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W OE: BRY Wi s e e (microRNA, miR ) -335 shASURRSE aa i3S 7H Ak /1 60 %, VAR L ST AR - FE A9 AL
Tk ARIPIE IR SUIR SR dm BB E T SUAR A4 2 R, #i0] miR-335 & Fros #85% #/R 1(fros related antigent-1,Fra-1) #9 & ik &;
R Ih#E 4 miR-335 mimics &, iBid &m L& A AKX 77 & (cell counting kit-8,CCK-8) A& 4m feL 69 3§ 25 4% 71, 4] Fra-1 49
FAE TR T Mg AMmEEa s FEARE/E%E G 9 (matrix metalloproteinase-9, MMP-9) | & R & & KK -F
C(vascular endothelial growth factor- C,VEGF-C) #) &k & ; A4z B F TN AR % X E Z4RE L H IHE Fra-1 4 miR-335
VER$e AR, R SUIRE @6 P miR-335 49 kA% (0.755+0.034 ) 1K F £ SUAR Al (1.495+0.029) , Fra-1 & ¢
# kA F (2.34720.120) & T EFSURmAE (1.319+0.038) , £F3H %itF &L (1=0.075, 4.191,35 P < 0.001) .
34 miR-335 mimic /& 48, 72 h UM 20 Je38 7448 /7 (0.881£0.062, 0.887+0.082) A& F T Mazmit (1.326+0.051,
1.493+0.038) , £ 73 A %3+ 5 &L (1=44.096, 59.307, 3 P < 0.001) ; 45 miR-335 mimic J& $LAZJ% 49 I P Fra-1
HEG KRR E (0.56720.091) & T R&#Fmi (2347+0204) , £FA %t 5 &L (3763, P<0.001 ) ; #: 3 miR-
335 mimic J& 48 i, ¥ MMP-9 (0.469+0.027) , VEGF-C (0.540+0.041) #57%& & & A Z4& T 2 B 20 (0.958+0.058,
1.024+0.171 ), Z2F¥H A%+ FESL (=1.953, 7.856,3 P < 0.001) ; #AEEERELR LB LR T T miR-335 T
Fra-1 B3 FHC#HFERIR (-164 ~ -52nt) W4 % &M, 512 miR-335 i@ id 494 MMP-9 f= VEGF-C w9 %3k, T
Fra-1 B#h-FH#FE®R, #H TRINSURIE fm e e 38 78

KA U/MZREIZIR -335; Fos MHZCHIIR 1; FUIRE; FHEEFER

FESES: R737.9; R730.43 XEAFRIZES: A XEHS :1671-7414 (2022 ) 05-076-06
doi:10.3969/j.issn.1671-7414.2022.05.016
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Abstract: Objective To explore the effect of microRNA (miR) -335 on the proliferation of human breast cancer cells and its
possible mechanism. Methods Breast cancer cells and normal breast tissue cells were cultured in vitro, and the expression of
miR-335 and Fros related antigent-1 ( Fra-1) were detected. MiR-335 mimics were transfected into breast cancer cells, the
proliferation ability of breast cancer cells was detected by cell counting kit-8 (CCK-8). Real-time PCR and Western blotting were
used to detecte the expression of Fra-1 mRNA and protein, and detected the expression of cell proliferation-related molecules
matrix metalloproteinase 9(MMP-9) and vascular endothelial growth factor-C(VEGF-C); Bioinformatics prediction and luciferase
reporter gene assay were comfirmed that Fra-1 was the potential target genes of miR-335. Result The expression level of miR-
335 in breast cancer cells (0.755+0.034 ) , which was lower than that in normal breast cells (1.495 + 0.029), the expression
level of Fra-1 protein (2.347 +0.120 ) , which was higher than that in normal breast cells (1.319 + 0.038), the differences were
statistically significant (#=0.075,4.191, all P < 0.001). MiR-335 mimic was transfected into breast cancer cells and cultured for
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48 and 72 hours, the proliferation ability of breast cancer cells were 0.881 + 0.062 and 0.887 + 0.082, which were lower than that
of control cells by 1.326 + 0.051 and 1.493 + 0.038, the differences were statistically significant(r=44.096, 59.307, all P < 0.001).
The protein expression of Fra-1 in breast cancer cells which transfected with miR-335 mimic was 0.567 + 0.091, which was lower
than that untransfected cells (2.347 + 0.204), the difference was statistically significant (+=3.763, P < 0.001). MiR-335 mimic
was transfected into breast cancer cells ,the protein expressions of MMP-9 and VEGF-C in the cells were 0.469 + 0.027 and
0.540 + 0.041, which were lower than the control group by 0.958 + 0.058 and 1.024 + 0.171, the differences were statistically

