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Targeted regulation of miR-204 on TFAM and their influence on
growth and proliferation in breast cancer cells
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Abstract Objective: To investigate the targeted regulation of miR-204 on mitochondrial transcription factor A (TFAM) in
breast cancer cells and their relations with cell growth and proliferation.
Methods: Human breast cancer MDA-MB-231 cells were transfected with miR-204 mimics or inhibitors,
and then, the miR-204 and TFAM protein expressions were determined by real-time PCR and Western blot,
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respectively. The luciferase reporter plasmids (mut-TFAM/wt-TFAM) were constructed and co-transfected with
miR-204 mimics or inhibitors into MDA-MB-231 cells, and then, changes in luciferase activities were detected.
The pcDNA3.1/TFAM plasmids were constructed and transfected alone or co-transfected with miR-204
mimics into MDA-MB-231 cells, and then, the TEAM protein expressions were measured, and cell growth and

Results: The miR-204 mRNA expression was significantly increased, and TFAM protein expression was
significantly decreased in MDA-MB-231 cells after transfection with miR-204 mimics, while, opposite directional
changes were found after transfection with miR-204 inhibitors (all P<0.05). The luciferase activity was
significantly decreased after transfection with miR-204 mimics, but was significantly increased after transfection
with miR-204 inhibitors (both P<0.05). In MDA-MB-231 cells, both expressions of TFAM mRNA and protein
were significantly up-regulated, and the growth and proliferation were significantly enhanced after transfection
of pcDNA3.1/TFAM (all P<0.05), and the growth and proliferation were significantly impaired along with

significant down-regulation of TFAM protein expression after transfection of miR-204 mimics, which were all

Conclusion: MiR-204 exerts targeted inhibition on TFAM expression in breast cancer cells, and thereby

1616 b E G E AR S
proliferation were analyzed by TT'C and BrdU assay.
partially abolished by co-transfection with pcDNA3.1/TFAM (all P<0.05).
suppresses the growth and proliferation of breast cancer cells.

Key words Breast Neoplasms; MicroRNAs; High Mobility Group Proteins; Cell Proliferation
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Bl 53 B SR I K OT- ) 3k TR e G8 HE AT SRR, A
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SR AU AR AR R B, miRNAJR
AT A Sy i i 3k DR sl 91 s 3 TR I 2 5 B e 1 1R 28 5
g, WmiR-10b, miR-335, miR-373. miR-
520c¢, miR-9., miR-150f1miR-204%_ SunZ!"!
£, miR-20407 Lm0 HI FOXM KL, FF
P O £ T R A 28 MO R R AR R, A
T 5% e B2 8 9 1R 28 S B b o SRR IR % s IR 1 A
( mitochondrial transcription factor A, TFAM )
=2 5 ZORARDNA B S 00 AR T RLAR DN A S
DB EZ N T, TFAMB RN gt , 3F 8 A
RN R ER . AEEEIR, TFAM
R RN A, S 5MEMELE. K
e RPEMFER . TFAMTE Z i A 2% b s
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1.1 &

111 £ &K A AFLIE 40 R MDA-MB-231
W b R 2 B R 8 7 ) DR 22 % 2% 40 M R
RS TFAM £ selEdiik L K BIUESHT GAPDH £ 58
GHUAR I 1 25 Abcam AT . miR-204 #3004 /
BEALL ) X HE K miR-204 #3142 / 3060 4 % B g | &
[ BioSystems 2% w4l ffd % 44 1 7] Lipo-2000 Ity
H ZE ® Life Technology NEEII

1.1.2 £ &ME LB E & PCR (real-time
PCR) 1 A3 E Bio-Rad A F= i ; MIKIEE, #r
Y X A B 8 14 25 [ Bio-Rad 2w P74, HoAth
R B ok 7 b 4

1.2 FHik

1.2.1 @i AFLIRE4I M R MDA-MB-231
TE 10% a2 M . 100 U/mL #5852 . 100 mg/L
RN 1640 iR Hd, BT 37 €. 5% CO,.
oL B TR R AL AR 3R o SE 0 F 40 34 R
X R0 A 1 4

