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FRAH R  fmn pH i (intracellular pH, pHy) 2] 442 R 81 2 o 5 3 14
S S AL R AN B ACR e E B SR ACE R 2 A B 7
B P BEe b g da i 0 [F) B R RS IR I K ek o B R3S B de e L P
BIFEFBRSHPH A (272) i dey pll seiRERERE - HAE - B ACTHERS -
#5ey pli ~ E3MBEEL & & Na'-H'exchanger (NHE) &M A& set point /£ BEJE T €& 4%
ORI R BE R A T ARl R S A - T4 1924 FaF FELARER
Otto Warburg 4% 35 4m J 8 £ BRI H T > AR ERATRARIER - M K2
&9 H A AAE A (aerobic glycolysis) Bp & # 4% #9“Warburg Effect”1 o (B —) B ik o4 ¥E AR Ak
AeiAtRENBERSEY » #o3LE (lactic acid) & %% B (carbonic acid) - B M & 4
ftm P @ R AR IR B > B EMp R A RRAREAT > BbBaRs T
4 f7 i 384t T BEEE A% ) (acid-extruding mechanism) » 4§38 % 84 B MR E M4k ) a Bl
gh > AR AE 4 in N pH B4R 5 0 B RETRAEER AL Bu S AN IR IR o AR S BRERAE
(4o P9 i A 7 LS BEAL) » S 36— 5 4L — 7 P BARATIL © oA 2 ~ SR A
T 4}%4%??5%’7&4%%5’?%— o 2R ﬁ#%’fbéﬁﬂﬁ@ﬁ]}ﬁi% ’ @;}%/ﬁ%'r "4%’?@3/6"}?\‘1‘?&6 , jﬁﬁ_/ﬁ;
RRA L LT @GR ©

Differentiated tissue Proliferative Tumor
tissue L

- oo gy

+/-0,
Glucose Glucose Glucose
O, Pyruvate i Pyruvate
\ Pyruvate 85%
Lactate l Lactate
Lactate
CO, CO,
Oxidative Anaerobic Aerobic
phosphorylation glycolysis glycolysis
~36 mol ATP/ 2 mol ATP/ (Warburg effect)
mol glucose mol glucose -4 mol ATP/mol glucose

B — ~ Warburg Effect

fRARFTRAFRF  EF o o (B 4D 04 fie TR A 2545 4 o G 8 AL 1684 8246 > 1 mol
% B HE & A £ 36 mol ATP » 2K 8 BIL T RAZ R D B » 1B 4 i) A 2 R AT S
ik EHEARER 0 P M A 4h pyruvate fE)# 4 R A lactate SEHEH @Bl o KM
win L(BA)BEBRBETAARHEARBEE  RAMBEAERELAEZ YR ZHE
sbAE AL 64X 5 45 M 4% & “Warburg Effect” - (B # 8 Science, 2009, 324;1029-1033)
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B SAE A B

iy pH HAYHE B ETIET S i A E R > 4o st 248 (metabolism)
#m e 3% 4 (cell proliferation) ~ 8 (apoptosis) ~ & #1:E1% (epigenetics) A & 1t
(differentiation) % *" o {a)4v 4a 2 P9 B ALFF (PH,<7.0) » {24& Smad5 & Adm i ¥ > 81
HF R ERMAR L - AN E Fmion 2R B (pH< 6.5) & — P B
caspase cascade 124 4 i A" ° > W pH,; {A32 % 41K acetate i i monocarboxylate
cotransporter #2 3% 2| 4 ity 9} LA & & 4% HDAC (histone deacetylase) &1+ » #4454 % & LEk
1t (histone acetylation)® = pH; {8 JH¥E 4 52 X & 5 A 4= i, P9 4% B 4% 487 € ) (intracellular
buffering capacity) LA B AL 7 4m f B b &4 X $73E #57% & (active transmembrane pHi
regulators) ° % By 42 74 /] eLAF B N B4 55 BR /i BB 2R ~ AR 5 AR CO, IR FE
(CO,+tH,0H,CO;*HCO;™+H") & #8748 /1 > #FAE B3R H B) fm B 3818 B i 187 92 o

