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[({HE] ET=5BH: 4EW%E (colorectal cancer, CRC) EABRIEMEIT I EEIAK 2 —, KREMA KM, HFIRRNA
(circular RNA, circRNA) /E AmiRNA% 7452 5CRCANMWAHEE . T8 . 2B MH T-Z R A 220 R, circRNA/
miRNA/HEIE /L8 (4TI BE £ CRCRAEME B R H 2 —. R CRCYNAE K JFcirc 00443664 5 (1) 41 B 7] 8 i i #2 % CRC
TR RS L LA ML . JsE: SRE20184E 1 H—20194E12 H T R HEEERL A 2 i 12 B 12 16 (465 CRC 3 i A
NG, WA BAUS IR I 46 5 e R A S AR AR VE X AL SR IACRC T R IBE R A8 A 4252 1 HoT Fifk 7o)
(17 CRC #2385 119 Jie 8 £H ZUbR A A G 6] 96 55 A A4 056F - R I 7 0 i tH CRC AR 38 2 AR Je il N I35 22 33 R 08 B R AR g
RNA circ_0044366F 7l miR-29b ) FEEE K . 6325 2H 24K 5 G (30 R DU vy 20 210 508 55 4H 40k 6 0 42 8 28 T2 (matrix
metalloproteinase 2, MMP2) FIFRIAIK o R M H MR & S SLIG I uE S 3E ] . R B2 A BRIV (Western blot)
3 SRS I SW4SOLH iy A A& (SW480 exosomes, 480 exos) Hicirc 0044366 1%HISWASOLH il #h i fA (circ_0044366-
deleteSW480 exosomes, 480 exos circ_0044366 del) F:3%3% & FimiR-29b mimics/inhibitor/NC mimics/inhibitor#% 4% i fif J&
R AT 4ELA AL (cancer-associated fibroblast, CAF) [IMMP2E [ (11 3RIE Ko SR FI4H L 2y 6E (2] = SE 56 70 7 A 0 (7] g
YLt Rikcire_0044366)5 1 5 miR-29b mimics. [F]f 4% Yufg K ik circ_0044366)5 % 5 miR-29b inhibitor 5 MMP24 [ 11
KK, BeiiFcire 0044366 5miR-29b2 [8] A H 45 5 MMP2 R & [R5 /EF o % B S 9% % 8 i B A e S (real-
time fluorescence quantitative polymerase chain reaction, RTFQ-PCR) #illMMP2 mRNA. circ 0044366 ImiR-29bf)F ik
Ko BESTAKAFERE AR LA BALB/cH#/N 2 B T VR ST SWASOMH Ml B i« Fa i it K ikcire 0044366 (circ_0044366-
overexpression, circ _0044366-OE) HJSW4804H il I i fikcirc 0044366 (circ 0044366-knockdown, circ_0044366-KD) 1]
SWASOAN MU B, 5 AR/ B ILTF44], WiFcirc 0044366% JRLTH IN .. S8R 53 A\ FE LIS SR AH
Eb, 7ECRCIILIE ik trcire 0044366113 % /K 544U MMP2 3R [ IR B /KF R EM = (P<0.05) o RHAEMIE B
fE il cire_0044366 5miR-29b I {F FHE 55 Az MMP2 mRNAF3° JEEH %X (3 -untranslated region, 3°-UTR) miR-29b%5 & fif
A, I AR A R SR E SR s @I AL F I miR-29b 5 MMP2E (KA B R, 1 RN M miR-29bi5 MMP2
FEAXRBEWET S Liflcire_0044366 5 MMP2ZE (1R E W L7t &, 1 N lcirc_0044366 /5 MMP2EE 1R IAWI . R . 40
L fie ] i 45 R B, IR B EL T Pcire_0044366F1miR-29bE MMP2E [ 1A K F AL AN 52 . 7R 52 B,
circ_0044366-KDZHJ& {4 Hicire_00443667 i Sk MMP2 8 [ 1A KT BRI, Ticire_0044366-OEZH I8 {4 Hicire_0044366 7 i ¢
MMP2E [ IR IA K E T . 8518 CRCAMB K Hcire 004436655315 2 CAFT, 38 W Bt miR-29b{E #EMMP2 % ik i3 T
Pt R R . R CRCAN AR i cire_004436645 22 i@ i 147 miR-29b/MMP2 il Kl | CRC IR ZE RIEEFS o

