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Abstract: As one of the emerging carbon nanomaterials, carbon dots( CDs) have a wide application

in biomedical field because of their unique physical and chemical properties such as low cytotoxicity,

strong hydrophilicity, good biocompatibility, excellent photostability, adjustable luminescence and

easy modification. In this review, we mainly discuss the applications of CDs in biological imaging,

drug/dye/protein/gene delivery and cancer diagnosis and treatment. Furthermore, we discuss the

current challenges and future prospects of CDs in biomedical applications.
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Fig. 1 (a)Fluorescence images of mice after tail vein injection of CDs'”’. (b) Synthesis of HfCDs and CT/FI imaging of ortho-

topic liver tumors™*’
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(RE 7, 38 i W DN ' B 128 Ak, s vl LIS EI R

BRI R A A B G RN, RE P B SR iR
I A T SE B s R, RS0 B S 5
UERH CD-Oxa 7] DL 15 N &4 FH 28 A8 40 B Y
MNAIAEEE M S0 Sk A, X R 4B A0 A5 405 71 R A
NGy RS FIEA IR S Wb ATTLL H22 iy
SRS 38 2ok B P A 1) 5 S UG RAG T 2
Wy BbRE AL 0 ARG, AR I 28 65k B 1) A8 T R e
FE L2 R B IR) RN 351 | SE BB 12 T AR YT B —
TRAE (& 2(a) ) . Feng 5 M# T —FP3E T CDs
(A IR T A B U I 9K A IR &R CDs-PL(IV)
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PEG-( PAH/DMMA ) ZE1E# A= BT (pH 7. 4)
ML, T R A0 A MRS R (pH 6. 8) 48 Hy
1EHL i}, PEG-( PAH/DMMA ) i1 1F H, fif £ CDs-Pt
(IV) i L HE R 3958, 2 F CDs-PL( IV ) B RETL
S, 1IE L 9 CDs-Pt( IV ) @ PEG-( PAH/
DMMA ) X7 G0 Ay (14098 20 RS S 7 1 v B A A
XA (V) 174 25 99 76 30 S5 P 240 o iy
WAL R RS . CDs-Pe( IV ) @ PEG-( PAH/DM-
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(260% ) T pH 5.0 AT AYHZR X 358 il
TR pH T DOX E4EEF1L, Hl5 T DOX
1 CDs ZBIMAHEAER . MAEAIRIRY pH(5.0
7.4) & CDs-DOX WIEZi17 AN >k , DOX 7E
pH 5.0 BYREHCHE R s T pH 7. 4, 3% & W TE
BARE pH T, B FALAY DOX #2817 25K, &
FH A DOX RE B, DOX Ay Fh pH HU
PSR T A R TR A BERYT (B 2(c)) o
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T 5e M -CDs 40K #E B (CCHNs ) , CCHNs F Ay
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pH/ 3T 2T A1 KU M 17 4 1 i A5 P R pHL fish & 19
2 7E i JRE A5 1) R R AN A BT 41 A1 3 i 1Y
25 REILRE S SCEL I FR YT, LA BORIE 4T i



1236 A A w540 %
(a)
EDC, sulfo-NHS  H, N\ ?/NHZ i
| @ C00H e @ e
i M:’N" "HIN"’ HN A, o
Hn'(i"(;:\(" - m"”? Theranostics
Oxailv) COOH (D CD-Oxa(1v)
%2000;; Dopamine @
0 Tris pHss
CDs CDs-Dox CDs-Dox@PDA
NN -
Chitosan (e} DOX
CLSM DOX-loaded chitosan:
2 \6 CDsn‘anoge\sh 808\“’“ "
L, The
therapy
Cellular uptake
B2 (a)CDs-Oxa fil f B FCAE A ) UG IR I 97 R B RE TR B 5 (b) CDs-PL(IV ) @ PEG-( PAH/DMMA) JI T2
Pk 5 (¢) CDs SBT3 (DOX) My 21 2 i it 2 HL 4 MO 3 JBUR B2 5 () DOX-CCHNs JH TR £0AM i 4
R 2R
Fig.2 (a)Synthesis strategy of CD-Oxa and its application in biological imaging and therapy™’ . (b)Schematic diagram of the

drug delivery process of CDs-Pt( IV ) @ PEG-( PAH/DMMA
lular uptake of CDs-Dox@ PDA™!
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(‘a) Schematic illustrating the fabrication of FCDs,
DOX ™.
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Fig.3

