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I 2 ML A IR IR I B, AN 5 B AE R 7S R AR SN R miR-9 IR IA T
50 B N R P Bz 240 M SR8 P U T 4

JiiE s SEHOR FLIR R 40 i 2 A IAA, KT miR-9 BIRIE KT SRR R
WUEHZ, &S NP RETM (ELCs) o S8 IR FUAR AR SNIAA 5 R Py B R 40 i 3
BEFR, RN R N R 0 P ke R L R P g /A (R PR RE g o TR I % miR-9-5p B4
Y0, Transwell 3T#% 118 22 B0k I R LR A8 SM IS4 o miR-9 X R B AR 40 i i 7%
REFTIISEN o B Jm B0t B AR5 . Western blot. 340l FF A RT-qPCR #E4%
Ft miR-9 IVEHFE AL

GEIL RHIF TR T R R LT R SN e S A M A, R RO VR i 2H SRR 11
JFARGIIEE SR A BB . FFRIE miR-9 (R Al 1A B B 0t 1% P 7 R R 4%
A, H miR-9 (id a2t 7 RN AT B AR 2868 7, AR T 54T 40
RE)ZAME S IEBAT\AFER], 3E— BT TR miR-9 4B 17 COLI5A1 3, f£HEH
Jo R 9 It R LA AR A PR collagen XV [##IA

250 RFLEIRE Y miR-9 T A4 E N R A R REA A AR, (R 3E R 9 R 4
MERIT R AR ZERE 7. I, miR-9 WIAEJy R A B 20 ML A0 LA AR BORH S50 F 7
TEWORIEYT #E A5, FUA AR R LRI A= Wb SE 0 RIG RYE 7 B0 AL 0, (R 5
BE— SRS
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ABSTRACT

Background: Mammary gland tumor is the most commonly
diagnosed tumor in female dogs, and more than half of them are
diagnosed as malignant, posing a serious threat to the health and life
of female dogs. The level of miR-9 expression in human breast
tumors is directly linked to the severity of the cancer. However, we
know little about the regulatory role of miR-9 in canine mammary
gland tumors. Endothelial cell migration is the initial stage of
angiogenesis. The objective of this study is to uncover the expression
of miR-9 in exosomes derived from canine mammary gland tumors
and investigate its regulatory influence on the migration of canine
endothelial cells.

Methods: Exosomes were extracted from canine mammary
gland tumor cell lines, and their miR-9 expression levels were
detected. Embryonic canine myocardial tissues were collected and
induced to differentiate into endothelial-like cells (ELCs). Through
co-culture of canine mammary gland tumor exosomes and canine
endothelial-like cells, the ability of canine endothelial-like cells to
ingest canine mammary gland tumor exosomes was detected. The
effect of miR-9 in canine mammary gland tumor exosomes on the
migration ability of canine endothelial-like cells was detected by
transfection of miR-9-5p mimics, Transwell migration and invasion
assays. Finally, luciferase reporter assay, Western blot, transcriptome
sequencing, and RT-qPCR were used to explore the target of miR-9.

Results: In this study, exosomes were successfully extracted
from canine mammary gland tumor cells, and primary cells derived
from canine embryonic heart tissues were induced to differentiate
into canine endothelial-like cells. Tumor exosomes with high
expression of miR-9 can be ingested by endothelial-like cells, and
overexpression of miR-9 promotes the migration and invasion ability
of canine endothelial-like cells, regulating multiple signaling
pathways and eight genes related to cell migration. Further studies
found that miR-9 targets the COL15A1 gene and inhibits the



expression of angiogenesis inhibitor collagen XV during protein
translation.

Conclusion: miR-9 in canine mammary gland tumors can enter
canine endothelial-like cells through exosomes and promote their
migration and invasion ability. Therefore, miR-9 can be a potential
diagnostic and therapeutic target for canine endothelial cell migration
and angiogenesis-related diseases, and has the potential to be a
biomarker and clinical therapeutic target for canine mammary gland
tumors, but further research 1s needed.

Key Words: Canine mammary tumor; Canine endothelial cell;
MiR-9; Cell migration and invasion; Exosome
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1.1 RFLBRBEHTA

RIS (CMT) J&BER P i H A2 W R, BER B FL R R 7T o 4 BER
ATHARGRIAR 83%. RARA HBLFL R B A ) SRR R, T
WA RS0 LMK, BRI ENTE — IABAREENIRR ] E. £R
FUBRBR T, KL 50%2 T PR Bk R L R AL 5 — o iR 20 M o8 R (o) i
PIANZE SRR RS B R R A R A B RS I B S ) IR IX LR
A AT RENS BER B R A= iy A4y F™ U e BRI, T B EE A E AR, T
AR R LR R AR - TR BT RIBGE =24 YR IT FE it 28 X B . b iy DL
PSR B (i), HUGRILRIE .. SihbE . BEE MR, RIEFLR
PR B A YRR . IO . RAIER AR A AR S R 0 2 AN
DT IR SEAL, SR T B AFAE B AN AN A I 2 T . A7 220 28484 IR
SEIX [RAFAE < iR Jo) FEUAbR B35 DA K DX Ssliph LR 4 5 72 5 R FLAR AR IR TR VP A I8
T ImPR S R /N REEPIRDL . AR BoR i F A e i . B R
I, PRI R DA (WHO) 5 R A R D) B Jm ot iR 3047 1) 2H 20 BE 22 A
A, RFLIE E R AR ZERR T, Wl FERAE 8 2 10 % Z [P, RILIRIH
RIE0R R AR e e mg, SRM, C2efgl 7 —RSRE, Bline RS &R
FRBRIER, TR BRI A K M BRI R L —, WEREERAES — O SR
BEAT IR SRDIER, FUBRBR AR XY 0.5%, H AR EBERAE KA 5 S RI#EAT D) R
FEATAT HAB AT VIR, KU 23 R 8% A1 26%1°-6. IFH., Z I AR, HL g
MR BAL WA & L CMT, BIINEIRST IR R, B/RGER. A ERE, AT
RRANE FE AR,

HATNIE, X R LR R A BRI TR TR, WHE VIR AL 1 AR AN 5
AR, W RTINS T E IR, SR, AR, JFAEITA R FLAR M
bR G N SRR )] 7 N L AN NS 2 Gl N W L e e SRS i X R O
7 BB, AEALT AU R BRAS AR 1 R T e AT IR T P T RO HE A TRP
DRI, RSPt 98 F SR ST AGE T FR 3 BTG R R B, AR aB ) AE W] DAAE I v s
L2 (e BRALSD PR E AR, A DRI SSBIRAAAE . TR 8 RBUEH
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1 A

BB HUR NS, X TREIARIEIN S, TR GG EY bR SV RO T H0E
He W MwsE B T . EZ AT 7R, miRNA TEJRAE KA K R I &
AT, GOHEAE . RERAIE AR, #ORIEE BEEM . JFH, R RIEN
miRNA AR EGPEME R AR ESIUEA R . B2, YRR LR EM
EVIRREY), miRNA RILH T ERAGHE 77, Bl miRNA (57 5 80K S B e 1) & 4
KIE. B SFE, Fik, miRNA 7ERR IR AEYIFR SV R TATI.

il

1.2 MEFEMARHRE
1.2.1 MEERSEMBEL R

MAEA R (Angiogenesis) J&F8 M O A B LS BB ILE 5 i bk o e 1M B
M o I A R R R I R b A R A, 7E AR R0 R IR AR b
SR I P R IA M N I A KR F- (Vascular Endothelial Growth Factor, VEGF) , 7 H.1l
i) 10457 A= B3 ) T LR R B v 97 RR s U011 JieRg 1 A e 5 3 AR LA 1R TR B D) A
o, IR AH AR S oy BANIA, THAE KB SIS TR . SR AU T 2
mm® I, A DOE A R AR A OSSR U B R 2 A B A, R S
T8 R 1 L8 SR SR EUE FR AU, AR ORI BT AR OB, 1 b A K 31— K/
e LA R 8 PR AR LA R A N IR A A R A B T DURR L AR R T
W VEGF, Kifs 38 [ 23 /E P Rz A M (3G B AT A%, AT (i 2 el e 1078 PR ol
U319 yf 8 AR Read vl DA E e e A% A, l e B Ut A8 2 iR, TR IR A A T
A2 AT BT B o T 8 111 A BSCDRT T DA 3 Jo L ZEL 23R LA oA B A L ) G B AT A2
13— a3 R I T ™. AN B i 2 BB CD105 BH Ak 3 i it it 1
TE N A2 A PR A0 LA A i 3 AR SRR B A A e, AT OB e RS Wi A RI3E, AT
WG E RIS, AL, 1A AR a5 IR e e Wi A A AT Hh ) G 4 A 2R A LA
., it i, A 4E4ai s . X LA s R I R 1 A KRS, 2
5 1) A8 A BSORT e 8 2 7% (1) T 4 ak R e o T SR e A% Wi AR A A T L I A HLAE R AT
1 7] [ ZH 23 A0 4 B A 5 30 B DR (R I A A B, 3K D P g 4 e ) e A A it T A B S
FEU4,

LRSI AR ST AT LA 5 SO ST RERIBE 32 (AL SRR BT, 28105 — R BN 4 T 140
Ak, R E A E, SRR e, AR R A Al T R,
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T SR IR AR AL 25 F B E J R R AR 1) IR R AL T AR B A g AR 2
iz, BN T — AR, BT IR AN AR A B4R LRR € R DhREN T, BB HT AR
ArR] DL I A [R] B AE AR (1 A2 B IR sl AT AT, S Ak 1 48 B i & T3 UM e
A AHEAT e RS JRUR AT AR R« R B ) BER YR 4. (BMDCs) A
1 LI R R 2 PR A B (BRI AS 48 5 00 ) R I A i AR S AL = B E R,
XA AL I B 70 T o s B T E R A 2 JA 4, 34 mT DL ph 5 AR 4 0 AT 2
JRANN A, e S AR IR E AR, LURSE SRR SL AR R RS 3 B P 1 TlEe
At

N B A0 AU T TP IR E 4R I S A R, AR A, B S R R A6 1
Ky aiH, BEAE A A M R RG I8 T2 BIZ A O A A P iR 4 —— I
BEANHHT, 2 A P B AR B 3 VR T, I RR A0 M M 3T A= A B 4 A 3 22 e IR
B AN B S R A BRI 2 R B EAT IR, IO A5 L & R 5 I BRI M, 3K
L MR GE R it — 0 K B BRI IR AE L 72 h 51 AR R B A 0 i A=
GRS AL CAFAE I IS By EFE OB IE , XA RE 5 8 R AR, 2
A 2R A R] RE 2 1 I i 2R ORI S S I T, (e bR I RE, R VE AR A T
PRI AR AL 2531 5F TIE2+ S AL A N AT A AL AR, T2 B s 7K1 R T AL 26 RGO
85, AHEIME A R AR DR A A T I AR R T, R AR I A ORI R, AT
Ly 1 Jo I SR AR R B P0)e TR BB B A A T S A I VA R T H S AR IR
SRR 5 3 )k P B T A 200 M P g R D O LA A R T, DA SR A JRE A e 7
RPN R L e 20 M S A ) miR-105 A7 A e i I 1 4 A () 5 R R
H, YU AT AR AR TE A N RIS A R B R, 51 iz Ak a5 I8 I8 3 A 1Y
B0, AT BN A B R L A1 b ob, P e 240 s 1A 3 B A KPR 1 B2 AR B 1
RPN ED . MAGHE-2. 3emEabE-1 ML e)sE a2 XREE 2 I
I EARE Y, DASE I M i VAT (g A e A 0 Jie 1230, it e ], e o) i
P FSEORR 1 TR P £ i 2 25 AT BSORT 2L 8 4 1) 2 A B A s 1 T

gi LR, AR BN R R AT AR AL Z (A AR S VIR 3R o R AR R i A2
AL R AT LS AR R AN T 2, e I AE A ot AR e 8 i 2 28 A AN AT B R —
Do X IR R I 2 P B AR R AR R R RE 7 LA M o i B 1 A 0y 2K
LR, MR E B IR IU G, 3 1 (2 1 R e % i 2 25 A AT O % i 8 e 7% 7k
BIEHEAE T o DRIIE, SR U IMLE A ORI MRS B 4% i A2 25 1) 0 28 5% T i i g F
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B E5EKAAHIEMNE L