[X#EiE ] circ_0044366; miR-29b; #hMlfk; 4hEME; RSB EAR2; %
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[ Abstract] Background and purpose: Colorectal cancer (CRC) is one of the leading causes of cancer death worldwide. A
great deal of studies have found that circular RNA (circRNA), as a molecular sponge of miRNA, participates in the pathological and
physiological processes such as proliferation, migration, invasion and apoptosis of CRC cells. The circRNA/miRNA/target gene/
target protein axis may be one of the important causes of CRC. The purpose of this study was to investigate the effects of CRC
cell-derived circ_0044366-mediated regulation of intercellular communication on the progression of CRC and their mechanisms.
Methods: Serum samples of 46 cases of CRC treated in Tianjin Medical University Cancer Institute and Hospital from January
2018 to December 2019 were selected as the observation group, and serum samples of 46 cases of non-cancer population treated in
the same period were selected as the control group. A total of 40 tumor tissue samples and paired paracancerous samples from CRC
patients undergoing simultaneous CRC surgical resection (both without preoperative radiotherapy and chemotherapy) were selected.
The cyclic non-coding RNA circ_0044366 differentially expressed in serum of CRC patients and non-cancer people was screened
out by sequencing, and the target gene of miR-29b was predicted. The expression levels of matrix metalloproteinase 2 (MMP2) in
the tumor tissues and para-carcinoma tissues were detected by immunohistochemistry. Target genes were verified by dual-luciferase
reporter gene assay. Western blot was used to detect the expression levels of SW480 exosomes (480 exos) or circ_0044366-
delete SW480 exosomes (480 exos circ_0044366del) and cancer-associated fibroblast (CAF) transfected with MMP2-29b mimics/
inhibitors/NC mimics/inhibitors. Cell function recovery assay detected the MMP2 protein expression levels after simultaneous
transfection of the overexpressed circ 0044366 plasmid and miR-29b mimics, and simultaneous transfection of the downregulated
circ_0044366 plasmid and miR-29b inhibitor, respectively, and verified the regulatory relationship of MMP2 expression by mutual
regulation between circ_0044366 and miR-29b. The expression levels of MMP2 mRNA, circ_0044366 and miR-29b were detected
by real-time fluorescence quantitative polymerase chain reaction (RTFQ-PCR). An in vivo metastasis model was established. Nude
mice BALB/c-nu were subcutaneously injected with SW480 cell suspension, circ_0044366-overexpressing (circ_0044366-OFE)
SW480 cell suspension and circ_0044366-knockdown (circ_0044366-KD) SW480 cell suspension, and paired with xenograft-
free nude mice for four groups to verify the effect of circ 0044366 on tumor migration. Results: Compared with serum exosomes
of non-cancer population, the expression level of circ_0044366 in CRC serum exosomes was significantly correlated with the
expression level of MMP2 protein in tissues (P<0.05). The biological information system software predicted the action target
between circ_0044366 and miR-29b and the 3’-untranslated region (3’-UTR) miR-29b binding site of MMP2 mRNA, and confirmed
the target through luciferase-reporter gene assay. After upregulating miR-29b by transfection, the expression of MMP2 protein was
significantly decreased, however, it was significantly increased after downregulating miR-29b. The MMP2 protein expression was
significantly increased after upregulation of circ 0044366, but significantly decreased after downregulation of circ_0044366. Cell
functional recovery assay showed no significant change in MMP2 protein expression level when circ_0044366 and miR-29b were
both upregulated or downregulated. The in vivo experiments showed that the circ_0044366 content and MMP2 protein expression in
the circ_0044366-KD group were decreased, while the circ_0044366 content and MMP2 protein expression in the circ_0044366-OE
group were significantly increased. Conclusion: circ 0044366 in CRC exosomes is transported to CAF and promotes the expression
of MMP2 and tumor metastasis by adsorbing miR-29b. Knocking down circ_0044366 in CRC cells is expected to inhibit the invasion
and metastasis of CRC by regulating the miR-29b/MMP?2 axis.
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& — T AL Y B A 3 0 BB g5 R R DR T
RNA 'V 4, cireRNAANALA L5
miRNASHE [ 45 & LR A Fohfe ", T E.
AL HABAZ R . R RN 8 T — R B o s E A
ML AN REL T AN A A D2 L U AR
circ RN AGH & 14 Vi FF by FLAJE 20 JF 006 Ho A= 4 2
g,

