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LDHB Promotes the Growth of Glioma Cells via PDK1/Akt/GSK3p Pathway
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Abstract The aim of the study is to investigate the effects of LDHB on the growth of human glioma cells in
vivo. After transfecting the sh-LDHB or sh-EGFP plasmids into glioma cells, qRT-PCR and Western blot were used to
detect the mRNA and protein levels of indicated genes. CCK-8 assay and colony formation assay were conducted to
examine the proliferation of glioma cells, flow cytometry was performed to invest the cycle and apoptosis. The results
revealed that the protein and mRNA levels were decreased after transfecting sh-LDHB plasmid in glioma cells. LDHB
knockdown reduced the proliferation of cells and resulted in sub-G; DNA content, as well as decreased the proliferation
related genes c-Myc and CylinD1 expression. Also, it inhibited the phosphorylation of PDK1, Akt and GSK3p. Taken
together, LDHB played an important role in the growth of glioma cells via the PDK1/Akt/GSK3 signaling pathway.
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A DY AR, ot ©L 48 AIE SELDHATE %2 R i 8 v 2%
KSR, MR R R R BULITHRET. A
TG 77 T Py 8 4 B2 A A7, LucieZ5 M0 FLiIE B,
LDHBE#% T K #iV-ATPasel It i) v Big 4K 1% Ak i 72,
SR 20 Y R, 4 R R 4 ) B AT R R R
I, LDHBH 171 2 A 5 5 (R 4 ) o, A B
Pt P 0 i 5 S A D B 1) [ W ) L MR 25 . AT,
LDHBFERTE & b iV LIS A Ry — 2P 55 .
AKCIH B2 52 40 f A7 05 (1) OCH (5 ek, 502
BB IR RS, R REMRE R L. KR
S A R S BEE Y. B A0, < T LDHBTE
JERA R B AE ) S D RE AN 4 T IR NS A
SEAEE. TRk, AW AL B 7E PR T LDHBXT I i 8
i A AR K R B2, ALDHBAE A I 5 IR ¥ 7 HE 4
PSSR .

1 HRSHE

1.1

11 gmiefe ke SO0 AN 0GR 5988 40 i &
U251IMGHISW 17830 H H [F B} 2 B - i 41 i
pLKO. 1-puro# 4 B VT 757 0K 2% [ 27 Bt 48 i A 4 27 B
FELRAT

1.1.2 2&KA RIS E HGibeoA F]; DMEM
R 7R A H WisentA 7] ; 7 YLk Lipofectamine®
2000 H Life Technologies /A 7] ; B il 14 P9 U) 1% BR
EcoR Tf1A4ge I ENEB/A 7]

1.2 753%

121 @i ARFUEAIMIU25IMGRISW1783
B FETE 10% 625 L5 FIDMEMEE 75, 37 °C. 5%
COL S VAR B2 1 855 75 58 Th B 72 e 80 A K, H
ENEE PS8

12.2 LDHBF#JiitgME  {ESigmaA ] H M
2 T AE293TZH M A iiF 55 f¥ish-LDHBY) J5 %1 . sh-
LDHB L 51 %) 7 51): 5'-CCG GCG TGA TTG GAA
GTG GAT GTA ACT CGA GTT ACA TCC ACT TCC
AAT CAC GTT TTT G-3', FiF5| 7% : 5-AAT
TCA AAA ACG TGA TTG GAA GTG GAT GTA ACT
CGA GTT ACA TCC ACT TCC AAT CAC G-3'. %}
M sh-EGFP i 5197 41: 5'-CCG GTA CAACAG
CCA CAA CGT CTA TCT CGA GAT AGA CGTTGT
GGC TGT TGT ATT TTT G-3', Nl 5|¥F%1: 5'-AAT

TCA AAA ATA CAA CAG CCA CAA CGT CTATCT
CGA GAT AGA CGT TGT GGC TGT TGT A-3', 514
IR KT s B I R i R XUBE »  EcoR 1) Age TR
pLKO.1-puro#f /A 3 5 XUEEDNAE 2 i # 1b 2 45
Y1, P HE PR T 5 R I PCRIZEAT 45 58, BT R 2 kL
20 7 IEH 5 FH T 2 P A e s g

123 #mietrt®E  HpLKO.l1-sh-EGFPFI
pLKO.1-sh-LDHB/F ki £ %55 955 5, JF K Y241 fg, 48 h
Jo IO R T ng/mLIFI RS B RO B R A, W
[ A1 B 55 4E V& A IR (U225 IMG AT SW 1783 41 it 1
BT R . 3K X RE ZE 20 4 B AR T, T
BRI B 4E i A — A AT, A4S T R A4 i
R S S e 18 Dy P 4

