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[Abstract]  Objective  To investigate the effect of small interfering RNA of lactate dehydrogenase A
(siLDHA) on migration and invasion of epidermal growth factor receptor 2 (ErbB2) over expressing breast cancer
cell line SK-BR-3, MDA-MB-453 and its molecular mechanism. Methods SK-BR-3 and MDA-MB-453 cells were
transfected with siLDHA to interfere with the expression of LDHA. The transfection of scramble siRNA was used
as negative control. The LDHA protein levels were detected by Western blot (P<C0.01). Cell migration and
invasion was detected by Transwell assays. Lactate dehydrogenase (LDH) activity was measured by LDH assay kit.
The glucose and lactate concentration in the culture media was determined by glucose and lactate assay kit,
respectively, and then glucose uptake and lactate production by the cells were calculated.  Results siLDHA
downregulated LDHA protein levels in SK-BR-3 and MDA-MB-453 cells (P <C0. 01). Compared with negative
control group, siLDHA significantly decreased migration and invasion of SK-BR-3 and MDA-MB-453 cells (P <C
0.001). siLDHA reduced LDH activity in SK-BR-3 cells, glucose uptake and lactate production in SK-BR-3 and
MDA-MB-453 cells, the difference was significant (P <C0. 05). Conclusion Knockdown of LDHA by siRNA
inhibits the migration and invasion via downregulation of glycolysis in ErbB2 over expressing breast cancer cell line.
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1.1 HpRHEESR

NFLIE SK-BR-3 40 fg 1l B [ B2 24 B2 B
FEAilh 1% 27 B 5 L Al % 2% 40 B ot % 100 mlL/
L Ji5 4 1fiL 3% (fetal bovine serum, FBS) .10 mL/L ¥
W E-HETE 0 RPMIL640 57 96 35 5 96, A ZL I o5
MDA-MB-453 i d g B [ B2 B B i 2 i B 27
F 5 e 40 96 U5 rPoe s FH /% 100 mL/L FBS.(10 mL/
L% % -4 % £ 1) DMEM/F12 5 B8 9%, T
37 C .50 mL/L CO, [HiREFM P E 7, B Kk
.

1.2 /T RNAGSIRNA)

SIRNA W 1 b 7 5 ) 25 8 R A R A A
scramble siRNA Bl B4 %} #& (negative control,NC)
J¥ %1 4 : sense: 5'-TTCTCCGAACGTGTCACGT-
3", antisense: 5'-ACGTGACACGTTCGGAGAA-
3';siLDHA-A J§%1 % :sense: 5 -TTGTTGATGCA
TCGAGG-3', antisense: 5-CCTCGATGCATCA
ACAA-3"; siLDHA-B 5 81 4 : sense: 5'-GGGTC
CTTGGGGAACATG-3', antisense: 5'-CATGTTC

