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MR ) AN iR B R EA LM AE LR A1
125 (MHCID!"? ;76 ¥ 7 65 (Cynoglossus
semilaevis)FNMT 8 (Oncorhynchus mykiss)H) Ifil &
Y ESSEE T AN FEBE ) £ (Danio rerio)H
R IAN AR AT LAAE A 25 R 5 4 g 25 9 38 it i
i 5t B3R 7 Rt AE EHET, B0 A IR A
WA B miRNASTE H A I IE AR A 2= 5L Js = 10
HRAE T IIAE M AR BEAR ST o

1 MEHSIE

L1 SKIEMRSEE

MEM#; 77 5 (Gibeo); B4 1 i (Gibeo); J
“F1fiL ¥ (Hyclone); 2 (Sigma); R iFECD63H3E
R Pi 1A (Cell Signaling Technology); 4fi Ml 2 fif K
T M1 323857 (Solarbio) FIECL 1k 24 & 6K 7] &
(Thermo Fisher)4§ .

18] A0 22 W 190488 (Nikon TS100); #55 55.0HL
(32 E Beckman Culter, OPTIMAXPN 100); CO,4H
2 5% #7246 (Thermo Scientific Forma); 7 41 HL 1 i
WBE(H SLHT7700); $148 L BB (H SZISM-
7800F); 4K kL7 B {X (NanoSight NS300, Malv-
ern); 7<) PCRIV(Y [ LightCycler96)% .

1.2 ApEiE T

¥ ffi (Ctenopharyngodon idella) T 40 il
(L8824)I [ it [ M 781 1% 3% ¥y {2 & 1 0> (China
Center for Type Culture Collection, CCTCC), 2
i A W BE 2R KL A 10% 18 2R 1L (FBS V/V,
Hyclone). 7 4% % % (Solarbio)4$10 J7U/LHY
MEMH 77 3 (Gibeo) (& X G 77 o I 7 40 g i ik
AR PRI A 4T ST 9 2k BR FH 80 g/mL i R B
BIFAM24 b S0 K. AMMEAE28 °C, 5%
COBE M P G 97, R K 30 A 2 T T s L 48
A A KR, MK ET70%~80%1 &
B, WSO A i S £ R T T A 5 R R
DU AN A
1.3 EaRFaEpasineEe o s

A 440 I 7 A0 ) B 35 8 43 5 4k
WK, WS ERERARME L R, T, EAAM
I 1% 7R L 800 x B0 10 minBR =4, SR)5
3000 x gf5.0>20 min R 5% B KB K b
WA BB B0, L8 000 x g&.0>30 min
2 KBYRE A5 7212 000 x gB5.0>30 minf 25 40 fifg
BER G, B F3EWOE 3022 pmPE ISk Tk
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J5 B S AE4 °C 120 000 x g 25002 h; b
HW, HUTIEMAEPBS, 7E4 °C 120 000 x
g FEL 1 h, HI30 pLICHE 1xPBSH #M b 1A I je 5
B, BEAEAE—80 °CYk Al I T 5 225850 .

14 BHE T EHTRENINR TSR E

HU10 pLAh b AR i i 7e 23 S |, K2k
FEG M w5 TR b, AR TEE L min, H
UEAUI 2 Z2 RUEAR, 10 uL 2%(W/ V)W 55 R 15 T
ERAY] min/5 AIPBSR IR EER T 12
min, 7Ei5 5T 0G0 WA T IR A .

1.5 FHEBEFEMBEENIMNAEESRAE

W 53 B AR AR 1 A R FH 2.5% 8¢ — 1 [
WS L, HIEASMN DG IR ¥
A RE 0 BE I8 BN TR A R R TR R T
LWL K , FBUT BT 5 A B 8 R T %
B REAT 08, B 7 I S A A i % T
—Z&EME, EAHE BB X T
IAGIH REL SN AT 2 BRAR K1
1.6 Western blot#& |5 A CD63%E B R ik

FE 43 B B A 6 A TR h A RIP A 5 550 284 f TR
i BCAL XA AR 2 k17 € 7t . I SDS-
PAGESE I/ B /MM A I 8 A L, B 8 A
BEPVDFE I, R M AETBSTS thil i
5% RS TR I BB 2 ho 5% B W88 vh i A f
CD63M P BEHLIA (L + 400) 4 °CIEH i 1% -
TBSTIEGE G A BRAR 13 S Ak ) il (HRP)FR i 1Y =F
Prfe —H0(1 2 1000), FEHEHFF 1 h, JNAER
PBS, TEKF-#EK L#E301E4 10 min, TBSTIEGE
3%, ECLE 1,