124 ZFEATEAPCR(QRT-PCR)  4iffu#48 h
Ji HIEFZ190% LA, FTRizoliA R HURS Ye4i B i)
FRNAJF 00 5 56 4 icDNA, € &8 52 I 9% Y4 PCRIG:
WLDHBY) %1% . LDHBIY) 5194 5'-CCA ACA
TGG CAG CCT TTT CC-3', N5 #)4: 5'-TCA CGT
TAC GCT GGA CCA AA -3'; c-Myclf] E3E 5% 5'-
GGT CTT CCC CTA CCC TCT CA-3', N5 51 ¥ 7:
5-CTC CAG CAG AAG GTG ATC CA-3"; CylinDI{]
L5 N 5'-AAC ACG GCT ACA GCT TAC-3',
TSN 5'-CCA GAC CCT CAG ACT TGC -3;
GAPDH) #5198 : 5'-CTC TGC TCC TCC TGT
TCG AC-3, FiF31%7: 5-GCG CCC AAT ACG ACC
AAATC-3.

1.2.5 Western blot# | i iX it /8 48 i, F 48 % & &
eyR-F RN BRI I N2x R B R 2R
100 °CHn#ks min, 12 000 xg&5>5 min. F10% SDS-
PAGE % B ¥ i, 515 ZPVDFIE . 5%/t IE 9
FWEEL b, JIAN—Pi4 CRFE LR, MBI A
W (horseradish peroxidase, HRP)AR1C ) —HT = I
I E 1 h, ECLALS RGN R 5, TR g R4t I
118 3 2> 1. — Pi: LDHB(Santa Cruze, sc-100775).
¢-Myc(CST, sc-40).CylinD1(CST, 2978L).p-PDK1(CST,
3438). p-Akt(CST, 4060). p-GSK3B(CST, 9323).
PDKI1(CST, 5662). Akt(CST, 4691). GSK3B(CST,
12456); —-Pi: FPu b Pi(Santa Cruz, sc-2004). F47
. Pi(Santa Cruz, sc-2005).

1.2.6  CCK-83%A5 M| 2m it ) 38 74 4% 0.25%JH &
FI R AL AT, 10% FBSHRE 7735 S B A i e /3 21
B B T, BAL 000N/ FLIE RN T 96 FL AR, [
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A R HRZA AN g i), 70 -1, 24 34 4. 5.
6 K IA10 pL CCK-8ik 7, ®EJEHF 2 hia, 7ERGHL
e K M 450 nmAb B2 ECEFLIROE (. EE 3K
BT 25048, DARRHIR] R . o X 184 5 36 Oy 2 e 222 A
AR 2.
127 nBEHREE & LRI 5%
Y BT BN B MBS TH R R A 4y i DA
500, 1000, 2 000~/FLEZF Bl6FLIR H, 2 H 4% 52,
A AT 5], R R . W3R T e — Ik 7R ik
228 J5, PIHRRI TG 240 f o R, IR 74 772, H
PBSTA B R 21K, 4% % 5 W [ 7230 min,
FPBSY M 2K, FFLIMAT mL 0.5%%5 i 45 G
WA 20 min, FFHPBSHEZR Z ARG THE B R
BE 0K T 500 i 1 v B AT T R SRS
ML HEATIIR
1.2.8 @B s KPR YL s 40 B A K Il
U251IMGHISW 17834 g J& 1 15 . fEU251MGHI
SW17834f il 1 '~ I LDHB % 3% /K °F, Lhsh-LDHB
VENSEE 20, sh-EGFPYE NN HEZH, A Fhti48 hfg
F A& EDTA EEREHE 41 i, PBSPE27K, 1 mL PBS
1l B 4 B B, 70% £ 4 °Cl e it . $E AT %
Vi E P . B0 B, TR0
~10073 ™4, BIN400 pL PIZL (o, 2218 3 754 &
RANMEYTIE, 37 CCREEIR 30 min, AR G2
2 AE, 5 B
129 AMEE&FHA T HSEE AR E A E
W+ %Il(The Cancer Genome Atlas, TCGA)FIH [E A
o 152 I e 3k (R 40 2 # % 22 (Chinese Glioma Genome
Atlas, CGGA)H 13 NI R AH G, 73 #T LDHBAE
B2 I3 988 4% % A 4% 30 AL A mRNA K o K59 N 4%
LDHBZIE K43 NLDHBE K IEFILDHB = R I5 2,
S AT L 499 N 2R A7 AT T o
1.3 it

