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Fig.1 Cellular localization and functional annotation of exosomal proteins
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Fig.2 Plasma differentially expressed exosomal proteins in lung cancer



oA I TS Y Y LT 35

24 SMMEEBLEVIREDRIIIETRE
F] FH  ClusterProfiler

I S I . = . ; portein transport
ZFA#F ’ a:ja,ﬂ]%l_ Xj‘ﬁﬁﬁﬂj E/] intracel lular protein transport
m]‘é{'ﬁ&l\]i%ﬁxﬁ IJI_I Ei‘}_ﬁﬂ: T signal transduction =
ljjﬁlé'%» %*}1‘, HEPEE%;}% negative regulation of transcription by RNA polymerase I
s I X =
intra-Golgi vesicle-mediated transport
‘E!‘E‘ T % Z'K MS (GO) %:.[I g cytoplasm
KEGG E/‘] Aﬁ‘ﬁiﬁ%ﬁ:ﬁ‘ﬁ% ,§~ cytosol
9
%ﬁmg 3(8)}3]"/71\‘,%%2%:2 3 nucleus S
. 9 - = extracellular exosome
jjj E/\J m]‘ 7‘?2 91\ M MS E E[ }ﬁ E plasma membrane
éﬂ]ﬂ@éﬁ*@i,i%%%ﬁéﬂﬂ metal ion binding
H@ }Jﬁ\_ ( Cytoplasm ) , H@ §f€ cadherin binding inf/olved 1'1.1 ce.II*C(?II adhe'm:on
protein homodimerization activity Ontology <3
4 - - = BP(Biological process)| =
(cytosol) ’ /EH H@ *z (nucle GTPase activity = (C(Cellular component)
us) s éEH H@ ﬁl\ ﬁl\ “é% {ZIK (extra- ATP binding = MF(Molecular function)
cellular exosome), i & 05 0B 20
£t ok Counts
(plasma membrane) 5§ 45 ) - N
W EESETARET (a) ZE RN AR RGOS T
) s = — Soy) II%
24 (metal ion binding) , Spliceosone -7
B 1556 5 5 0 0.5
- ’ N - .5
H@ ?;ljl- Bﬁ. ( cadherin binding Nucleocytoplasmic transport 0, B
involved in cell-cell adhe- E WRNA surveillance patimay b- Siani et
sion) , & I % 7] 5 — % 1k Zes
1 P (protein homodimer- Metabolic pathways - o0
. . .. - ® 7.00
lzation aCtIVIty) » GTPase Amyotrophic lateral sclerosis}-
1% M (GTPase activity), .
ATP %54 (ATP binding) 600 0-20 00
Significant b
%ﬁ%mﬁ?.ﬁt&ﬁ,%ﬁ‘-%@ ignilticant number
N \ -~ \ (b) 22 53 FIL AN UMATR (1R IIKEGG 5347
SE NI /Xt N A S B TR
- SMA i BET AR AT 2
25 THEM Gz ( pro- El3 SMMRER B AR bR S D BT ERE A e R

Fig.3 Results of functional annotation analysis of exosomal protein biomarkers

tein transport) . 2l il Py &5
M BT %432 (intracellular protein transport) , {5 5 5 (signal transduction) , RNA & Il XF 5% 5% 00 1 82
(negative regulation of transcription by RNA polymerase 1l ). PN & /K 3L ZE ¥/ § 19 %5 12 (intra-golgi vesi-
cle-mediated transport) £ Y%t f2. 7F KEGG {55 @ (B 3(b) ', ZR RAMIIMBEEAR EES Y
T BT {K (spliceosome) s #% Jfi i& % (nucleocytoplasmic transport) s mRNA Wil ik 2 (mRNA surveillance
pathway) , fQif & 72 (metabolic pathways) , L= 45 MM Z i £k (amyotrophic lateral sclerosis) % {5 5 i K.
2.5 SMNREEBRBEEEAMNE S TR ABIREYIFIE

F P String %04 2 L >R H 8 F TUAH AR W 2% (PPD 438 53k, iE— 25 0 1l 28 R VR i) 22 S5 38 3K A0 Wb A 2R
IS0 AH SCPE R AT BR A G BT - 30 3R A5 H A BT AR 32 M 1) A1 0 AR B 1 T G B AR W bR AR . B T Cytoscape 314,
K HI cytoHubba i {4-%F 85 F1 BUAR BAE HI M 2% (PPD #E4T T RGEAE T, T & 5545 7 7 D HA AR M
1 3% S0 AR B B A A S . B4 FS HDAC3 \NAPA ELP3,HAT1,RAB5B,PDIA5 , SARAF % % 1
it ( 4Ca,b)).

