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(oxidative phosphorylation, OXPHOS) ” "' #Rifi,
A AA R B, FLM B A B (lactate
dehydrogenase, LDH) #EALPNERNRRA: il FLIR .

2 Py A p FLER A5

2.1 PhEERNESMEERHARNES

Warburg R4V S8 W e A 110 LR o R 8 2 B
K WSO8 R A AL LR . SEge WY, b
JEAAE F R FEE AT, Warburg UV AT R
TG ER . i3 DA A 20 B A5 28 Ry A e R T i
IR A B AR, AnFLARIE . R . BN
ARG B BT, X AT RE R B AR H A R R 5 |k
(). LDHS J& 5 Fh LDH [F] T-f§ =z —, FEAEALTIER R
e Ak Sk LR T AT B R PR L SRR AN M LDHS
(R B ek & SRR LR, I DR AR
3K . LDH 7K P-4 i W8 RE AR LA N2 5 8T
FEAE, XCENTIIME . B EBEE. 4SEWE. W
. BRI g A A BIE S L ] M o
F/ELIR PR 5535 1 MCT1 I MCT4 2 i g 2 41
F BN LRSS 12 B . 20 RS A 038 A Y 4T
DAL RN 200 B A/ PR TR R S R A R T MCT 1
MCT4 F A HEPE 57 BF5E R0, MCT 7EhR 212!
WA R ek K B3 T . e A AR A SR TR A 2
e R ATP i A . AR G, JFEAR
AR R

Sonveaux %5 ) B JCAR Y, ARGS9 40
JiURT DA AR A e AR LR, SR IR T I 4
FA T L E R AN T LG i 5 12 8 1 AR AR
ELR, A ALBERR L L REHE . 2009 4 Pavlides
S VTR “ I Warburg 500", BIVER A0 i S R
(%) TAFs P2 A= LR, T TAFs 7 A= o 5L R i BT 1) 9
YRR, 38 SR A S AR TR AR I AR
TR B9 RW, 654K TAFs R 40 B 3 iy 3t
R ARG, #E 21K (glucose transporter,
GLUT1) . C # ¥ i 2 (Hexokinase 2, HK2) .
LDH. #% fR I f IX (carbonic anhydrase IX,
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WS 2 b % AL Y TAFs i 8 10 IR 40 i g
(oral squamous cell carcinoma, OSCC) J#E4IAEH
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DNA BUEEWT 25 B 52, 0 5 W e e A L 45 A
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Warburg R0 . SR, AIF5E 3 I 4 1) 19 1% 2 i
TEVEZ2 I th DR R IR R . 3K 7] BB PR W TR I AE S W)
RSP M= | R RO B . ORI
TCA G BHHHIE A ]
2.2.2  Jaug ik PRIFNA R L A 2 8

JEEE R (40 mTOR., Myc. Akt. PI3K Al
Ras) FIHMHIZEA (#]41 PTEN, Von Hippel-Lindau
(VHL) F1p53) J& AN E A5 s G 5
O3 E AT T A T P o R v ) OB, 5
LDH FTHK, PR 4 A QI Y 2 A . 5ok 6 R f1 58
Ao SR IR B RIS . BIATNF-«B ., ST
B (Akt), KEAKK T BREBRHEAKFETIL
WU 3 S HIF-10 17
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Fig.1 Warburg effect and reverse Warburg effect
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HIF-1a F1 HIF-2a 7E MR A2 KL RIF 5
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RN AT LLBESR HIF-1o0 A1 VHL 4 B 3454 12
HIF- 1o F1 HIF-2a o] 300 e 41 23 i) Z2 ARk A
filhn. #AE P2k (GLUT1 FTGLUT3), 3
2 B BRIy WR R A B (HLK2 T T 7R 35K
(pyruvate kinase, PK) M2), e uE#izg s A
P fig 245 79 R M A B I B¥ 1 (pyruvate
dehydrogenase kinase, PDK1), 7E % 70 /& B30 1l
NERR LA e A s LDHA, feik N Bz
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3.1 MEfmEikiE

