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[ ZE] & %% miR-200c Xf = BH 4 FL AR (triple negative breast cancer, TNBC) 41 il MDA-MB-231 ({35 V8 1= AEFZ 1)
S K AR % (12> THLE] . 7 ok« L %35 miR-200c¢ (1) MDA-MB-231 (miR-200c¢-23 1) ZHJifd . I& i %35 miR-200c [ [ P4 %6}
TR 2 i miR-NC-231 J H A% FeU 8 4R BRASE B T 50 00 52, qPCR A I 44H i A A% i 983 2H 23 miR-200c¢ B A AH 56 2 (Rl A 7K, f
P28 AL A AR 53 W1 IR L 4P K67 B4 41 50, Transwell /0 5 0080 W 40 A RSB 8 6 0, 3 A0 A AR D0 41 i (1) 981 T2 36, Weestern
blotting Wl 21 il f 2H 2 Hp 386 5 G B AR U AH D5 (5 5 8 % 2 PR (1 (3R 34 , Seahorse A 5 A1 TR USRS 0 410 ff 0 ZE Rl ke S0 2R
(oxygen comsumpition rate, OCR) « 41 ffl #ME& & (extracellular acidification rate , ECAR) A 2 AR, AR 53 135 FB6 FH 52 A AG0 i 41
W AR = AR Ak . 48 & : miR-200c-231 40 g 2% % 48 8 41 21 b miR-200¢ 3 34 % miR-NC-231 41 i & 2 5 i (P<0.05 5%
P<0.01) , miR-200c-23 1 A& AE 5 i 8 AN PR R34 15 25 N [ 98 20 43 7 K67 [ 44 41 i 259 S22 9 /D (P<0.01) , miR-200c-23 1 41 f [T 7%
B8 71 F B AT B IR TSR (3 P<0.01) . [FIR F1Ff# ZEB1/2 Vimentin.cyclinD1 [ IA N i & cleaved PARP F ik ({132 (P<0.05
8 P<0.01) , STAT1/3 I NF-«B [ B2 1L 7K T FAG (45 P<0.05) 111 cAMP 38 % 2K [ (B B2 1L /K P32 781 (P<0.05) « miR-200c-231 4 i
I OCR #2 = A1 ECAR FAAIK L (05 12 2, 3-/ — %l (tryptophan-2,3-dioxygenase 2, TDO2) ik B (P<0.05 B P<0.01) , il P9 10 Fil
FOIRAC T R & B4R 8 (P<0.05 B P<0.01) . £+ : miR-200c 4F ] TDO2 1% TNBC 44 )il MDA-MB-23 1 Jifs Py 470 i 88 AR 1 7 4
TP A A 6 AT S 7R B A RORE B R D o ) A SRR IR S TR A, I J R STAT3 A NF-kB 3 5 1M ¥ cAMP i B , AT 5 i)
MDA-MB-231 i [f) A P24 47 N

[%#i7] miR-200c; =P FLIRJE s MDA-MB-23 1 2 ifd s 358 388 I T 5 BE Qi ; STAT3 5 53l %
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miR-200c¢ regulates malignant biological behaviors of triple negative breast cancer
MDA-MB-231 cells via targeting cell energy metabolism and multiple signaling
pathways

YANG Yue', CHEN Long'", FANG Ting?, ZHANG Dandan'(1a. Institute of Interdisciplinary Integrative Medicine Research; 1b. Labo-
ratory of Analysis and Test in Experiment Center of Science and Technology, Shanghai University of Traditional Chinese Medicine,
Shanghai 201203, China; 2. School of Pharmacy, Fujian University of Traditional Chinese Medicine, Fuzhou 350122, Fujian, China)