significant(=1.953, 7.856, all P < 0.001). Luciferase reporter gene assay showed that miR-335 could down-regulate the

transcription activity of the core transcription region of Fra-1 promoter (-164 ~ -52nt). Conclusion MiR-335 inhibited the

proliferation of breast cancer cells in vitro by down-regulating the expression of MMP-9, VEGF-C and the transcriptional activity

of Fra-1 promoter.
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FLHE (breast cancer ) J&—Fh g & T ER %
PERRR, B LT AR B ks, LR &
A % TR SR N 2 R L R A TR AL S DT A 2 M BN
% HEAZER ( microRNA, miR) 2—HKZ 5N EK
FER TR SN T RNA BB, 2 5kNZ
Fofr A B B R A PR B BFSE R W], miR-335 7F
AR A g 20 rp ek Ar e 22 5, FEFLIE |
B RS A &8 TR, AT LA
T IR 0 ) 12 28 B s JRUERSE IR Fros AR OGHT
Jit -1(fros related antigent-1, Fra-1) & FOS JLH 5K ik
() — 51, HLERR = 2 i S DR F-I06 B 1 - 1 (activator
protein-1, AP-1) fJ EZL 4 L 43, Fra-1 2 5##%
RPN 4R A AR T, SR ROEERS . Im A A
RCEIARSE M, AR i EJH miR-335 76 FLAR
YR gFRIR, BT miR-335 76 VA TN A0
B8 AH G B A Fra-1 /Y 3635 ) miR-335 521 Fra-1 3
sk FHLE], RIS SEFFEET X miR-335 Fil
Fra-1 # A7 BEHE S B0k 40
1 M#REFE
11 kR ANFLBEANIE R MCF-7, NIEW
FLER AN 22 MCF-10A 240 T~ 55 [ 45 X B e £ v
iL» ( American Type Culture Collection, ATCC )

1.2 B 5A RNA PG & 1305 Sl
4. PCRIX#F & . Lipofectamine 2000 %% %t I i A&
& (Invitrogen A F] ) 3 Fra-1, MMP-9, VEGF-C
FLIR B S BT ( Cell Signaling A7) ) ; miR-335
mimic M mimic control ( J M &L/ H] ) 3 CCK-8
A& (LD BRAF) , 2RI
IR & (5 E Promega A Fl ) 5 5I¥H L
WA TRAFIEG M B4 (Sigma An]) ;
DMEM 1555 ( Gibeo 4H] )

13 7%

1.3.1  #iffukssE. 295 MCE-7 Fll MCF-10A 41,
BT 37°C, Sml/dl CO, ¥i7#fah, uMulssRfli &
10g/d1 JIG 4 1ML 7% /) DMEM 5 35, A K =
PRI 0.25g/d1 BIBEERE AL, fh$d 5 RNA

KSR HE

1.3.2 ffsE Yy fiff FHBRRGIS A AL T X8 K
MCF-7 41, 5240 %% 5 4% % 2 x 10/ fLIEF T
6 fLAR H KR 3%, 24h J5 K JE 4 S0nmol/L ) miR-
335 mimic YLl , [R]EFE Y mimic control Y
AR X HRAL, 48h JE PR UM E RNA, SR
FIRLEsL .