FLIRAE R —Fh S ie il o0, mT LUE EIeg 1)
Hoggeleitk Vo SRR, FLER AT AR IR M Tk
4Bl (regulatory T lymphocytes, Treg) 7. 48
OEBESMPAEE T (cytotoxic T cell, CTL)
Ien TR, AR YA A W FLIR 2 | CTL
P +HE y (interferon y, IFN-y) Ar=4:; it
Hb, 7E CTL HiiE 7L rT 4 il 40 A 7 IFN-y i
WARFEIR T o (tumor necrosis factor-a, TNF-a) A
IL-2 3RR, BEIRIA AR ORI (Y 430, X2 FLIR
P T 22 2405 A B T BCEE (mitogen-activated
protein kinase, MAPK) p38 1 JNK / c-Jun i {5
Ol B EERR AL L LR VT S B A SRR A e
(natural killer cell, NK) H 2L 2 | kL B A1
NKp46 1) 2= 15 18 20 F1 -5 66 >k U5 1 40 i) 2 248 B
(myeloid-derived suppressor cell, MDSCs) %§ & 3%
T, B NK A R ) B R AR T RE YL S
&b, MDSCs Al FasL+/ 509 T AR T 2 A
PSRN (dendritic cells, DCs) 1, fifta 4i g
77 A A LIRS 20 25 43 WA DCs FR AT 1) G 2R IR
Z 1k 81 (G-protein-coupled receptor, GPR81), FH
1F DCs ¥ a4 Jim 22 326 25 FLAth G2z 2 i =

e I2 240 1 - 0 P L IR T LA 5 B A A /I I 4
Jitg H 8 Toll B 324K (toll-like receptor, TLR) HApik
FEAEM, SRR IL-23 i93R3L © L IL-23
F E 5 o 3 Ry AR BE R AE B & R . a3
TGF-B. IL-10. VEGF #Yr#b, 3455 {2 e i S AE
SR b. et 20 i Zh L 5T o M2 g4 i A v
KL ANME A2 5 . B3R CD4+ T 4l il 1 CD8+ T 4
WL, el X AR R A A AR YL AR IL-23 3
FIRMEOLT , FLER LA AR i Jr 2 8 1L-17
AR HE A3 . TL-17 AT CD4+ T 40 AR R o3
A6 Th17 T UM, {2k ik Jg

b 8 AH & ) B 40 g (tumour-associated
macrophages, TAMs) {775 T Iog iR EE . &1
AR R 2R o2 AR ML, A LA
AN PYETE s 51— R B A R M2.
M2 RAVLE g I R B vh R i i . PRl i, L
A o S ERK/STAT3 {55 P& 2 i TAM [1] M2
Bl 2, FE M2 3 A P48 FIVIE I A8 A6 B 20 A PR
MPERTT , Mg T4 . RS 7
H A B B A, M2 R A8 A TR 3G hn DA

MCT-1 FI MCT-4 i %35 54 B #U5 AH K . TAMs i
f MCT 55U 40 B = A A LR, A 1 A48 9 e 2E
£ [HF (vascular endothelial growth factor, VEGF)
FIHIF-1a 1K B¢ HIF-1a 38 M2 F 40 HoRs
ZIRMF 1 (arginase, ARG 1) AYKIA. ARG 11T
¥ LR @R A0 L- S R ARER , BRI ik
IS S A, A5 ] T 200 s A R AR DL K
DA A TNF (95030 . AN, ARG H] A SR iz
KMFE RN, fedEME A=K . Ohashi %5 7 HIERY,
HCI #1312 £ ¥ nl 3 2o 9 ARG ¥ 5%, 4 il
CD8 + T4 AT ALK . PRtk , AT AHE T s 40 A iy A1
PRI EEIRAL, & FEOX BRI, AR
PRI B A

