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Role of MicroRNA in Tumor Cell Glycometabolism

Yang Jie, Dong Zhuo, Yang Lihua, Gong Zhaohui*
(School of Medicine, Ningbo University, Ningbo 315211, China)

Abstract Most cancer cells predominantly produce energy by a high rate of glycolysis followed by lactic
acid fermentation in the cytosol, rather than by a comparatively low rate of glycolysis followed by oxidation of
pyruvate in mitochondria as in most normal cells. Malignant, rapidly growing tumor cells typically have glycolytic
rates up to 200 times higher than those of their normal tissues of origin even if oxygen is plentiful. MicroRNAs
(miRNAs) are a class of non-coding RNAs that perform their function at the post-transcriptional level. In recent
years, the increasing evidences demonstrate that miRNAs are mainly involved in glycometabolism by inducing
hypoxia, affecting glucose uptake, regulating key enzymes and lactate production in the glycometabolism process.
Consequently, miRNAs play a crucial role in tumor cell glycometabolism.

Key words microRNA; glycolysis; tricarboxylic acid cycle; glucose metabolism; tumor cell

JIF e 40 i 3 T T R I A ok R R AR A i T B D N ETRE S S 71 A 7 - S | AR {5 2= 4 AN
Frits R = SR A Ml R AT R KEILIR B AR 2R R R R R 4 AR
PR R AL AN [R] (1) A2, i 40 M i ok A AR B A 2R WG O R N 43 DA RCER e A Y G B2 40 R O
KEFLRA/D S ATP, XM LY FRAE P A% 2N TS AER), SRNA(microRNA, miRNA)&E — N
(Warburg effect)™. Mg piCul 7 X042, A RN, e BARw R r. KA A2

i 141 2013-03-15 HZ [13): 2013-07-15

WL [ RBE R A (I S5 LY 12C06002) VLA 4077 7 B0 F (G5 Z201119414), T [ ARBRE I A AUE S : 2012A610193). 5P i RHE
OUFT I BAGHLAE S 2011B82014) T K EBIF ST/ ERHIT A A S5 Al 18 SCHE 7 3 (i HE 5 G12JA015/PY2012010) A1 T K27 = SR 7 2 G B¢
Byt

W IHAE# . Tel: 0574-87600754, E-mail: zhaohui@neri.org.cn

Received: March 15,2013 Accepted: July 15,2013

This work was partially supported by the Natural Science Foundation of Zhejiang Province (Grant No.LY 12C06002), the Key Scientific Research Fund of Zhe-
jiang Provincial Education Department (Grant No.Z201119414), the Natural Science Foundation of Ningbo City (Grant No.2012A610193), the Scientific In-
novation Team Project of Ningbo (Grant No.2011B82014), the Scientific Research Foundation of Graduate School of Ningbo University (Grant No.G12JA015/
PY2012010) and the K.C.Wong Magna Fund at Ningbo University

*Corresponding author. Tel: +86-574-87600754, E-mail: zhaohui@ncri.org.cn

W9 28 H I 7] 2013-09-11 11:13 URL: http://www.cnki.net/kcms/detail/31.2035.Q.20130911.1113.002.html




1560

HATR I A i /NRNAM . 25— R 510 T 1)
miRNA 815 58 4 BN 58 45 1 5 mRNA 1933 R B 13
DX g £, 30 3k 0o 0 126 B HmRIN A 6 it Sk 1 1 32 [
FIAPY, KRBT B, IR 40 M4 i el 1 e ik S
W RS BEDR A s A S [ ) miRNA
FKiL R A T RIEE HEAEH . ASCK 3
BimiRNATE [958 41 1 5 25 55 A8 1 o i i 4 07 X
PE—TRiBLLRIR

1 miRNAFTHREIFFEF1o(HIF10)

