 73 A 6 B T & 48 1Y R0OR F e 55
4, TEM F1 NTA 7% 550 R A2 53 A 7 & 48 19 4h
WA LA SE R g I FH T g R I A
B & R B B, B e B 28 IR B
B 11 ASFUT I8 15 24 A i3t PPIIZR 43T,
TR A R 3 N R AMA R T D SEH
( complement factor D,CFD) #M& C3 K ( com-
plement component 3, C3) . Ifil. 5 P4 IfiL A& % A 7 3
[Al (von willebrand factor, VWF) ; 7 figi Jlif J8 5 & 41
WAMAR B BT A AR Ak LR Y 2 S EXTL2 A
A2MLI PARK7 i BE 323k fe o 1 353X 6 40 1 o
A] RS2 R AR 12 W7 RN T3S PEA 0 A= b W, R
TN I ARG R Rt T BB RS %

S E Lk

[1] Pegtel DM, Gould S J. Annu Rev Biochem, 2019, 88. 487
[2] Kalluri R, LeBleu V S. Science, 2020, 367(6478) : eaau6977

Weng Y J, Sui Z G, Zhang L H, et al. Chinese Journal of
Chromatography, 2016, 34(12) . 1131

Finkug, AR, ke, % A%, 2016, 34(12) : 1131
LeBleu V S, Kalluri R. Trends Cancer, 2020, 6(9): 767
Yang K G, Wang W W, Wang Y, et al. Chinese Journal of
Chromatography, 2021, 39(11). 1191

WYLk, ERd, T, 5. @i, 2021, 39(11): 1191
Livshts M A, Khomyakova E, Evtushenko E G, et al. Sci
Rep, 2015, 5 17319

Gao F Y, Jiao F L, Zhang Y J, et al. Chinese Journal of
Chromatography, 2019, 37(10) . 1071

wrhE, SR, IKIRE, A fE, 2019, 37(10) : 1071
Zhou J T, Cheng X H, Guo Z C, et al. Angew Chem Int Ed
Engl, 2023, 62(19) . €202213938

Klein A P. Nat Rev Gastroenterol Hepatol, 2021, 18(7) : 493
Park W, Chawla A, O'Reilly E M. JAMA, 2021, 326(9):
851

Hayashi A, Hong J, Iacobuzio-Donahue C A. Nat Rev Gas-
troenterol Hepatol, 2021, 18(7) : 469

Kim J E, Lee KT, Lee J K, et al. J Gastroenterol Hepatol,
2004, 19(2) . 182

Huang P, Gao W, Fu C, et al. Mol Cell Proteomics, 2023,
22(7) : 100575

Kong A T, Leprevost F V, Avtonomov D M, et al. Nat
Methods, 2017, 14(5): 513

Miyanishi M, Tada K, Koike M, et al. Nature, 2007, 450
(7168) ; 435

Nadanaka S, Kitagawa H. Matrix Biol, 2014, 35; 18
Zhang W M, Cui Q C, Qu W F, et al. Oncol Rep, 2018, 40
(1): 206

Kong L M, Liu P, Zheng M J, et al. Epigenomics, 2020, 12
(6): 507

He X, Zheng Z, Li J, et al. Carcinogenesis, 2012, 33(3):
555

Inberg A, Linial M. J Biol Chem, 2010, 285(33) : 25686
Zhou X, Zhu X, Yao J, et al. Invest New Drugs, 2021, 39
(6): 1469

Scielzo C, Bertilaccio M T, Simonetti G, et al. Blood,
2010, 116(18) : 3537

Liao X, Huang K, Huang R, et al. OncoTargets Ther,
2017, 10 4493

Chang TY, Li B L, Chang C C, et al. Am J Physiol-Endo-
crinol Metab, 2009, 297(1) : El

LiJ, GuD, Lee SSY, et al. Oncogene, 2016, 35(50) : 6378
Long J, Luo G, Liu C, et al. Int J Oncol, 2012, 41(5):
1662

Yokoi K, Shih L. C N, Kobayashi R, et al. Int J Oncol,
2005, 27(5) . 1361

Terenzio M, Di Pizio A, Rishal I, et al. Neurobiol Dis,
2020, 140. 104816

Jiang J M, Yu L, Huang X H, et al. Gene, 2001, 281
(1/2): 103
LeiYY, YuTZ, LiCY, et al. J Cell Mol Med, 2021, 25
(2): 1198

Yao M L, FuLY, Liu X D, et al. Front Genet, 2022, 12;
793508

Gu W, Sun L, Wang J, et al. Aging-US, 2022, 14(2) . 943
HuJY, Lai Y N, Huang H, et al. Br J Cancer, 2022, 126
(1): 57