32 PhyEEER

FLIR I i MCT ¥4 7 21 g 4L 4 ik, S B0bh
T B IR AL . BT ) 4 i A1 pH A i 2 fir 8 248 e
T . B0, K pH 8 & H gAY 5 A4 it 1
AR EE, A5 LB 4 8 A H B (matrix
metalloproteinase, MMP) MMP-2 iIMMP-9 . JKR#4
il 0 2 35 Tl D G R DA VR B B, DAL
X E A 1 il S A AR B, R A L AR A iR
220 O H, FLER AT LAGRSE AT 2 A A A R R R
Y P W] TR I CD44 3R, B W TR il 5=
i Je 240 L R T CDA4 (93 Ak, DTt/ 44t Ff 285 B O
fEHEANAfLITRS ' . Baumann 55 0 IEMIFLIR b H%%
fbt #= K A 7 B2 (transforming growth factor- B2,
TGF-B2) Wik . TGF-P2 1] LA i 5 4 bl 48 i o
JeE P AR T AL R A ] AR, AR A B A R I
4f e 2% 4L A 22 ovB2 FIMMP2 236 (9 14 i ] /g 2
TGF-B2 {2 i (=22 9 AL . FLIR {2 #E HIF-1a
R 5, A LASHOTE I 40 0 A KPR F- - (hepatocyte
growth factor, HGF) / HGF %Z{& (C-MET) 5%
. C-MET VEhy — e 2 A4 i s R Ve, ik
Fit e R R ity (0 W IR Ak, T 15 45 2K 1 Gabl
Grb2. Shp2. Ras #1 4 JfL 4 ¥4 %5 & 11 3 i
(extracellular regulated protein kinases, ERK) /
MAPK, 38 Z Fi {5 5l #% 19 B0 . 1 40 PI3K
Ras-Rac/ Rho. MAPK Fll STAT2. fz %%, X455
B e 0 B 9 AN R T N 71
Moy . BeEhFiRZE.

MCT1 i DR FLIR L iz B A A, A2 i g sk
WAL, SRR . 1esh, MCT1ik Al LA
T AR ML G R RS, AR HAE D 7R
Az EHMEA . Payen%F 2 UER], MCTI1 o] DA
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T6 56 S N 1 NF-xB I3 kKo 2235, {2 o9 20 g
fiEA% . MCT1 Al L5 8 H i CAIL (MCTI %154k
EIE PR . iEPI BR324k CD44 (T-40 /i
Pra&¥) M CD147 (EBEMEE E) MEAEN.
CDI147 0 9k by 40 it 1 ik o 4 T £ 11 it 75 5 )
(extracellular martrix metalloproteinase iuducer,
EMMPRIN), AlfEdERms%Hs . i, CD147:d
ik R AL RO O JULAR B RN R 2T 48 248 Ji v NF-xB
f = A gk, MCTIL Al fig 3 i3 CD147 97 il
IkKao B9 3R3K, FECNF-«B W 30E , (e 55 40 i
Zilleey
3.3 PpEmME AR

1971 4F, Judah Folkman B Y2 Hi 1ML A pl 2
i A= A R AR 28 I Ak B RS 1 0 L AR
VEGF Al LA 5 Il % W K¢ 40 j 2F K 1 52 4
(vascular endothelial growth factor receptor,
VEGFR) Z54G, AR HF A R 20 I e 43 F8 FORT A il 5
AT Y . FLERE i ERK 1 / 2 {55 18 A1 4 55 N-Myc
T U P 15 % N 3 (N-myc downstream regulated
gene3, NDRG3) (% ik, f&i#F VEGF. IL-8 Fl
CD31 [y AR Ry i H, FEZLER RN T
PN 2 4 M S I ) VEGFR2 [RI R 2338 . LA 45 Az Bl
HHE ER BT RIA YT & O — R A R SR IR T R
W& . Wang 55 0GB, A8 L Sk R HOIR R R b,
microRNA-622 ] i iz 8 [5] VEGF- o BH Wt i i) %
AT REE,  H MCT4 DA 40 i rh i iz H A 3L
M2 AT LA i MCT1 8 iz 2 4 g g v o', 33
TkBo i 1 B IR b A . IkBa & NF-«B [ 5 -,
It LA NF-xB/ IL-8 {5 518 P& 0O, (2 T N B2
M 1 i #% FIAE IS 1 JE BY, . Sonveaux 45 7 JESE T H
FERE T I N K 4R R MCT 1 %8 8 AT LA
I LR 5 T 00 IR A8 A B RT AR A
W, FLEROGT g A8 A B 5 e 2 AR 240 B 5 100 A
DAL R 2 L 2 T A A P A 8 R . ERt,  38E g 40 f1 p
TR0 MCT4 FA B2 20 L) MCT 1 R REAT R ]
IfvTeg I A
3.4 PETFE

