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o 3 BIAE R A AR R 3K Let-7a [ MDA-MB-231 40 g 1 /3 85 EXO, JF L% §f L8 Al WB 9256 % &« qPCR.WB.MTT. Tran-
swell 2552 56 460 Fh EXO 4351 F1 MDA-MB-231 21 fiu 3L 5 5 Let-7a 833 EXO 52 MDA-MB-231 4l A= 24 Thig. £ %
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Exosome-mediated Let-7a inhibits malignant biological behaviors of triple-nega-
tive breast cancer cells by down-regulating MYC expression

LI Feng', ZHANG Yan’, ZHANG Qiong*, TAO Jin*, BAI Shutong®, SONG Na‘, SUN Mingling’, DUAN Yating" (a.Oncology Depart-
ment; b. Gynaecology Department; c. Basic Laboratory, Chongqing Traditional Chinese Medicine Hospital, Chongqing 400021, China)

[Abstract] Objective: To investigate the role of exosome (EXO) transporting Let-7a to regulate MYC gene in the malignant biological
behaviors of triple negative breast cancer (TNBC) cell, and to explore the underlying mechanism. Methods: After the completion of
cell culture, the gene and protein expressions of MYC and Let-7a in TNBC MDA-MB-231cells were detected by qPCR and WB, re-
spectively. Recombinant lenti-virus vector carrying Let-7a and Crisper/Cas-9 system with MYC knockdown were transfected into
MDA-MB-231 cells; MTT assay, Transwell assay and Scratch healing assay were performed to examine the proliferation, invasion and
migration of MDA-MB-231 cells. Luciferase activity assay was performed to validate the binding between MYC and Let-7a. EXO was
isolated and identified by transmission electron microscopy and WB assay in wild-type and Let-7a over-expressed MDA-MB-231 cells,
respectively. After co-incubation of two types of EXO and MDA-MB-231 cells, the effects of Let-7a on biological behaviors of MDA-
MB-231 cells via EXO were detected by qPCR, WB, MTT and Transwell etc. Results: Let-7a was negatively correlated with MYC in
breast cancer tissues and cell lines (all P<0.05); MYC promoted while Let-7a inhibited the proliferation, migration and invasion of
breast cancer cells (all P<0.01); Let-7a silenced MYC by acting on 3'UTR of MYC gene, thereby reducing the expression of MYC pro-
tein (P<0.05); Let-7a was enveloped by EXO and transported to cancer cells, there by inhibiting the proliferation, migration and inva-
sion of MDA-MB-231 cells. Conclusion: EXO some mediated Let-7a silences MYC gene by acting on its 3'UTR region, thus inhibit-
ing the proliferation, migration and invasion of MDA-MB-231 cells.
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TR A2 1 R 2 e v () G M e, = T
LR (triple negative breast cancer , TNBC) (5 FL Jif
S RO B 15%~20%", 33 2 ONER o, Y
0y 2 v, e Ll L B T R B LR B v AT T KUK
3 T HoAh oy B L R T H AT = A 2
1697 TNBC [ 259, JL 58 1) V6T 562 B RT#TF 7 i #40i
FIME S . BRI, 4h A (exosome, EXO) £ i
miRNA FJ ¢ & miRNA 1 25 2 K 32 08 1 O AP 3R o
AU A 38 st 41 R B Y A R L Y AR TR
B ZARGH M, A AR IR 7 T AR 2R dH A
HEAT B RN B T VR 45 52 U 41 i $E 2 IR ) R
KB, MYCER—AN EZ B MR A DG B R =2 B B
08 J2E R E FH () miRNA (56 5% 5 4% . Let-7a il
428 T g 6L TR (i KRAS MY C) 1 41 i 39 40 56 3
(Rl CeyelinD1/2) 4 2 325 5K 18 425 41 ff & 3 A2 4 i 234k
FEMR R AR R e iR B E B E R . (H2,EXO.
Let-7a LM MYC 7E TNBC 4= & J& ol F2 v i i 45 4
FH BT M A& WARIE . Rk, AHE 72 40 4T TNBC I
PRASE A v 1 25 DR 3R A A7 0, 3 3 v e 22 K] i ok A
Tk SRk 1 FLIR S A R, PR EXO f& %l Let-7a 4%
MYC ZE K #£ TNBC & 4 & & H BI4E 8 TNBC 1
B 1) TR (L 1) S

