24254k Acta Pharmaceutica Sinica 2019, 54(3): 407 -419 - 407 -

FmEAHERHRE: SERRHVBIEEERREGYMRETER

ZHW, HEEY R, RS S B NRET, & BT

(PEZRRY: L RARGEEITE, 2. W3t E, 3. 25L&, L5 B 5t 210000)

FEEE: R AR U0 R g 0 IR R A R R I R B OB R IR — o VR 2 JRRE R I HE G R E U R 1 R R I
o, KR T AN A R, B T S B R AR I AR, T SO IR S R T I 5 DA R R R AR R R T 2. R, A
BT R 1 ey A4 1 S R TR 1) /K S, A T LA R ) B A A (R SR YR 97 SR . H R AR AT LR A T 4
& H ke, A SOREIR T 5 g 8 A e 5 DR DR I S B TR AR I A8, AT B2 1) A4 AL o) B i 7 AT S
g, S MR R R T M TR S R
X AR ACHE MR, B EB G 2ER; RIR; REhER,; ST
FESHKS: RIL6 HERFRIRES: A Y E S 0513-4870(2019)03-0407-13

A new strategy to intervene tumor metabolism: regulatory targets
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Abstract: Reprogramming of metabolism is one of the most critical features in tumorigenesis and tumor
growth. Many types of cancer show an increased demand for specific amino acids, rely on exogenous supplies, or
alter amino acid metabolic pathways, leading to changes in corresponding amino acid levels to meet the need
of tumorigenesis. Therefore, if the level of tumor growth-dependent amino acids can be effectively controlled, a
new treatment strategy can be developed from the perspective of cell metabolism. At present, remarkable progress
has been made in this field. This paper outlines the amino acid metabolic pathways closely related to tumorigenesis
and tumor growth, and summarizes the corresponding regulatory mechanisms and active molecules. Finally, the
direction of the field is discussed and prospected for future development.
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Figure 1  An overview of the arginine metabolic pathway and plasma arginine depletion for cancer therapy. Clinical trials are currently

evaluating ADI-PEG20 and rhArg-PEG for treatment various cancers by depleting plasma arginine
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Table 1  Application and regulation mechanism of targeted arginine metabolism drugs in different types of tumors.

Agents Indication Related mechanism Reference
ADI Gastric cancer Induction apoptosis (uptake p53 and p27Kip1; down regulation of Cyclin D1, [29]
c-Myc and Bcl-xL)
Kidney cancer Inhibition blood vessel formation (may be associated with inhibition of NO [30]
production)
ADI-PEG20 Prostate carcinoma; glioblastoma  Autophagy-dependent and caspase-dependent apoptosis [18]
Lymphoma Induction caspase-independent apoptosis and autophagy flux increase [31]
Breast cancer Induction autophagy flux and mitochondrial oxidative stress [18,19]
rhArg-PEG20  Hepatocellular carcinoma; Induction cell growth arrest (regulation of Cyclin and CDK) [32,33]
malignant melanoma
Acute lymphoblastic leukemia Induction apoptosis (related to protein synthesis and phosphorylation of the [34]

eukaryotic-translation-initiation factor 2a (elF2a))
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Figure 2 Glutamine metabolic pathway and target therapy in cancer. Glutamine is imported via SLC1AS5, then is hydrolyzed to glutamate
by GLS. Glutamate is oxidatively deaminated into a-ketoglutarate(a-KG) through GDH or aminotransferase. a-KG enters the tricarboxylic
acid (TCA) cycle. Key enzymes that regulate glutamine metabolism are shown in yellow background in blue, whose target modulators are

shown in red
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Figure 6 The serine synthesis pathway (SSP) and contribution of serine to one-carbon metabolism. Serine can be synthesized de novo via

the SSP in the cytosol. 3-PHP: 3-Phosphohydroxypyruvate; 3-PS: 3-Phosphoserine; THF: Tetrahydrofolate. Reactions involving one-carbon