1.2.2 MEE SRR AT

(WIS YL b= GA SV v o D i1 e /e S | RS e S (D PR B
FR MG B o PN B 240 02 g Rl L7 P BB P P SR A0 M, A ML 2 RSP T AR A
FEIMAE A AR b, N BB 35 L IE R AN A S B, TR BT R I A8 s 4 2.
LA B P B2 20 B A 5 S X AT HE S S BUE AT RE S T i — b B B, BRAIZK S 2 1 B AL
2 A L AR T 5 T (38 3, S 5 28 A 0 T ) A J R i (R 2 ) IR A4
o ARHEMR R AEARMEE RS o DRI, A BRI A I H D AN R 4R I AR R
PTG E oS E ), AN T AR ACEE T BRI A 2 A AR M SR 4 A I
B o e S AR I 5K 0 T T A EE A P o P R R SR S I A I R e ] <5
AFARE IR, AT RLE S B g Eah 7 ORSEERT, R, W AT E P B
MR AEEIIRE . 2 T IR LS 2 MR SRR, RN 1A 2 Fh R
HAEZE W, HR, WIS 2 5 s A s S s ek . N AR i A
FEZ AR, W] DA R R AR AR 1 AR 7S5 A5 5 20 1 A, AT U 42 P B2 4
MRS AT R X el REUST, ot AR A R AR A DR R L A B R A
BRAERKRE T2 —, B 5 N B AR 1 M8 AR AR TR Ak A, s &
FIfESIEH, (et N R A R I s AT A,

PN B 240 B )% Bl I A RS R AN P BaBR A — 0, T X A P A Wi e A AR
ARIRASHEAT P28 BT, 24 PN B A0 B 32 3 o e A R 1 B I, e R AT A
oA, AN SR E A AR IR AN S, AR TR R AU, N B RS 2
IS A R R o B — A SRBOD IR, ERP S B A B A AN E A A IR 5 A o S R
I TR0 AR I A RS RO R o 3 I RE T L A ORI R R 2R I e A
A B R M N B AR A 2 AR R it o A IS AR B R T, PN B 4R i
IS MG E, T RORT I IS G541, A R4 I AL TR IE RS B AT 9] 7 9 =Fh L
i, Attt b LR U . Ferdr, AR RS A B4R ] R VA R A
FUREEETT AR s R fil I E0 4 1 A0 B 1 [ 2 AL A6 B2 D5 TR0k R0 SE A2 O 1 00 HLRE
e N A AENUAE T AE R E FIER LR, thatd i, WA 2 — o Hl
WM iR, WRESH S HRE TR,

AL RE T 15 N B AR B 138 I A B2 Ok BB — 70, BOGE 1 LA AR B
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RPEANRARE, oAk, AR AR LT A% 08 5 R A AN RS 5 UTRH ¢ o PR 4 A v LA
MR TR A P A, 5 A S AT D A AL A A, AT R 0 AR K
RN R SR L (1) I AL RIS 77 3 RERT), R, A 4IRSt 2 5 T g A2 22 fd
Mo bR, B AnAE iR e A2 A AL 2S00 P, P BN IE RS W] DA 2t e 2 i () 1R 2R A RS
DN P T 200 I ) 2 A R (RS R T,

P B 240 B % R IS A FSGAE R F A R e R o R v e S B B A . P9 B4
MEMZ 5T T IR ORI A X e R, e i A O R AR R AN RS 4R
BL T SRAT IR T 75 B (0 S TRAN AR R DI, AR TT N B e A% AL A2 1l 14
RSB, W AR - R 25 AN AL 1K) 70 7 DL SR BE AR IR A, DT A iR T 3R

7 RS N

1.2.3 miR-9 S5 MEE /X

i A M A R — AR H 2 P IRINRE, 3 KAk 2 A5 5 il i DAL 4 ffa 6]
FIARTLAE o S e 4 L 5 28 IR P oA S8 R 45 25 A7 LA T 19 5, BRI AT
i E R 2 5 A, R I R B G A AR SR UK B 5 B E TR . ISR
HREL, PR A R I AR AR v, T AL TARMRARZS AR AR, X — IR R
B, iR I AE A s ORIV JRE I AR5 A2 D )R 0 TR 3 R e 5 271 e A e
R EE T R AL (6 N, K] A g 200 P e e 3o, 2 A s A A i FLRE R AR K
TR 32 2 2 R A M DX R, RO S N R AR DT B BT 4R A i A A
T (bFGF) 25, & M HE RT3 IR & MU P XOp), s s, A, &
ReT Y HORES, 2 REBT . BERAERE L. I, S0 e 3 i e 2 ROy
T H BB FUE 2, P 250 PR SR A R AR R B 45T 3, BUSH E
PRI R R P8 2 B AE PR FU Rt e AR L BT 70 07 T 21 1 R EE . £ETT
GRZEAC R YT, R A B R RO R AR TAE TR, R YRR DU S, (H
WA R AR R A e, oS T B U8 BRI ETE K, S EUE RN T
e TR R, O 7 NI A, R A 2 R RS A K R A S
I3 TR MU B AR B, HETTT R RGBT B ML AE X 2% . 2003 4%, — TR KRS Bon, 5
B P AL T AR L, R AT S PUIL A P RE A R IR N A AT TR I 5 S P I
RS B e BE AR 2] 1B, XS RIESE 1P A BT IEE IR T
SREJT A R, X IR T ASK, LA AR B T VAR AR IR T TR I AR B 1T
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ST RIE. SUREE T L R T AR R T e
U TR UM A BT VETEAN 5] 28 R Hh ARy 7 %, DA R 4 it B8 4 T AL
TEIT T o AWM A B B M AR BT VR ¥ 32 AR FALA, L RENE A Ak BR ) e
A0 A KA B, IR R AR, B, SR IUR ARAR I 1 R S AN P
A BT VETESERE TR YT R B AR A T RS IR, R AR SR I SR R B E T R K
frBLatt. (H2)H AT AL, LIS AR BUATT I SIIAR A IR, 7R 24 K 4R 2 T A RESR it
PR AR K TR AR AR B 4 RIS A AR AT S AR B0 IR L A A SR T ML 22
FhkE, b EimEA B R LGRS (L3 DL R A A4S eah,
e R A R U, H R SR A S BRI (TAMs) P B2 AH 4
ffl (EPC) LAJAR M/ A il R AU, (RIS b AR MR AR i A A e DR 1451321,

UEAER, kR 2 (I 78 R I miRNA 7 8 L A il RAE S CBEIPE R, &
BT, miR-9 A LU AKT H WSR2 40 AR S otk I HLIMRE R
JEH miR-9 & AT LASGE JAK-STAT 3@, et N R 40 B AN A B, S BUM R &%
UL KU ST VR340 FEARAMRIG A, miR-9 i ik T LU i3k A2 Py 52 4 )3 E
B2 2268 /159, i@id EndoDB ##5E, FILAKIL miR-9 A FEAHLE R o B4 f &
Hid ik, 6 Rea i e g LA AR KT SR (2 3k FiioRg ik e DO, £E. O LA B A AL o D22 47
£ 1 kT miR-9 1 PDGFR-B i f A f A7), miR-9 /£ PDGFR-B 41 F /=
BA P L B2 1) L35 A R P P S 31 T B ] STARDI3, S80I A bl i 28
I LEARZ REAH AR, miR-9 JE T B e A 3'UTR DOKR TS5 4 )8 & A RE-14 1K
15, FEAEAR P AN 2 B AR AR AR AR 2 RS AN LA A2 PO miR-9 IE it
AT VEGF-A [¥13435 SR 5200 e 97 A6 55 A i) o WF R 3R I, 76 22 Fh 2R L 1) g o
BULFGFLIRIE IR SE, miR-9 1K K P A AE 5 i 8g 1 I 2 B 52 1EAH OG0T, 4 miR-
O FAXIGINES, EHIH VEGF-A RJIL, Mg is A s AR e AR, 24
miR-9 FALFEACH, VEGF-A (A $G I, BE ek e Mg 1T a. Br T By
VEGF-A [3R3iE5h, miR-9 & 7] e HAS AR 0 e M8 AR B, Bilin, e R
S N R AR5 SRRk, B SN LA A O DGR PR SRR Y X e
2% AR ELAE F 1S miR-9 75 iR M 26 R R P 2 PR £ 6

IS 2 BT AR FERT AT, miR-9 7RG R R R SR AR A A A E R, AN
IS e B e AR o AH, FER A B4l R miR-9 1 B ma AL H AT R e 15
FIRNIIERTC . Bk, RRIGWE AT LGS & &Pk Ie F B, #—5 /& miR-9 [T ae
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SRR TT, DU s i vE T BT TR TT SRS AR T IR 1% .
1.3 Shib i 2 B Em iR i B R B RS
1.3.1 BhyEESM AN IR T miRNA 20052 AZRR0

G AR i — ol E 200 A R N T, i) A T I 2T A 2 78 Sy P AT 4 L )
AR R R I, H B A IR BRUZ R, BARLE 30~150 nm Z [4], BLA- KR BARLE 40~100
nm [AIMCIRFEI, FHARIHE ORI, AMBARIETT & SR A S 7, WE AR
FERAAEG DI RNA, EATA DULIE R Z AR GHA,  FFX05aX RE A = A A= 21 Bl 312K
.o Bl HE OSSO FE A RN, FEA T RIS bR fT 2 5 B A2 48 A 1)
YIRS 15 B LS, FIRHBAAE T2 FEami s, OREMRgmmss, BMmxms,
6 A0 . A P A1 A A 37 v T A R A LI 23 WA 2 150 MicroRNA (miRNA)D & —/)h
KATEVEIERAY RNA, 2 IR RIR 0 S IR 15 7 1) 2 B ARV LAY . A A EL
[ miRNA 15 2R 40 i Y BE RIS 0E, AT (i 2t Aed 142 28 14, 4 Caveolin-1 FH 14
PRI TR 1 1T AA 5 miR-1227 MEURE A AT 51 B 40 [ S RE AH G R AT 4E 40 (CAF)
ISR 7%, (R RE CAF [MEERE A AR ST B IR AL TR 2. b4, &H DNA
Fr B R S i Ak — B RS, T R 2 S S ) R A0 B R R AT N o IR BE T
DNA 7 BUA R REbE IR 4R S, AT i3 Fe s AR ke ik, s HO e . IT R AR 2%
KRGy, TR e e 4 P P B A R

iR R Y 1) 20 i 4/ Y T R 2t 1 R AR SR AL, ARV TE IS (R 5 SR R Wi
TR B o o, AU ATE A4l L A FE300 , & 3 I PY 35  B6 1 - mRNA . miRNA.
/N RNA F1 DNA J7 B, B 81 g 4 i 5 o) Bl R 20 2 1] (9 38 15 Bd e 7K P
PN B e o 1) 2 AR 24 PR SR AT 3 % T AR S AL R T J 130 o R SRR PR 7 AR miRNA Al
B 1T 42 52 IR TR 52 AR 2 3R AT B e R B I, G ) A R TR RS AT 46 IR
RUREAS TP A IR L RE T A S A7 44 AR SR, Ok B 3608 1k g 1) A1l A1 Bl
TAENT P ST R R SO B, SRR R A L R P A A R A A L5460, iR SRR
G T B A 5 e TR 248 BRI i = 4 R T P R G, T R B R i AR AS BT U TR R
BT o R SRR (1 AN UA AR R ) B MR R 1 E R A BT BMDC 3l 53 0 R 4 i
SERAT o [V, SPL 88 4 L 708 1) &1 st 5 5 2 200 R 552 i 5 40 A P £
BT L A 2 SR I S M P e T AR S L P T 81,



