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Application of graphene and its derivatives in tumor

WU Suging, WEN Zhaohui

(Brain Ultrasound Room, Department of Neurology, First Affiliated Hospital of Harbin Medical University, Harbin 150001, China)

Abstract

Keywords

Graphene and its derivatives have good optical absorbability, unique structure, electronic properties and high
photothermal conversion efficiency, which makes it a potential candidate in biomedical applications, and are
widely used in tumor. This study reviews the application of graphene and its derivatives in the diagnosis and
treatment of tumor photothermal therapy (PTT) and photoacoustic imaging (PAI), and provides research value
for the development of new biological graphene materials and a direction for tumor treatment and diagnosis.

graphene; photothermal therapy; photoacoustic imaging; tumors

iR 2 e N KRR Z —, ¥ nanotube, CNT)AALM, %1k %/ (graphene
ST E 2, RIS RES. L‘Tﬁ'%}mﬁﬁﬁﬁﬂ oxide, GO)TEITZLA(near infrared, NIR) X 1] LA
P o AT I AE AR 7 8L o R 7 7 U R 3 3t 45 S - VAR O HRBI H OKG filg Ak h A

éW**i*4T£H“FE§E@i@%ﬁ'§?ﬁTL¢W§IT/\ﬂ]lﬁ"]ﬂi TJ%T%@E“F@ZEIH@, G S 118 D' I AT A TG BB 48

= b
=] T H
/By N

Je AT S o A1 SR SO R Y B R ERE, SHAMRIRATE, ST RUE,

PR OURE B ALBE L R A RO S Y SR ﬁﬁf%ﬁ%E@ﬁm?ﬁﬁ(photothermal therapy, PTT)
Yoz R TR EEY ) H 59K % (carbon FIE 7 14 (photoacoustic imaging, PAI) 43 A

15 B HH (Date of reception): 2020-09-24

1B{51E#& (Correspondingauthor): I, Email: wenzhaohuil968@163.com

HE£T1H (Foundation item): [HZ AR FE4r (51272058, 51873052); MA/RIEERIAARMIFA L EAIH I H 24 (YJSSJCX2019-22HYD).,
This work was the National Natural Science Foundation (51272058 and 51873052) and the Harbin Medical University Scientific Research and Practice
Innovation Project Fund (YJSSJCX2019-22HYD), China.


mailto:wenzhaohui1968@163.com

2690

I R 55 B8, 2021, 41(11) https://IcbLesu.edu.cn

— R BRI B E AR S E LR T
A1 w5 M AT A W e IR R Y S a2 W R,
HAFPTTHIPAL,

1 AEBRITEYRIER

1.1 BERMR

Vel sp bl = B I BT v S N et
JE <10 nm (3 R 20, T 26 R e 53 IR 45 4
sp2 2 bIR4SB B S, W
PR AR, 2 S LU R 100 0 A% 5 K Y AL AR i
J¥ (1 100 GPa)“ &4 Sy AL 2 EPERE . £1 BB M 1Y
iAW) B 38 )R S fb A1 830/ (reduced graphene
oxide, rGO)FIGO., GO {1 &R AT =),
HAXMERACRE ., BRIEEMFEIESE), Wik
by TR B B A B I PE T . r GOl i ik 5t
GOG L, HIEIAAEGAMAERL, 7T LU 8
SN AT % T R R A A R v kAt
FENIRBOGTS , A 380 SOLATAE YL 5 100622 WOl
PE . EDOCREAALROR SRS I T A S A R
A ) 1 2 45 A AT 3 FH

1.2 EMHEEE

RAF 0 A= W AR 25 PR 2 MR T T 48 . 41
BU AR TAS T A A7 S R . A 8 S L
T A W 0 o 1 S TR AR A AR A SRR B T
U Thickett%F"HIGO 5 B FLMR- 4 £ W L
Yl [poly(lactic-co-glycolic acid), PLGA]H B GO-
PLGAK SY), i ik 240 Jif 75 % 5 S0 0iE T iZ A B A 25
XTI R R, T AR B AR AR K R A
LT, GO-PLGAMAELXT A i 1B 48 A ) B 43
TR R TR T B4 PLGA . fETEGO GO
MY RRURL, HE TR i GO . rGOEL
RS il T A i 40 i g R B AR Kim
MG GOWHE TR, ARJSFIHICIHIOTL/2
A (RS MTE T4 e) , 452R3RW] C3H10T1/2
20 G 1 R R AR AR A i . T SR
il 00 L 2 22 25 I A 0 AR - R -L-IN S ER-C Y
B/ A &2 A 9K M BEH, R HCCK-8(cell counting
Kit-8) SLI0 PP HAE WA A1, 45 SRR 2 3 4R b
PP A RTS ) R, 3 A0 S5 T DU 4 A Y 2%
FE S o DAL Ul WA A0 SO A ) 0 A= W AR A
B, AT S Ak R T R A I R Y

