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Abstract  This study aims to utilize the optimized dSEC (dichotomic size-exclusion chromatography) tech-

nique to achieve efficient, high-purity separation of plasma EVs (extracellular vesicles) and non-EVs components.

ek H 9: 2026-02-13 Be2Z H I 2026-04-23

JUA TR TR R (HEHE S 0 20210207000 1) AR 48 Bt 5 R R AL 5T (T 0D (A HE S 0 2023A1515011874, 2025A1515012532,
2025A1515010405) 5 By ) 1R

EEMEE . Tel: 020-85221997, E-mail: linxinyi@email jnu.edu.cn; Tel: 020-85225960, E-mail: tongwang@email.jnu.edu.cn

Received: February 13, 2026 Accepted: April 23, 2026

This work was supported by the Science and Technology Project in Guangzhou (Grant No.202102070001) and the Guangdong Basic and Applied Basic Research
Foundation (Grant No.2023A1515011874, 2025A1515012532, 2025A1515010405)

*Corresponding authors. Tel: +86-20-85221997, E-mail: linxinyi@email.jnu.edu.cn; Tel: +86-20-85225960, E-mail: tongwang@email.jnu.edu.cn


https://cstr.cn/32200.14.cjcb.2026.05.0005

1324 R

Plasma EVs and non-EVs components were isolated using the dSEC method. The isolated fractions were systematical-
ly characterized according to MISEV2023 guidelines, utilizing NTA (nanoparticle tracking analysis), Western blot, and
TEM (transmission electron microscopy). Transcriptome analysis was conducted via NGS (next-generation sequenc-
ing). RNA quantification was defined by raw counts>10, and high-integrity RNAs were screened using a sequencing
coverage threshold>95%. The composition, integrity, and distribution differences of high-integrity RNAs between the
two fractions were systematically compared. The dSEC method efficiently isolated high-purity plasma EVs, which
exhibited a significantly higher particle-to-protein ratio than the non-EVs fraction and met MISEV2023 standards.
A total of 31 284 and 39 224 stably quantified RNAs were identified in the EVs and non-EVs fractions, respectively,
with 29 108 RNAs common to both. LncRNAs (long non-coding RNAs) and protein-coding RNAs were the predomi-
nant RNA biotypes in both fractions; however, approximately 99% of these long RNAs existed in a fragmented form.
No significant differences were observed between the two fractions regarding the abundance distribution of high-
integrity RNAs across major biotypes, including coding RNAs, IncRNAs, pseudogenes, and miRNAs. Notably, full-
length RNY4 was the only RNA molecule found to be stably expressed with high abundance in the EVs fraction (mean
TPM was 2 019.55) while being completely undetected in the non-EVs fraction. This study systematically reveals the
distribution patterns of high-integrity RNA in healthy human plasma EVs versus non-EVs components, clarifying their
RNA composition and integrity profiles. Crucially, this study identified a specific full-length expression signature of
RNY4 in plasma EVs. These findings provide novel experimental data for understanding RNA distribution across dif-
ferent plasma carriers and lay a foundation for standardizing EVs RNA research and liquid biopsy detection systems.

Keywords  plasma; EVs (extracellular vesicles); RNA profiling; intact RNA

YN H 7 FE Y (extracellular vesicles, EVs) & FH 41
MOBETE. B R B Aoy T /= B A R & B £ S
RE ST IR RRL T RS BRAE A T AR AR K
AR K FL A 5y S AN (exosomes) . T ZEE (mi-
crovesicles)S 2, AR 3 FRAL ML R (WITRLAR . 25 )
e KI5 A9/ R EVSBUZ /B EVs, BT AR A
BARAE PR AR o DURS i e, HL A e B M
(I S A, 2 AN bR B B IR R
26K I8 AR TR BVs DU a5 25 28R 2 VR A4
[E)JE T B A 0T, EVs4b K 1 S A 20 i 1) 2 1 )i
NEIE . %R S AR = M5 L o, AMAEAE
MRS R REREENREEN, ERLRLT
() A=y TR AR P T RS A A B 77 (R I T R R