AR ERER G ALR ) A AF &) - Bkt pH £ 22 A RBRAN e EBe) £ 8
Eaaka o THEH &G Xiey AHERL & G (acid extruders) ~ HEdk & & (acid-loaders)
LR 6 3% & (dual direction transporters) - HFB& & & £ £ 5t B & Na'-H' exchanger
(NHE) ~ Na™-HCO3~ cotransporter (NBC) 1% & vacuolar-type ATPase (V-ATPase) o Hkidk %
& 47 B A anion exchanger (AE) $2 Cl-OH- exchanger (CHE) - # &3 & a A% K-
H" exchanger (KHE) #1 monocarboxylate cotransporter (MCT) e (]ﬂ:_)s NHE A & 8-+
PANBEF R EE  ERHEA TR NI R e eymikFiiminn &
BTl 11 AR CHRRRRB S AT » M NBC hre A tafindib > L&
W s bk F L E R BAAREE T R R E M EAN ML N PR el N B % g 88T 0 Ak
7 RAE ke plli o PEirE & AE Ae#ETFR#& G > 242 NBC FJ§ SLC4A family -
N B ta B s BB T B N EoR BEARAE T X% 0 WAEK pH, & © ™ CHE %% ta i
I FBE T L4 R P9 SRR BET 4% 0 LAFEE pH; M o
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B= - B LA pH AR GENR/ £ AN EGERBHE -

mfa N pH MERIEMKFIEEZ 0 AP E G (4w NHE-NBC #1 V-ATPase) ~ #kin % &
(4w AE $2 CHE) » R R# & A& G (v MCTs) - b & T 8 %% EAEARF A iR
N EIL 0 Bmed @ L Rmpgri sl 0 E— S RBRILEB ARE B AT
# F7 5% o Na'-H' exchanger (NHE) » Na'-HCO; cotransporter (NBC) -~ vacuolar-type
ATPase (V-ATPase) ~ anion exchanger (AE) - Cl -OH-exchanger (CHE) ~ monocarboxylate
cotransporter (1\/ICT)8’9 o

& bm ity 2k 38 o4 e BR AR )
Warburg Effect 121% /& ta Jo K 2 1E M 3) B AERATHEAAIER > RBHEBIERZ4L ATP
B 24 B BRI AR 8 /LA B8 1L (oxidative phosphorylation) (B —) @ 12 & B0 &) B 4L T1F
B & A REE MR SN 0 B BR AT BaR bEERBR 3R /8 (pentose phosphate pathway) @ 324
MR B AERARAE - A SEMRRETELBS OBRERS A T4
P ERAL > SRR e e P R R BRAE (PH< 6.5) B E 2 4 RS ST AT - &
tafn B T HIBRMR S » L ESHFMA R 2\ A4 s 0 Bbg B RFER
%@ NHEl #2 MCT A& V-ATPase & K3 i oy £ B 454 “° - NHE1 #1 MCT &
ERAVT A RS P 0 MR E NHEL ¥ MCT 443 # /niE3# - NHEI 3%
4 B0, P B 1L & B MR % (malignant transformation) F#ie9 £ £ 3 £ > b4 NHEI
#2 EGFR (epidermoid growth factor receptor) &4 > 42 4% 4a i ¥ i AN4Z 4% & (invadopodial)
s R o BRI e R AR s
AR VPHEBHES b ETHLAR  EREBNNBEAREAFTRBEERBEY
AR TR @ N EFEF R F (HIFla) 8 %k3iE > HIFla & —$ L 6457
&) MCT4 (hypoxia inducible MCT4) &9 %38, - (B =) MCTs £ Z8y3h4t A E % lactate
2 H e o 3 H E 4RI AR AR A 695 - MCT4 4t MCT1 & MCT2 > #
HoiE 3% pyruvate &9 FLFe PEARAK 0 A BAFN A pyruvate 4% G £ da e P9 2234 R FLER 0 B BL

