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ABSTRACT Objective: To investigate the effect of TIGAR on the proliferation and metabolism flux in non-small cell lung cancer
and explore its possible mechanisms. Methods: A549 cells were transfected with two pair of siTIGAR or siNC (as the control). The effi-
ciency of TIGAR silencing was detected by real-time fluorescence quantitative PCR and Western blotting, respectively. The effective
shTIGAR was constructed into a recombinant lentiviral vector, and then infected cells. The proliferation ability, colony formation, cell
cycle was detected by CCK-8 assay, soft agar assay and FCM assay, respectively. Western blotting determined the effect of TIGAR on
the protein expression of P27 and CDK4. The mRNA levels of several glycolysis enzyme was detected by RT-qPCR when knockdown
TIGAR. ®F-FDG intake, 1-"C intake, 6-“C intake assay indicated relevant metabolism flux. Lactate and ROS was quantified by kits. Re-
sults: The expression of TIGAR mRNA and protein were strongly decreased after transfection with siTIGAR (both P value <0.005). The
NSCLC cells stably knockdown TIGAR were successfully constructed. The depressed proliferation and cloning ability, arrested in Gy/G,
phase were found in stably knockdowned-TIGAR cells. The protein of P27 was upregulated while CDK4 was downregulated by TIGAR
knockdown. TIGAR gene silencing significantly promoted the glycolysis and lactate production and inhibited the flux of pentose
phosphate pathway and oxidative phosphorylation. Inhibition of TIGAR induced the ROS Production, especially in the hypoxia status.
Conclusion: TIGAR silencing may inhibit the proliferation via regulating the P27 and CDK4 expressions and the redistribution of
metabolism flux.
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Table 1 Primers used in Real-Time PCR

Genes Primers
TIGAR F: 5-CTCTGACTGTTGTCCGGCAT-3'
R: 5-TGCATGGTCTGCTTTGTCCT-3'
PFKFB3 F: 5'--AGCCCGGATTACAAAGACTGC -3'
R: 5'--GGTAGCTGGCTTCATAGCAAC-3'
LDHB F: 5“TACAGGATCATTGGCTACACACC-3'
R: 5-GGTCACATCGCTCCAGACT-3'
MCT1 F : 5~AGGTCCAGTTGGATACACCCC-3'
R: 5'-GCATAAGAGAAGCCGATGGAAAT-3'
MCT2 F: 5'-GGGTTGGATTGTGGTTGGAG-3'
R: 5'-TCCTGCGTACATAACAGCCAG-3'
PKM2 F: 5'-“GGGCCATAATCGTCCTCACC-3'

R: 5-TTGCACAGCACAGGGAAGAT-3'
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Fig.l The efficiency of TIGAR knockdown in instantly (A) and stably (B-C) knockdown cells was determined by Real-time quantitative PCR (left) and
Western blotting (right). siNC (shNC): cells were transfected with negative control siRNA (shRNA); siTIGAR (shTIGAR): cells were transfected with
siTIGAR (shTIGAR).
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Fig.2 The effect of TIGAR silencing on the clone forming ability (A), proliferation (B) and cell cycle distribution (C) in human non-small cell lung cancer

cells was detected by soft clone-forming assays, CCK8 and FCM assay, respectively. siNC (shNC): cells were transfected with negative control siRNA
(shRNA); siTIGAR (shTIGAR): cells were transfected with siTIGAR (shTIGAR).
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Fig.4 The effect of TIGAR on glucose metabolism enzyme including
PFKFB3, PKM2, MCT1, MCT2, and LDHB in mRNA level (A) was
detected. The change of glucose intake(B), lactate production(C),
metabolic fluxes both pentose phosphate pathway and oxidative
phosphorylation(D) and metabolic flux of oxidative phosphorylation(E)
were determined. *P<0.05, **P<0.01, ***P<0.001.

