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Abstract: The occurrence and development of tumors are closely related to the tumor microenvironment.

Among them, tumor immune microenvironment and tumor metabolic microenvironment play important roles in

tumor. Tumor immunotherapy is a way to kill tumor cells by activating the body's immune system. Tumor immuno-

therapy has shown good therapeutic effects in a variety of solid tumors. In recent years, significant progress has

been made in tumor immunotherapy. The Warburg effect indicates that tumor cells use aerobic glycolysis to

acquire energy. In the tumor, the energy metabolism pathway is abnormal, and the tumor microenvironment can

induce the reprogramming of tumor cell metabolism. Therefore, targeting tumor metabolism is also of great signifi-

cance for tumor treatment. In this paper, we reviewed the research progress of drug targets related to tumor immu-

nology and tumor metabolism in recent years, as well as the progress of drug development.
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Baf e 37 SR, 1K — AR U AE 24 I JF oK 52 B 2 58 11
HA, MR IE T AR BR T AR R R 4 . B B L
SRR, BRIRR 22 (R RIE 7T ) B bR SR S5 R A ke, I R IR
JIe 33 P B 0 iR R i AR Ok R R AR . R
B — AL, K AU T R g A 5,
AT AEAE TP Je 200 D L5 o e 1 Jirh 8 A O 4T 4
T VA B A0 R 4 L S D 4 8] 7S 5T 4 i B
I L2 6 T 9K TS 4 L 00 20 oL A 4 e e A
oK W2 AR DA R I A AR R A B AN R S S . MR T
PRI v (%) 5 5T 248 i R iR 2 e ok 5% 43 T 4 - 4
L Ta] %) L P, 0] G 2 4 L) B 2 1R 00 B AR ) g
O S A i AT, AR 32 R A 2R P A 1 4% E
SR, B2 iR I TR R, (REME AR S
%@[3-5]0
1.1 MERERMFE MR REIRIT 5 19 Kb
PRt 5, BT AR NI ORE « H s it A iR 1
KFFAEZ —10 i B 2 76 7 38 7 51 S B 2% K &
Pio JHRE G B2 VR IT 2 I B N AR A B R G R G
T A2 B R K MR 4 7, 3T 10 47k, I H 9% va 7 X
BT RENIEE. 2013 4F, Science 24 &6 I8 %96
JTHTF 1 KRB R R 2 B . 2018 4F, i DL JR Az 3 22 5Y
5 2 % 32 7 55 | 1 James Allison 5 H 7 [¥) Tasuku
Honjo, DA s2AMATT7E b e G ey 7 i i) ok H AG, b
Je PRI R AR 22 P R L BE 0 3R S A7 e
U 98 55 2 Fh s AR VG IT R R R T R IR T
&\‘&%[8711]0
ER IR e e in T IS T BRI T, (H I R b
ThA — B3 B3 X e TR A RS . B8 2 0 R fe
P (1) E — AR AT, NATTIZWT 1 6 30 i e S % A S5 1
1t AN 22 R T SR G VR T BRI OB R 2R . e
P TOPR S5 R AR, T e 2 e SR AR I AN T S B 58 VR T ()
B, AR RYEST . H T, WA SO e B TR B A
Wl B S 8 V09T, Y v o I YE B L i S iR
TR I BB TT I .
TE R A B v, BAA% 4 L 5 Y5 A0 o 4 T A
75 a1k IR F B f& 2 (C-C motif chemokine ligand 2,
CCL2). kA T Hi 1A 5 (C-C motif chemokine ligand 5,
CCL5) F4E 7% H 3 A F 1 (colony stimulating factor 1,
CSF-1) &b 7 115 5 T 40 5 20 o v, JFdk—
oA IR AR O B R0 R . iR A O [ 40 PR o
NP, B 2 M1 B AN G e 4 il M2 B o e kA
B [ 4 & 4 (interleukin 4, IL-4) A1 4 4\ 2 13 (inter-
leukin 13, IL-13) %5 M2 fR AL IR 7 & &= &, Bk fios
MR E VR K2 2 M2 EVEANIE . R AH 5 B
4 58 8 73 WA 3 K2 A2 K Bl (epidermal growth factor,

EGF) &4t A F e & 18 (C-C motif chemokine ligand
18, CCL18) & K 72 i3k i g A= K o8 I B 3O It 4 8
A (matrix metallopeptidase, MMP) F1 JR i fif %4 £
7 IR 005 77 (urokinase-type plasminogen activator,
uPA) 55 K] 12 3F I 968 4t i v Vi R A 5 G 0 20 I
BN A K BT (vascular endothelial growth factor,
VEGF) i 2k i &g 1M 5 A2 A1 2 5 31— 251 b g ik
T 0231 5 A AR A (6] 288 B (%) i Jeg Ak B 85 i o IR
HWTET A0 (Treg 41 H2) 121 . Treg 4 i /&2 —2n]
DA 5 22 Tl 0 28 40 PR D R 1) T 48 AL B, 3 2@ i 0
il T 20 M s Ak, R S R Y S i 3 e i S A
Treg 4H 1 42 G 92 40 ] 4 i 63 ok B 455 1) = 2 4l %
g3, FCAE I JR BB RO 52 rh X 70 e R A g N AR,
R GPLANHIER, B4l 2 5 ek ik, i3k
T 5 M feh T £10) 0 e i e R

Ji R G BE O SR ) R 2 e S ST s RN T R e

PETT IR B HME B, MR [ S ST VR IR . B R
B8 O BN I A SR B e S 2 iR T B B 7T 07 1), 5 R
J¥JeE 97 R B N RT DAAR KRR B2 b 4 v i R VR T Y
ROk .
1.2 BRERERERE iR 4 i AU A X T 1R 4
JHL 5 A A v ) e B M o O T 4 A PR Y A R
B, T Je 200 1 0 20 A RE BT 1 T B v A
Ko 1924 4F, 18 [EH 1k 2% 5K Otto Warburg 2 t i 987 41 g
N R AR O SR ) T R, ik R AT
EREI T A BEAT ZRRIBIE IR BE &, XA & 4
F BLAFT ¥ 2587 (Warburg effect)!™), Al [ 6 3575 1931 4F
(R DR . i o e B AR & A B, DR
R WA A 2 — P ARETHE B . 2011 4F, Hanahan Al
Weinberg® H Jif 8 X 4 53 5 %1 o8 16+ KRR AE 2
o HIBLET I, e A S L IR A AR K R
FHEZNEH.