1.2.2 mied g HRAZLUE 80 nmol/L MY
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Yy sl B B A A, SEE 4L A miR-204
B ) 5 miR-204 40 il YR & W, [ B %
HRAH ( BE4D P xF R ECHD i P % B o B N FL I
MDA-MB-231 4 g DL FEFL 2 x 10° 44570 T 6 FLAR ,
5 40 J 34 58 2 70%~80% I, B H G IfiL V75 15 55 3
F F Lipo-2000 ¥ miR-204 # #l ¥ 5 miR-204
il 4 e G 240
1.2.3 real-time PCR #& W YL Mfimrp, B 1>
6 LA B 40 L, 291 x10° 440 L. HL 50 pg A
RNA 347 5% 5% A B eDNA, 28 J5 DL cDNA
J M. GAPDH fEH N & M, #E4T PCR K M.
PCR B4 AY S 24 R 95 °C 30 s WiAEE; 95 C
55, 60 C20s, 40 MEH. WML HRE, i H
BIO-RAD real-time PCR 1 [ #7 % {4 4> #r PCR i
FEFPREAR B IG R ME (cyele threshold, CT) , K
FH 27T ST 545 B I DR X 20 R 4 DL,
1.2.4 Western blot # Ml TEAM & & % & K F
PB4 H M55 (T, Bradford 200 & & H
Jifr . AL 10 pg BEAE, JF 2 AN a8 (I KGE
A A 10 pl Marker, & K8 SDS— R TN 4 Bt i%
Bt B (polyacrylamide gel electrophoresis, SDS-
PAGE ) HLJk. HL Uk 58 B DA 1 X Ok 5% 7% 1k
8 AN % R 2 R e R & 4% (polyvinylidene
Fluoride, PVDF) & [, ML %% 58 W5 B PVDF
B, 3%BSA 4 °CHH & 254 1 iE A& H
(albumin from bovine serum, BSA ) , fEXH En
AMEEHN—PL, B-actinF I NZ5 PVDF
i AE %8 R 2L 8 & 2 ho PBS ¥k 5 7 2 0 45
AHBW A E N BT, B Rt
(electrochemiluminescence, ECL) #F 17 & 1%,
X e R BB, RMifE R . E, HEBZR IR
G e B A OB, UEATE AT
1.2.5 ZABmMmELR Ay E WHEREFEMNS
£ TFAM 3'UTR (wt-TFAM ) | psi-CHECK?2 #k{k
F i e SR AR LA R AR R AR
B (mut-TFAM ) . ¥ NC 5 miR-204 404
5 miR-204 # I LA & wi-TFAM 5% mut-TFAM %
L 5] MDA-MB-231 40 (1 x 10° 4~/ fL, %%
YUl 24 h R, 554 24 h)E, BEFLIIA 1 x PLB
S 100 pL, FEIK B2 15 min, K200 W%
2] 1.5 mL (9 EP 4, 4°CF 10 000 x g #5L> 5 min.
FUEWERA RN EP A . EALKE IR, 7E
WA LAR KW 40 pL, fMA 10 pL #ER I
B, SCRVEFZOERM, B Renilla 286 R # 1Y
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WIAE . T —8 A Stop&Glo X # 40 uL, 7.
BIVE T2 ek AL, 528 firefly 266 2 B9 OGE .
W LE TR HEAL , Fom BRI SO EE
1.2.6 MTT #m 4n i & Koo 2 W4E 45 4L AL T X
Bk K WA LR MDA-MB-231 400, 40 i &
e BEJH Y 1 x 107/mL. # 100 pL ( % 1x 10*
cell ) HYZH MUE R FP A BEAL, B4 5 HMEAL,
Fr 5 He 96 fLik . B T 37 C, 5% CO, B H4ME .,
o B[R] 4 R R S B R] 63 0 b, 7E O h HUHE — 3
96 FLAN L FE ML, BEFLIMA 10 ul 0.5%MTT %,
kLG FE 4 h, 1 000 r/min B0 10 min, /N0 I%
AL LW, BALEINA 100 pL = H R,
96 FLAR EHEIR I, (KH#HRY 10 min, 05015
S5 o A I S A A b K 490 nm &b 43 5
M A FLI OB (A) o [FIRF R B EFL (MTT.
FRgRdk . THIIRW ) o S RERG 1 OREL T Bk R
WA 490 nm A OD {8, —ALA&M 5 d,
1.2.7 BrdU %l sa i3 si st 1 0L 2 x 10°/mL
R R T 96 FLAh, B3R 1d, F 0.4% FCS
BFRm AL 2 d, figa R 25 iit+ G, #1. &
R4 FERT, A BrdU (&HJE R 10 pmol/L)
37 °C, WEE 24 ho EBREEFEEL, AMAEHLEE 30 min,
ot A AL W I B AR A 0 BrdU 14K ( Sigma-Aldrich
2T ) BEE 60 min, FH PBS ¥k 3k, fnd A by
By (DU H REBEZERE ) Y fh 30 min, 7F 490 nm
A5 45 40 A9 OD fH .
1.3 it 4bE

K FISPSS 17.048 v #f4 #E47 40 b, $iE 12
o bRifE2E (xxs) F£on, P HCECR W0 57 BE
KK, P<0.0SHESFHGIFE X,

