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[ Abstract ] Background and purpose: Breast cancer stem cells play an important role in the occurrence and development of

cancer. The high mortality of breast cancer patients is closely related to the recurrence and metastasis of cancer. However, the self-

renewal and differentiation ability of breast cancer stem cells can lead to chemotherapy resistance, thus affecting the recurrence and

metastasis of cancer. This study aimed to explore the impact of miR-193a-3p on the migration and invasion of breast cancer stem
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cells by targeting the tripartite motif-containing protein 14 (TRIM14). Methods: Human breast cancer cell T47D was randomly
assigned into control group, NC mimics group (transfected with NC mimics), miR-193a-3p mimics group (transfected with miR-
193a-3p mimics), miR-193a-3p mimics+pcDNA-NC group (transfected with miR-193a-3p mimicstpcDNA-NC) and miR-193a-
3p mimics+pcDNA-TRIM14 group (transfected with miR-193a-3p mimics+pcDNA-TRIM14). Separation of stem cells using flow
cytometry and detection of cell spheroidization ability were carried out. Cell counting kit-8 (CCK-8) experiment was used to detect
cell proliferation. Transwell experiment was used to measure cell migration and invasion. Flow cytometry was used to detect cell
apoptotic rate. Western blot was used to detect the expressions of cyclin D1, matrix metalloproteinase-2 (MMP-2), Bcl-2-associated
X protein (Bax), and TRIM14 protein in cells. Dual luciferase assay was used to detect the interaction between miR-193a-3p and
TRIM14. Results: T47D stem cells had the ability to form spheroids, and with increasing time, the spheroid volume of T47D
stem cells gradually increased. Compared with the Control group and NC mimics group, the miR-193a-3p mimics group showed
increased miR-193a-3p expression, apoptotic rate, and Bax protein expression (P<<0.05), and decreased TRIM14 mRNA and protein
expression, survival rate, clone number, migration number, invasion number, cyclin D1 and MMP-2 (P<<0.05). Compared with the
miR-193a-3p mimics group and the miR-193a-3p mimics+pcDNA NC group, the miR-193a-3p mimics+pcDNA-TRIM14 group
showed decreased cell apoptosis rate and Bax protein (P<<0.05), and increased TRIM14 mRNA and protein expression, survival rate,
clone number, migration number, invasion number, cyclin D1 and MMP-2 (P<<0.05). There were multiple binding sites between
miR-193a-3p and TRIM14. Compared with the miR-NC+TRIM14-WT group, the miR-193a-3p mimics+TRIM14-WT group showed

a prominent decrease in dual luciferase activity (P<<0.05). Conclusion: MiR-193a-3p may inhibit the migration and invasion of

breast cancer stem cells through inhibiting TRIM 14.
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miR-193a-3p Al 25 ZF e &k J&, JF HPERL
B v S ARERR TR 20 A A M A 2 A T
Ko —#EMIREE 114 (tripartite motif-containing
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ANFLIREHMIT47D (9345 . WN-42519)
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FeHE (b5 XB1) WA RAIAEYFREA
FRAE, Uik E B E DL (cyclin D1) |
FE 4 )R H -2 ( matrix metalloproteinase-2,
MMP-2 ) . Bel-24156X&E 1 ( Bel-2-associated
X protein, Bax) . TRIM14, e 4. H
TS -3- TR i = ( glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) ({it%5: ab134175,
ab181286, ab32503, ab181595, ab205718,
ab181602 ) ¥l FI e [E Abcam 3wl .
1.2 FiE
12,1 fmpaddife e

T47D4H i & T L MW DMEM B #2 5 [ &
1% iR 2, 20 ng/mLIE S ZRE K -1
(insulin-like growth factor-1, IGF-1) ,
20 ng/mLEF A KK F (epidermal growth
factor, EGF) , 10 ng/mLuM: i £F 440 e = K
[A-F (basic fibroblast growth factor, bFGF ) ]
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B0 M G HL 43 A ControlZH . NC mimics
H (FEYLNC mimics ) . miR-193a-3p mimics
H (¥ YtmiR-193a-3p mimics ) . miR-193a-
3p mimics+pcDNA-NC4 ( #YtmiR-193a-
3p mimics+pcDNA-NC) flmiR-193a-3p
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1.2.3 EWHEALZEREGBHRE (real-
time fluorescence quantitative polymerase chain
reaction, RTFQ-PCR ) #: | T47D-F 4m i ¥ miR-
193a-3p. TRIM14 mRNA % ik