Jie e 24 AN (S Ik A SRR R A D 1 B A K R I R
a2, ] DU T 22 2 R AU A5 845 O 40 A A2 ) 4 R AR
VIR 1, TR 22 X ) FH 4 S e T 2R ot 45
HEE S MREARARE T ARER N, B
RS B & Fr b M 5L AR T e s & 3 SRR 77 X
SR A2 B G5, X o e o b fe B A D7 S
T PR A R R A g AR, iR T 85 2 5 R
SR A AU A AR L gm R, i R 2 S BN 4 i S T
TG A 5E G R R E SR T . WE SRR T, R 4 i
RIS 4 S5 R o0, AT 52 M T 0 e ) A i B =
41 T 41 i ) FL3h ) i R R AL 2R (mammalian
target of rapamycin, mTOR) ¥% 14 bl % i 58 0 AT 38
% 7 (interferon-y, INF-y) [F 7= 207, A an ik, Febg 4m
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LR PR A 7 4 v ek 22 b 7 2 e 8 4 A PR 3B
T ARSI RE PR A HA o P JRE 2 L ik 1) LR < A
# E, (prostaglandin E,, PEG,), AJ DA {i¢ i3t B I 41 g M
M 18 284 1) M2 i Ji 280 1) e B, e 24 a2k 38 i A b e 44
A7 3% S S FE ) RUS00, [R] bk, R e e A 15 X
I8 G g5 R MR VR T B BB R L.
2 MERZRAYESREXGIRRHER

H A0, s S iR T g K e . AL e ST
(Cancer Research Institute, CRI) T 2018 &= 10 A A A i
(BRI B T KRS M ER Y, ik Bre
BRA 417 AN AL TG R FE B B B3 i e AHEE 2017 4F,
2018 4F it G e I 77 A BRI H 200 67%, HE i K
In50%, A I PR FF K 350 B 1 4l 5 41 2008 I 42% .
TN, AER 50% R T IT H £ bR S AT 48 AN HE AT
RO 1A T A AT T 15 A TR S A O B A A
HUiH%. HAr, EE ey ma =238 T
2 G 2 R T R e R 2 3 e T e A A e P B
PR
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Figure 1 The top 15 of immuno-oncology targets

21 THRGERKES EFAENSL T, T4RK
AT SRR S A B S ) AR B U TR 5 T 4R i AR
Tl 52 A 25 & DA SN 9 LS 5 ok 78 70 W0, AR5
108 T A 2950 7 240 i Yo 3 3 AH S 0 i ) A AT R A
T Jif 8 A 52 o, T 48 B0 90 55 A Ak T e WA
B 1) T 40 M A A A VR T 2 SR L4 1 BRAC A
1 B 5 K AR BT A5 5, AT VG AL T 40, 36 9 H o
A7 Jieh e 4 B PR e 021 4 B T 9K T2 40 A OC Bt i 4
(cytotoxic T lymphocyte-associated antigen-4, CTLA-4)
FNFE M 40 B BE T2 52 4K 1 (programmed cell death
protein 1, PD-1) & i N2 31 (1) I PR b 5 i FH I T 41 i
TPk A AL, P EATT R BTR 2 Y) CfE R B R
A0 s 45 B I PR VR 9T Hh R I AR B BRI ROR
CTLA-4, 3 % CD152, #& i CTLA-4 % [] % % )

— PP 0, Rk TR CD4* A CDS* T 4 g,
RRERGET AR REEMRIE”, 19954, Sharpe
A1 Mak P R 2H 22231 7) 55 1) i CTLA-4 2 B R B /) B
BT BT CTLA-4 5 PR A7 4% T 48 M 3% 44 1) D e .
Allison PR 8 21 55124 % 3T & H 471 44 B W CTLA-4 2
AE, AT LSS 58 CD8* T 41X iR ¥ 34 7). CTLA-4ik
Z 57 A s tli&E. Treg 4l 7E IR 1 K E A7
£, JF R EFRIE CTLA-4. 7E CTLA-4 R/ BB o,
Treg 2 Jfi 425 il R T 28 i ) D) RE 4% H) 55, 408 CTLA-4
X Treg 41 My Dy RE LR B 2 . BT DA, CTLA-4 fufk n] g
JE I 25 B R P T 4 B T 3 i PR Az 2, H IR
it T CTLA-4 Pifk H A UL E T (ipilimumab)i*.
2011 4, LI fr b 25 i B BLR) (FDA) LAk £/ UL B
PUH TR B 208 . 2018 4F, fH UL SR 4T L Uk
T — 83677 i fa I 0 B 4l B & H 285 GR 1)
PD-1 /& KA AE T 20 M 3 171 1 53 — Fofr 52 22 1) e 2
5 2 1, O T A R S M R TR 2 1 CD28 MK
TR - PD-1 & B -t H AR A KA A POE 1992 4
RILH, EAE B ATk 40 M AR R I8, @it 5 H A2
JFPHEFET ECAR 1 (programmed death ligand 1, PD-L1)
FEFMHEFET ML AA 2 (programmed death ligand 2, PD-L2)
SO TS . PD-15 PD-L1AH EAEH, 7T LA
T B R BT R I T 4 B R T, ) TFN-y iR AR
BEIR F a (tumor necrosis factor-a, TNF-a) Fl /& 2
(interleukin 2, TL-2) 25 41 jo IR (1) 43 34, 15 Jirb 92d 401 A ik
JRALAAR G 420030, H BT FDA itk B 77 1) PD-1 40
T M4 B BT (pembrolizumab)< 44 3 4T (nivolumab)
F cemiplimab. L, MR BT A1 g4 X S PL AR+ 2014
EIRTS FDA e, H T AN W U B i) sl 7% 11 e S0 26 €
FIR A BN il VR TT . H AT, XM I E
ZAEHEAL LT . Cemiplimab+ 2018429 H 3kt A
TR | SRR U R SR SR A B (R YR YT o BRI 2 Ah,
BT R IR E B =K 3N PD-1 EATE Y,
53 ) R Bl R BT A e R B A R B R 2R R T
(F ). HEGEB AR T PD-1 1)/ 537 b .
BE AR, A — e F At 1 T 20 B e 228 A 25 p i ik B2
I LS FE A 3 (lymphocyte activation gene 3, LAG-3).
T 28 M % % 3K 25 3 %5 &5 1 3 (T-cell immunoglobulin
mucin 3, TIM-3) T 40 fl v 46 1 G B3R 8 3V 25 R 3ed
#5771 (V-domain Ig suppressor of T cell activation, VISTA)
LR3I, LAG-3 1 CD4 & AR A, EELEAEFHNL
fO T IR L2 40 B B AR LS 40 i L B R R 15 4 Y (natural
killer cell, NK) F 5 41 i 4 4 SR A il (plasma cytoid
dendritic cells, pDCs), F £ 142 T 40 fETh AEPY. TIM-3
& TIM SR 1 — A SR8 1, 2 T 41 Treg 40 i A1 56
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R G PE A B (A% S0 L L AR R 473 40 B L B A% ) 3%
A . 5 HAN G EE AR S S F AR Z, TIM-3 3
EAEFTA T 4005 543 LB, AUAE CD4* T 41 i
CD8" T4 i, =5 P [RHMHilE B, VISTA X
Ny JfiL /N AR 32 44 Gi24 . PD-1 [Fl Y5 % (9 (PD-1H), J& T %
P IR 5K, M Ah 45 4 38R PD-LL R R . AR (9
VISTA F ERIALE CD4" T .CDS* T4 /i .CD11b*
STV ) P A 4 B AR EL 4T B < BE AT B AR S 4T B T B
A rF R4 ARCS . B RT VISTA [ 40 s 2 1 52 44 14 A
TEAE . B TX 3N S 2 R AT A TG PR AR B
BB, A 2.