1.3.3 #0034 5 5256 . miR-335 mimic %%t MCF-7
Y, 48h JETHALANITIER, A3l 96 FLik,
[v) U5 B3 440 L Ao A 10 w1/ FL Y CCK-8 3% 7 VA K
FEREFE 24, 48, 72h J5 FIBEAR AN 2 450nm 4RI
FERHR 22 A A R i 2k

1.3.4  ZR PRI o HCAS S 6 2 RN X R 4 4% 5% A
MR, e S BUE AR, % 18 Western-
blot A5 £ 2H 2 FH F2 ik 7K

1.3.5 mRNA Kl W42 5% 4L J5 19 45 41 40 i,
M RNA #2 B 38 Trizol ik 7 & U8 81 45 ¥k 17,
Invitrogen 271 & U A 13 E4 7300 5% S5 O AR B cDNA
47 RT-PCR #3460, 51915 L3 1.

1.3.6  Fra-1 JA 8l FHE G HER . 35044 2 Fra-1
Ja B F RO R R A (44 4 pGL3B-2163 )
KOANTR B R i 15 AR (AR B 4y Sl 44 0
pGL3B-1475, pGL3B-880, pGL3B-676, pGL3B-386,
pGL3B-256 ) , MU Xf %% 4 K W] Y MCF-10A F1
MCF-7 4iiffl %8 24 FLANMI S F2 A P 3%, FRrdi i s
S RE S Y Fra-1 J5 8l F S 204, [RI 53500 4%
It miR-335 mimic M mimic control /£ A 2L 56 2H il
XPRRAL, WYL ue a2 N S 8K pRL-TK,
Wit sh e s 23552 (& 10g/dl G4 1 )
K37 48h JE AR AN A, 24 ik 200 Ff 5 A6 0 26 D' 2R 1
T

1.4 %it$ 54 R SPSS.22.0 #4Hr kit
JI A SER A R, TR TORER R = AR
% (Xxs) FoR, WAL LECRE K5, A A
R W ity 2250, L P < 0.05
ERAAGH#E .
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%1 miR-335, U6, Fra-1, MMP-9, VEGF-C,
GAPDH HI5I¥1F 53k
% ¥ 51
miR-335 HESEGIY Ll 5-AGGTATTCGCACTGGATACGACA-3
Tl 5-GTCGTATCCAGTGCAGGGTCCG-3
miR-335 93514 L
Tl 5-GTGCAGGGTCCGAGGT-3’
ve sl L
T 5-AACGCTICACGAATTIGCGT-3’
Fa-L 88519 L
T 5-CTTCCAGCACCAGCTCTAGC-3
Fli# 5-GACTCGGTCTTTGAGGAGCC-3
T#f 5-GAACTCACGCGCCAGTAGAA-3
VEGF-C #3519 I
T 5-GCAGGAAGTGTGATTGGCAAA-3’
W551H GAPDH Ll
Tl 5-AGCAGAGGGGGCAGAGATGAT-3’

5’-AGCCGTCAAGAGCAATAACGAA-3

5’-CTCGCTTCGGCAGCACA-3’

5’-CAGGCGGAGACTGACAAACT-3’

MMP-9 17| 4

5’-AGCTACCTCAGCAAGACGTTA-3

5’-GGGAAGGTGAAGGTCGGAGTC-3

S 40 Y b MMP-9 Fll VEGF-C ) & H % A #K T
YRR, ZRAGIE L (121953, 7.856, ¥ P
< 0.001) .

