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IncRNA MAFG-AS1 1% miR-532-3p FiA %] Ffi ez A549 A REHEES A2 A =20
EREAIME, B R, ZHRCT & A MAER g A4, méE #5900 450000)

(3% 2] & 49 .8%3] IncRNA MAFG X . RNA1(MAFG-AS1) 4% miR-532-3p 3¢ 1A % /i 68 A549 41 fu b e (1 52 . 7 ok
FH qPCR A6 00 N\ fifiJee AS49 20 i A1 IE 5 il 1 7 41 il BEAS-2B " MAFG-AS1 1l miR-532-3p HRIE/K T FIF g AR S5
FeAR 23 BRI MAFG-AS1 %35 T A miR-532-3p i3 634 (17 A549 4H 1, F 43 Y6 e BE A6 U 40 o 85 5% 13 R A A i #E R 5 5L
R4 &, qPCR A1 WB 243 75 4G I 41 At HR M2 28 T B B2 384 B (pyruvate kinase M2, PKM2) . L FE 3 2 (hexokinase 2, HK2) mRNA #1
FEARIRIEKT . X BT S FE K 52536 10F MAFG-AS1 5 miR-532-3p HI#E [ 5% & , M 22 MAFG-AS1 Al miR-532-3p [A] i
fICIE N AS49 21 5 41 W S LI % A0 PKM2 \HK2 RIA 40 . 45 & : 5 BEAS-2B 4B LL ¢, AS49 41 s - MAFG-AS1 K iA
AT miR-532-3p FiE N (H P<0.01). I MAFG-AS1 B{ miR-532-3p i 3% 24 ] FAAG AS49 4R A AE B M AL IR S &,
FE0H PKM2  HK2 mRNA F1EE [ 3% (3 P<0.01) . miR-532-3p 1] 5 MAFG-AS 1 ¥ [i1) 45 & 10141 35 4= B MAFG-AS 1 2 Jfd () 2%
N EWHETE(P<0.01), T MAFG-AST 7] f# A549 41 ffd o miR-532-3p 614 F+ 55 (P<0.01) . miR-532-3p ik &5 T ¥ 5 MAFG-AS|
IR TR U T 4T 0 R T R R M FLER A B PKM2 HK 2 IR () P<0.01) . 45 4 : T il MAFG-AS FJ 3@ 5 {2 38 miR-532-3p
FIK TN T AS49 4T HE B A o
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Effect of IncRNA MAFG-AS1 regulating miR-532-3p expression on glycolysis of
lung cancer A549 cells

LI Ruijie, SUN Qian, LYU Mengguo, LIU Juan (Department of Oncology, Henan Provincial Thoracic Hospital, Zhengzhou 450000,
Henan, China)