1 MR57EE

1.1 4884 K oAk R £ X 5

W 2018 4F 1 A £ 2018 4 12 A 5 R 17 b £ Bt
SR £ AL SURE A 14 451, 247 22 955 L 2 1 47 738 41 41
b 2 4 A3 AIF SN TNBC, B 3% 4 68 27~66 %, 113
(47.7+10.3) % , ¥ 201 s i R TNM 43 31 - T 6 497 L 1
Wle w1 5] OV LB BT B A2 T i
HAUHAT B A LR amERE R, AT R
PRAFFTE R PSR 1 2t . A ZUER 5 LR
HLRE S AE R A AR A TE-70 CCEZ A .

N LR 40 ) 22 MCF-7.T47D . sk-br-3 F1 MDA-
MB-231 14 F B R} 2 5 A= )44 2 5 20 i 26 9 2 A
FEATCRE R .

Jif1 4= L35  TRIzol i 7134 ) T~ 3% [E Thermo Fish-
er Scientific 23 7 , DMEM 1% 7% 3 1 T 3£ [ Hyclone 2
7], SYBR Primix Ex Taq™ & i & il i 771 6 04 F
RN AERHHA R A ", MYC.CD9.CD81 it &
I 5 3% [# Cell Signaling Technology /A ] , Ll 47T G 5%,
P/ R = HU0 T35 [ Bioworld Technology A Fl, % &
I M ]2 3 e 357 H 3 [E Sigma-Aldrich A ] . pW-
PXLd Jfi ki , psPAX2 Fll pMD.2G Jifi i Ny A 5256 %5 {577
12 miadek

¥ N FL AR 40 2 &2 MCF-7. T47D. sk-br-3 Fll
MDA-MB-231 7£ 37 °C.5% CO, {1 461~ , #£ DMEM
BRI TR NI 10 % B 40 IS AT HE 7%
1.3 qPCR %% 35 42 M TNBC 41 4R A= 40 & ' MYC 5
Let-7a mRNA #9 % ik K -F

{8 HI TRIzol 751 A4t A o 4 B RNA, FFad i
A5 FH 3 9 S B 1 pg RNA 3% 5% ¢cDNA, J 37 4%
41 : 40 °CAZ 14 60 min, 25 °C 5 min. 85 °C 5 min.
SRIG , B2 pl T s = 1) i3k 47 PCR A, R GAP-
DHERWNZ, B2k A M :95 °CAEPE 15 5,55 °CIR K
30's,72 °CIEAH 10 s, BEAT 35 MEH . 1751
MYC F A 5’ - TAAAGTGCTTATAGTGCAGGTAG -
3’ ,R A 5 -CTACCTGCACTATAAGCACTTTA-3’ ;
Let-7a F A 5" - AACGCGTGACAGAGAGCGTC
CTATGC-3" , R i 5’ - AAGCTTCAAAGACACAT-
GGGAGATCC-3’ ; GAPDH F 35’ -GGTGAAGGTC-
GGAGTCAA CG-3’ ,R A 5" -CAAAGTTGTCATG-
GATGHACC-3’ . )5, 1% SYBR Primix Ex Taq™
Ui B 533 4T qPCR, K ] 246 MYC 5 Let-7a
mRNA [ RIEKF. LI HET 3 K.
1.4 WB5 3450 TNBC 4L 4= ta i MYC 5 Let-
Ta % G0 kA KF

15515 B (A A0 1 77 0 RIPA 2% 3 i 24 3 4
Mo FEEUAH SE A B 1, it 12% SDS-PAGE
SrESER E . VK S K B E B A% #2 2 PVDF I, £E
5% it fe L EH 1A, R E 4 °CF 5 MYC.CD9.CDS81
PUA—PL1 500 P F iR . H TBST HEd 3 G, 4%
JE 5 HRP 254 1 L = ht S st/ R =40 (1:1 000072
EiE R A 2 he GAPDH FMEMNEA R, LB R
3
1.5 1% sm&F# 4 MDA-MB-231 @ it

