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WE H7 % (quantum dots, QDs) JE—MEKGE UG, PIHARFRDGA R A2k, 70 277 Gt B
J1o AEBAGISWITT T, QDs )i 5 BE AR AE P AR A= W UGB AR RESCBRAAN . ZHEUY 2 B o0 1 1 70 A<
&, QDstENZOChRCHy, P TAMMIEE:  AEWEIRULSRE | BN S FIAR S SO ORI, S TR 12 T
RER&AE . TEPIGIT T, QDs A/ A ZINREAOKREMA, T 251k, B2 e it im fik, R 2itlidmn
RO ERIE , QDs i 1] I EHGI sOLHON B3R, PRGN . S IR Mgy, s X i W AU
Pits. SRR, 5 QDs MWFFEENIlm R AT T I 8 2 PR, anagti . Roe PR AL Toll Al A 7= A Tl 3d ik R i
M . ERHAR S iU Z Rkt , BTN BLIEZ A i Se ) B . ARSCEES T QDs 2SR, H i 41 T HAE IR
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A= ) R R 2 22 W A X558 R A B8 A
AR SRS TR R 2
FARMT R H 20, BUA BAREMELL7E 40 L 1X
TR, HATRES XML ) o1 ik 2 A5 5
WG IR 0 e — s i ] 2 W R A L fh 7 o
Bre AR, FH TR0 355 1A 20 4 b gy o e i A Ak 1
Al AR/, ST SUREAL, (H AR R e AR
FEFTRESZ AW 40+ 2, T 40 RNA 28 5 32
AR AT SIS A0 A Hh RNA sh&8 7284k, {H R4 T
FriEstiA (W Col-2EH) XELIZE L AR, &5
T B R 3 s A4, AT RES AN T 39 A4t
320, A G EE A ST AE Y (A Spinach &
4i) PRICRNAMEAR, WAEEZEL . ORRE
M SRR ZEENE S, Hik, 0P EIF A5
(53 HT FS KA
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1 QDsZZE

QDs 7] IR T R sl 45 M PR 328 (3R
1) BFPEAA A SRRy, XL T T
HARE YRR, (L RRAEAEAS R Sl 451 H
11 RFETERSE

MR ROCRIETCR RIS, QDssN
12Fp28R (F1): IB-VIA, IB-VIIA, IIB-VIA,
IITA-VA., IVA-VIA, IVA, VA, IB-IIl A-VIA.
RBHEW S (polymer dots, Pdots) . ¥4 @ i
% f & (transition metal dichalcogenides quantum
dots, TMDCs QDs) . MXene QDs (MXQDs) VA
KES Bk B | F 45 (perovskite quantum  dots,
PQDs).

1.2 R¥ELEHSE

AL AR, QDs 73 Az Fe R |
3R (K1),

Bt B2 — AT RriR A T S5 0 AR g ok
PERE, AZPRAE T T A RO, SRR
T QDs g M4 m HOGA e BT, e 177 %
FIEECR G (photoluminescence, PL) %K. AR#E

o
K
e
=
S

Wt A e AR b BB DA B AT Z (R A
RERR, F22 2 R R B LA K, RN
-7, RZINFRA -2, ol A% 0 Sy sl iy v]
AR Toe /20 BN, IFRA -3 e R E Y 1-
IR FE 4 CdSe/ZnS QDs, ZnS5e/2 M i m 179
e R ARPOCE AR, R TOERE
PE O, Sun 8§ MY T PHE T B A 4 T ZnSe/
CdSe ¥ 7e 44 K77 (451 (NRAs), 4l ZnSe NRAs
ATEL, X FhAZ 72 45 44 J B S K ) mT LS i
Rl [RIEE AT AR R A R AR AR 1 2 2 A
R, NIHETR T RERR RO TR R, X R
fi A AR b B Ve A (L

A4 i AR R AP A _E AT R, TR
PEARZER, HAT T T8 A WOSORT & S . il an,
CdS,,:Se,,s (CSSe) A4 QDs HIGHEMLBCK L AR
CdSe & T 74%, LG CASHEm T 34%F 2,

B2 S TR A% R AR AR, elds
HE FEER DGR, A A EIRGE, 5
WM QDs M b, HAA B ML . B BRI
Jafarova % "% R A — PR BT R O, MR T
Mn,Zn, Se /& 2 7E A [F] Mo ¥ B (1) B, 1 FLRE 1

Table 1 Types of QDs, their examples, properties, and applications
&1 QDsHYER S, RN A

btk ESit] S PR J82 R
TR IB-VIA Cu,S QDs EOEBUR LR RIFHI SR e M /It [14]
IB-VIIA AgBr QDs AP R T HeE A AR [15]
I B-VIA ZnS QDs PG . AREETE KBHAEHIN. AP g  [16-17]
IMTA-VA AlISb QDs R R E T bl Y % g [18]
IVA-VIA PbS QDs PRS0 L T IR BH R HL It [19]
IVA CQDs RPN, miafae it e R AR RS [20]
VA BPQDs RS )3 itk Re ZINREIKT & [21]
[ B-IIT A-VI A CulnS, QDs e (KRFEE KPR BE LIS [14]
Pdots NIR800 msafE . RIFIAEYIA AT N R RN AR [22]
TMDCs MoS, QDs o AR E M K R A NSE R RITRIE . ObHA M [23-24]
MXene Nb,C QDs PRS- G2 e S T feikas. ML TR [25-26]
Perovskite CsPbl, QDs e s e M S B At e TR BRI [27-28]
“E ! - CdSe/ZnS QDs e St BRI A% [29]
-7 CulnSe,/CulnS, QDs Ot LR A 2 [30]
JI-%! ZnSe/CdSe QDs PRS- G HL T kB i [31]
et InGaAs QDs AR T 5 e K it [32]
BIRA Mn: ZnSe QDs FERTEER, AT RS RoER L [33]

