shE T

chER B HET

\ hEAIM, H5., SR HEET
g CA, EBSCO, WPRIM, UPD, CMCCSUR

BHEEFEACYRBUR MR Foxt B SR 4 Warbur g RN H301#]

Bk, SRk, WA, XmE, AR

Construction of Glucose Oxidase—Loaded Nanogels and Its Inhibition Effect on the Warburg Effect in Glioma
Cells

ZHOU Wenbo, LI Weilin, DAI Wuting, LIU Reiyao, YU Yuan

TEZE 7] View online: http://yxsj.smmu.edu.cn/en/article/doi/10.12206/j.issn.2097-2024.202511030

AT ARG HoA S E

Articles you may be interested in

Angiopep— 211 I 241 TR A1 224 R G IRY T I BT B0 IR ORI 5
Effect of Angiopep—2—functionalized bacterial exiracellular vesicles system on glioblastoma

RS 5 IR S5 2025, 43(10): 481-490  DOI: 10.12206/).issn.2097-2024.202506017

IR SR TR e A R R S B v 2 B 25 RO IS

Construction of glioma microfluidic chip model and its application research on evaluation the medicinal efficacy of the Chinese

medicine Scutellaria barbata

e 5 RS 2025, 43(2): 59-66  DOI: 10.12206/j.issn.2097-2024.202409034

UR T 22 30 1 G N2/ H O — 1308 (266 10 st 0 5 '] Jot 240 o 54

The inhibition effect of astaxanthin on calcification of aortic valve interstitial cells by activating the Nrf2/HO-1 pathway
Zjr B 5 RS 2025, 43(6): 283-287  DOI: 10.12206/j.issn.2097-2024.202412057

PR JEBRG i A B0 B 0 ZR AT VR LRI 5

Effect and mechanism of dabrafenib combined with tremelimumab on melanoma

2R 5 IR S5 2025, 43(10): 496-502  DOI: 10.12206/j.issn.2097-2024.202504070

TEAR T AR AACTER 55— FRC PR W W X R FIC T A 240 i A KAl 1y B [ 44
Synergistic effect of positive electret combined with 5—fluorouracil on growth inhibition of scar fibroblasts

2R S IR S5 2024, 42(6): 244247 DOT: 10.12206/j.issn.2097-2024.202310027

TR BB ) T 5T A A/ R P AR B AR R K BRI SRR Y 7RI I 3 R R 5E
Hydrogel scaffolds loaded with bone marrow mesenchymal stem cells/resveratrol liposomes for traumatic brain injury treatment

2R 5 RS . 2025, 43(2): 67-74  DOI: 10.12206/].issn.2097-2024.202406034

ZHEIREE


http://yxsj.smmu.edu.cn/cn/article/doi/10.12206/j.issn.2097-2024.202511030
http://yxsj.smmu.edu.cn/cn/article/doi/10.12206/j.issn.2097-2024.202506017
http://yxsj.smmu.edu.cn/cn/article/doi/10.12206/j.issn.2097-2024.202506017
http://yxsj.smmu.edu.cn/cn/article/doi/10.12206/j.issn.2097-2024.202409034
http://yxsj.smmu.edu.cn/cn/article/doi/10.12206/j.issn.2097-2024.202409034
http://yxsj.smmu.edu.cn/cn/article/doi/10.12206/j.issn.2097-2024.202412057
http://yxsj.smmu.edu.cn/cn/article/doi/10.12206/j.issn.2097-2024.202412057
http://yxsj.smmu.edu.cn/cn/article/doi/10.12206/j.issn.2097-2024.202504070
http://yxsj.smmu.edu.cn/cn/article/doi/10.12206/j.issn.2097-2024.202504070
http://yxsj.smmu.edu.cn/cn/article/doi/10.12206/j.issn.2097-2024.202310027
http://yxsj.smmu.edu.cn/cn/article/doi/10.12206/j.issn.2097-2024.202310027
http://yxsj.smmu.edu.cn/cn/article/doi/10.12206/j.issn.2097-2024.202406034
http://yxsj.smmu.edu.cn/cn/article/doi/10.12206/j.issn.2097-2024.202406034