A

Normoxia Hypoxia
h - -
o - -
B **p=0.0018
1500
W siNC
SiTIGAR-2

p 0.0010
p=0. 0002

B 5 E¥EFMERER T TIGAR 3 4HARE M &% (ROS) 4 B AR
Fig.5 The effect of TIGAR on reactive oxygen species (ROS) in normoxia

ROS generation
fluroscene intensity /1 0% cells
o >
=3 =3
o o o
% i

and hyoxia condition. The intensity of green fluorescence protein

represents the ROS level (A, X 200)

3 9HE

R 8 22 I 50 S8 7 R I 0 o A R I AR
FMUARTRAS A B AR F AR AR & A ThRe 2l vl L
S0 , L e R BRI T L i AR e ) 2459 1 iR
BIIRITIE, 510 UM AR B, R 43 o 26 B0 H AR H
Jonn, B A0S 2 . M I e 2 A e e LR, BN PR 2 Ty
Warburg 557, SEAFEIFST SR IR A T A g & R rp iy 22
Yo ARG A S5 R & A R R Z R R ANARIE & AR K
SR A R 1 25 AR 2 [ AP0 56 R AP AR BT, T 2
ZIRFARER

TIGAR YN —F A -2,6- RUBERRBEHE U1 I s m
BR A&, AL NADPH B Hi b D e i s ARG,
WM -5- BEIR FH T DNA SR, A5 B9 408 76 — S i 41 21
o TIGAR FEHEN, Yu 58 AfF57 % B TIGAR 33 {18 i
R MR IS 12 A Cdk4-ATM 3l SR AR #E DNA B3 &, T2
HEIIE 40 MLA7TE ", Eric C.Cheung 48 A& TIGAR J2/MiiA:
PR N IIgE T ) BT A ZB 7, 343 5T 4l TIGAR 3@ 33 1A
5 RB-E2FI1 &2 &35 5 P53 -5 (0 40 A J 41 4508 , AT 410 i e
TEYGTE  WIN 25 A T R R T AR Y, A TIGAR 24 7
P53 )RR I B, (R 2 BT 45 SR B 7E iR 40 il
TIGAR ik AN3Z P53 Ji#, TIGAR [ 45 Kk B F I8 &
AR W, IRATRRSE R B AR /N B e A M e, ek
TIGAR fig B} it J (IR M B4 7 el e FH se MR e ) o AR dE—2b
PIALHIEEZ P, FRATA I TIGAR 8 I 41 i A I AH 6 R A
CDK4 F1 P27 [y 31k , CDK4 5 HAl i HIAH 6 28 R 2 A 1A
TR AN Gy JHIT R S ], (2 40 LI 580, 17 P27 25
S ) 40 B R 3 2 11 CDK2 il CDK4 %5 G, i 2 & , 1l
HAERREE T G, A, X ARG B T Rl TIGAR 20 453
 G/G, ARG . IEJ2 B T asl TIGAR 3 B4 ff 454t #¢
Gy/G, 11, Jit L) 4 4 5 R B R %

T30, AR T A% R R R A A TSk
REACHR A, R DA A S AR TIGAR A2 filidis 40 i A=
K pLE . B2, FoAT %31 g4 56 B PFKFB3 .LDHB
MCT1 MCT2 #l PKM2 7E TIGAR @5 % T mRNA 7K 1y
ol , & AN TIGAR B IR A% B A% 1 PFKFB3 (93234 , BRI
LDHB MCT1 Il MCT2 ({335 , iX #8275 TIGAR J&— ™1 il
i e AN LR A R AR T I 7, ZE B F-FDG R EURIZL IR
R A 5 R BHIE T X — 2518 . H C ARic A5 L iR T, &
uﬂlJ CO, HTRSH TR B A S A A 1 i 2R b, Mkt P58

o PO TIGAR J& , NI 1 (L2 6 IR IEY HC #HA
TF& $E7R A TIGAR B R IOME 13 2 It i RN AL B IR IS AR U
T IR o BRI 22 OIS S Al A R R A Qi
B ) A B R 1R (L FE B 1R O 420 Sfe (i a2t Iyl 2B R T
Lb fn iz v PKIM2 e AE 98 738 Ji 38 3 445 W 1 ik oo [R) 7 e 1) 5

A I B (5 AR PR A A )k e e 40 M A A 3 5 B0
A7 Kras 28748 B IR IBAE T (PDAC) I AR, % e 4l 2