Pdots: AW A (polymer dots), ML HEMBNEENITSE IR SWAH M ; TMDCs: ¥4 )8 —Hifk¥ (transition metal dichalco-
genides), HTIEA R (W4HEE) AR TR (CANBRECE) AUy 2ol VR R IR R MXene:  HSIE4 miRibY) . Aok
RAM LN ; Perovskite: FHERW Z5HA KL, ma)E )b, 2rxUhABX, (AGEAHLIHE 7l CHLINE 7, BhiE&EeE Ty, X
PR EE T ). CQDs: fkitF 4 (carbon quantum dots); BPQDs: R#fiET & (black phosphorus quantum dots) .
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AE. 4R EM, ZnSe M MBS M J5 B4 BRE
Jl/IN, Mn @ ZnSe /K F H Zn S5 BOLETESE BG4 L ik
JZ, H M BB ETEIRGE, RUIHEA
VER BRI T o

2 QDsTE&RFISIT HEIA A

2.1 QDs5&ERISHT
211 AEYIRUR

AW AR B AR AT LIS B 5% N D TR A HBAR ST
YRS RITIRE, BN TFARRGRSH . &5
A DGR P ASR AR — 5 5 i, ok
PRHHF A R E PG5S, QDs Al LAdE o il A4
FHZEA LML, S B ) 20 AR B A= sk 7R W
JFHEAS MR AYE, HobbeEth e,
Ty E s i N 0 T IDUU =i| RE o 7/ ESEs il S 1
CdSe/ZnS QDs % & P& TG H KL FH 6G 1Y)
10045 B0 BEAh, EGATHIGYRHIE 9IRS
FIRARR, G F R 2 /0737 ag >,
11T QDs HA A 45 1Y A G338 2o el A8 F R
FUEH R, AT DL S 30 DA 56 A1 31 21 Hh 9 B 1Y %<
RHF

QDs 7E UG T A 28 375 R B 6 T 42 i A% 3 B
B WA IRERA UL e T DA R S AR R A
YWEENGAAREEZ LY, HESREZHA
SRS . RS IR R AR, AR
ARSI A ) TR S s SR AE T 21 A i
KA A DTS, BRI, AR AR AL
A —IX (near-infrared II, NIRII, 1 000~1 700 nm)
JEENAY QDs, HEUHBUVESS, &4 HTIRZH
g &R Em R BRI . Wang
5 P00 A B R SR W 5 B9 CdSe/CdS/ZnS
QDs, #Em V7%, H =00 o 5
5k, £ 1600 nm KAMEOL#MA R, B 550 um
{18 ik AR R

QDs il #5 I HCHRE BA LS 2O G E RE AR
FEPE, 18 T NIR B 7 BRI . G AH T8
JZ 14 (optical coherence tomography, OCT) 7E
KR O MR 2= AR BL g 12 W B E 2
H, fetsititm apeRny A S G, srtsn]
IRBIHOKR RS, AR KRS, GOKR:
(nanoparticles, NPs) A LAFGGRGHHECR, Ml
58 OCT Xf L JE o Coro 45 ™ ifi JT] Ag,S NPs 1EHy
OCT FAE ) UG AT BEFR ST % /)N BRUHR 35K 144 7 4F
9% TERE R HRIK 388 AN ] 7 A ) b 2

Ag,S NPs AR UEFT OCT i, K&l Ab
B (0 min) FUHEASALFE (30 min) AYRESLRAL T
T AT HRE , NIR SUGRIHRFRI, XEENPs 4
RAE 1 150 nm R AR L T B {55, BRI
Ot B HR P2 | A BT IR AR SR 2540 . X LT)
AE AL FRAET PT LA 25 NIR SRR AN OCT % L
TSI 20 5 B NIR BG5S BB AR ) i 50T
RET Hrig iz .

KA I P48 — DI R GE, KA FH
FESH IME LA, AN B BRYY, T ARk
B eiE i . Zhouds Y FH Zn - Ag,Te s
%= QDs AT I A A%, FH T A 80 i 4 -
X 48 QDs A X 73 R W5 BE oA 23.2 pm 1Y B4R L5,
SEPE T /INERUAL A (4 i 3 BER US . QDs SEEE T /MR
I 1A ) A BER TC R AR, RS X 43 B 40 I A
AT T3 i 4 0 /0 BRUIRBR 0 %) W

TG YT (radiation therapy, RT) i i fig
SRR 38 AN LAY DNA KR IRRAE , (AR Ge R
— YR B HELLH IR TR R, BT REIR
IEH AL, QDs FEAFHIG IR KL ZUNAR M fe
BAE A Y RAR 5 3 U IR YT R AR BN H . La
L 2] ] £ — Bl pH MR N 78 2% {9 0 (AuNNPs-
Ag,S vesica), H AuNNPs#1Ag,S QDs 1 h%, HT
JI e A BUBEZS NIR -GS AR O UL 5 | R kS
HERT. IZBEVAE TR M IR v ol RR S M0, R
Ag,S QDs LIFFJA NIR- ¢ Y6 {5 5, [RII g A8 e s
T, SEBLME S EE S RRYT o IRINAN IR R
B, %7 & ELA D05 04 T30S B8 R R A A g
A8, [RINHE/ DX IE R 05, RBLH RAFAYIG
IREEARIE ST -

2.1.2 EWEIEAE

PR IR — R RS X R A W R = A T
MEF SRS, tT QDs HA L5 HAks 1ot
SR, DSBS BRI R G, Kk
PE. ROR . MER RN S AN R A R — 1 RS
H, X R T QDs W AE W 1L IR T Tz N H T2
Wi, BEBRE DS SRR A SR A4