A ZUBR AR RN IE AL 2 Tl — AN B
) AR XL K R TR RIE S R W, AR A B
AT, WIS AN ML BE T S B — R AT 4N R
J7 SR HEAT W I At DA 4 R A0 B A7 . B A0S 3 I
SR T AL A AR R 2%, (H T B AR S N
¥ la(hypoxia inducible factor la, HIF1a)>K 5 B,
HIF Touis X 28 55 7K A% 8 S5 16— /I 1 R g BAOTR 2K
BESEIN T, A6 BhRE 40 i Hh, HIF Lodfi 28 10— S G B A
JP i A2 5 3 4 M A T B IR A, XA I R T HIF 1 ofk it
(R DRIk L 5 ke, b T R4 G e A B B b
P LIRS FLIR 43 LA B LA 6] 26 B b N\ =
BRIRIG A SAEN M ERTREY, EhHEAt RS
()30 % 1, miR-199as 275 ¥, T #miR-199a
RE A% 384 B HIF Lo A0 76 A OP 5595 40 B, miR-
199aFImiR-1387 fig 1 ' 3 Hb | HIF LofE & 111 /K
fF) ik, i miR-138 B #Z 5 [ HIF Lady 1", 7E
N FLIE i M, 640 5 I miR-2 10 ik 55 42
FHHIF Lo1 312 i 76 5 40 M hmiR-210 5t 25 /5 3%
ik, R SEHIF Laf) T R 203, XM, 76 b
98 20 9 P, miRNAGE 1o I 15 HIF 1o 322 5% Wi 45 4800
L3

2 miRNABIT A EEEANEEE &I
HE 4t

AR Ay I 9gg v i 5 LK) S AR FE TR, ps 3428 A5 A0 4%
e R 1 R Ay 1 0 R e e OB o
TP-53175 P B A AN R T3 5 81 2 (1 Re s kbl
PP il DG BE PR EFB2 1 35 PEUS . S5 4b, p53ik Re{r 4%
ST S 40 i 8 R CAR AL B2 1) R TA TS, AT 52
B = RBRAEIA I EE. — LYmiRNA £ 4 IE 5K
REE YR 1T pS3M g o 78 N i 22 BE 41 Mo g8 41 o v,
miR-125bfg % 571 I FipS 3 7% FE B T miR-125b

4k, miR-504. miR-25LA XZmiR-30d#E fE i 5 1
GG EpS 3103 i AR BE DX, M ST p 5 31 471 ) 1
FRU8, - c-Myct — i BE W8 U 17 358 DR 08 11 4 s 1 15
K1 WFFE R W], miRNA T2 — P g 5 c-Myc
TP R R U T DR Y R AR A 2 I B (-
tochondrial glutaminase, GLS)fE % 1 4+ 2 B % % {t
R TR £, [\ N =R RAE PR 5 T A = A
ATPP, ZE 1741 iR 9 4l lIPC3 1, c-Myc il ilmiR-23
REIA, TimiR-23REHE M GLS, WL 14 INGLSIH &
A I R 7S 2R R AT B IR 5K, 7EBurkitt
WK E 9 40 i let-7afiE % /EmRNAZK P 1 15 c-Myc#
RO, [ I AR R B B T R A I R, K ik let-Ta
FE 1% 18 1ok 1 K Ras Fllc-My o 75 i i 48 B 11 A= K 52
FUFMHN, DRIk, iR 40 i b, miRNAsIE i 25
e ks DR] e ik DAL PR 238, e T i 4 A i e

3 miRNARETEEREBRA

WA b2 T K (glucose transporters, GLUTS)
TE 28K 2 B )W FLBh P A7 7, 2 —FhRe g e
e AR S s i R . 124 bk, ©A 145
A B s Y, P GLUT TMIGLUT3 75 K
S 1R bR b 2k _ERES, AR 4R g b, GLUTI
kW n; M, GLUT4. GLUT9. GLUTI2[# %
EENF U [E, SR AT O GLUTS 76 14 5 5 JU
Je B MR A X — DO RE U7 TR A 2 B FH RO,
Kb 2 (HIF 9T B, miRNA GBS i 1 15 GLU TS
AR 7 IR 20 OB A . A e R A R
G B, AR i GLUT3 FIGLUTAZ: o8 41 iy Jis i3k
frig 4. 1 #iEmiR-2234l £ GLUT4) 2 ik 14 i,
AN ARE 32 200 i o) 65 250 8 1) 4 BT 55 4k, miR-133
FIHIGLUTAE [ 1)1k, I 3B R 2 A S 105
2 E RN ek /D I R W miR-133 G 6% 8 1 1 H T
GLUTA 5 [ ¥ M 2 FE IR BN o 25 55 e des 41 i &
1, miR-195-5pit it AL M) F I GLUT3 3R, #Hl
71 25 W8 1) T SDOFN 40 M 36 5. PRI, miRNABE % 1
I AR GLUTSs 4 28 328 5K 1 715 7 28 Bl F) B H, 3 1T 3
W) b7 4 v PR A IS I R