Y1 (¢) A schematic illustration of the preparation and cel-

(d) Schematic diagram of DOX-loaded CCHN for therapeutic applications™*!
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CDsG-AIE 1, CDsG-AIE 1 7 ) KT 4G va i £
% AP BRDCRS E PE | R A A A A

TR T RCR R 6T A SRR,
M2, CDsG-AIE 1 A]LIRZE 5y b HeLa AHAIHEHY
JEHAE 15 d NG 6 UG AR T LI A8 b 0L ¢ 5]
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Yukhish 6t By Y 5 (b) CDsG-ALE 44 K s 144 P i

FCD-DOX and FCD-BODIPY and the cellular uptake of FCD-

(b) In vivo and in vitro fluorescence long-term imaging of CDsG-AIE nanoparticles'®
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K A YRR L A5G, b, CDsG-ALE 1 78
R R R RIS B T . XS R
REfl CDsG-AIE 1 5 A JCAIHK 138 35 A 0
I BRAE OISR (3 (b)) .
3.3 BREAATEARMEE

Zhang 51 D) 158 1 45 (6 5¢ S 2 11 (EGFP)
VE MBI 1, il i EGFP 5 CDs L4l % &
CDs- EGFP 9K 51K & P-4 CDs $HZE Fisk %
HHBEE S, 7EIX — K &R s 7 fL A 1Y CDs
Fs L B EGFP il LB AR W R E R &1,
FEAROERCREIL 83.3% , Wil —HWES
0 R R T AR T AR T A L P B R AR
R T UEBTCR O VA S e ] 221 T 5 A —
Pl i fof 19 CDs-Asp 5 AL H & H (HSA)
g 2 | 245 A5 CDs-Asp 15 R] LLAT HSA 344
e R E ARk (B 4 (a) ) . 5B E AR
FHEL , CDs-28 & A W] AR 85 14 5 e 32 Tk
fife, A R R LR B A, L ARV S
T IERT Y CDs 5l LA A B RRFE R 8 11 B

CDsG-EGFP

epydbgl % 45 CDs-RTB #2r T 5 &9, RTB
BT R N 81. 7% ., CDs-RTB ALEAA KU
B AR A A e T LA A5 BEL 1 1 R IR A A
$&i5 1 RTB MRk 3R, B AR, 5l
RTB fHLL, CDs-RTB I fi #F 5 05 441 Jf 4 4, A 3%
B2 = JRE R T 1) mRNA ik /K #5587 RTB
G (B 4(b)) o Lu %" F a7 B A0
IR T R M A XL CDs, il i 5 4-
FEAMMBR 45 B BN, A 2 o 2 03 7 6 114 Bl
& CD-B, CD-B Al 38 3 A A 2R S T 121
HF (Hb) FA % 5 A AL (GOX) HY i RlGs %
Hb 5 CDs B & )5, KA 3 & w5k 94. 3%, (HiF—
$2fY/2, Hb@ CD-B 1 GOX (0, ,CO) 454 J5 A M
FERMZISCHT X UEBH B O T RER Hb 256 TR
MREST, GOX 5 CDs B A5 , HAMIE AT AR
93.8% , SliFES MY GOX AH L, GOX@ CD-B 14 fiff i
PEFEZEIR R AR , X BU4h FEUE AR s FIZE 1 202
JEAR KRR NGE TR A25Y) 5 RAE KR fg sl
RS LLEa L s caledll ) N A Pa oy e cA (AT

* ¢ - 4 y
A il
A+ 90@ S,

“» el 5 | 4

CDs CDs-RTB

Macrophage uptake

Bl 4 (a)CDs SEEATOLE M TR (b) CDs SR REN B HERILARE
Fig.4 (a)lllustration of CDs-EGFP preparation and cellular delivery of EGFP™!. (b)Schematic illustration of the preparation

and cellular uptake of CDs-RTB"'.
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TE CDs FRIHME M 5y [7) 56 K 45 & 1 BH 25 1
BN 20 W e (PET) 45, Bl S B R 1 526
. HEAN Lin 259 DU AN PEI2SK Ry JFURE, 38
TR Bh B L 45 T PET THEEFLEY CDs, PEI
BEslfE T CDs i, BT CDs 58 (1) 6 B0UL e HE
P, AT DL e A AR F AT DNA B4, 1T
FEEEYY . ST IR B [ R N R
2-( ZHEHE) SR ] -b-5 [ N-(3-( HH 3619 i 1k 2
) TIHE) N, N- T F REN- (3R 9 3 ) & A b 4 ]