units and GCS system are highlighted with the text '1C" and 'GCS' in blue especially. Key enzymes and regulators are shown in red
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HilrE. RN, ZAh &Y EA R IR R, LT
M Ja RILATE N R IR 6 FE e, ZUEME &
FIAR A J5 15 3 F 2k Ik Ak & 9 22, 23 (INCB024360,
Epacadostat®®, % 2). & K AT A 7L R B, (b &4 234
IDOL f14 12k 43 P 411 ot 5754, (2 1 T 248 i - NIK 48 Jifg 1) A=
K, HUH R A0 . AE R DT DRI JS, B AT IEAE
LA T 5 308 1 PR AT TIP3

2011 4F: Zhang 55513 41 41 24 IDO1 41 77 Amg-1
(24, X 2) M4 G E, N FHAKRE, Amg-1 5
IDO1 1) 13 M5k B AH HAF A, %F IDO1 A ¥ 3 1 ik 5
PE. 2012 4F, NewLink Genetics 2 &) 7E — 43 % Fi] i 4
B H IR — & 5 H I IDOL # f Fjel,  H e
NLG919 (25, & 2) 40l 14 v 75 nmol - L, 7E 1 IR
B A% B o 5] S AR T 4 g 1 7 B 4 R T I A
BE, 5 SO R U R AT, H |, NLG919 7E
ML V0 A 3 S AR A 2 R IR 2 A P RN D A R IE
EHAT IR IRRES . 15 H, B S8 5 % (Bristol-Myers
Squibb, BMS) & i — Ff 4 ¥ (1) $E [7] IDOL #1 1] 5] ,
BMS-986205 (26, % 2)i8, B A R 4 (1253 /1 % 1%
J, FBE 5 A G g 18 B T R EL D, BE A S B
i dfd [ N . H T, 5 PD-1 HU4R 25 5% Nivolumab 4 B¢
G HZELEEAT F TR BERB MG AR . 1995
4, Salter ZEEUE A T — B 44 H5 k 680C91 (27, A
F1 R, TDO KJ ICq, 43 531 A 880 A1 55 nmol - L, % 2), N
TDO H15-%¢ (0 i & B A ] 71, 5 IDOL AN KA X

N7, AELFE A Py 2 B0 HA 58 2 (A /K 1 R0 1 AR ZE P B
NGB R UF 2591 5 R 5 1% TDO #il 741, 2011
4F Dolusic¢ H] BABYXF TDO il 551 3k 47 & FE 1 25 4 1
ih, & xf 70 2 R & W AT VR AG, B2 (E)-6-%-3-
[2-(1H-PU W -5-25) 2 4% 2E] - 1H - 5] e (LM10, 28, A
TDO: ICs, = 5.6 nmol - L, 3 2) /K1, 15 2 00 (1)
1% M TDO 141 5771 (1IDO1: ICy, > 400 pmol - LY. H
A, TDO i) F1UTE I PR 57 AFF 72 o 322 90 3 4 ) o e 98
iR, Pilotte Z5UM B, f#] TDO A1 1DO1 LLR &
FE G BT VR RO R HAMY, AR Z R 1. i
Fi 4k FAR R B, TDO i) 771 w7 3 ik 4 3f 4 HE R, M
T R T e S iR R YR 707

IDO2 4y IDO1 [ 55 Z [FI VR4, AATT B A AH ALk i ik
[R] 20 45 F R0 I 20 R 3R 1504, 4R, IDOL1 A1 IDO2 2 8
AN R ) JEE W s S M AV 200 AT« 1DO2 7E 2 Fije it
R IE D AR BESLS®, F4k, IDO2 2 T LRl %
i 58 TR 20 i IR - i 4 75 1, FLEE ) 1DOL F1 1DO2 R
5 G RN, fE 4R 1DO2 #0175 B, Bakmiwewa
SN I — R B P KR AL A ) (29~32, K 2)
A A R ] 1DO1.1DO2 A1 TDO, H. %} 41 i i 71 521
AR Bk, FEHH BTG B2 R R PR AR B 8 75
I, BT E B KM 2810 A W RE % 5 05 48 52 4k AhR (aryl
hydrocarbon receptor) 14t i £ 25 P450 it 5 Itk AH H.1F
F, A BT oA 2 3R T4k A Y0 3R B H S A 25 )
P, AR ARSI T 1) HT i 1105000,