RS SRS 2026 4EX A 25 H 44 X
J Pharm Pract Serv, Vol. 44, No. X, xxx 25, 2026 1

BE
HA RN EE AR AR XA R BN Warburg 3OS AGHIH

JA S Al AR AR, MEAE, XV IBIE, AT $E OB K22 R R, 1 200433)

v

[HE] B WEER AR E LA (glucose oxidase, GOx) 4K EE I (GONGs) HAL AL AL J7, %558 GONGs X i i Je
4 ffl Warburg 20N G930 61 . FF3E A RLmE N ME S AW HAM, [ 2035 H145 GONGs FE#E1T 3 AF, 98 643 06 )6 BE v Il
GONGs [ B R Za, %2407 FNE MM, Western blot #%%% GONGs Xif ke B8 41 Jitd Warburg &50Un A3 S AL
GitEf. &% LI : 10 i3 2 Ll 4 GONGs, kife 140.3 nm. Zeta HLfi,—27.2 mV. GONGs # [t GOx, hUVEC 4 Jif]
IC5, B 2.150 nmol/L #2£5 & 74.86 nmol/L, B &I/ ¥ I . GOx #eE K 2.0 nmol/L %] GONGs HEA7 %5 il A J5 8 201 ARAs i i
FHOCEE M CUOBHUAES 2(HK2) A1 L- 2L i 20 (LDHA) 9 325k, [RIA il 4 Wik A . 4518 GONGs B i GOx M =izky
R, WEW/NT GOx AMIEEYE, X FRIE AN Warburg 2500 A W2 HIVE, IRk S A i

[RSRIA] TR MR AKEEIE; Hia 0 A (L E; Warburg 20
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Construction of Glucose Oxidase—Loaded Nanogels and Its Inhibition Effect on
the Warburg Effect in Glioma Cells

ZHOU Wenbo, LI Weilin, DAT Wuting, LIU Reiyao, YU Yuan(Department of Pharmaceutical Science, School of Pharmacy, Naval
Medical University, Shanghai 200433, China)

[Abstract] Objective To construct glucose oxidase-loaded nanogels (GONGs), optimize their formulation, and evaluate
their capacity to inhibit the Warburg effect in glioma cells. Methods A responsive polymer (HAM) was synthesized and used to
self-assemble GONGs, which were then characterized. Encapsulation efficiency and drug loading were determined using
fluorescence spectrophotometry. Biocompatibility was tested by measuring cytotoxicity and hemolytic activity. Western blotting
was used to evaluate the effects of GONGs on the expression of proteins associated with the Warburg phenotype and oxidative
damage in glioma cells. Results GONGs prepared at a drug-to-polymer ratio of 1 : 10 exhibited a particle size of 140.3 nm and a
zeta potential of —27.2 mV. Compared with free GOx, GONGs markedly reduced cytotoxicity, increasing the /Cs, in hUVEC cells
from 2.150 nmol/L to 74.86 nmol/L, and significantly decreased hemolysis. At a GOx concentration of 2 nmol/L, GONGs
effectively downregulated glycolysis-related proteins, such as HK2 and LDHA, and inhibited glutamine metabolism in glioma cells.
Conclusion GONGs exhibited high GOx loading capacity, significantly reduced GOx-induced cytotoxicity, inhibited the Warburg
effect in glioma cells and induced oxidative damage.

[Key words] Glioblastoma; Nanogels; Glucose oxidase; Warburg effect
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A AL (H,0,) , BE R AR 4 ™= A i 2 e H
JIRCGSH) AR AL 2 4 i 24544, i s iy S A i
BB, BRI GOx HAIRN G TR 1 . X IE A A
FEAE BRI R, AN TR

YH K BE S (nanogels, NGs ) H A5 7K &8 it #1404 2K
UL 25 R ARFAE, BRI R 20 ~ 200 nm, AT 2
BT Z IR Z PR G Y FRIRK TN, Y3
S AF T IR I = 4SS IR A, LA, SE T
PRAZE ) A 225, ol R L RS RSk A
KR AL, AR EE I 28 0 L T 815 A AL 1 BB %
BTURBE IR RN AR T R A A SR e
B2 FrED Y, i WL (hyaluronic acid, HA) &40
A AR Y BB N2 —, Iz T R
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1.1 FIEFebt