4 miRNAFIEHEEE R IE Ay X
TR 2 R0 40 B R AT A 1 2y =,

AT R T AR R AR T K R 52 R . miIRNAREHS

A BRI A 110 S S, N T S BT R 3 R 40
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M e T SR IR, KBTI, miIRNARE Y
TP R b ) DGR D B, DU R I e oG
M. CUMEI B2 (hexokinase 2, HK2) /& Wi I iR HH 1K) 26
AR, AE 4120, miR-143 1K1 S HK2
(8 17K 22 AAH G, miR-1433 ik B w45 H 1
HK2, A T BAAER i 2 4 AU, 90 e 400 B 38 4 A e
TEREY. [RIFE, 7645 gmt ?Lﬂﬁﬁm]*ﬂ%ﬁ@ﬁ%?ﬁ
M JEBI ) miR-143 [A) FEl i 1X — i TURT B T A
IR Ak, fEFLIYE 40T, miR- 155@%@?@ L
AL S AR 13, AT G S HK 2 35 PR

TR T 12 57 #4) ¥ (phosphoglucose isomerase, PGI)
TERE IR AR e A e rh R B EEH, &k T e
% {4 14 W -6~ IR A= i SR B -6-TiE IR 2 Ak, ik 5 9
S M ()R R RS AT G, R NFLIIR A b, £
fimiR-200a. miR-200bLA A miR-200cfE N ) miR-
2007 A BE % 1 T PG G PEC, AT R 2 1 i 23k
o HBE-1,6- 1 MR (fructose 1,6-diphosphate, FDP)
I W WAt Tk R b 1) EE PR W), T i W Aaldolase A,
ALDOA)f A FDPA: il 4 P il 0 152 A0 3- 12
I . miR-15a/miR-16-1#% 7512 P bk © 41 P 1 1

miR- 143 mlR 155

- Glucose 6- Fructose 6- ll | Fructose-1, 6-
phosphate ; phosphate bisphosphate
1k

miR-378* miR- 200 family

() il
i

miR-326
miR-133a/-133b

/

miR-17-92 cluster

/ miR-29a \
Phosphoenol-
pyruvate ENOl 3-Phospho-
* glycerate

o IR NI BEUR, N I ALDOAI
PEBY, RN 40 B o 40 B Huh 7+, P Y8 PEmiR-122
I8 i i 1T ALDOA M mRNAZE 35 /K *F, M i 4 [7) i
TTALDOA 35 PEP7 . 8 fifi Ji 40 12 v, miR-17-927%
R 1T 1 TR A B 7 4 I 1 (triosephosphate isomerase 1,
TPI1). % AL B 1 (enolase 1, ENO1) LA A sk 12 H i
&4 1 (phosphoglycerate kinase 1, PGK1)H v 4:E%,
J3Ah, TPIIA & miR-15a/miR-16-17% (1) EL A 1
AP HE JEmiR-195 1R TR E s 2 —, 72 5% bt s
LRI B NP, fit A Al o kI,
it 40 fluDLKP-A 1, miR-29a ¥t m PHATENOL. ik
ol 1 A2 A7 1l 1 LA S PG L) 2, 380 sk 417 1) B 15 e oo
AT 20 B P52 R T

VAT T PR A B PR A i A v 1) g b — A R IR
TR, JLr A R FR M2 (pyruvate kinase M2, PKM?2)
Re k40 0 P 15 BB A3 . WETUREI, HE4E g
T E S PKM2, miR-1227F 4 i g Hh 3 TR vl /b i
2K, JF AR FE [0 PKM2A7 i 1 42085 % A% 1. miR-326
JNRE L FEHE [ PKM2, JF 75 28 1 o 4 B b 68 2%
Hi e A 7 R 40 g 40 T PKM2 1) 2

miR-15a/

miR-16-1 cluster Dihydroxy-

acetone
phosphate

miR-195
miR-17-92 cluster
I'IllR- 15a/miR-16-1 cluster

1,3-Bisphospho-
glycerate

2-Phospho-
glycerate

I:> Irreversible reaction
— Up-regulation induced by miRNA

{—> Reversible reaction
—1 Down-regulation induced by miRNA

El1 miRNARETIHERE R 52 o Y X f2 e
Fig.1 miRNA regulates key enzymes involved in glycolysis
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%15 5miR-133afmiR-133by /b 2 ) AH 4, I,
miRNA ] 8 i 17 750 P A 34 45 v 1 O B I 1) vt ke,
TR e e 40 i R AR I RE (BT D