22 MEBALRBRES AL G A
B2 A PD-L1, X FR CD274 M1 B7-H1, &1 \ Rl
KR HI V- B IR A UOR I« TEVF 2 R 21
H s Rl DU I 21 PD-L1 &R (A 1R IE, B8 SR 855 v 1%
TR 4 i E PD-L1 (3R 1k, FIA [ PD-L1 A F| T if
SRR ALK, 5 F UM TH MR K% . PD-LI
& PD-1 [UACAA, ‘& 5 PD-1 45 &2 S8 PD-1 KL A
S5 R I SRR R IR AL, I 40 55 IR IR 1 R TG SHP-2,
M ek 2> T 41 B 52 4 (T cell receptor, TCR) {5 5 i
6 1 BR A, MM T TCR 38 % R I (305 15 5 BL R
T 24 Ff 1A SB35 A 48 e R ¥~ 19 2 B . [T G PD-1/PD-L1
6 % P A0 41 2 o JERN 5 B G s, Hr, & b
7 /1 PD-L1 i H 3 4. Bl 45 2k B 9T (atezolizumab)
T2016 4E 5 H 18 H & k3K 43 FDA it i, & FDA fit it
(498 > PD-L1 451l 741, 3 FH T FB% J et 0 /I 290 o il e o
Avelumab #% 32 [ FDA A IE N8 I Bk o 2R 41 B J 1 AR
JLZ, 2017 3R A0 T 968 97 M 01 sl A 1 IR i b R
J&& . Durvalumab T 2017 FE3HE L3, o7 I+ IR % L)Y
i (K 1).

RUE H AT A £ AR YT CIE 0 Ch 2 R SR
(AT IR E T b v, F 2 A2 I R B8 v 9 T I 56 VF 22 1)
A, AR RIT AR A T B 5t A . o O R E
) B G 2 TV I A ORI, JEAR R T R

X EITIEE W N . UL PD-1/L1 #5708 45], 73S
Z MR FAH G, 40 PD-L1 Rk & il B2 AT e v
(microsatellite instability, MSI) A1 J{J8 948 1 fif (tumor
mutational burden, TMB) %5, %, PD-L1 Rk /K%
1, FELUT 5 4 S 9% 20 B R 31 B0 R R 1k gt KK S, Y6 9T
AR . MSIZ fi T DNA & il i 4l A\ 5k
JIAR 5| L 1 1] B EE T A K R U I &R,
WEE S UReskiEal . FARRW, 4 B,
PD-1/L 1 #1771 7 {5 52 e H 0 TG 266 PR 48 52 k2K
KA PR AKRE I B B AR R E, TMB 2 48 e
0 ff DR ZE v, B PP Ak 6 DR A g B X R A B 4 R4 N/
B MERAE (R RAR) 1) H . — Rl 3 TMB
KF 20 B Ry SR A5 . W98 R I TMB K, PD-1/
L1 A 774 R0 B v

I PR B, e 9 A DN e A0 k1) )38 A T e DN BBty
K— RN FRIE, BFEIEE 2505 R ke
PPN 3 A, T A 8 N HEIR R T e PR RS 12, T
HEE, REIRTT A Ree g — e B s N &, 1X
F B0 G 5 B N 95 993 8 0F % (hyperprogressive disease,
HPD) BL5R . P i 1 e 38 R I 097 Ja MR AR K
FOBWRITHI M 265 0L B9 WO IR, 1 406 4252 T
PD-1/L1 #7536 97 (0 /Nl i 56 v, 45 13.8%
()& LT HPD IL R, TMIAE 59 452 1 H M 254k
I7 AR /NG B it e S, AR 5.1% 1) & L HPD
PG, HPD R ES Z AP ERMK. EHEELT,
LB (265 %) HPD KA #m T i <65 % I &
&, XA RE S A NREE MHUA B R e AR DG 783k
FUHR DR A0 e i, R R R I B 1 S HPD K AR 3R
T ARHIE R ER W EFW, Jur, @ik R A
PURIMD AR B o A BRI, R AR gk e 1) i e i
Ol I MDM2 )5 95 HE K (MDM2 proto-oncogene,
MDM?2) Fl MDM4 )5 % %5 [Kl (MDM4 proto-oncogene,
MDM4) B[R4 38 DA Je 3R Bz A K R ¥ 2 44 (epidermal
growth factor receptor, EGFR) 7%, {H H ELARHLHI A

Table 1 Tumor immune related therapeutic drugs. CTLA-4: Cytotoxic T lymphocyte- associated antigen-4; PD-1: Programmed cell death

protein 1; PD-L1: Programmed death ligand 1

Drug name Target Time to market Listed in China Indication
Ipilimumab CTLA-4 2011 Yes Melanoma, renal cell carcinoma
Pembrolizumab PD-1 2014 Yes Melanoma, non-small cell lung cancer
Nivolumab PD-1 2014 Yes Melanoma, non-small cell lung cancer
Cemiplimab PD-1 2018 No Squamous cell carcinoma of the skin
Toripalimab PD-1 2018 Yes Melanoma
Sintilimab PD-1 2018 Yes Hodgkin's lymphoma
Camrelizumab PD-1 2019 Yes Hodgkin's lymphoma
Atezolizumab PD-L1 2016 No Bladder cancer, non-small cell lung cancer
Avelumab PD-L1 2017 No Merkel cell carcinoma, urothelial carcinoma
Durvalumab PD-L1 2017 No Urothelial carcinoma
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BF fg o),
23 BBIMRIFIE e PR 2 FE 0 R R
58 v 1) R A B i S D A L AR R AT A A A g
4f ffw A1 IL-2. IL-10. % 4k 4= & B ¥ B (transforming
growth factor 8, TGF-B) &5 %3% 43 1 Z Al AH HAE F 1) i
5, I T T e e A B G g B . e R R 2
Wl S BT G PR B HEAT R P 0 — 2, IR IR L2
T2, AN & (IL). IL-2 X4 T4iM 4K
Rl F, % d %L CD4" T 48 fig i1 CDS8™ T 48 ffg 7= 4=,
SE AT T 4 3 1 AR KR, 9 R R 2 S Ak B 48
MSEE, WO RS R N A EE R, S5 bk
RO 3 I A e B A . R IL-2 & CTLA-4 Bifk
ipilimumab 8 #t i b 7 A ME— Sk ya 9T B AR R AR
FRIFFOA,
3 MERHAYESIREXAIARAR