JEAESR, MHSRIE EVs RNATE VAR IE K6 4
FEBLH BRI R B 5, D m R 2 e, 7
RVl AP E IR IR AE AR R A A AR S
Pyuet, SR, EVs RNAFRE I K5 IG IR A
THIG DB P g o 5 A7 B 77 ¥ e 9 o (ultracentri-
fugation, UC). S~} HEFH (13 (size-exclusion chroma-
tography, SEC)5%, T 3RAF IIAEAS o i 4B e % FE i 2R
[ (high-density lipoprotein, HDL)%% i &5 [ Fiii PA
HABAEEVSRIERNA TG G, ™ EHFLMEVs RNAKS 5T

RS e S s T T () ] Lt 5 ] B A

[FEF, 2% 3 EVs RNA 6 5 905 B A Bk i)
FRAE U BV 5 SZ FEAR AR BE L i A7 S B
FErH RNABFMREE 2= 52, i — B HI 55 7 IEAR &
YIrER I AR M . U ETHE AL 2 IR AE T S RNAK)
MR T, T 28 T RNASEREYER bR Bl 52 A
HEOCEAVER .« RN, 280 B H AR AE LLR) 25 3R Y
A M EVs 5 AEEVsA 7, BRI T RS2 1 ) i
RNAEA [ L3 B A4 ) 73 A R ARV e

BT AR R R, AHE SR R A% R IR AT &
PR 4 ORSTHEFH €413 (dichotomic size-exclusion
chromatography, dSEC) /52, SEHLX0 (g fe A I
EVsS5HEEVsAH i misk. R, RFr—
M FFEA, FATTUA =1 576 B RNA G 7 78 16 >95%)
NIRRT R, RG2 HAE PR LH 73 i) 73 A
BAERAE EVsH R A AE . S8 BV = 1) RNA >
¥, NEVs RNATRAARTE R bR AL 510 R e A e 4t
B LI AR -