— IR A 39 TIWFFE 1) Meta 53-8, 7EF6HS
PTG BRI B, EK A9 LDH R 55 2 1)
S AEI L R TE B R R A s (A G 1 ARGk
SAALTEIR AL A2 ATP Y R, 0 %0l i 2ok
A TN T 1 TP I O A TR AR AR A 2 1k
ROS. Y A MRA: BT R S I, 43 KL T
Wt , ELE SRR R, A AR T R

¥, IR IE R DIRE . ROS Fhis el . 4ok
TR PR 9 78 | D i B DAL IR0 R 41 o 5 AL D D A
5 0 ROS A LA i NF-xB {5 53 i . Fas 22K
p33 AR T AR R A T FLR B AT
SAALEPE, W/ ROS. LA, 40 AN R Ak i i
caspase 1" 1Y p53 M I8 T A2 i30S S BUE
HAVWIH, ML T 5= p53 Rk M 4ER; R
WP ZHZUIRES ) . Wagner 55 BV &8, FLIRIVE M3
IR MR 52 & 1 (hydrocarboxylic acid receptor 1,
HCARL) #3h#, ATLLE S ATP 454 G is (K Bl
(ATP binding cassette subfamily B member 1,
ABCB1) ¥z BiH, SECE U HeLa 40X
e R Ak piE (B12) fEHEdnieh, =
e Z 0] DL i Y HCART s e 3L IR i 5 19 it
2tk

g b, FURRAT IR AR ] 2R BAE LR 41
Jii (K12): a. ARG B IA IL-23 / IL-17 15
538 S I CTL . NK 40 DC i Zhig, 52
WAk ; b EHEE ., EWJRK . TGF-p2.
HIF-la, MCTIZKIA/KF b ] 5] e il 44 75 ;
c. JHIEE 240 R PN B 4B VEGF M Hi A2 1 VEGFR2 %
KK B, AR A AR doPS3 k= FL
R A HE IR AT 25 W) HRHT L) R e E AR P w4
TS

4 PIZLE A 3B S BB IETT

41 MCT

ML MRI R . 5 e e v, B
SrAE I FLIR KT 5 MCT 1A 6 ' MCTs K ik
B 144 5, MCT1, MCT2., MCT3 1 MCT4 fi
TR AELER L2, (HEA AR R
is B A% . MCT & B 12 A B B 45 1 5
(transmembrane domain, TM) ZH AN, Zd 35k v Al
BIA I IIAAAE T M . AN — A
TM6 1 TM7. 4 g i i MCT1 1 MCT4 X TE 5 e
RERRE (1RES> T CD14T S5 5 WIS, A fef sk
BIEA Y EDI6E AR TE T MCT4 X FLAR 1) Km
4 22~28 mmol/L, FfHHAE LR, iEH
T U BB i A o R 2R . AHLLZ R, MCTL Y
FLIR Km&BAK, 43.5~10 mmol/L. i T A 52495
FLIR A Y M FE 240 10 mmol/L, A I 75 33 26 41 fifg
HMCT 1 & ICELRR I i FE e RS