HETH 2Hmrs " &M, cireRNAJE
HmiRNAZ FilF4 2 5CRCANM A IE . iF
B . RZBMPH TS A Bt B, JF Ho et
circRNAE AmiRNA 71 45 5 CR CHly T sk
PEH K. cire _ 00556253 i W fffmiR-106b-5p,
P R ETIRE, IO ITGBR (5 5 i
MIAEHECRCIYHERE ), A BEgE e W,
circRAE 1 11 45 4 miR-338-3p52 i TYRO3 1 35
ik, BEMEICRCAMMATHAIRE. HitL,
circRNA/miRNA/#JE K /#0114l m] RE 2 CRC K
AMEEARTZ —, HEESEEAR2 (matrix
metalloproteinase 2, MMP2 ) J&—FpEA IV A
JE SRR R AR T L ABFSE B ERITCRC
2 Jf 3 A A I AR A BE i cire 00443665512 2 i
FFR AT 4E 2l Y ( cancer-associated fibroblast,
CAF) 1, 3#idWFfmiR-29b%f CRCIZZE K 557
(R Je FERT BE OV LA, b 4R CRCIZZE A
RS AE PR B A B SO SR A

1 BRI

1.1 RS

BEHLAE20184FE 1 H—20194E12 A 5ki2 Tk
T P2 RE R 2 e 12 B ) 46 1 CR C B2 35 1ML T R AS
KRR 46 AR iE AHE (X RRAL ) il
FEAR (K1) o A BEHLWEAKRATIZ N
CRC, HABRERIAREZ AT MIEREFSIRYT
1.2 IgH#
1.2.1  ShR fiF AR A

BT A I AR A O S R A B R
WA I TP b T4 CAF, JRTE2h N L
1 900 x g0 15 min, &0 )5 B EE R T B
1.5 mL Ependorfis i N - & T-80 CUKAH A7
JITA I3 SR AR B IE A S5 AR e AR

HHEFRIE, e AR 51 2 E R B RiE
HPRFRHERICAMNRE BB e B2 53 2 AT

F 1 46%ICRCEEIGKBEFFHE
Tab.1 Clinicopathological features of 46 CRC patients
[n(%)]

Clincopathological features Number of patients

Age/year

<65 30(65.2)

=065 16 (34.8)
Gender

Male 29 (63.0)

Female 17 (37.0)
Tumor site

Left colon 22 (47.8)

Transverse colon 6 (13.0)

Right colon 18 (39.2)
Histopathological differentiation

Low differentiation 10 (21.7)

Medium differentiation 34 (73.9)

High differentiation 2 (4.4)
Lymphnode status

Negative 34 (73.9)

Positive 12 (26.1)
Grade

1-T 6(13.0)

- 40 (87.0)

122 fAZAFk

WA T ARV B9 CRC 2 35 110 Ji g 2 bR AR
KX s brAdL40%], Hrh 24051, k16
Bl P A PRA R B AR AT 8 K& M ANE
M, a2 51 23 e e bR T
RAG R R IR B2 B PR ZE 51 S BT o
123 @z

CRCHfIZSW480, HCT116W4 [ rh Rl
Bt o T AR s RGBT 0 . CRCAZURIERY
CAFHNEH WA 4E4H (normal fibroblast, NF)
MCRCEE Wl 2 s AU o 45 31
1.2.4  FHXF) Fettt