R HOIE & FE IR B 70%~90% I, F| FH 2 2.0 1
iz # e 70 % Y HEK -293T 4 i 7= A= 18 05 75 R .
¥ pWPXLd -Let-7a 2 i £ 5 KL F1 2 /> £ 2% it KL
psPAX2 F1 pMD.2G Jll A 10 cm £ 7 ML K% 7% ) HEK -
203 THHf, Ffilhy3:1:4, Mk 24 ng. 70554
48 h 5 WSk &G 18 B I B VR, RIE T 0.45 pm it
JEASILPE . 112 700xg 850 2 h 34T ¥R 45 , -80°C £
%o K MDA-MB-231 4055 9% 5 BB K. fEN
FLAR T, AR FLH A S 6 pg/ml polybrane 150
wl BERR i e i IR . I E 24 hs, HEEE ) 58
EREFEGW. HFS5dE, HEAERERNEER
LT AR 4
1.6 MTT % 3545 MDA-MB-231 8 JiL 34 54 5% 7

F MDA-MB-231 4 g LA 4% 10° 4> 2 B/ AL 4% Ff
20 pul MTT ¥ (5 mg/mD A& FLHHFEE 954 he /)
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O H R R 1) B FL AN 150 pl Z FF R AR,
AR B TR R G A PR E 2 A TE AR RS
PN 490 nm Ab S35 B2 (DY . SEIREE 3 K.
1.7 Transwell /> ' 5% 35 4 M MDA-MB-231 & it 43
b3

MDA-MB-231 41 i {= 2% (1)l %€ 7 8 um fL1% 5K
TRIR R M5 1 24 L Boyden /N ZE H1i#E4T . Matrigel 7£ 2~
8 °Cid @tk , 4 B 1) 25 ul Matrigel )i Transwell
/N E b7 78 w5 A BRI 7E 37 °CAR M TR E
30 min, { Matrigel 28 & i . fE/) % B4 MDA-
MB-231 ZH}f1 (2x10*£E 100 pl TS HMLiE 8 534 , 75 T
FEHMAS00 Wl M7, E 12 h 5, Br 2 E E
F A A M o e 2 5 HR R ] SR R T b )
Feamf, 45 d SR e 6, IR A T it 3. SR
23
1.8 RJRAAF 14N MDA-MB-231 40 it iL 45 7%

¥ MDA-MB-231 41 il (1x10° /™41 i) 322 Fh 7 24
FUBR PRt . 5 2 R VeI 41 I 7F 1 % FBS 55773
YUK 16~18 ho 420 ik 2 A, fEREAS L O H
1 ml A Sk 2wty &1 B2 4T B , B PBS Y35k 3 38, I I\ 58
A¥EIRIE . 7E 24/48 WA HE IR Fr, 487 A Nikon TMS 15
BRI (10 f5 50K ) R4 BE EOS AL IA R IE A .
IS Image) FRAFHE TCANMRIX 3. SRS HE T 3K
1.9 RAFREEZMHERIEMYCA=Let-7a 091k Aliek

X980 E AR S FE R 2 , ¥ MDA-MB-231
2 i 4 7F 24 FLAR A 91 5 50 nmol/L B Conmimics 5%
Let-7a BLLL P 3 4 4, J b 500 ng #1235 4> T oh AL
3'UTR-Wt 8¢ 3'UTR-Mut. #% 4t 48 h J5 , ¥ 41 g 75
Passive Lysis Buffer (Promega, WI, USA) HH & il , ¥
il Dual-Luciferase® , 3 #2 9% 15t B 53 ik GloMax"20/
20 & 1T (Promega) Il & 2% 6 R B id 14 . A XS 50
FEEYE =m0 K RO RIEAE RO R
1.10 gPCR.WB.MTT.Transwell 5 5% 3 # /] Let-7a
i it EXO % 7f MDA-MB-231 %0 it £ 45 5 o fik