K HISPSS 17.048 vh 3 A 13E47 75 22 43 A, S5 4
0 FH 38 b e 22 307, I RE AR S B HL R F b 58,
P<0.05 8 A Giit 5 e

2 R
2.1 LDHB7ERRREH BYFRIE B R G5

ST TCGAKUHE 7 43 #7 1) 45 SR 7R, LDHB{E4F
J B2 PR B R IR A A 22 e, I HLTUE B i
proneural ¥ 1 LDHBFR ik /K *F B =1, 1 He At 37 24 wh

LDHBF 15K EAR(EITA) . I NAAE TG 73 A 25
R RIR, LDHB R 3k 2995 N I sk A= A7 3 K (B
1B). [AINF, CGGAXHE F K4 (1) 43 B 5 B 7 AR
(145 5 : LDHBYIFIA 8 5 I3 988 s 3 55 0 (1 7 i T
F# (& 1C), proneural 8 it LDHBZ 1% /K- Bt = (K 1D) o
B P A 4 SRR, R IK M LDHB P 7 45 11 5 8d
RIS A — € B2 Wi i .
2.2 K&IM4Fh AL B 4R BB - LDHA/LDHBIK F F1
FHLDHBRIE

Western blot4% % i 7, LDHA/LDHBIF) 1A £
FEAM B 53 968 24 it () 22 IA A A7 72 22 7, LDHAZE
US7TMGAHILN2294H fitd v 2 ik & 1R /&, 111 FESW1783
AU25IMGHH i 1) 3 ik & R K, [7] S LDHBZE4 )
Fi J5 9 40 i R R OA & AH M (B2A). B TLDHAR
LDHB AAS [FHEF2H A (1) T8 A R T DU 56 A4 7L B it
SUN, AT R R FT L IRR < ) 1) A 4 IR, AT e
HYLDHA % i & % M LDHB 1A & 15 (U225 IMGAll
SW 17831 112 o Jeg A i i A7 B PR U BR 5258 . #4472 h
J&i, i@ FqRT-PCRF1Western blot Ji) 6 Ml v 5z Jii I8
i ffg Z2U251MGAISW 1783 LDHB fmRNAF £ (4
Jii/KF-o qRT-PCRES KW, 5sh-EGFPXTHRALAH L,
sh-LDHBSZ5 4 LDHB /KPR, HZERH
At = L (P<0.05, E2B). Western blothi Il £
R, SEIGAH F LDHB R (5K Tt B 2 R
2C), Ko Hr 45 7R 22 A et 5 75 L(P<0.05,
KI2D). 4R, AWt 58 i ) sh-LDHBRE 4 3L
HiAT ] 12 B R U25 IMGAISW 17834 il T LDHBIT) %
IEIKF o
2.3 FHLDHBIHNHIFS B 40 AR 1S 5E RE

N T 2B R W LDHBFR K 7K 7 %F U25 1MGHI
SW17834H 3t 5 e /1 (1) 508, FRATT 53 7 7 248 PR e b
JE BI6AN I E] S5(1. 24 34 44 5. 6 R)K 96 FLAR T
PR A R IR B L. S el SRR, ST HRZAH L,
S ZH A PR R A S B R R BRI, JF 2 R A St
25 L (P<0.05)(EI3AFIEI3B). LA, 50 [ T Bl S 56
G5O OR, 2 8 JE SR 2 S Y ORI R T R
(P<0.05)(K3C). Likszitst BuiiH, NHLDHBRIA
A LAMAIU25 IMGAISW 17834 Jifd £ 14 3
2.4 PE{RLDHBEL[E IR K TR i3 Bk B B 4 Bl
KERAT

N AT R ALDHBEE DR X 5 988 40 A J 3 )
SR, AE TS 5T 96 20 i - P DHB Ji Ao 0 248 M J 31



554

(A)

mRNA expression microarray
in TCGA

20004

Relative mRNA levels of LDHB
(fold)

19954
1990\
1.95 B
1.90 L L 1 L
> > D> >
D & 2 P
N ~ S
Q) Q S) <
>
Q&o % @'QQ CJ\(D
X
© o
mRNA expression microarray
in CCGA
8 120-
5 .
o 1004
o
S 801
Lz .
= € 60 '
QE) 40 aud
= RYvY v
E 20 - asanh A8 Lk
o
[=4
0 o
v