BBEH K (glutathione, GSH) 38 8% HI/ELF
ZHIRZWIAEYIAR B, B5 GSH A I ik
(=R AR L . DRIk aE) BRI FRAIK,
{EFERT H75Z R 2 AR R AL EE | B b A AN i B
Wtg. Hit, FIH QDs fit 5 iy et i T A Pk |
R GSH kil 7 1 BAT FHE A W A fH . Zhao
2 R ke A B i 2% B i 5 (dragon fruit
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peel-carbon QDs, D-CQDs) Fl T-Hg (1) -T %4 Bt ,
TER T MR (FOLME) EYfe s T
Kl GSH. 1EZOLRIUT, GSH 5 He(ID &5 45,
WA T-Hg (1D -T 55HC, B D-CQDs Y%t 1
BT, g, G-IUgEM/maRE
A WAk AT A SRR 2,2 BR AL - B (3- 2 R
JOf E O -6- i R ) B 4 (2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid) , ABTS), ;=
ABEAAL, SO, YRR
B L AR 1 BAT R RO BEE A R %,
X GSH Y K 5 BR 43 51 24 0.089 pmol/L Fl
0.26 pmol/L, TERIIUMAIEFE i, A WG AR 1Y
ISR AE 95.59%~102.92% Z 1], i Hh R AF (1 5
1.

A BN ZE T Uk 40 B I e e BE 1A
(human T-cell leukemia virus type 1, HTLV-1) £l
Ji ik (40 B K S % W B 2> BT (enzyme-linked
immunosorbent assay, ELISA) . & H Jit B b v
(Western blotting) F1SLHf PCR) mARA AL, (HH
YRS A% . FEIIC . AR 2% . Zibadi 55 1 FI IR
58 CQDs@AuNPs il 55 7 — M8 1 Ak 27 A= )
s, DO Ry A on ], SR 2250k
R R4 AR, WIHE 20 min P58 PG AN o 8
o TOANIG PRAE AR, DA bR idi i 5 PCR 41T,
A ) AR A B R S R 96.67%, R EUE N
100%, AJ #f 0y HTLV-1 B30 Pt | OKS af AG I /Y
TH,

filil% 2. (nitrotyrosine, NTS) 1E A& L
MIAEIbR G, TEBT R SRR S 1 2 I b HAT
B Sy TS — MR NTS B 5,
Benjamin 25 7 X I 4 m AL . B ) A5
Febixit L (Pt@CQDs) KBTI,
KM T % Bz R e (density functional theory,
DFT) A T NTS VRN BRI B A= Y5
IR . SEBEPE . RO PR R ARAOR . 25 R R,
Bh A& i 19 Pt@CQDs 1k & B A & & WK fg
(=666.673 kcal/mol) , JEAG N NTS A= ¥yr 4 iy B
R ZR L AR SR G 0 A SR 92 W B 2% T R 1)
NTS ‘EYhr S PRI AERY

SNMANE R BB LE IR R, TEZ R Y2
Wreb BTy, UM A S A 2 i 1
PERGE RN A X, LisEY kT RET
SnS, QDs@MXene KX 4} 45 iy % 10 55 & F 1k
My & B fb % & Jt  (surface plasmon-coupled

electrochemiluminescence, SPC-ECL) f£/&%%, #)
FH CD 3 FE 1A 5 W &/ A AR 1) o 8 11 g Ry S
Sty MR A I QAR S TR A
WA CDO RN, HAGIIFRARZE 2.5%107™" g/L,
BA &R eI REEA M b, %1%
JEESAE PRI LB R, AT DL IEH AR
W Hiy L IREAS X 23Tk, I HLRERS R 7 i FR Y
AV SRERE MR X Tk, BA
EYSIETA ICIE Y i

2.1.3 LA I

1% G s i ARSI Xof T3t T2 AR ORI S
PRIGTT IR R O . AR5 s S A A I - B G 45 s I
LN AR (N X ol S 1R o VS e
VRIS AR T . A 8] TOA LA S ABURAE RS S AN
R A ]

HIHH QDs 1 5 9 G i BE FAGE 1, ey )2
#rix (immuno chromatographic assay, ICA) R4t
H i ] QDs N9 GHRIC Y, P S B E R AR Y
Bl & %', Zhang % ' %L F CRISPR/Cas £ R
M EMHr AR, ¥ QDshric —bt, & T —Fh
BRI, T E SRS B AR T AR B 2
(severe acute respiratory syndrome coronavirus 2,
SARS-CoV-2) HYPRHEBIIGI . % T5 ik BA 6
By REE, HARRAKE 1 copy/ml, BEMEA N 2
WAV B Y SARS-CoV-2 2 . [FIRY, %7 BA
RAEFRe v, Tl i FhE W, IEMHZIT %
BA mf Ry Tiae /1, REREUERA X 5> SARS-
CoV-2 5 HAbRIEMAR, HrT7EEnf RN e, T
S AHYIRAERN B BLAT AT . Wang 55 2 R 1 —Fil
XUHIE 926 ICA, Sl 7E Si0, 3R 1 W b 2 )2 8U%
QDs, il 1A HA 3 2 QDs 7 )2 1 4k
HE-QDs YK E G40k (SITQD), 1ENICA REEH)
A GhRIE, RIUE T AN v R AR E TR,
7 i AE SITQD 1 & 1fii SARS-Co V-2 il FH i 55 4%
HEMAITREDUR, B REEIR%, % SiITQD/MR
BERSER SV AT AN ORI 2 (TZR) R AHigk
PO, bt 2E AT g 2RI B DO E 5 o 107
% HE W% [W] i 4G I SARS-CoV-2 1 H i 9 7, X
SARS-CoV-2 1 ¥ 78 i J& s 7 ) A6 I 1 R 23531
5 ng/L A1 50 000 pfu/L, % T 15450 H) %L T AuNPs
M ICA J5 vk RS- = T 2910045, L ELISA A
S T 205 DL b Ak, AR A AR AT AR
15 min N5, ATRIMES D —FPbRad . RS8R A
FER B PR AG I TR, T8 B e R 2l e
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H AU ARSI . Yang 5 5 i ] QDs e Yk I
K TR AATRAR, T — Mg i R] PG SARS-
CoV-2 LRI, Jl/D T RE AR L T B0
BWIER o A AR BET T —Fpabr s sl REtE
BAF . ARBUN R, JFRe SR TS
AR &, AT BRI