[Abstract] Objective: To investigate the effect of IncRNA MAFG antisense RNA1 (IncRNA MAFG-AS1) regulating miR-532-3p on
the glycolysis of lung cancer A549 cells. Methods: The expression levels of MAFG-AS1 and miR-532-3p in human lung cancer A549
cells and normal lung epithelial BEAS-2B cells were detected by qPCR. A549 cells with MAFG-AS1 downregulation or miR-532-3p
overexpression were constructed by liposome transfection technique, respectively. The glucose consumption and lactate secretion in
cell culture supernatant of A549 cells were detected by visible spectrophotometry, and the mRNA and protein expression levels of
pyruvate kinase M2 (PKM2) and hexokinase 2 (HK2) in A549 cells were detected using qPCR and WB, respectively. The
targeting relationship between MAFG-AS1 and miR-532-3p was verified by Dual luciferase reporter gene assay, and the effects of
co-downregulation of MAFG-AS1 and miR-532-3p on glucose uptake, lactate secretion and expression of PKM2 and HK2 in A549
cells were observed. Results: Compared with BEAS-2B cells, the expression of MAFG-AS1 was upregulated while miR-532-3p
expression was downregulated in A549 cells (all P<0.01). Glucose consumption, lactate secretion and the protein and mRNA
expressions of PKM2 and HK2 were inhibited by MAFG-AS1 downregulation or miR-532-3p overexpression (all P<0.01). miR-532-3p
could bind to MAFG-ASI1 and inhibit the luciferase activity of wild-type MAFG-AS1 cells (P<0.01). Downregulation of MAFG-AS1
could increase the expression of miR-532-3p (P<0.01), while the co-downregulation of miR-532-3p could reverse the effect of
MAFG-AS1 downregulation on glucose uptake, lactate secretion and the expression of PKM2 and HK2 in A549 cells (all P<0.01).
Conclusion: Downregulation of MAFG-ASI1 can inhibit the glycolysis of A549 cells by promoting the expression of miR-532-3p.
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et () R B A AL AR 2 B HE S, H
BT BAGIT ST VE AN 22 7 L T 24 FUHOT HEp 4%
JER DRT RO AN 43 BRAR b A2 P g 40 A3 1)
HERENE 2 —, 0] DI R 4N BB 5 (R 2B e R 2 42
Bt ATP , AT (52 Fifeg r o Vg e, ACREL ) W A 1
FEME VAT I E RIS . BTN, 45 IncRNA 8
IE % miRNA ek 520 e 40 Mo pE Rz ff il 72 . MAFG
J2 X RNA1(MAFG antisense 1, MAFG-AS1) 2 —F
RILI IncRNA , AT 38 1 #E 7] miR-765 i 1 £ & R 41
i e ZA0 AR IR AT s miR-532-3p & — P S RE AR AT SR 1)
miRNA , A] 38 1 4% CFE I 2 (hexokinase 2, HK2) 2
5 0 s bR 400 e W R AR S 2. MAFG-AS 1 filie
H 2RI I, R I s T B A R T R 2R AT
R4 RAEBURAT FHUY ; miR-532-3p 7 s th &35 i,
Al 4% FOXP3 R Is e A g s A a2, |
B MAFG-AS1 Fll miR-532-3p 75 i b mE A 175 i LA
JPiE IR R IMANEIE . AT AT AS49 2 i 9t
FXT 5, I MAFG-AST A1 miR-532-3p /5 #4 5% & L
PR KT ASA9 S PR AR (1) 5200, A e WA T o )
NIRRT G PR BT 2 2R

1 MR57EE

1.1 e A £ 2K 7]

N it 4 i A549 A IE &5 il 52 4 s BEAS-2B 1l
B AL AL BB AR 7. RPMI 1640 H1BEGM
BaRAEWA RN S iERAEGREARAA,
Lipofectamine™ 2000 17714 H 163 2 T AW RHEH
PRA ], si-MAFG-AS1 4 H i 75 B 6 25 H ARG R 2
], miR-532-3p mimic .miR-532-3p inhibitor I [ ] 145t
A ARG R AR, SYBR Premix Ex Taq™ I1 30 &
T B R R A TR BR AW, LR & 2 iR &
T A6 S AR HE A BR 2 7], M2 24 P P R ey
(pyruvate kinase M2, PKM2) \HK2 . B-actin RHFT N £ 7.
FESARIE FH 95 Abcam 2 7] , HRP ARic (1 1L 217 [gG
ZHUE A RN SR A IR A
12 mipEi #HE550

H i AS49 ZHf A BEAS-2B ZHfitd B T RPMI 1640
HIBEGM #5753k th, 37 °C.5%CO, 5 7558 N i 5% 5%
H X E A KA ) AS49 GHIFEER 22 6 FLAR (1x10°4N/41),
Bl B RIR 70%~80% ] , 2 B Lipofectamine™ 2000
WA R VERAT S 50 5 si-MAFG-ASI
miR-532-3p mimic .miR-532-3p inhibitor Az HAH B BA 14
TR YL AS49 AHIfiuH . SEEG )34 - si-MAFG-ASI
2H . si-NC 41 - miR-532-3p mimic 41 . miR-NC 4 . si-
MAFG-AS1+anti-miR-532-3p 41 . si-MAFG-AS1+anti-
miR-NC 20175 (56 B8 (Blank ) 2H . #5746 h J 40, 4k

ZEH5 9% 48 he G147 31 : si-MAFG-AS1 § 5'-CGA
GAGAGGCCCACAGGUUTT-3', miR-532-3p mimic A
5'-CCUCCCACACCCAAGGCUUGCA-3', miR-532-3p
inhibitor 4 5-UGCAAGCCUUGGGUGUGGGAGG-3'.
1.3 qPCR %459 A549 fmfie.sF MAFG-AS1.miR-532-3p.
PKM2 #= HK2 mRNA #) % i& K-