1.7 NTAE RN MERI R IR E

NTARKG I ) EL AR AL B8 oA BUK B 7K 1 mLEE &
S A FH T Nanosight NS30073 A {3 A7 ki 45 43 A5
R, NTABEAT L4 WA I A sh g —14>
A T O UL ) A B S S B, T2 A Ok
(18 FC ST 58 B A L R VR VP A S B 1R
FA] WA T A2 0 L 10~2 000 nmFf 45 5 A0 b A
L, TR BNTARE AR SR = 2 He o B o A5 [
VR R .
1.8 MR E & T4 miR-122/33 R HHX &
& E F FRIXHI S0

0T 2R A B R R R B SR, T M
IR BRI, S AR ER IR
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v
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Fig. 1 Flowchart for exosomes isolation from the grass carp hepatocytes

70%~80% %5 FE B, U £E Ay 5 £ JHF 448 B R B 7
JHF 248 JL Y8 A1 0 A4S e 2894 B 24200 pg/mL A3 il fin A
FNALIE TR AR A J LR F 24 hE, W4
M, ¥ MERNAiso Plusist I 5 52 B4 A P Y EURNA

K qRT-PCREL A, 45 I T 40 g H miR-122/
33} TNF-a, NF-kB, IL-1p, IL-6F1 IL-108YAH X} 2 34
o WZI18SKEHGI Y I 1, F| H PrimeScript
RTiAF & (perfect real time) /% ¥4 5% 3K 15 cDNASE —
4, 2 M TB Green Premix Ex Taq (Tli RNase
Plus)ii 45, #47qRT-PCR, PCRJZ W A& % 420
puL: TB Green Premix Ex Taq (2X) 10 pL, PCR |
W54 (10 pmol/L) 0.6 pL, PCR FiiF51#1(10
pmol/L) 0.6 uL, cDNAMEHZ2 uL, finddH,0% S Ak
U R20 uL, PCREEF R A 95°C 30 s;
Hh [E 7K 77 2% £ 32 /) sponsored by China Society of Fisheries

95°C5s, 60°C20s, H35NIEH, VL HRIE
AT M & b, DURIE - ke 5. A
FER O TAT, SN 25 5 AT BUE T

miRNA M All-in-One™ miRNA First-Strand
cDNA Synthesis Kit/z #% 5 313 miRNASE — 4
cDNA, HR#EAll-in-One™ miRNA gqPCR Kitiji B
#47qRT-PCR, MW AKFRA T : All-in-OneTM
qPCR Mix (2x) 10 puL; All-in-OneTM miRNA qPCR
primer (2 pmol/L) 2 puL; Universal Adaptor PCR
primer (2 umol/L) 2 uL; First-strand cDNA 6 uL, JZ
PARFEE20 pL, RHPIAE: 95°C 10 min, 95°C
10s, 60°C35s, H35MEER, 4 15 ih & A5
£ HEEqRT-PCRY B CHE , MR 27 Bk 1158
SRR S A miRNAKH A 2635 3%
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4 KopE o R 44 %

®x1 EREESY

Tab.1 Primers used for quantitative real-time PCR

GlEYEA S FEI(5'—3") JFHI(5'—3") GenBank & 3% 5

primer name forward (5'—3’) reverse (5'—>3") GenBank accession no.
miR-122 GGAGTGTGACAATGGTGTTTGAA NR_030058.1
miR-33 TTCCCTTTGTCATCCTATGCCTA KU670831.1
TNF-o GATTGGAGAGTGAACCAGGAC CCTGGCTGTAGACGAAGTAAAT HQ696609

NF-«B GAACATTTAACCCACGCAAGAG GGCCTTTCCTGCCATCTAATA KY613789.1
IL-1B ATGCCAACCTCCTGTTCTTC CACTTCCACCTGCTCCATATC IN705663.2

IL-6 CGTATGAAGGTGTCAGGATCAG CCACGTCAGGACACTGTAAAT KC535507.1
IL-10 CGCTTCTACTTGGAGACCATTC CCATATCCCGCTTGAGATCTTG HQ388294.1