CCCAAGGACCC-3"12,
1.3 iR

DMEM/F12 ,RPMI1640 35 5 175 85 255 5
R HEE Hyclone 4w, FBS I H ™M SR AW
B A RAF . #9457 Lipofectamine 2000 Iy H
2 [E Invitrogen 2\ # , Opti-MEM % 3% £ W H 2 &
Gibeo 24wl FLR A A7) 65 Fn 2L R i S Bl (lactate
dehydrogenase, LDH) I % i 71 £ 4 F w4 50 2 5 A=
Yy T ARG T 4 28O0 A D ) & 0 B A T SR
ARG /AR, Bradford & 1k B 2 X 5 &
WA RS RAYE AR T, PVDE R B 56
Bio-Rad 24wl s 4k 2% &G0 &8 B 22 Thermo
). Matrigel JEJR i F A L 855 37 b W 5 56 [F BD
N~ fl., LDHA i & W g 25 E Cell Signaling
Technology A ] ,B-actin I H 3 [E Sigma 2\ A,
1.4 XWHE
1.4.1 siRNA # % mfe 78 SK-BR-3 F1 MDA-
MB-453 40 fg o 20 i) e % NC. siLDHA-A
siLDHA-B: LIREFL 3090 ~40% 11 41 i 2% & il A 6
L fF 24 h 4H 58 M RE . SEH 0.1 mL Opti-
MEM # B siRNA (SK-BR-3 4fi fi: 200 nmol/L
NC,200 nmol/L siLDHA-A,50 nmol/L siLDHA-
B; MDA-MB-453 4 ffi: 200 nmol/L. NC,
200 nmol/L siLDHA-A,100 nmol/L siLDHA-B),
FAMHT 0.1 mL Opti-MEM #i 865 pLEE Je il 5], =
TR ES minf5 A R BEAY sIRNA FIE Gy i 5l 4%
WAL« HRG . FRBCE 20 min J5RR A WINMA
6 LAk AE TR B IR AR P R IR L 6 h S B R L
TP AERTERR IR, i 24 h )5 KR IR 5 R
DMEM fil0E 35 95 55 55 9% 24 h 5 o 4R 35 57 2k DL
AT R LR AR R . Ut 48 h IR
AT LDH 3% P F1 Western blot £l , 52 4 &
3.
1.4.2 Western blot #4248 i LDHA & & £ 1%
UK b AL ANNE 30 min, B0 (12 000 r/min,20 min)
Ji W FE » Bradford 5 H k2D i 0] & AT B
Ef, mA LR 35 pg, 100 CAEME 5 min,
100 mL/L SDS-PAGE Hi Jk 5 . 18 5% ¥ 5% i, i
300 mA,90 min, 50 mL/L Biig2E Wi E 4 1 b,
FOTVER ., 4 Cid i E LDHA —$i. = R & M
M it ik S AL W B B A0 0 B0 1 h, — BT B B
Fe#g 1 : 1 000, H TBST BEMEJE . LA B-actin 5§
GAPDH AN, fb2 OB R & & I LDHA 4
i o Image Lab 244401 BT HE 47 K BE 48 23 B7 » LA
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=, FEMA 700 pL 7 200 mL/L FBS 1) 40 i S Al
Rige sk i AE R SR 4. 24 h 5 H PBS 3 ¥/
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5 A 2 W e B L 2 R R A L A R R T
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1.4.7 sUBcAmEoom & $5 7L BRAG I U5 & i
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W B {35 8 7 i v AR G Y L R Mk R L R B R
S b ZUIR v B B Ok 2L 1 AR B A D A0 B R B
bR e . A pmol/mg protein R,
1.5 Sit=EHE
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2.1 siLDHA 3f SK-BR-3 #1 MDA-MB-453 4 if1

LDHA EHRIXH M

ZERVLE 1., # NC 4 LDHA & [ HIx 55
A 100% ., #E SK-BR-3 4ififi i . 7 4 siLDHA J5 4%
T4l LDHA 2 (4 A X 3k s b 2 62.40% +
1.07% (siLDHA-A) . 49. 88% + 3. 92% (siLDHA-
B).siLDHA-A fl siLDHA-B ¥ F #t SK-BR-3
i LDHA 1% 35 (P<<0.001), H siLDHA-B
TSR A T sILDHA-A (P<C0.05), 7£ MDA-
MB-453 40 s . sSILDHA-A R4 8 1A X 36 35 &
FEZ 74.90% £2.53% . R H A= R L (P<
0.001); siLDHA-B BE ¥% & F1 AH XF 3R ik & [ 2
71.13%£0.59% , 22 H A G it % & L (P<<0.01);
A siLDHA-A 5 siLDHA-B (% T #4036 0 5 2%

=2
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Fig 1 Effect of siLDHA on LDHA protein levels

2.2 siLDHA 3t SK-BR-3 1 MDA-MB-453 4 ff1 7T
40l

L5 ULE 2, SK-BR-3 4iffs . 5 NC HiT ¥
4 %k (173.20 + 16.23) #H I, siLDHA-A 4
(81.40+5. 64) il siLDHA-B 41 (60. 50 =12. 85) iF
A A B D, 22 5 A S L (P<<0.001);
sILDHA-B 4iF #4108 b siLDHA-A 43 5% 41 i
L ERA G E L (P<<0.05), £ MDA-MB-
453 A b, 5 NC 43T 88 i 4 il £ (99. 60 £ 3. 26)
M, siLDHA-A #H (44. 20 £5.03) il siLDHA-B
4 (49.80E5.38) iF B 1y 40 i £k 78 W D> (P <
0.001) ;siLDHA-A 5 siLDHA-B 40 1T % 41 Jfl %%
25 Ta i 2= 5 L.
2.3 siLDHA 3t SK-BR-3 1 MDA-MB-453 4 1 {2
ZrEm