TR 2 245 M7 45 5 18 7R KrasG12D 76 V8 £ i 1 v i 56
R, (R HERHEE AR B I BRSO AR, DRI, FRAT T4
i TIGAR J5 4RI IGAERE 11 R I, nIAE S iR IOt g2/ Cigt



- 1206 -

DREYESSHE  biomed. cnjournals.com Progress in Modern Biomedicine Vol18 NO.7 APR.2018

Tk ARG
Zi L, i TIGAR 3k AR 4] /N2 e i 98 2

I8 ) 1 BEEL A N S R R ), 5 B L R BB BEL A L ] e 2

it P27 .CDK4 AR &0 SC B . R,

TIGAR AE R —FhfeRaSe i, T b=l /N0 s 14 535 IR 7 2

PSR, SR ] T ) 25 W) W5 S AT 1 SR B

% # 3¢ #f(References)

[1] RL Siegel, KD Miller, A Jemal, et al. Cancer Statistics[J]. CA Cancer J
Clin, 2017, 67: 7-30

[2] L Wang, C Yu, Y Liu, et al. Lung Cancer Mortality Trends in China
from 1988 to 2013: New Challenges and Opportunities for the Gov-
ernment[J]. Int J Environ Res Public Health, 2016, 13(11): 1052-1063

[3] M Julian R Molina, Ping Yang, Stephen D Cassivi, et al. Non-small
Cell Lung Cancer: Epidemiology, Risk Factors, Treatment, and Sur-
vivorshiP[J]. Mayo Clin Proc, 2008, 83(5): 584-594

[4] K Bensaad, A Tsuruta, MA Selak, et al. TIGAR, a P53-inducible regu-
lator of glycolysis and apoptosis[J]. Cell, 2006, 126(1): 107-120

[51 DR Green, JE ChiPuk. P53 and metabolism: Inside the TIGAR [J].
Cell, 2006, 126 (1) 30-32

[6] P Lee, KH Vousden, EC Cheung. TIGAR, TIGAR, burning bright[J].
Cancer Metab, 2014, 2(1):

[7] MA Dickson. Molecular Pathways: CDK4 inhibitors for cancer theraPy
[J]. Clin Cancer Res, 2014, 20 (13) 3379-3383

[8] MK Yoon, DM Mitrea, L Ou, et al. Cell cycle regulation by the intrin-
sically disordered proteins P21 and P27[J]. Biochem Soc Trans, 2012,
40(5): 981-988

[9] Z Yang, JJ Goronzya, CM Weyanda. The glycolytic enzyme PFKFB3
phosphofructokinase regulates autophagy [J]. Autography, 2014, 10
(2) 382-383

[10] J Cui, M Quan, W Jiang, et al. Suppressed expression of LDHB pro-

motes pancreatic cancer progression via inducing glycolytic pheno-
type[J]. Med Oncol, 2015, 32 (5): 143

[11] AP HalestraP. The monocarboxylate transporter family Structure and
functional characterization[J]. [IUBMB Life, 2012, 64(1): 1-9

[12] V Fritz, L Fajas. Metabolism and proliferation share common regula-
tory pathways in cancer cells[J]. Oncogene, 2010, 29(31): 4369-4377

[13] EY Wong, SC Wong, CM Chan, et al. TP53-induced glycolysis and
apoptosis regulator promotes proliferation and invasiveness of na-
sopharyngeal carcinoma cells[J]. Oncol Lett, 2015, 9(2): 569-574

[14] K Al-Khayal, M Abdulla, O Al-Obeed, et al. Identification of the
TP53-induced glycolysis and apoptosis regulator in various stages of
colorectal cancer patients[J]. Oncol Rep, 2016, 35 (3): 1281-1286

[15] M Hong, Y Xia, Y Zhu, et al. TP53-induced glycolysis and apoptosis
regulator protects from spontaneous apoptosis and predicts poor prog-
nosis in chronic lymphocytic leukemia[J]. Leuk Res, 2016, 50: 72-77

[16] HP Yu, JM Xie, B Li, et al. TIGAR regulates DNA damage and re-
pair through pentosephosphate Pathway and Cdk5-ATM pathway[J].
Sci ReP, 2015, 5: 9853

[17] EC Cheung, D Athineos, P Lee, et al. TIGAR is required for efficient
intestinal regeneration and tumorigenesis [J]. Dev Cell, 2013, 25 (5)
463-477