K TRIzo i 7l & A4t A rh $2 HUELRNA
TC ] 39 Btz i S AR R R AT 300 Sk RO, AR
¢DNA, [fi/5 il it RTFQ-PCR I & 5 # 17
P, JFRIN B AR SR A, A RILLUG .
GAPDHRNZ:, W F&AMFH: 95 °C 10 min,
95 °C. 20's, 60 °C 60s, HI6AMIEI, HIXFEIER
2RI, sIPsI L,
1.2.4  CCK-87n2m it st I[& T p, 5= B M| T47D T 4m
e 78

B A A E 96 LA 1, IMATO0 pL
CCK-8ilk i, #5322 h; B )5 i o B b {3 152 B
450 nmbHIWOGEE (D) (EIFITHRAAE S, 1L,
TE6fLAR L HEFIT4TD T4, JF7E37 °C. COfAH
IR %l A TR SR, B3 AR LR SR,
14 dJ5, Loz bk ( phosphate-buffered

1

saline, PBS) V¥, BEEWEE, 45,
SETTHARR, i RS T e A AL

1.2.5 Transwell 52 &4 T47D F 4 it it 45 A=
1z %

KL TATD T 4053 A A 5 Matrigel
B (GER S ) s & AT Matrige JE TR (R78
B ) ftranswel UNE ) EE T, B 10%064F
M5 ( fetal bovine serum, FBS) [JDMEMIE% 3%
FANA T ZEIEREE24 h, BlJG R H4%L2 BB
W E30 min, Z5 ARG, [l BRI ER,
MG R BRI 2240
1.2.6 R A T47DF 20 it )8 —

F#T47D T 40 e/ FofLt ., H¥RPBS
Ve, IFIMALGRZ MR ES . HIEEKEA
V-FITCHMPUMAZ i &R HRE
15 min, FRIIASS Gk s, R H A
SR 60 minPN FZHLIE T3 .

1.2.7 EER¥iZ %k ( Western blot ) #&M& & i
Fik

K HIRIPAZ R AR I T47D T4 il S 8
K B C AT & 25 Bk B, i A& b
Jrwh =AM, W 10% SDS-PAGEBEIE#AT
VKT ES, HREIR MM M M (polyvinylidene
fluoride, PVDF ) & I, H 5%/ Rg &5k £
M1 h, Sz BPHH 20H B S M —dicyclin D1
(1:1000) ., MMP-2 (1:1000) . Bax
(1:1000) . TRIM14 (1:20000) 1, 4 CF
B 12 ho BEERFIFS =90 (1:2000) IREF
1h (¥R, RABCLIRFGAMEAES, U
GAPDH (1 : 10 000) HINZ:, >KHlImage JEK{F
XTECLAG 521 7% B AT

51451

Tab.1 Primer sequence

Gene Forward Primer (5'-3") Reverse Primer (5-3")
miR-193a-3p TTTGAGGGATATTTAGAGTTT AACCTAAAAAACAACCTAACC
TRIM14 GGATTTGTGTCTCCGTTCTG TCTGTCTGCCTGGTATTCTG
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
GAPDH CACCCACTCCTCCACCTTTG CCACCACCCTGTTGCTGTAG

1.2.8 MR A FZERE AR LI

W4 2B YL JS B T4 7D T 40 Jf 42 Fh 76 4 8 4L
Merh IF7E37 C . COMBRAT BRI 5% IS5 T 15
FRo HANMIRLA R VR BT HEAT B S 2R A 2
PRGN, BFTRIM14-WT . TRIM14-MUTZ3 )5
miR-NC. miR-193a-3p mimicst:E L4, 48 h

Joi IR ' 3R A 5 e RS 2R e 0
RTEHE
1.3 ZitEFAE

K HISPSS 25. 08K X B s A T 48 112453 o
FHE%EORER I Shapiro- WLk 3 347 1E S PERG 56
K HLevenet Kb A7 77 22 55 A I . A AF G IES
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BB S, P<0.05 0225 A Geil2# L.
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2.1 FBRET4IDTHMEENSE

2%, TATDTAMLBA MEREE S, IR
H I T HERS Y 58, T47D T 40 M sk AR BB 1 R
(1) .

