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Abstract

Objective: In order to achieve precise treatment of liver cancer by targeting the tumour site, to
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design and synthesize a nanomedicine (Cu@GoxNM) loaded with glucose oxidase (GOx) and copper
ions (Cu?*), which can kill the tumour cells through chemodynamic therapy. Methods: Synthesis of
copper-loaded glucose oxidase nanomedicine by “one-pot method” was demonstrated by scanning
electron microscopy (SEM) and elemental mapping for the detection of relevant elements. The
cascade-catalyzed generation of reactive oxygen species by the nanomedicine was experimen-
tally verified. The effects of the nanomedicine on cells were verified by MTT cytotoxicity assay,
cellular reactive oxygen species assay, and staining assay of live and dead cells to demonstrate
the effectiveness of chemodynamic therapy. Results: The copper-loaded glucose oxidase nanome-
dicine Cu@GoxNM was successfully synthesised; the pro-apoptotic effect of Cu@GoxNM on HUH7
cells was positively correlated with its concentration; Cu@GoxNM resulted in the production of
more reactive oxygen species and apoptosis in HUH7 cells compared to control cells. Conclusion:
Cu@GoxNM nanomedicine significantly promotes the apoptosis of hepatocellular carcinoma cells,
and it might be the effect of chemodynamic therapy by generating excessive reactive oxygen spe-
cies.
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1. 51§

JH-2H i (HCC) A2 A BR B /N K Wy I AE 1] 4 R DA ZARR, 3 2030 4, RS2k 100
JINBET: X T R HCC B3, MR MEVIBRBE G 4L a7 454 BT 2 B AT AR IR IT 75 ik 24
HCC BEMAALWIN CJEMIH, NEEFARIGIT, WS FFREGIT ORI ZE2]. B4R, ZH 12K
TR [ 2P 790 v] e K PR S IS 16 2 R R0 IX, 2 E B IX IR B 635 v TR el R3], X BERE A
RHEERITRCR, SRR AYME IR, KRPECERIER, RN SO T48H 45 25 1l AT =, &
B USRS HE TR AR F (4]

T ARKRL A SR () frbRg AL 34, oK RS R ) £E ML rh KIS TRIE R, IR AT “mnid Kl
F (Enhanced permeability and retention, EPR) . & 5 T MR 4L Z3[5] . 4K AE ) 2454 il 771 & — Pl oK RS F
R [ 11 71), 7 A T s X B ) 32 [T T DA 25 B T EPR A B ) iR B8, S B 24 e iR o
()5 £E[6]. =T EPR RS HIANK 254 il 70 RS e T Jiffeg i 8 B FLAT, DRI vk A 4K 2 L 5 R Rz A%
WA L pm PAR, RSTE/NEAE R TAEMR B IE Y . AR S RSF R/ 55 4l T AT IS e, i
FLARER I Gy 45 R A R R i B[ 7]

WV NS SRR EUS AN A0 B AR T 5 (0 06 T5 RS A HE AL A B IR 7, 7Rl Hh R 4 B
YEFA8]- 20 A Hp 4 f) ik B2 52 AR 75 SR N0 B PR 5 AR A A TR, R/ BOK 22 #0256 240 s ol ™ = 453 56 [9]
24 Mk, BRI SRR L R PUMREIT R0, e ITIA[L0]. 6Bl JidTik[11]. L5 1197 iE(CDT)
[12]« AT R[13]. HealiE, CDT FIH T IR A (TME) ™ 4 8 #iE E AU(ROS), o Sl e Rl
AIESAMAET:, TR I A S (H02) K8, BRI A BT & Fh g R ek e Jed 25 e 7 B2k
SRR NAE FIRR T TME = 2R =i 7K P [1-OH, IR K S M S0 7E iR 240 i A HERR BN 5 T Al iRt Tois
FETT AR [11].
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K, ASHEFEAE il Cu $13 GOX 44K 254 Cu@GoxNM,  HRiAZ /NI RSJ e sl v] EPR R4 W]
B R R A B G S RARAE, AR AP SIS IRIE M i N SR B AR, BIE T Cu@GoxNM Al
PS5 WS S AR Y B Ho0, Fe A N Fe 2k B 2 (-OH) R R AL HE 4RI .