% ﬁlf} ;:E‘ yf‘i ﬁE % $§ *Z (ﬂuorescence resonance
energy transfer, FRET) J&—Fai A H U1 44k
BRI, QDs J& FRET 40 K A% B 38 vh (1) 56 S 44
¥t. Bardajee 5% U i@t FOR ATV, B s AL
) DNA (#ili3k DNA) %+ %] CdTe/ZnS QDs i,
& WK 75 P 19 QDs-DNA, >4 #1 DNA 17 75 i,
QDs-DNA 57 K| DNA JE I O3Sk . i 0%
KHKIDNA (fER3ZiR) FQDs (FERHtiAR) e
$23, FRET ML Btk QDs 50K, RUITF
WAL PR AEAE . G5 R RI], IREF B9 0R B Bl 2 41
DNA V& B (1 BE I BEAIS o 3207 1 A8 7 B e bR s 2
YL IR A A R P R R A, KRR
0.000 823 mmol/L, 5L 1 HAE BT A s PR 5 Jk e
B .
2.2 QDs5%&fwAIT
221 Z5¥kink

QDs 1] LIME A 254 K2Rk, 5 BhZ54) s el
Mk, RN R . 255
QDs 45 & AR 25 A Z AR B AL B i
PR A RIHE 5, XERAEIR YT L2 3
] TE

725 (doxorubicin, DOX) Z&—F¥ H A1k
ST, ARER TAEMRIFE AR . VA e 25 R [
SR R AR, AR IR YT T FH 22 3 PR
il "o, K DOX 5 QDs 45 AT ML 4K A BT LIAT
B MR e SR R, TR T LA E R 1R Y7 P K
. Rahmani %5 57 #1457 1 2% DOX A9 pH i )i Y
SEEBE (chitosan, CS) -Zii+ (montmorillonite,
MMT) -EB40k T 5 (N-CQDs) 4KE G H
Bl TR S AR (49%) P ER0R
(91%), MESRZERE, HIRAMIET:, AW —F
AR IR & Lin %S Hl & T ik
DOX 1 —Hifb4H &+ 4% (MoS, QDs) MR —EE
(polyethylene glycol, PEG) fb 4 K# K (MoS,-
PEG), JHIT Al 3855 pH MR (AL 72590086 1% . 1%
o ME I 25 A PEG B T MoS, QDs 1A= 941
FHEMBENE, JEME T DOX, MR EMN,
MoS,-PEG-DOX ## i 14 ¥4 5% v B Jin 1 ¢ jik DOX,,

LA R AN M BIVE R L TR A 1R 7
i T SIS O A R RO 25 ) R

R AR AR R BC A, ] 59 40 i 2 T 2ok ek iy
RS2 IREE A, SR 2GR vk, BRI RETLAN
KRB AT E— 2P m P . Pileh 55 ) W5 T 3%
M8 4 A VU T Zn-Ag-In-S  (ZAIS) QDs 58—t
ST LG AEXS R BEAL A (UAs) IZ5 &1
FHRCR . IRANSLEG R . a 2 S WAEH I pH G
FINESE, EKpHE T, Pnl @iy pH
B 6 UAs IR b 2 S dn i 7 b %
P R, FEMEANIE R (H460) HhHE%s
by WAL P s i, T 7E w80 AR AN (HCT
116) HUAEX 4SS, HAEIE R 4R (NRC-5F
CCD 841) " HEHARMARYYER . (B2, KN
WiR, 4017 dWIRYT, RE B YIRS RN HIH
FUHCT 16 &5 p A . Eilt— s,
RGP BIAMTRENR, H2iWk R 1
JiR 0, SRR, IR A YO A I g 20
it R BRI AS B (AUFERR BUHCT 116 45149 40
L), 259 SCRAAT EHE T, R R A
AW HURME MG . mTOL, E ad E i R T A
ZAIS QDs-UAs Z AW i s A2 T4, [H
X I 200 6 B A R A1

g B (liposomes) & — 2% 5 5 () 477 i J8d 44
KPR, ARG PRIV S ST gk 254 Y,
T8 7 g SR FEAS ] pH {HL T Ay sk 26 455 X fD 25 9 1
WOR XIS AR 0 4 9 50 A RN 2450 156 1%
"R XEE, ki ¥ 5 (carbon quantum dots,
CQDs) 7 Wil 259 7E 4 L0 20 A Rl . B ECR
YA DT AR R AE ) 1 Zhu 5 O HE T —
Fief X452 CQDs 5 g ik (lipo/Bi-doped CQDs)
FHES G L= RSO nT AL I R iR T AR T &6
lipo/Bi-doped CQDs EAT R #f B /K i AL 14 o
AT FH 45 9 20 2 CT26 B9 SMRic FA oy e ik
1% E N EREE WS, lipo/Bi-doped CQDs 7EANA] pH {H.
T2 AR L R, R R TR 55 R IE 8
(pH 5) 2Rl i . RN R, &
1t 15 d 93697, lipo/Bi-doped CQDs &4 i 1 i
A, R ARRURD B 38 OR E > (55 PBS 4l
FHLE) o [FIEE,  H 3B 2% CQDs 5 /4 pH Uk
ME T8t e H TR I8 R AEAS A pH
BT 2GR, ERNPTIR R R i R
77,

HERAE Ry —FiEgerh 2y, HAT MR R K
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Fig.1 Schematic diagram of the drug delivery mechanism of folic acid—functionalized QDs
Bl HEEIh AL QDsHIZa M X AL Hl R = B
MR AL IS (M QDs-UAs ST EA R DfE, @Al i AR-M B2 AR R e 25 4, IR SN TPt B NI D, pH T RE, f2if
25 NQDs /3 & I BRI 2 M Bt v

W, (AR EY R HEEAR. Wang 55 ' oxygen species, ROS) K-, $EHUTHCR. /)
TP A& T — Fh 3E F 94 K i % = F /5 (nano-realgar SR, oK EERS ST 45 & WA T e A
quantum dots, NRA QDs) £ I HE4N KK EE L , K, K T/NRBAFET, BAEEEN I 5w Al
TR BE AN RE A 25040 i e 93 A48 L %) 185 5 R % EH.