F TRIzol 5 771 2 fift £ B % 20 4% %« AS549 4 o 5%
BEAS-2B M i it RNA, 1 % 5% &5 il cDNA 5 75 LA cDNA
NFRHR , 21 SYBR Premix Ex Taq™ IT 15471 & 156 BH 5 1)
T ATy . SCRR AT I A T AR TR
WAERA T4 . MAFG-AS1 5151 : EiE R 5-
ATGACGACCCCCAATAAAGGA-3', Fif N 5'-CAC
CGACATGGTTACCAGC-3';miR-532-3p 51 #7541 : I
%4 5'-GAATATTCCTCCCACACCCA-3', Filf N 5'-
TATGGTTTTGACGACTGTGTGAT-3'; PKM2 5|41
378 5-ATGGCTGACACATTCCTGGAGC-3', Nijif
N 5'-CCTTCAACGTCTCCACTGATCG-3': HK2 5| ¥ %
5. BN 5-GAGTTTGACCTGGATGTGGTTGC-3/,
N 5'-CCTCCATGTAGCAGGCATTGCT-3';p-actin
%531 : _EifFN5-TGGCACCCAGCACAATGAA-3,
N5 -CTAAGTCATAGTCCGCCTAGAAGCA-3';U6
S WIR4 . 35N 5'-CTCGCTTCGGCAGCACA-3', R
N5 -AACGCTTCACGAATTTGCGT-3'. PCR Mgk
1294 °C 3 min; 1B K 94 °C 15 s, #EH1 62 °C 40s,
A0 . PhB-actinB U6 AINS, L2 223kt H
1) 35 R R AR R Rk o
1.4 kKB EAAEN ASA minsEk LiF+ 8 B4R
HAEZ SR A=
141 HEBHEELN WEKI48hEHLH
AS549 g1 BE 77 L35 W, 2 R AR =k R &
Ui B 0 7 E A R AR 2] J5 5 45 37 °CoK it
5% H 10~15 min, FEEFRXLE 505 nm J K AB A G 2
FEOMHE, 278 AFE, LAXHEES &
(pmol/mD=0.5 pmol/mlx Gl %€ L. D fi—=% HfL DAED/
(BRAEFL DAE-2% AL DAED 7 T 5 35 77 25 A 4 26 0 (1)
P R ME T FE = IR IR R R A
ZH 000 2 R R s A B ARG R B =S 06 4 T
WV HE 5 /Blank 2881 4 BT FE 5
142 A MEeshll SHILR S ER T &
BTSSR AE A fibr it 42 . R4 3
WG Je e N FLRR S P~ FLIR BV & AN FLER KA
TRA ], 7R A JE G B 30 min s K B AR AR
WEAAE 450 nm ACTE LI DB , DIARHEIREAR B X
DA R DAEA Y Eh 2 e 26 HA3 B b th £ 7
FE RGN &% 40 i D (8 B Al i+ 5 AR K&
& (umol/mD) . ¥4 Blank ZH bRtk , LASEG4H 5 Blank 41
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FOAE 7R At 35 FLIR B AR 2
1.5 WBE&M| A549 mfit PKM2A=HK2 & & 89 & ik

WSCEEHE Yk 48 5 1) AS49 2, Jin N AR T 4R HL
SR B K 8 B S B R AR AT LUK A AN
FPAAFE S, IIAEIBL 111 000 F#BE () PKM2 JHK2 Al
B-actin [ % Jo FEHIA, (E4 °C R E LK. WH, N
A HRP f7ic (1 1 2240 % 1gG —Pr(1:2 000) , 7F = il
T E 2 h 5 A ECL KGR 25288t )5 , LA B-actin
NWZ, H Imagel B A 73 Hr A549 41 g 1 PKM2
HK2 & [ RIEKF
1.6 W3R A F B IR & A& B 9% 5050 9F miR-532-3p 5
MAFG-AS1 ¥ e &) % 7