Table 2 Summary of structures and activity of inhibitors of dioxygenase

K;or ICg,
Structure Name
IDO1 1DO2 TDO
o)
OH
{ NH, 19 >100 pmol - L* Non-competitive inhibitor >100 pmol - L*
N
\
o)
OH
{ NHe 20 62.0 £ 7.0 pmol - L* 2750 + 560 pmol - L* Non-competitive inhibitor
N
\
N-O
HaN N
2 /@ 21 1 umol L No data 10 pmol - L*
HO. =
N” N
H
N-Q
HNSN F
/@[ 22 71.8 +17.5 nmol-L* > 5 umol-L* > 10 pumol - L*
HOP cl
H
o)
HoN( 7/
S NH N-Q F
7.1 nmol-L* No data No data
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Continued
K;orICqg,
Structure Name
IDO1 IDO2 TDO
N
NS
>\/N 7
s
HN{ 24 3.0 umol - L > 250 pmol - L > 62.5 umol - L
0_0
N 25 75 nmol - L* No data No data
4 HO
7
N
26 1.1 nmol-L* No data No data
27 >80 nmol - L* No data 880 nmol - L*
7 28 > 400 pmol - L No data 5.6 ymol - L
A\
N
F H
cl
95% + inhibition at
cl FN\ 29 17.8 + 4.3 ymol-L* 6.7 £ 2.3 umol - L*
N 100 pmol - L*
JO O
cl cl
cl

11.2+ 1.1 pmol - L

cl =N 30
; A

IO

51.6 + 6.9 pmol - L

QT ot
C

FN 32 29.3+14.2 umol - L*

7.6 £0.9 umol - L*

5.9+ 1.4 umol-L*

10.1 + 4.1 ymol - L*

95% + inhibition at
100 umol - L*

95% + inhibition at
100 umol - L*

95% + inhibition at
100 umol - L*

5 REBRKEEESHAEZRY
e 7L 2 47 40 P 3 O R A B e & RS (asparagine
synthetase, ASNS) M K 2 8 Al 23 S I Ji 77 A6 R 4 Tk

Jiz SR, — LefE 20 B = ASNS ) FIE, 5 ZEAOmUIL
T R R A i AL 7
AT, 55— A BB 1) 24 R A I 70 R 245
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W2 R B K A B AN IR B A6 RS PR 1 LR A& i
li (L-asparaginase, L-ASPase), & FDA it # f T 1677
JUBFF RN S bk 2 44 i 11 9% (acute lymphoblastic
leukemia, ALL). L-ASPase/) iz AF7E T A9 FE Y Al
BB 2> 4R D R B I R, AR R BV A R A B I
AR 5 o A SR B E R K ) 5 & AL
KA L-ASPase th# FDA #L#E ] T ALL VAT . H
AU VR 2 I PR 056 1 76 VF Al L-ASPase 15 97 — R A& PE
L R 7 2. L-ASPase fE Ab R 4 Ik fiée (1) 1t 15k e A
FHUT, PRI 6 LI R A B %, 5 B0 83 40 i 25 1 o
G2, A A B AR I PR A A R i A
(Escherichia coli) F1¥K 3C B (Erwinia chrysanthemi)
11 84 L-ASPase LA N AN TE, F MR, 2 LIk 2
DLORESE IR BE o IR A, e AR i 24 14 1 I 5 vk B2 B
2 e 2R IA 1 A0 23 B g B M R A Tk i P I T A R
T 5 1] 245 40 3 1t AN 25 A8 g 2 e T . i L S, B
FRY R S B A 1128 ASN il A2 74 N24S, — Fif i 1 i 47 1
KA B R A& T i I, B A 9% HH ) R 0 1 R 39 5 1) 44
AL LI 5 1, B — i £ 1) B AT i,
6 EIERRHFAYALEIRIPEEK