[Abstract] Objective: To investigate the effects of miR-200c on the proliferation, apoptosis and migration of triple negative breast
cancer cell (TNBC) MDA-MB-231 and its metabolism-related molecular mechanism. Methods: miR-200c-231 (MDA-MB-231 over-
expressing miR-200c) cells, miR-NC-231 (MDA-MB-231 transfected with miRNA-negative control) and the corresponding transplant-
ed tumor models in nude mice were used as the study subjects. QPCR was used to detect the content of miR-200c and other related
genes in cells and transplanted tumor tissues. The number of Ki67 positive cells in tumor tissue was analyzed by immunohistochemistry.
The migration and apoptosis of cells were examined by Transwell chamber method and Flow cytometry, respectively. The expressions
of proteins associated with proliferation, migration, and metabolism related signaling pathways in cells and tissues were confirmed by

Western blotting. The changes of oxygen consumption rate (OCR), extracellular acidification rate (ECAR) and metabolic phenotype
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were detected by Seahorse energy metabolism detector. UPLC/LTQ-Orbitrap-MS technique was used to profile the difference of metabo-

lites in cells. Results: The content of miR-200c in miR-200c-231 cells was significantly higher than that in miR-NC-231 cells. The mass

of miR-200c-231 transplanted tumor notably decreased, and the number of Ki67 positive cells in tumor tissues also decreased significantly.

The migration ability of miR-200c-231 cells decreased and the apoptosis rate increased (all P<0.01), accompanied with declined expres-

sions of ZEB1/2, Vimentin, cyclin D1 and increased expression of cleaved PARP (P<0.05 or P<0.01), as well as decreased phosphorylation
lever of STAT1/3 and NF-B but incresed phosphorylation lever of CAMP (all P<0.05). Overexpression of miR-200c in MDA-MB-231 cells
increased OCR and the content of 10 antitumor metabolites, but decreased ECAR and tryptophan 2,3-plus dioxidase (TDO2) expression
(P<0.05 or P<0.01). Conclusion: miR-200c targeting TDO2 elevates the level of intracellular anticancer metabolites in TNBC MDA-

MB-231 cells, promotes the transformation from glycolysis to aerobic respiration phenotype, and inactivates STAT3 and NF-«B pathy-
way but activates cAMP pathway TNBC MDA-MB-231 cells, thus affects the malignant biological behaviors of MDA-MB-231 cells.
[Key words] miR-200c; triple negative breast cancer (TNBC); MDA-MB-231 cell; proliferation; migration; apoptosis; energy

metabolism; STAT3 signaling pathway

[Chin J Cancer Biother, 2020, 27(1): 9-18. DOI:10.3872/j.issn.1007-385X.2020.01.002]

— BN (triple negative breast cancer, TNBC)
o T R 1) 15%~20% , FLME 8 3% 52 1 (ER) 22
WER 2 AR (PROM R B A K K -2 (HER-2) #3
FH M, Bl = N 204 S 30 HER-2 Y697 FR#E £, T 12 28
P S A R, 6T TNBCHIZEETRIT T REHET
AFABALTT » BT TCEARR G T SR mE P I Ak, Bla)
JIev e 4 L FC) e A DA T 49 ) ek T 400 i 8 B P A 7
H 25 O #aT. miRNAs & —FKETE 18~25 ntl1H
FE RIS RN A, 3= BLR AR 7K PR 2 A AR
SEL, SN R AR A HFEL T RS R T
A 4T N, miR-200 K Hf miR-200c¢ BLAR
1 ZEB1/2 BlAF A 77 20U P EMT BER AR A
TNBCHAEFE". miR-200c [fJHEIER] (42 2 2,31 —
4l (tryptophan-2,3-dioxygenase 2, TDO2) /& AL 73
R (L-tryptophan, Trp) i K JK 2 & (L-kynurenine,
Kyn) [ 2 — PRI B, 75 9« 7L i I o e« L
¥ s R0 i S 22 B Mo R 38 R A, 5 RUEARA
S0, RTINS miR-200¢ X TNBC MDA-MB-231 4l
i AR W 2 2 AN 7 4 ) 52 e, IR B TDO2 K
STAT3 {5 5 i % 1 4% MDA-MB-231 41l i 5% 1 A= 4 2%
17 e AL o

