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Application of nanomedicines targeting non-glucose nutrients in tumor star-

vation therapy
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Abstract Starvation therapy is an emerging oncological treatment that targets the abnormally elevated nutrient
uptake and metabolic pathways to inhibit and kill tumors. In addition to glucose, the targets of starvation therapy
also include other nutrients in tumor cells. However, concerns like ineffective targeting and drug tolerance
probably have an impact on their clinical translation. Nanomaterial-assisted starvation treatment has been
developing quickly in recent years to address these concerns. In this review, several exemplary nanomedicines for
starvation therapy and combined starvation therapy with other therapies were offered. They target nutrients other
than glucose metabolism, including lactic acid, amino acids, and lipids, using nanomaterials to improve the
efficacy of starvation therapy. This review provides reference for further development of nanomedicines with
starvation treatment effect.

Key words nanomedicine; starvation therapy; cancer metabolism; combined therapy

This study was supported by the National Natural Science Foundation of China (No. 82172645); the Natural Science Foundation of
Jiangsu Province (No. BK20200052); and the Major Project of Nanjing Health Commission (No. ZKX21013)

KBS 2022-03-30 WEEE  "Tel:025-68182222-60930 E-mail : liusong@njglyy. com
“Tel :025-68182222-60931 E-mail : guan_wenxian@sina. com
HE&TH T8 RAF R AT R A (No. 82172645) ;3T 3 4 4k K 4 £ A F B3 B (No. BK20200052) ; & 7 T LA £ F LR M F
#37 B (No. ZKX21013)



553 &% 4 )

ZERZAF L1 AR QR AN E SR A 2 K 25 W 7 Ik IR LI T v A I8 393

YL IR YT (starvation therapy, ST) f& — Ff 4] 25F
iR e A S B IR BOE T BUCB IR T 7
G UTARR T T2 5 o Ihe 20 M ad o 42 5
I Fe 12 AR B SR B RCR DA it AR I
SEFE AL R o S TR B TR S R A AR 9T HE
A RME , BT b g A A AC I R Y n] B — b
Ui RT3 o Xl AR 2 i B R R
WE A T PR R A R (H AR B TR )

Jot s A UE T AT LA 232 A A A QO A 1 P
b, % WA E SR Y B T U AT B o B
P AIEIR R R 458 SR I ) AU R R T
XSS SR BN N e I A R e R E
ZLAR AT AR, X LA IR AR
ARG B E A, BT A B, — R A ) X
BEE YR AP A T IR IRBESE . A SO
AR AR I A 1 FT7R .
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Figure 1 Metabolic pathways and drugs targeting metabolism involved in this review

MCT: Monocarboxylate transporter; ASCT2: Alanine-serine-cysteine transporter 2; LAT1: L-type/large neutral amino acid transporter-1; TCA cycle:

Tricarboxylic acid cycle; FASN: Fatty acid synthase; MGLL: Monoacylglycerol lipase; SR-B1: Scavenger receptor type B1
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Figure 2 Schematic diagram of nanomaterial assisted starvation thera-

py (ST) involved in this paper

siRNA: Small interfering ribonucleic acid; Ce-BTC: Ce-benzenetricar-
boxylic acid; Ce6: Chlorene6; AQ4N: Banoxantrone dihydrochloride;
DOX: Doxorubicin; 10: Tiron oxide; CDT: Chemodynamic therapy; PDT:
Photodynamic therapy; MTT: Magnetothermal therapy; PTT: Photother-
mal therapy
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it F AL A (hydrogen peroxide, H,0,) , AT ya 20 i
TN ABE S Y, CHC B HI 2L R S iz A4
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I3, Bl 2 TEFR I TME rhRs S PR RSk . 2424
YIAE e IX BRI | e 4R A ATP (1% 7 45 4 A 3L
MR AR Y A BEL T, 5 1 RS A ML ) R R B AL
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7, X BER T IS A Z R AR YA S
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KGR TP s R A FL IR A . AL
Kbt H AR iy CL R YT b iR 3 1 s AR
B3 BB SRR Bl i TR T 494 K R £ 4 — 4R Ak
A TARABTT EH AR EE AR BT SO ] A
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3.2.1 BRAALFFH N T EAA T REABRARMY
Wtki& 7 KT LOD, L-Z 3 iR E AL (L-amino
acid oxidase, AAO) ST AL L-ZFE0R M o- Tl
M2\ H,0, & . AAO fiEil id H,0, 5 CDT HK & o
Chu 2506 6 725 0 Fed BT R ANE , #5717 AAO,
FEHI IR AR AL . L2 IR A AAO Z [A] 1 AH
HAEMP AT K1 H,0,, 4 CDT 32 ALIR Y . %40
K 245y i 28 FE R A ¢ 2 A iR ROS fil K 1
Bel-2/Bax/Cyt C/caspase 3 £ R R I -k 4% . LT
Y PR R B T — R 577 ROS B A W) i 7E 40 oK
25