3 i i

i 2 — T2 A AE B B R LR SR TR G R T2 SR TR RS B R AR T R T R R



36 T IR IL K FIRCA RAF RO 2025 4

M9 A AR R QTR B, ER . I IR b (0% it 98 0 A5 J7 05 0 96 M 8 XS 2 LCT 0l 08 W 40 Il = e A S <A
BRGS0 b L g IR TR (CEA) J2& H iR F e 32 B9 IR A b i i 2 — 7 e Ak L iR
A CA125 NSE.ProGRP %54 4 b i 9 A48 il s 1932 W R0 95 g M0 o (L2 7] 408 B0 Jae bk o S P A RS
SN AR AEAE T AL HE LI AE N B 2 FP R v, S0 L35 00 P9 25 0 6 20 R 1) 368 15 RNAT 5 4% 38 v R 48 A DGR AE
F 91 B2 5 5 W 40 i 0 2R BRI R B DA R G g b 3 A HE B G RO AT Ok L 22 AT 9T K BRI e AR Il
S AN R Hh B SO S M 2R ) BT miRNA Y 3R IR 7K 7 5 {g Bk B2 AR O AA 7 3 25 S, R IR 192 e i
{E"*"'.SANDFELD-PAULSEN %" Fi| FJ 21 fitd 71 3% 361 B 51 43 B i J 58 35 0 % BECA A i 5 o0 I 44, % 5
CD151,CD171 F tetraspanin 8 1] BEJ& & 7E B9 7112 Wibs ik . 55 — T 95 & BR . 548 B 6 HR 4 1L, il i R
ML SN T miR-17-5p 35 B35 R, B2 7R H 78 il 95 12 W v nT BB 5L AT A 24 A I DR A (7 RVAE Il e i
FANWARR R YOS IS T — € R 5 H BT AF AR — S8 Pk A, Qs e Ak AP WA A 53 25 R I 5 i R r KRR
A H G PR 30 E BA 51 45 K, 2 rfu B VR Y RTRE PEBIF 8 B T 3 — 20 PEAG R 18 AR R S R R Y
it 358 A0 WA AT 7 W LA 4 Sh AR R B P i e A I 0 AR SR 25 S Ti T -IMAC X I3 b i) A0 W 1A 1 17
SrEsaif, ok A LC-MS/MS U J¢ DIA GE AR, 558 T 614 A I3 K U5 i SR WA B BT, o 13 A~ 2230
LRERIN IR 28 RN R AE PCA 73 B4 R (& 3(b)) i, Jifi iz A 35 41 (LC1.LC2,LC3) R 4
FEZEM i BT BRZH (HCL . HC2 \HC3  HCA \HCS) RAELEA M, W6 41 2 0] 47 76 B 5 1 X 3 ik — 25 32 1,
JI 95 £8 35 R £ B XoF HE A 1Y 0l 3% AD WAMAC AR 1 B R AR I A AR R S L AN R SR Tk 7 A M ARLAR AR L 40
)& HDAC3,NAPA ELP3, HAT1,RAB5B,PDIA5 #il SARAF. H: s, HDAC3,NAPA,HATI #il PDIAS
T ) 25 S5 3 3k T 9k RN it s A G HDAC3 ZE W55 B SE4E Kras 58748 8 35 /DN 200 Jifd il 982 1) b 9 % Je
FAIT I 245 b 2 e B WANG 2520 ) & 30 PD-L1 14 28 3K 76 IFUEA Tt 25 19 i R NSCLC AR 7S i Y] i 14
fin, 35 HDAC3 (3635 5 AR G NAPA W2 — bt 08 12 28 1, 38 3ok 375 -5 i e 0 i A p5 3 1) ek e o A1 sk
Ji s 2000 XS LAY (0 iR 25 0 AR B EE RS E 1(HATD R E A T A%, T8 Ihft e Bk & 07 T 40
JELI A 20 2 1 HA IR 5 FN 12 DUE g ik is B A% Y SRR CHATL 5L R T 2 XE . WS
TIREAE A R R R M S L PR B R O HUA R B, S AR MR AL 4O e HATL 2R A 78 il
Jipges 20 2 rh i ik SRR 5 I R RN R TBUS A G R AR A AR R Y 5 — s S R A AL 2 4l
SRR I, MR L85SR A 28 A8 k) il IR 98 40 it FP PDIAS 23k TH i . #2 75 PDIAS A REFE L858R 28 78 BK 51 Y
il 958 A R e R ep R AR