1 MR5EE

L1 e & 5 £ 2K

i # 75 miR-200c [¥] MDA-MB-231 4l ffi (miR-
200¢-231) J [ 4 %6F HE 40 i (miR-NC-231) H1 3¢ [ f
PR K HORHAZ 15 . DMEM 8 77 25 T4 L R
it | Jifs 7 1ML (FBS) I B 35 [H Gibeo 24 ) , 1 M
(MTT) . — 2 A (DMSO) 1 H Life Technologies
/"], PVDF 04 H 22 [F Millipore A & , BCA & ik
J5£ 0 5 A FEE H Thermo A 7 , Annexin V-FITC/PI
B R TG 70 £ Matrigel W I BD A &), RNA
$2 B 71 TRIzol High Capacity cDNA Reverse Tran-
scription Kits. TagMan Small RNA Assays. miR-200c

Je U6 519 H Life Technologies 2 7 , bl Ffif 14 K 4
AR ek A He 77 M) SR Seahorse 73 A 8%
7% 3% (Base Medium) JlJ E Seahorse Bioscience A # ,
Pt & cyclinD1.cleaved-PARP 1 HRP A5ic i 1L £ 0 %
IgG Pt /& ) H Abcam A 7] , Vimentin. STAT3. P-
STAT3™, STAT1. p-STAT1™""' | VASP . p-VASP*"'¥
5 H Cell Signal Technology A 7] , p-NF-kBp65*¢,
NF-xBp65 I H Santa Curz A 7 , ZEB1.ZEB2.,TDO2
F1 GAPDH Ji§ H Proteintech A 7] . Ki67 %% 44k
I SE58 H TR LE R AR TR A 7] 58 1
12 @mppisdk

miR-NC-231 F1 miR-200c-231 41l it F & 10%FBS
) DMEM = #3572 2 , BT 37 °C.5%CO, K Hi Al
FERE IR G FRAR R IR
1.3 JUMRJE RAZ AT B AR RAL A 69 1 5 R AK

MEPE L5 S A 5 B4 20 g 1) BALB/c #1 i (52
56 5 W) & K AE 5 £ 2015000559619) I H 1 [E R} 27 ¢
ITE /NI P S R k22l VP 2T N2 L ) M e SR
R B DA B AL 27 232 Bl B 4 9 miR-NC-231 2 Al
miR-200c-231 20, 541 6 H o ¥ kb5 B K i 4
Jif 1 25 A 2% 10° > /ml, N 2544 Matrigel i I
TRG, TERR BUEE X L5 M W B R A e b . f54 a3l
SE BN AR 5T B R i g AR AR, g B 38 d S5 Ak BB B
W, B R BUR AL R E. HAHNASREE
5 J5-80 °CUR AT, Bk BB FH 4% 2 5 IS [ 2 DAFF o
925 2 ACAS I
1.4 qPCR 4 M) 2m fie F= 5 48 78 28 22 F miR-200c.
ZEB2.Vimentin ,TDO2 .IL-6 A= IL-1p 4 & [ &9 & &

FREL miR-NC-231 ZH 1 miR-200c-23 1 41 J8g He£H 21
%50 mg, F TRIzol 242 HL miR-NC-23 1 £ ff1 .miR-200c-
231 AU AZH 2 rp S RNA - (DA miR-200¢ & &1
% RNA JiT 8RB %N 2 ng/ul.  #R % Tagman miRNA
RN GV, B FEAL L 10 ng S RNA W #4 5L cDNA J&
AT PCR ) o PCR B 2% : 95 °C 10 min,95°C
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PiH, 4 . miR-200c J ik B2 17 40 L B AN 22 A5 5 J B 4% = B 1 FLARAE MDA-MB-231 IR A2 AT .

155,60 °C 60 s ;340 MEH . (O KM HAth 47 (ZEB2 .
Vimentin. TDO2 . IL-6 1 IL-1B) I, 5 RNA ¥ J& % %
500 ng/pl, #2127 & Ui I 518 5% B cDNA J&= , #2495 PCR
R E T PCR. PCR J M 46 : 50 °C 2 min,
95 °C 10 min, 95 °C 15 s,60 °C 60 s; 740 MEH. 54
FEHIZE 1o &R miR-200c F1HAdFEFR 2> 7 LA U6
Al B-actin /E RN S HEATRIEJG , F 2229 AN %
EIKF.