A miR-29b%5 A X 1) 2 ot 2 i 45 kL
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p-circ-MIR-29b Hi 4 it 5 A= W) BHE B A A FR 23 7
WE, & circ 004436653 F ik mlicirc_ 0044366
ShRNAJT 4] 115955 25 M B i) [ - 175 UL PN =
LR AR A PR/ A, miR-29b mimics/inhibitor
DA KR 0T 387 Eh T M B8 AR ) B AT BR A
PiiE S s, FIMMP2HTIR . HLCD63 4Lk . T
TSGIO1HLiR . HrAlixbifk . HTGAPDHYLIK, F
Yo —hi. FPR TPy A 55 FSanta Cruzd
Hl, Proa-SMAPUA . PLFAPHIIA . HIFSPIHTIAY
) H 95 [ Abcam”/A F], TRIzol RNA$EHUAFR &
W HRKERCHEWHARGIR AR, SERPOEE
RAMHER N (real-time fluorescence quantitative
polymerase chain reaction, RTFQ-PCR ) #{&5|
Py ¥ e 7 B A W R BR A R BTG
PKH26/E G BHAG & A 52 Sigma /s vl .
1.3 Ak
13.1  tmfassi

SW4S0FTHCT 1164 /itd 7 441557 T RPMI-1640
SERRIFRIET, CAFFINFAIME & 553 TODMEM
e M T37°C. COMFECH
5% e . TEIR A FRAR T T
132 Shibthiza

Vo 2 5 5 VR N O A TR 0 B R
La: 4 CHEMEF, 1000xgES.0>10 min, 3 000 x g
250330 min, 10 000 x g&5.0360 min, 100 000 x g
250070 min,  MUTVE ISR SMIAA T A T Wi IR
g i ( phosphate-buffered saline, PBS) 1,
PER AN IMAEIR T CE T4 C T IRAE3 dIFS R
i,
1.3.3 &éa/M¥riti% ( Western blot )

K el TiER: (radioimmunoprecipitation
assay, RIPA ) 2RI SEH, BCAK
HE BN S E SEI A W, Es)n
30 g 1 AR e SR R 0 2R V9 M T e 5 Mk
HL7K ( sodium dodecyl sulphate polyacrylamide
gel electrophoresis, SDS-PAGE ) , %% % filifiR
AR, H5%WiRs 0k # B A 1h, 4
S5 HMMP2HifR (1:500) . HiCD63Hiik
(1:2000) . HLTSGIOIHLA (1:1000) .
PrAlixBLiE (1:1000) FHLGAPDHETIAE (1 :

3000) 764 CHMRE LI . oI5 HIGERRS: ik
(‘tris buffered saline Tween, TBST ) VElE, =i
TEBEAMN 31 h, Bfbzr&G (electrochemical
luminescence, ECL ) B2l REESLIGLEH
1.3.4 tmiais

W 155 37 0L v 240 B v b T B I D B B b
FlofLA A0k e o W BE H Al A N 60%~70%
i i B Lipofectamine "2000%; Y4 ik 5] ( £ H
Invitrogen/A ) ) ULEA B IRIA T YL, TR
FEPIREFR6 g o0 2 R LR S 7
1.3.5 RNA#RBEZRTFQ-PCR

e T Z B B HTRIzo KA (3£
E InvitrogenZs \l ) M 3% 5% (1) 46 i F1 20 21
FHEICARNA, 2R 5% RN A K % 54815
cDNA, RHSYBR Green I RTFQ-PCRK:
M HAMMmiR-29b MIMMP2 mRNA [
KK IR R . MMP2 EiiFSI
5 -AAGGCGTTAGTTCTTCGGGG-3",
TWesI ¥ 5 -CACCTTTTGCTCCACA
GTGC-3’; circ_0044366 I 75|% ~5-GCTGG
GGTGTGTTAAGCTTT-3", FiiE5|4# k5 -ACCC
ACGTGTCCTTAGAGAA-3’; GAPDH L35 |4
$75°-AGAAGGCTGGGGCTCATTTG-3", Flif
21485 -AGGGGCCATCCACAGTCTTC-3", %
N FEAE R 94 CHIAEPES min; 94 CAEME30 s,
60 ‘CiR:k30s, 72 CHEM35 s I MERR, 354
TEH; B 1NMERRT2 CHEfH2 min, FLHi%34
AT EE3R ., A4 miR-29bFIMMP2 mRNAF)
i DO iy G /s W 4 o 8
1.3.6 MK A ZBERE AR ZH