1 A E

1]

DRI, st R £ % B AL SR e A/ A 1 1 B S A T IR NI, TE LR 5L
DNA/RNA Fr BUMAAAEE A AR YR S D Re R ILAE, ST 46 v Jed 40
IR RE T TOUD PR S A% ) XU TG e [ VR T 7 254 5 B B BE R 3L, IkAh,
M S T A R AR S B AT A AT AT R G, AT B R (2 W AR T SR A
W BB AT, IR REEAGTE TSR AL TR AR AN R R . BRI, PR I A A
H11) DNA/RNA Fr BRI 58 B AT =5 28 20 e PR 3 SCRIF LA 1

£ miRNA #R I G, AITHBUTTIRIT miRNA L] LA 5
JEPEIR Z A DG FR o B I PRAJE 70 A0 AL @ Je e 5 ZE R AH OGP 2 (n: The Cancer
Genome Atlas, TCGA ##EPE) , AT miRNA {343 A4 Bl 25 g (10 AL 1 S 4
. AELMEMAF T, Ki-67 1 PCNA J2 g i i 58 8 1) A Wibs 54, 1T pS3 =2 Mg
FEACFIR TR BN o A AEYIAREND, BT T VT Ak 8 138 G 5 e 5o T 1 g
o RS IR R AT B S S v T R R R AR K S L 5 SR A A e RS 1
JIMR. LR AL (EMT) {F iR Bere A i A o ) — A B B 1Y,
R 2 A 7 B ) 4 A ek R 4 i ] 2 S R R T2 2k, DB L i 3R AS AR i P i
FEIEFERE AT, TR A FL AR Sy EA T J5 240 2 245 R P 1) 4 R 7E B S 2 rp B o 2
TEFIM, EMT [ A= A e 40 A 45 DL (5 F thy20d BRI (A1, H 426 mRE A AR Iz b
BeRg, WRUTEGE. AUTTRY, miRNA BT R TN, IR
FIEAET EMT AR, ftt, MiRNA EIGARNH FRIH ERRE T, 2
T AH 5 HOT 0 AoRs AN RIS 5 7). MIRNA 18— R B AR b i, L4l
SRS e VRN A A b (R R A & BN IR AR R A PRI I R BAR e 3, LK
SH R PUREMBE R . KIESE R . K9MRRIER miRNA 7] DLAEAE
TR, IF HALTAR R H 52 B0EFR PR VA BB AL BR S I (AR A, B A d i i
BRILIE T miRNA R854, BEARF I 5 e ik 5 AU R R A R e
FYVME KA miRNA AEVIAREY), Hod o XA A Pbr SV R 7T PA K 5 7L
R RE FE Z (B DG 2R, SEBUR R i A TR A A2 W02, LB o miRNA 1Ry
TS WA TS AR EA, E NI R p R 8] T Tz MR, e i
miR-21 1E N4 B s 2 Wi iU B AE YRR 64, MBI 20 miR-21 [ mEik 5
TR/ AR AN R R ZE ARG, I3 DLUEW]MLE miR-21 2 45 E W 1405
TS 4R FR,

il



R KA A8 S

132 SLAR T IR

R A (Tumor micro-environment, TME) J&— /N2 & 40 N AEE, &
SUE RN, B 2RI AR ), AR E A SRR AT AR L I L Aol
gLl Y, IR HARRI A, LS SR RS 5 AL RS R AN B, DA
LR AR YR AMISAR o BitIRE R IR AT SLAA TT BE S 5 IR o e B R, 35 1 88 4 ff 2k
G RGBSR LRSI R B8 TR 9 1 S S E EUE R A, 7R
—IOT /N AN S A AR SN A B T, SR B T ROR IR AN AR AE A RIS [
FERE TR R E T . B S R 2 AR Y, BARE AR R, SR H
PR B RIS . XL 5T A] DA 2 AR A0 P e SO AR e, BT eSO AR AT N,
AR 2L e e # A PR T BRPT e SR IR 6 AN AR T 1 bR SRS & A A 7 bR A 45 FE K

B, HAREENTY, MRRER IR RS L, M aa a5, af DUEE s &
G5 TP B AR AR B R A AN L RS AR GRS « 7ERE S YL B, DHRE 14 4y 2
HNARAE I bR S AT, AE TR T R B, I PRBOR IR ) b A R (1
FLIRRE A%, AT CAVP A e 2O AR R ) 5 21 Jiis DL K 1R il 470 i A= 0T, XM A
P PR T R A i 471 B e Wi PR 2 W e ) DAGBE S VF 22 A b BRI AN PE 2 T, 0 B
o EJEESLIIBTFT, BT AU AT R SNSRI AL bs S TR A T —
SE I, LG FLIRITR  JBR e AN B WK A MR 55, (F AR A B AR AT 2 R
BRI, A AR R AL AN [, AT AR BB PRI, A X — BT TS
TRZFE MR, B2 AR PR R AT FERAE Se e R PE AT SE 1. R
K, WIRr RENE T I 2 RUBE L IR AR5, DA IR S g oK UL A= Wb 764 (A P e
Hit— R FUHAL TR T IR R B AT RE 2 W e ) 77 T W EVE Y, 7800 RSN
TR BRIF UARE A S 7«

1.4 miR-9 XS ZLAR B TE G R R A _E BRI =

FEVRIT 45 2575 T, miRNA 7] DU 5 7t 1 4 7] 22 5k AT S TxT 2k K] X 2% £ 3 14
DA 3 B 2 0 52 MR R AT DG PR R TE VR T ROR 5 3 ] 3 T ] e et 2k R 2% 0 R i
P EBERE AR IE . BhAh, —ANEEIE B AT RER S miRNA L), XA X2
15 T DASE IR T B REVERTRS RS, 20> miRNA BC& P 1 8 2 R, 7T DU $%
FEDMERER . R, RNA 73 Il SR 1ot 5T miRNA fUm 6T 2215
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1 Wi

SEINILSE, FEMYEIRTT AR, CEBRARAK AR K miRNA 1 miR-34-mimics, EC
T R MR /N R SR 2 R B AN e A
I JAIG RS, BUMS T R AFMEI7 20, miR-16-mimics 75 T 14 i I 1] 7 g7 /)
A it S8 TR ) T AR RIS AT, HAT AR A K724k (EGFR) Hifk
AL EDV KR miR-16 Hirik BaaE 410, BT miR-9 78 AL il ik
g5 S, AR 7 DL miR-9 7 LIRS AR 7 1 miRNA 2 —, @it 7 — N miRNA
WO RS, @RS R (PR D B AR pS3 HIRIARIE B R 0 Al
o T TG A /N B AR P bR 1k e, R SRR P ) SR A AR B R g xf HRZEL Y 58%,
X 2% B miRNA 7] Ge 4 AR A A DGk DR 2494, FESE VR 7 Hh B BRI 71,
Ak, BHRIERK miR-9 RIS BE R M0 A8 =S (kT S AL R
Mo WA T A AM B Y miR-9, FEITIF G, X T —/ME: miR-9 21
A DL HAZG I & 1 SR i VR T AR R 241 5838 1 R LA A7 S BT
TRMFEFF o

R U S B A2 tH S ) P B R R0 e e R R, P U R SR A R
MiIRNA 7L IR AR R AT e RBE A - B T3 miRNA A DURE 1k
V2 AR, R miRNA B 2800, MR I0FE S 415 miRNA 13R9T
SRWE T BE N — PR 2 JRIE R RE TR T SR

FRACER 22 I FUAE SR miR-9 78 FL M i 308 . AR MR R v P L e 114
R, miR-9 EAEREREIEH. 16 RS I miRNA BAEB/N FaEthir.
FERNPEZEAL T, ATDMER—FIfEIE . 257 IR T 3RAG 1 5 T hn EWH T2 Wk
WifiE, miRNA ESRAR SRR 5 BRI 1R, thAh, BEE SM AR
WEFEHIRN s AR KA ] Be ) F A Wb AR A Sy 24 3dhs 52 Ak, 1) 7L Ut e 8 2B 23 B ik
miRNA-9 #5715, #F—HH miR-9 JE K bR/ BRI BT T 28T miR-9
FEFLEEE R MER, 40 miR-9 FEDRER /N R 45 G B R PEFU IR AL AT DL 4 4
F T PPl miR-9 7EFLIRE I DhRE o X V2 — MR UF AR SRR 7L 7 1) . 7EASH
Fo, KB miR-9 AT LA COL1541 JER ) 3'UTR it 54, 530 mRNA #1% 4 collagen
XV G2 B ME], R 40 M A A A AR DS 2 R Sl IR . X
B, miR-9 1] {8 RN AR PR 4 AR A0 I A= A S 5078 (0 7 E 12 RV 97 4

XF miR-9 SFLIRMPEE, HFEZH ORI miR-9 76 FLARMIR K AL R h B A i
FEEF, TR ISR LR IR (B RS AE 1), MIRNA 7RS40 12 20 2 3L R e

10
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HIRIERHE, EATRW HEANRIBIE, JERILH Bm i e v, I SR i
miRNA BTSRRI R bR 41061, MIRNA A5 IE 78 20 i (8] 18 R b R
FEAERON, BEFREM, KZ 90%HIIEH 1) miRNA 5E4E Ago2. NPM1 FliE % &
e E R BT S S, JEER T T4 10%00) miRNA 7 e sh bk, ix 72
— PR AR I S T B Rl TR 270 AR miIRNA R, DURPT
miRNA A 1) RNA BEH AT, B miRNA SNSRI A % IR A
B A SR T AR 58 2 A 25 6 5 7 s NAR QDA IR, 52l A8 B9 miRNA SKUR RS A
IR U DR, RT DRI AERE o ) miRNA AT B2 TS . H 2008
LK, miRNA SR E A AR ST DRI S, EAE N EhsE
B E RO e 19 2 A8t

Bertoli &I |5 FLMR MR K AE AR G 55 1) miRNA,  FFER] miR-9 TEAERCN—
P WIS I AE0h £, T miR-9 FIZGH02 — R A& 10 FLAR R a7 77 ik
74, KNSRI 7B s th 38 . miR-9-Sp X L R8I 02 T EL A 2 v RO e e Ry
Setk, FLIRME B ML miR-9-5p RIAKFAAERE®mTIEE N, ANREEKRT
Ak 2 (HER2) PHMEFLARMPR £ M1E miR-9-5p /KT & =T HER2 B,
XEWIMLTE miR-9-5p 7K1 5 FLAR R (& A4 B IEAH SR, X 2 BLI W] miRNA BAY
TE NS WiAR EX 00T 77, T miR-9 A 1E 7L IR MR 12 W b 0 1 8L FH 17 53¢ o

G AEVIRHE AT C 2 I AE = 2T M miRNA 152 Wl &= shel,
b, FEFZ AT, AR AN miR-9 AT 1 AR FLAR IR R 2 Wibs £
7). G bPnA, miR-9 & — S 57T Py SR 20N i F LR 1, RR A S i iR 2
R JEANEE R, TR AT IR R R A AR S AL TR . 1X — RPITFAHRZR T miR-9 76K
FUIR AR 2 R R B TEAE T, B SRR SN, DR LRI (0 TR A G T B i
R R AN

11



2 RFUIRIMRE AR SMBAR T miR-9 HIFRIE S HAE R N BAR 4R HIR 5T

2 RELBRBPESRIEIN DT miR-9 BYSRIA KR EAR KA B+ 40AE
TR HIIRS

2.1 RG]
2.1.1 FEREHE

CMT-7364 1 CIPp 4 5 14 Rl T AT 7T = R FLIR MR A 52, CMT-7364
MR AR =PI, CIPp 4R EME R ARG R . F5h, At
T LR IR OV L5 B2 T R BEREAHAR, ROV SR AR 2 i 2 K
FBYNERCIRAF T, RIFA 2 RFCM LI RIR R, FERIIUSERFF & s Fl, HAR
T HEANWFEE.