*=1 5|95

Tab.l Primer sequence

Gene Primer sequence
miR-200c  F: 5'-GCCCGTAATACTGCCGGGTAAT-3'

R: 5'-GTGCAGGGTCCGAGGT-3'
ue6 F: 5'-CAGCACATATACTAAAATTGGAACG-3'

R: 5'-ACGAATTTGCGTGTCATCC-3'
ZEB2 F: 5'-GCCGAGTCCATGCGAACT-3'

R: 5'-CCATGATCGGCTGCTTCAT-3'
Vimentin ~ F: 5'-TGAGATTGCCACCTACAGGA-3'

R: 5'-GAGGGAGTGAATCCAGATTAGTTT-3'
TDO2 F: 5'-CGGTGGTTCCTCAGGCTATC-3'

R: 5'-CTTCGGTATCCAGTGTCGGG-3'

IL-6 F: 5'-CCCTGAGAAAGGAGACATGTAA-3'
R:5'-AGATTCTTTGCCTTTTTCTGC-3'
IL-1B F: 5'-ACAGATGAAGTGCTCCTTCCA-3'

R: 5'-GTCGGAGATTCGTAGCTGGAT-3'
B-actin F: 5'-CTCCTCCTGAGCGCAAGTACTC-3'

R: 5'-CGGACTCGTCATACTCCTGCT-3'

1.5 Transwell )~ F X4 M) 4m fiL 68 3T 5 %

miR-NC-231 40 it F1 miR-200c-23 1 £ 1% 9% T4
Ji 355 7% LA, B B Y AR AR B 1 103 41 Al DN
Transwell 1%, FEIIA 600 ul IfLiE DMEM K 7:1K ,
6 h J&i FH 4% 2% 5 F % [ 52 30 min, 0.5% 45 & 28 et
Ja » FKIE Ve /NE ARSI 2B B B RIER
(40 M, BRSO/ N E T R IT R A H .
FH 33% I8 TR v T Vs fit /I =5 I 48 R R e (6 O 4T
{8 1 Spectra MAX190 i b7 {X (MD, 3% [H ) 7£ 490 nm
A TS50 AN S T VS AR S A B P 6 2 (DD AR OR
41 Mo L # e
1.6  Annexin V-FITC/PI % & 7% X 2m J K Ao 4m e &9
VRS

HOGH 8 A K B 25 AH A i, eI iE b BE 24 h s
FAE EDTA B JERGH 46 , #4 Annexin V-FITC/PI
A B oA R U B AT R . R
W 40 B A FH &5 A 2% vh O B A2 1x10°4Yml )5, B
100 pl BN 5 pl Annexin V-FITC #4744, vk _F#EY
¥ & 30 min, /£ _EAUE M HTIOA 5 ul PL. f# F FACS-
Calibur ( BD Biosciences , 3&[EDBE 746, £ ] ModFit

LT3.0%/4:(BD Biosciences) T4l [ T- % .
1.7 Seahorse f& = X #f 5~ A7 AU ) TNBC 48 et AX 4t
& AWk K A AR

# miR-NC-231 41 i Al miR-200c-231 41 Hfg LA
1x10* 4™ /ml [ % B $2 F T Seahorse Xfe96 & H 1% 7%
B, UL E 1 h, T A0S 940 R et e, Ak ERE
BOSRL, FHTA A i e 2 3 5 , AR & U i 1
RN Z (oligomycin) \FCCP (1 umol/L) . T
75 & A/ (antimycin A/rotenone) - 2- flit % -D-
Hi] %] B (2-deoxy-D-glucose , 2-DG) 25 ik 7| , 37 °C §iF
A 30 min, ALK 20 i 2L fil #E %0 2 (oxygen com-
sumption rate, OCR) « Zfi }fd #MIRJE (extracellular acidifi-
cation rate, ECAR) LTl JiT + it % % (basal proton
efflux rate, BPER) . &EFL4H MM 5 1 £5 1 % £ i
TR IE
1.8 & AR R i B A 4L K 4 TNBC 40 J6 X 48 52 48
X 15 4%