2. SCIOERSY
2.1 {UEFABL

1) EEAE: EEYHEA(MIni 1620, BUHBAERIEMEEHRAR, $E); SR EME(CSPM
5500, JUMIAIRGIRAER AT, E): AN WO THUV-2600, EpECERERAR, HA), %
LG (F-7000, HIZm#iE AR AR, HA): ZIEeiFlRERR{(Synergy HTX, A HIRA A,
EH); X FLATFHA(Ultima IV, HRASHEZAF, HA); 6RXKEAHE OHL(TDLEM, R H 7
I e R AT, FE), “EAmARE TR (HF-151, il HEGESEIR AR, FE); il
(LUNA-IITM, Logos Biosystems A&, #hHE); ot R AT 275 (LSM 900 & Axio Imager M2, R/K
WREDGFHRAT, EE); 495 M (LEICA DM3000, #RAEAIRAR, #E),

2) FEHGH: GOx #MH BBI LAl AR AR (L#E, FE): CuCl, Wy H 2 s AR B A
IRAR(LHE, HE); KhERHC). =/K& 28 (CH;COONa)FI 5L Ak #(NaCI) I T- [ 2445 14k 22 18 714 R
Al (g, ). AR Sz A O R (HUHT 4000) 04 [ 3% 5% 288 SR TR A 71 @, ),
DMEM ;772 JiEE EEE-EDTA (0.25%) M1 55 3 /55 % % (Penicillin/streptomycin, P/S)J H % 284 f i}
B BR A 7 (I, B E); G4 13 (Fetal bovine serum, FBS)IE H i 284 dy BHE A TR 2 5] (R, 4 H);
L HIE A (DMSO) I T [ 25 48 AL 2R R A BR A Rl (g, FE); Calcein AM/PI i /FEAMN i XU G+ i 7]
A B X EMR AT R AT (B, FE); 1 x PBS Z(0.01 M, pH 7.2~7.4). 3 PRI &
R S0 B Z S E R IR A A (b at, d ), SEIe B RS R s 2k, o /R ik — P A4 R
g

22. EWAHE

1) 4% Cu@GoXNM KPR AL MERIAR 5 ul (100 uM)FIZ]4 10 pL (100 pM)E 1 x T4 DNA &2
R TSR A, TE 95°C N INFA 5 3B, SRIGTE 3 /NI PNIBHTAEIE 25°C, JERHMTIRIAY RN,
EIORBEN 3 uL (10 uM)dNTPs 5 uL (10 mM). GOx 2.5 pL (16 mg/mL)#i1 2 uL $29 DNA %410 U/uL).
JE 1A SONAR RN 2 uL CuClye £ 25°C FikAT 12 /. 1 E 5, BIRAWITE 65°C FALEE 10 708 (fF
$29DP i) . I B JE I XGRS HO phk =k, BLITHE, RIGIRAEE 4C & H.

2) HEAL S N EGIEFE L [ I FE (-OH) AR A2 BT 652 4K KAt 3,37,5,57- DY B LB 2K i (TMB) Rt
JE (R T SA I 5 1 . 7E 96 FLARC, B DEH K (GSH) 5 AR R FE ) Cu@GoxNM 5 C,HsNaO,-3H,0 22
BIRE, RREAAETN 100 pL. SRS KIREGVERAE 37°C AR Hh R 30 28 5 MR

3) ZHMEEIE LI A F MTT 20 B3t FEAS I ) Sl HUHT7 4H BRI A2 375 28 o 8 HUHT 2 LARRAL 2 x
10* AN 2 P R e 96 FLIRF, BT 5% CO, FIZNHks 7246+ 37°CHEE 12 ho [R5 AL FFL R 435
IIANEH PBS. FIARIWKEL ) Cu@GoxNM ZliffikiF 5, JFiFE 24 he &P EEE, m&FLH A 10 uL
MTT, B T% 5% CO, MR 7-4+ 37CIE 4h. Mif5, FERFREE, A 100 uL DMSO 9% 15
min, DAV RAE SO R B, 7E 2 DhRERFLAR B bR O & %5 FL7E 570 nm KA MIRILE, LUnZk A
0 f¥7 PBS AL EEAL AN IR, 1A MAAIE 2

4) 20 B P SRS ST R S5

PL 2,7- & R . L IRTER(DCFH-DA) R A3k 14 4 (Reactive oxygen species, ROS){& 771, FI FH s
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REEE, M