2.1.2 FERFIR

ASHIEFE T ) 2 A R AR 2.1
R 2.1 AWETTRI A 0 3 2

Table 2.1 Main reagents used in this experiment.

%l it 5 I
Trizol W9201 JEHRIR
A4 ILiE (FBS) FBS-S500 NEWZERUM
0.25% fREAM (& 2193154 Gibco
EDTA)
50 X TAE V47 — AT
D2000 DNA maker — JEHRIR
DMEM &bk 3 3k 8121553 Gibco
miRNA 515 &) & — g AR
755 68 K55 (& DAPI) H-1200-10 Vector Laboratories
Tween-20 680661 b H AR
iR — A (KH2PO4) 20201202-1 IR
A (KCD 1803051 A A
PKH67 44k} PKH67GL Sigma

12
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R 2.1 BT A EET] (2R

Table 2.1 Main reagents used in this experiment (continued).

A it I~
A (NaCD 2021040113 M Ak 22
LIRSS Sr vl AL61920A TaKaRa
JRL /N 20210608 REHF
+ K EBEIRE N 2021030215 I3
(Na2HPO4 + 12H,0)
HEEHEE 15140122 Gibco
BEREH 11171022 FE
TIK LFE 1280340117898 75 Bl 22
TN I C12928231 b HEFE A
PrimeScript™ RT reagent Kit with RRO47A TaKaRa
gDNAEraser (Perfect Real Time)
BCA & H R 5 I 2 T & P0010S R
S5X A MR 202111223 FHRE
Anti-B-actin HifA AH11286487 bt B AR
ECL 2% KGR — Biosharp
HRP #rid li=Edif 1gG BJ08079044 bt B AR
RIPA () CR2107001 F® 3
SWE s i 73 i FRLUK Z2 PR CR2105176 Servicebio
G iP)
TEMED — [iRIA A=
HE R 202104 Biotopped
IR ERE: (APS) C11577298 PR
FF iz B2107091 76 04k 2
Tris-HCI 929H071 F¢
SDS 20210202 RIS
Ty H Marker 26616 Thermo
B E B RS P1005 HuR
GEH 100X )
1xPBS G4202 RN I
RPMI 1640 17735 855011262 Biochannel
DEPC 4bFi/K B501005-0005 AT

13



2 RFUIRIMRE AR SMBAR T miR-9 HIFRIE S HAE R N BAR 4R HIR 5T

R 2.1 AHIFUH A EET] (2R

Table 2.1 Main reagents used in this experiment (continued).

el it J
Anti-collagen XV ik bs-0547R Jent i B
Anti-vimentin $t{£& V6389 Sigma-Aldrich
Anti-a-SMA ik A2547 Sigma-Aldrich
Anti-TSG101 Fifk EPR7130(B) Abcam
Anti-CD31 $ifA bs-0195R b B AR
Anti-CD63 $iifk EPR21151 Abcam
WB & H—#1 —HiMi B AR1017 EWAQE S
2.1.3 EBUHFKRE
FEAAR B WAL 2.2,
2.2 AWEF P LA AR
Table 2.2 The instruments used in this experiment.
b€ Liehs] ] =
T RF FA2004C W RAEMCR A TR A
FE AR IR K 3 DK-S22 RS R % A PR A T
Wt E & PCR X Q2000B BUM BB A AR A PR A 7
PR B R IX71 H#A OLYMPUS
FEIAE — ¥ Eppendorf
IR 4 XK96-3 TLITRH BRI T 25 A IR 7]
O Nano-300 WM B A AT PR 22 7]
& s B O 5418 ¥ Eppendorf
LR FELIKAY DYY-6C EHAS— LR R A
4= H BhHKL IMS-20 WA TR A R AR
Lok KB AR X Infinite M200 PRO fiit TECAN
3 PCR 1Y S100TMThermal %[ Bio-Rad
Cycler
e R 28T UK B YXQKL-75 1976 R
HH HVKAL PowerPacTM Basic 2 Bio-Rad
£ R AR B O AL 5418R % Eppendorf
G KA Milli-Q Direct 8 FiER
4= H BhHlKL IMS-20 AT SR A IR A

14
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2.2.1 ‘AREIEFE

CMT-7364 ZHHL RS 10%FBS. 1% Wil DMEM £ 7755598, B3R Eh
5% CO, 37°C; CIPp 1# 4 10% FBS. 1%XUPTHT 1640 B e R 9%, B IE3REEAN 5%
CO237°C; R BEAFAIML S 85 B R ARG OIS, I8 it T B F AR UIBR ARG 10 LA
48, HTAER PBS e, BTk b, HHLDIKL | mm? /R, R
W PR REF4e s a2, IRK/INIUE T 5% COo 37°CIRSE P FI R P B 40 Mt A= K 15
F# (Canine endothelial cell growth medium, CECGM) }53%. 440 i %5 & ik 1 90%
i, {8 TrypLE Express Mgl H =, FHHEBETURA 2% AR L, HE 1%
ECGS HJR P Bz 4 A B FR U5 I

M PALAR: CELRE BEIEF 80% LA LI, FEEIEFRM A ARG FREL, PBS MR
TEVEAA =K. {1/ 0.25% 7 EDTA HIRE AT BG T A M AL, NN T8 A RE R B 2%
1E7HAG, 1000 rpm 250> 5 mino HGAHAETER IR 1:3 BT AL

2.2.2 IMEE RIS

BRI E T 4°CHUA IR, J-H CECGM Mkt & 50%iK A, KRBl 96 fL
AL, 7E 37°CH¥E 30 min LA .

I BERR 22 £h VAW (PBS) %R A BEREA BIEAT 3 TRk, IR ER (I i v A0 48
FiL, AR M B R B L . K B O L N 1000 rppm, BS540 10 min J5, A PBS
HORAIMDUE, FREH TR A A, 7R 96 FLAR & SO uL FE R, BT 37°C
% 5 30 min. {#f CECGM #5775 E PG 41 i 2%, XT3 M B T 4 i it-%1,
ZJE N EARF R 200 pL ) 2x10% AN ZEE E S5 R AR b BRI E 3
PNEESL. £37°C, 5%CO 56, & 2h W —PNETREIEN, HidxR
Fo

223 #EER-B &N R B (RT-gPCR)
2.2.3.1 ¥ RNA #2E

PL 12 FUARCEE R4 oy, #4512 FLBRHP B 525, PBS Bk 3 1k, &L
A 600 uL TRIZOL, 8 401 5¢ R0 )5, (AR BACR 40 RATIR ) . T80 4T
TRSVE WA 1.5mL JE R B R OE T, A RS U BB 17 1] 500 o

15



2 RFLRIMIR RN A b miR-9 AYZIE K HAL R P B RE AR I 78 R T
N7, SRRy 200 pL IF HR A EH), ISR &0 & 1 5 55

FIEH 30s, =i (25°CLEA) FE Smin. IR ERIE S UG FH A U 4°CES L
1000 g B50r, BGCBFAIA 5 mine BOHUEIETAEG, BUHFES, SR g n] oo
RIS C AR AZZ, BCEZEAKA, KRB —BCO8 MmN TRIZOL B —
o RNA T oKAHS, OREKAH, FRKAEIMA 300 uL 7 AR, A T
10 min. # B 45 A5G, Filid_EIR B AR SRAS IOREA TN B R 4 1 4°CRS O HLIEAT B0
B0 PEN 10000 g, E5OB AN 10 min, S04, RATEEE HERIRESE, H
TRAFE R I B ELTUE B AT o 3 RS IR 75% <. BE (DEPC /KBCED WM ZE A
yTiE EETYRS, RSN 1mL BIR], DI JE RS T, B TR
JIEI AT . VRIREE ARG, (EFH 4°CESOHL 7500 g HEAT B0, 4°C B0 T 7 LI
[ 5 min, B0 ERELOE NI B EREUIE, BRAM T EOEH
BT, EEVRREETERIEMNIR. B, B 50 uL RNA W IRERISETTIE . WIS
e LR, HES AT RS . RNA A7 T-80°CUKA, #H.

2.2.3.2 & RNA WiH %5 miRNA 4 5 P # 5¢

MR W SRR B PR HEBRAE R 7, Kl RNA #4559 cDNA; XS T miRNA
Wi R, %I miRNA Sk 7O € Bl & bR R AR PP 26 4T

2.2.3.3 SR JEE R PCR (RT-gPCR)

RAEARAEGG WIS, AT =R E R WS, S PIE IR 2.3, RYE
R 2.4 WAL, FEOK ERCH SR G I8 946 PCR SGHATY S . 738 S N A%
Fr LA 2.5 MR 2.6 IRAELIR TS AR R IA & .
% 2.3 51451

Table 2.3 The primer sequence.

B[R A4 K SIS (5237 H A=K/
RPS19 CCTTCCTCAAAAAGTCTGGG 95 bp
GTTCTCATCGTAGGGAGCAAG
GAPDH GTAGTGAAGCAGGCATCGGA 108 bp
GTCGAAGGTGGAAGAGTGGG
CD31 AGCCTCTGACGTTGGATGTG 87 bp

GAGCCTTCCGTTCTCTTGGT

16
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R 23 5MFH (8:58)

Table 2.3 The primer sequence (continued).

25N SIMIFFA (5°-37) H AR R
NBL1 TCCACCGCCCATCAACA 193 bp
GCAGTGAACCAGGGACTCTGTA
PDGFD GTACCTGCACTTCGGGGAAA 144 bp
AGATGCAATCACACCGCTCA
PPARGCI1B CACCAAGCACTTTGGGCTTC 96 bp
CTGCTGTCCTCAAAGACCGT
RPS6KB2 GGCTATGGCAAGGTGTTCCA 97 bp
GTGAAAAGCTCACCGCCTTT
TGIF2 CTGGGGTGGGACTTCCTTTC 239 bp
TTTGACGAAAGACAAAAACAAAAGT
SCNS5A CCTGTCGCATCGGAGCAAAT 114 bp
GACTCAGCCTCATTGACCCG
PTPRF CAGCAGAGACCTGGTTGACT 260 bp
ATCCATGTGATGCGTGGCTT
DNMT3A TTCATCCAGGCTCACGCAAT 199 bp
TTTGCTCCAGGTGGGGTTTT
a-SMA ATGTGCGACGAGGAAGACAC 98 bp
AATACGGCCCTTGGAGCATC
DIAPH2 AGCGTGAGATGGTTGTCCAG 84 bp
TGCTGTTTTTCAGACCTCCCATA
FZD5 ACAGCCACATCCACTACGAGAC 121 bp
AGGAACCAGGTGAGCGACAG
HGF CAAGGGAAGGTGACACTGAATGAG 145 bp
GACCAGGAACAATGACGCCAAG
INHBB GCAGCTGACAGGTCATTCAT 202 bp
TCCTCTGGGCTCATTCCCTT

K 2.4 RT-qPCR J i & & Bl 3 B b
Table 2.4 The composition ratio of RT-qPCR reaction system.

4oy &=
TB Green Premix Ex Taq II SuL

Gk 4 uM X2

DNA 1 uL

ddH,0 3.2




2 R LRI RE SRR SN 1 miR-9 1) FRIE J FAR R P9 B RE A HLIT 7% R 5T
% 2.5 RT-qPCR XM FE/7 (mRNA 43

Table 2.5 RT-qPCR reaction program for mRNA amplification.