AR 200 pl AR FEE L EE AR, HLSO pl 40 |
TEVL N 200 Wl BRSS9 25 75 22 % (3 mg/10 mDYR
57,12 000xg 50> 10 min, HL 200 pl & _EHIAS I .
(O (il ACQUITY UPLC HSS T3(100 mmx
2.1 mm, 1.8 pm) , BN A2EK (G 0.1% HIR, AR 2,

5 (7 0.1% R, B) o BEAET :0~1.0 min, 95%A; 1.0~
2.0 min, 95%~60%A ; 2.0~7.0 min,60%~20%A; 7~11 min,
20%~5%A;11~15 min, 5%A ; 15~15.5 min, 5%~95%A ;
15.5~19.5 min, 95%A . FRFAI & 0.3 ml/min; FEFf 2 4
ulo #Hi 40 °C. JFiHE %A : BA Orbitrap Elite Jf il &,
B i s Wy R R e WA L s v e e
TELEER1300 °C, #HSIRLHE N 35 arb, FliALHEN 15 arb.
B TR A AN RS, FLE A 1 arb s 1E B T AR
IS LA 3.8 KV, U TR 3.2 kv, BAE IR
79350 °C. 1EE 710N S-Lens RF Level .30%,
HES T AT 60%-

1.9 Western blotting 5% 3o & ] 4@ 2 F= 4% AH 98 40 42 F
L AME T AR K 09 & O R L AR KT

HY miR-NC-231 A1 miR-200c-231 4H it S #% i J5
ZHZA, TN RIPA 2 [ 240 0FD 35 11 Wi/l R e 1 Bl
R i 5 A T P B BE R , 22 7 3 25 40 15 min
JE R 3G . BCA H I 77 S0l 5 #F i B K
%o AR AR A L 80 VIH JE 2 h SDS-PAGE, % il
Jei 1 5% It N A= Whds AT, DN e L 491 32 9 11 000 1
cyclinD1+ Vimentin. STAT3 . p-STAT3™*", STATI .
p-STAT1™', VASP . p-VASP =" ) J& cleaved-PARP
(1:5 000) « p-NF- k Bp65** (1 : 200) . NF-«Bp65
(1:200).ZEB1(1:500).ZEB2(1:500). TDO2(1:600) -
GAPDH(1:10 000) % & 16~18 h Ji7 , I L 2E 4T %
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= PLC1:10 0000 4B H 1 ho A LK fE 5200
Multi 518 R G417 i 5% , i 1S Tanon Image 47 K &
H T IR A S TR E .
1.10 %its 4
IR ST SR A 3 B R 3 IR f#F A Compound
Discover 2.1 34 (32[E Thermo A FDXJ T £5 ] LC-MS
JE 6 0 AT R S TRAL 3, P48 F Excel 34714 —
e 8 2 4EHE R R 30, SR AT SIMCAL3.0 Bt
1T ZE W43 43 M (principal component analysis, PCA) I
1F 22 M B /)N — e 2 (partial least square discriminant
analysis, PLS-DAD #7573 #7 , 22 5 4C 6§ % UL PLS-DA
15141 45 21| 1) A% 5 A H (variable importance plot, VIP)
18 A ek 3 i 45 1) PAE N b #E E AT 810 25 . R A
SPSS23.0 AT HEAT e it 22 70 M7, IR0 AT i i 2
P Ll x+s o, WA 8] L AR ¢ A5 56 5 PA P<0.05 B
P<0.01 R EZRAG ¥ L.
2 & R
2.1 miR-200c-231 %m i B H 4% 44 78 28 2% *F miR200¢
qPCR 5 1 45 5 (& 1) & 7~ , miR-200c-231 4|
L J A% hE R 40 2k miR-200c & Y B E & T
X HEZE 4 ) B e 20 HR A R0 B 1 21 7 A5 AT 130 6%
(+=13.83.22.23,3) P<0.01).