MCT4 ey shhe &k 30 2 % & B HEMR 4a B 7 & lactate™ & H' o % lactate” $1 HY K B4k &
Jmba B B RN BR IR BR ALY > i — 2 245 91 BE R 4B Bl 49 E "2 %48 i@ (tumor-associate
macrophage) #4225 % 69 M1 A A&t (polarization) ag A $HL%s £ &9 M2 & g8 (M2-like) »
B e AR B R ML %% B 12 o V-ATPase /& 2 777 ta2f &y lysosome L >
% BBt lysosome 2 & 4 B 64 2 BB R B "£4F A (autophagy) ° V-ATPase 1% £& /) 2
o B da e b 5 P de B BE P9 P B BR AR AE 0 AR MR S de B B AT AR 4835 3 V-ATPase
FAL tm B BE o 3 9L H b BEEE R G 4L B BRI BRI AR S o
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Necrotic zone

T
Hypoxic or
/" acidic zone
/ G — R A
/
Expanding ; (2 Ty TpH regulation
tumour /

* Metastatic cells
Blood vessel ! { H*

Metabollc TGlycolySIS —3 Lactic acid

sources of

colllarasia lRespiration = CO,

Warburg effect

~ R f R B AL AR R
Hﬁﬁl’qﬁl‘é‘a“léﬁn_md J& o R A A ARG EMHELGTE AR EFE TR
HIFla #8 7% &3 > ti&E—F FAMCT4 Eykx 6 82 CAIX /Jviiém}i@i#l‘,% Warburg
Effect A7 & A& GBE MR B E - B Mt s B REREAM3EE" - (B 8 8 Nature Reviews
Cancer, 2013, 13;611-623)

%% B B B (carbonic anhydrase, CA) 4% s fg W 4~ CO, ~ HCOs 8+ & H 8 F o4 47
(CO,+H,O<H,COs HHCO3_+H+) o I tm B BE R tm B sy CA & ﬁ‘ﬂ-"rﬁmﬂ@ﬁ%ﬁ =48 CO,
230 ik A HCO 3+ » 3234 1% NBC 8514 G5 HCOs 3t F3EX i Ndm i ¥ Qﬁﬁ' Q‘BH@W B
it AR B IR P9 B9 CA R 7T pAi% i@ & H % F (non-catalyze function)® 1 » 324 MCT
EEE G H 8 F R & B3 lactate” 88 F £ ta i sh o 9 HIFo 4% L A CAIX é’J EER
(3% Bib CAIX R -3 REFLANHAERRO B L > (CEHBRIARER BT B
Ak A CAIX LR ARAG BN ELHER - (@) EmT 2 Biboyams T
WREERAE KRR RAGBEICIER > MmABILE £ 2 @00 BRI AL B --3F & BR R AS
R RIF BER G e R NIRRT G IR B ER B R @I A > P EBRILRRB AR
R iR R~ Ihl BRI AE R b B AR BMIERAE TS LUK (B
) e
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Normal Transformation Metastasis
epithelium dysplasia

Bl vg ~ 3 BRAR A B R B B R

SLE K e AR LL 0 R A\ LABEEMA ] 0 T B e pH & (intracellular pH, pH;) #2
% (B4 4 pH=7.2 » 7 4o f pH> 7.2) 36 B4 AR o 8 4 ~ $Ri8 A v Ri% i fa B B 22
TR m R 0 B — o @ ) Ik 4a B 9 pH f& (intracellular pH, pH.) 3 2k %= i 4 5
HEBRRBEBRFLEGBMIRER@BREEFT AR’ - (BH B Nature Reviews
Cancer, 2011, 11;671-677)

S X, — o BB R B

RS BLIESE P 8% ¥ tm i (cancer stem cells) 7T A8 & 1% R B R HE LSRG R B 2
— o 3t B 6 A5 T AR R B IR E B e B AT AR, 0 AR A 2 e B B BB T ATAG
B LA IS+ B8P AE 3 A th TR ) A4 64 8 o AR FB G e o o L SRS o D 3L
Se %k FEAEME » L35 B AR A IS ARIEIE o B B AR 3, A ol N B AL T AE 645 2 4L
F iRt o R IR A L AR PR L 0K 16 o BIbAR SR B RUR B0 06
B g ARBEAT & 261510,

H4E4 T NaHCO; & 40 BB B AU T2 0 /b AW RRBEL L > %5
NaHCO; /6% # 45 M SUMRIE A 2R B HIAE - B8 B RBERE G LR > 238
B s REX B A Ao s B X a8 H1* - NBC 3 a3 342 HCOy 8ET At
PR 5 AT AE ) RS MR AL -