18S TGGAATGAGCGTATCCTAAACC TCTCCCGAGATCCAACTACAA EU047719.1

1.9 Zitath

S8 K4 38 5 SPSS 20.0%8 {4 E AT R &
2271, Duncanf® 2 H WAL IE T 21 0] 25 S PE K
W, 45 5 LT 25 8 bn fE 2 (mean+SD) KR, #
P<0.05, T EEZES

2 4

21 BFENMBENZE&FMEMIMNLIAERS
ki E

brig N IE T REE e ST N A < 1 [
WA R B SR, HERE7E30~150 nm, £ 5%
BN, NS IEEY B (K2), &5 T
A PR S R A A A LA R Y <RRAE IR T
R 235 (B2 157 Sk BT s ) (D 2-a, b)Y, £ A AR RY
TEASFRE o 4 o 10 ik BG AT U % 3 43 25
15BN MR KON —, B L, s R
(El2-c, d), ATLAH TR L5

22 E&FHAEIMAAIREEZEBCDIMERE

CD63 Mk br & 8 FH o Western blot4
W, CD63RFHYERILN(KI3), RV H & .0 fr
AT YOVE T2 h AN AR L
2.3 NTAE RN E £ BT 40 B s b R R 2 70
RE

AT NTAEE AR 53 #7 F8 W 44 B /N 43 A7 Tk
FE, TR A B R BORL T, B 4£30~200 nm
£ 490 K SR B A 50% (K14) . A b Ak A% 3
WA F 100 nmBft i . S A - 2V BE R 4.67e+
008145 Dl /mL, I 1 42 M A9 44 5K JURL w] LA A
JEAN A
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2.4 TEISRIESN L %) 2 & BT 4 B miR-122/
BFAMEN

SRy 3 — 25 A I AN ) >F U5 A s 1A A T 4 i 4
EVH T AER, AR SE 50 SR FH qRT-PCRAG I 7L £
JHTF 4411 B 5 A1 W 1K (exos) T 42 JiG 5 FFF 240 S I 470
& (OA-exo0s) B HF 41 224 h Xf miR-122fImiR-
33 A, 5 BIR, OA-exoszH iF 40 it
miR-1223 35 & . 3 /5 T exos X 41 1 (P<0.05),
M miR-33 1 ik 2% 7 A i 2 (P>0.05)(&15). 13
miR-122 7] GE7E & £ JIg 155 1T 20 i %) S0 98 1 v e
£, HE 38 S R 0T A0 M R AR WA R R A B
B JFE 4t e, 40 T miR- 12209 3R 35 & F
i, MmiR-330W A &R X A Az fk
2.5 ANEIRIEIN A 3T B & BT 40 Bl e 7% 4H 5k
EERIXF M

HE— A I T R T AN U AN (exos) Al
B A 7 20 M U AP WA (O A-exos) %) B £ T2
it B 93 AH G 3 PR R IR I B2 . S exosdl A H
OA-exoshb H % 1 JH- 41 i 5 H A2 % A ¥ TNF-a,
IL-1BMITL-6 mRNAZ ik /K - g 3 Tt 7 (P<0.05),
IMNF-kBAI IL-1000] JC & 3 1% 22 57 (P>0.05)(&16)

3 TR

SRR —RIE A RN — . HRE N30~
100 nm . A1.10~1.18 g/mLAY i 5t B2 K 42
WA, AR R s mE A, 185,
mRNA FImiRNAs 55 ¥ 52 M) 5 240 A8 527 14 40 il i 47
KU S EHUA Z R BRI B OIEE, e
W BRMARE A A R R K A AR ST
H M s 8 BIF 5T R T AR KR, (R

w1 [ 7K 7= 2% 43 3 73 sponsored by China Society of Fisheries
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E2 BETEMENEEELSS24MA R INAEFRNESEEEX)
(a), (b) F£a JFF 41 A Ah v 4 11935 5 e 7 2 3% %200 nm);  (c) £ JFF 41 A A0 9 4 1 41 i Pl 7 2 A R (%30 000)s (d) £ JFF 41 g b
WAAR (1 41 4 HL T 2 BT 118 (<50 000)

Fig. 2 Electron micrograph of an exosome from the grass carp hepatocyte (black arrow)