3.2.2 BRAALST Ak T R B 8 LR G 7
R T E A TH AR R LR  BH T A b B R &
MR iz 1 e T T B IR A Y 55— Fh o7 =L
2 55 @R W A AR e iz A H B(0+) [ (amino
acid transporter B(0+) , ATB"*) JFl L /K v P 24
iR 7 iz & H -1 (L-type/large neutral amino acid
transporter-1, LAT1) 75 22 Fft [ 97 v 2 323k mf
VERIRITHE AN . Kou S04 5 ATB A 5 2 Al
(5 E R H BN, JF R T LI@Trp-NPs, I T
BBREIM ] LAT1 ) JPH203 . T 335 s 2 R I8k Al 4 ol
FIPIIAE e W & RiZAA R bl HR WY
SER TR REIAE ], 9K KL AT LA S ATBO R S 1 25

G N T B s (R i s R R, B
JPH203 X LAT1 (1) FHLIKT , R 22 85 2 B ) W e i 2%
ZBH . BRI R B GA nT LR A S SR e
i} 245 1Y) mTOR 15 538 % , B5m b2 Je i 2554, B
A R RIS A P A A BB RS RO

4 $EERKHBANKEY

4.1 Fee g AR 6 IS 77
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BT R & B L E A Wyl IR ARV 2 M b g R
ik IO TR T RE A0 i e R
A X A FDA HEAE RS FASN ] 70 B 55 K 1 ) 75T
Hill 45108 FLRE 48031 19 4 206 1938 W] T 1R SR 5 1 4
KAURL Y, W 1 SE T 24 ) K AR PR (R G
A 980 AR TR BRI ) Ze AR AR % 5 i 91
i e RN LRI AN AR o BT i I T (monoac-
ylglycerol lipase, MGLL) % /2 i 5T 48 4§ A% -+ i 42
o H R A 9 MGLL 1 i 51 MAGL23 1] LA
S PR BRI . A AR A 2 N
K2 Wik ik /N T RNA 88 ) MGLL, K- 15 25 R i
R REAS T 50% 7
4.2 Fee s RARM A BREG IT
4.2.1 BRa 7 Ao 2 TR AR 89 WUAR 6 T
T e P e DX IR FBE R LA A A A A 0 i e
51473 F1 DNA 5 J80 32 #0041, S5 250 8 400 10 2% A8 U
T w7 A EHIRTT WERRIT S . AT
FH KT S TR BCBIASE & . — S
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HIDL 2 1A fin 8 40 IR [51 i A7 g Ao PRk, T
DAV 40 K 259 BT HDL 55 iz K41 Ry T4k
7R, Singh 55 F FI B A bE - (0 AL R M T
PR AR OR S5 44, K BEL T R [ B e 12 5 B M5 o
TEGN K2 W) FETH TR A 1, 2- A I -sn-H ¥l -3- %
% AEL 56 0 2 0 25 1 AL il HELA R HDL AR LAY )
REMIZRTA AL ST o PRI, 9K 0kE ) L) 5 B1 BT 1E
R (—Fh HDL 2800 F5 S P 25 45, T 14 J1RL 151 1
TA o BT FHIAERE IR T2 A 52 /0 21k, S Ak
R IR TE S T 7 A R R . #A T I
[i] 77 A= A B B 2 11 70 U AR 2 1 R 20K 240 i 1 B
B I3 A LA KT A R B0, AT 0TS B9, 2% s il
o S HLHR B, 457 22 0 3R A IR IR A -
FeS, 40 K JURL AT 400 4] DAY 1) 922 985 ) 7 M2 (pyru-
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vate kinase isozyme M2, PKM2) #1 FASN, Jf %]
FeS, /- SOGHIATT, DI 52 S04 i A 5 A A A
SRR GIRTT

4.2.2 KA AR TR AR DU 8 T
R T AR SR KA AN A W AT, BRI ) Al )
I 2H 25 90 K UK, B8 NanoOrl, Souchek 28144 3t
— g L SRS e 2R 3 ) LA e ke 25 W 1R
Z WAL AR S 1 U A S SR i 24 )
o ZIRYY JT SR R R U YRR E M, S O
SAZ e ST 245 (E X8 B ) Al 44 K ORE SURR Y TR
HMAET o AT IZ W SEKE NanoOrl FTES A2 e
IR AN N — R R eIz | X W%
JE ST AT B IR LR A B Y TR

Table 1 Nanodrug targeting non-glucose nutrients

5 #it5RE

YA R Bh B ST 12 38456 24 4 8 15) P RN R
TR W B 8 45 25 0% HLRE B 1O I
B KL o 3 — e AT DL 4 3tb & 4 ST 189 £
PR T ARG 4 B 45 25 2 W E 4L
MBS . R VP2 B SR, A FL R SR
FUNG T A AR5 2 B R 40 K 245 40 1 T TR A5, FF B
15 TRLF AR T IR . BRICLISE , i 4K
250l LK Z R 2 A o — A MUK IF
WA S L EmIFEE. ik, PDT.CDT Ailfkyr 4544 n]
5 STHIZE A, M7 ik nl 7= A58 B AR JF 3 a7
R RENT + 1> 27 R . AR ST R ARGk
R,