SRR & PRSI HUHT 40 P9 ROS 1A B . I Calcein-AM/PI TiE 41 i/ FE4H i 4R 71 &5 40 At
TR AR M L o K HUHT U CAEEFL 3 x 10° AN FIAN M 25 FE M e JL R ARG SR L h, 24544k
PR W AN S B A R IR b TS 4i R, I Calcein AM/PL TAF (% 2 mM Calcein-AM F1 1.5 mM PI
(1 1 x Assay Buffer) nEIZH i rf, X 4u0sE4T 4t 15 min 5, F PBS W4, @it CLSM #ET %7
Mo

3. &R
3.1. CU@GoxNM HI& R 5 =14

KT B (SEM)XS Cu@GoxNM ST RAL, Wilsl 1 ffrar. W] LAOEE 2] Cu@GoxNM
FEJEARZ) 7Y 400 nm,  DNA R 2545 R DL = 4EAEMEIREG e, BN A #8551, R WIHs GOx AN
Cu E3E, ¥IALEIE NFs A RKI RS ATESR AL . AR ORI (1 pH {E, A F R
YR ZGVTFAa 2%, J7 (85 SRR Cu F GOX R RHEIL 3 15197 1E

Figure 1. SEM images of Cu@GoxNM at pH 5.5 at different times (scale bar 1 um)
E 1. FERTELE pH 5.5 &4 TH Cu@GoxNM B SEM Bl (EEBIR 1 um)

3.2. CU@GoxNM 4Rpash =4 -OH S HIRERRIEEL

I IE Cu@GoXNM FETE I Z& A T, MEAL T & B A 10 TMB 130 ) 2% i e 28 5T Cu@GoxNM ik,
WM. W 2 FR, R AR IUR AN P SR BT, UK FE R, 3RS GOx il Cutt AL
TMB FAL IR A, Rk 2B T i W) R I L AR bR () AV 1, % A 2 0 i A7 B o R T (4
5 GOx. Cu™4i&h, fE—EREfE Laan 7 —H M S b intE . 35 T4 5 2Bt S L iy i
PERR, FERINHINAHI &, TMB FUAR[EKE Cu@GoxNM J&, 4 77T DAIZER & HE 5 GOx [N A= i)
MM ENTFAE T A B TMB (5, B A (8 & R 3 — 25 I = o A s P (R 1 . Cu™* thds
Bt AL S N AE K -OH A Cu® A e k1L TMB FI%AL

3.3. Cu@GoxNM st FF 4R (R A T1ER

W 3, ANIFIH BN KAL AL TR 1 i 58 240 L (10 A 375 R BB R B I AN IZ T A1, X T RE R eh T AR AT 4
FEAD Cu™HE B AT AR BRI R B RE B (I Cu@GOXNM . 75 5 35l f 8 A i M 4, A 1 IE SE AL I
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Figure 2. TMB dynamics curves after glucose reaction
with different concentrations of CU@GoxNM

B 2. RELKE Cu@GoxNM HIEEHE R R /5 H TMB
1Sk

Cu@GoxNM W] LIl I 2 Fenton 83 in4m i i () ROS, i i S8 AL B A% IR &L 27,77 - AR R . 4.
B (DCFH-DAYRT ZT 1 41 BB P 5 1K T (] 4) # Cu@GoxNM 5 HUH7 JE1%5 9% 12 /i, SRIGH] 27,7°-
TR PO E Z LRI (DCFH-DA) L A FR S AL, B CLSM W% ROS 155 . SxTIAHAMLEL,
Cu@GOXNM 565555, WESE T -OH A, 455K, HALIK Cu@GoxNM R {b 4t i A i 2 4k Al
HoO, HeAb 32 H tHdE, NI BEAR N K 25 2L TR 2 2RI, IX A4 IR 1 A28 3h D1 597 R R
W5, WLSEE 4 i A ZE4R I (1K) 23 A5 v, FRATTH Cu@GoxNM AbFE HUHT7 40 12 /N, SR 5 P A 3 4
R M LR (Calcein-AM) FIRIUL P IE (PS4 (o Kot AL A AL #2040 i 2F 47 78R 1d, Calcein-AM &
S (Ex = 490 nm, Em =515 nm), HAEEE G FE IS, —BEAAM)S, Calcein-AM (A& A
R W A PN T TR A B D) OSB3 M AR P 43 - Caleein, AT #35 B8 7E4H A Y 9k HE SRR .58 e
ik, P HE (Propidium iodide, PI)ANRE % I VG A0 MR A A AR, S e % 3 SR A0 B R 1) JC 7 X 31 2138 40 A%
FEHR NN ) DNA SUZ e M 7= AE 2169 Y6 (Ex = 535 nm, Em = 617 nm), Ktk PUA AE4 M et . (H
Calcein 1 PI-DNA # Al #% 490 nm Uk, R RT H 5% 52 G s [F] i) WL At P A BB 40 i . 3% 40 B AN SR 4
153 B SR RN LTt e Y e thy, %45 A 7 ) PBS ACFR A4 A A= K LA, T 3 4 M R ST 40 A 4 Sl
SR O Gt AR 4T T 80% IANAE T, XA A A M FE. -OH AL Rk 273 ) 5975
RKI