A B8 o B8 e A i N TS M2 (reactive QDs T£ 25 W41 o H R HAth (1)~ L 3 2.

Table 2 QDs in drug delivery applications
K2 QDsTEZMEE P HI R A

i) S5 T R 5%

e Sk
PTX ZnSe:Mn/ZnS QDs JiiE PTXMITEMAE 63015, 5 T RZMR [65]
DOX ZnO QDs FE M T B AR R T A (La-ZnO) QDsHIZIMIEBIE T &, 2GR 2R 1 W E 58 L66]
DTX GQDs FEE SRR K 4E, R GQDsAIDTX, i i 21 46 IR G Se Bl 25 W R T A s v 2 [67]
DDP GQDs JEIE GQDs T3 I 14 I A0 IR 03 375 1k ke (12 1 DDP A 41 i #5EX [68]

GEM CQDs AME 5% T (quinic acid) A AN-CQDs-quinic acid# 2 )5 -5 GEM S ARA] LLfifsg I g8 7158 [69]
GEM  CdSe/ZnS QDs  ffif MiE A P I H LR AIREBAKCEFH R, GEMS ORI, #em 1 ZMis HEARI = 4 7E b eg 2028 [70]

R g

5-FU CQDs i A% T TSR/ B IR R AE MR A AIB A T CQDsIITIO AN K E AR 259, e figk [71]
B E, B RGEA#I%ES-FU

MTX GQDs JEIE  GQDs SMTXMIECA 1GYT B4 FRIK T X MR A7 15 % [72]

PTX: %KM (paclitaxel); DOX: FiJ#:Z (doxorubicin); DTX: LG (docetaxel) ; DDP: Jlii4H (cisplatin); GEM: 75 FHA{ihiiE
(gemcitabine) ; 5-FU: S-FURMERE (5-fluorouracil) ; MTX: I ZUENS (methotrexate) ; GQDs: f1#2/iie T 5 (graphene quantum dots) ;
CQDs: fhtF44 (carbon quantum dots) .
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222 JtEhJiyrik (PDT)

S8 7197k (photodynamic therapy, PDT) /&
— BRI FERR . R B K O N A B
H, A ROS, BEREMEHLIG T B I L i A
o 28 FR A )RR S R R R R T AR
T WA e AR N 2 B B i sl B TRIT RBCR AN
£, QDs AT LAFE = YR B A e M A ) PR sl A
SERGA SRR 2, BEaRE R, i
1 PDT (RICR

T 7L 5 XA 5 4 e 4k, PDT A —
P ARE A 388 /I8 1 3 97 30 R 1 O R Y Bl
(carbon dots, CDs) FHAGSFHIZENCERE . AW
B LA R Gy il & S A s i A2 B G 7, Xu 8E T
BT MERAT R B 45 CDs, L 630 nm i K % I
FEAFUBIE A MCF-7, BEA 304 ROS, CDs
HA RGN, B3 8 40 i
o Yao %5 UG KE 5 DOX/Met/BSA-HA-CDs
VE R P67 Jr %6, A 2% CDs 5 — H UK
(metformin) IR/ ESIEFE, I 5B R
(hyaluronic acid, HA) fHEKPI#E /] MCF-7, BSA
JHTARHE 21535, CDs TELT A5G IX Il & 1 58
oo ZMBHE 532 nm P T REME A AL ROS, R
HHAPDT W J1. BV 0T . 2 R A i3 537 11
FOHAE, DEREE T MIEIRIT R, T PDT
AT R RNA TSR

34K Bi,0,Br, & — AP E Z S A < W,
AR R ZEA A S G PE T, e A4
Bz B 7z Y, He %5 7 BFSE T B CQDs Fil
Bi,O.Br, 20 W YGHEAL R D E s J1 2B, 7R 5800
A ) BERT B[R] RO ORIV B 1 2514, X AS49
YNMIARVEAT PDT 3250, 13X AN S 800 34 in 1 35 4
T PDTRCR ., 52k SKBi,0Br, L, &K
FAREIE ARG T . FEARA M eEtE . SR An A
ROS A= B LA K 25 57y 35 3o A A rry R

I B-1II A-VI A %4 QDs 7 PDT H %) i FH A/ 5%t
AR, Sheng &5 ™ 3 i P 51 %A A ]
Ag/In HL I i) ZATS QDs, I fifi F P 2% 4 kil otk 3t
B R (LR EREF -alt-1-+ V& ) (poly (maleic
anhydride-alt-1-octadecene) , PMAO) #17 3% 1 &
M, Al AR AL BK A . WSS IEAN T ZATS
QDs X} A S0 2598 21 it A2058 () PDT AR . 4 i
Yefa K15 R0, ZAIS QDs 56 I S [a] £b 3 AT A
BRI A2058 AL, I H ZAIS QDs /K FIA: )
RIS E M, ERHEZ 6

PDT S SO £ Ji A 0 B RS 6 7 b B AR 41
.

3 QDs*ElEK A AR FERS

3.1 QDsHiE

QDs 75 A= W = 24 U AT R 3 19 I & o7 T i
5, HWIFEEAESENE . QDs 0] LIS A: ¥ ht el
WA | A BERIK A 25 % Z PR iR ik A K,
FETERTRES | R B MEVE M2 B AL Y AR
RSN XT QDs IS E A VI T i, B4
TEAL QDs BB . A . AR, HEME R, B
RPN R N R D NS R AW U o
QDs 1] RE R A sl 2 T LR 2 AR MBI . B
BB T, W B S £,
QDs M EE M HA R AR . foldn, &R
(25 mg/kg) CulnS,/ZnS QDs & T8l . FF. Mg .
(SR AR N N R0 I 7 TR <1 I 0 o ) %
(2.5 mg/kg) £ W2 S5 2ER K E M
B B3 Ak, BARST R QDs H T MEHEE, %%
SHERNEIIAR, Rt HEE R ™,
3.1.1 QDsEMENLH

QDs W TE#EE B S5 HALSAAUSAH G, L
RS e . REESRE THQDs (E2).