A

miR-NC-231 ‘ ‘ v @ @ P

mR200c231 W @ © @& «

T ——
C
o 2500(
é ~#- miR-NC-231 -~ miR-200c-231
S 20001
2 1500f
5
S 1000}
2
500
=
0O 2 " )
5 10 15 20 25 30 35 40
Time (t/d)
E

AR

miR-NC-231  miR-200c-231

2.2 miR-200c it & i 49 %] MDA-MB-231 #% 44 73 4%
4K

AT MY A DR AR FRUBY 38 d J5 , miR-NC-231
298 1A J5 BN (1.460.33) g, miR-200c-23 1 ZHLJ%3 17 Ji &
9(0.72+0.46) g, miR-200c-23 1 ZH| f) 983 Jofi 5 FYRE (A AR %
Xof WA 2H $5) 35 35 B AR (1=4.66 , ) P<0.05) , T 15 2488 Bl Ak
R R ZE T R 5 (=213, P>0.05) . 7
fgeta g B 5 R, miR-200c-23 1 ZH A AR 20 24 N Ki67
FIk AP BT miR-NC-231 41(+=4.04,P<0.01) .
PR B T B AR UL B BE B b RS . R LR 2.

300 M miR-NC-231 [J miR-200¢-231
Q
(=3 *k
S T
=
g 200
Qa *
= T
£
172}

100
=
m

-I- -
Cells Tissues

"P<0.05,"P<0.01 vs miR-NC-231 group
1 miR-200c-231 ZBff K& H 58BN miR-200c
ik PRI B
Fig.1 The expression level of miR-200c¢ was significantly
increased in miR-200c-231 cells and their transplanted

tumor tissues
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"P<0.05,"P<0.01 vs miR-NC-231 group
A, B: Tumor mass of miR-NC-231 and miR-200c-231 groups; C: Tumor volume of miR-NC-231 and miR-200c-231 groups;
D: Mouse body mass of miR-NC-231 and miR-200c-231 groups; E, F: Ki67 immunohistochemistry of tumor tissues in
miR-NC-231 and miR-200c-231 groups (%200)
B2 miR-200c 3 F&i&H0H MDA-MB-231 ZEAEFSE B A £ <
Fig.2 Over expression of miR-200c inhibited the growth of MDA-MB-231 cell graft tumor
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2.3 miR-200c i & i& 47 %] MDA-MB-231 #m fi i£ #%

ik A
Transwell 8256 25 5 (& 3A) .75, miR-200c¢-231

ZH MDA-MB-231 41 i 117 1L # % & 2% ik T miR-NC-

231 2H (+=49.14, P<0.01) . ¥t =X 2 Jf A A 0 45 5 (]
3B) iR~ , miR-200¢-231 4 MDA-MB-231 [FI 40 i T
% 5 2 5T miR-NC-231 4H (/=33.37,P<0.01) .

A miR-NC-231 miR-200c-231
: B ~ 025p
2 o020}
2
.,‘; 0.151
§ o0 2+
=
B 0.05f
=
B 0 miR-NC-231 miR-200c-231
miR-NC-231 miR-200c-231
e | e 100f
E &1 g sof X
i 2
8] o NO] £ 60
= =1 2
_ iy % 401
= S ¢ 9
. 1 % 20t
> 34 >
5 it Sttt et MM S ————v—y 0 " -
100 10" 10® 10° 10* 10° 10' 10> 10° 10* miR-NC-231 miR-200c-231
Annexin V

"P<0.05,"P<0.01 vs miR-NC-231 group
A: Migration assay of miR-NC-231 and miR-200c-231 cells (crystal violet staining,x200);
B: Apoptosis assay of miR-NC-231 and miR-200c-231 cells
3 iF5RIA miR-200¢ X MDA-MB-231 AT R FUA T A8
Fig.3 Effect of overexpression of miR-200c on migration and apoptosis of MDA-MB-231 cells