W 3 R 1) R R, TR 4T B e e AT RE AR R
BA BT A U A R A A MR AR I
U, R R AE VR B VR R R B E
FHUSY (B 2) 0 S ) i3 AR 157 3 4% % g i) v 97 BT
T F, S ) Ao AR 1 8 A2 I 9T 2 ORI A SR A AT
LS
31 BEBERE 8RR R R e AR R
HH PR RE e R 4 e SRR I A e D 2 I A
20~30 f o PRIk, 1 0 TR AR 4 S o A YT A Y Il
PR V9T B E AT (R 2). TEREREARLLFE b, CORE I
M (hexokinase, HK) #& & — AN KR G i, 7T 4 44 7 45 bl
A R W -6- T IR, 0K % 1 40 W A X I A A Dy B
(Y JSE o E it 96 200 i v, 2 26 A A ) 3 — AN B el 2B
R R AR S, A L T 40 B, e e 40 R T RN B
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4 n B HK2 ) %0k B3 FE, HK2 76 1F 7 41 i
JUFAZRIE, PR wT DL ) HK 2 AT 8L 1) e 96 448 A o
B 582 B, ) HK2 W] DL 222 4 A 24 FH o7 ik Jeg 119 A&
K60, 3.3 A B R (3-bromopyruvate, 3BrPA) j& HK2
(1 L e 400 £ 771, AT DLOE I B AR HK2 A1 ATP K P AT
] 22 % 1 B AR 4 M 3G 5, R B B AR FHEY.

Jiee 9B 0 R T A R L AR ON K R ) B, R,
BEL 0 Jie 98 A= 3 87 2 B T 70 B i 4 0 i iz i 4%, BRI
O o8] A8 260 0 A B W PR, A A BE IS KR 1 (glucose
transporter 1, GLUT1) 5 % % Wi = B R AL, (£ B e 45
B < e SR S 2 R b R IA, WZB117
& GLUTI R 40081 77, & m LA S0 1) A s 40 fH A549 A
FL e MCF7 20 B 1Y) 40 PR 1S 48 . 7 %60 W% % s 14 4
(glucose transporter 4, GLUT4) & E1E 2 K 1 H H8 I8 &
15, RSN R E A PR . AU E, N
PE BRI 9 7 (human immunodeficiency virus, HIV) &
FE1 Pt A0 ) 7500 M 47 5 8 AT DAAES [ 440 ) GLU'T4, AT 410 1
E Si=g it iUlat SEUN

filf IR T i R i &% (phosphoglycerate dehydroge-
nase, PHGDH) & fil B fift 18 B 11 55 30 —— 2L AR & K
T R B — > 93 SR, AT DA A R T A v TR 3- 15
P T ek R A i, 3- K IR 0 ik AT R R, 1 T A b ) = 4
FINLFIRAED G BOBTE, /& FliE— R 5N ) %
FRIEEE . UreF oKk &P PHGDH 5 3Ll . Bl . &%
T RB (0 FR BT 55 2 P MR 1 R A R R A DRSS i
PHGDH W] LA BH Wr 22 2 18 A= W6 Be, AT 400 1) Jhf 8 1)
Y FEBS ., BE TR I, /NGy # 7) CRB-5884 1 LA
1l e 96 40 P 1 22 SRR R, FE FLRE SRR B =
GRG0 2R 98 R 3L e 24 PR B LS

SLC6A14

)
Glutamine
|
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+

Figure 2 Tumor cell metabolic pathway. HK2: Hexokinase 2; GLUT1: Glucose transporter 1; PHGDH: Phosphoglycerate dehydrogenase;
ACLY: ATP citrate lyase; FASN: Fatty acid synthase; ACAT1: Acetyl-CoA acetyltransferase 1; SLC6A14: Solute carrier family 6 member

14; GLS1: Glutaminase
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LR A B (lactate dehydrogenase, LDH) 9 /2 ##
P fifh (1) OSBRI 2 —, AT DA A AT T PR e 46 o FLIBR A ik
Jii T 4 B (nicotinamide adenine dinucleotide, NADH),
AL A NAD* . LDH A AVB.C =Fh WAL, H o,
LDHA 7£ 2 T ifgg 41 21 b v 2208, an FL RS 1 41 i s
AR e 25, I 5 1l PR 45 AN (A SR80, iy i 25 —
AR R — Mol AR B /N 53F, v] LU 40 ] LDHA
AT S0 RS T R 3 N 8 A A ) e i, R 3 2 B AR
75 5 IR 2R A T, S AR A A P g 1 A
K612, Rr % K (galloflavin, GF) /& — #f LDHA #
il 770, T DA E Ik BEL DR P A R AT 7= AR SR 410 o] e 240
) MG B3,
3.2 BEMOE MmO IR AR AR T R R
AR, XL AR L T A0 R AR VI T oA ST R i
T o BT IR 38 BH, 76 58 L8 S8 A (e R G 57 71 i e
w2 i B G Y 3 Bl S AR T TR J AR T AN 2 T
o4, RS [e) 400 ot R I R R T LA 55 44 i E N ARV
HIEE ST, B e BRI T A6 5T IS AR 7= A=, DA R HL BT 28 e 4
IR DT R 1 B- A . H R, EERE T IR 0 R A s ) A A
FEH ATP #7145 12 2L fif ¥ (ATP citrate lyase, ACLY)
I HE I B8 & Gl (fatty acid synthase, FASN) (% 2).