5 miRNAE T FE 20 A ZLER B9 A 3%

T 20 W e A Sy 7L R B4 0 2 V22 e A i 1) e 7Y
FEAE, RS (e ki 40 e i Rt g Ko R, e 4l
Ja P23, St FLIR ™ B G N o 1F 5 4 i o,
TR AT 7 250 AU A IR 0 e A\ W T At
WERE, Hde 2 IR . R, RS T, FLIR
T DA kg 2 i3 0 L ) — o e B R R e A MR 4
forh, LI N & HFA(lactate dehydrogenase A, LDHA)
RSP 14 0 Re 5 B0t i P LR T FEFL R
FEANIUBT-474, fHImiR-378* (1) Rk, #4341 i A
FLIR ™ 5D, 40 AT S0 B A 1) 2804 W IR A
A4, MTTIT 5 5040 Jf P A P 4 el

59 20 W PR A SEORE A oy, 7 AR 0 FLIRR R o
R R #% 12 & [1(monocarboxylate transporter, MCTs)
el A, AT O A Be g TR, A
JHE P v S A s 2 A, P O3RN T e 40 i P AT AR
. miR-29a. miR-29bFImiR-124HE 1% 2 $5 P Ho 4
) MCT 15 BT 143 i {E R 128 DX, 348 0 )81 g 4t 2
WELIRIRE I A0 M —Fh iz RA R A A
CD147, GEM% 17 41 R /K P _EIIMCT1RIMCTA4H)
TEPESSL [ CD 147118 32 1et-Tb A 15 . let-7bfE
Sk — P LA R o 4 T P miRNA fg % 00 1) 3 4
RO 385 TS DL SRRt Rl W, let-7bidid
YEFFCD147, PAAMCTs 35 P, M 1) 42 18 5 46
Z R A . S 8b, AEAR N AR Y miR-320alt) 7K P,
i ST LR AP 1 i 00

6 miRNAFT = HRELEIN

JRUE T IR A4 P 2 S o W R A R A T T BRI
B f, (HILAE— e LT ARl T S A i, Tt
FL T b o 23 SR R 1) o) R AR T SRS ATPEY, £
T AR G AR S — KW AR AR A0, i e s AR 1
A7) . miR-103F1miR-107 CL 4 4% U GE %
B N S EERRREA T & 5, R £ Bk R A E
N =R A A (tricarboxylic acid cycle, TCA)BEATH
S APRER B B AL TCA T — i 3 22 (1 g1,
TibicheZEP ) £ 4IF 52, miR-152. miR-148af1miR-
148b%5EmiRNA fii 1% 38 b 1 15 2 41 b7 A5 1R 45 1 I 119

FE A, b iy AR A N TCARY A 4 o Bkt 7% 2 i
& [ (iron-sulfur cluster assembly proteins, ISCU1/2)
e % $2 /= I Sk 2 I 1 3 2k, miR-21038 i 1) il
ISCU1/233%, Y B d13E S M IS TCA R 4
B, (A, SRAES S 1T I miR-2 104K [ 17 1l ¢
r A PR A 3k e T DR A M £ R SR ARG T R
COX10/I4RIE, BARLHRLA T ERT. miR-210J8 e
PO W R AU IR 7 AR, X R W miRNALE Ji g T A 553
FALBEIR AL . TR MEAS MRS TR R DR, ik
A L, miRNAE L 15 8R4 TP TCA /= 42 1 g 1 M\
T 55 B A 25 DDA 5K

7 NESRE

miRNAAN GELE 83 20 i w18 7555 00 P A AF D¢
(AR & A2, T HLE Al 38 ok L g 428 8 1 4k P 6 26
B0~ Lo, 7898 P 43 Wb 40 i i 4R 1A miR-
375HE M 01 76 4 0 5 5 9 R I 25190 23 W4, miR-375
T I 4 ST S 21D 43 ok R T A PR T B S e
FE TR B BA e, W R LRE3 AR5 5l % A FmiR-
37553k, JET IR 544 P9 A 20 Y. B miRNA
CLER R A MR 240 e 2 B Al rp — A i B ) A
DR, AR R AR 3 A4 v DG B il R T IR
S PEMIRNAIE 75 3 — 2D I E . Bl XS miRNA A i
Jed A0 AR B 7 (R 8k 2B YR N, AATT AT DL &t 5
Wy B TE e e PEmIRNA, 2028 Bh 53 40 0 110 £ it ide
12, W R 87 S g R B R 3 12
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