#5H miR-532-3p AIMAFG-AS1 4547 2 L 5848
AL A PP 3 P B o % B 40 31 pmirGLO #5044 |, B 2
MAFG-AS1 74 £ (WT) F1 5848 B (MUT) A4 Ji K
W 0T K AT AS49 A #2286 FLAR -, R4 il
BT 70% I, 2 18 Lipofectamine™ 2000 it 71 i B
477 % % MAFG-AS1-WT . MAFG-AS1-MUT 735 5
miR-532-3p mimic /2 miR-NC JL#£ 4% A549 41Jfa, i
N MAFG-AS1-WT+miR-532-3p 41 .MAFG-AS1-WT+
miR-NC 4 .MAFG-AS1-MUT+miR-532-3p #l .MAFG-
ASI-MUT+miR-NC 4. #3448 h )5, & 4040/, =
HEOXL 't 2R e 5 258 PRSI 2 B = 1 7 Al
5 2H 2 L M ) e R A
1.7 %itsis

PAb SRS E 5T 3 k. SR FH SPSS20.0 HK {33k AT
GuitH i, RIES AR TR DL i+s Row, LA
M7 A A A 5 T 79 2L ) B 3R AT b, LSRR 35T
ZEo MR 2 2H (R B EAT LB, Z A it — DA
[B] LR FH SNK-g K56 . L P<0.05 5% P<0.01 KR 2%
SEBGE L

2 # R

2.1 A549 tmji ¥ MAFG-ASI % i L8 % miR-532-3p
kX T A

qPCR LA 25 1/ (1 1) & 7R, 5 BEAS-2B 4ff
A EL , AS49 40 il h MAFG-AS1 % ik /K °F &2
TF & (1=14.624, P<0.01) , miR-532-3p ik K T & &
BAAR (1=7.668,, P<0.01) .
2.2 TFiAMAFG-AS1 & & = 4 %) A549 4m i &9 42 B
figid A2

# 9% si-MAFG-AS1 J& , 5 Blank 24 1 si-NC 41 [t
5, 5i-MAFG-AS1 41 A549 4l il MAFG-AS1 ik K
I PR (1=20.068.16.327, 13 P<0.01: K 2A) . 5
si-NC ZH L%, si-MAFG-AS1 440 i 35 77 b 35 vh 7 &
B AL B A IR & B (=13.535.13.479, 1 P<0.01;

K2 B.2C) . 4l il F PKM2 F1 HK2 mRNA (#=22.452,
16.007, ¥J P<0.01; ¥ 2D) & & M (=10.817.22.808,
¥ P<0.01; B 2BE) K RIA A B35 R K. S5 R_REW, T
Y MAFG-AS1 21k J5 vl PR M 35 77 138 o 6 2 0
THFE B LR O B SOWE MR OC B I Rk, A
AS49 4 (PR EE AR I AR

A B

SN b~ N X©

AN
BEAS-2B  A549

Exppression of MAEG-AS1
Expression of miR-532-3p

0 BEAS-2B  A549

“P<0.01 vs BEAS-2B cells
El1 MAFG-AS1(A)FI miR-532-3p(B)7E A549 A ff h Ay TRk
Fig.1 Expressions of MAFG-AS1 (A) and
miR-532-3p (B) in A549 cells

2.3 B miR-532-3p & & 7T 49 ] A549 2m g & 45 B
fig it A2

YL miR-532-3p mimic & , 5 Blank ZH A miR-NC 2
Fe#sE, miR-532-3p mimic ZHAAEAH miR-532-3p FRIA/K T
FTHE (=18.048.18.218, 34 P<0.01; K1 3A) . 5 miR-NC
2 EE#E , miR-532-3p mimic ZHAN RS 7% L3 A AR
SV HE B AN LR AR 5 B (=13.841.12.096, £ P<0.01 ;
K 3B.3C) . 41 g # PKIM2 1 HK2 mRNA (/=24.029
16.091,3% P<0.01; ¥ 3D) L 8 1 (=10.817.23.702,3%
P<0.01; B 3E)FRIAK PR FEAK . 455558, 1
miR-532-3p 1 AT 011 AS49 20 ffd F R Pt At 3R A
2.4 MAFG-ASI 7T 5 miR-532-3p ¥e. ) 25 &

F A5 B % 8 A4 LncBase Predicted v.2 X
MAFG-AS1 (1) 7 76 $8 & 5 A7 T, 25 R &R
MAFG-AS1 5 miR-532-3p Z [H 4775 BLANI 25607 £
(B 4A) o RS GFR B A R R 92 30 45 2R (J&14B) i
7~ 5 MAFG-AS1-WT+miR-NC 4 [b# , MAFG-AS1-
WT-+miR-532-3p 24}l (1) 5% o 2 g % 1 BH B FRAIC
(=28.622,P<0.01), iff MAFG-AS1-MUT+miR-NC 41
FTMAFG-AS1-MUT+miR-532-3p ZH 41 f 1) %< Ot 2 il
T ZE S RS 5 L (=0.900, P>0.05) .