Ly IR SCRE R HEL AV A (B [ Malvern); 15 4 HL £
i (GG E FED; BbR{X . 2LAMr 00 BTt 28
S (26 H Thermo) . 4 DMEM 1% 55
. DMEM/F-12 #5333 (b [ 5 5% )5 T 2R 11 il
TR -5 % . DMSO(Z[H Sigma); CCKS i
. Western blot i 7] (H [E 28 = K ) ; BT 1k
YRR IC L 2P0 1gG(HL) (FpE =8 ); Sl
B v AR (b E A2 ) 5 A 4 AL (GOx, =
250 U/mg, "1 [E Adamas life); 1% BH Jfi ik (HA, 35 ~
50kDa) . Boc-L-7& 4 2 (Boc-L-Met) . Jit iz — £h iz
£ 1-CHE-(3- H RIS ) Bkt — I e Eh £k
(EDCI) . N-¥23L B R BE HAME W (Sulfo-NHS ) Fl
Je S A E 5 PYDF JE (25 E Millipore); /)
BRI o 983 4 1L G261 I B3 i JDk P 1z 400 it 4 it
hUVEC 9 B HRFB L i 4 e .
1.2 GOx AR 78 20 J0L 64 S AR 7 Ve Ao i B A 401

= DMEM 15373 (10%FBS) 1% 3% GL261 4
H1(5% CO,. 37 'C), 18 &2 =G M Z 96 fLAES
FRWGRE, BB R F 45 2 SE 2 N AN [R) vk &
GOx, N GOx BIEXT B4, 28 (IR IAE A H
XTHRZ (n=6) . 45258 24 h )5 I A CCKS8 37

WEE 30 min, BRI OCEEAE A, # LR A
THAELMIE 1, 2 s Jith <k, 113 1Cs.
T ) = Ay — Ass pyat e < 100%
Attt — Az s

GL261 4B 4P &= 12 fLtk . 3 B AS R vk &
GOx LI 5 A GOx X ME2H (n=3) . 7 24 h
Jo PR BRI 2R 1, Western Blot A6 0 28 i /7 & 4 15k
fiff 2(HK2)F1 L-FL 2 I & B (LDHA) 1 7K °F-, LA
GAPDH “HNZ, [ LDHA 5 GAPDH Western Blot
Zni i B AR, 7 7F % Bk GAPDH $Li4 )5 F iR
LDHA 257 o
1.3 vk AR REY HAM 696 %,

It HA. EDCI #1 sulfo-NHS % T2 & 1K i1,
IR R 2 h, INABERE RN 24 h, 258 FK
Hh g AT B 25 Ok SO BT, R T AR B ]
HAN, Ht Met-boc. EDCI #I sulfo-NHS ¥ T 2= &5
TR, ZIRI 2 h, iITA HAN JZI 24 he 724
HAM-boc i #7 J5 ¥ T 15 2] HAM. B — % &1
HA 5 HAM, ZLAMRISO ISR T4 .

1.4  #hkE A GONGs #4] &

F PBS(pH 5.8, 0.1 mol/L)EL #l HAM %5 ¥,
G B PE T A — 2 i LY GOx, i 4 30 min
Ja FIA 0.05% (w/v) B9 3S B 52 Je °F, IR G W TE
37 C FHEFER N 8 h, HEUE B0 BR 207 B GOx
e, 155] GONGs.

1.5 GONGs # &.31 & 5 & 5 e

GOx & f# T PBS(pHS.5, 0.01 mol/L), FITC #5:
10l & FITC-GOx, i & B FITC-GOx, i il 4[]
W BE 1) FITC-GOx bRl i, 286 et BT HI 2
BEGHRE (Ex/Em, 488/520 nm), LAZE G- E E 5%F
HRSMVRIE C VR, etk mlA 1S bRt 2

W&y e 1:3,1:5,1:10,1:15,
1:20 i FITC-GONGs, ## g & 0> i 43 & FITC-
GONGs Fliif B FITC-GOx, I 5& 43 B H (1) i &5
FITC-GOx % &, 1435 FITC-GONGs {5
HEZa, 855 RARTE R 2y L, SR
IR A !