5d 10d

E1 T47DFEREESEE ( X400)
Fig. 1 T47D stem cell enrichment diagram (X 400)

2.2 FRIEmMiR-193a-3pXF T47DF 40 A A miR-
193a-3p. TRIM14 mRNA K% B 200

5 ControlZH . NC mimicsZH A, miR-
193a-3p mimics4 4 fimiR-193a-3pK ik F+
& (P<<0.05) , TRIM14 mRNA %k &K
(P<0.05) . 5miR-193a-3p mimicsZ{ . miR-

193a-3p mimics+pcDNA-NCZAH L, miR-193a-3p
mimics+pcDNA-TRIM 1441 4l ffi TRIM14 mRNAZR
ke (P<0.05, F2) .
2.3 FFRiEmiR-193a-3p Xt T47DF 40 fll 1 58 A4
=)
Y Control4d . NC mimicsZH#H ., miR-
193a-3p mimicsZd 40 MIAA TG % . ba BE B AR
(P<0.05) . 5miR-193a-3p mimics4l. miR-
193a-3p mimics+pcDNA-NCZ{AH L., miR-193a-3p
mimics+pcDNA-TRIM 144 40 M A£G % . TofE%L
TheE (P<<0.05, 2, #£3)
2.4 FFRiEmiR-193a-3p3IT47DF 40 AT
=)
S5 Control4l. NC mimics4i#f Lt ,
miR-193a-3p mimicsZ 4 jg iT #& L AKX
(P<<0.05) . H5miR-193a-3p mimics4]. miR-
193a-3p mimics+pcDNA-NCZHAH ., miR-193a-
3p mimics+pcDNA-TRIM 1441 40 fitd iF #2505
(P<<0.05, &3, %&4) .
2.5 EFRiEmiR-193a-3pXtT47DFHAEZH
Al
S Control4l ., NC mimicsZ M Lt ,
miR-193a-3p mimicsZ 40 i {2 22 5 %A%
(P<0.05) . 5miR-193a-3p mimics4] . miR-
193a-3p mimics+pcDNA-NCZ1 4, miR-193a-
3p mimics+pcDNA-TRIM 1421 4 fd = 22 50Tt 5
(P<0.05, K4, 3£5) .

£2 F&RiEMIR-193a-3pxfT47DFLRAIHMiR—193a-3p. TRIM14 mRNAZ X I 250
Tab.2 The effect of overexpression of miR-193a-3p on miR-193a-3p and TRIM14 mRNA expression in T47D stem cells

(x+£s, n=6)
Group miR-193a-3p TRIM14

Control group 1.00£0.12 1.00£0.11

NC mimics group 0.98+0.10 0.99+0.10

miR-193a-3p mimics group 1.754+0.22" 0.3740.05"

miR-193a-3p mimics+pcDNA-NC group 1.7240.19 0.4340.06

miR-193a-3p mimics+pcDNA-TRIM 14 group 1.73£0.21 0.8640.09*

F value 43.437 77.893

P value 0.000 0.000

*: Compared with the Control group; ": Compared with the NC mimics group; °: Compared with the miR-193a-3p mimics group; * Compared
with the miR-193a-3p mimics+pcDNA NC group. The P value of SNK test is used.

2.6 T FRiEmiR-193a-3p3IT47DFHALATHY
#20m

Y Control4l . NC mimics4l# It ,
miR-193a-3p mimicsZ 408 98 - K F+ &
(P<<0.05) . 5miR-193a-3p mimics4]. miR-
193a-3p mimics+pcDNA-NCZAH I, miR-193a-

3p mimics+pcDNA-TRIM 1440 4 Hd 8 1= % [ AIG
(P<0.05, KI5, %6) .
2.7 I FRiEmiR-193a-3pXF T47DF ZHAE Fcyclin
D1. MMP-2, Bax., TRIM14ZE B &iZHI200

5 ControlZH . NC mimicsZHAH L, miR-
193a-3p mimicsZlcyclin DI, MMP-2, TRIM14
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Control group NC mimics group miR-193a-3p mimics group miR-193a-3p mimics+ miR-193a-3p mimics+
pcDNA-NC group pcDNA-TRIM 14 group

E2 SEREMASEEANTA7DTAAEIETE

Fig.2 Cloning formation experiment for detecting the proliferation of T47D stem cells

#®3 FFRiEMiR-193a-3p3d T47DF HH AT L 5E AIH N0
Tab.3 The effect of overexpression of miR-193a-3p on the proliferation of T47D stem cells

(x+£s, n=6)
Group survival rate(%) Number of clones (pieces)
Control group 92.38+0.57 128.67+13.43
NC mimics group 87.52+£9.25 127.49+13.06
miR-193a-3p mimics group 52.84+5.69" 67.42+7.38"
miR-193a-3p mimics+pcDNA-NC group 51.04+522 68.94+7.44
miR-193a-3p mimics+pcDNA-TRIM14 group 85.22+9.03¢ 115.82412.34%
Fvalue 53.552 46.983
P value 0.000 0.000