45 ASRELIE R LT fa % AR NBCnl 1% & > 36 ALt NHEL 2 F] 464
Tt ey R KRS o £/ B _E&4 (knock out) NBCnl E#y7& & ] UL 4 ErbB2 3% %
b FURR T T AR A B BR 2 A D BB P S fm B e 3 AEAE /11 1 ShAN B R A P B A
YL B AR NBC SEME G154 £ B oo ik ] > 332 S 2 fm B S % BB AL -

11
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H #7445 P #5009 BE 2 tmfe » B 3 NBC E# & G384 HCOy + H v Avimfo g a9 B
g EEY -

NHEIBE%’%%Q%%ﬁ%éﬁﬂ@ﬂéﬁﬁl\ﬁﬁé@i%ﬁ%if » #p4) NHEL 4% 276 %% &
THe — BB A H N EE - NHE]L #p#] Bl & F 41 A /£ F8 Ok B8 R b &2 o B 8 IR
(1schem1a/reperfus10n) FE ey ARG o BkFR NHEL 895 4o ik £ 3B B AL b 4% > 48
B F] 3 Ak 4a B N & R B2 AL (pH < 6.5) B A® et > AME A NHEL #pH] & 3t R fE A 3%
FHEMNEE LT EHFRNEE TR EFFA LM NHE & B A& T NHEL sishag 3t
B A AR E SR At tm B R S 0 BEBR AE N1 o

o % AR AT MCT E# & & R Mk lactate $2 HY a9 98 m - A S 3 3% B i SR 15
oY 3 G B T 0 AR T R 6 R P fe B A (<15 Vi) BB H fm B (<50 Vi) 0 B Ik
1& % MCT % ®)#p4] - lactate” 47 7] LA LA E F4EB K, (lactic acid) 3EHL E m e B 4h - A sbi&E
FA B —3p ) B R R AT 5 4 By pH A R K3 B AR B IR 4a B B 69 A2 £ (pHI< 6.5)* o
PPIs (Proton pump inhibitors) # K'-H" ATPase #p#4| %] » £ & %] & 054 55 e 9 Hp ) V-
ATPase o PPIs #3075 b E ZBA MR35 > B 8 A1F A REE B MR 3R fe %4 > PPIs
e B8 P B B SN B ERAL A P AR IR A AE 49 15 SR B AL AR IS ~ Hp b e i B "2 4F A & mTORCI
RIS RO BB A K o NI AL AR B RS 0k BT ARIKEE AR EA A
RUEH A K > Rb&0HER PPIs A A LA A e kER" o

B ap R RS BB RESFR R

*— 5']5% T A 5485 E AL Yo pH A AR B 69 AR RERA 122 0 dofe A 2 030 H1 %
b BRI YE MR RE R BRI — c BMMCREAI R T A TGSE > &
ﬁﬁ*@%kﬁ@m RN AR BEASS GYRaRE > AR IR B R B LUSR -
&2— B pHi EBEZEZ G WHERRR R B Seminars in Cancer Biology, 2017, 43;17-
43)

Target Compound Type of cancer Trial phase Results Status Observations Clinical trial
identifier
MCTI AZD3965 Prostate, gastric cancer Phase Ifll Recruiting NCTO1791595
and
lymphomas
ATPases Esomeprazole Breast cancer Phase Il Ireatment safe, well Completed Combination with NCTO1069081
tolerated; increase chemotherapeutic
efhcacy ol drugs
chemotherapy
Pantoprazole Prostate cancer Phase Il Not recruiting Combination with NCTO1748500
Estimated study chemotherapeutic
completion drugs
December 2016
Omeprazole Head and neck cancer Phase Il Primary outcome Combination with NCTD2013453
measure chemotherapeutic
December 2016 drugs
CAIX SLC-0111 Advanced and Phase la Not posted yet Completed NCTD2215850
metastatic solid
tumours
DTP-348 Solid tumours, mainly Phase | Planning the NCTO22 16669
head and neck recruitment
neoplasms
G250 Metastatic renal cell Phase 11l Treatment safe, well Completed Combination with NCTODOBT7022
CArcinomas tolerated; disease combination with
stabilization interferon-alpha-
2a
G250 Advanced kidney Phase Ill Treatment safe, well Completed Adjuvant NCTD2883153
cancer tolerated monot herapy