2.4 miR-200c i¥ & & F Z MDA-MB-231 % fi. 3k ¥2
) R = A6y A

I FE VR 5 % B 5 R T IR B A A B R X
T #E47 miR-NC-231 5 miR-200C-231 £ ff A< i 71 21
2243 M1 » Fl Compound Discoverer 2.1 # {4 (Thermo,
5 1B D of Ao 0 2] 1) B8040 20 AT H2 BN Al AR K H — 1k
B2 EHE 5B s FH Simea-P14.1 #4f (Umetrics, 35 [E)
X BUHEH R AT 2 u Gt . B SR IEAT PCA S
Mr, 83 E R PCA 0 #1820 I (BT 4A B &
H, QC ALAE N o 42 FF i, FF o B A U A SR R E -
miR-NC-231 5 miR-200C-231 % 41 40 o 45 W & [X %
53 9 SR oy A A A [F) G PR L, 7 2 B4 7 IE S AR
R HA R 24 T H S R°X=0.931.Q=0.887; 11
TR A8 B 2 S FE 4 R*X=0.948. Q*=0.929
(RPX QA Jy A5 2R 1y fiff e A NI 52, 5K - 0.5
PR R R] 52) . B PCA 43 BT B2 48 A B0 9 2H 41 g
FEAEZE SR, 2 J5i8id PLS-DA (JH4A.C.D) F-#k W 4
FE 6] () 22 W51 . M PLS-DA 7343 It 0] LLE H!
P X 23 B, P A B 7 I 2 TR N A ) 3 A
F B : R*X=0.601.R>Y=0.999. Q*=0.887; 1 & 1 1&
X F AT E 34 E K5 R°X=0.645. RY=1. Q=
0.965. & k56 P (B 4B F) Al BLAG RO PF 4l PLS-

DA FRE R 2 A7 AE I U B XU, il i R EA ) Y
E AT BT E A B 4, 2 58 ek DLER A5 B AL
RURG R AN Q7 350 R A Q405 45 21 [m] JH 2k 1) A 3
AR FE R WA 2 B LA . MR A X fE=1 1,
FOY BB 1, 1 BH O A AR T, AT S LR A
HHE I B SEE O QI Y A BREZ I 1, Ui B R AR
TN, 45 BBl 70 A (O RE 2 bk . BH IR 4EF Al L,
LGRS RN AT DA R H ) ) 25 5, AR
FEREZR , TN 22 | DA B B e A, 35 1 AR Y W] 4
RHEIGE A G, o] T4 2= AR .

S-plot FEI1E FH 2 i e 76 1 28 2 (]S = 224 F )
J53, 75 S-plot 7 29 Ji 5 bkze H 43 HCCE 9 i , X R
VIP BEK, 75 9 20 [R] 72 A2 R 52 00 bk oKk (BT 4GV HD
PAVIP>1. 21012 5 P<0.05 1E Afabnimd 2= S,
X ZE s i e ANEACE ) 22 (Human Metabolome
Database , HMDB) 47 EU X4 € , 5 146 AT 1) 22 S A g
WIFAT 164N (R 1), Hodr 10 M CRLAE P B P Bt
PRIERE 55 F B I 3 R (26.91.10.12, 3 P<0.01)
6 MW [ELFE L-a-H I B 19 HH A% ( L-alpha-glyceryl
phosphoryl choline) . 5- % & K M #% # R (5-amino-
imidazole ribotide 25 )] & & i 2 F#MK (.=20.97.20.31, 1
P<0.01),
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Fig.4 Multivariate analysis based on the UPLC/LTQ-Orbitrap-MS profiling data for miR-NC-231 and miR-200¢-231
cells in positive and negative ion mode (n=3)

2 33%iX miR-200c S E MDA-MB-231 4188774 K9 = B 514
Tab.2 Overexpression of miR-200c resultsed in differential metabolites produced by MDA-MB-231 cells