QDs 5HE 4B 454 nT e X AP i % . QDs
AT LLS S ROS T A%, B Cd>, 1 i il I 241
PR BRI DNA 4544 ™, QDs i AJ LA i 4 ff
Ca® KV, PiELPRNGE S, FSaMMET,
B SN N %l (alanine aminotransferase, ALT)
1K & % TR 5 % T (aspartate aminotransferase,
AST) AKVTteE, Sl . R Em, EaR
/NI 5~10 nmol (577K T, K/NA 4 nm (1)
CdSe QDs R ] Wi g% 2% FF A B0 0

QDs A LA 15k ili W A TE Bl AR 3R -5 e P F 1Y)
JEARIE . N CdSe/ZnS QDs £33 il i) S ALK
FLIR I SRR 8 K, IS 4/
LT 41 10 nmol/kg QDs 23 51 2 100% 5L T- %K,
QDs I LIRS Cd>, 3l 1 i VR K300 3 552 i 200 L %
WA —Ee M QDs, U1 PL ¥4k GQDs Filfit 5L QDs,
AIRES | TR R Gesm AR

QDs AT B B AEACHS, BB, WEELIEE
T, XU S JE BT RS R B /IVE R IR
BE . AWAEYE . BN B AUNE AR . CdSe
QDs #1 InGaP QDs 773l 7 10 F1 100 nmo/L ¥ & T~ 1]
VR 4 5 3 0 B A M AR AR . 1 R GSHL %
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QDs A LAZEGL MLl e, Baktieson, & iR
RAGLRFEA: . QDs A LAY KAk 2 2L ROS 7K,
T XSF i P B 7 A S AL B . QDs AT 3 I
R BT, X EEGRE TR R AR, Jfa]
SECRIE AL . QDs-PEG-OMe 7£ 0.1 umol/L
R B2 T BV AT 75 48 JB A A 1 10 v 2 IR VA AR T
AERREAS, 1 pmol/L RV AT S 4hfustr - ¥,

QDsA AT g 5H RS ke fEMEM: BALB/c

INERHF RS & BE, CdSe/ZnS QDs 32 ik 1 & 4,
WG IR A RS R, iR R, B
I 52 W K SF . 18 ¥ 4R A i E - (luteinizing
hormone, LH) 7K. 7& M BALB/c /N B,
CdSe/ZnS QDs T # fi& ¥ 1 ¥ R (follicle-
stimulating hormone, FSH) F1LH T, BPHE4Hf{
B b S I, FEAEYIBE ST N T,
7% I QDs W E M BETERLY, , TR ABEFEIT & T
LA QDs, JREs s RIEHE 1.

SREmEA AN "
A T e R
Ca2+4\
ASTA  ALTA

B Y IR S

AL
v ABEH K
SRR ELE
EPESZ R

o PR fRENEI R
Y 5L IhREIRIE sy [
PRI A R EA
T T RE Jane ¢+—

Fig.2 Toxicity of QDs in different organs and the pathogenesis of associated diseases
E2 QDsEARERE HHHMEFEXERZHEILE
AST: RAWFR A M (aspartate aminotransferase); ALT: 2542 (alanine aminotransferase ) .

3.1.2  [E{RQDsEEE M it

#r QDs B850 IUHAE BT G 1, B4
SRR, BRI M EE I 2 OCE

VEPRAL R o G FE 1Y QDs A1, FFEFETF AW
] REfAL R QDs, Ui Pdots, i PEG FIZER 245
¢ (polyethylenimine, PEI) 254 #L4k & 4941 mi,
X4 QDs 7EMR N AT B [ SRARIE, DA IR 0 5
PEXES, BA) RN 7. tAh, CQDs A E
HEJR, AR T NAFE TR R TR
VARG PRI, BA RAF A YA 2SR

B, 2 FIBTERIREE QDs AL

XF QDs & M AT IR Z B M sl s e fEHT, @
R QDs R HFT L — Z IR ZE, DR
HHOGMERE . X AhE Ty 0T LI T+ QDs 1Y 52t
PERE, [P I Cd™ NEREEA b i, i/l Cd™
e A E BB RL, NTIREAR . a1
(Scenedesmus obliquus) RELINREGYSIE W —Fh
“RAR”, JF HAESRMIE CdSe/ZnS QDs |, i
1M 2% QDs Y BAL PR, i/ 5518 40 i 4
BHIARERER, ML QDs H HA:YIAHZAE .
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Zheng 55 ' | FHBE 5 £ IR i HL AL 1B AT AR IL N
S MM CdSe/ZnS QDs YA N TEME. BFFE LRI, P
Flt QDs BIBEAR T 5 5t (4715 K . AR AR iR
B3, FECOAKIRLL R RERERT, XK QDs
(PR SR Cd™ RO B A 320 . Hrh R QDs
BEPERIOR, AT ARG N4l B 2 A7 DL SORE
i} 6 NS

¥ QDs 34 7E PEG JE 1 12— FP B I QDs #f
PERY T, X AP AR T ROS A7 A2 3L 1L 40
MIAEH > o 5 TiO, [l 5K 1Y NPs 28 B 1 40 g 2 k
FOR G I ROS YR, Tl 3R N-GQDs W it
£ TiO, NPs & [fil, ¥ i, N-GQDs/TiO, 44 K &2 5 i
KL, AT LAY G ik s m] it > 4k, CdSe QDs
MR B Cd™, bR REE, Sl NN ZnS
SeIE T RECHAN M B
3.2 REMEE