ACLY & — i 1] 40 77 ¢ R &6 A2 A < 1 i 15 A
(acetyl CoA) ML BTG . £ T H Bl A A2 A IR 14 5 107 1R
R L] 2 2 ) A R 1) B B A A R), BRI, P ACLY
A T Re A AR P AN H vk =l K. BT, 2 SCHk
I8, ACLY 7£ 2 Ff i 4 23 w3 3k, i fidi e /i 1)
J e B e | 45 B W N FL IR 55, HACLY =Rk
I BB TG B 220050, ACLY o 335 5 i yeg i bk B2 &5
R B YA 5N ACLY AE iy iR 5T AR 1) % Bt g,
TE MR 1 R A R e v b o B LR Y, B AT e O iR
YBIT BRSO, BRI TR 2 1) ACLY il 2 —
FATERR IR . B R IR ACLY #7725k
¥ (hydroxycitric acid, HCA), HCA 5 a-it = & (a-
lipoic acid) B¢ H 7T LA il i gg A 4G, HAS SR AR AT 75
PSRN SB-204990 5% 53 — R B IE S Y ACLY 114 571,
BLE AR A P RO AR SIS B o AT DL — s e b 4100 o) el
IR I A K00

FASN s& 5 Z [ ALV & B, 2 I8 e ot 22 1 1)
— PP OCHREE, 7EAE AR 7 R G R ) I R rp k4 AR
Fl . FASN 7EAR Uik 2 v 32 22 47 55 A PV I 1D R 1)
B, K 2 CoA T 19 5L 15E CoA 586 il K B NI 17
% . FASN 7EFLRRIE 1T 51 Bt e R (308 5 e e il
Jers 1 O S8 55 22 P MO b AL T R IA KT, B S
FIAS B 10U B UIAHEDS™, TR, #0) FASN 3R I8 A] #8
BN — BB E IT IR B . B AT, £ X FASN G

JT F BUH RNA T4 F1 FASN 011l 70 % 35 1 2 A1 €75
RIER R M AR RAIEY, A% K FASN
IR o 3 WA T 2 RE 8 1 45 B W e I A R I R AR
FFIE 5 S TR E N RS B AR AR K, 2
— PP LR R BRI SRR Y BT, CT5 R N LA BT
R E AL AW, F0 FASN FA) i vi% 4 33k v 400 o) A 1
BRI i o BIF 9T 22 B, AR B RE T o A 7L It e 4 B s
CT75Y8YT, R IUFE N 1) 12 4 PR (%) g 7 R 45 1 52 380 400
i F R AR T, T E R 0 A K 2 3] T I, (2 CT5
JUFAE W IEH AL B, C754 7] #e il —Fidit
J¥ IR 244731

B 7 SR T IR T R G R A, JIE T A B A D R
Ji R B R AR R R v R B AR o E I A R A T
(acetyl-CoA acetyltransferase 1, ACAT1) #& 41 it P 11k
e 5 VL[] R I 07 IR s L I I T £ I, AE A
JIEL [ e A ST i o R R B OB B R AR (1 2).
ACAT F 400 1) 77 B £ 22 A 9 & I R A R4 1 470 Ji 8
RORUA, A STk IE , ) I8 [E B 18 AL Be 52 3 o
CD8" T 4H il {1470 i e v 1 o Bl £ 22 A BBk 45 43 ) PD-1
ik BA R PR OR TS, BT AR AL AT DL |
R e ) AR, D/ JR s e 7 B FL A 2R T, HOR I
BT 2 A ke,
33 FEBMRW S E b g0 R B A R 2
—, M A5 2 IR A R, & I8 R gt i R+ 1
B R A T SRR 1A R AR, DR, SRR IR AR Y
AT DA e PR R B8 . SR IR A S R I A B
T HE DR I e R IR A V)R R, UH B A B LA
e BEMIKRENENRNEE AL FHERERZ
o TEMR b, A Sl R R E A R I AL A A
FRUM, Rk, 30 o B ) A U A, WA R ] e
A, HE, T A Mg EEA W, —
2 ) 2 T T PRI B0 N, — SIS R 41 1) S Tl OEL BT 2
RIRNEACH (R 2).

TEME T, 58 A BE NG 12 R AR IR KK
A B, FT R AN R B AN . AR iE
R K ji 6 i 71 14 (solute carrier family 6 member 14,
SLC6A14) =& % 15 43 2 It i 33k N 24 ff 1) B 22 7 3 g
FE 25 6 55 200 e e A0 FL M e R, fE IR
R IL . DR, FELINT SLCOAT14 W] LA i 6
B S B K, TN IE S A TG . ©A SCERHRGE,
SLCO6A 14 il 71 a-MT R LA 113 ] i3 it 95 40 i 11 484 5
LR AR ZE, JF Hi S Y, o-MTEMEER %
& (estrogen receptor, ER) BH 14 Ll i o A1 k2 5 fifr g 10
HIPER . a-MT A LU i BH W mTOR 1% 5 i #6 #0% ER
IOF P 7L e 24 L I Wk, 5 4 B T, DT 9 1) 2 P
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Table 2 Tumor metabolism related target therapeutic drugs. LDH: Lactate dehydrogenase

Metabolism type Target Target classification Inhibitor Indication

Glucose metabolism HK2 Glycolysis 3Br-PA Multiple myeloma
GLUT1 Glucose transport WZB117 Liver cancer, breast cancer
GLUT4 Glucose transport Ritovina Multiple myeloma
PHGDH  Phosphoglycerate dehydrogenase =~ CRB-5884 Melanoma, breast cancer
LDHA Lactate synthesis Dichloroacetic acid, galloflavin ~ Glioma, breast cancer

Lipid metabolism ACLY Fatty acid synthesis HCA, SB-204990 Lung cancer, prostate cancer
FASN Fatty acid synthesis Cerulenin, C75 Colorectal cancer, breast cancer
ACAT1 Cholesterol metabolism Avasimibe Lung cancer, pancreatic cancer

Amino acid metabolism SLC6A14 Glutamine transport a-MT Pancreatic cancer, breast cancer
GLSI Glutaminase C-968 Liver cancer, ovarian cancer

Wi o FERRRAR A SLIE T, a-MT th A B2 KB
R o801,

ERE AR P, A — D EEWEF— A AW
[z B§ (glutaminase, GLS). fE £ Rk i, 2 & ik &
GLS AL B 2 B A iR AR . TSR I, Wk R wh 2
Ji2 I 8 L g o e Sl /) 200 i i s AR s A5 P ge
Y i 2 T 08 GLS1B84, | i () GLS1 1] LAt 9 45 4
Tk Jrie AR, 2 J0F bR 40 B s i . R, GLST AT LAE A
—ANH PR S BT, RIS D E ST GLS
(1 ik 75 FL A B v . A SRR IE, C-968 T LA
DA F) o A4 8 7 Qo ) T 400 g 38 5085 7 99 B9 441
W, C-968 T] LA S 41 i 17 T 35 41 g A 1 BE v AE G,
HH, 32 B3 0 £ P X AL I 11 R )

4 REEEREZE

iR e VR TT C N B RTIE PR B3R T R i £
J5 . SRS AT AR AR VB IT M EL, R RIT R
SRR, AR IR, BHEH TAE S TFAREA
JIZ R XU IRV IR R o R S B A B A e
Jod 1) A R e R RS A EE L AR L, A ) T e g e g2
(1 25 LA Y A, AT DA B 4 R vy BB R S R T
(i e )82 22 AT 3R A5 B 4T VR T AR . H R, PD-1,
PD-L1.CTLA-4 %5 G 1 75 U4 551 2 AE I PR X
13 W E TR, IR EUEH ) A dr . SR, MR e ia
JTWAFAE — N B2 Ak, AR Z TR K. e s
O RREVRTT I NV, B — D R iR T BN
A, 2 MR i IT R R .