1 EXO FBS 5% 4= 17 7% 3 50F 4 Mo 3 A7 85 9%, 1%
MDA-MB-231 40 il & 1% 90% J& , F PBS Bz 4l
S RO MR B EXO. 1M 5 2 Kkt
PL300x g H S 0 10 min, SR G 7E 4 °CF LA 2 000x g 5
20 min PAFR 22400, 28 535 0.22 mm i S8 AR
o A o E I TR 02 DL 40 000 g 5540 90
min. KRS EXOEE T PBS H, I LA 40 000x g
B10 90 min #HATYCEE . EXO [ R /NFIVR R F qNa-
no BEATIAE « B HL T B AEE g B AR A J it R
1% Let-7a ) MDA-MB-231 41 i I T 25, WB SZE6 A4S
2 i 4 M 4 B 1) EXO R T Ar & ¥ . gPCR. WB.
MTT. Transwell & 5 36 £ | Let-7a i i3k EXO 52 1)

MDA-MB-231 4 il (1) A= 1) % D g, S50 7532 A 1.3
1.4 1.6 F11.7. SEEREE 3R,
111 Stk

K 1 SPSS 20.0 %K 4 ik 47 Gt i # 4 o A,
GraphPad Prism 7 {26 & o tH R DL v+s R
N P AR LR F e 56, 22 4 IR) L8R F B TR 3R
J5Z M. BLP<0.05 8% P<0.01 FoR £ 7 4 it 2

2 # B

2.1 Let-7a 5 MYC 7 TNBC 48 3 e m it 7 P 69 % &
ERMxX

GEO ¥z FE W15 B % (GSE27447) 4L 4155 Fr
K 45 5 (B 1A) B IR, Let-7a /£ TNBC 4 41 1 [ £
TEIKPAR T8 55 4 23 (P<0.05) 5 A K #4820 #T Let-7a
)R IE K5 TNBC B3 FlE R R, 45 R (B 1B)
TR, Let-7a {15 TNBC 8 1) S A5 I 18] B A1
T R IE Let-7a i) 34 (P<0.05) . qPCR £l 45
(B 1C.D) s , MY C 7E IR A 23 rh ) R IE 7K P 2 3%
T 52, T Let-7a 7E 08 2 2R Fp Rk K1 8.3
TR 55 41 21 (3 P<0.01) . qPCR Bz WB SZ56 6 i 45
R E 1EF) IR, Let-7a 7E 7L I8 2 MCF-7.T47D.
sk-br-3.MDA-MB-231 41l ffd o & KR IA , i MYC
T L M8 A L 3R P I R 3R (3 P<0.0D .
22 MYC1{Z3t MDA-MB-231 tm it 3858 | it 4% 513 %

I i Crisper/cas-9 #) 2 MYC #if % Y] MDA-MB-
231 401, qPCR 5 WB 558 45 R (& 2A . B) o, il
B 20 i B MY C JLF- A 3Rk, 273 i ok 248 B (17
KO 41 i) #4222 . MTT S256 K6 I 45 51 (& 20) &
7~ > 5 MDA-MB-231 4l fig /1 Et , MY C e B 5 25 417 i
T MDA-MB-231 KO 41 iy (1) 34 4 68 /7 (P<0.0D) .
Transwell {7 28 5246 45 5 (& 2D) %7k , MDA-MB-231
IH M 12 28 F = T MDA-MB-231 KO 41 fif1 [(89.33 +
4.91)% vs (50.00+3.06)% , P<0.01]. XIJJE & & 246
Tl 25 5 (B2 ED iR, 7£ 24 .48 h, MDA-MB-231
41 i 58 MDA-MB-231 KO 4 i R JR & & R W] B4 v
(P<0.01) . FRZEIRFI, MYC 7T DAL i 3L 48
M 3a5E E R 517 7%
2.3 if &K Let-7a #7# MDA-MB-231 @ i1 649 35 74 78 /)