Cell Viability (%)
()]
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Figure 3. Viability of HUH7 cells after treatment with
different concentrations of CU@GOoxNM

3. ZFEREN Cu@GoxNM A IRfF HUHT 4HBE
MR
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Figure 4. CLSM images of ROS production in HUH7 cells after dif-
ferent treatments by using DCFH-DA as a probe
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Figure 5. CLSM images of differently treated HUH7 cells subjected to
Calcein-AM/PI colouring

5. FAREISACERH) HUHT ZRARi#1T Calcein-AM/PI /) CLSM Elf%
4. e

JPFJeE A2 Bk iR H LA REAESE DR, A58 T KB A e AE e — — P A 5B A BT AOREAE[14] - R RO T
JEIRZE. A 5%~15%M EH 1T & FARVIBRIARE, FARVIBRCGE M T R, T IR A 58 778
59, M ANEAREEL; SEFUIBRARAE, A FFUIBRARAR G I ARE (WU S8 =i [15] . JE 18 H AT A i
TR RALST, #ICIR R SCE IR aTTRCR, B DL A0 RS HEVG )T, il ki 25 AN AR T — =51
I ARl B T AR VIR o

BT B 2PNV 2 TR 22 A, EAT R D B 2R, B BOR R A
PRLL . AR D REAL AT RENE ALK EOK 29 MIINRE ), AEBEIEAN_E ) LS S Rl 25945 & LUK A%
TEF . NM FIRDR B B2 1, JCHOE KB BN R B (EPR)RLSE,  SEAL T HARERAL. XSkt
H T ML S8 R K J bk EL 51T 32451, EPR RENSAE B D S0 )5 72 IR s sh AR SR [16] [17]. IX AL
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AL AR R T A ML EPR RHEZ A1, I JUAE R IR A T 25 I8 P R P 2 30 i A R AT
St e AR A DG E W4 L (TAM) AR BE (18], 7 2% L H 4R Ok 2 F T2 W i T 9k 4T & .
ARG HITT AR TAIT 29, AR 2058\ LRIt At 37 L6 7 77320, Wang S ARER T
— PR T ER ISR SR B (DC) B DL R AR B, KGR g “0% 7 RESHAR N “37 OIRES, i
ATHE 20 AN g (HCC) B H LAy W7 RASHBL, 5 PR I G 52 il R 152 Ik B 40 B 10 75 4 i 2 s
SEORIEIRTT R PAEE BT DA BT 99 K 928 1 5k 2 98 e A G b MR 40 B AR s B S lOBE, A
& = A BEIRTT ROR[19]. WA IR ZHF TN 75 FEIR YT AR L 2 MG 29 It 2451, 385 30 i 24
SRR AT R 12O - Tian A B & B i R e /v S A0T 72 B T GVEF R YIBRI HCC HI ik,
AR E R R AR AT, R KIS ERR S T AR R R, KIS AE A RRIA B4 A
R HCC 87 UK o T2 AT TR 37 B G B 2 4 & A HLAE ZE (MOFR) TR TT VAR AL 7], 8 #4520
FET-2 (COX-2) #7126 i & FE(Mel) MALTT 25 = FrAEJE (Sol) k4 84 HCC ¥R 77 o IX P KAk Ak 751 mT LA
W GSH AR 95 HR 7, MMifih% CDT. CDT A5 A4 f 25 1 1 S (ROS) AT i i A1 2 1 ot it 46
WA(LPO) KBS ERIET:, o FEEMRBEY 1. & TECE 7T Ak 230 )1 257 ik AT ¥R 77 [20]