(a), (b) Transmission electron microscopy image of exosome from the grass carp hepatocyte (The scale bar represents 200 nm). (¢) Scanning electron

microscopy image of exosome from the grass carp hepatocyte (x30 000). (d) Scanning electron microscopy image of exosome from the grass carp

hepatocyte (x50 000)

ku
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48

35

55 S . 26 ku CD63

20

3 EARENERARGN
B & T 4 s i R CD63ZE B B 3Rk
Fig. 3 Immunoblot analysis of samples of exosomes
isolated from the grass carp hepatocyte using

ultracentrifugation for exosomes markers CD63

WAL FHETERIRILG B BL . BT & | AR A Y
B 1A 53 5 5 M R T3 TR AT S ) SRR R 42
Shao%E "R T AR 2270 B TN 452 SN A B J7 %
e SN AR R O I AR . RO b
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FERE B0k . UL L L O HERL 3 Fg
W gk VLRI s TG (Mo iRk . ok
fuh o e ik . LR AN E ). Oksvold5E
20T WEER B S B AR AOR B BT AR 4 5 G
TR BRSSP E R SN AR I T5 ik o AR, T
Yy B BT A B SN AR O R &, SR T I
17 G 4 IBCA S A P ) % 5 B 1 TS B LR
FEE HA M BT BB L R AR MR
A8 JBE R — R B L, HERE S TN R 4
DURE B % [ R 55 5 52 DX, DT 52 B AT I8 A 114
Sy, IR AR A R SN IR A B BEAR v
{E 2 R R T ELAB I o B0 H RT3 B A
WA RCE L BRI BT Bl AN iR
o B L, AU S BRAE A P R AR L AR A
Ko FEATEY R, faoriaifeika i
RSN, 207 AR B SN e 2 LA T 5

AR S0 SR R 0 1 O B AN AA AR
Ao TF A 15 100 mL, 43 B 0 M I A i g
T 5 2R T T oSS R S DUE Y 4 K ORL 2
SMIB A, SR L SRR 20 B R R RN R
PO T RE SN MR B R 2 ARSI
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Fig. 4 Analysis of size distributions and concentration of exosomes in

grass carp hepatocytes by nanoparticle tracking analysis
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1.2 |
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0.6

miRNA X} ik &
miRNA relative expression

02

miR-122

O IR AA exos
W JE 7 2 R NI O A-exos

miR-33

5 Hhjih iR 3 EL £ BT 40 B F miR-122F0miR-33 mRNA BI3RIA £

P o Bl s R P S (AR HE 72 (n=6), b5 R R 75 A B 1 (P<0.05)

Fig. 5 Effects of exosomes on the expression of miR-122 and miR-33 mRNA in grass carp hepatocytes

Error bars indicate the mean and standard deviation (n=6). "indicates statistical difference (P<0.05)

S R 1w A0 A0 M G A I AR R B L KU
2 430~200 nm (&2-a, b), X-5CHi7EM ALY
R IR I AR AT AR IR B — TUATE 5 R
WY, ok B[R DP L 1 B 96 20 M 08 b IR K /AN
— PO TR F S VR L P U (cryo-EM)AFF 52 A ik
fREE, W g E T H A R BRI R B A AT AT
A Jnb S SR G5 RE) 1 A A AT S A A B D
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JEE I (Fl4n, CD9, CD63FICDS1), iXj&—FfH
A A 5 B A B R Y, AR
JEAMBATE L AEYFREY) . AR SE86 R H Western
blotff R 45 B /RCD63 R FHYE R A, NTAF R &
LD = =% AR VN - 17 N s R U DAER YA (ORI 93
FURLRE A AT P72, A 525658 3 NTASE AR & 3L 43
B 0998 0607 T 100 nmZE A5 (K14), AT AN Y
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301
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20 1

151

mRNA HXf &k &
mRNA relative expression

1.0

051

Oexos MWOA-exos

—— %

TNF-a NF-xB

IL-1B IL-6 IL-10

6 Shib iR x B & BT 4 AR P % 72 1A X B E mRNARIA B 720

B rf B R T SRR UE 22 (n=6), HR R 2 B A B3 T (P<0.05)

Fig. 6 Effects of exosomes on the expression of immune-related gene mRNA in grass carp hepatocytes

Error bars indicate the mean and standard deviation (n=6). "indicate statistical difference (P<0.05)