1 RI5R%E
1.1 &8

111 s RE RS AREFPRAE R KR



HEE G, @ FE NN EVs 53EEVSA 7 78 BERNA K & BT 5T 1325

—EEBEAC B2 G S HLHE (LS 0 KY-2025-093), JE
KA 61 R £ A1 IURE A T Ja 2, o
B K ORS00 45 5 G928 BIZE 43 S 5 A AR
V5T EJE#H 4~6(Donor 4~6, Bl D4, D5AID6), H 4
SEIGFEAR Y RIE T LR 1~3(Donor 1~3, EID1. D2
FID3), AW TC I K A SRR E 2 E T RG R
=
1.1.2  EE2&KA Bestarose CL-6BIFE} (125 :
AG0044)0 B 1A% B () A E ARG IRAF ;
NuPAGEFi#IZ (10%. 104L)(5% 5 : NP0315BOX).
TRIzoI™1R 5 (525 : 15596018CN). #J5l (RNAZK )
$%5: R0551). Pierce™ BCAZK 1€ BRI & (H 5
23225) H 3£ [& ThermoFisher Scientific/A 7] ; AMI-
CON ULTRA 4ML 30K(%%5: UFC803096)/4 F £
Merck Millipore/s 7] ; RQ1 RNase-Free DNase(57%5 :
M6101)I H 3% [E Promega /A & ; SMARTer Stranded
Total RNA-Seq Kit v2-Pico Input Mammalian(5?
51 634412)1H) A H A TaKaRa/A 7 ; %fi A\ Syntenin
mAb(1:1 000F% 8 )(72°5 : ab133267). P Albu-
min mAb(1:2 000FK: )(15 5 : ab207327). bt A
Integrin B3 mAb(1:2 000F R ) (P25 : 13166S). HHAR
L 44K B (horseradish peroxidase, HRP)FR1C HY 52 /Bs
“P(1:2 000F5RE) (T 5 7074S/7076S)1 H 52 [F Cell
Signaling Technology A ] ; it i5 Wk (155 : 232100-
100 g). MR -20(5¢5 : 0777-100 mL)E E 5
W EDRHCA R A ] 5 -+ R ER R (sodium
dodecyl sulfate, SDS)(¥% 5 : P0013G)Ily H i3
= REDEARAGIRA A 5 R H 5 9 (phenylmeth-
anesulfonyl fluoride, PMSF)(% 5 : P7626-25 g)lJ &
2 [H Sigma-Aldrich’A @] ; Econo-Pac® il 4E (T8 5 -
7321010)14 H 3 E Bio-Rad A #
1.2 753k
1.2.1 R  REFKIMNEMFEAT 20 °C.
2 500 xg&0215 min, W& EIERE X T20 °C.
17 000 *xg &5 0210 min, HL_F35I7£80.22 umIEfE T 3E,
FIT AR B R AL 385 1 L3, F-—80 °CLRAF- 7% FH o
122 dSECHA BEEAMIEVs SEGUOK!
SRS AE B . RSP IR TR HX27 mL Be-
starose CL-6BIFEE}353H T Econo-Pac® A ili it , B
I R e E HE R (2920 mL). #1140 mL PBS V-4
J&, EREl mLBUAREE MY . FEREASE A ARG,
BRI 8 mL PBSHEATHEME , WA 7 e i 3

B HARC NE(eluate 1), BVEVSE %415 ; b5 F- 0
A 18 mL PBSZkZEe M, W8 e i vl K Hobrid N
E2(eluate 2), RIEEVsAH 3. e, BEISE24 55
B AE 2 ZARFUN250 pLo
123 #hARBATIZHA KM NanoSight NS300
{X#%(Malvern Panalytical A 7)) A E1 5 E241 77
IR IR FE SRR AT . IS EOR BN LR
BORE 12, B UCR A AR K60 s, BEANFE S BE AL EL3
ANRLEFHEAT AR, 20 A ARG D00 R 18 7 A3
124 FHa8RME B0 nLAFIRE SR N2 6k
R AL AR, 0 B R 1 min )5 A JE 4R Bk B
AR TN 10 pL 2%E5H WA AH 1 5% 1 min, ARIF 42
WE IR T AR TE 80 KV fiJE N T 5
T BB N WA R
125 &aREzs  KHABCAENEMNEED
WP o T8 B AR AR 70 B U B 22 ) br A i 22
DE R L AE 570 nmyE AL IO BEAE , $E b ih 5%
FEARBE A PURE .
1.2.6  FJEEPi% o4 20 pgtE E AT
SDS-PAGEHLJK (200 VAE & 40 min). ZJ5T20 V
18 556 PR % ZPVDFREL he FHS%IBNR 2 95 = 15
BT h, BEEIMAMR =T 4 CHEFER . B
JE N HRPARICH —HU=EIFE 1 h, &
RICHAG ARG AT R .
1.2.7 HAQBEKRY ERESLEIRTSMH K
W TR FH 2 Bl KR S 45 & S BRI oy, oF
fHEVSIE 5a 8 M, SLI 2% 22 VOOGTSE I 77
o BACNEUERARREL, DLAIRE N 20 ng/mLI &
FI i K E (37 °C. 5 min), PLAKE A5 mmol/LK
BN 55 PMSFE IR BEMAR S N o K FH Ho 2 BN 25
MR IEVs P (bR 4 Syntenin [ R IA K.
12.8 M EVs RNARIEILELDNAK AR il
FH TRIzoliZ:#2HL EVs RNA. H{100 pLFE &I 1 mL
TRIzo™ A, A TiE iR 2] 5 2 I #ELS min; JIIA200 pL5
P5F11.5 WLKE R (20 mg/uL), IR 5 B3 min; 4 °C.
12 000 *xg&.Cr 15 min; W HL 600 pL_FiEKH, A
800 pL S AEE, —20 °CYTIEIL; 4 °C 12 000 xg
0010 minSUETTIE; FI1 mLIA 75% & BRI TTIE M
(4 °C. 7500 xg .05 min); B TUTEE S, I8 uLi
RNase/K EL#RNA .