AU FUEL SCIRUEY] T CDT K27 &t s, b af BLSURIR Z 0037, than S5hsE45 & W
ZYVTEAR A ARG R B o] AR S W, Bean 97 ROk T 2945, Tl ARk iIE R385 7
BCE I R

5. &g

AWFF I % T Cu@GoxNM 49K 254, H Cu@GoxNM fE BT ALt FHm i HUHT IR T, il
I S B e R 7 A R PR A B T B TR

e

Vogel, A., Meyer, T., Sapisochin, G., et al. (2022) Hepatocellular Carcinoma. The Lancet, 400, 1345-1362.
https://doi.org/10.1016/S0140-6736(22)01200-4

[2] Forner, A., Gilabert, M., Bruix, J., et al. (2014) Treatment of Intermediate-Stage Hepatocellular Carcinoma. Nature
Reviews Clinical Oncology, 11, 525-535. https://doi.org/10.1038/nrclinonc.2014.122

[3] Wang, C., Zhang, Y.B. and Dong, Y.Z. (2021) Lipid Nanoparticle-MRNA Formulations for Therapeutic Applications.
Accounts of Chemical Research, 54, 4283-4293. https://doi.org/10.1021/acs.accounts.1c00550

[4] Chen, M.-L., John, M., Lee, S.L., et al. (2017) Development Considerations for Nanocrystal Drug Products. The AAPS
Journal, 19, 642-651. https://doi.org/10.1208/s12248-017-0064-x

[5] Maeda, H. (2001) The Enhanced Permeability and Retention (EPR) Effect in Tumor Vasculature: The Key Role of
Tumor-Selective Macromolecular Drug Targeting. Advances in Enzyme Regulation, 41, 189-207.
https://doi.org/10.1016/S0065-2571(00)00013-3

[6] Maeda, H. (2017) Polymer Therapeutics and the EPR Effect. Journal of Drug Targeting, 25, 781-785.
https://doi.org/10.1080/1061186X.2017.1365878

[71 Zhou, Q., Dong, C.Y., Fan, W.F,, et al. (2020) Tumor Extravasation and Infiltration as Barriers of Nanomedicine for
High Efficacy: The Current Status and Transcytosis Strategy. Biomaterials, 240, Article ID: 119902.
https://doi.org/10.1016/j.biomaterials.2020.119902

[8] Kim, B.-E., Nevitt, T. and Thiele, D.J. (2008) Mechanisms for Copper Acquisition, Distribution and Regulation. Na-
ture Chemical Biology, 4, 176-185. https://doi.org/10.1038/nchembio.72

[9] Lutsenko, S. (2010) Human Copper Homeostasis: A Network of Interconnected Pathways. Current Opinion in Chemi-
cal Biology, 14, 211-217. https://doi.org/10.1016/j.cbpa.2010.01.003

[10] Liang, S., Deng, X.R., Chang, Y., et al. (2019) Intelligent Hollow Pt-CuS Janus Architecture for Synergistic Cataly-

sis-Enhanced Sonodynamic and Photothermal Cancer Therapy. Nano Letters, 19, 4134-4145.
https://doi.org/10.1021/acs.nanolett.9b01595

[11] Min, H., Wang, J., Qi, Y.Q., et al. (2019) Biomimetic Metal-Organic Framework Nanoparticles for Cooperative Com-

DOI: 10.12677/acm.2024.1441126 1069 Il R 2% 27 3k e


https://doi.org/10.12677/acm.2024.1441126
https://doi.org/10.1016/S0140-6736(22)01200-4
https://doi.org/10.1038/nrclinonc.2014.122
https://doi.org/10.1021/acs.accounts.1c00550
https://doi.org/10.1208/s12248-017-0064-x
https://doi.org/10.1016/S0065-2571(00)00013-3
https://doi.org/10.1080/1061186X.2017.1365878
https://doi.org/10.1016/j.biomaterials.2020.119902
https://doi.org/10.1038/nchembio.72
https://doi.org/10.1016/j.cbpa.2010.01.003
https://doi.org/10.1021/acs.nanolett.9b01595