No Metabolite name RT (#/min) VIP Fold HMDB ID

1 Propionylcarnitine 1.88 2.08 5.217 HMDB0000824
2 Uracil 1.41 1.59 4.56" HMDBO0000300
3 D-Gluconic acid 0.88 5.33 2.75™ HMDB0000127
4 Citric acid 0.94 8.57 246 HMDBO0000094
5 Dehydroascorbic acid 1.40 2.99 2.40" HMDBO0001264
6 Acetylcarnitine 1.39 1.71 230 HMDB0000201
7 Itaconic acid 0.94 1.62 2.18" HMDB0002092
8 (x)Malic acid 1.48 2.87 1.83™ HMDBO0000744
9 8-hydroxy-deoxyguanosine 1.62 1.17 1.58" HMDB0003333
10 Guanine 1.00 1.81 1.53™ HMDBO0000132
11 Paraldehyde 4.11 2.96 027" HMDBO0032456
12 Taurine 0.88 1.66 0.23" HMDBO0000251
13 3-indole carboxylic acid glucuronide 3.75 1.03 0.13” HMDBO0013189
14 Ethyl lactate 3.68 1.66 0.12” HMDBO0040735
15  5-aminoimidazole ribotide 0.89 1.62 0.10™ HMDBO0001235
16  L-alpha-Glyceryl phosphoryl choline 0.92 5.10 0.05" HMDBO0000086

"P<0.05,”P<0.01 vs miR-NC-231 group. RT: Retention time; VIP: Variable importance plot;
HMDB: Human Metabolome Database

2.5 miR-200c if % i ¥ MDA-MB-231 %1 i K &
AT

miR-200c-231 4l i ECAR & 3 % ik (£9.70,
P<0.01) , 1 OCR B & 2 /5 (+=6.81, P<0.01; & 5A.
B) ; HBL At b % f# (basal glycolysis, BG) M X HE ZH fr)
(49.5+6.0) [£ 31 (25.1+4.1 ) pmol/(min-pg) ; 1] FM b
I fiff (compensatory glycolysis, CG) 1 & 2 T [ , )
(68.2+7.2) f#% % (46.3+8.7) pmol/(min-pg) . BPER M
(52.6£6.3) [#% % (28.5+4.7) pmol/(min- pg) (& 5C) »
PLECAR Fl OCR fH A I AL A5 AE B CEl SD) , 44

B IR 43 A E A AT (aerobic) M BZ i T (glycolytic) «
% At 7 (energetic) Al # /5 7Y (quiescent) , & A Al I
miR-200c if % ik {ff MDA-MB-231 48 fitg 1 1§} & A
AR SRE A = m) A 2RI A A
2.6 it % ik miR-200c % vk 2@ i B 40 42 p 45 X
WAEH A X AR F & At KA

Western blotting il &5 H (& 6) 27~ , miR-200¢-231
2 it RS AR R ZH 2 PN TL-1B - IL-6 ZEB1/2 Vimentin .
TDO2.cyclinD1 ({714 T i, 1 cleaved PARP(c-PARP)
AR ZRI (=12.83,P<0.05 5, P<0.01).
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A: miR-200c suppressed ECAR in MDA-MB-231 cells; B: MiR-200c enhanced OCR in MDA-MB-231 cells; C: miR-200c suppressed
GlycoPER in MDA-MB-231 cells; D: miR-200c altered metabolic phenotype. ECAR,OCR and GlycoPER

were detected by the Agilent’s Seahorse Bioscience XF96 Extracellular Flux Analyzer
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Fig.5 Overexpression of miR-200c¢ suppressed the glycolysis of MDA-MB-231 cells and altered metabolic phenotype
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and c-PARP in miR-NC-231 and miR-200c-231 cells (left) and tumor tissues (right); C, D: Data analysis of protein expressions
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Fig.6 Overexpression of miR-200c caused changes of biomarkers associated with metastasis, metabolism,

and proliferation in cancer cells and its tissues
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2.7 miR-200c it & ik 1% 4m i, & Jg 40 4% P STAT1/3.
NF-«B i# # %k & A= cCAMP i@ 54 38 &

Western blotting il 45 H (& 7) 2.7 , 5 miR-NC-
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A, B: The phosphorylation level of STAT1/3, NF-kB and VASP pathways in cells;
C, D: The phosphorylation level of STAT3 pathway in tumor tissues
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Fig.7 The overexpression of miR-200c inactivated the STAT1/3 and NF-kB pathways and activated the cAMP pathway
in MDA-MB-231 cells and tissues
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Fig.8 miR-200c suppressed malignant biological behaviors of TNBC cells via targeting cell

energy metabolism and relating multiple signaling pathways
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