2.5 & miR-532-3p °T i# 4 T ] MAFG-AS1 #F
AS549 m o 45 B4 fiF 649 4 A )

¥ ¢ si-MAFG-AS1 5§ si-MAFG-AS1+miR-532-3p
inhibitor & , 5 Blank 4 [t %% , si-MAFG-AS1 41
si-MAFG-AS1+anti-miR-NC 21 A549 2 {1 ' miR-325-3p
FIE K1 B 2 T (141,824 .35.182, 34 P<0.01),
si-MAFG-AS I +anti-miR-532-3p £ 5 miR-325-3p % ik
KPR K T si-MAFG-AS1 41 #1 si-MAFG-AS 1+anti-
miR-NC 41 (£=53.126.44.001 , ¥ P<0.01; & 5A) .
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"P<0.01 vs Blank or si-NC group
A: The expression of MAFG-AS1 was detected by qPCR; B: The relative glucose consumption was detected by visible
spectrophotometry; C: The relative lactic acid content was detected by visible spectrophotometry; D: The mRNA expressions of PKM2
and HK2 were detected by qPCR; E: The protein expressions of PKM2 and HK2 were detected by WB
2 T MAFG-AS1 3RIAXT A549 4B RAFEEF 205200
Fig.2 Effect of MAFG-AS1 downregulation on glycolysis of A549 cells
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£ S 0 &
P X
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"P<0.01 vs Blank or miR-NC group
A: The expression of miR-532-3p was detected by qPCR; B: The relative glucose consumption was detected by visible
spectrophotometry; C: The relative lactic acid content was detected by visible spectrophotometry; D: The mRNA expressions of PKM2
and HK2 were detected by qPCR; E: The protein expressions of PKM2 and HK2 were detected by WB
3 miR-532-3p T AT A549 HARHEES RREO S/
Fig.3 Effect of miR-532-3p overexpression on glycolysis of A549 cells
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A

MAFG-AS1-WT 5-CAGGAGGCUGAC ----- GUGGGAGG-3'

3'-ACGUUCGGAACCCACACcCcCUCC-5

miR-532-3p

MAFG-AS1-MUT 5'-CACGAGCGUGAC------ GACCGUCC-3'

1.57 [] miR-NC
Il miR-532-3p

1.0F
0.5 o
L |

MAFG-AS1-WT MAFG-ASI-MUT

Luciferase activity

"P<0.01 vs miR-NC group
A: LNCBase Predictions v.2 Software was used to predict the binding sites; B: Results of dual luciferase reporter gene assay
4 MAFG-AS15 miR-532-3p BB [EI45 & X &
Fig.4 The targeted binding relationship between MAFG-AS1 and miR-532-3p
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1:Blank group; 2: si-MAFG-AS1 group; 3: si-MAFG-AS1+anti-miR-NC group;
4: si-MAFG-AS1+anti-miR-532-3p group
“P<0.01 vs 1 (Blank) group; ““P<0.01 vs 2 (si-MAFG-AS1) or 3 (si-MAFG-AS1+anti-miR-NC) group
A: The expression of miR-532-3p was detected by qPCR; B: The relative glucose consumption was detected by visible

spectrophotometry; C: The relative lactic acid content was detected by visible spectrophotometry; D: The mRNA expressions of PKM2

and HK2 were detected by qPCR; E: The protein expressions of PKM2 and HK2 were detected by WB
5 B miR-532-3p Al 4% MAFG-AS1 3Ri& T Xt AS49 40 R bEES fR A0 HIHI1E A
Fig.5 Knockdown of miR-532-3p could reverse the inhibitory effect of
MAFG-AS1 downregulation on glycolysis in A549 cells