QDs & HAT FL R TR 4 J e o 174 A A0 e 1
kL, Ao ZRIRAE . B OB R A
R, FEOOCF B AERE TR, QDsTEY)
AR B RGNS AR AT REXS HO G A4 R A=
WM T O TR QDs I BE . e RRRETE,
WHREMNCEHBA T RENIHE T/E, 50k QDs
X A 2 TR AR E PR A RO Ik
Faka s B TCHLAM e QDs #EATEEAL 7 B
SE REECIR AT DA RO Ak i I, BRI A
A QDs %1, MIM$ER QDs LA LAE S . Zhang
5 D8 S A ] = SR B AL X R T A S A T
JEA FTH N, PASEIN PbS QDs Ak fa e Mk
it Ko 55 ™ H F i Ak 2R (FH k4 12 FH 7 -b-
LN TR 4K Hhlg ) (P(MMA-bGMA )-SH) ik
BRI BC AR Y 25 W) L5 45 H DR 1 5 QDs YOG
R e, A T ph e B A I A0 3R TP R N A TR T
fig (poly (methyl methacrylate) , PMMA) #h5¢ il
PR SCHR N e 2 ) 8 [OBUZ B2 19 QDs, IG5
% QDs 5 R G WA B A 3R T — AN 7
o] o Liu 55 " i & W K B 4 BT S0 (liquid-
encapsulated quantum dots, LEQD) ¥ {2 %% i I
AT T I, ZEORF AR QDs Hh LI 1) A AT RE
71, $E QDs R AL 1 S AR E M, 45
W], LEQD i I LU [ M4 2 2 5 5 45 (solid-
encapsulated quantum dots, SEQD) % {0%% i i B
A A RS SRS R e T P RE
3.3 Tl

24 QDs M\ 5258 3 AR 7 5% 2 IOHLASE A 7

Tl — e Tl APk

Hi—, AT 2R 2. a. QDs A i &
K RO N A tF (AR . mhe) . W), H
A S50 28 A5 i X A B B Tlb A =,
U, AT DR AESE A AR, RS R N
AV L SIS D /s 0 L ol DAV
fF, B AR R R R —BrE, i CdS
QDs i 1o I F i 2 A i L SE B T 5.154 g/min ()
AR A R U A, B A s ik A A
BRI RS, ST AR R N S, TR
R A 7= v 5 T R AR E M, A0 “Artificial
Chemist” R4, 45& ML= Flm i shik s,
P A 7= 2 AL Y ES AR QDs ', b, i & i X
QDs MREZ CH L, (HEZR I 2L BB 1223
T A S R R AT 1 R, TRk
B AR BAFICNEEL, IR AGHE o B fh 2
oY AE QDs R T B M. BN, WL
FUBSE, ] RLAES 1 QDs 1Y [R] IR 52 il 2 B 1
Gao &5 1 R AT RRAE Jbc i, LA Ik K Sy
REWEH, — LA MN-CQDs, %7 AL
T QDs s & A, WEHFRHmSIAT A B
Z%, WA T QDs B A 17K ¥ M FIURE 5% pH M W 1)
PERE.

S, AR, QDs B BT SR
MR AN HLA TR araRs) , 8T A=l . A
I, T RMSA & gLk, nskE G iR,
B LI SR A O IR E B TR L
ARG, DLEAE AT SR A B . e, K
B R — A EB SR TR, 38l KV i
R, e TG G BT A LA,
WD TS Yy, R ROVIREE . T, R
BFRISESRPE, AT LURS ORI i) SRS . TES
Fkife 1T, 4N, Chahal 45 " 5% 7K G Rl
A7 CDs, 1 120~240°CH 24 F 1 v TR S g 28
ATV, WALG TR 3~12 h, HARAS SR
AL . XMKIE O AR, B A
BRI SAR S, It HLAR A = RE T 7 1Y
CDs,

B =, XFT/NSEQDs T 5, 75 SL 5 % AL
T, AERbEA R R o 24 T BRI R K, SR
1M, FERBBIA =, it 2% A AT BB XS QDs 1Y
Jo £ A B 1 B 2 A TR RZ W 7, Peng 45 1
R R B, AR SR AV R0 A AR Ak = SR
(trioctylphosphine oxide, TOPO) H f¥ b 5 ¥k ik 11
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WERR 2 R AE R A 7= 5, &%) CdSe QDs HYPERES
AR, FEODEEMEREAL 2. N T X —
[B] R, Steckel 55 ' SR I —Fh A1 BT A AL 2= H R
TE Tl A A2 7= PbS QDs. il % [ 1162058 i
RGOk E & B X5, ARG RB 1
AR, A i BRI Tk T, DA
Frg s fese e, X Fporik, PbS QDsE T
FEPERE R T 50%.

00, WPEERBE A, KM L = QDs f77F
.S AEESE A SR SEREGE,
R, #F & 658 QDs DL i e 35 v n) 5 2 ¢ &
BT A Ay 2 0 3 A5 2 R G AR QDs
(InP, CulnS,. AgInS,. Si. C%) I, 7
D e 23 9 TN = D i 1 B 1 1 A <l T i 5
QDs. T4 QDs NETEAJE, MARA Bt T HE4
JBiEYe, fFEanRsk kRS M HokEtae S
T QDs AHY HEg PRk, WEH T s, B
AN A P AR A . A 9 L T A= 2
F, FHEAERIM AR AR Al gy