*: Compared with the Control group; ": Compared with the NC mimics group; °: Compared with the miR-193a-3p mimics group; *: Compared
with the miR-193a-3p mimicstpcDNA NC group. The P value of SNK test is used.

v Wy S
o .4 e REPOT) 2 )
miR-193a-3p mimics+ miR-193a-3p mimics+
pcDNA-NC group pcDNA-TRIM 14 group

E3 Transwell 21 MT47DMAMIER ( X200 )
Fig.3 Transwell experiment detects the migration of T47D cells (X 200)

miR-193a-3p mimics group

Control group

F4  WFRIEMIR-193a-3pXfT47DF LA TR A0
Tab.4 The effect of overexpression of miR-193a-3p on the migration of T47D stem cells

(x*s, n=6)
Group Number of migrations (pieces)
Control group 135.62+14.92
NC mimics group 136.28+14.76
miR-193a-3p mimics group 62.54+7.38"
miR-193a-3p mimics+pcDNA-NC group 64.28+7.14
miR-193a-3p mimics+pcDNA-TRIM 14 group 129.63+13.57*
F value 61.448
P value 0.000

*: Compared with the Control group; ": Compared with the NC mimics group; °: Compared with the miR-193a-3p mimics group; *: Compared
with the miR-193a-3p mimics+pcDNA NC group. The P value of SNK test is used.
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NC mimics group

Control group

miR- 193a 3p mimics group

miR- 193a 3p mimics+
pcDNA-TRIM 14 group

m1R 193a 3p m1m1€s+
pcDNA-NC group

E4 Transwell SR8 T47DFLHBAYEZE ( X200)
Fig. 4 Transwell experiment detects the invasion of T47D stem cells (<X 200)

R5 1F&RiEMIR-193a-3pXfT47DFLRAIEZ AN

Tab.5 The effect of overexpression of miR-193a-3p on the invasion of T47D stem cells

(x x5, n=6)
Group Number of invasions (pieces)

Control group 109.63+18.52
NC mimics group 105.62+11.27
miR-193a-3p mimics group 57.86+7.34"
miR-193a-3p mimics+pcDNA-NC group 60.24+7.59
miR-193a-3p mimics+pcDNA-TRIM 14 group 95.38+10.05%
F value 27.324
P value 0.000

*: Compared with the Control group; *: Compared with the NC mimics group; ©: Compared with the miR-193a-3p mimics group; *: Compared

with the miR-193a-3p mimics+pcDNA NC group. The P value of SNK test is used.

FEAFBEM (P<0.05) , BaxEBEARKTIE
(P<0.05) . 5miR-193a-3p mimics4l. miR-
193a-3p mimics+pcDNA-NCZ A, miR-193a-3p
mimics+pcDNA-TRIM14% cyclin D1, MMP-2 |
TRIMI4%E & AT (P<0.05) , BaxfHH#E
IKFEAE (P<<0.05, K6, 7).

2.8 WENAERHRELWHKMMiR-193a-3p5
TRIM14f)%8 [ X &

i#id StarBase & E A A1, miR-193a-
3pHSTRIMIAZ A EZ A GAiM. 5
m1R-NC+TR1M14-WTzﬂ7FHtt, miR-193a-3p
mimics+TRIM 14-W T4 XU 6 2R il 14 B Gk B AR
(P<0.05, %£8) .,

3w ®

P i, FLARIE RO R LRI — KW
B, LA RN, 2 kEHY, SEERE
GARR, CEBEM RS FLE
PRI R A E SR, ImIRZRHTFARIBREE
SPARRIT I, RAER, N MNRYT SR R TT
PR R A A LR i A 25 AR T TR R . H
FROEH 0 E I T 2 BT 24 B R R
SR BT RO R B, GRS = B A
MR iy L HI, AR SRS
TRIT RS, NI AT R 1) 25 Kl RAE 1] 32T