no clinical benefit

12
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BEERE— g pH R EGIpHI B > L RAER BURE R it~ > B AR
i pH BHEEZE QIPFI BB LM SR BEAOARERLE FRHLLSANEE
B R EX o Bl he G ARG R E RS > BRHpHI e N pH A& G SLHpFI BB ST
FE B AR 2 - i HEE R G MCT1 & MCT4 124% 4 it P9 BRAL S [ AKAE AR A > AE AR
3 iR 48 S AbEEBR AL 0 B AE 4R fe B 2 45 $% metformin & phenformin £ AR > B b
& A MCT %] %|# & metformin =% phenformin #&F 2 #93% T E @t - % — AR
PIPHF BRI ERER LR AFTREBATHYMEZES X - GYY4137 £ —#
ZIZHEK HS a9t > HELZENREESY HS 7 — MRS BB (REELE
Fhafe) GORERRAER 0 B AR F ILERMERA LN 0 HoS ) B4 & 3 41 4a B 64 HEBE 2
At (#p#] NHEL $1 AE) 4248 %= s P9 18 B B b T 35 B 22 o JLIN3E 5% e BB BR AL ) B A4
H7 pH SUR P 89 29 388 7T SUA e HHURE B HLEE ML o 5] 4o % HLE % 4 (doxorubicin)
T J& 8, & % carboxymethyl chitosan (CMC) &2 3k 4k F (AuNPs) Lk > g5 CMC &9#: 4
(carboxylic group) feB& M IR 3% ARG B 4L - BE sbre s 4afe ) pH Hp ] &) 2k & B 7 R 42
(ionophore) 3% & 4m 2’9 pH {A1#14K » 3£ doxorubicin £ KX 5 4% 5| & 2 /& a5 & P FER » 2
FEMAIA R AREFKFED o

£

T b B35 B LA ML 2 | By fm BE HEBR MR ] A3 — BB B B R BIOR IR
HEBFER A RAREBR @IZREFAKRARRBEIEGE N - B REBMEMNIES
TEF TR BRI EFRAETE BT HIURE AR BRI - B F HNRAX
HEEAE DR BRI RIE R B BT R R - B RBEFAFERTR °
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€ & & #i: 5Sth Annual Drug Discovery USA Congress 2018
#75p #: 11 Oct 2018 - 12 Oct 2018
# 2L San Diego, United States

% 7 . https://www.oxfordglobal.co.uk/discoveryusa-congress/

€ 3 & #: DOT — Discovery On Target 2018
B y%p #:250ct 2018 - 28 Oct 2018
++ 2L Boston, United States

i F : http://www.discoveryontarget.com

€ & & #i: Molecular Pharmacology: How Form, Function, Content and Context Shape GPCR Signaling
#y%p #: 10 Feb 2019 - 15 Feb 2019

++ BL: Ventura Beach Marriott, CA, USA

% T . https://www.grc.org/molecular-pharmacology-conference/2019/

€ & & #i: 4th Drug Discovery Re-Invented Conference
B y%p #:21 Feb 2019 - 24 Feb 2019
$+ BL: Nassau, Bahamas

% 7 . https://www.fusion-conferences.com/conference80.php

€ Rz #L: Pharma R&D-2019 — International Conference on PharmScience Research & Development
8 #%&p ¥ : 04 March 2019 — 06 March 2019
$= BL: Paris, France

% T . https://unitedscientificgroup.com/conferences/pharma/

€ & ¢ fi: Fragments 2019 — 7th RSC-BMCS Fragment-based Drug Discovery meeting

#%p #: 24 Mar 2019 - 26 Mar 2019

3 2L: Cambridge, United Kingdom

% F : http://www.rsc.org/events/detail/33945/fragments-2019-7th-rsc-bmcs-fragment-based-drug-discovery-

meeting

€ & & #: Gordon Research Conference — Multi-Drug Efflux Systems
B 7Ep #9: 28 Apr 2019 - 03 May 2019

# 2L Lucca (Barga), Italy

% 7 . https://www.grc.org/multi-drug-efflux-systems-conference/2019/
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