Targeted nutrient Therapy Drugs used for starvation therapy ~ Other synergistic therapeutic agent Ref.
Lactate ST SO MnO, [45]
ST/CDT LOD Ce-BTC [22]

Fe,0, [23]

ST/PDT CHC TCeb [25]

ST/chemotherapy LOD AQ4N [27]

siMCT4 B-lapachone [49]

ST/CDT/chemotherapy SO MIL-101 MOF; DOX [28]

Amino acids ST ADI [50]
ST/CDT AAO HFe-TA [30]

JPH203 Lapatinib [33]

Lipid ST HDL-NP - [41]
sHDL - [40]

NanoOrl - [35]

MAGIL23 - [36]

ST/PTT CUR FeS, [43]

ST/MTT HDL-MNS 10 [42]

ST/chemotherapy NanoOrl Taxanes [44]

ST/immunmotherapy SiMGLL siCB-2 [37]

Glucose/lactate ST GOx; CHC - [19]
Lactate/amino acids ST siMCT1; siASCT2 - [51]
C10,; Met; Flu Bup [29]

MIL-101: A metal-organic framework containing Fe®*; MOF: Metal-organic frameworks; HFe-TA: Hollow Fe*/tannic acid nanocapsule; NanoOrl: A

nanoparticle formulation of orlistat; siCB-2: An siRNA targeting endocannabinoid receptor-2; Met: Metformin; Flu: Fluvastatin sodium; Bup: Bupiva-
caine; SO: Shewanella oneidensis MR-1; LOD: Lactate oxidase; Ce-BTC: Ce-benzenetricarboxylic acid; CHC: a-cyano-4-hydroxycinnamate; TCe6: A

new Ce6 derivative by linking Ce6 to amphiphilic D-a-tocopherol polyethylene glycol 1 000 succinate; AQ4N: Banoxantrone dihydrochloride; siMCT4:

an siRNA targeting monocarboxylate transporter 4; MIL-101:A metal-organic framework containing Fe*"; MOF: Metal-organic frameworks; DOX: Doxo-

rubicin; ADI: Arginine deiminase; AAO: Amino acid oxidase; HFe-TA: Hollow Fe**/tannic acid nanocapsule; JPH203: High-affinity inhibitor of amino

acid transporter SLC7AS; HDL-NP: Biomimetic nanoparticle made of Au nanoparticles and high density lipoproteins; sHDL: Cholesterol-free synthetic-
HDL nanoparticle; NanoOrl: Nanoparticle formulation of orlistat; MAGL23: Monoacylglycerol lipase inhibitor; CUR:Curcumin; HDL-MNS: High-density

lipoprotein mimicking magnetic nanoparticle; 10:Iron oxide; siMGLL: siRNA targeting monoacylglycerol lipase; siCB-2: siRNA targeting endocannabi-

noid receptor-2; GOx: Glucose oxidase; siMCT1: siRNA targeting monocarboxylate transporter 1; siASCT2: siRNA targeting a glutamine transporter;

Met: Metformin; Flu: Fluvastatin sodium; Bup: Bupivacaine
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JUE UL, L2 0K bR Bl (14 ST 2E A I AR R
P Z R AT — S [ TRk . 1 5, K259
O 4 2 B R AT R X e A KA R 2 B R S A W)
LR, e ) S AN ] A B C LN K R A
2GR P AR MR NI A R S R R . BRI
S B AT BE TG R 32 KA i AU . VB
VEZOETEHRS Y 1 R ) A ) 22 2 Bt e oK 25 )
TR N B A=) 53 A1 (B 22 OULEE T BT a] , T
HLANTR] 5 56 3 ) AN 2 22 ] 1) 2 S AR R, X
BEHR AT BE R 1k 52 50728 R e 9 25 0 1o H I IR
FLUC, 258 3 ) o 0 K S e A O AN 5E
PR R A3 3 B Y 5 e b, R 22 55 iR 22 RE AR 1K
T BB SR e, A [ PR A A D sl A
[7] , 32 A i 502 1 oSl P J8s vy it 245 8L 28 52 %2
JIT LA, 49K 25 W) 45 235 R ) R A A5 BB 1Y
HENER, o, BIR GO G Y7 R80ELE  (2
EANTE R 2 G B A 2k AR R[]
JoVE AR A 7 A 8 2H O s AR B 5 ik
ZIH RS AR AR TP RO . SIARA Z R e
18y Joi {1 g — o B oA S R AN T e )
A, T AN 2 1 BRI AN, T BE S — A il PR 7
M STEAAE 1)z ki, A 2 il 58
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