W 8 4 B ok, 5 Blank A i,
si-MAFG-AS1 41 #1 si-MAFG-AS1+anti-miR-NC 21 4
Muds 7% b 2 E AR 6T T AR R 3L R AR N
& (=21.067. 21.419. 18.610. 19.312, ¥J P<0.01) .
4 g b PKM2 Al HK2 miRNA 5 & (A £ ik K %) &
F K (.=23.085.22.452.28.174.27.280, ¥ P<0.01) ,
1M si-MAFG-AS1+anti-miR-532-3p 41 % %] B AH % 7
FE B IR A A B PKM2 A1 HK2 miRNA 52 A
FakoK P R, BB & T si-MAFG-ASI+anti-
miR-NC 41 (+=18.522. 20.580. 19.551.28.991 . 9.546 .
12.600 , 3 P<0.01; K| 5SB~5E) . SZI6 45 B L0, il
miR-532-3p ik 7] 1% £ T f MAFG-AS1 %f A549 4]
L AR P 0 7 4

3 1

TE 4 B 7R SR 7 R I 32 2 DU AR R A i 15
77 A ATP , Sk U 3 2 DUOBE I fift i 42 7 2 ATP; (B
I 2 B AE AR 70 A2 I AR DURR e i 7 e i AT,
N Warburg 2% 210, i Rg 40 i b I A I mT e AR LR
18 PR PR, 5| A 5 AN AR e 5 B, T
AV 3 vy 4 SR P AR SR A RS AT AL A R A
77 2R e 4 i ) R AE 2 — , 2 R R 4 i
HTE TR AR 22 55 R AT IS TR, R
SR AR A A FE I £ A 1) 22 o0 e g R ) B AL
il o PRI S VR N 0 I 3 PP e A 1 2 1 WL
AT AP FH B p BEL D 122 e A QU A2 it e V6 9 T A
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7z —. ERT, 5T MR 4 SU0E B 1) R A WL
il A 58 4 28, (3 H 5 0 4% IncRNA F1 miRNA 7E
W2 PR ID RNA AE % A1 7. IncRNA J2
— KK AE 200 nt LA S 5S RNA , miRNA /& —
FRKJELE 22 nt LA ARG IS RNA , I fE £ 5 AH L
W IIEH E &R IncRNA 7] LU T 5 miRNA 55 4+
g8 25 ) B2 R 2 T 9% 10 mRINA, M T 7E 40, 355 4 8% i A
W R E kit RSP RIEEENE.
IncRNA CRYBG3 2 JIifi Ji: 41 o B 1 i 11 2 229 75
T, H ik A mT ik 5 e LR o U A (R a2 it £
] 760 W (1) B8 EU AN FL IR 11 A2 B s IncRNA NORAD £
fifi e v v 2695, A3 1 % miR-136-5p 2 3k J 41 i
FE I s miR-206 RT3 o B [ 1 4% HK2 R38R 3411
1) i T PR 7 A 1D A FHE o RO T il s 200 P I
fife (R IF FE AR, EAT A5 35 73 IncRNA Fl miRNA
I AR RIAGR, BB FRRANR . MAFG-ASI
& — Fh 55 Bh R % Al R A % U0 9K 16 IncRNA
QIAN Z£ 52 & B, 78 B 8 MAFG-AS1 A id i
Y 4% miR-11181-3p/GLG1 Fli {1 125 ¥ 20 A (1) b 9% A%
CUI St 5 R I, 7RSS B e h ik 1) MAFG-ASI
A 38 1T 1 75 miR-147b F1 NDUFA4 {2 i3k 0 B f 1)
A Ah TR B HRIR AN e MAFG-AST W [FIFE &
PR (R 3t b e 40 B TR IR A Y. 228
MAFG-AS1 7 fiti Ji o i 35 3 H 76 38 41 f 3 7 12 2%
AT SRR RIEEENEN B EHRS 5
et 240 PR ) R TR A R RN B . AR AL R EOR
T MAFG-AS1 1A Ji5 fififie: A549 20 i H 4 25 Kl T
FERNFLIR A= 1 RE 7 9 S 9k 55 5 R B AS49 41 g b %
fif FH 5% 2L K] HK2 . PKM2 mRNA 15 (4 &35 7K F )
35 A, $2 78 MAFG-AS1 #] fg i@ i i % HK2 1
PKM2 S5 8 AU A O 25 PR 1) 20k 2 5 it s 240 L ) 0
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