A M4 A T 24 fL AR, 2 RN B S 1R
e B A miR-29bWTESS A A7 M IIMMP2 3 4k
FHiF X (3°-untranslated region, 3°-UTR ) [4%¢
FEE B S UL S 45 B0 5 2 AR o R i
ki (1 pg/fLl) , S5miR-29b mimics, miR-29b
inhibitors ( 100 pmol/fL ) il i TdLaEgL, 541
BB XT IR, Bitedl; #5Yd~6 haHik
FSE AR IR AR FR24 hy BiRGEE, PO
R EHR IR & (32 [E Promega/y ] ) #6454
POCREMFRBAKT (RIBULEPHAE ) 5 #ET
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PSR (D) (B BRI TN &, DLakiRe Pefn; FHPBSIEUE RN IIR, JanAGE &

R MRS BRI 7™ L O TR EAE A 2
OO &2 S5 T i DS D e g
137 RERKFERE

P AN 2 A 2024 FL M b, 7 I BE H 9%
FE A B FH2% 15245 13 ( fetal bovine serum,
FBS) MR AE, IR mRE SR s n40 ulst
WA S AL 3R, 48 hE W SR R HIPBS
THUEAHMI3YR, 1A FLAR I IAS00 pL 4% 2 5 H i
VR SE AN 15 min, PBSWEVE; FH10%4 Mg
4 (bovine serum albumin, BSA ) [k ¥}
M2 h, BUBEPI, $E1 - 250B0HI i —P R
WIMA24FLA T, 4 CRIRIRB LR ; PBSTEK
JEIIAFEL = 1 000FCHI ) —HiFi B, = iiRIR
IRE1 h; PBSUERIGHEHIPBSHLL = 1 000ACH] 1)
HochestFii BEBIMA 244U H, E IR E 10 min;
PBSYEU T PTG 3 7 T 220 A b s T Wk
FIFHAIA,

138 SAEMBFEE

P Y] 7 s . ok ik, PBSPE2IK,
BFKS min, 3%H,0,ZE i EH5~10 min, ZE{fEK
PE3WK, BKS min, REHITHIRESE, PBSUE
5 min, BSAZEJEE 20 min, fiN—di T4 CF
A SR, PBSYE3R, K2 min; HMEYR
L =4%, 20~37 € F20 min, PBSHE3WR, HIK
2 min, JEHIIHAFISABC, 20~37 °C F20 min, PBS
PE4R, BRIRS min, SRJEHFTDAB S (A7 G
oy, ZRIRKPE3R, BHKRS min, SRJ5HEFHIRAKE
Y2 min, TR OB WK, #EHL EH .
Bk
1.3.9 PKH26# &

AHIF 5T 2R FH PKH2 6 5 Y b3 577 8 Y €6 40 3k
RIS, TS 538 B ANIMA REDS BT HE A 2 1R
2 R S R B R A WA T VE
100 pL Diluent Cilf e HE (AWK ) ; HHL
100 pL Diluent Ci#], [HHAMIA0.4 pL PKH26
Jubl, FEMRA (BH) ; JHRAR AT 5B
FMRA, TEETILFERE 15 min)5 AP
A200 pLIiiE, HAEZERFIFERE 1 minlid ik

HPBSH B .
1.3.10 AR RAT AR A 6 5 5
K BALB/c#U/INL (6~8J1% ) BEHLSF2HIF
Fric, FSW4S0ZHMI . Fo e id K ikcire_0044366
(circ_0044366-overexpression, circ_0044366-
OE ) MSW4804H My K @i fkcirc_0044366
(circ_0044366-knockdown, circ_0044366-KD )
ISWASOANMEFE /-4 4, 0 il b R A0 fif 22 1 5
YA (B AR x TOT4IA ) DLz g
77 AAEF B BN, SRR AR AR 3
TR FRAE IO I AR R S Yy B b, ] Bt
B EHIEHINEURETFIE SR T BUR AR K1
o TERSHEIE S S48 KA SER/ NG, FHIRER /N
U, THEUT IS R 9 1%
1.4 SEitEsbiE
K HISPSS13.048HH R AT B dle o b, 4540
SCHEAE R X £ s3RoR, SRR, P<0.0582
R BN -