(B) mRNA expression microarray
in TCGA
100+
—= LDHB low
g 30 —— LDHB high
=
E 60 - P=0.000 7
2
% 401
5}
& 204
0 L J
0 1 000 2 000 3000 4000
Time (d)
(D)
mRNA expression microarray
in CCGA
Q
T
Q
~ .
< 1001
S
> o~
L .
<& '
z
g
o
2
=
Q
[~
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A: the mRNA levels of LDHB in 4 subtypes of glioblastoma by TCGA database; B: Kaplan-Meier curves comparing samples with high vs low levels of
LDHB in glioma; C: the mRNA levels of LDHB in 3 stage of glioma by CGGA database; D: the mRNA levels of LDHB in 4 subtypes of glioblastoma

by CGGA database.
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Fig.1 The expression pattern and clinical significance of LDHB in glioma
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A: Western blotf&ll LDHAFTLDHB /L4 i 5 8 41 i (148 H; B: qQRT-PCRAG M LDHBFImRNA/KF; C: Western blotfll LDHBH (15 /K *F; D:

EEAKEART M. *P<0.05, 5sh-EGFPALELE .

A: the levels of LDHA/LDHB in glioma cells detected by Western blot; B: the mRNA level of LDHB in glioma cells detected by qRT-PCR; C: the
protein level of LDHB in glioma cells detected by Western blot; D: the relative protein levels of LDHB detected by densitometry. *P<0.05 vs sh-EGFP

groups.

E2 M4 BRI 4R -f LDHA/LDHB/K FEF0F 4 LDHBHYSER
Fig.2 Verification the levels of LDHA/LDHB in glioma cells and the rate of LDHB knockdown
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A, B: #IflU251MGHRISW 178341 il - LDHBHE R 1 3 1A KT B AR A AR KT 3 B 2%, C. D: I U25 1M GHRISW 178341 il 1 LDHB X R ¥ 35 7K

VRN R T R AE J1. *P<0.05, Hsh-EGFPALELEL

A,B: knockdown of LDHB inhibited the proliferative rates in U251MG and SW1783 cells; C,D: knockdown of LDHB inhibited the clonogenic capacity

in U251MG and SW1783 cells. *P<0.05 vs sh-EGFP groups.

E3 FEARLDHBIRIKIKTHNH B AR B 4 A o 1A R
Fig.3 Knockdown of LDHB inhibits the proliferation of glioma cells
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A, B: MIi[U251MG. SW178341fiu h LDHBEE K ({115 K FHE 5 1 I B 40 i H sub-G, Lb 1«
A,B: knockdown of LDHB results in sub-G; DNA content of U251MG and SW1783 cells.
El4 FERLDHBEREZRIAKFARHE MR B A AEHY R T
Fig.4 Knockdown LDHB promotes the apoptosis of glioma cells
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Fig.5 Knockdown of LDHB reduces the proliferation related genes expression in glioma cells
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Western blot was performed to detect the PDK1/Akt/GSK3P related proteins expression after knocking down the expression of LDHB in U251MG and

U87MG cells.

El6 THLDHBEREHIPDKI/Akt/GSK3PIE S8R HIHIE
Fig.6 Knockdown of LDHB inactivates the PDK1/Akt/GSK3p pathway

1999; 32(2): 137-41.

tumorigenesis. Cancer Res 2011; 71(1): 13-8.

21 Norton N, Williams HJ, Dwyer S, Carroll L, Peirce T, Moskvina 25 Yang X, Cheng Y, Li P, Tao J, Deng X, Zhang X, ef al. A
V, et al. Association analysis of AKT1 and schizophrenia in a UK lentiviral sponge for miRNA-21 diminishes aerobic glycolysis in
case control sample. Schizophr Res 2007; 93(1/2/3): 58-65. bladder cancer T24 cells via the PTEN/PI3K/AKT/mTOR axis.

22 Emamian ES, Hall D, Birnbaum MJ, Karayiorgou M, Gogos JA. Tumour Biol 2015; 36(1): 383-91.

Convergent evidence for impaired AKT1-GSK3beta signaling in 26 Dupuy F, Tabari¢s S, Andrzejewski S, Dong Z, Blagih J, Annis
schizophrenia. Nat Genet 2004; 36(2): 131-7. MG, et al. PDK1-dependent metabolic reprogramming dictates

23 Zha X, Wang F, Wang Y, He S, Jing Y, Wu X, et al. Lactate metastatic potential in breast cancer. Cell Metab 2015; 22(4):

dehydrogenase B is critical for hyperactive mTOR-mediated

577-89.