, ELP3
CAVK2G CoPz1
ERFIAL FAMI14A2 HATL
[IDAC3 ) GOLGA3
APISI RARSB
AP3M11
RABSC GGAL
MAGROH2A1
Rank
ARF1L SNX9 &,
TRIPL1 SARA
CRKI. SARAF

Node fill color mapping
RAP 1A STXBP! PDIAG RABSD
TRCLD3 1. 00 degree 9.00

MAP2KA PTPNI11 Edge stroke color mapping
0.10 1. 00
combined score (b) A% 00 85 11 57 PR 45 B 1%
(a) 72 T AL AN IMAEE (T AT LLAT HI P 45 T i
B4 B BT LA H R 45 03 4T R B R A A B LR AE AR S8

I'ig.1 Protein interaction network analysis and typical exosomal protein biomarkers

AW G 55 2 Wiy Jf 8 T 58 445 R 00 — SCPE TR B 1 i He A A AR B 1 BT A BT Y Y R E M 5 AT SRR BR T HRGE



% 4 4 KELE BRI ARG RAEAR 37

ARSI AR L LI T 3 A IS TELE Y AR A& Y BV ELP3 . RABSB #1 SARAF 3 A~ ifin 3¢ 2k I 1Y
SRR 1B ELP3 & RNA R 11 (Pol 1) 2EH— N ME 5. 2 558K, 5 H F W4 feg i
TR S it 2 5 0 AH OG0 RABS B 2 583 Hi A1 A0 WA 4 J% 15 1) 98 49 DR, W 04 200 M A0 3 9 1 — P b 10 2R
FIPY A B 5E R B RABSB J& f miRNA-17 83 09 80 3 R 2 — , 76 26 (1 50 AR B4R F 9 26 43 B R g il ol ol 5
il 98 2 HE K R AH DG I A0 FE TV  SARAF J2& — i P J5T 190 S 3 28 1 o 76 98 40 48 9 465 8 19 A7 i 7 et O T
KAE AR Y  HDAC3 . NAPA \ELP3,HAT1 . RAB5B.PDIAS F1 SARAF 5 i i i & A= % i ¢ 2 (H 45 ik
—RERE L LT, B FAEbR 0 8 8 1Y S WA A B BT L AE 5 R BT — R B Il I R A2 W A 0 ik A W
Yy, SR 0 592 W R A 4 A TR Y DL A

RERN AR B /NE R RYE AZ R T IRE S T 5T Ti' -IMAC PR 55 2 4l 4k A A i
DL T DIA 8 it 85 04 2 J7 3, UE S T I 3% o8 U Ay A1 o A 26 10 JoE 26 it 98 7 19992 DB s i 400 1 e 10
Sy it 9 B2 W 14 A b AR e AR L TR B F R 1]

Bt Sk B FhR (DOT:10.16366/j.cnki.1000-2367.2024.01.30.0001).

2 % X #

[1] SUNG H,FERLAY J,SIEGEL R L,et al.Global cancer statistics 2020;: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries[ J ].CA: A Cancer Journal for Clinicians,2021,71(3):209-249.