It B IS 1]
95 C 30s
95 C 5s
60 C 34s X 40
95 C 15s
60 C 60 s
95 C 15s

% 2.6 RT-qPCR K MFEfF (miRNA 4 3)
Table 2.6 RT-qPCR reaction program for miRNA amplification.

s ]
95 C 3 min
95 C 12s
62 C 40 s x40
95 C 15s
60 C 60 s
95 C 15s

2.2.4 TEHARFZENIE(Western Blot)
2.2.4.1 ¥ Sh ) 25

MR 72 R ERSRE, SR, LAY 80%N, WU F#IE77%, PBS
TEVEZI, IONBREE (TlG, A H R AL, BUE RO EP B, fR SR
SR, N EA B EEGH0HIR 0 RIPA R, IMNSEHEEE T 4°CUKAE, 4°CRHE
30 min, FE7MEMEIG, TIN 5xSDS _bBFEZEMPR, BEJS 100°C, 10 min AbFRFEA, fH
AR, Ab R G R S AL R B AT T -80°C A o AN AR MR F S 0 £ 1 AR
A1) 77 20

2.2.4.2 SDS &tz #. 3k

B PIEE 1.0 mm B A dd HaO T B BEN, THP et et B R+,
bt SRR A o 0 DR TR AN I VRS T 6 5 0 B o 0 B IR FE 1 Y 10% 1K) 73
B, BCHIARRDY 8 mL, K50 B IRBEN PR BN Z 7], BEJS (M Lk (B AbATHL
WD B SEfFERRYE, K OBIm, BERIARAER . RAERIKEEIEH 5%, B
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HAF Y 3 mLo ENKGRGHE LT, SREIREE . JRRE R BTG AR ke 28 3 ik
B FIEMAE R KR, G BRSBTS R AT
FEAL, Bk TPk . BEEITaE BRe, EREARRRIY 9 20 uL, Maker 3KiE N 3 uL
HH Marker+17 pL 1xSDS 82 H EFEE M. EFEEREIRIHKR. At T4
JRZ IS F e B AZ A% 80 V b AT HLUK, fE Marker #E N 43 BS IR I 46 70 JZ ) ROKs F R 1B A
120 V B4 FLUK 45 DR R 48 RS BOOHR BB, R = U AR AR T AR AR 5] (1) PVDF
R, B R T aaTE A, — S R R N R 30 s DRI, MRS ORFFAR
PRWRIE, KEHULFR) PVDF 5 i e ST B AE FRVk RS b, o JooRs F A s B 7E VK A
H, IINEE T, 200 mA, 90 min F4

2.2.4.3 B

HEEE W S I PVDF 8, BB E AT A & TR & H PBST $E#% 5 min,
BEfE N 5% 0k SR E 1 he H AL W G H PBST ¥Ek 5 Ik, HX 5 min.

2244 Pk s

i WB T H —Hi PR B M BB anti-B-actin (1:5000) ; anti-CD31
(1:500) ; anti-Vimentin (1:2000) ; anti-a-SMA (1:1500) ; anti-HRP-1lI2£H1% 1gG
(1:10000) ; anti-B-actin (1:5000) ; anti-CD63 (1:1000) ; anti-TSG101 (1:2000) »

W —Pi4 CH: ZPHEIR 1 h MRS K PVDF R THUAIR A .

2245 5%

89 77 45 S 4 PVIDF JBSEVE Pl SR T F o S8 BCL A28 RN AT S5
PEELA 38 1 4 I DR LA

225 BERARERE

AT LA Y AR AIRR S, BT T RO HEA 1x10° A
2 0 P 40 L BN I B TS TR 2% IR I Biologix 23 7= 8 b, W E 24 he
W5, #IE A 7E-20°CF F AR 52 10 min, I 10%111 2 1f157%/0. 1%0: 35 20/PBS 4],
HAEEE TS Lhe BTK, HILHTE 4°CF5 CD31 (1:100) . vimentin (1:1600)

M a-SMA (1:400) W—HiEER, REEZR TEES 100 uL B1ILESTR 1gG
19



2 RFAMEMIRE RIS MR miR-9 HFIE S AR R A B R0 LI B R T
(1:500) Bl EH/NR IgG (1:500) WP E 1 he H)5, A —#H A DAPI

] Vectashield HikB a3t Frif)dett, 7856 BHUE P HHEIL R,
2.2.6 YMpmEL

M FERD 2 24 SLBRH, IIAASHUERIEIREL, ARG TR 2% 30-50%0 2t
AP #4445 NC ZHF1 miR-9 4. 8 50 pL AN ML 55 = 5800 il ok &5 70 21
/N RNA. #2365 EK, X RFect IS M5 IR TR R R g AT #RE . 3850, =il
% H S min, KB REBUIN A2 RFect MBIl IR S R BAEZ IR E 20 min.
W IR A TUINN A B 35 72 LA RIR ST, 37°C, 5% CO2 K597 48 /N, il A 5 (A
IR TE L .

2.2.7 MBRINIMAIREIS £ E
2.2.7.1 WEELNI _BIE

2 CMT-7364 4HHE 2 /CIPp 40l 5% L 2] 80% /e A7), 4 A Hh (1Y) 385 3 355 7 k46
FRICAN AR LIS T B R 953 . 24h JEUEE R 7R 3L T-80°CIR-AE -

2.2.7.2 $REANBAK

HIGHES 0 300 g, 10 min XFAAMEESFRBIEAT 0, H 2 HBRIL R4 AR
BRI BT . WOERAS R EIH

WA B0 B2, 2000, 10min B0 L — SR RN LG . DA EIER
HH PRI R PR v 0 v 1) RS A B IS R B V. 10000 g, 30 min 4K 4R B0 A3 2 I
TEW PAZE RN SH I AR A B 2% /O BB B3 o AR B UTE 6 5 b
WA o

R L 100000 g, 70 min, WEEVTIE, JEH PBS E&, 100000 g, 70 min,
WBEDTIE, ML JTE LA AN o BTN IAMAR 1) RS A BERR I, AT T DAAEIX P
PR B0 A A RO T AN A B ok

2.2.7.3 B ANIAE
FAMEL: BT, XTAMNBAFE ST IS, B 10 uL ZMAREE i n+
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A b, FEPEF BYUUE 1 min, [ G A DR AR JE A R AT . B2, B 10 uL
3% BEESERIIN TN b, FRESL EYTHE 1 min,  [RVREAH 8 ARKs I8 WO 0032 (0 Y AR i
To FERMTEERE T TS, A 100 kV B TRIA G . SN AL 8T T 23
BB RIS, K/NE 30-100 nm 2 8], FEAEMAR.

Western blot £l M A B FIAR £ HUMBMA 3L, I SxE A EREZM RS
AKMEEZ 10 uL, 100°CHI#EY 5 min, H4HEAHEAT Western blot £l . FUAKE: anti-
B-actin (1:5000) ; anti-CD63 (1:1000) ; anti-TSG101 (1:2000) ; anti-HRP-1l| 247
% IgG (1:10000)

GO BTSRRI MR REAR SR AL B, ] PBS MiBE M EAK
FE9 0.3 pg/mL. FEFRREJS MREARTEN B — AN A8 1 mL G2, DUEGORERL
PRER P HTAGHATHE— 0 5000 . 81 BB B F BN IRE Sk, MO R R IE L4
WAMARTRLZEAT PIAAL ER, 10 AT RSB TS 00 . G5 F 5 FR =X, 4T tH AN A IR ok
MBS RS

2.2.7.4 HNIAAIR FE HI 2

I EE 0.45 um JESITIE J5 10 PBS MREAMMAREA CRW#EAIE) o BFAM
RS HL— 3B VE NREA N SRR RIPA 248 (& 8 ATBEIHIFD . RS, #
HON 4°CUKFEZE 30 min. ARV /7 100 uL RIPA+1 uL 2% (A EEIMHIF]. &Fh 4
WARREARII N 15 0L, /AW : 1 uL FEAR+19 uLPBS (20xFi%E) ;5 4 uL FEA+16 uL
PBS (5xFiFE) FIRFEAMT 4°CLRAF . BUE EFAAESFREN 0.5 mg/mL ¥ TAE .
2 [ BCA R & U B HERAE AT IR, B85 N BCA LAEW (BCA LAEW: A -
B #=50: 1) , FCECHJGMA 96 FLAIMEEFEMA, AL 200 uL, 37°CHHE 30 min
JEWIE A562 nm BB . BB BT AR ARt 2k 2, T ELAMNI AR FE
AR

2.2.8 T FIEZEIL LG

N T ST miR-9 WFR N B FEAE ST A AR 22 K52, FRATTAE Transwell AR &R
EEFRERMNT 100 uL &4 1x10* A4 DMEM };7:%, F=NIHEFR T CECGM.
XTI, EFE 24 h J5, RSN RGBT IR ZA M T E R,
SR FH 22 5 F KT A% B/ 38 I ) 40 MR AT [ e A0 2, B 1R)24 10 mine $635, f#
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2 RFLRIMIR RN A b miR-9 AYZIE K HAL R P B RE AR I 78 R T
F 1% 45 & SR Qe BRI AR A AT e (o b B, B[R 15 mine X TR 2850, FRATR A&

JF i I CECGM Rkt 22 3% MR IE, 356 50 uL (IR &W0iRE B, 37 “C4AF Tt
3h, HeBESTIBRRMHE. WE 24 h 5, BRZLMEFHE, REHREITER
6 HH R ) 25 BRHEAT $ A

229 miR-9 EMEERFEDIT
2.2.9.1 miR-9 #EELR T

f# ] TargetScan 8.0 Chttps://www.targetscan.org/vert 80/) ¥ g HEAT R & 1)
miRNA-mRNA £547047, ] miRDB $(#E & (https:/mirdb.org/) FIHEIE R Th
AE, BEAT KM R miRNA SEEE M KA BN SR EAT EE 0, IFEiak
WAL, RS 55 ML AR B DR 1) miRNA 1R AE BE LR o

2.2.9.2 RNA 75081 52 K ThRE & 007

N7 HE miR-9 (iR N AR # AR 2 B ALE], SR T RNA
MFH AR (Novogene Bioinformatics Technology ) - il id Bioanalyzer 2100 24t (Agilent
Technologies) TEAf /" #4% | miR-9 #&44Y) (miR-9-5p-mimic BRI PEX IR (NC) HI4H
H SR I RNA 568 il 4% poly-T ZEZ R I HLER, AE RNA Fr4lifh mRNA.
B, Xt PCR F=¥pitiT4itk (AMPure XP system) , FFiPiCERFR®. %5, 7
[llumina NovaSeq 6000 (Illumina) 47T 150 bp HIECXS A il J¥ . Eids CAF it £
Sequence Read Archive Chttp://www.ncbi.nlm.nih.gov/sra/) , 75 iH]*5 A PRINA973936.
KBS p H<005 KERMNZRREER. § /] DAVID62

(https://david.nciferf.gov/) #4T KEGG & & HTH1 GO 431, 45 5 i8id Bioinformatics
TEZL M3k Chttp://www.bioinformatics.com.cn/) 22l 5% B 3EAT AT AL . 81t RT-qPCR %
EFT I ) 22 e 2R A

2.2.10 RERAERERE

¥ COLISAI-WT/MT 5447 miFtiEZ 200 bp FAIREE] pmirGLO £k .
pmirGLO #/& % Firefly luciferase 1 Renilla luciferase, Renilla luciferase {F % . &
4 pmirGLOCOL15A1-MUT (ZZ54A) Fl pmirGLO-COL15A1-WT (EfAER) JFiZE
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BB K B B ST EY) TREARA A .