Jiee e 240 A U R iR O B AR T 22 0 T R
W), 2 A2 a3 S e e e H ) %) B L TR R 2 — o iR AR
BRI R YR T 290 R I A AR, IR b H B
T VR 2 DA R AR U D S SR B e R 2, — e e T
FEACU P AR B R AR W ) 77 LA 2 2 e
FRT T 2. B AR R A T 2 B X ) A
A T B L 2 0K S 1) 750 o e R 1140 4 S A T A S i I
HANBAR, DR, TR T L AR S ) T R AR g
(R0 A, S MR AR A R E 7 1. [FIRS, B T4

R R A 2 FEE, A7 18 A2 (AT 55 B, IX 2855 1
AR th A A3 A I B ROR AN . BRI, 32— DR A
WEFT AT R A%, 1 R S A B e A L5 A
T eI IC A8, A BETT R HH BB AT 28 AU AR O B A e
%4

ANSCIS G T MR8 G B AV e A L R v ) — L2
A FAE R R A 77, B35 © 7 259 < i PR AT 7T B
B ey e — SeAEWT 2500 o Wi Bl R F 9T A — B IR
N, B3t — 25 1 AR IR S 5 R e A L SR R 2R R
JEANRZ SR F R T iR F, A R0 5 A R EE
U230 . FIAE 2 A ORGSR ) #E 17 - iR S 2 A
it Jeg AR B 245 0 N i PR, D iR R T S B EE 2 1Y
HFE.

References

[1] Paget S. The distribution of secondary growths in cancer of the
breast. 1889 [J]. Cancer Metastasis Rev, 1989, 8: 98-101.

[2] Hoshino A, Costa-Silva B, Shen TL, et al. Tumour exosome inte-
grins determine organotropic metastasis [J]. Nature, 2015, 527:
329-335.

[3]  Wu T, Dai Y. Tumor microenvironment and therapeutic response
[J]. Cancer Lett, 2017, 387: 61-68.

[4] Hanahan D, Coussens LM. Accessories to the crime: functions
of cells recruited to the tumor microenvironment [J]. Cancer
Cell, 2012, 21: 309-322.

[5] Quail DF, Joyce JA. Microenvironmental regulation of tumor
progression and metastasis [J]. Nat Med, 2013, 19: 1423-1437.

[6] Hanahan D, Weinberg RA. Hallmarks of cancer: the next genera-
tion [J]. Cell, 2011, 144: 646-674.

[71 Dougan M, Dougan SK. Targeting immunotherapy to the tumor
microenvironment [J]. J Cell Biochem, 2017, 118: 3049-3054.

[8] Rodriguez-Cerdeira C, Carnero Gregorio M, Lopez-Barcenas A,
et al. Advances in immunotherapy for melanoma: a comprehen-
sive review [J]. Mediators Inflamm, 2017, 2017: 3264217.

[91 Naylor EC, Desani JK, Chung PK. Targeted therapy and immu-
notherapy for lung cancer [J]. Surg Oncol Clin N Am, 2016, 25:
601-609.



G ELAE R S BRI 24 40 R 7 2k it

1725

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

Bilusic M, Madan RA, Gulley JL. Immunotherapy of prostate
cancer: facts and hopes [J]. Clin Cancer Res, 2017, 23: 6764-
6770.

Cho YH, Kim MS, Chung HS, et al. Novel immunotherapy in
metastatic renal cell carcinoma [J]. Investig Clin Urol, 2017, 58:
220-227.

Sawa-Wejksza K, Kandefer-Szerszen M. Tumor-associated
macrophages as target for antitumor therapy [J]. Arch Immunol
Ther Exp, 2018, 66: 97-111.

Mantovani A, Marchesi F, Malesci A, et al. Tumour-associated
macrophages as treatment targets in oncology [J]. Nat Rev Clin
Oncol, 2017, 14: 399-416.

Watanabe MA, Oda JM, Amarante MK, et al. Regulatory T cells
and breast cancer: implications for immunopathogenesis [J].
Cancer Metastasis Rev, 2010, 29: 569-579.

Warburg O, Wind F, Negelein E. The metabolism of tumors in
the body [J]. J Gen Physiol, 1927, 8: 519-530.

Yoshida GJ. Metabolic reprogramming: the emerging concept
and associated therapeutic strategies [J]. J Exp Clin Cancer Res,
2015, 34: 111.

Chang CH, Qiu J, O'sullivan D, et al. Metabolic competition in
the tumor microenvironment is a driver of cancer progression
[J]. Cell, 2015, 162: 1229-1241.

Pavlova NN, Thompson CB. The emerging hallmarks of cancer
metabolism [J]. Cell Metab, 2016, 23: 27-47.

Luan B, Yoon YS, Le Lay J, et al. CREB pathway links PGE2
signaling with macrophage polarization [J]. Proc Natl Acad Sci
USA, 2015, 112: 15642-15647.

Tang J, Pearce L, O'donnell-Tormey J, et al. Trends in the global
immuno-oncology landscape [J]. Nat Rev Drug Discov, 2018,
17:922.

Sharma P, Allison JP. The future of immune checkpoint therapy
[J]. Science, 2015, 348: 56-61.

Tivol EA, Borriello F, Schweitzer AN, et al. Loss of CTLA-4
leads to massive lymphoproliferation and fatal multiorgan tissue
destruction, revealing a critical negative regulatory role of
CTLA-4 [J]. Immunity, 1995, 3: 541-547.

Waterhouse P, Penninger JM, Timms E, et al. Lymphoprolifera-
tive disorders with early lethality in mice deficient in CTLA-4
[J]. Science, 1995, 270: 985-988.

Leach DR, Krummel MF, Allison JP. Enhancement of antitumor
immunity by CTLA-4 blockade [J]. Science, 1996, 271: 1734-
1736.

Piccirillo CA, Shevach EM. Naturally-occurring CD4'CD25*
immunoregulatory T cells: central players in the arena of peripheral
tolerance [J]. Semin Immunol, 2004, 16: 81-88.

Takahashi T, Tagami T, Yamazaki S, et al. Immunologic self-
tolerance maintained by CD25'CD4" regulatory T cells constitu-
tively expressing cytotoxic T lymphocyte-associated antigen 4

[J]. J Exp Med, 2000, 192: 303-310.