RS HKE

miRNATE RN AL MSRNA, mlid S
5mRNAME % B, dE 5L %
ik, EZMEY e R R A
Wgs D W], miR-193a-3p7E B el 41 4
Y rp R, @it L AmiR-193a-3p ] K%
T R G AE . TR RIVE . YangZE N B
FEEBL, FEAE/NIIEATE T, miR-193a-3p3Z 5]
circ_002012309A%%, M I TfmiR-193a-3pKik
A SR ANAE A  BEEER AR, R R D
JEAVE . XieZ DU BEE R B, 7EFLIRE H miR-
193a-3p ik B &A%, nAEZE/IMZI-RNATS
FJEH14 ( Small nucleolar RNA host gene 14,
SNHG14) fjdfs, S . RE%%Y)
MR, BT LR, AR b A
WP A B e SR AR e T o R B, i RR
miR-193a-3p A #I il T47D T AN ATIE R, fli vif
B BB REBEERIL, M-I, S5A L
WM A miR-193a-3p A] fiE 52 Fcirc_0020123
AR PEAE T, a2 5 h e o AR R A
) T A W e et b TE I S 0 A e
1, PEDEAN M T, E 0 R & R
YEH.

TRIM14E Mz RALEHR, #%e b7
TEZ P RRIN 2 Bz RKALEE, BENS (e OF Il &%
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10* 10* 10*
10° F 10° 10° F
o E10°F
10' |
FEFH ETET| B RS R 100 P f A T FEPETS RTET| BN FTTT
10° 10* 10’ 10' 10° 10° 10*
Annexin V-FITC Annexin V-FITC Annexin V-FITC
Control group NC mimics group miR-193a-3p mimics group
10* 10*
10° 10° F
& 10
10'
10° T Ll
10* 10°
Annexin V-FITC Annexin V-FITC
miR-193a-3p mimics+pcDNA-NC group miR-193a-3p mimics+pcDNA-TRIM 14 group
E5 maARKNT47DF AT
Fig.5 Flow cytometry detection of apoptosis in T47D stem cells
F6 I FiEmiR-193a-3piT47DF LA ALAE = E A=Y
Tab. 6 The effect of overexpression of miR-193a-3p on apoptosis rate of T47D stem cells
(x+£s, n=6)

Group

Apoptosis rate (%)

Control group

NC mimics group

miR-193a-3p mimics group

miR-193a-3p mimics+pcDNA-NC group
miR-193a-3p mimics+pcDNA-TRIM 14 group
F value

P value

1.694+0.25
1.65+0.23
28.06+3.07ab
29.67+3.13
10.38+1.56¢d
261.810

0.000

*: Compared with the Control group; ": Compared with the NC mimics group; °: Compared with the miR-193a-3p mimics group; *: Compared
with the miR-193a-3p mimics+pcDNA NC group. The P value of SNK test is used.

B, M5 A pi% . Chends 7S R B,
TS H BN T, TRIMI4K LW BT,
A3 g R A0 M A R 28 M b R - R] 58 B
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Fig. 6 'WB detection of cyclin D1, MMP-2, Bax, TRIM14 protein expression in T47D stem cells

R7 TR IEMIR-193a-3pFIT47DF A Hcyclin D1, MMP-2, Bax, TRIM14ZERAXXHI2M
Tab.7 The effect of overexpression of miR-193a-3p on the expression of cyclin D1, MMP-2, Bax, and TRIM14 proteins in T47D stem cells
(xts, n=6)
Group Cyclin D1 MMP-2 Bax TRIM14
Control group 1.594+0.23 1.724+0.28 0.4240.06 1.48+0.21
NC mimics group 1.62+0.24 1.68+0.26 0.43£0.07 1.52+0.24
miR-193a-3p mimics group 0.49+0.06" 0.55+0.08" 1.37+0.17" 0.5640.07"
miR-193a-3p mimics+pcDNA-NC group 0.53+0.07 0.57£0.09 1.41£0.19 0.52+0.05
miR-193a-3p mimics+pcDNA-TRIM 14 group 1.544+0.21% 1.63+0.24% 0.46+0.08% 1.43+0.18%
F value 63.758 51.602 102.529 56.061
P value 0.000 0.000 0.000 0.000

* Compared with the Control group; *: Compared with the NC mimics group; ©: Compared with the miR-193a-3p mimics group; *: Compared
with the miR-193a-3p mimics+pcDNA NC group. The P value of SNK test is used.

R8 WENAREFEMLILR

Tab.8 Comparison of dual luciferase activity

(x*£s, n=6)
Group Dual luciferase activity P value
miR-NC+TRIM14-WT group 1.00+0.22 —
miR-193a-3p mimics+TRIM14-WT group 0.41%0.16" 0.000
miR-NC+TRIM14-MUT group 1.034+0.23 0.822
miR-193a-3p mimics+TRIM14-MUT group 1.061+0.25 0.668

All were compared with the miR-NC+TRIM14-WT group.
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