Py i 235 Let-7a ) MDA-MB-231 41l f , 18 %55
B e Let-7a J5 , qPCR SEEG AT 45 5 (3 A) B,
B YL o i 55 35 45 L ) MDA-MB-231 411 Jitd Let-7a 234
B SN (P<0.01) . MTT 256K ) 45 5 (& 3 B)
BoR, 5E A RN AR B, i R IA Let-7a 7] DA 2 0
il MDA-MB-231 41l ffd ¥ 34 58 g /7 (P<0.01) . Rz
£ SI6 AN Transwell (2 28 SEIG A 25 S (B 3 C. D) &
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R, i Ik Let-7a 1] L 5 2 40141 MDA-MB-231 4 ity i MDA-MB-231 41 i (1) 3458 1T 72 512 2% .
KT 5122&(P<0.01). iR HEE, Let-7a 7] LA

<
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hsa-let-7 9
h::—l::#i z..'g 1(5] 58 . - VY C
hsa-let-7d
hsalet7f  E 0 37 \- o5 % & & |GAPDH
hsa-let-7b 7
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A: Microarray detection of Let-7a in TNBC tissue; B: The correlation between Let-7a and survival rate of TNBC patients;
C: Let-7a expression in TNBC tissues detected by qPCR; D: MYC in TNBC tissue detected by qPCR;
E: MYC protein expression in TNBC cell lines;
F: Let-7a protein expressionin TNBC cell lines
El1 MYC 5 Let-7a £ TNBC B4R AR R R AU FRIX
Fig.1 Expressions of MYC and Let-7a in TNBC tissues and cell lines
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Time (#/d)
" P<0.01 vs Wt group
A: WB assay was used to verify the expression of MY C in knockout cells; B: gPCR was used to verify the content of MYC
gene in knockout cells; C: Effect of MYC on proliferation of MDA-MB-231 cells detected by MTT; D: Effect of MYC on
the invasion of MDA-MB-231 cells detected by Transwell assay(x10); E: Effect of MYC on migration of MDA-MB-231

Wt KO

MYC mRNA expression
oo r
A9,

Cell prolifertion (D, )
S

cells detected by scratch healing test
2 MYC*f MDA-MB-231 4 M A 1T AR R0
Fig. 2 Effects of MYC on malignant biological behaviors of MDA-MB-231 cells

2.4 AR MYC A2 Let-7a 09 4% JA 324 537 15, (3'UTR-Mut) (I8 4A) , [ J5 4 15 2 R e

NTIAEMYC J2 Let-7a U BELEHESE N, A28 4000, DOLRBEGMESZIGR 45 R (K 4B) 5K, Let-
¥ MYC ) mRNA f) 3'JEBH 25 X (B'UTR-WO 7 [ % 7Taid FIABH B 404 3'UTR-Wt /T 1 2¢ ' R BEE 14
pmirGLO # R, 48 5 i 52 s AR UK Let-7a 45 (P<0.05), M 284E T Let-7a 45 & i U H B 73X b4

are
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HEA . WBSRERA 45 R (B 4 O Wox, fEid R ik
Let-7A WA, MY C [ 23k 7K P 5 85 A 3 (1) 48
B 2 982> (P<0.05) , 17 3. FH £ 5% Let-7a 19044 Ak 35 41
M5, R it 3Rk Let-7a 4L HF MY C [ 3R 3% K F

A 4

Nk

°

o

g 2071

£33

g 15

s
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& Wt Let-7a
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Cell proliferation (D)

S

12345 678910
Time (t/d)

N#EFTHE (K 4D) . BR S5 R EW], Let-Ta il 1 {F

T MYCEF ) 3'UTR A FLGTER , > MY C 25
HRIRIA

Oh 24h 48 h

Wt

" P<0.01 vs Wt group
A: WB assay was used to verify the expression of Let-7a in MDA-MB-231 cells; B: Effect of Let-7a on the proliferation of
MDA-MB-231 cells by MTT assay; C:Effect of Let-7a on proliferation of MDA-MB-231 cells detected by Transwell(x100);
D: Effect of Let-7a on the invasion of MDA-MB-231 cells detected by Transwell invasion assay
3 Let-7a X} MDA-MB-231 ZRAE M 31T A HUR N0
Fig. 3 Effects of Let-7a on malignant biological behaviors of MDA-MB-231 cells