(PDMAEMA-b-PMPDSAH) &7 CDs 21 , i %%
Z I Ge i 5 4 3% 3% f& & CD-PDMA-PMPD, 7
CD-PDMA-PMPD " CDs #i4E hy B 4B 2 (640 Jifd
BAGHRET , PDMAEMA 1E ) DNA 445 7 7] 5 DNA
B4 PR F PMPDSAH 1% 4032 Al LIBH 1k 2544
5 EAERE A B AR, 7E 30% F1 50% 1Y)
M35 HeBE T, CD-PDMASO-PMPD40 43 1] i 755 Hi L
PEI25k & 13 1 28 5 (G AR . Wang 5514 F
FKA TR WISEYE PEI( %edt-PERK ) #E 17 R gl
b, A L B FE-PEIRK-CDs 49K 24k B B IRy
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KA FCPE RN G E P, 40 B T PR AIG, PR A% 3 RAR
B LiZEIRL1, 2, 4- = FOE AR BRI PET A
BEALF G R T R8O PEL-CDs, PEI-CDs A {E R 230
8 A W) FH 25 1 A REFH T 20 B A% R R DA 328
He 251 Fl K kil 5 7 PR BH 2 7 R A 90405
A BB 5 ( Taea-CD F1 CyclenCD) , CDs i 1F
iy 2 AT 0] 5 DNA 41 %6 1 98 KRz 7, JF R 3
DNA G52 [, STHE R PEL M EL , 3 PR L e ik
REPLE T 2 000 1%,

4 BELEBIEL WL P A

i AT RBGETT
JEHIBTT (PTT) S 55 —Fh A R SE IR 1) 3
W%, PTT A — Rl ICRETTHAR , 47 A i
TR IR v A e S8 R R S T A B ) A
CDs & PTT 1 RL R HR B AT 8 w1 9 ' B A 2

4.1

(F 1), il Ik A =f. (1) LI+
SRR T N AT IR, Zheng 5 IAETT Y B
(CyOH) 1% Z [ ( PEG800 ) 1E W J5 kt, JH— 2
B U B A I LD SR DR T AU T RERY
CyCDs, CyCDs 5 K & 506 7E 820 nm, H H AR
12 IR IE AR (g = 38. 7% ) Al i g 0 1) g
71, CyCDs REIRIIT #E47 T £ 40 5 6 1% A gk
S (K 5(a)), Li P DIERIRZ e M JFURH &
[ CDs HA @ AL RCR (35% ) F R A (1))
PgEE vk, TR 4nH A9 PTT 3697, Lan %517
DA SR IE RN — 2R 5k A ik oAy JSORE 3 ek 7K ARG
#7T S,Se #4878 CDs, 1% CDs 1A KAYIOE T
Wk , A7 BT CDs 3 i RO -3 & AL 52 i
LLANR SR = G AFE e 3% (58. 2% ) 1 PTT ¥R
J7. Ge S5 DIRWEMy FIL TN R A JFURHE B 141
I CDs, il T 6 /2R RS R A 519 PTT

%1 7[E CDs & PIT 7L e s =
Tab.1 Photothermal conversion efficiency of different CDs-based PTT agents
%/ TEIEFEHAR
CDs JkL il & 71 A A,,/nm R 225 3k
(W=+em™) 0/ %

A: 720

CyCDs TGk R B TR 2 38.7 [28]
A,,: 820
Ao : 320

DACNDs EINIPE AN /3 IR 1.5 35.0 [29]
Az 450
A, : 500

S,Se-CDs TIBEWY | IR I A TR 2 58.2 [47]

Aen: 731,820
X, : 340 ~580

CDs RUEW AR IL N R IRHATE 2 38.5 [48]
A 640
Ay : 655

NIR CDs FriER SR E .DMSO RFIH 70 1 59.2 [49]
fecl Al B Ay s 430

NIR- 11 -CDs 1,3,6-=f43E PEI i 0.6 81.3 [50]
K HAGE A s 470
A : 540

HBCDs [ B2 S AT I IR 0.8 27.6 [51]
A : 610
A, : 360

CDs i) \ap IR 1.4 30.6 [52]
A, : 440
SRR LK e amR | A1 360

CuCD NSs ) - Kt 2 4.3 (53]
FLKA BRI At 420
LN TR LR Aex: 390

Ni-CDs ) ] IR 0.5 76.1 [54]
KA AR A s 470
A : 800

FA-CDs FrtERR R (IR780 ik o 800 1 87.9 [55]
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Fe B
H °® OH  PEGgy,
A0S
JrCiy
e