*2 miR-335 X%t MCF-7 ZBAEIL & 8¢ 1

#2im (n=3, x+s)

miR-335 mimic mimic control

ML) g w0 PH
24 0.851+0.043 0.874 +0.094 2.072 0.211
48 0.881 +0.062 1.326 +0.051 44096 < 0.001
72 0.887 +0.082 1.493 +0.038 59307 < 0.001

%3  miR-335 X FLARRE MCF-7 4B MMP-9,
VEGF-C RIEKFEZM (n=3, x=s)

MMP-9  mRNA  0462+0038 0902+0070 1722 <0.001
EAEE 04690027 09580058 1953 < 0.001
VEGF-C  mRNA  0409+0020 1.023+0.081 2202 < 0.001
BHEL  0540£0041 10240171 7.856 < 0.001

2 &R
2.1 $UJR% % MCF-7 %8 B¢ 2 + miR-335, Fra-1 &
AL FUEEE MCF-7 418 H miR-335 A1t 3k i
(0.755+0.034) {IXFIEH ZLARANIE MCF-10A (/3%
A (1.495+0.029), Fra-1 A F AR (2.347
+0.120) &= T 1E % FLIR 40 il MCF-10A A8 3% 35 &
(1.319+0.038) , ZR¥AGIH2=E XL (=0.075,
4.191, % P < 0.001) .
2.2 miR-335 4% Fra-1 & & & ik %+ SUIR 5 m 038
g e UL 2. RT-PCR 45 BoR#5 44 miR-335
mimic J7 4004 miR-335 (1.761 +£0.059 ) AyFiA+H
TR RELL (0.735£0.029) , ZRAGI¥E X
(1=1.465, P<0.001 ) ; Western blot & Il & 75 I 4
miR-335 J5 4 g ' Fra-1 (0.567 +0.091 ) B %
KRR TR (2.347£0.204) , ZRASIFE
X (=3.763, P<0.001 ) . %% 4% miR-335 mimic /5 41
ST 24, 48 F1 72h K FL AR g A0 I IG AR A, 4
S REFTE] L 2 0 2L AR A i MCF-7 i3S FE g )
HIHEFM (F 40=226.395, F 413=98.733, F yi « a1
=12.081, ¥ P < 0.001 ) ; SXHRAIAALL, B3
48 F1 72h SEHGA AR MO IE TR RE SR T XS IR, 25
WSt X (=44.096, 59.307, ¥ P < 0.001 ) .
2.3 miR-335 xFSUAR JE 4m AL 74 48 % & & MMP-9 &
VEGF-C #93f4= L3 3. RT-PCR %5 i /k MMP-9
1l VEGF-C () mRNA ik w LT X4, 2571
Bt E X (=1.722, 2202, ¥ P < 0.001) ;
Western blot #3025 8 i 75 [ 8 miR-335 J& A9 FL IR

2.4 miR-335 A% Fra-1 B3 FiFZERSH W
#4, B 1. Fra-l JAsh PR RGN R, FLIR
FEAHMI R MCF-7 1 Fra-1 Jo 8% G (5.384
+0.431) & T IEH AFLIRATHE MCF-10A 955 555
P (3.238£0.103) , ZRAFITEE X (28977,
P < 0.05) ; MCF-7 40 ffd #; %% miR-335 J5 Fra-1
BT R RIS R T IR, ERA S
X (#9293, P < 0.05) ; Fra-1 J5 3 T & ¥ 55 #%
WIR RIS &5 R B, 55 miR-335
mimic & mimic control ¥ ¥ A% &% 40 I Fra-1 )3 30
+ &9 J A 3K (pGL3B-1475, pGL3B-880,
pGL3B-368 ) 7l 5 e K& 4k (pGL3B-2163)
PO , 25 BTG5 2 L (=0.722, 0.501,
0917, ¥ P > 0.05) , LA pGL3B-256 %
FEIEHENMIL T2 K5 7 2k & (pGL3B-2163)
BTG E, 29 A 801 L (=28.747, P < 0.05) .
DL S a2 SR B LI 40 MCF-7 o Fra-1 )3 3))
T FiF —164nt ~ -52nt X I8 tp A % E A JH P 5L
SEIX ;43 3% Y miR-335 mimic A& mimic contro
1) 2L B 9 2 D, miR-335 mimic %% 44 20 55 iK%
& 4 1K pGL3B-256 5 mimic control 41 % 45 7k 14
pGL3B-256 Mk, 2% giit5 & X (=0.401, P
> 0.05) . Vi miR-335 W45 Fra-1 J3 80 T 1510
RO X IR 2 7E -164nt ~ -52nt X5,
3 itig