1.3 £¥HMH
OB A B 35 vE DL K AR W B S N ik R

bl 151 <507 S I R i AR ARl v | s DA
MTFHKAEA 2 EEOMEH. wei W5
K GO HHER 7L T4l (bone marrow
mesenchymal stem cells, BMSCs) i34 5 F1 73 fL =2
A H AR, R (1.0 ug/mL) GOREA B i
HE 20 B G AR AL, (H R (10 pg/mL)GO
FE WY o 00 A B . B, R XS R ML
M ZEEE, FRZRBRE . M, Kim%!
KB AR GO (<0.1 mg/mL) X i T 41 i
(adipose stem cells, ASCs)B A MILTEM:, M
WeFE (>1 mg/mL) B GOXTASCsH A B & (1) 41 it 75
PEo WAL, GOMIIRELRJZE AT LA il 40 i 2 18] (1) A1
HARM, MRS AN &Y. Zhang % "B &
B, HBGOMMERIMS]2.5 ug/mLE}, 7] DL E )
il BMSCs (14 5 Jf W A% S A ML 1, Bk
(=12.5 ug/mL) GO LA il 41 Al 755 77 A1k 35 i
SEREYE, 15T MR TR A0 i A . B,
GOXIBMSCsHYTEVEAE HI S50 AR . tbsh, B
75 OIE S A7 BRI AR A ST LB PR R R A
JE AL ] BEXS A AR . P, Wk 2D
R FE T B AT SR IE BBV AE A W 00

2 AEKBRITEMEME SN

KaF B Y BERfE e v, Bl s i R 6
PR M R0 A | R G WO N R 2 T R AR R
o 7 85 0 S AT AR W A S SE P T T Y A sk PA T 5%
I Y Bl 25 A W 15 2 A5 R B AR R I R A
mmfﬁ[zo-u]o

2.1 RBGEFr

fege i g iy o X B ZE R F AR MY, Xt
BEAHE KR, MPTTE M HNIREOEF & LA
o 30 b L B B A AE O g AT IE Y, ELX
IEH A E N, s MOR R Y B O 2, i
S DX AT AT AR AR 0 I AR P T T Y J2 A 5E

Ao ENTR DK ICE AT 358 6 TR #0850 3 1) A 2806 20
KRB iz ARG, i L R sz e /Y

BEL 7 e /N2
AN KGO R IR T — R,
r G O FALJZ S 5 18 S 24 R 1) RS 29 20 nm, 7E/E
YIRS K AR, ENTRBOE T,
AR A RO IR e R AL R . Yan
AP PR ) GO K M (reduced graphene oxide
nanomesh, rGONM)%E%E@%%%*@Z*,
HATSR R ANTRIW R, AT TS BB 2P T T