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Wing K, Onishi Y, Prieto-Martin P, et al. CTLA-4 control over
Foxp3" regulatory T cell function [J]. Science, 2008, 322: 271-
275.

Hodi FS, O'day SJ, Mcdermott DF, et al. Improved survival with
ipilimumab in patients with metastatic melanoma [J]. N Engl J
Med, 2010, 363: 711-723.

Ishida Y, Agata Y, Shibahara K, et al. Induced expression of
PD-1, a novel member of the immunoglobulin gene superfamily,
upon programmed cell death [J]. EMBO J, 1992, 11: 3887-3895.
Okazaki T, Honjo T. PD-1 and PD-1 ligands: from discovery to
clinical application [J]. Int Immunol, 2007, 19: 813-824.
Chamoto K, Al-Habsi M, Honjo T. Role of PD-1 in immunity
and diseases [J]. Curr Top Microbiol Immunol, 2017, 410: 75-97.
Joller N, Kuchroo VK. TIM-3, LAG-3, and TIGIT [J]. Curr Top
Microbiol Immunol, 2017, 410: 127-156.

Le Mercier I, Chen W, Lines JL, et al. VISTA regulates the devel-
opment of protective antitumor immunity [J]. Cancer Res, 2014,
74:1933-1944.

Long L, Zhang X, Chen F, et al. The promising immune check-
point LAG-3: from tumor microenvironment to cancer immuno-
therapy [J]. Genes Cancer, 2018, 9: 176-189.

Das M, Zhu C, Kuchroo VK. TIM-3 and its role in regulating
anti-tumor immunity [J]. Immunol Rev, 2017, 276: 97-111.

Xu W, Hieu T, Malarkannan S, et al. The structure, expression,
and multifaceted role of immune-checkpoint protein VISTA as a
critical regulator of anti-tumor immunity, autoimmunity, and
inflammation [J]. Cell Mol Immunol, 2018, 15: 438-446.

Dong H, Zhu G, Tamada K, et al. B7-H1, a third member of the
B7 family, co-stimulates T-cell proliferation and interleukin-10
secretion [J]. Nat Med, 1999, 5: 1365-1369.

Chen L, Han X. Anti-PD-1/PD-L1 therapy of human cancer:
past, present, and future [J]. J Clin Invest, 2015, 125: 3384-3391.
Zou W, Wolchok JD, Chen L. PD-L1 (B7-H1) and PD-1 pathway
blockade for cancer therapy: mechanisms, response biomarkers,
and combinations [J]. Sci Transl Med, 2016, 8: 328rv4.

Le DT, Uram JN, Wang H, et al. PD-1 blockade in tumors with
mismatch-repair deficiency [J]. N Engl J Med, 2015, 372: 2509-
2520.

Goodman AM, Kato S, Bazhenova L, et al. Tumor mutational
burden as an independent predictor of response to immunotherapy
in diverse cancers [J]. Mol Cancer Ther, 2017, 16: 2598-2608.
Spain L, Diem S, Larkin J. Management of toxicities of immune
checkpoint inhibitors [J]. Cancer Treat Rev, 2016, 44: 51-60.
Champiat S, Dercle L, Ammari S, et al. Hyperprogressive disease
is a new pattern of progression in cancer patients treated by anti-
PD-1/PD-L1 [J]. Clin Cancer Res, 2017, 23: 1920-1928.

Ferrara R, Mezquita L, Texier M, et al. Hyperprogressive disease
in patients with advanced non-small cell lung cancer treated with
PD-1/PD-L1 inhibitors or with single-agent chemotherapy [J].
JAMA Oncol, 2018, 4: 1543-1552.



y

1726 - 2% % Acta Pharmaceutica Sinica 2019, 54(10): 1718 1727

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

Saada-Bouzid E, Defaucheux C, Karabajakian A, et al. Hyperpro-
gression during anti-PD-1/PD-L1 therapy in patients with recur-
rent and/or metastatic head and neck squamous cell carcinoma
[J]. Ann Oncol, 2017, 28: 1605-1611.

Kato S, Goodman A, Walavalkar V, et al. Hyperprogressors after
immunotherapy: analysis of genomic alterations associated with
accelerated growth rate [J]. Clin Cancer Res, 2017, 23: 4242-
4250.

West WH, Tauer KW, Yannelli JR, et al. Constant-infusion
recombinant interleukin-2 in adoptive immunotherapy of advanced
cancer [J]. N Engl J Med, 1987, 316: 898-905.

Wu W, Zhao S. Metabolic changes in cancer: beyond the Warburg
effect [J]. Acta Biochim Biophys Sin (Shanghai), 2013, 45: 18-
26.

Patra KC, Wang Q, Bhaskar PT, et al. Hexokinase 2 is required
for tumor initiation and maintenance and its systemic deletion is
therapeutic in mouse models of cancer [J]. Cancer Cell, 2013,
24:213-228.

Wolf A, Agnihotri S, Micallef J, et al. Hexokinase 2 is a key
mediator of aerobic glycolysis and promotes tumor growth in
human glioblastoma multiforme [J]. J Exp Med, 2011, 208:
313-326.

Nakano A, Miki H, Nakamura S, et al. Up-regulation of hexoki-
nase II in myeloma cells: targeting myeloma cells with 3-bromo-
pyruvate [J]. ] Bioenerg Biomembr, 2012, 44: 31-38.

Chan DA, Sutphin PD, Nguyen P, et al. Targeting GLUT1 and
the Warburg effect in renal cell carcinoma by chemical synthetic
lethality [J]. Sci Transl Med, 2011, 3: 94ra70 .

Yu M, Yongzhi H, Chen S, et al. The prognostic value of GLUT1
in cancers: a systematic review and meta-analysis [J]. Oncotar-
get, 2017, 8: 43356-43367.

Wei C, Bajpai R, Sharma H, et al. Development of GLUT4-selec-
tive antagonists for multiple myeloma therapy [J]. Eur J Med
Chem, 2017, 139: 573-586.

Possemato R, Marks KM, Shaul YD, et al. Functional genomics
reveal that the serine synthesis pathway is essential in breast
cancer [J]. Nature, 2011, 476: 346-350.

Xian Y, Zhang S, Wang X, et al. Phosphoglycerate dehydroge-
nase is a novel predictor for poor prognosis in gastric cancer [J].
Onco Targets Ther, 2016, 9: 5553-5560.

Yoon S, Kim JG,Seo AN, et al. Clinical implication of serine
metabolism-associated enzymes in colon cancer [J]. Oncology,
2015, 89: 351-359.

Huang X, Li X, Xie X, et al. High expressions of LDHA and
AMPK as prognostic biomarkers for breast cancer [J]. Breast,
2016, 30: 39-46.