L MR 9 2 M R P B R L M R 2
—, AT 40 ~ 60 % UAE RIS 0 Lot R,
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AT A A R o, FLIRE I R K R
h242%, FLRER-FERE. ZHE. 25
W2 50, 5itE 5 RSN R 23850 | siet
HIDCH s @, BFFE W], miR-335 7EFLARE . H
B SR ST A IR TP AR R IS, JF R T
B BAERT, AHAEE/NE s Th i Rk, Jf Kk
AL LR APER 7, miR-335 R 4% S
SP1 ( transcription factor SP1) . Rho A 3¢ % i 12
eI B H P 1(Rho associated coiled coil forming
protein kinase 1, ROCK1) %5 22/ #JE [K A 1 15 B Jed

T AN ARAF B A2 B R B 1 1Y, Fra-1 TR 1R
FMEm U T IR WG R, nT AR UEFL AR A
(s . FERHRERRRE S MY, BFSTRE, FEMRSL
R FLAm Ak, R EH I APL 3%
I% Fra-1 3£ R 3h 7 B HZGL 1,
x4  ZLRRJE MCF-7 RIEEZLER MCF-10A
YHAE Fra-1 BEHFERIBEEDHT (n=3, x+s)

N miR-335 mimic  mimic control
| P
W Vgpn wma B PH

pGL3B-2163 3304 +£0.156  5.384 £0.431 9.293 <0.001
4 t / (8] I [ g 4 .
ALY AAIME T, Tf?l“ﬂ’?‘{':’m M. miR-335 pGL3B-1475  3028+0406 5071£0393 8628  <0.001
ﬂﬁﬁﬁﬁﬁiﬁ??ﬂ]ﬁiﬂﬂ.ﬂﬁﬂﬁiﬁﬁ, U\Wﬁfﬂ]fﬁ']ﬁ?@ GL3B-880 2936 +£0.441 4987 +0.405 9.455 <0.001
N . — pGL3B- 936 £ 0. 987 £ 0. 45 .
(1228 ®. Fra-1 {8 Fos KiGPM—, 257
Tl b8 (14 S . Fra-1 ﬁi’%ljj}i'n 3T HEP”&’? W pGL3B-368 2.869+£0.402  4.702+0.411 7.894 <0.001
HE AR G B (0 05 b R 40 ] A (i pGL3B-256  2276£0379  2288+0309 1202 0318
=== mimic control
-1959 +20 PR0 |6L3B-2163 mm miR-335 mimic
-1pGL33—1475
‘6 pGL3B-880
-1 pGL3B-368
~222097R0] paL3B-256 B
o un ™ ) ®
b o A= brh g

B 1 miR-335 = EH Fra-1 B FEFREELH

miR-335 il Fra-1 5 ZLARIE 0 & 4L R A 5 %
VIR OC &, FRATTAT I B9 52 56 i 92 % 9 miR-335 5
Fra-1 75 LI 20 25 7K A i =7 7K1 22 fA A OC
KF, WREH LRSI 45 A LRl i E— TR
PR FL IR 40 i T miR-335 635 5 Fra-1 K F i
JEAR TR R A Z RIAH S AL . 384T RT-
PCR FIEE [ 5t e P28 B 300 B2 A Aar N 2L A 9 4 B ke
MCF-7 " miR-335 Hll Fra-1 [N, H51EH A
FLER 408 MCF-10A # b, MCF-7 ' miR-335 ik
N, M Fra-1 ik BiE, LliFszas R 5% N
S NI 25 R — B IR R 78 B E R
/ARt . LRI S R 2 T 4 s B
fii ( MMP-9 ) %7353k, MMP-9 LA R AIE R0
B TS JE T B IV 70 el T L o o e R 240 B 7D S
RSV AL VR B R R AR 2F e g A e v A ik
A FE RS R ) JR FRIZH 20 MY A P R AR R A
C(VEGF-C) R] L5 M4 1038 175 1 DA T AR 14F i 2% 2
FAMNBIE BIm I A 35T, A F] T g A2 s e