A S SRR E TR R NI RE,

2691

Li % P05 2o J5 A 1 41238 07 0k A T 4 ok 35 Sl K
£1 (nano-hydroxyapatite, nHA)fIrGOF K & %
21 (nHA-rGO), 20wt.%nHA-rGOIRIY e ha &
B K BERE , nHA-rGO X ZE/E808 nmIHOE (M) K %
JE: 1.0 W/em?) BEGE T iR 4 AW B PTTRL
o MBELLEE 15 K faf 9 S 180708 BRI il 98 /N mT LA
KB, OB nHA-rGOY 1Y b i L 4K
2R Smm, AHS, AL A MR A 2R K R LT
AN 18 mm, H&BH @ — L UESIPTTIS i 240 i
BRIE . ZhenZ5 PN r GO B 71T & JC K 4 2F 3
R (Cu,-xSe) GIK Wik (nanoparticles, NPs) )5 [
b, DR E W ERRE T T — 28It S
FeEEAL R R . B2 K (doxorubicin, DOX)FIH- iz
(folate, FA)Zr T I # 4% 3 Cu,-xSe/rGOE REH] L
JE D OX@Cu,-xSe@rGO-FAZ K & # kL, FIH
FARIRGIGE J7, DOXMIALITAE M LA JerGOFICu,-
xSe NPsOCHAET, B2 M A A% 47 98 240 1t 7y Ak
G, 980 nm NIRFEOEHEHT 10 min, FiJR 41
J RS 2 T HL PR AENTRIEOE (6 B 1R
T, BASEAREN,. HCu,-xSe@rGO-FA
BEE S, HEp-24ifik T R4pIRZS, Ui kA
ARG A A ZSPE AT T 98 0K BE A
Zhang%[m%:’HT—ﬁlElﬂgﬂi[ﬂﬂﬂi((octreotide, OCT)
MR 2 P (polyethylene glycol, PEG)EMigh K
b A #2J5 (nano-graphene oxide, NGO)Ifii & .11
NGO-PEG-OCTH K G H}, ZA LR AT I WY
g e e R B R L C A I EE M, T DL S AR
FIPTTSS G0 DLtk — 2P sl Iin s 8k . 28 b
Bk, A 20 AT AR W A im R i g8 1) D Bk 97
BAMRKBR WS, 5 AR Tk &,
JH IR IR T RO R R o

2.2 XERE

PALSE—FR AR A HiT 385 14 TG HL 5 40 5 1 AR ) B 2
BAG 2 K PO SR AR TS A S TR
AR W BAR, R AR R SRR 2 o e
5%, PAIZEA T MR UG 5062 R il i 2
ol AR 3 5L LL P RIS T R 1 5[] 3 R
Fb 2 AR R A 4L g g aE Y, R S T
BE Ak AT R 47 1 O 2 R M A B 0 B A= A
KPALIE 2 R W 1, NI & &5 1 %9 AE 1912 W
%BO]D Lin%[31]>{%uﬁ'l%%?%(indocyanine green,
ICG)il i n-ndE 2 GO L, HIRGOR LML
L BARICG-GOXE A& W FENIRIX sk H AT 1R &5
HE M %, A AR S s R B PATE R R .
AN, Sheng Ui it 48 A 43 85 43 B 1% (bulked

segregation analysis, BSA)#1Tif R EGO,
Mﬁﬁﬁ%éﬂ*éﬂrGO(~70 nm), H A %40 i 55 1
RS M . TEST 9K eGOJR 78 i 9 IX 5k
AOEE R S ROE R RS, S ha, MR mRDE
PR WERIN, RGP K GOTEMIE & & L,
R XA SR, MR OGS S 7E0.5 hiNGA
P, RIRRNTEHRIEEZ D4 h, KWIBSAY)
AEAL A K r GO AT ] T PATES 2 77) . SongZs ¥ 18
T &9 KRiF (gold nanoparticles, AuNPs){E1MinY
rGOT ISR 5 %, TEHOCIRG T, S8 1
RAuNPs 5 rGOM EAE H 3 Bir GORY G HL R 1S 5
M r GO YL IMERE . Moon %P YBF 5 45 S AIE
SC Y 4 99 KB (gold nanorods, AuNR)RJZrGO4]
JRHIrGO-AuNRJE— Rl A7 BLAHYPALRS LLFH, HATHL
SR A NTR U WA B A7 G FRE R, rGOZTER
WAL IR, AuNRBE— 582 B r GO I LM 1
fie, MM SR A A PATAL R . Lin%E D i XHL
W AW PEGHIPLGATL I r GOBE £ 3] 45 4 K e ¢
f@(gold nanorods vesicles, AuNRVe) I lirGO 1
HAuUNRVeE &M FH(rGO-AuNRVe), PISZELZ54)
i ST INPATRL N . 5 B4l AuNRVe flr GO
I, rGO-AuNRVeR I BHSRAEHF S, 292
rGOFI AuNRVel2.5% . Yo% R T —FHGO
AT ST R E5 K T2 5% (CP6oPyN)
ZH IR S T 22 EL GO @ CP6DPYN, 1E NIRIY
JEHIHCR T, SRR EMR B T (HCO, ) KA i, fl
F A AR AR UL, TR AR 9O
55 o A1 S8 M KRG AR Wy e PAT R 4 3 Bk 8™
Z, v m izt 7o