[2] MILLER K D,NOGUEIRA L,DEVASIA T.et al.Cancer treatment and survivorship statistics,2022[J].CA: A Cancer Journal for Clini-
clans,2022,72(5) :409-436.

[3] HOUJP,MENG F,CHAN L W,et al.Circulating plasma microRNAs as diagnostic markers for NSCLC[]J].Frontiers in Genetics,2016,
7:193.

[4] MITHOOWANI H,FEBBRARO M.Non-small-cell lung cancer in 2022:a review for general practitioners in oncology[ J ].Current Oncol-
0gy»2022,29(3) :1828-1839,

[5] GOEBEL C,LOUDEN C L, MCKENNA R Jr, et al. Diagnosis of non-small cell lung cancer for early stage asymptomatic patients[ ]].
Cancer Genomics-Proteomics,2019,16(4) :229-244.

[6] SEARS C R,MAZZONE P J.Biomarkers in lung cancer[ ] ].Clinics in Chest Medicine,2020.41(1) :115-127.

[7] WU L,QU X G.Cancer biomarker detection:recent achievements and challenges[ ] ].Chemical Society Reviews,2015,44(10) :2963-2997.

[8] KALLURI R,LEBLEU V S.The biology.function,and biomedical applications of exosomes[]].Science,2020,367(6478) :eaau6977.

[9] WUM W,WANG G S,HU W L,et al. Emerging roles and therapeutic value of exosomes in cancer metastasis[ J ]. Molecular Cancer,
2019,18(1):53.

[10] YU W,HURLEY J,ROBERTS D, et al. Exosome-based liquid biopsies in cancer: opportunities and challenges[ J]. Annals of Oncology,
2021,32(4) :466-477.

[11] PATEL G K,KHAN M A,ZUBAIR H,et al.Comparative analysis of exosome isolation methods using culture supernatant for optimum
yield, purity and downstream applications| ] ].Scientific Reports.2019,9:5335.

[12] TAO L Y,ZHOU J T.YUAN C H, et al. Metabolomics identifies serum and exosomes metabolite markers of pancreatic cancer[]].
Metabolomics,2019,15(6) : 86.

[13] FAN T W M,ZHANG X F,WANG C,et al.Exosomal lipids for classifying early and late stage non-small cell lung cancer[]J]. Analytica
Chimica Acta,2018,1037:256-264.

[14] TYANOVA S,TEMU T,SINITCYN P,et al. The Perseus computational platform for comprehensive analysis of (prote) omics datal J].
Nature Methods,2016,13:731-740.

[15] WU T Z,HU E Q.,XU S B,et al.clusterProfiler 4.0:a universal enrichment tool for interpreting omics datal J]. The Innovation, 2021,
2(3):100141.

[16] SZKLARCZYK D,FRANCESCHINI A,WYDER S.et al. STRING v10; protein - protein interaction networks, integrated over the tree
of life[J].Nucleic Acids Research,2015,43(D1) :D447-D452.

[17] SEIJO L M,PELED N,AJONA D,et al.Biomarkers in lung cancer screening:achievements, promises,and challenges[]J].Journal of Tho-
racic Oncology,2019,14(3) ;343-357.

[18] NOORELDEEN R,BACH H.Current and future development in lung cancer diagnosis[ J].International Journal of Molecular Sciences,
2021,22(16) :8661.

[19] DAIJ.SUY Z,ZHONG S Y.,et al. Exosomes: key players in cancer and potential therapeutic strategy[ J].Signal Transduction and Targe-



38 T IR IL K FIRCA RAF RO 2025 4

ted Therapy,2020,5(1):145.

[20] RAHIMIAN S.NAJAFI H, AFZALI B, et al. Extracellular vesicles and exosomes: novel insights and perspectives on lung cancer from
early detection to targeted treatment[]].Biomedicines,2024,12(1):123.

[21] SANDFELD-PAULSEN B,JAKOBSEN K R,BZAK R, et al. Exosomal proteins as diagnostic biomarkers in lung cancer[ ]J].Journal of
Thoracic Oncology,2016,11(10):1701-1710.