B, TENTE | T S 2 Rl SR R vh ) RS
AT AR frIed 28 280 e 3 10 A5 T Js i Jon e g £ i A 1
PEUE T MR A2 A U AFFE W] Fra-1 v] L@
TR 1S MMP-9 Fil VEGF-C 264 {12 JF 40 i Y
RZBRE S, WAL EES MMP-9 45 515 S 3L
(R s 1O FE LRI AN TR A0 AR 08 3 (' mixed
lineage kinase 3, MLK3 ) 1] LLif5 3 Fra-1 B9 ik I
¥4, JEfEA MMP-9 F1 VEGE-C f 2635 TH 5, M
P g s 5 4228 U FRATTIR B e PR
YA miR-335 AIRETE T 1 Fra-1 3k (Y [A] B to 25
20 MMP-9 Fll VEGF-C [ 335, DA T 410 il 4 At 1)
HOBH . RPEFRER, it — RSt R AT AR, 8
oF b iEFLR S A0 MCE-7 ' miR-335 By FiA &,
&I miR-335 J5 A 2L IE A ML Fra-1 (9358
SR AZ B TR, R A LR g A R A A
R HE A E BB 1 MMP-9 I VEGF-C 335150,
AR B Z B T H, CCK-8 A I
8 miR-335 A f A0 2L i 240 0 1% 240 P 5 7 g
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RN ML RE )W R A2 B T, SRS B

TRE S SRR E P, RNA AT L

S MU T L SRR R, ) 3T X En A

TE Z e IR, B 56 7 F1 RNA

A WL [ R SR T A N i Rk MY il — b

RO LRI A0 miR-335 V4% Fra-1 £iKM4> T

PLE, FRATHEE T Fra-1 38 F 2K NPOCHE R

A, [FIR A5 B S R IR 45 A AR G

I SCHRIRIE R EE T 281 Fra-1 )3 8 T 9068 2 i

B, ma T BiR RS TR, Bk

LRI MCF-7 4 LBk Fra-1 5 3 1 iF - 164nt~

=52nt X8l A 3G H S I 4 5 SR X B, miR-335

108 3 WA 2 X B B SRR AR Fra-1 B 5%

JEdh, R g R AR S A OC TR

AP Fra-1 3 2 7 m s G P2 L A F e 45

WE—B . FER S 3 F e A R Rk i G B

5, JEH RNA RA BN HHAR X, AL %

B G151 5 N b o M e BT TN U

miR-335 u] LLRZI Fra-1 J5 2l 5 (14 53¢ 2 s o 410 il

SRR I AR YR B AN A R, %

X 1A SP1, AP1, AP2 1 EGR1 S5 £ 4 ~%5 % A+

ShEALA, FRATHED miR-335 W] fE 5 m Lk

st A5 Fra-1 )3 s F A9 45 6 2R V842 Fra-1 J&£ A

TEFLIR AN P e %, FROTH e J5 2Ll ad e T

T BELHS S 30 0 e €0 o7 S P L UTVE AR — 25 T4k

miR-335 20 Fra-1 J& 8l 1 I 70 AL .

g B RTIR, ARG B L R 40 I P miR-
335 il W5 Fra-1 )3 8l TR0 5 % X (- 164nt~
-52nt) fEE SR, [FRHE MMP-9 #il VEGF-C 1
BRI T 2L R IR A L ) 1 B RS E J) . miR-335
YRS —Fh g S 6 /N 7+ miRNA, AT G 2ok 8 45
YA N 225 S S s ) R PR Y Rk R
S IR T B, DA M e T 20 e 38
#, miR-335 XJ Fra-1 B G PE A 0 AT Al REE [ 3d
FS R 2R R A, AR
25N S ST UM I SR AL — e S5
W, BEEDITER#E— LA, miR-335 1% Fra-1
FB ] BERUCAIR YT FLIE A — BT g
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