EHL UL 3, fF SK-BR-3 4 g . siLDHA-A
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AR EL (47, 60+ 4. 50) Fl siLDHA-B 41152
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I SILDHA-B 20 1= 28 41 L 80k T siLDHA-A 4,

i, sILDHA-A 21 47 2% 41 i %5 (48. 20 = 5. 04) Al
siILDHA-B 41 {2 78 40 Mg % (48. 00 5. 38) H X F
NC 41 (97.60£11.09), 2 FH G i X (P<
0.00D),1fif siLDHA-A 405 siLDHA-B 4 {2 72 4i

ZRAEGH 2T L (P<0.01) ;78 MDA-MB-453 4 JEE R R LSRRI B L.
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2 siLDHA #1%l| SK-BR-3(A)#1 MDA-MB-453(B) 40 i1 f5E %
siLDHA inhibits migration of SK-BR-3 (A) and MDA-MB-453 (B) cells

a: NC group; b: siLDHA-A group; c: siLDHA-B group; d: Histogram.

Fig 2

* P<C0.001, vs. NC group; # P<C0.05, vs. siLDHA-A group
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siLDHA inhibits invasion of SK-BR-3 (A) and MDA-MB-453 (B) cells
a: NC group; b: siLDHA-A group; c: siLDHA-B group; d: Histogram.

siLDHA # %] SK-BR-3(A) #1 MDA-MB-453(B) 4 fl iy 2 2
Fig 3
* P<0. 001, vs. NC group; # P<C0.01, vs. siLDHA-A group
2.4 siLDHA ¥t SK-BR-3 4 it LDH & 1% 89 3] &l 4 2.5 siLDHA % SK-BR-3 #1 MDA-MB-453 4 1 &
A HEBINMIABERENMNEER

LERLFR 1, siLDHA-A fl siLDHA-B % e G 2. K 3. EWFR AN . siILDHA-A
¢ SK-BR-3 4l i) LDH &ML F NC 4, =27 A Fl siLDHA-B ¥ Y 21 1) ) 75 B 5% B A1 2L R A2 ik
%R = L (P<C0.05), EHET NCH, ZRAESIT#E L (P<0.01),
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%1 siLDHA 3t SK-BR-3 40l LDH & 14 89 2201
Table 1 The effect of siLDHA on LDH activity in SK-BR-3 cells

Group n LDH activity/(U/mg)
NC 3 7.85+1.13
siLDHA-A 3 5.20+0.39"
siLDHA-B 3 3.814+0.32"*

* P<C0.05, * x P<C0.01, vs. NC group

% 2 siLDHA 3F SK-BR-3 £ i 71 % #% 8 BUF0 2L 8 & A A9 % 1
Table 2 The effect of siLDHA on glucose uptake and lactate
production in SK-BR-3 cells

Glucose uptake/ Lactate production/

Group " (pmol/mg protein) (pmol/mg protein)
NC 3 0.76+0.03 1.3340. 04
siLDHA-A 3 0.60+0.01" " 1.174+0.02* *
siLDHA-B 3 0.62+0.02"~ 0.75+0.03* *~*

* % P<C0.01, * x % P<C0.001, vs. NC group

% 3 sILDHA Xt MDA-MB-453 £ i % %7 4% 5 B A0 21 B8 45 AX /0 %2 0
Table 3 The effect of siLDHA on glucose uptake and lactate

production in MDA-MB-453 cells

Glucose uptake/ Lactate production/

Group " (pmol/mg protein) (pmol/mg protein)
NC 3 0.44+0. 02 0.67+0.01
siLDHA-A 3 0.33£0.02" " 0.5440.01*
siLDHA-B 3 0.34+0.01" " 0.524+0.04" "

* % P<C0.01, x x %x P<(0.001, vs. NC group
3 3Tig

Jier 33 4 A 38 o i AR AR 2 3 AN B Ak 1
TP 58 DT 52 g Jor 98 149 A R & Je T Bl AE 4R
ST BYSRAET o ohJEg 20 A 2 8 Ao TG SO T 7 T
AEH X85 DL S AW R A T K IZ LR RN
FUAAIRS 4R o AT O S ) A% T A 3% A 1) — 24 i
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LDHA A ALTEE B i v S 4% 1 2AE L 6 58 5d
Tk LA Ak W L R 2F — 25 52 i iR 1 A TR
RIZWAN ZE05 i XTE 4507 28 A [ /)y B 50 4 Py s
VTR S A R LDHA DR FLIR 5 Mg AE K e 78
562 K PLBEE LDHA B8 . FLER K 820 i
AR S5 B EZ #6i . BAUMANN %
FEAN 2 TR HTZ349 4 h i3k LDHA fg g />
Jifrggg v LR 7K ST o 20 JE S B8 e ) B =2 0 s L A Y L 4y
THL & & B FL R K F T A 5 % 4k 4R K T2