BlS  (a)CyCDs HA U NIR LA PTT 36977 5 (b) NIR- T &6 CDs 194 B AE NIR- ISR AN PTT 3657 v A4 107 1)
IREE RS (¢) IR780/FA-CDs I T Mgg#L ] PTT y4971
Fig.5 (a)Schematic of CyCDs synthesis and NIR imaging and PTT treatment ™. (b) Synthesis of NIR- I luminescent CDs

and schematic diagrams for NIR-II bioimaging and cancer PTT™™!. (¢) Application of IR780/GQDs-FA for

targeted PTT

1BIT . Bao SETREFY R AR ¥ MR AE DMSO
w3 S R G A T LA I AR ROR
(59.2% ) WAL LLAN K& CDs, AT LA T4 06/ 067+
XA IBAZFI PTT VAYT7 . Geng 250 LA 1,3 ,6-=
HFEIEFN PEL A JsoRHI 4 T BA L0 A — X
f) NIR- I -CDs, NIR- 11 -CDs 7E 1 064 nm #b A9 1%
WEABRRSTERIEL, YABATEMN 1.68%
H4ZE 4. 30% I, NIR- 1 -CDs £ 6 #5382k % A
43.6% $2&5 & 81. 3% , "] LB AR N T 1Y
PTT AT . Jia %50V HRGH 1 LA ED B 4 FF T ki R
K414 T HBCDs, HBCDs A7 B ik B 1k | 55
W (350 ~ 800 nm) | 216 & B A A= W) 55 1k
1E 635 nm OGRS T, HBCDs BERE ™= 2k Bagk 75
A0, , XAE ARG RBAE F T2/ DU
BG5S EDEBh f /e BaaYY . L DY LIV
JRTE MRS R CDs ELA AT 41 41 % 5 A i

IR (30. 6% ) , AT T LLAM SRR PTT
BT (EIS5(b)). (2)RIEFBaR, ESEE
T d FUEAE AR LR IR W EA Y 455
5354 d-d BB R R ARG, dF 1T S 8O
LEAMEIX I UL, Bao %51 il & T BB R 4f
JERAFPER) CDs 5255 %) CuCD NSs, CuCD NSs
TEA] WA 21 A0 X HA B iy Wi, T T2t/
SR WS AR AR PTT 3897, Tian 250 4
% 74824 CDs(Ni-CDs) ,Ni-CDs 7E 1 064 nm i
JERES T B ALRCR B ik 76. 1% 1 H B A
MREREE | R GF  Y RS M A AR A A vl VR
SR RN R B s S A 8 e AL B
R Ni-CDs U459 NIR- 11 W5 i 5 ] fE VR T
H Ni—N & @ E RS, 2 s AR R, BT Ni
5 N JEFZE BB AR T Ni(H,0) ;" BLA W)
5, R, KON AR A Ni—N, Ni—N 9
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S RE ST LI /MBI BE R VLD , 3X T8 Ni-CDs 7£
Al WY 580 nm) MITZLAR( 29 1 000 nm) X 38 i
A SR B T, (L AE 1 064 nm IR T %%
(0.5 W/em®) FRES T, XF g AT &) PTT J7
. (3) A TFIAR, Li & T s
i) CDs(FA-CDs) , i a M 21 7R 4k TR780 1)
% il 4 T IR780/FA-CDs B &%), IR780/
FA-CDs HA7 i J83 B8 1] 68 77 F1 i D't B0 6 00%
(87.9% ) , 7 808 nm YA T, Al A AR SLIE 40
IR BR IR (B 5 () ) o
4.2 BRERATHIAEIT

B 16T (PDT) J&— R OGBON TR 65 5
AR RS A B A BRI AR 4 YR
. 4 CDs &£ PDT M KA ikl A —F.
(1)CDs i 5 BA PDT AEEM Y gk A7 M ag
el g B H1 45 PDT 49k 2 G448l Chen Z512
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