[18] E Madan, R Gogna, P Kuppusamy, et al. TIGAR induces P53-medi-
ated cell-cycle arrest by regulation of RB-E2F1 comPlex[J]. Br J Can-
cer, 2012, 107(3): 516-526

[19] D Anastasiou, G Poulogiannis, JM Asara, et al. Inhibition of pyruvate
kinase M2 by reactive oxygen species contributes to cellular antioxi-

dant responses[J]. Science, 2011, 334(6060): 1278-1283

—
[}
(=}

=

H Ying, AC Kimmelman, CA Lyssiotis, et al. Oncogenic Kras main-
tains pancreatic tumors through regulation of anabolic glucose
metabolism[J]. Cell, 2012, 149(3): 656-670

(E#EE 1211 1)

[20] Choi J, Ou J H. Mechanisms of liver injury. III. Oxidative stress in
the pathogenesis of hepatitis C virus [J]. Am J Physiol Gastrointest
Liver Physiol, 2006, 290(5): G847-G851

[21] Horimoto M, Fiilsp P, Derdak Z, et al. Uncoupling protein-2 defi-
ciency promotes oxidant stress and delays liver regeneration in mice
[J]. Hepatology, 2004, 39(2): 386-392

[22] Cortez-Pinto H, Yang S Q, Lin H Z, et al. Bacterial lipopolysaccharide
induces uncoupling protein-2 expression in hepatocytes by a tumor
necrosis factor-alpha-dependent mechanism[J]. Biochem Biophys Res
Commun, 1998, 251(1): 313-319

[23] Shang Y, Liu Y, Du L, et al. Targeted expression of uncoupling pro-
tein 2 to mouse liver increases the susceptibility to lipopolysaccha-
ride/galactosamine-induced acute liver injury [J]. Hepatology, 2009,
50(4): 1204-1216

[24] Baffy G. Uncoupling protein-2 and non-alcoholic fatty liver disease
[J]. Front Biosci, 2005, 10: 2082-2096

[25] Hodny Z, Kolarova P, Rossmeisl M, et al. High expression of uncou-
pling protein 2 in foetal liver[J]. FEBS Lett, 1998, 425(2): 185-190

[26] Chavin K D, Yang S, Lin H Z, et al. Obesity induces expression of
uncoupling protein-2 in hepatocytes and promotes liver ATP deple-
tion[J]. T Biol Chem, 1999, 274(9): 5692-5700

[27] %0346, R 40, KA AT 238 K FT IR AR IR & 2 o Rk

B AL BACHAG 0 X F [J]. o ST AR 7 &, 2011, 19(1): 55-57

Liu Jun-yan, Zhao Hai-hong, Zhu Min, et al. Relationship between the
expression of uncoupling protein 2 and the damage by oxygen free
radicals in acute liver failure rats [J]. Journal of Clinical Hepatology,
2011, 19(1): 55- 57

[28] Choi C H, Spooner R, DeGuzman J, et al. Porphyromonas gingivalis-

=

nucleoside-diphosphate-kinase inhibits ATP-induced reactive-oxy-
gen-species via P2X7 receptor/NADPH-oxidase signalling and con-
tributes to persistence [J]. Cellular Microbiology, 2013, 15 (6): 961-
976
[29] Huo Y, Win S, Than T A, et al. Antcin H Protects Against Acute Liver
Injury Through Disruption of the Interaction of c-Jun-N-Terminal Ki-
nase with Mitochondria[J]. Antioxid Redox Signal, 2016
BRI, B A B TS AHBIE G 2 AR P B B e
AR R R R RAER b e KA A &L [J]. W AT AR 4 &, 2015
(01): 88-92

Wen Nuan, Zhu Yi-xiang, Lv Ren-geng, et al. Expression and signifi-

[30

[l

cance of UCP-2 in rats with obstructive jaundice and bile flow
restoration[J]. Journal of Clinical Hepatology, 2015(01): 88-92

[31] Jamal M H, Ali H, Dashti A, et al. Effect of epigallocatechin gallate
on uncoupling protein 2 in acute liver injury [J]. Int J Clin Exp Pathol,

2015, 8(1): 649-654