2.3 PAI 5 PTT

AR, VERETE FIRIT 6 MPATFIPTT
SR T T2 K. NIREOETE S AR T8 00 s
PTT &M AEIRIT BB is 2, WhHlE Fasmn
EPAISPTTEH TR E & # k& E# D5
(35 IR 5 . HuZE UM ICG i R £ Bk
(polydopamine, PDA)5rGOH M ICG-PDA-rGO%H
KE A B, PDAVRIZE RGO W] LUAT R i
KEICGH T, JHIIEPDA-rGOTE780 nmAib 1Y%
W, 54iPDA-rGOMGOAM ., ICG-PDA-rGO
I A P T T AR A i 1 RGO L . TE
PAIS| S FHIPTT, BL4T 1L MG J 5 50 b i oo 20
B 58 4 R, AR WLER BT AR I 7 5 5 10 5 1
N, ULH] TICG-PDA-rGOZN K& & M kL2 —2 5
RS2 W KARIT T — Rk 258, v 1 g
FEMPAIFIPTT . Mas:P W98 GO 54 44K £ (Gold



2692

I R 55 B8, 2021, 41(11) https://IcbLesu.edu.cn

Nanstar, AuNS)HH:Huifid1,4,7,10- P& 243+ —
BE-N,N',N,N'- /4 Z i (DOTA) 5 4L (gadolinium,
Gd) 4 M.GO-AuNS-DOTA-GAE & 4k, fi ]
TR PALR G T AR 1 18 v 9 o o & 0148 =
PTT, L4 EN], 5&A FRPAE T H M
PTTAHLL, XA bR 5 vk vl DLk 2 85.71 9% (1) ik Jd
BB RN TR IS . Zhang®F 0 E B Z M ik g
JE i (polyvinylpyrrolidone, PVP)fFAEM 51T,
33— I 7] R ORE T Ak B (B, Se ) A4 K UKL B 2
DURTEGO I, Arfg3AIGO/Bi,Se,/PVPAI KL G
E T AT 3G B A PR X 2 T AL B 2 4 A AR A
PATXT HLRE, AT LARAEA 800 WU E 257 . LA,
/I BRI P B K S M RS, (1808 nmiil
JCREST, BT b A BT MR A, SEER T R R
Al EOEHE L, DL B S5 R KW, GO/Bi,Se,/PVPY
KA MORERT DL A R g i T SR A I Y
LD S _]ung‘rfHO]iEiFA#\:%'?{’%%(chitosan,
CS)HHEfL GO(FA-CS-GO) & —FhHi ALY Z T RE N
KMk, SCERFRM . HES24 h, FA-CS-GOBEWETE
PGS 58 i N An i, 7 /)N BRUMR DX s AT
o N 1) 4 v G R AR S, i L R ko A
20 dNEEA E K. M2, FA-CS-GORAMREN
I e S ) LR R A G IRRL N R L A PATR L
B, XU ST RN R R T UK 22 T RE A K A R
TPATG | 3 e $E 1] @ 80 HGRYY X ORIR YT b
JeE (AR i A% Wang%[4l]ﬁ?5%iﬁﬂAuNPs%§)§
rGO & &M BH(rGO-AuNPs) VE Sy B 5L 55 2 M ile
ZI AN (NIR-11) % FPATS| S PTTHIYKIAIT 7 .
PEGM#EF|rGO-AuNPs K M I LAIG fin 45+ 1Y 52
P, 5 rGO-AuNPs-PEGTEL 061 nmifOG RS F
R AR 5 ) 3R T3 9 7 2 HIUR (surface enhanced
Raman scattering, SERS){5 5, #T4l4F — X 3Ok
(NIR-II, 1000~1 700 nm) F &7 H @ & 0 3T il
FEHECR I ES, H T AuNPs B 5 5 740
ALK S rGOME IR LR . KM rGO-
AuNPsH K G MR B R — Pl 76 1 S 340
PALIE S, I R 12 W A T B 52 M8 7 o A
B A0 MOAT AW AE Mg PATYR R P T T Hh HRUAS
THERMMIFTER, B2k 5RITaE —4&, X
KEEE T MR B AR, MR EIT U A
Wk T A,