2.1 miR-204 3t TFAM T A R R ZEHI &0
miR-204 85804 5 mi R -2 04410 i # 55 Y 52 30
miR-20434 £ iR PLEK, real-time PCRK M %%
P i miR-204FK KK ALY X IR | miR-204
BERL Al . B0 X B A A mi R -204 30 il 9 41
miR-204 A% &5 54051 450.908 7+0.076 9.
12449 1£0.165 4, 1.0024+0.0359, 04521+0.013 5,
TRHEXANTRALE, 278851 %
B Y (¥HP<0.05) (K1A) . MlWestern blot
BRI miR-20404 R AT G N FLIR MDA -
MB-23 140} TFAME i REKFE, 7
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Figure 1 Influence of miR-204 on TFAM protein expression

miR-204 mimics and inhibitors on TFAM protein expression

2.2 miR-204 3t TFAM BY#B [aiF=1E B
HHFFEmiR-204 W TFAMFE X HLH ,
HTAETFAM 3'35% & A 64> B 3 28 A48 i 9¢ 't il 1)
HHEEBR (K2A) , HH5miR-2048 1)
miR-204 1 1 47 K FEX BE 43 1) S 5% Y ZL AR MDD A -
MB-231400d, FEyemnrdin ™ (841 ) . FLilyxf g
+wt-TFAM ., miR-204F 8 +wt-TFAM . LI %F
B emut-TFAM . miR-204f& Y +mut-TFAM , i
il g % B +wi-TFAM . miR-20430 714 +wi-TFAM |
IH X B +mut-TFAM . miR-20490 % % +mut-
TFAM. 45 R miR-2048 54 5 wi-TFAM I % e
At 2 6 Wl % P A R FE (P<0.01) 3 miR-20441
il 5 wi-TFAM 355 e if 5¢ ol il 1% 4 B 8 1 7t
(P<0.05) ; M JCiEmiR-204B ) BimiR-20441
I 5 mut-TFAMAE R YU if | 5 %60 BEZH 45 400 g %) B

A BEYLBRAG I 5
5& AXEALE:, 1) P<0.01; 2) P<0.005

FIRMHTFAMEE BT LA . KE I3 Bos7E N
A 0 ZEMDA-MB-231%, miR-20471 8 5
TFAME [ JHE 215, miR-2045F £EMHITFAM
EAFREL, SFAXMNBALE, 259645
2 Y (¥P<0.05) (KI1B) .
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B: miR-204 FIHIBE miR-204 |45 Yt TFAM & H £

A: Determination of transfection efficiency; B: Influence of transfection of

Compared with corresponding control, 1) P<0.01; 2) P<0.00S

S ) P %o BEOAE LG 9 G i G MR X e B B R A (3
P>0.05) (R2B) .
2.3 TFAM it 3 i% BUiE miR-204 3t TFAM #9 #)

F1EHA

FIEEpe DNAS.T/TFAMBORL, FF R T 5 ks %
PJSTFAM mRNAFIEE I RIKKF, 450 555
25 R AIMDA-MB-23 LA ML #5255 peDNA3.1/
TFAMJE AR AUMDA-MB-23 1418 AU TFAM mRNA
HEAMMEY REEHYP LR FAE (¥P<0.05)
(KEI3A-B) ; FWestern blotkllpcDNA3.1/
TFAM AL % B /miR-204 1 48 4 36 5 e )5
TFAMZE F iRk K24, 258/ B8, miR-
2041 HITFAMAE 12635, peDNA3.1/TFAMAJ SZ 3
TFAMid Fik, I AR E miR-204%F TFAM &0 il /&
M, ZR¥AgIHEE L (HP<0.05) (E3C) .
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Human TFAM ENST00000487519.1 3'UTR LENGTH: 6398

wt TFAM: 5' ...UUGGAACUUUGUAUAAAAGGGAC...
miR-204:3' UCCGUAUCCUACUGUUUCCCUU

mutTFAM: 5' ...UUGCAACUUUGUAUAAUUCCCAC...