H Lipofectamine® 2000 Reagent #5447, i id iz FiiA&i%4 50 pmol/mL miR-9-
Sp AN el AR AL W0 B 1 S BB R (NC) 5 4 ng/pL pmirGLO-COL15A1-MUT 8
pmirGLO-COL15A1-WT L5 JL 2 Ry lZ 4R . 48 h i AU G R BER 15 20 B &
4t (Promega) il 6o

22.11 BEEIT SN

f§H GraphPad Prism 5.0 (GraphPad ¥ff) P& AT 7 Hr AN mT A4k . BN
AT EE, A G R IR HEE R IR . R BRI ER T 2 0 pridk
TGt A

2.3 I EGeER
2.3.1 RARHMERIEFMEE

WA T RIRRR O, @i 55 3% /N IOk o B AN . FFRAERGFRIE I P B2
MK (ECGS) SRR b, BTEFFHA AR R ARG O 40 iR 5 5
IR B B A ORI PR R A R AR 4 i

FEHR— KRG, MMFENGEE, MBI =ARMiEsE, [0 R N R 218
GADIRII S AT, IR R A — AN B TSR (B 2.1 A o it —B 4R
JEARGH M B 7S B D 15 50 A A R, R 2 T e BT IR A INE T e 70 (1] 2.1
B) . Jfdit RT-qPCR il B ARAH 1L CD31+ o-SMA R Vimentin 3R (E] 2.2
A) o AN, XEEGIHIFRIA Vimentin A1 CD31 & A, HJLFAERZE o-SMA EHEA (K
22 B) o RIEBOLYE R RARERIL CD31 B H, MKKIE Vimentin [, (HA
FKik a-SMA (K22 C) . CD31 £NEAfmtrEEa, WIMI/NETRREE )& T
N AR — AN HURFE . IXSeZE BRI, AU DR 1 R A R AR .
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2 R ARV SNI A A miR-9 IZRIE S HAR K N BAR A IRIE RS HIER TT

K 2.1 RA AR E SRR BE /. (A MIRIIG RO LH ZA P 3R B A0 A2 55 3 AU
IrANH ARG IR, AE 40%. 100xH1 400 fE R SFAT TR RIMMIEA. (20 KA A4
FE0. 2. 4h IMEA M. H9F2h G, REBUEREIRG . 4h i, ERGHITIEIE.
Fig. 2.1 Morphology and Tubulogenesis of Canine Endothelial-like Cells. (A) Cells extracted from
canine embryonic myocardial tissue mainly exhibited a cobblestone-like morphology at passage 3, and
their morphology could be observed under 40%, 100x, and 400x magnification. (B) Vasculogenesis of
canine endothelial-like cells at 0, 2, and 4 hours. After 2 hours of culture, the cells formed dense tubular

structures. At 4 hours, the tubular structures began to collapse.
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A B
ELCs ELCs  MkkDa)
CD31 — 130
— 100
v =282
2000bp Vimentin M 54
1(7)(5)8€g B-actin | e sem— )
500bp 4-SMA 4
?(5)825 B-actin |W-— — L />
C

DAPI Merge

CD31 .-.
: .--
: .-.

K22 H CD31 (NE4MbrEEE) « a-SMA UL 4E B0 AREE ) M Vimentin (8] 540
fabrEEA) SESOMER )RR TSEE. (A) RT-PCR 4% . 4ifikiA CD31. a-
SMA 1 Vimentino GAPDH 1 RPS19 NNZ. (B) Wstern-blot Z5 5. XLl 1A Vimentin
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2 R FLIR R SIS A AR 1 miR-9 fFRIE J FAR R N B AR B R R 7L
EHF CD31 £, HJLTARIL a-SMA . B-actin ANZ. (C) e HYetsh

CD31 (ZLf4) | Vimentin (%%5) B, a-SmA Bitk. DAPI (HEf) Jetamdifiz.

Fig. 2.2 The induced differentiated primary cells were identified using CD31 (endothelial cell marker),
a-SMA (smooth muscle actin marker), and Vimentin (mesenchymal cell marker). (A) RT-PCR results
showed that the cells expressed CD31, a-SMA, and Vimentin. GAPDH and RPS19 were used as
internal controls. (B) Western blot results indicated that these cells expressed Vimentin and CD31
proteins but almost did not express 0-SMA protein. B-actin served as an internal control. (C)
Immunofluorescence staining revealed positive staining for CD31 (red) and Vimentin (green), while a-

SMA was negative. The cell nuclei were stained with DAPI (blue).

2.32 FLERBREINAFRIIRENFILE

T IRGC R L e e 4 P &7 A o R PR B A 4 L PR S 1 e T OV A T
RAMRREANL CMT-7364, CIPp HISMNMA . EAIEREL T 2MIREH, RiAR KL
40-100 92K, JF HFRBIMBAE AFREY CD63 F TSG101 (K 2.3) o AMBAR I KIE
R/NE 30-100 G9K 200, JEAR AT, AT 2L AP 21 200 M P T 1A 11 6 1 5]
JE. CD63 Fl TSG101 Z&AMAMARI S AR EY), 8455 R DA RRE AR IR Sk
AR S LNB B B-actin, SMBAREARRIEINBIRE AVREY), EAEKES 5
R BB SE LB BE 1 B-actin, X L2 S BB E S T Al AR s 00 R LR e e o i
&, ATHT S8R .
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A %3
200~ 150-
125~
150~
" » 100-
glw- g 75-
" s
- 2-
0- 0-
LD 60 80 100 120 150 30 4 60 80 100 120 150
Size (nm) Size (nm)
CMT-7364 CIPp
B
C )
Yy,
CD63
TSG101]
B-actin

2.3 RAIEMEIMNBRFIRI S %e. (A EEERSREDT. (C) SMNBMAEAE
Y] western blot 25 ..

Fig. 2.3 Extraction and Identification of Exosomes from Canine Mammary Tumors. (A) Transmission
electron microscopy images and particle size analysis. (B) Western blot results of exosomal protein

markers.
2.3.3 RIIRMIEAEINLEREETE miR-9 3% E XA EHEMHENAERE

AT RGN P A A [R] ) R LR A R 4 B R P miR-9 B IATE I, i RT-qPCR, &
I CIPp 41 iy A FTAMIAA ) miR-9 HIZRIA B KT CMT-7364 (B 24A) . AT )G
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2 RFAMEMIRE RIS MR miR-9 HFIE S AR R A B R0 LI B R T
SRRIG IR T miR-9 X K B AE AN I s, 15 =i 318 miR-9 [ CIPp i R1E NG

SR I TR 52

HMUAAR S AR R S A ) — R, e ) DUIE IS A R AR R A N 485 i A
PEPD T 5 7 BN S ARG, R B R S AR A L AR BT RERIROR o D9 TIRFUR A BEAE
20 i X R AL R P R A L S A A W E 7, B DAPL BeRF AR N B FESR I,
PHK67 JeRHALEE CIPp (AN, K —FHILHTR, 45 R R LR R 4 7 ik R 4k
WK RERCR N R IR (B 2.4 B) , XUt R FLIRIHOR 4 CIPp FAMBAR B A
B miR-9 8% AR B FEAHAR A (R i -

A = 20-

.g Kkk 52000—

% A

(] [}

a 154 £ 1500

= 1%

O )

= o

é 10+ o 1000~

g iz

2 54 2 500-

= 5

Q ©

=7 0-—* T ¥ 0 T T
CMT-7364 CIPp R

Kl 2.4 R BEAEAR A IR FLIB MR R B S A . CAD LB RE 40 B 5 A0 il A4 miR-9
fikik. (B) WK (DAPI 24 %k, CD31 JEILE W 0 R T br S,
PHK67 @ AMBERRIZLEL o **#*p<0.001.

Fig. 2.4 Phagocytosis of Exosomes Derived from Canine Mammary Tumors by Canine Endothelial-like
Cells. (A) Expression of miR-9 in canine mammary tumor cell lines and exosomes. (B) Phagocytosis
assay (DAPI stains the cell nuclei, CD31 is a surface marker of vascular endothelial cells, and PHK67 is

a dye for exosomes). ***p<0.001.
2.3.4 miR-9 {€H T KA A LRBERIT B F1IR ZRE S

N T ERFE miR-9 XK P B RELN AR AR, F miR-9-Sp #4425 YL R N B2 BRI AR .
RT-qPCR £5 R 2R, FEHRR N RIS 3218 miR-9 (& 2.5) o XK B I
FERIN . N T R RRIEN miR-9 X R P ARSI, HE4T T transwell 1228
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i

EREREE, 3055 R IR : miR-9 AR N AR 2268 ST RERE AR B = T
NC 4 (K 2.6) - XVt miR-9 it FRIA B ZF N T RN KL FT R AR 2868 17

15- *k*k
g
§7
5 _
& 8107 1
D]
o &
g
E<S 5-
5 =
>
=
o ol N L

NC miR-9
Kl 2.5 RN AR 5% miR-9-5p BAUM G miR-9 R IEIKF-. **#*p<0.001.

Fig. 2.5 Expression Level of miR-9 after Transfection of miR-9-5p Mimic into Canine Endothelial-like
Cells. ***p<0.001.
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2 R ARSI A miR-9 HIRIE Je HARRK N B LI 4R TE

A
Migration
80 kx|
i,
[0}
= 60 T
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o
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3 40
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= 20
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.oh
:
0- T
NC miR-9
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Invation
150 p—kkk
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2 T
St
2,100
i
©
@
S 50-
=
<
>
k=

NC miR-9

2.6 MiR-9 i ik et R N B AR ZH RS M 2% . Transwell iR56 -PES LR (A) MIMZZ%
(B) B4, ***p<0.001.
Fig. 2.6 Overexpression of miR-9 Promotes Migration and Invasion of Canine Endothelial-like Cells.

Number of cells migrating across the membrane in Transwell assays for migration (A) and invasion (B).

##5p<0.001.

2.3.5 miR-9 #8[5) COL1541 EFEHHNH] collagen XV EHFRIA

MiRNA 87 B #E [ 45 4 H LR 3'UTR X, SEERIE KK mRNA FikK
SR B BRI AR 2B, RS S A i AR DR A IR . O T HE— 2D E miR-9
(ETE R P R B2 BT A% AR 28 e R4 AL, {37 TargetScan A1 miRDB (¥ i
TEZT, DMREBENIEER. &RRW, H 408 NMERFTAEZ miR-9 LM
o Ho, COLI5A1 J& M FLAN 45 A= RN 20 M T A O P 5k DR v i ok SR 11,
NES miR-9 KA (B 27 A) « ERFEEBREF, miR-9+WT b
SHL AT ' R VS M B 5 T NCH+WT AHE4L, 11 miR-9+MUT AbFEZH 5 NC+ MUT
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WAL ZES (K278, C) , XUl COLISAI & miR-9 ¥R . HAE miR-9 4
MINC H2[8], COLISAI BEENRIRERAZER (K 2.7D) o (HE G miR-9-5p U4
HIR N BRI collagen XV HHIIRE M RALT NC A4 (K 2.6 E) . H#EN
miR-9 F[§85 COLI5A1 BN 4i4, wik AERERE, M) collagen XV HH )
Kik.
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2 RIS A miR-9 FYZRIE B HAR R P B A% (44

S

(A)

High
COL15A1 2
overlap analysis LEP §
angiogenesis-related genes IGFBP3 §
EFEMP1 T
miRDB FOXG1 ]
Low

(B) —Wcousm 3 UTR

COL15A1-wt 3’ UTR 5’ .UUCGUCACGACAGCAACCAAAG...3’

COL15A1-mut 3" UTR 5’ .UUCGUCACGACAGCACCTATAC...3’

seed site
() COL15A1 3'UTR 5-UUCGUCACGACAG MCCAAAQA-S’
miR-9 3-AGUAUGUCGAUCUAUU! Ucu-5
1.5
§ = NC
3 ] B3 miR-9
$ 1.0
®
9
'S
3 0.5-
o
=
k=
(]
X 0.0-
WT MUT
(L) - (E) &
<
B 1.5+ =
:| g;__ 0.5 dede ke
0 Sc
O — 0 G 0.4
E qg,’ 1.0 Collagen XV % g—
S S £ B 0
® © : o
# o B-actin B o]
LS 054 g o
x= S8 0.
: 5g°
= .04 § ~ 0.0-
& NC miR-9 = NC miR-9
4

32 K 2.7 miR-9 #E[\] COL15A1 3&[K, i collagen XV & HIIFKIE. (A) F|H TargetScan Al
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miRDB %4 i #2843 Hr 70 miR-9 IV FERERE R . COLI5AT BEFZ N 5 A5 miR-9 &5 &8 i
SER ) LA A BROAH DR JE R R e HE R . (BD BFAREZY (W) BB A! (Mut) (1) COL15A1
3UTR %5 miR-9 Z5 5751, (C) MFOLRMFANE miR-9 55 COLISAL &5 &L
#4p<0.01, (D) miR-9 415 NC 41 COL1541 #:NF XK FEHEZR. (E) miR-9 4l
collagen XV [ 2 [ FRILZ R4, ****p<0.0001.