4 BEERE

MHETFRZESEIE A, QDs REMEXT LA
VAT ARG . VS B E S 5 b, AR
PRAEG DGR, B A P2 il ELg )
PIFTAERE, FEAEY AR . AR B | 25k ik A
PDT 7 A HFEEZANEH . SR, QDsAFETERERIME
R EYHAERGEZ R, ik, fFEEE
PIBFSE oK T ff QDs 7E AR N AR RE St 40 A, dE
FFREEBmHEA (npiik. K. EEARE) ,
HE 5 QDs X 45 2 N it sl 240 2 g ) 4 . QDs 7EAR
N BN T oA YE L SIS Wt 2 5 1297 7 R
MR, 38 TF R SRR, B HAER )
AT AR, DTSSR Y (AN i
5. RAENF) MM, JFH, SEWSA4E
ke GRS BeE . . MRS AR
i, FPREERL EBATLERIBOS, bbkiEkeE S
b2z al Bk QDs T.25, Wy ise 5 TR 2 al HF &
QDs Fr il 15 25, IIff IR 25 2= 545 B R T H & QDs
Bt A PRBRE AN AR A, AR a2 W 04 R 1 AR
R, N QDsIZYT H B HUE T i O R R AR T
XA,
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Graphical abstract

Application of QDs in disease diagnosis and treatment
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(A) Drug delivery. QDs have the ability to extravasate and penetrate tissues, and can
be used as drug carriers to deliver drugs to various tissues. (B) PDT. QDs can act as
photosensitizers to generate ROS in situ together with other photosensitizers, leading
to apoptosis of cancer cells during the cancer treatment process. (C) Diagnostic
imaging. QDs modified with specific targeting ligands are used for intravenous
injection, allowing them to accumulate in the target organ to achieve visualization of
the organ. (D) Pathogen detection. QDs serve as highly luminescent markers,
enabling the efficient utilization of test strips for rapid on-site detection of viruses.
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Obstacles of QDs in clinical application
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Stability issues include high susceptibility to degradation and aggregation during

storage.

Industrial issues arise from complex scale-up procedures and environmental hazards
caused by heavy metal components.

In vivo issues include increased ROS levels in brain tissue by QDs, leading to oxidative
stress on brain lipids; significant loss of a large injected dose due to renal clearance
caused by their ultrafine particle size; poor selectivity due to nonspecific interactions
with tissues and cell membranes; and intracellular toxicity caused by ROS generation or
DNA damage.
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Quantum dots (QDs), nanoscale semiconductor crystals, have emerged as a revolutionary class of

nanomaterials with unique optical and electrochemical properties, making them highly promising for applications

in disease diagnosis and treatment. Their tunable emission spectra, long-term photostability, high quantum yield,

and excellent charge carrier mobility enable precise control over light emission and efficient charge utilization,

which are critical for biomedical applications. This article provides a comprehensive review of recent

advancements in the use of quantum dots for disease diagnosis and therapy, highlighting their potential and the

challenges involved in clinical translation. Quantum dots can be classified based on their elemental composition

* This work was supported by grants from The National Key Research and Development Program of China (2022YFD1300301), Ningbo Major
Science and Technology Research Project (2024Z180), and Ningbo Public Welfare Science and Technology Program (2023S053).

## Corresponding author.

QI Li-Li. Tel: 86-574-88130130, E-mail: gll@nbt.edu.cn
WANG Jin-Bo. Tel: 86-574-88130130, E-mail: wjb@nbt.edu.cn
Received: November 29, 2024  Accepted: April 9, 2025



2025; 52 (8) MEE, F: ETRERRSTHHINA 1931~

and structural configuration. For instance, IB-IIIA-VIA group quantum dots and core-shell structured quantum
dots are among the most widely studied types. These classifications are essential for understanding their diverse
functionalities and applications. In disease diagnosis, quantum dots have demonstrated remarkable potential due
to their high brightness, photostability, and ability to provide precise biomarker detection. They are extensively
used in bioimaging technologies, enabling high-resolution imaging of cells, tissues, and even individual
biomolecules. As fluorescent markers, quantum dots facilitate cell tracking, biosensing, and the detection of
diseases such as cancer, bacterial and viral infections, and immune-related disorders. Their ability to provide real-
time, in vivo tracking of cellular processes has opened new avenues for early and accurate disease detection. In
the realm of disease treatment, quantum dots serve as versatile nanocarriers for targeted drug delivery. Their
nanoscale size and surface modifiability allow them to transport therapeutic agents to specific sites, improving
drug bioavailability and reducing off-target effects. Additionally, quantum dots have shown promise as
photosensitizers in photodynamic therapy (PDT). When exposed to specific wavelengths of light, quantum dots
interact with oxygen molecules to generate reactive oxygen species (ROS), which can selectively destroy
malignant cells, vascular lesions, and microbial infections. This targeted approach minimizes damage to healthy
tissues, making PDT a promising strategy for treating complex diseases. Despite these advancements, the
translation of quantum dots from research to clinical application faces significant challenges. Issues such as
toxicity, stability, and scalability in industrial production remain major obstacles. The potential toxicity of
quantum dots, particularly to vital organs, has raised concerns about their long-term safety. Researchers are
actively exploring strategies to mitigate these risks, including surface modification, coating, and encapsulation
techniques, which can enhance biocompatibility and reduce toxicity. Furthermore, improving the stability of
quantum dots under physiological conditions is crucial for their effective use in biomedical applications.
Advances in surface engineering and the development of novel encapsulation methods have shown promise in
addressing these stability concerns. Industrial production of quantum dots also presents challenges, particularly in
achieving consistent quality and scalability. Recent innovations in synthesis techniques and manufacturing
processes are paving the way for large-scale production, which is essential for their widespread adoption in
clinical settings. This article provides an in-depth analysis of the latest research progress in quantum dot
applications, including drug delivery, bioimaging, biosensing, photodynamic therapy, and pathogen detection. It
also discusses the multiple barriers hindering their clinical use and explores potential solutions to overcome these
challenges. The review concludes with a forward-looking perspective on the future directions of quantum dot
research, emphasizing the need for further studies on toxicity mitigation, stability enhancement, and scalable
production. By addressing these critical issues, quantum dots can realize their full potential as transformative tools

in disease diagnosis and treatment, ultimately improving patient outcomes and advancing biomedical science.
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