N B FE I DNA, B EIR RNAFE SN
1 uL DNase, 37 °CH% & 30 min, B 5 INA1 pLZ1ER



1326

BRI

JFF65 °Cli# § 10 min LA & 7FDNase .
129 cDNALE#9#4l&  HZDNasesbHHJRNA
FE i, 1% SMARTer Stranded Total RNA-Seq Kit v2-
Pico Input Mammaliani7fl| &1t B 15, #E1T cDNAXC
FER 3 . A ER LTI SCZEAE Tllumina NovaSeq 60001
& T 150 bp XU T -
1210 F—RAFHFEHH I FHEGEEH
fastp AT BEAT BT S ], ZeBrae k7 41 IF i R AL 0
1% (reads). #K#& SMARTer Stranded Total RNA-
Seq Kit v25 7 & i W1 15, i FTHISAT2 81 {15 4
T A PR 5 T 15132 B (clean reads) BE X &2 AR
22 5L K 4Hhg38( N % H UCSC Genome Browser™”),
$£T GENCODE v454: R 4718 S, SR H Feature-
Counts ¥ GE T b X 28 % FE PR A1) i 7 X4 1) reads
B, JAFEIRRBTH . IR Al S, e gk
IR 2R 1A i 128 R E A IR 46 counts>10, {3 FR BE i &2 2%
1o R L DR 3EAT F5 2253 -

Ni/Li

TPM= x 108
sum(N1/L1 + N2/L2+...+Nn/Ln)

Ferpr, NEEERT B i MR T reads B, LN i
AN T HIKSE BREEEL), sum(NI/LI+N2/L2+.. +Nn/Ln)
NI (n ) A 27 F K FE AR A 2 J5 BB R A
TPM(transcripts per million){H £ ik 3 K K & 50 ¢
IREEXUE AL IR, AT F T 85 A A ] 1) 5k R 220 7K P L
L3
1211 %itFi* AT 5% 48 H] GraphPad Prism
10. 2053474811 53 H7, LA Anderson-Darling IEZS
PRI HEAT, KT IR M IEZS 20 A0 (PN BRSLFE AR, R
H Student’s -test @47 Gt it Al 70 #r, X T AR IE
B IFEA , K H K-S(Kolmogorov-Smirnov) test
I3 o EHE LLF B E £45 4E 1R (mean+SEM) R,
P<0.05HBA BER I F%E R

2 H#R
2.1 dSECHINS EMKEVsFMIEEVsH 5
NIFAL dSECTT VL5 LK EVsIF 20 B U8R, A
BT 50 7 % A0 B [ Br 20 A A 2 8 6T 5T 48 B9 (mini-
mal information for studies of extracellular vesicles,
MISEV2023)", X} 73 5515 2 ELEVs & &4 7)) ME2(JE
EVs4 /0 BT T RGEERAE. 4508, B4 kL
R EE T E2(E 1A), 240 B E A GBS
T E1(P=0.001)( 1B). Mk —H H o #r s, BT