R, A

[12]
[13]
[14]

[15]

[16]

[17]

(18]

[19]

[20]

bination of Antiangiogenesis and Photodynamic Therapy for Enhanced Efficacy. Advanced Materials, 31, E1808200.
https://doi.org/10.1002/adma.201808200

Lin, L.-S., Huang, T., Song, J.B., et al. (2019) Synthesis of Copper Peroxide Nanodots for H,O, Self-Supplying Che-
modynamic Therapy. Journal of the American Chemical Society, 141, 9937-9945. https://doi.org/10.1021/jacs.9b03457

Chen, Q., Chen, JW., Yang, Z.J., et al. (2019) Nanoparticle-Enhanced Radiotherapy to Trigger Robust Cancer Immu-
notherapy. Advanced Materials, 31, E1802228. https://doi.org/10.1002/adma.201802228

Siegel, R.L., Miller, K.D. and Jemal, A. (2019) Cancer Statistics, 2019. CA: A Cancer Journal for Clinicians, 69, 7-34.
https://doi.org/10.3322/caac.21551

Soerjomataram, ., Oomen, D., Lemmens, V., et al. (2010) Increased Consumption of Fruit and Vegetables and Future
Cancer Incidence in Selected European Countries. European Journal of Cancer, 46, 2563-2580.
https://doi.org/10.1016/j.ejca.2010.07.026

Matsumura, Y. and Maeda, H. (1986) A New Concept for Macromolecular Therapeutics in Cancer Chemotherapy:
Mechanism of Tumoritropic Accumulation of Proteins and the Antitumor Agent Smancs. Cancer Research, 46,
6387-6392.

Fang, J., Sawa, T. and Maeda, H. (2003) Factors and Mechanism of “EPR” Effect and the Enhanced Antitumor Effects
of Macromolecular Drugs Including SMANCS. Advances in Experimental Medicine and Biology, 519, 29-49.
https://doi.org/10.1007/0-306-47932-X_2

Miller, M.A., Zheng, Y .-R., Gadde, S., et al. (2015) Tumour-Associated Macrophages Act as a Slow-Release Reser-
voir of Nano-Therapeutic Pt(IV) Pro-Drug. Nature Communications, 6, Article No. 8692.
https://doi.org/10.1038/ncomms9692

Wang, Y.H., Zhao, Q.F., Zhao, B.Y., et al. (2022) Remodeling Tumor-Associated Neutrophils to Enhance Dendritic
Cell-Based HCC Neoantigen Nano-Vaccine Efficiency. Advanced Science (Weinh), 9, E2105631.
https://doi.org/10.1002/advs.202105631

Tian, H.L., Zhao, S., Nice, E.C., et al. (2022) A Cascaded Copper-Based Nanocatalyst by Modulating Glutathione and
Cyclooxygenase-2 for Hepatocellular Carcinoma Therapy. Journal of Colloid and Interface Science, 607, 1516-1526.
https://doi.org/10.1016/j.jcis.2021.09.049

DOI: 10.12677/acm.2024.1441126 1070 Il R 2% 27 3k e


https://doi.org/10.12677/acm.2024.1441126
https://doi.org/10.1002/adma.201808200
https://doi.org/10.1021/jacs.9b03457
https://doi.org/10.1002/adma.201802228
https://doi.org/10.3322/caac.21551
https://doi.org/10.1016/j.ejca.2010.07.026
https://doi.org/10.1007/0-306-47932-X_2
https://doi.org/10.1038/ncomms9692
https://doi.org/10.1002/advs.202105631
https://doi.org/10.1016/j.jcis.2021.09.049

	铜负载葡萄糖氧化酶纳米药物用于肝癌的化学动力学治疗
	摘  要
	关键词
	The Copper-Loaded Glucose Oxidase Nanomedicines for Chemodynamic Therapy of Hepatocellular Carcinoma
	Abstract
	Keywords
	1. 引言
	2. 实验部分
	2.1. 仪器和材料
	2.2. 实验方法

	3. 结果
	3.1. Cu@GoxNM的合成与表征
	3.2. Cu@GoxNM细胞外产生-OH与其浓度成正比
	3.3. Cu@GoxNM对肝癌细胞的促凋亡作用

	4. 讨论
	5. 结论
	参考文献