M Al A M S0l 35 2+
fl R = AR 100%=(1 - %)x 100%

M=
Mg smxcr

1.6 GONGs # £/t
PEFE GOx F1 HAM 25 48 i & [t 1 : 10 ] 4%
GONGs, /R SCIOCHRL AN 2 R0 A% | Zeta HELAV .
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B GONGs £ it i il 1 4, 35 5 Fa B8 WA kA 5 41
MIEZS
1.7 GOx #= GONGs & Zm i, -1 5 75 fn b
1.7.1 GOx Fl GONGs %} hUVEC Fj 4 il 514

DMEM/F-12 % 3% % (10% FBS) %5 3% hUVEC,
LR T 96 FL AR o T il A [\ ¥k B2 GONGs(GOx
0.4 ~ 102.4 nmol/L)VE Ry 5250 ., [W] 559 B GOx fF
Jyxt B4, £FLANA 100 pL #£ 45, 55 24 h, BATE
XTHRAH A & GOx Ki 73k, 25 (A 3R 34 2
FX IR (n=6) . F2 1.2 1 CCKS8 &2 GOx 4
1 GONGs 4 40 A TG Sy dh £k, 7B b — 41 ICs),
P4 GONGs % hUVEC #:1% .
1.7.2  GOx HI GONGs Fy{ARsM Nz if

BV 2 A O, 2.5 k) R bKERUINL, B0 40 B vk
il 285 2.5%(viv) B9 21 20 Mg B . R R iR
GONGs(GOx 0.8 ~ 102.4 nmol/L ) 52540, I e i [7]
LY GOx X HAZH, A= BEER /K A TritonX-100 4351
P R BIPE R PE PR R A 2R S 4040 37 °C
% F 3 h, 3000xg B5.0> 10 min, WEL4S2H 135 Wi
. B 100 uL L3 96 FLAR, BEEAR{CKEI 450nm
AW AR, e AT i I R A U F 345 2L IR,
#1) GOx F1 GONGs I I F i 2k
Aoy — Agipeat e

1.8 GONGs *Jix fit & 4m f. Warburg 2 52 9 3 4]
B RN A% VE R

GL261 #2812 fLAIE % o P& A W) vk
GONGs(GOx 1.0 ~ 4.0 nmol/L ) 32541, Al GONGs
YA MEAE A X B2 (n=3) . %5 24 h 5 HUE 1A,
Western Blot £ Il HK2, LDHA. % % 2 it &0 il
1(GLUD D) FI45 Bt H ki S A il 4(GPX4) 3 H Y
Kiko

Geit2# 3B i 53k A GraphPad Prism 8.3.0
T s It & dl 5 ICs) 15 R log
(inhibitor)vs. response--Variableslope( four
parameters) . (¥ [ AR ] Unpaired Student’s T-
test, P<0.05 F/R 22 R HA G E XL,

2 FER5TR

2.1 GOx AR 965 4m L ) 34 4B 7 o o 3 15 R 97 44)
wE 1A IF 7R, GOx XF GL261 41l ffl 24 h ()
ICsy {H M 0.598 nmol/L(92.0 ng/mL), 2B GOx X
GL261 20 M A B3 1) 87 . Western Blot 45 5
B 1B 7R, 4 GOx ¥ 24 1.0 nmol/L i}, GL261
4iijfl HK2 F1 LDHA 125 F M. Hrb, HK2 2 b
Tz A 425 ) o B B S il , LDHA J2 R HHEE A = A
R i e A0 FLIR O ™= BB ) G B g, — 3 T R T 4
A5 E GOx X GL261 4l il Warburg 25 A7 1 il

WIMNZR = 1 " x 100%
BT — AR e 4 R
A 1001 . B
| ¥
' GOXIKEL o 025 05 10 15 20
80 (nmol/L )
< e — 102 kDa
= 60 1C4=0.598 nmol/L
I
5 40 tonA  (VONED S R B B 57
F
20 aaror S R S - o
0 T T 1
102 10" 100 10!