3 ik

F T 7 SR I B M B R R, R
LHATEYE WY GRS B E Y R AW

s BB R R SR AU, R A AR AR R
PUFNZG W 8k | 3% 20 A I . Ak PR 4% 338 R0 i 6 14
VWSRO R T R A S
RIAEWE R NPT T2 S S M BRRIE | 454 . BTk
PRI RIS I ) DL S R AR Z IR, HR
IPRCRMA 225 . I35, NIRIIRZZFE 2
MREPTTI — A EZH, FREHINIRS E I
TR B A2 5 2 DR Y — > E LA [R) A, gk SR X OE
WG AL E A o AT SR NTR X S T
A1 854 PATIE 52 790 19 6 P 45 A= AT 5 T T i F) —
ANE R PR

B A0 22 0 BORE 58 42 B 45 B IR o U0 B
Tl RATS AL T B B = SRR SR B B, M
e Bk — L W TSR FE 00 T A A 28 0 1 AR ) o A
W, A a8 0 0 T PO T OB AR R, AR R
B e BREM . R MEES, KT 086
A WA AP E M BT BB AR 22, H 1 R 15 3 4
HESE, BB AR o %A 80 LA KAT R
Yy e e R 1) % A 55 0T Y T 5858 A B R 1 8 K
R, AR TARR R AE R A S0 b RS
At 4 KA R 25 5 Ok LA A2 A S 1Y 15 2 O A
K5 IR FE R I Ay S M B A A M A KA R
WA Wy B VR W AR RE L B TR AR AE AL
s K A0 S0 B AT A W R B 45 B Sk i
AR, WIMRL, 63l J7 ik M S dfie 1 i e
AL R

S 3k

1. Liao C, Li Y, Tjong SC. Graphene nanomaterials: synthesis,
biocompatibility, and cytotoxicity[ J]. Int ] Mol Sci, 2018, 19(11): 3564.

2. Chen YW, Su YL, Hu SH, et al. Functionalized graphene
nanocomposites for enhancing photothermal therapy in tumor
treatment[ J]. Adv Drug Deliv Rev, 2016, 105(Pt B): 190-204.

3. YaoJ, Wang H, Chen M, Yang M. Recent advances in graphene-based
nanomaterials: properties, toxicity and applications in chemistry,
biology and medicine[ J]. Mikrochim Acta, 2019, 186(6): 395.

4. Clemente Z, Castro VL SS, Franqui LS, et al. Nanotoxicity of graphene
oxide: Assessing the influence of oxidation debris in the presence of
humic acid[ J]. Environ Pollut, 2017, 225: 118-128.

S WU Wy, A SR RS AN S5 R W SRS S [T]. VP Ak T,
2020(2): 266-267.

SHEN Panpan. Progress in the study of graphene’s fine structure[J].
Jiangxi Chemical Industry, 2020(2): 266-267.
6.  Berendjchi A, Khajavi R, Yousefi AA, et al. Surface characteristics



A S SRR E TR R NI RE,

2693

A

10.

11.

12.

13.

14.

1S.

16.

17.

18.

19.

of coated polyester fabric with reduced graphene oxide and
polypyrrole[ J]. Applied Surface Science, 2016, 367: 36-42.

Sharma D, Kanchi S, Sabela MI, et al. Insight into the biosensing of
graphene oxide: Present and future prospects[ J]. Arabian Journal of
Chemistry, 2016,9(2): 238-261.

Roodan VA, Hosseinpour N, Zaman M. Electrochemical properties of
electrodeposited reduced graphene oxide and carbon nanotubes|J]. J
Nanosci Nanotechnol, 2017, 17(4): 2493-2502.

Xia Y, Cheng B, Fan J, et al. Near-infrared absorbing 2D/3D ZnIn254/
N-doped graphene photocatalyst for highly efficient CO2 capture and
photocatalytic reduction[J]. Science China Materials, 2020, 63: $52-565.
PRI, 0%, K. A sl S AT A D 2 AT
FEEIT P ROBIESE (7], 1R BE A B4, 2020, 26(3): 236-240.