W56 5 firk 76 2 B PR A U At B 9 () AN TR N DL A B
FUR I T B st b xd a R R AR 1K /N 73 7 4100 i 77
HUR AR H 2338 2 o SR Dl b1l (R 5 1) 2 B R A
P 25 . R R AT Re 2 2 7 T, 32 AR AR
PAR LA 77 1
6.1 SEBRNKIFEZ B RERE

T 9% 20 B AE R LIRS S U IRES X T REE |
FEAG B R 22 e, AU 0TS B, )8 % 4 o 1) P A
I, B 2R RYE R R . SR, SEEG R IR, 4 R
S0 1 A RS R A G Bl A A2 IR, b e TRl 5 £ e
Je8 A 2% 1Y) B 20 AR R B (At i BT A R G R 2R I TR
SRU900L (R ], T 48 i 9 75 9 FE R & I A 8 P
KRR R AE T RE, 1M g G % R R0, R
B 1) 00 o) LV P PR R SR T 7% 10 s 200 PP () BT A
SN A M I ThRE . S Ak, TR 4 R OK BV FE T
WE B R, T BB T 4 ff ) To002103, ] gk,
A 1) b TR 4 2 R TR A KL 2 R W e e 989 1) e 3 24 i 1
RE, 7E TR MR R e 9% B 2 22 (8] 48 21 5w HE 0] ) &
FEWR AU 254, 75 2 T b e 4 P AR AT ) A T 2
FAh, A AR B Z 8 IR R IS T INHBOE R 4)
T 1) B MR AR, FERE S P AN B SR LAk 4E
BT
6.2 FEMRFWERBEERK

2 2 A A P RN B A AR 2R R e T B g i, AR
TR AR . 5248 KRAS JX 21 ) 2B /N 241 A fil g Xt

AMIR AT F e I R FHAR 2> H Ok B I 2 i oRe 1 1% 7% 4
J 2 AR T A A T I AR B, o A I i
(GLS) 4 it 1R UK

FA0, I RN R], A R R A R B TR 2
. Myc 5 5 1 fifi b o GLUL B3, R 1 76 BT i3
M GLUL FRIEBRAK . 25 AN [A) (1988 W 4B, S5l s H AN
[F] PR AR e 20 o 1), o i 7L P 200 L RS 2
P Jiie I ELRE GLS i B50J%, 177 K 22 007 e 7L i e 40 P
F15 GLUL, Xf GLS il 771 B A P 8104,
6.3 HFERBRGEHFHRMYE

SRR AT g e 4 ZURD g 3 R Rk A R 2
S, AR H A R AR A 1 F K 2 AR T TR A
WG R AE K PRI R . I35 A R B vk
T A FEANA T 29549 0.5 mmol - L, 78 ¥ £ J i B %
B, T b A AN I RS IR 2L A A 2~4 mmol - LA &
JIER08 S A, K 2 R e 1 T i e R 11 9 B L L i
ik 2~12 {50081,

A1 28 F5 1R AU [ 7 1) R 9 1 0 A 1 LA B 2 i e
IR R 2T R G SR PR, D ) A R AR T 24
YIRI R BUHEH T PR . Rk, B FORS IR B 3E A IR
A B IR T B R G, TR R Z LRI 259
I INTT R R E .
7 4B

I ) 2 B R AR Y 25 R R SV RE YR 9T 1 21
75, T2 M PR BT RIF 70 e 301 PR AR, L 7E 3 L4
BUT SN I3 AR S5 Xt T 98 400 P 2 2 R A R 4
() LA 8 () 25 WD AT S 45, Ay BE Bl G o IR e R R X
W H A DL R o i AR R R 2D, RS RS HE
PR A S IR R G AR H AR B, DO 9 &
B R AT IR B 2R e RE VR T 24 ) ) R IR 1 R i A
B,
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