GOx¥&J¥ (nmol/L )

B 1 ATRIRER GOx ¥ GL261 AR HIFI{ER
A. GOx X GL261 Zifg 413 24 h i iy ARG 71l 2k; B GOx X GL261 4ilfd 515 24 h Ji HK2 Fil LDHA H) 735

22 HAM #y2oshkig s

HA 5 HAM 1 £1 5085 5 56385 an 151 2 frow
HAM HYLLAMGIEAEE HA 7E 1300-1180 cm™ 3
TE R S R AT U, N Sy SRV A IR B B C-O (4 i
5 A TR M A F L0 25 R 2 AF H B S 46
o BEAR, 1408 em™ Ab WA 55 W A HA 51
FRILPE N, 1738 om™ WA 04 k0 A 3843 T Tk
AR 55 T et v e S A 4 i sl O VR FHZS R
et T BT, HEBR AR /N G T Met 5

HA Y BIR A BRI RE, LT A ek 8 S vl 40 A
B HAM 94,
2.3 GONGs # @131 & 5 4 7 e
HE 3 foR, FITC-GOX 1E Az=488 nm i &
AT UL RS, e R R B AE,=520 nm, 7E
2.5~ 150 pg/mL A9 ¥ BE i [ N, GOx 9 ¥k E (C,
pg/mL) 5 520nm Zb5GHR EE (E) 2 R AP EXC R,
2Rk [R5 5N E=0.4564C+8.5576, r=0.998 7,
GOx 1 HAM Jii & e X} GONGs #2j & .
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3 REDHAEZLNE GOx &=
A. FITC-GOx f9%9¢5% & $151E K (Ex/Em, 488/520 nm); B. FITC-GOx f%¢ %:08 BEbR e £k

R B MR NER 1 R, BEE GOx Hf]
FHi5, GONGs 2B R, WA KT 1 -
10 B, 245 GOx Ayt dH R 3% T f#%, H. GONGs
PR IR R R /ME, M B S . HAMFE
pHS.8 B, 4% 20 B ot 1A 2 11 212600 Wi 4 ok it
i, T 85I HE GOx HL 4 28I i 90 K B IR
GONGs., Nkt i, i /1 GOx 514K K
WA, HILEE: GONGs iz Eifh . il R
iy HOREAR B /N 12 10 #6245 HU il & 9K IR

#z1 TEHZLEX GONGs HZE . BHRMAZNEMN

(Mean£SD, n=3)

B ww)  EE(%)  ER%) KAz (nm)
1:50 1.92+0.01 98.06+0.15  207.2+8.07
1:20 4.64+0.01 97.37+0.26 193.2+11.06
1:10 8.33+0.09 90.85+1.10 134.0+8.27
1:5 13.57+0.24 78.18+1.63  201.9+13.47
1:3 16.44+0.75 59.8943.25  268.4+20.04

2.4 GONGs # % AE

PEPE 12 10 2548 0 &= Lol % GONGs I # 17
FAE, W 4A | B iR, GONGs AURLAE | Zeta HL
HE43 5K 140.348.08 nm, —27.242.37 mV., #5IH
B IR & 4C B, GONGs ki T TR 328 RE,
FWH GONGs RS R
2.5 GONGs # 28 fL Pk 5 75

GOx 5 GONGs X} hUVEC 4 Jifa 14 7 41 i 50 o1
W& SA fir7x, GONGs X hUVEC 4l il i) ICs, A
74.86 nmol/L, & GOx(2.150 nmol/L) ¥ 34.82 f%,
BRI A . RO I SE B0 25 S an & SB TR,
S 37 C EIRILIEE 3 h 5, GOx 41k
W F I BRI, 1T GONGs AR SMNE
MM GOx i 8 55 (P<0.01). #iH GONGs I
T P IE AR A B, T T A
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2.6 GONGs *f i< it % 2m i Warburg 2 5 @9 4 4]
A R BEALT A VR R

&6 fir 7, GOx ¥ B 27 2.0 nmol/L B ,
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T E A
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( nmol/L ) 0
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GPX4 M SR WS S s 20 kDa
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1

GBM 1E Ay e 2 e 1 114 v A= 2 D A i e
Jo , FEAE SR 2 S BRAIL R, JHC 05 A 25 AR 1 b
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e 24 L A0S 70 AT 30 Ao W T A R AR B e £,
FEPA IG5 S 25 L b RS E AR . R, B
X el Jea 4 g Warburg %800 301 (A 1697 O g HL A EE
TR E X . GOx J=—FRIR AR, vl =5k

AR 2 A R A W R, A T R R 0 B
fiff ST e 0 2R B T 20 B e, O AR R A HL0, 1R
i ROS 43F ] 2 5 g i 28 403, A 181 e o) 1 &
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