B 40 K BURE T SE IR 43 M AN AR

H 1 5¢ F 7K A& 3h 1 A1 Wb 4 0 0F 55 475 SR 1R
A AU NievAE IR AR UL 5 ik, RILR
VYT G £ S AR B S SR U TE A Y A
oA EEHLMAEEE AR T MHCT);
T ) I VR R S A L Ay S S E T A AR,
I & BT 6 i e Hh W AR T S 2 AR B
(Acetylcholinesterase, AChE), 1M AChE 3= E £ 4
PE I & P AR Y, K SRS R AN ik
AR 0 1) o e IR i) e R S AR AT, Bala
SEUURE Y S IR A AR vh 5 A B miR- 12280 i D i
R YIAA I, FEW9RE AR 195 6 A I3 HmiR-
1228 3 2 o /NEIPRS P 98 thmiR-122H Sk
A A 5 DART 40 Jf 32E A 28] B A A0 i v 2 5 G 928 )
O AR, miR-1222 5 — A & BLAE AT 40
it bR S T R A B miRNA,  HLAE I 5 4¢3
o 45 B 4 miR-1225% YL g £ 0
(LPS)Ah B3 (1% 5 2 f0 T R 40 06, il ) ) B <
HTLR1. TLR3. TLR4aFfITNFaf) ik &1 %
REARY . R 5% 24 5 7R miR- 1228 A1 I8 A v (1)
miR- 12278 8 5 2 4 Al i A3 ke 2] T S B AR
Mo Ao d &I, BT IR BT 5
£ 4 40 L H miR-122 & A2 ¢ ¥ TNFa, IL-1BA
IL-6/9 335, R T AR WA A G L AR A A v 1) 56
miRNAF] e 76 G fie I8 15 h R # E 2AEH

WEFE L5 RAE R, A 5236 AR A5 1Y 94 oK B0k 2

Hp [ 7K 7% 2% 4= 3 /5 sponsored by China Society of Fisheries

SR, FERIAEUE R TONR IR AN R A AT RE
8 3o 9 1 miR - 122 J AR 5 G i ik PR A 2 3K T 7 IR
U7 T 240 1 S B A Y b e B T . A ST
SR K AR S A ) R £ 2K ) A WA AR O3 B R S S
f—F AR Tk, O B 5E N A A G B
T R A TR
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Isolation and identification of hepatocellular exosomes and their effects on the
expression of miR-122/33 and immune-related genes in
grass carp(Ctenopharyngodon idella)

LU Ronghua', ZHANG Wenya', ZHANG Yuru', YANG Liping ',
WANG Junli >,  MENG Xiaolin ', NIE Guoxing

(1. College of Fisheries, Henan Normal University, Xinxiang 453007, China,
2. College of Life Sciences, Henan Normal University, Xinxiang 453007, China)

Abstract: Exosomes are nano-scale vesicles with a phospholipid bimolecular membrane, which can participate in
many physiological processes. The aim of this study was to investigate the isolation and identification methods of
extracellular exosomes from grass carp hepatocyte and to conduct preliminary study on the effects of exosomes
secreted from fatty hepatocyte on the expression of miRNAs and immune-related genes in grass carp hepatocytes.
In this study, The exosomes of grass carp hepatocytes L8824 were extracted by ultracentrifugation. The
morphology of exosomes was observed by Electron Microscopy, the parcicle size and quantity of exosomes were
determined by Nano-particle Tracking Analysis. Meanwhile, we analyzed the expression of the specific protein
CD63 using Western blot. Then, we used exosomes,which wwew secreted from normal hepatocytes and fatty
hepatocyte induced by oleic acid to incubate grass carp hepatocytes, and the effects of two different exosomes on
the transcription levels of miR-122/33 and immune-related genes, which are TNF-a, NF-«xB, IL-1p, IL-6 and IL-10,
were detected by real-time qPCR. Our results indicated that the exosomes secretion of grass carp hepatocytes
culture medium were uneven vesicles of 30-150 nm, round or oval, and had a complete membrane structure. The
expression of exosomes marker protein CD63 was positive, and the NTA results showed that the exosome vesicles
accounted for more than 50 % of all the vesicles. Additionally, the exosomes of fatty liver cells significantly
increased the expression of miR-122 and the immunogenic genes (TNF-a, IL-1p and IL-6) in hepatocytes
(P<0.05). These results suggest that the exosomes of grass carp hepatocytes can be isolated successfully by
ultracentrifugation. Moreover, exosomes may play a key role in the regulation of immunity of grass carp
hepatocytes.
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