Fig. 2.7 miR-9 Targets the COL15A1 Gene to Inhibit the Expression of Collagen XV Protein. (A)
Overlapping analysis using the TargetScan and miRDB databases to predict potential target genes of
miR-9. COL15A1 was selected from among five angiogenesis-related genes with the strongest binding
affinity to miR-9. (B) Binding sequence of miR-9 with the 3'UTR of wild-type (Wt) or mutant (Mut)
COLI15AL1. (C) Dual-luciferase assay to determine the binding of miR-9 to COL15A1. **p<0.01. (D)
No significant difference in COL15A1 gene expression levels between the miR-9 group and the NC
group. (E) Inhibition of collagen XV protein expression in the miR-9 group. ****p<(0.0001.

2.3.6 miR-9 2N B &Y% HE 0 18 B M M & A pltE = Z E

N T BT miR-9 fE# ELCs LB AR ZHIHLA], X miR-9 4K N R4 i
BEAT TR SR . 45 R SR, miR-9 40 185 MNMERHRIL S NC HELKH BE =R
(K28 A) - KEGG HHESIEY], EHEIRE miR-9 4 LT 2 7R RE
S IE % 7 5L TGF-P signalling pathway 1 regulation of the actin cytoskeleton (/& 2.8
B, C) . GO EHEMIKIM, WESHIHTEA AR EERE N E 7 REE
2.9). [k, miR-9 A A I 1 B R AR R A A OC R RIS
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A B

TGF- beta signaling pathway {
Cell cycle
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HIF- 1 signaling pathway { .1
Cysteine and methionine metabolism @ ®:
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Systemic lupus erythematosus . 4
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Qocyte meiosis
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Gastric cancer o
Fe gamma R- mediated phagocytosis 24
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[
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SEipET L
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Regulation of actin cytoskeleton { [ ]
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Parkinson disease 4
Huntington disease - logsolpvalue)
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EGFR tyrosine kinase inhibitor resistance - 20
Non- alcoholic fatty liver disease (NAFLD) 15
Oxidative phosphorylation 4
Rap1 signaling pathway -
Facal adhesion 4
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Thermogenesis 4 .1
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Retinol metabolism - ®:
Citrate cycle (TCA cycle) . 3
Malaria 4 . 4
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Proteasome{ ®
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GeneRatio

] 2.8 4t miR-9-5p BLUAIAN NC [FIR N B REAH L s 4LI T 40 BT (n=3) . (A) miR-9 415
NC A2 [8] 185 M2 R A F R RGUIREIAE] . RX L2 7 RIAFF K KEGG & &k
W], B3R %E miR-9 A b2 7 EEK RS 5 EK 2 TGF-B signalling pathway (B) , &%

miR-9 4 T il 72 7 2L K )5 5 1 X2 regulation of the actin cytoskeleton (C)

1.0

Fig. 2.8 Transcriptome Sequencing Analysis of Canine Endothelial-like Cells Transfected with miR-9-
5p Mimic and NC (n=3). (A) Systematic clustering heatmap of 185 differentially expressed genes
between the miR-9 group and the NC group. KEGG enrichment analysis of these differentially
expressed genes revealed that the most enriched signaling pathway for upregulated genes in the miR-9
group was the TGF-p signaling pathway (B), while the most enriched signaling pathway for

downregulated genes in the miR-9 group was the regulation of the actin cytoskeleton (C).
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2 GO:0006468: protein phosphorylation 0.050236
; UP GO:0006457: protein folding 0.042116
GO:0016310: phosphorylation 0.057333
0 GO:0006364: rRNA processing 0.158371
-1 GO0:0016072: rRNA metabolic process 0.158371
22 GO:0006412: translation 0.008279
- GO:0043043: peptide biosynthetic process 0.270345
GO:0006518: peptide metabolic process 0.231052
DOWN GO0:0030684: preribosome 0.235447
G0:1990904: ribonucleoprotein complex 0.24653
GO:0005840: ribosome 0.03549
] S}?o 5000121735' structural constituent of 0.175313
WRS  NC GO:0008138: protein  oazsas
tyrosine/serine/threonine phosphatase activity

K 2.9 GO EHEnhai R, WEERENSS 7IHIE A FREEERE, LNyR L7 R R R
I, A HACE B GO terms.

Fig. 2.9 GO Enrichment Analysis Results, Revealing Multiple Differential Genes Involved in Inhibiting

Protein Translation Processes. The expression heatmap of these differential genes is shown on the left,

and the GO terms they are enriched in are presented on the right.
2.3.7 miR-9 SN K A R4 4HBE Y I & 4 AR AR X B A

FERT N U BEAL b, ik T KEGG {5 5 35 o 55 40 T F A0 L AR Bkl 26 19
F5EE, R T 13 MERLIEIER . RT-qPCR 45 BiF5E, 5 NC A, miR-9 4
A 8 MEFFIA (B 2.10A), 405l /&: DIAPH2 . DNMT3A . Fzd5 . HGF PDGFD.
PPARGCIB. SCN5A #I PTPRF. iXESHL[R 25 1 540 M IE A% AL E A2 BOAH G 24
{55 E%, W KEGG ZEfFin (K 2.10 B) . iXEW miR-9 nJfgiE T4 54000iE
TR0 ILAE AR RSO G (14 LA 258 RURIAS 5 308 8 SR8 il 4 PR A%
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2 R FLIR R SIS A AR 1 miR-9 fFRIE J FAR R N B AR B R R 7L
A o = NC

e miR-9

Relative mRNA expression
(fold change)

POEI RO LIO TS
LT PO LR P S
PSSV ORI L EFELCCS
NS SRR <
N s
]
logFC
- kegg description
0 2
- Requlation of actin cytoskeleton . Bresst cancer
I:l Insulin resistance . Insulin signaling pathway
. Adrenergic signaling in cardiomyocytes Gastric cancer
. TGF-beta signaling pathway . Cysteine and methionine metabolism
D HIF-1 signaling pathway - Choline metabolism in cancer

. EGFR tyrosne knase inhibitor resistance

& 2.10 miR-9 HIRE A G0 1 40 M0 RS AMLE A AR SRR R R L . (A R T 13 M ERE
REER, e S AT R A A S S IEER AR DS . ] RT-qPCR %iiE. 8 & Ei
(DIAPH2. DNMT3A. Fzd5. HGF. PDGFD. PPARGCIB., SCN5A #I/PTPRF) . (B) &8
A EIFZE A KEGG & 55218, LAk miR-9 415 NC 41N Rk &

Fig. 2.10 Overexpression of miR-9 Increases the Expression of Genes Related to Cell Migration and
Angiogenesis. (A) Thirteen differentially expressed genes were identified that are associated with cell
migration and angiogenesis signaling pathways. These genes were validated using RT-qPCR. Eight
genes were upregulated (DIAPH2, DNMT3A, Fzd5, HGF, PDGFD, PPARGCI1B, SCNS5A, and PTPRF).
(B) KEGG enrichment chord diagram of the eight upregulated genes mentioned above, along with the

relative expression levels in the miR-9 group compared to the NC group.
2.4 118
2.4.1 KPR RAIET

NIk N B4, faiFk HUVECs, J&— MR T T4, 2 ik
R E A A 2 —, EATTRAT RIS RE UM 2 AL TE e, RERS AU PN I
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B AR I S FI AN e, TR U7, 1937 46, A IK A B2 40 B 1 VR S 9%
X — BN G SR B A AT AR A T B B AR, 5] kT IR A AR 2 gt AR
N 8 ik 9 2 40 A L A e B RS B i 0 R0 22 0 AR e, REBEABEI0LAR Py 1T 5 P 2 4 A 1
EERIFITNRE, TERLAE I4s . LR DA A EE, 15350077 XUIRAF I N R 4,
T R FH B i ik sl 0 ok i 8 SR K] P e 400 o L P e 40 B AR AT AR T A B B
Wy R OCE BN A, R AR GERR I AR R R T T T . e AT A 23 TR A
R T R R AT e AT AT DA A AN R A i R — e TR N LA ZUR S
B, ARG IRAL T AT RetE, AT, R RIRERF, A
FUA U B PR 4 i T DLV G T8 B 234 T R BO), FEARTI FE AR PR R Dy
KRR LA 5 5% 534k 9 B P B 200 M DGR PR R 9 B2 AR 4R (ELCs) , BEEAMH
BEfesE WTEAEAR, ERIE N LA EE A CD31 EA, FEEAEINE T
RE /7o (RTG53 - TR ik XU LRI HR A EI, R A R A 4 i s PRI 3026w ) o 241 A A
WY Ca-SMA) , IX 72 8] 5T 40 i 4L A1 N 5 - 18] Jii ¥ 4% ( Endothelial-Mesenchymal
Transition, EMT) fFAERIHFAE, J& 18 FH BT AR T JEAR R I I 2 th By i) it
() 553 20 5 % P e AR T 55 T4 T TR 5 ) LAt 4 i 2R Y, X e it T R AE B R A
SETE TP B bR ) AR AR o T PN R - 70 S 2 A DU 4 P R A R T R S
NEAL A A 78 FURFIE AR, I MR A0 AT BE 5 4 ) AR R AR X, kT
Pk 45 LI182), Western blot 45 R K W, o-SMA FKATE ELCs 1A BEREL, H
M fe e DO S O LRI B, X R R AR R 1. B, AT
SERE NN ZE 2 RN R S SY PN A& ] Lo

DRI, AN TR AR N R RE R AT T4 5 % RN B A R B 9 SR T, S A7
TE—ANANTT 2R il R R P B AR AR A 85 9% 75 B — MR IR I 5 9 A8, IX AT BB S
AR AR N AR 7 5%, EAEAL St 4 M55 57 2541 TR AN e Jo BRI AR ACAHE
o, MR Z, HAMTIESRIR, FEREMIVNETEREE ), X2 B AR

FRJ )
2.4.2 RFLARBME SN A B 4 B AR

B A AR WA )N FES, A AE T I AR, R MR8 B
Jit. miRNA. AR5 2 R AN 737 (IRE 7T, TR 240 TG0 5 A 1A ko 25k
HEE . BT, AN A R 5 A5 RSO AR T G (Y B AR L
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2 RFLRIMIR RN A b miR-9 AYZIE K HAL R P B RE AR I 78 R T
N, WEHTTURTT T INBARVE N EFR SR /1. MIRNA J& #5511

FRT, BEHE—PoEZ A mRNA £ 3'UTR I EANFEIEE G, AR e %
fEREIEDRB, [N, miRNA R AMBE A EAEAER AN /T2 —, BT DA AR B
328 A A 2N AR B, i I R T A2 A BB, AN IA AR miRNA 75 75073 it g v e B
AT DU R I A i, (BRI R R AL 0L, R AR AR I, AN miRNA 4 57t
TR QAR FE RIASTE A R, el A4 M35 ) miR-9-5p 78 5 1% BA 41
e BFE T mRE, IEAE NI BT,

ASHIE T R RS SR AR LA M 155 5 204 R P BE AR AR, SR UE R 1 R L
SET 20 B 23 WA TR S IA PR RE R R N R FEAT AN o IX R I R FLAR IR AN A CTPp 141l s
HAH miR-9 % 2R A KA A T R o FEARTF ST, s B e B 00 vk 20 B
T RIS R CIPp RSN, & AMEBA 1EH S A 358 41 A (1 AR AN b
Wb, EREFa e RIEINBAFREEA: CD63 Al TSGI01. Xk BHHEHL K FM Ak n]
FF4 Ja 5 R AR B8 40 M A i A A 90 o I EL e 5 R B A R R, 990k
BRI R LR SR RS A R N B AR A R, I A AN R PR
B, UER T AMIAMA T LME N AE MG BRI AE M8, H R FLR MR o s X 1Y) miR-9 1%
HERN AT, PR SZ RN . AR VGRS ah 2 7T, AREA TR T
miRNA 5 R AT ARSI SR, WO, RIUEIE s IA K miR-9 %R A K
15624 P 1D 0 Je T ) S e e RS T AR S I — 35040, B R T R LI e e e AT
TR E.