[22] ZHANG Y,ZHANG Y M, YIN Y H,et al.Detection of circulating exosomal miR-17-5p serves as a novel non-invasive diagnostic marker
for non-small cell lung cancer patients[ ] ].Pathology,Research and Practice.2019,215(8) :152466.

[23] EICHNER L J,CURTIS S D.BRUN S N,et al. HDACS3 is critical in tumor development and therapeutic resistance in Kras-mutant non-
small cell lung cancer[]].Science Advances,2023,9(11) ;eadd3243.

[24] WANG H F,FU C,DU J,et al.Enhanced histone H3 acetylation of the PD-L.1 promoter via the COP1/c-Jun/HDACS3 axis is required for
PD-L1 expression in drug-resistant cancer cells[J].Journal of Experimental & Clinical Cancer Research,2020.39(1) :29.

[25] WU Z Z,SUN N K,CHIEN K Y,et al.Silencing of the SNARE protein NAPA sensitizes cancer cells to cisplatin by inducing ERK1/2 sig-
naling, synoviolin ubiquitination and p53 accumulation[ J].Biochemical Pharmacology,2011,82(11):1630-1640.

[26] VERREAULT A,KAUFMAN P D,KOBAYASHI R, et al. Nucleosomal DNA regulates the core-histone-binding subunit of the human
Hatl acetyltransferase[ J].Current Biology,1998,8(2):96-108.

[27] DEMYANENKO S,UZDENSKY A.Epigenetic alterations induced by photothrombotic stroke in the rat cerebral cortex:deacetylation of
histone h3, upregulation of histone deacetylases and histone acetyltransferases[]]. International Journal of Molecular Sciences, 2019,
20(12) :2882.

[28] ARAN D,CAMARDA R,ODEGAARD J,et al. Comprehensive analysis of normal adjacent to tumor transcriptomes[ ] |.Nature Communi-
cations,2017,8(1) :1077.

[29] OCHI N, TAKEYAMA M,MIYAKE N, et al. The complexity of EGFR exon 19 deletion and 1.858R mutant cells as assessed by pro-
teomics, transcriptomics,and metabolomics[ J ].Experimental Cell Research.2023,424(1):113503.

[30] KOJIC M,ABBASSI N E H,LIN T Y,et al.A novel ELP1 mutation impairs the function of the Elongator complex and causes a severe
neurodevelopmental phenotype[ J].Journal of Human Genetics,2023,68:445-453.

[31] YOSHIOKA Y,KONISHI Y,KOSAKA N,et al.Comparative marker analysis of extracellular vesicles in different human cancer types
[J].Journal of Extracellular Vesicles,2013,2.:20424.

[32] JIA E N,REN N,ZHANG R K,et al.Circulating miR-17 as a promising diagnostic biomarker for lung adenocarcinoma: evidence from the
Gene Expression Omnibus[ ] ]. Translational Cancer Research,2020,9(9) :5544-5554.

[33] PALTY R,RAVEH A,KAMINSKY I,et al. SARAF inactivates the store operated calcium entry machinery to prevent excess calcium re-
filling[ J].Cell,2012,149(2) ;425-438.

Proteomic analysis of exosomal proteins in plasma as biomarkers for lung cancer

Zhang Yong, Yi Guanhua, LLuo Haixin, Zheng Yalin, Liu Wenjing, Gu Yufan, Su Tao. Zeng Wenjuan

(West China Hospital; West China Clinical Medical College, Sichuan University, Chengdu 610041, China)

Abstract: Lung cancer is a prevalent and fatal malignancy globally, which poses a serious threat to public health due to
its high incidence and mortality rates. To improve the early diagnosis and treatment outcomes of lung cancer, it is essential to
establish minimally invasive, highly sensitive, and specific diagnostic methods. Exosomes are extracellular structures that carry
biomacromolecules. They are widely distributed in bodily fluids and play a crucial role in intercellular communication. Exosomes
are significantly involved in the development, invasion, and metastasis of tumors and may serve as an important source of bio-
markers for lung cancer. This study applied label-free quantitative proteomics technology was applied to perform an in-depth a-
nalysis of the exosomal proteome in plasma samples from lung cancer patients. The results identified 41 exosomal proteins in
the plasma that were either upregulated or downregulated specifically in lung cancer patients, effectively distinguishing them
from the healthy population. Subsequent analysis has shown that the particular expression of exosomal proteins, including
HDAC3, NAPA, ELP3, HATI1, RAB5B, PDIA5 and SARAF, is significantly linked to the progression of lung cancer. This
provides crucial data to support early diagnosis and screening.