2 4 B

2.1 CRCImiE4h ki scircRNARI X E

ol FF B 3 35001 N CRCHR 3 IR S0 AR
3B AMIA, RIS ST R T R
R ORGSR, IR, EARZ9°M100 nm
(A ) o T RAGI AN A () o S 2 T 2 1
TSG101, AlixfICD63, THEULEI1B, £i L nl %,
S L% T T 2R O TR AR B ) UORLA 5 A NI A
FTRGE B B EAEAE, ATARIA I AN A, ]
AT R EE 35 . Ay K BR 1AM bR cireRN A
TECRC B IMF AN AR 5 a8 AE A 1075 21
R EA®mEZESE (K1C) , CRC4
195/ circRNA . 3 [ (58028 1k>4) , 941
circRNAWI & Tl (22 fufi%k<0.25) , HCRC
HANMMA T B Has_cire 0044366 AR iE AR
m 12445, JRETR FEEH Sicire_0044366)/&TT .
RTFQ-PCRZEF /R, circ_00443667F 1E % A SN
IR IR EE, MIAECRCHH LT FMMA 2
ik (P<0.05, E1D) .
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CRC serum exosome
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Fig.1 Identification of circRNA in serum exosomes of CRC

A: TEM image of exosomes isolated from serum of CRC. B: Plasma exosomes were isolated from both NC and CRC patients. Western blot of three
representative exosome-specific markers: TSG101, Alix and CD63. C: Preliminary screening of circRNA by an Agilent microarray scanner (n=46 and
n=46, respectively). D: Validation of circ_0044366 expression in plasma exosomes using RTFQ-PCR (n=46 and n=46, respectively)

2.2 EITHEESWASOIMMKEICAFAPE %

P IeE TR B Hh 2 Fh Al e S R4 B, I CAF
o7 (8] 20 A A BBl K o 4 B IR 4L 4P (¥ CAF
ARSI INF, SEsdtim R, CAF4H
a-SMA . FAPFIFSP 14548 45 4 I {5 FNF4
(ER2A) o ¥FSW4R04H i ZM A 5 CAF A i Ak
H, JERHAPKH26X AN AT Yt bric I 1T
JBEE, PKH26FRICIISWASOZ AN MA BB i#E A
ZIRAMCAFH (E2B) , IFHAESFH 7 B
TARELRISWASOZ AL M A ( SW480 exosomes,
480 exos ) ([E2C) . T RKMCAF., SW480
FIHCT 116403 F 7N A Hicire_ 004436614 %15
Ko RTFQ-PCRZ5HR /R, 480 exosHIHCT116
SKUEANIMAE (HCT116 exosomes, 116 exos ) Ht
circ_00443667m ik, 1M ECAFRIEIN LKL
( CAF exosomes, CAF exos) Hicirc 0044366 4.
FEFEIE (P<0.05, K2D) . EHLcirc 0044366
TR ISW4B04HIL R, 435 H0.9%NaCli
W (saline) . 480 exos. circ_0044366a1KAY
SW4804 A4 ( circ_0044366-deleteSW480
exosomes, 480 exos circ 0044366 del ) 5CAFI:
B35 1 TRTFQ-PCR, 45 R, salinef
480 exos circ_0044366 delZH Hicirc 00443667 &
PIE%, 480 exoszHcirc 00443667 1 B i TH s
(P<0.05, KI2E) .
2.3 circ_0044366 5miR-29bE #1E E £ H

I A E TS T cire_ 00443665 miR-29b
ZHAFAE R S (EI3A ) o ZTargetScan
BE e (http://www.targetscan.org/ ) . DAVID