SUN Xinran, LI Xin, ZHANG Jing. Study on grapheneoxide and its
derivatives as drug carriers in cancer therapy[J]. Journal of Hainan
Medical University, 2020, 26(3): 236-240.

Thickett SC, Hamilton E, Yogeswaran G, et al. Enhanced osteogenic
differentiation of human fetal cartilage rudiment cellson graphene oxide-
PLGA hybrid microparticles[ J]. ] Funct Biomater, 2019, 10(3): 33.
Kumar S, Chatterjee K. Strontium eluting graphene hybrid
nanoparticles augment osteogenesis in a 3D tissue scaffold[]].
Nanoscale, 20185, 7(5): 2023-2033.

Kim J, Kim HD, Park J, et al. Enhanced osteogenic commitment of
murine mesenchymal stem cells on graphene oxide substrate[ J].
Biomater Res, 2018, 22: 1.

SR, EA, AN, T SR R PLCL/ Gel 4 K 2
AR AT 3T (7). AU TR S A AR, 2020,
16(2): 101-106.

Al Xuefeng, WANG Wei, ZHU Jingjing, et al. Feasibility analysis of
using graphene to improve the poly (I-lactide-co-caprolactone)/gelatin
nanoyarn scaffold[ J]. Journal of Tissue Engineering and Reconstructive
Surgery, 2020, 16(2): 101-106.

Wei C, Liu Z, Jiang F, et al. Cellular behaviours of bone marrow
derived mesenchymal stem cells towards pristine graphene oxide
nanosheets| J]. CellProlif, 2017, 50(5): e12367.

Kim J, Choi KS, Kim Y, et al. Bioactive effects of graphene oxide cell
culture substratum on structure and function of human adipose-derived
stem cells[ J]. ] Biomed Mater Res A, 2018, 101(12): 3520-3530.

Xu M, Zhu J, Wang F. et al. Improved in vitro and in vivo
biocompatibility of graphene oxide through surface modification: poly
(acrylic Aci d)-functionalization is superior to PEGylation[J]. ACS
Nano, 2016, 10: 3267-3281.

Zhang X, Wei C, Li Y, et al. Dose-dependent cytotoxicity induced
by pristine graphene oxide nanosheets for potential bone tissue
regeneration[J]. ] Biomed Mater Res A, 2020, 108(3): 614-624.

Jia PP, Sun T, Junaid M, et al. Nanotoxicity of different sizes of

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

graphene(G) and graphene oxide (GO) in vitro and in vivo[ J]. Environ
Pollut, 2019, 247: $95-606.

Malas A, Bharati A, Verkinderen O, et al. Effect of the GO reduction
method on the dielectric properties, electrical conductivity and
crystalline behavior of PEO/rGO nanocomposites[J]. Polymers
(Basel), 2017, 9(11): 613.

Zhang Y, Wan Q, Yang N. Recent advances of porous graphene:
synthesis, functionalization, and electrochemical applications[ J].
Small, 2019, 15(48): 1903780.

Liu Y, Crawford BM, Vo-Dinh T. Gold nanoparticles-mediated
photothermal therapy and immunotherapy[J]. Inmunotherapy, 2018,
10(13): 1175-1188.

Luo N, Weber JK, Wang S, et al. PEGylated graphene oxide elicits
strong immunological responses despite surface passivation[]J]. Nat
Commun, 2017, 8: 14537.

Yan J, Huang Y, Zhou §, et al. Preparation and microwave absorption
properties of Nanomesh Poly (3,4-ethylenedioxythiophene) covalently
functionalized graphene oxide[]J]. ] Mater Sci: Mater Electron, 2019,
30: 5273-5283.

Li D, Nie W, Chen L, et al. Self-Assembled hydroxyapatite-graphene
scaffold for photothermal cancer therapy and bone regeneration [J]. ]
Biomed Nanotechnol, 2018, 14(12): 2003-2017.

Zhen SJ, Wang TT, Liu YX, et al. Reduced graphene oxide coated Cu2-
xSe nanoparticles for targeted chemo-photothermal therapy[J]. J
Photochem Photobiol B, 2018, 180: 9-16.

Zhang X, Yang C, Zhou J, et al. Somatostatin receptor-mediated
tumor-targeting nanocarriers based on octreotide-PEG conjugated
nanographene oxide for combined chemo and photothermal
therapy[ J]. Small, 2016, 12(26): 3578-3590.