B2 [R50 5 1 EE 2330 A (9.8645.62)%10° particles/pg Fil
(1.58+0.42)x10° particles/pg, #H 7212 (K
1C), RYEIH 73 & =4 ERIEVs. 9K RTRLER IR 7>
Mridk—2B R, BIHSRLIRLAR 734 20847 T 97 nm,
B4 R 255k B AA/NT 200 nm( 1D). FE 5 H
Br g AN 1L o o A7 AE S 2Y (AR IR FR I 454 (]
1E). Ty ENIE 43 B, EVsER A bn & Integrin B3
Al SynteninfE E1 9 HEF M E 4, MK & FEE
H Albumin U 78 JR 4R 115 S E241 73 & 2y, AE
ELH LA S (B 1F). & g s 45 5
7~, FIVEXT R (E1 R 48 8 g KA SDS AR R 2 ) K2 BH 14
X B8 (B 142 2K 1 B KORT SDS AL HE 41 ) #4745 4 i, R
X6} B G 21 Syntenin B 1945 7, 1 BH P XS BE A
AT . R (NS E AR KAE I E
HAE =R R IR E R B EVs N BR 4
Syntenin( 1G). %45 R KW, dSECIE 5 B45 211
E1RUR LA S B 254, Rets A ARy e 3 2
40 52 5 T K I P A o 2 1, 183 2 FR PR RAFIESE,
AT 5T K ] dSEC 7 ¥ 1 D A BRE N I v 43 15 1
e Al R ) B v B SR B S5 R E Vs, T 3R 6 1
A MISEV2023FRH4E
22 MPTEVsS5IEEVsLER IS REFERANF
vakii

NAGMENT IR EVs 53E EVs41 4 1) RNAZL
B, AW BRI 1S E240 03047 1 R 4K
BN . RN, BIGEURE s E , &5
AR R P R BT A B Q30 H A e T
92%, GCE&EAN T 47.36%% 49.21%2 8] CF-1H N
48.56%+0.76%), < W1l Fr 408 o1 & AT 4

FEAN LT AT s, BT E FEAS IR - 35 B 23
90.1%%2.7% (7 FE 84.8%~92.3%), e — Eb 3
PN 88.8%+2.6%(TEHI83.9%~91.1%), KL K%
K Y reads 1 HER 27 B S % BN AL (FI2A) . £ E
EE T 28 0 - R AE AR K (T35 1.11%+0.15%), 33—
AR T EOX 25 R T SR (BI2A)

5T FeatureCounts 1) 5€ =0T KW, EL(EVs4l
I35 E2(AEEVSA 73 )43 5l e 45 21 54 9334154 272
MRNAG T FATH AR E FRIEHIRNAE SUHTE3NME
Wy B A R SRS B H. counts> 108 4 A . H5 It
B, FATTEEEVFIE22H ) Hh 73 70l 455 H131 284139
224 FaE RIS RNA(BI2BFIE2C) . #E—0 40 HT i
N, BN R A 29 108 RNANFE AR e R IA (K



HEGSE: fdFE N MK EVs 5AFEVs 7 58 BERNA K 5 B0 AW 5T 1327

(A) _ (B) . ©
Particles Protein
1.5%10'2 80 2.0x10°
g 60 51_,5) 1.5x10°
g 1.0x102 g &
S S 40 < 1.0x10°
=) 3 on
N g 20 = 5.0x10°
6 5.0%10"4 2 8
e g 2
‘ £ ) |
0- 0 T ﬁ
El E2 El E2
(D) (E)
_20x104 f
a
£
5]
o 1.5x1074
=
<
& =
E 1.0x1071 £ e
.g
s
g 6
£ 5.0x10°7
O
181203
0 - 346 23 487 581
T T T T 1
0 100 200 300 400 500 600 700 800 900 1000
Size /nm
(F)
Integrin 3
Syntenin
Albumin
G)
D4 D5 D6
SDS - - + - - + R _ +

Proteinase K

Syntenin 32 kDa

A. B: ELSE241r (RIBIRIE(A) 5 & A U B (B); C: WAL IRBTRI- 1 b D: 1AL ORIAR A SR Ex E1ZL 7> () 028053 5 i 45 PR, ml L
MORFER L5 H; F: E1SE241 4 HEVshr 4 8 1 (Integrin B3+ Syntenin) A2 il 3¢ 2 1175 %) (Albumin) (1 55 ERE 53 A 45 5L, Rk EAE 5820 pg; G:
EZ7) 8 FIREK GRS 9206 . Bedis DASHELEAR MEIR IR . *P<0.05, SE241 LS.