(transforming growth factor-82, TGF-82) 3£ ik UL
BRI > R U R 4 R R -2 (matrix
metalloproteinase-2, MMP-2) il #& & & o,ps /K.
BRAND % B 5% e 07 2R 60 3908 i LR 7 it 1Y
Ty A0 ] Es T2 R R NK 4 A 3 Ak £ 28
JHL AL 1 40 2R -y (TEN-) 19 7 A il /b o 5 250 e 240 e
fo ks AR R i 2R G . Pl LDHA 2134
I7 AN R Y — TR

AW S E R R R, BT Al sILDHA-A Fl
siLDHA-B i3+ 7 MDA-MB-453 f1 SK-BR-3
#iMd LDHA Y3 3K 40 LDHA 223K 8 48 g
AT RS FIA 22 RE ) B R A . ik — 2B 0P 58 Lo T AL
il % . sSILDHA fg 2 % K& ik SK-BR-3 4fi g 1
LD {4 0 i 40 3 54 45 25 4% 55 I 70 L R 2B A
i, B sSiLDHA el 40 ) 4 i A . 78 SK-BR-3
e siLDHA-B TR T siLDHA-A LB AE
MDA-MB-453 #lififisf siLDHA-A Fl siLDHA-B A
A AL TP AR L 32X R0 B4 02 i T [R) 48 i 5
BORR R e 3508

Fad g5 R AR R, 78 FLIRJE SK-BR-3 Al MDA-
MB-453 4 g v+ P LDHA 3 3k m] DL 5o % 1 Bl
T i I 490 ) 200 L 0 AT RS RN 2R BE T o X S TR B RE
200 g A 2 e 2 M R L A LDHA Feakal L
ol AR AROWH T firk DA T 4100 <8 4 B 194 3T 3% A= 28 1 BF 5 4k
H—E T EE B LDHA % e
£ /ONS S A < 3 ) 1 B NT a8
ARSENEAULT 5201 47 38 75 5 (8, 298 MDA-MB-
435 4 g b AT shRNA JTER LD HA RE #1200 o 4% 1%
it + A7 2400 A5 DR P A 2 1) e A S A i 1R 1k L A
T3 I 26 ki K 1% P % (reactive oxygen species,
ROS) 1y A5 1l 2 78 J5L WL BR 25 F1 9 484k ok 7% 2 4R
WLSh 2 A 2 T 2% F5 AE . S5 2890 40 i 7 5T R
SHENG 451 iy F 5¢ % W1 76 JIF 5 HCCLM-3 41 g
di i shRNA R LDHA 2 £ 7k 5 6 4 i 20 2 0
1278 TE S Fh AL AL /)N BRURSE AR v e 410 ) fie 2 % L X H
I3 T AL AT WESE A B e B8 AH G X7 A0 kS 3 BE I
fiti (focal adhesion kinase, FAK) .MMP-2 . Il % N K%
H K F (vascular endothelial growth factor,
VEGF) fil E-cadherin 7£ H R 45 B ZAEH .

ARWF5E % BlAE SK-BR-3 Fil MDA-MB-453 41l g
HH SILDHA T4 LDHA 235 7T R il 4 %5 4% £k
W, LDHA AR b P R R 1) SR i 7 22, 5
14 [ AR B e IR IZE 04 — 4% HF B2 (nicotinamide adenine
dinucleotide . NAD™ ) {1 A i, i o & B B2 i
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ZE LR AR B SEE SEAE ErbB2 5 3% 38 FLAR
SK-BR-3 FI MDA-MB-453 48 Jid t Ji %5 4~ K~ [A]
sIRNA J7 9] T4 LDHA 33k 68 3 ) 4 1 A% . A
0 4] 4 B 1 A 7% R 22 Be 0 B LA T LA R
— W . T RE A IR A B 5K R 5 E A [
siIRNA ¥ %] T # LDHA % ik % MDA-MB-453 4
Jid LDH [ 35 P (952 W, 2 )5 0 4k 22 0 L 38 47 B 55
#n LDHA A5 7] fg iR i 5% ErbB2 & 323K FL AR
R —Fh B 7k
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