Keywords; lung cancer; plasma; exosomes; biomarkers; mass spectrometry; proteomics

[REHRK XiFE BERE]



X

#=S1 ZBMBEME

Tab. S1 Experimental Materials and Instruments

R/ A 4 "5 /s TR
Tit* -IMAC ZQ5-6350 GL sciences Inc.
=L (TFA) LK60S11 demtE R R A BR 2 R
JRZ(UA) BCCB5332 Sigma-Aldrich
i 2 R 5% v ) (PBS) €0103 Bioss Antibodies
T e SR 4 (SDS) STBHO0712 Sigma-Aldrich
A BEEE(DTT) WXBC7474V Sigma-Aldrich
Tris-HCI 28 v BCCD6838 Sigma-Aldrich
il 2, B e (TAMD WXBD4602V Sigma-Aldrich
R A & (NH, HCO3) BCBV6730 Sigma-Aldrich
JHR 2 11 ( Trypsin) 0000479627 Promega
30 kDa i IE4 0000147627 Amicon
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Tab. S2 41 Differentially expressed exosomal proteins

Uniport Accession  Gene Symbol P Value Fold Change Uniport Accession  Gene Symbol P Value Fold Change
000408 PDEZA 0.004 626 0.527 214 Q8N2F6 ARMCI10 0.033 342 1.514 872
014929 HAT1 0.025 496 2.745 254 Q8NENY9 PDZD8 0.027 469 0.649 462
015379 HDAC3 0.030 968 0.574 356 QS8TEAS DTDI1 0.006 386 0.522 138
075367 MACROH2A1 0.044 767 1.526 460 Q8WUQ7 CACTIN 0.036 633 1.500 446
076074 PDESA 0.002 157 0.241 127 QI6BY9 SARAF 0.044 888 1.568 225
095881 TXNDCI12 0.014 424 0.501 675 QI6FQ6 S100A16 0.035 573 1.541 545
P45985 MAP2K4 0.024 630 0.520 187 QI6Q06 PLIN4 0.005 247 0.321 452
P46926 GNPDA1 0.047 283 0.651 683 Q99538 LGMN 0.035 974 0.616 450
P54920 NAPA 0.048 766 1.568 866 QIBZHS®6 WDR11 0.032 205 0.660 687
P61764 STXBP1 0.044 089 0.569 515 QoH2J4 PDCL3 0.037 899 0.612 623
P61923 COPZ1 0.031 213 0.570 843 QIH4HS FAMS3D 0.038 017 0.617 045
P62834 RAPIA 0.004 181 1.539 053 QIHIT3 ELP3 0.001 530 1.675 239
Q00341 HDLBP 0.037 285 0.610 275 QINRY5 FAMI114A2 0.031 478 0.544 145
Q06124 PTPNI11 0.005 639 0.467 250 QIUJX6 ANAPC2 0.038 459 2.414 559
Q08378 GOLGA3 0.048 631 0.637 464 QIUJYS GGA1l 0.045 112 0.605 768
Q12792 TWF1 0.002 111 0.517 748 QIUQN3 CHMP2B 0.017 544 0.607 723
Q13555 CAMK2G 0.042 286 0.563 856 QIY5X1 SNX9 0.003 861 1.623 757
Q14554 PDIAS 0.017 706 0.669 097 P61020 RABSB 0.036 888 0.560 897
Q15643 TRIP11 0.016 183 0.618 814 P68104 EEF1A1 0.036 888 0.602 745
Q5TA45 INTSI11 0.043 515 1.694 565 QIY2T2 AP3M1 0.036 888 0.172 303
Q6UX07 DHRSI13 0.028 915 1.557 511