Manohar S, Van Apeldoorn A, Steenbergen W. Photoacoustic imaging:
cells make themselves heard( J]. Nature Photonics, 2015, 9(4): 216-218.
Steinberg I, Huland DM, Vermesh O, et al. Photoacoustic clinical
imaging[ J]. Photoacoustics, 2019, 14: 77-98.

Maturi M, Locatelli E, Monaco I, et al. Current concepts in
nanostructured contrast media development for in vivo photoacoustic
imaging[ J]. Biomater Sci, 2019, 7(5): 1746-1775.

Lin J, Chen X, Huang P. Graphene-based nanomaterials for
bioimaging[ J]. Adv Drug Deliv Rev, 2016, 105(PtB): 242-254.

Sheng Z, Song L, Zheng J, et al. Protein-assisted fabrication of nano-
reduced graphene oxide for combined in vivo photoacoustic imaging
and photothermal therapyl[ J]. Biomaterials, 2018, 34(21): 5236-5243.
Song J, Wang F, Yang X, et al. Gold nanoparticle coated carbon
nanotube ring with enhanced Raman scattering and photothermal
conversion property for theranostic applications[J]. J Am Chem Soc,
2016, 138(22): 7005-7015.

Moon H, Kumar D, Kim H, et al. Amplified photoacoustic performance



2694

I R 55 B8, 2021, 41(11) https://IcbLesu.edu.cn

3S.

36.

37.

38.

and enhanced photothermal stability of reduced graphene oxide coated
gold nanorods for sensitive photoacoustic imaging[ J]. Acs Nano, 2015,
9(3):2711-2719.

Lin HC, Xie PP, Dai ZY, et al. Nucleophile-dependent Z/E- and
regioselectivity in the palladium-catalyzed asymmetric allylic C-H
alkylation of 1,4-dienes[ J]. ] Am Chem Soc, 2019, 141(14): 5824-5834.
Yu G, Yang J, Fu X, et al. Supramolecular hybrid material constructed
from graphene oxide and pillar[6]arene-based host-guest complex as a
ultrasound and photoacoustic signals nanoamplifier[ J]. Mater Horiz,
2018, 5(3): 429-435.

Hu D, Zhang J, Gao G, et al. Indocyanine green-loaded polydopamine-
reduced graphene oxide nanocomposites with amplifying
photoacoustic and photothermal effects for cancer theranostics[J].
Theranostics, 2016, 6(7): 1043-1052.

Ma X, Jin Y, Wang Y, et al. Multimodality molecular imaging-guided

tumor border delineation and photothermal therapy analysis based on

RS A SRR, WAE. s LA A Y e o Y 1
FHOJ]. IR S5 34, 2021, 41(11): 2689-2694. doi: 10.3978/
j-issn.2095-6959.2021.11.031

Cite this article as: WU Suqing, WEN Zhaohui. Application
of graphene and its derivatives in tumor[J]. Journal of Clinical
and Pathological Research, 2021, 41(11): 2689-2694. doi: 10.3978/
jissn.2095-6959.2021.11.031

39.

40.

41.

42.

graphene oxide-conjugated gold nanoparticles chelated with Gd[]].
Contrast Media Mol Imaging, 2018, 2018: 9321862.

Zhang Y, Zhang H, Wang Y, et al. Hydrophilic graphene oxide/bismuth
selenide nanocomposites for CT imaging, photoacoustic imaging, and
photothermal therapy[ J]. ] Mater Chem B, 2017, 5(9): 1846-1855.
Jun SW, Manivasagan P, Kwon J, et al. Folic acid-conjugated chitosan-
functionalized graphene oxide for highly efficient photoacoustic
imaging-guided tumor-targeted photothermal therapy[J]. Int J Biol
Macromol, 2020, 155: 961-971.

Wang Z, Sun X, Huang T, et al. A sandwich nanostructure of gold
nanoparticle coated reduced graphene oxide for photoacoustic imaging-
guided photothermal therapy in the second NIR window[J]. Front
Bioeng Biotechnol, 2020, 8: 655.

Savas S, Altintas Z. Graphene quantum dots as nanozymes for
electrochemical sensing of yersinia enterocolitica in milk and human

serum[ J]. Materials (Basel), 2019, 12(13): 2189.