A,B: particle counts (A) and protein amount (B) of E1 and E2 fractions; C: particle-to-protein ratio of the two fractions; D: particle concentration and
size distribution of the E1 fraction; E: representative transmission electron microscopy image of the El fraction, showing cup-shaped vesicular struc-
tures; F: Western blot analysis of EVs markers (Integrin p3, Syntenin) and plasma protein contaminant (Albumin) in E1 and E2 fractions. Protein was
loaded at 20 pg per lane; G: proteinase K protection assay on the E1 fractions. Data are presented as mean+SEM. *P<0.05 compared with E2 group.

Bl Mm¥XEVs 5N (ED)SIEEVSA T (E2)M R G RIE
Fig.1 Systematic characterization of plasma EVs (E1) and non-EVs (E2) fractions
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Table 1 Overview of NGS metrics
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D3 (Donor 3) 5.677%10 93.73 49.16
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(B) ©) D)
Dl Dl
0
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D2 W D3 D2 W D3
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A: EVSE2FEA TN P B0 Lu o Gk, AR R b 26, ME— Lt 2 5 2 f R, B, C: 0 AIZEELB)MIE2(C)ZH 43, J T )5 ificounts> 10117 1,
TE3AN A=) 25 E A v A4 AR s A I B (MRNAZL H 5 2 K; D: ELSE2W 415 [ JL [ AR e RIE MRNAZ A F A

A: alignment statistics of sequencing data for E1 and E2 samples, including overall alignment rate, unique mapping rate, and multi-mapping rate; B,C:
Venn diagrams showing the number of RNAs consistently quantified (raw counts>10 in all three biological replicates) in the E1 (B) and E2 (C) frac-

tions, respectively; D: Venn diagram illustrating the overlap of consistently quantified RNAs common to both E1 and E2 fractions.

E2 MIFEVsS5IEEVsASBIRNANFESEE S

Fig.2 RNA sequencing and quantification analysis of plasma EVs and non-EVs fractions
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A: FEIEE 1(Donor DINETSE2REAH, HIRNAFE A AN LL) . “ﬁ@RNA”%%U@é‘&*Eﬁ;&NA\ ]E/JZ\$%1iRNA%; B~E: E1 5E2, %ifid
HERNA(B), KAEIEHFIRNA(C), 7 NRNA (D) A 5 (B) A 7 78 1 B2 4341, Ao DDAE R P s hl 2031 o s e BERNA (8 1 FE>95%) OBl
HE DSBS HER R N . 78 5 P8 SON H AR S AR i reads 78 ot (0% 17 R LT«

A: relative proportions of different RNA biotypes in E1 and E2 fractions from a representative donor (Donor 1). The “Other RNA” category includes,
but is not limited to, rRNA and snRNA; B-E: sequencing coverage distributions for protein-coding RNAs (B), IncRNAs (C), miRNAs (D), and pseu-
dogenes (E) in El and E2 fractions. Bar plots (right) show the corresponding counts of full-length transcripts (coverage>95%) for each RNA type. Data
are presented as mean+=SEM. Sequencing coverage is defined as the proportion of nucleotides in a transcript covered by at least one sequencing read.

E3 MIREVsS5IEEVsAS FRNAMER S 55845
Fig.3 RNA biotype distribution and integrity analysis in plasma EVs and non-EVs fractions



1330

BRI

RNAZEHIZH B LB AT , 351 PL IncRNA(EL: 49.3%;
E2: 49.1%) %% 2 I RNA(EL: 34.4%; E2: 35.8%)
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