TERZHME T, MCT1 FIMCT4 1335 i 3%
B, AR S SO A A7 R T i R A A I R
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Fig. 2 The effect of lactate on the tumor cells
E2  FLERXT By 4 AR Y 220
MCT: HURFRENIZH A ; VEGF: AN KA K+ VEGFR: IM4F M &K AERKKFZ4,; ECM: 41 ;
[RTB2; HA: BWIFRER; MMP: R4 R EEE; M-CSF: FIEANMSER AN T TAM: AR 54 09 1 W20 i ;
ARGIL: Ki&MREE; IFN-y: TH0HEy; TNF-a: MEIRIEN Fo; NKAIML: FARGAE; ROS: A

TGFp2: kA k
TLR: TollREZ4A;

IR 5 PRk iE , Myc Al fE EFL IR L i & M
SLC16A1/MCT1 By ik, XAEMIE AR T2

% . LA LLEN , MCT1 1 MCT4 1] B8 J2 30 i
SRR AE R TS FIYG YT M A . pF s R B, R

FIBIESE o) SEuG I MCT4 Y2153 HIF-1a 875 .
MCT 7EFE AN D BE 24045 F b 7Lig, B
IEFLRRTESRR AN & B S P R 40 AsE 2 MCT1
PRWCELER , A e i A A A s P AR 4 B A

microRNA . SR13800, 72 Mk e Fll & T 8% 2 1R 1Y
FIREMR L5 AW AZD3965 FHLIKT MCT 7] L1 il i e 2
E@ﬁzﬁ [57-60] (Izl 3) )
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MCTALE 12 TM A B, AR I AR IEA b TN . TMOFITM7 2 [ 746 — A K A R R 12 A A B, MCT URIMC T4 5 B BREE 14

FEArF-CD1473:5530k , i SR13800., A2 Mk e A1 2k T ik 2R 1) Z 2L MR 45 5 P AZD396SBHITMCT, o] LIAINHIMCT LA T DiRE :

it 7L By

IR R FLRR AR SR s LA P B AN MBS MCT LRI A HE R ) LB 2 i PRt R AT RS T™M . B IREE A ks MCT: FURiRER

fizEA.

42 LDH

LDH J& A= W) P9 — P 3k 77 76 1l T Ak
IR R AFLER 2 [ A %4k, £ NAD+HI1 ATP
A9 4= B . LDH A 3 F [A] T /B0 3%, £ 45 LDH-A |
LDH-B 1 LDH-C. 2 4% LDH [5] T /i f1, 3k T 5% % 1
A, B9 4 5 LDHI~LDH5, H+ LDHI 1
[ T iF e etk , LDHS 5¢12, {H LDHS fi#fk3
T FIT DAY I 2 L Ak B0 B i - HIF 2818 il
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Lactic Acid Metabolism in Tumors: A Novel Target For Therapy
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(YHunan Cancer Hospital and the Affiliated Cancer Hospital of Xiangya School of Medicine, Central South University, Changsha 410013, China;
DCancer Research Institute, Central South University, Changsha 410011, China;
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Abstract Malignant tumors are seriously harmful to human health. At present, there are mainly three ways to
treat them: surgery, radiotherapy and chemotherapy. However, the curative effect is not satisfactory. So it is very
urgent to find a new target for tumor treatment and achieve targeted treatment. Warburg effect is common in many
kinds of tumors. Its important feature is that under the condition of sufficient oxygen, the energy metabolism of
cancer cells is still dominated by glycolysis. Warburg effect is a typical process of glycolysis in which glucose is
absorbed in large quantities and converted into lactic acid by glycolysis. Lactate, a glycolytic product, can activate
many important signaling pathways in cancer cells, and promote the survival, invasion, immune escape,
metastasis and angiogenesis of cancer cells. Therefore, targeting lactate metabolism and its key enzymes may
provide new targets for tumor therapy. This paper reviews the metabolic process of lactate, the change of lactate
metabolism mode of tumor cells, the immune escape of lactate to tumor cells, tumor metastasis, tumor

angiogenesis, and the treatment of tumor with lactate as the target.
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