Xian ZY, Liu JM, Chen QK, et al. Inhibition of LDHA suppresses
tumor progression in prostate cancer [J]. Tumour Biol, 2015, 36:
8093-8100.

He TL, Zhang Y]J, Jiang H, et al. The c-Myc-LDHA axis posi-

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

(73]

[74]

tively regulates aerobic glycolysis and promotes tumor progres-
sion in pancreatic cancer [J]. Med Oncol, 2015, 32: 187.

Bonnet S, Archer SL, Allalunis-Turner J, et al. A mitochondria-
K" channel axis is suppressed in cancer and its normalization
promotes apoptosis and inhibits cancer growth [J]. Cancer Cell,
2007, 11: 37-51.

Michelakis ED, Webster L, Mackey JR. Dichloroacetate (DCA)
as a potential metabolic-targeting therapy for cancer [J]. Br J
Cancer, 2008, 99: 989-994.

Farabegoli F, Vettraino M, Manerba M, et al. Galloflavin, a new
lactate dehydrogenase inhibitor, induces the death of human
breast cancer cells with different glycolytic attitude by affecting
distinct signaling pathways [J]. Eur J Pharm Sci, 2012, 47: 729-
738.

Ferro M, Terracciano D, Buonerba C, et al. The emerging role of
obesity, diet and lipid metabolism in prostate cancer [J]. Future
Oncol, 2017, 13: 285-293.

Khwairakpam AD, Shyamananda MS, Sailo BL, et al. ATP
citrate lyase (ACLY): a promising target for cancer prevention
and treatment [J]. Curr Drug Targets, 2015, 16: 156-163.

Shah S, Carriveau WJ, Li J, et al. Targeting ACLY sensitizes
castration-resistant prostate cancer cells to AR antagonism by
impinging on an ACLY-AMPK-AR feedback mechanism [J].
Oncotarget, 2016, 7: 43713-43730.

Merino Salvador M, Gomez de Cedron M, Moreno Rubio J,
et al. Lipid metabolism and lung cancer [J]. Crit Rev Oncol
Hematol, 2017, 112: 31-40.

Qian X, Hu J, Zhao J, et al. ATP citrate lyase expression is asso-
ciated with advanced stage and prognosis in gastric adenocarci-
noma [J]. Int J Clin Exp Med, 2015, 8: 7855-7860.

Granchi C. ATP citrate lyase (ACLY) inhibitors: an anti-cancer
strategy at the crossroads of glucose and lipid metabolism [J].
Eur J Med Chem, 2018, 157: 1276-1291.

Li J, Dong L, Wei D, et al. Fatty acid synthase mediates the
epithelial-mesenchymal transition of breast cancer cells [J]. Int J
Biol Sci, 2014, 10: 171-180.

Rossato FA, Zecchin KG, La Guardia PG, et al. Fatty acid
synthase inhibitors induce apoptosis in non-tumorigenic melan-a
cells associated with inhibition of mitochondrial respiration [J].
PLoS One, 2014, 9: ¢101060.

Murata S, Yanagisawa K, Fukunaga K, et al. Fatty acid synthase
inhibitor cerulenin suppresses liver metastasis of colon cancer in
mice [J]. Cancer Sci, 2010, 101: 1861-1865.

Pizer ES, Chrest FJ, Digiuseppe JA, et al. Pharmacological inhib-
itors of mammalian fatty acid synthase suppress DNA replication
and induce apoptosis in tumor cell lines [J]. Cancer Res, 1998,
58:4611-4615.

Li J, Qu X, Tian J, et al. Cholesterol esterification inhibition and
gemcitabine synergistically suppress pancreatic ductal adenocar-

cinoma proliferation [J]. PLoS One, 2018, 13: ¢0193318.



G ELAE R S BRI 24 40 R 7 2k it

1727

[75]

[76]

[77]

(78]

[79]

[80]

Yang W, Bai Y, Xiong Y, et al. Potentiating the antitumour
response of CD8" T cells by modulating cholesterol metabolism
[J]. Nature, 2016, 531: 651-655.

Li J, Gu D, Lee SS, et al. Abrogating cholesterol esterification
suppresses growth and metastasis of pancreatic cancer [J]. Onco-
gene, 2016, 35: 6378-6388.

Salamanca-Cardona L, Shah H, Poot AJ, et al. In vivo imaging of
glutamine metabolism to the oncometabolite 2-hydroxyglutarate
in IDH1/2 mutant tumors [J]. Cell Metab, 2017, 26: 830-841.
e833.

Coothankandaswamy V, Cao S, Xu Y, et al. Amino acid trans-
porter SLC6A 14 is a novel and effective drug target for pancreatic
cancer [J]. BrJ Pharmacol, 2016, 173: 3292-3306.

Karunakaran S, Ramachandran S, Coothankandaswamy V, et al.
SLC6A14 (ATB®") protein, a highly concentrative and broad
specific amino acid transporter, is a novel and effective drug
target for treatment of estrogen receptor-positive breast cancer
[J]. J Biol Chem, 2011, 286: 31830-31838.

Jiang HL, Jiang XL, Tang TZ, et al. A new strategy to intervene
tumor metabolism: regulatory targets for amino acid metabolism

and advances in drug research [J]. Acta Pharm Sin (2] % %),

[81]

(82]

[83]

[84]

[85]

[86]

2019, 54: 407-419.

Simpson NE, Tryndyak VP, Beland FA, et al. An in vitro investi-
gation of metabolically sensitive biomarkers in breast cancer pro-
gression [J]. Breast Cancer Res Treat, 2012, 133: 959-968.
Martin-Rufian M, Nascimento-Gomes R, Higuero A, et al. Both
GLS silencing and GLS2 overexpression synergize with oxida-
tive stress against proliferation of glioma cells [J]. J Mol Med
(Berl), 2014, 92: 277-290.

Mohamed A, Deng X, Khuri FR, et al. Altered glutamine metab-
olism and therapeutic opportunities for lung cancer [J]. Clin
Lung Cancer, 2014, 15: 7-15.

Simpson NE, Tryndyak VP, Pogribna M, et al. Modifying meta-
bolically sensitive histone marks by inhibiting glutamine metabo-
lism affects gene expression and alters cancer cell phenotype [J].
Epigenetics, 2012, 7: 1413-1420.

Xi J, Sun Y, Zhang M, et al. GLS1 promotes proliferation in
hepatocellular carcinoma cells via AKT/GSK3beta/cyclinD1
pathway [J]. Exp Cell Res, 2019, 381: 1-9.

Yuan L, Sheng X, Clark LH, et al. Glutaminase inhibitor com-
pound 968 inhibits cell proliferation and sensitizes paclitaxel in

ovarian cancer [J]. Am J Transl Res, 2016, 8: 4265-4277.