Bo¥E & (https://david.nciferf.gov/ ) 38 XERUE
miR-29b A MMP2 3K A TS TE/E R, i
M T ZEMMP2 mRNA T miR-29bf¥3’-UTRZE &
X (E3B) . WEHLUL2E TR, ECRC
PP MMP2 Rk, e 2 A8 LR A
(P<0.05, EI3C) . 4% IRt —2P %8 CRCA Y
S cire 00443665 MMP2E [ 2 1] Ay If PR A
Kotk : FIRTFQ-PCRINE SMBMA T i cire_ 0044366
kK-, FHWestern blotAl K B2 M S & 007
FXAMMP2E T &, 25 R Bon, FECRCIf
AN Fcire 0044366113357k 5MMP2 5
H R S IEASE (P<0.05, KI3D) . I
FER 5 2500 5 MMP2 mRNA #2235 7K F- FIMMP2
M FIRIK, P TR E MM (P>0.05, K
3E) , KHkHEcire 00443663 15 54 5 i 42 14
FEMMP2 5k
2.4 circ_0044366F1MMP2T] 4B [3] 45 & miR-29b
WLE S 28 Tl i A R D S 45 R R, o
FEmiR-29b 7 DL g il circ_0044366 Fl
MMP2 mRNA 3°-UTRE}A: 8 5k7 fY 252 o
( P<0.05) , Ti%fcirc 0044366 FIMMP2 mRNA
37 -UTRZE AR RY o 9 2 o B2 JC B St 4 i /6
(P>0.05, El4A. B) . #MililmiR-29b7] L) & 3%
{23tk circ 0044366 FIMMP2 mRNA 3°-UTREf/f: #1
ok 5 EREE ( P<0.05) , {HXfcirc_0044366
FIMMP2 3°-UTRZEAE R JFokr 5 S B2 JC I i fid
HVER (P>0.05) , UEBHcirc_00443664H [m 45
miR-29b, [fiimiR-29b%fMMP2 mRNA[#3’-UTR
X A5 F 5 3% . Western blotZ5 B, 5
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Fig. 2 Establishment of CAF cell line transfected with 480 exos

A: Immunofluorescence staining for a-SMA, FAP, and FSP1 expressions of NFs and CAF. B: The exosomes labeled by PKH26 were successfully
fused with the recipient cells (n=3); Confocal microscopy image of the internalization of fluorescently labeled 480 exosome in CAF. Scale bars, 50
pm. C: TEM image of 480 exosome transfected into CAF. D: Validation of circ_0044366 expression in exosome of CAF, SW480 and HCT116 using
RTFQ-PCR (n=3). E: Validation of circ_0044366 expression in CAF transfected with saline, 480 exosome and 480 exosome circ_0044366 del using
RTFQ-PCR (n=3). *: P<0.05, compared with CAF exosome; **: P<0.05, compared with saline
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Fig.3 Direct interaction of circ_0044366 with miR-29b

A: Representative images of the potential interaction between circ_0044366 and miR-29b. B: Predicted binding region of miR-29b in the mRNA of
MMP2. C: The expression of MMP?2 in para-carcinoma tissues and tumor tissues was detected by immunohistochemistry. D: The relationship between
exosome circ_0044366 and MMP2 (n=46, r=0.72). E: The relationship between MMP2 mRNA and MMP2 (n=46)
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Fig. 4 circ_0044366 regulated miR-29b, which targeted downstream MMP2

A: The relationship of circ_0044366 and miR-29b was measured by RTFQ-PCR (n=3). B: The luciferase activity was detected by dual-luciferase
reporter gene assay(n=3). C, F, H: The expression of MMP2 was verified by Western blot (n=3); D, E, G: The levels of MMP2 mRNA and miR-29b
were measured by RTFQ-PCR (n=3). **: P<0.05, compared with control group; ***: P<0.05, compared with saline
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Fig. 5 In vivo experiments confirmed the interaction of circ_0044366 with miR-29b and MMP2

A: Implanted cells and analysis. B: Changes of diameters of tumors. C: Serum exosomes of mice under transmission electron microscope.
D, E: Levels of circ_0044366 in serum exosomes and tumors measured by RTFQ-PCR (n=3). F: Levels of MMP2 mRNA measured by RTFQ-PCR.
G: Expression of MMP2 measured by Western blot (n=3).”": P<0.05, compared with control group
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Fig. 6 In vivo metastasis model verifies the effect of circ_0044366
on tumor invasion and metastasis

A: CRC liver metastases in mice of different treated groups. B:
Numbers of liver metastases in mice of different treated groups (n=6).”":
P<0.05, compared with control group
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Fig. 7 Mechanism model of circ_0044366 regulating MMP2
release from fibroblasts and promoting CRC progression

A proposed model illustrating the role of CAF-derived exosomal
circ_0044366 in regulating ferroptosis in CAF and promoting CRC
invasion and metestasis
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