5’UTR MYC CDS 3°UTR
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CUUUUUGUACUGU,\,m-\ -3 UTR-Wt
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Related luciferase activity w
(Fold change)

EV Wt Mut EV Wt Mut

C
P<0.05 . M(X 103) Wt Let-7a

58 [ ] MYC
57 o ] AP

D M(x10%) Let-7a Anti-Let-7a

scRNA

37 [ =] caro

Let-7a

A: Schematic map of mutation sequence in 3'UTR region of MYC gene; B: Luciferase reporter gene validatedthe binding site;

C: WB assay was used to detect MY C expression in MDA-MB-231 cells over-expressing Let-7a;
D: The expression level of MYC in MDA-MB-231 cells after treatment with Let-7a antibody
4 Let-7a 5MYCBU¥EEIER X &
Fig.4 Targeting relationship between Let-7a and MYC

2.5 Let-7a i it EXO % v MDA-MB-231 %1 ffL 64 4
W5 RE

P A= R K it 3k Let-7a [\ MDA-MB-231 4]
i B EXO, 37 5 HEL 1 0 0BT T U0 7 Bl 40 ) 5 1
EXO JE 245 ¥ 3 B o S5 Ah b R 45 749, B B4R A 40~
100 nm , A 56 % X2 i IEE 4 1R AR FUIR 1) JE I RE 45
FCEI5A) ; WB SEBG A 45 2R (K] 5B) o, A 2 i

’\%‘E@ EXO ¥Rk R b LY CDI M CD81, HIEA

Mo T KCFAESE TR 4 B B R 3 8 EXO.
qPCR SZEGAG I 25 B (K 5 C) B, it ik Let-7a 41 iy
B AN, Let-7a 75 802 5 T B A2 B4(P<0.01), £ #]
Let-7a 24 EXO 2. K FTH& 1 2 F EXO 437 5 B
AT ) MDA-MB-231 41 i 2L 5% & J5 , WB Al &5 2R
(E'5 D) &7, EXO-Let-7a 1] PL % 2 #l1 ] MDA-MB-

are
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231 4fifs MY C [ 3RIE7KF-(P<0.05) s MTT SZ4e A il 45
(K 5E) &7~ , EXO-Let-7a 1] LA B & 4101 1] MDA -
MB-231 4 il f) 48 55 (P<0.05) ; Transwell 15 28 Sz 16 4%
FAZ 7R, Exo-Let-7a [ 20 i 71 () EXO A LA B S 4170 ]
MDA-MB-231 4 il () 1= 22 /g /) (& 5F) s KR & Sk

A B
M(x10%) Wt Let-7a

25 [ S cpo

7a level
2.
® o
<

15
510 58 [m —|MYC

; 57 [ ] oAPDH

EXO-Wt EXO-Let-7a

Relative Let:

&5 R (K 5G) o, i K 9& Let-7a 40 il 71 (1) EXO 2
Z i MDA-MB-231 41 i () 1L 72 78 /1(P<0.05). L
REE R IR, Let-7a i EXO iz % 2 ifsd 40 i , 31
i MDA-MB-231 41 i 38 58 3 E 78 517 28 RE 77

0, * EXO-Let-7a
* EXO-Wt

12345678910
Time (t/d)

Cell proliferation (D,y) ..,

"P<0.05, " P<0.01 vs EXO-Wt group
A: Electron micrographs show the isolated exosomes(x10 000); B: WB was used to verify the expression level of CD9 and CD81 in
exosome; C: Detection of Let-7a in exosomes by qPCR; D: Detection of MYC in wild type MDA-MB-231 cells co-incubated with

exosomes by WB; E: Transwell assay was used to detect the effect of exosomes on the invasion of MDA-MB-231 cells; F: MTT assay

was used to detect the effect of exosomes on the proliferation of MDA-MB-231 cells; G: The effect of exosome on the migration of
MDA-MB-231 cells by scratch healing test (x10)
5 EXO 1T 5H) Let-7a Xt MDA-MB-231 £BAfE M4 Y121 T A B0 S
Fig. 5 Effect of exsome-mediated Let-7a on malignant biological behaviors of MDA-MB-231 cells
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