[ TFAM |
TFAM

SITE: 538-544 A

2 miR-204 X% TFAM S m1E L &
wt-TFAM/mut-TFAM H:4%6 5 15 5 ' CREG M L%

corresponding control, 1) P<0.0S; 2) P<0.01

pcDNA3.1

3 TFAM iF % i% BX i miR-204 3¢ TFAM &) #Ill % 1€ A

TFAM

I B IR

W miR-204 B4
I AR

I miR-204 i Pt e il

A PG A S A BRI R ;B miR-204 #4004 5 miR-204 410 i ¥ 5
52 AXRALILES, 1) P<0.055 2) P<0.01
Figure 2 Identification of targeted action of miR-204 on TFAM

of luciferase activities after co-transfection of miR-204 mimics or inhibitors with wt-TFAM/mut-TFAM

A: Construction of luciferase reporter plasmids; B: Comparison

Compared with

TFAM

GAPDH

A: pcDNA3.I/TFAM % J¢ X%} TFAM mRNA 3 ik (19 5% W;

B: pcDNA3.I/TFAM B 4ett TFAM 4B 25 0080 ;3 C: peDNA3.I/TFAM Fl miR-204 AL YLE TFAM 4 [ 2 1k0K

P

55 AXTIRALILEL, 1) P<0.0055 2) P<0.01
Figure 3 Abolishment of inhibition of miR-204 on TFAM by TFAM overexpression

A: Influence of pcDNA3.1/TFAM transfection

on TFAM mRNA expression; B: Influence of pcDNA3.1/TFAM transfection on TFAM protein expression; C: Changes in TFAM

protein expression level after co-transfection of pcDNA3.1/TFAM and miR-204 mimics

1) P<0.005; 2) P<0.01

2.4 miR-204 @d TFAM B ZL IR A m & A0
HEE
HIMTTE M BrdUE M & pe DNA3.1/TFAM S
B AL, %/ mi R -2 0 485 51 4 S 2 Y J 2L A s 40 i
A KRB B K A9 AE 4k . miR-204 0] 410 i LR
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Compared with corresponding control,

0B 1 AR A FNBE R , TF A M ] A2 3k 30 9 40 i 1 AE
KAEEE, TFAMBI YK miR-204%F FL 9 40 i 4=
KA FE I EIER, 2R A ¥R (1
P<0.05) (K4) .
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23 AU HEZH +peDNA3. L Y HAU G HERZH +peDNA3. )
miR-204 BHULYIAL +TFAM miR-204 BULHIZL +TFAM 2)
P HRZL +peDNA3. T TR IRLL +peDNA3.1 T
2.01 o iR-204 FIFIHIFE A +TFAM ™ L5 W miR-204 $ 5% Y4 +TFAM )
£ [ =~
S 1.5 =
(=) S
= z mE
<t 4
m 1.0 Z 10 il
a Eu
< a
0.5- o
051 - whm T
0.0 . . . . . '
0 12 24 36 48 60 72 0
AffE) Ch) A 24 h 48 h B

E 4 miR-204 @it TFAM AL RRE A 4 K 518

FEANMAE KRB0 B BrdU ¥ESE peDNA3.1/TFAM 1 miR-204 #5404 2 Gt J5 L o 200 o 184 4 175 140

i, 1) P<0.05; 2) P<0.01

Figure 4 Inhibitory effect of miR-204 on growth and proliferation of breast cancer cells through regulation of TFAM

A: MTT #0005 peDNA3.1/TFAM I miR-204 B304 His gy 5 7L

5 HA IR

A: Growth

of breast cancer cells after co-transfection of pcDNA3.1/TFAM and miR-204 mimics detected by MTT assay; B: Proliferation of

breast cancer cells after co-transfection of pcDNA3.1/TFAM and miR-204 mimics detected by BrdU assay

corresponding control, 1) P<0.05; 2) P<0.01

3 i it
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P, miRNA#HPE R mRNA F 3k & 257K 1
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B H Ui Ak R AL ], DT 1 T 2L AR R 1Y)
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FE T miRNA R IR K8 15 Flmi RN A B 5 07 1937
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Gt , i ANLR AN EHERTER. BT
B WOEE AN, TRAME 2 5454 4k A DN A
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Compared with

( mitochondrial DNA, mtDNA ) Y+ U1 %, s
SRR T R LA B R s L 0 45 A TP % 3k 524>,
UL AR, Ok B £ 0 4 R TFAM S MR Y &
A R IAE S0

AWF5E IR T miR-204 76 3L Mg P B9 T AE
PhmiR-2048% 5040 5 mi R -2 0430 1 4 % 44 52 HmiR -
2045 F K MmiR-204 U0 8K, JFAW T TFAMYE
miR-204 5 F ik K PUER G R B AL, ARSI 4
REI/R, miR-2041 FKIBMHI TFAME H Bk ik,
miR-204FCERME FETFAMZE H %355 miR-2047]
I 255 TFAMI#E H LK ; peDNA3.1/TFAMA]
SCPLTFAM ik, I Al miR-204 % TFAMHY
HIAE A s miR-204 nT 30 il 2L A 6 20 i 1 AR 4 D
M, TFAMA]AE i F0 MR 6 4 M Y A R R 7
TFAM AT YK 5 miR-204 %] FL i 9 40 i A= 4 38 56 19
fIAER -
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