2.4.3 BhEEINIMA miRNA (R % R

S R R SR S — R A A, rh T 40 P e S B — R A3 1 A A U
AR ST, SR, X bR I AR K R 20 i R N R R PR R R R E . X
P FIT IR A B AR . AR AN RS IR BER A IR A 5551, MIRNA 2 iR 1 A
Brp O S, o e Rt . RN 2 10 % Fd A . 7E TME Hi
T miRNA (1B 5 ok Sepk il B 5 2 3

S miRNA TEJRERE K AE Th s B A 6, TR XTI B B T R kL 1
TR AA SRBVER, SR H BARAE RINLEI A e 205 2 . #E4R1E, miR-25-3p K
DR (R k45 B 4 MR 6 . 28 B MR 1 7 Ak s 28 ) R A o g — 2D A 9T
K I miR-25-3p i@t 817 KLF2 Al KLF4 FE R, 76 P 52 20 A P 428 08 P B2 40 P A 5%
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(2R A IE U0 VEGFR2. ZO-1+ occludin A1 Claudins, A i i i 5 38 2 1 A0 i 5 A=
B, BAh, g5 B W 4B AR miR-25-3p IAFE R B R i 8B, Hilt—3P
T3t 7N gl B e i e A i FE00 . EIRIR T TH, A6 3R RGEAMNA A ) miR-
25-3p RILIKTAER A LR I 45 B Jlia i b B8 T R R AR ) i, X i 4
WA miR-25-3p 2 5 T T ILIE R, A1 4 B e 78 10 MR AE YA
EWEE 70 MIRNA W] DAE S 240 B AT 5 40 2 ) 3% 7%, AT R TR mRNA,
R R R A S P s SRUR T TR 2 A MIAA T miR-1247-3p AT DAL 3 3 e
REAH DR T A B, I J5 SR8 E AR G F 2T A 200 M R0V AT A1 2 P 4 s P e A5 1921
IS AMARA 0 AR5 200 it A% B iR 40 ) miR-19a #1] 7 PTEN )3
I, FFEARHE T RS R R I A3 X SR, AN T 1 miRNA 7RS4
LRI T i 200 it o (0t e gt Je 2 B HEBN R F I, el 2 5 @ 2 Ak 4
L O B i 40 ARG RS 1 o8 200 B 2 B8 0 AR S AT IR B RE B L RS AR, 251077 50
M H RN M RS R R AT S R 2R A Uy AP,

FEARTRFEH, RFC T AERFUIR IR 50T IR 40 M4 (1 miR-9 XA J¢
IR AR 22 e 7 (IR R4 F USR], X0 miR-9 78 R FL MR8 s 12 i A
oL RS T ) N R AR T B . PENER DT, PR B AR SR T T R B IR
ST ST ALY, B de ot T U B AR 8 24t R R A B A DR IR 9 R
HEH T3095 TR T 2, S0 SR AR FFER /K PO ZUIR IR E e R TSR R AL IR
IR R A L TR B, TR 5 B — 25 AP 50 Sk I B LT e R i R A R TR 4R L
HANGR S WFIIG T BT PV TE AR SN o SO TR B, LI R 2 i 43 1
KEMHT, WSR2 1. AR T 1. BB AR a5 6,
B AT L4 G ] SR B T %), X S i AN BE TR AR, Y
TR R IS AR, IR T AR R Bk, SRR TR T RS I R B
PRI, G I TR B LR SR 1) A A T DABHIR Iz b 5 B v A LA Y R
JrERE, BT 8 0 A R it 2 A 1 R AR 2R 08900 AR, R SPL B RE 43T PR AR A2 75 i
T R 2 R T AR 2SS SR s e LR R R A Be T NI 28 o 3k L] A R Pl i
SYRFERR LRI IR T ¥ SR AR iR AT

2.4.4 miR-9 1Rt A R ARERIIT R 512 &8 H

itTeg AL TR bt SIS AR SRT (R AR IR o R AR L A8 40, A A A

39



2 RFLRIMIR RN A b miR-9 AYZIE K HAL R P B RE AR I 78 R T
IR A A e AN [R] ) AL A SO AR R T AS R X — AR A T I A B L A

. HSE b, FEIX-—dFEA, RN R R Bk R S 000, BE R R, R A
S T R AE R Can TS . B 1 9 B2 AR 2040 I 3RIRD 47
TEAE 512 22 VE R FTREA 1, 1 B IR b e A A A7 32 T B R0,

MIiR-9 7E N FFLMR MR o B A AN (e s s ) ohae, B 5 TS AR EMT
AT 20 MR AR A SO0 3 B, i 9T o e 5 A FLIRMRE 1 TIUE AN R« EMT /K
R IEAHSG . 7EDMERIRFFEH, miR-9 5 s & R A Rk, JFH, miR-
9 IS Fk A R 1 e AR AT AL BUEAE DG, FESERT IR ST, miR-9 I TR
& RIMIR AR AR EAIE T . ERE T, miR-9 RIA R R B4, JFHTH
T X 5 R B e, VAR, BA AR S HER N, B4
J& & A B (Matrix metalloproteinase, MMP-14, 5% F% o i 4 5 i 4 )& 8 (4 g -1
(Membrane type-1 MMP, MT1-MMP),, 7E{ i2F i Je8 20 ff 25 28 0 5 5 40 e A0 5 5t CECMD
Ji TR R EEHI/ER, MMP-14 il i 15 4 J6 20 B i B AN proMMP-2 (138507 57
AR R 2 2%, IF B 5 IR & A L RS RIS A iR ELRE AR 55 . SERT AT FE £ W], miR-
9 It B 45 S 3'UTR XIBERIES MMP-14 [R5,  FREEARSN R4 Py $0i il # 22
REAN R AN 42 2% SR AN AR U, 54k, miR-9 1) 578 Rk 5 AR IR AT
K, WHFERY] miR-9 Wm#E LY FLIMR BHTEERE, JFS @A 0 B
(041, AR A A IIEA T miR-9 A% 5 BEAETE SN Py 38 5 1 AR R, X5 A
FUBRIh R a5 R 2 — B . AR HAEME B %77, KHE miR-9 Al
COL15A1 WA B LG R HEN miR-9 FIREEIL L& COLISAL FEDR VAR pi
fr i, 3 mRNA IR 068 O AR ERE, M R FEHIH collagen XV HE R
BHER . X —RINWEF collagen XV Fik FEHLHIFZ AL T IR FEAE, ST TIRAIK
FOMR AR AR R 1RZEM T L] SR T R B L. TGF-p signalling
pathway 15 ‘5 18 2% P OBOE BN 2 MomiE . A% %W, regulation of the actin
cytoskeleton 15 5@ S 5NN E AL, SHBEAPSIERT . BELE
A KIS, GO EHEMT AL, miR-9 £ 5 501 E AR BT RR S A
A (E2.9) , RERPREAZGTHHEN: miR-9 5 COLI5AI RR 44, il iz
FHEERE, HEMH] collagen XV 1 YR IL & —E . miR-9 A LLHIHI#E A mRNA
FIPEN collagen XV &, TMAZFEM COLISAL [REFERKIE, @it collagen XV
HEAMEEE, (2R N MITRRE S, 1H collagen XV £ X 4 I (1501
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PLb AN 2, A HE— B0 IT.

TEARBFF, RNEFEAEMH miR-9 Tk T 8 A5 40 ML R8I A ik
FHORHIEER . A\ 2K DIAPH2 232 B AR A [R5, e R —HE AP e — 0, XL
5 A] DA ST A0 AR O S 2 R LB B A B, UkAh, ZTEEAR M,
DIAPH?2 ®] LA ™5 40l () 3a sh ARG B, 7E40 M52 78 408k, DIAPH2 - ZEAEAM & 42
AN RETT T 7R KDy he - DIAPH2 456 L3 & A 54k, I RMERENIZh R A RS,
AL ML A AT A YE R I EEAE . 4, DIAPH2 384 NZH A= i J 300 1) i 42 0
NG T AL A R, X R T 4 A AR I B AN A3 A ke it 2 O B L0105,
DNA AL R FLah ) B R LI 32 R AL 21, "ERBEEA R DNA 781 [11%
OUT, s AN PR R R R R ek, b G =5 DNA FIEEE R, BT
DNMT1. DNMT3a #1 Dnmt3b'%/, DNMT3Ab /& DNMT3A SR KGR — 5, 2
A AR 9T B e T DA 9 B e 40 M PR A AR 28 8 /010, FZDS5 /2 Wnt/FZD KR
— 0, HA TN A AR S AR R, IF2 5 N BRI A R NVE IR TE 1R 4 i
(e R 108191, HGF, BPAF4HfAE K AT (Hepatocyte Growth Factor) , & —FhK/NK
92 kDa ¥ TC AP0 14 ¥ S 22 IR BE AU AA, & T DR g 4 e Fr) 4 5 L TR AR 28,
NI 988 () AR AR 8%, 34 TT DA 5 I 45 P 0 UL B AN N L4 B S A 11012,
PDGF, RpIf/MRATAAEKEF (Platelet-Derived Growth Factor) , A& /E AL/
BRI — P 4 A BN, B AEH MG TE . T e DL I A8 AR B 5 T R A5 DGR
Mo EIEFRER RGN ME T, PDGF MECAMK TR, WiEAIEF 2 &
I R IE, 3 PDGF-C 1 PDGF-D, PUME#EFHE L4 3. PDGF-D

A FREIE T LAt B 40 i #5114, PPARGCIB, RV S Ak VMg A4 G 500 2 44 v

HEE R T 1[3(perox1some proliferator-activated receptor gamma, coactivator 1 beta), =2
55 PPAR 155 W 4%, i I P B 40 2R K R 75 S id BR e adk o R 4B T 7, 225 0
TP I35 5% D3 1S), SCN5SA B R ANIRIE o WAEMgmAg I, HF B H T
FE AN 1R ThAE, gm0l E EANEIE NaV1.5 () o W3E, "E7E.0 N AR B D) fE I Y
HiEe s E Y. PTPRF & —FhiE AR IR IR 321K, AN AR PR ET 5
SRR BET Y RS, RIS A . TR AR RN,

GRS, CAMAEY miR-9 @K FRIER S B T A B G
) — Rl TG R R AHETE S E BN miR-9 78 K7L MR MR 41 i Hh A sh 2 ik
AKFEA R miR-9 TER Py ARG b it /e 4R 7L, 3 — D878 miR-9 1E R FLIR
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SE JEA o BIFFE 4 R I RIS W A SR BROAS THET 5 36 77 SR BB B AR ik, R
FLERBR R T iR I 2 2%
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e

1 ARBFCR IR I T RIEfR OIS AL, I ik S o s 32 A 2 A R 40 i
REAE R P B AR, 124 B 52 T P R A B O BRI

2 AR FEUEW] TR A R A RE 0% 5 BOR SR R 4m i A i . B miR-9 Hyid 3
I T RN AT 51228, H5 COLISAT B:AF) 3'UTR X84 &, #mm
5 200 M6 T A LA A RSO 5 10 22 ol s P A

PRk, miR-9 JHA A MR 1 5003 12 Wi AR Ya 7 IR HE A 0vE 77
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