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Near—Infrared-II Fluorescence Probes Based on Organic Small
Molecules
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Abstract Fluorescence imaging plays an important role in the diagnosis and treatment of major diseases by virtue of its
high sensitivity, strong specificity and excellent spatio-temporal resolution. However, traditional near-infrared-I (NIR-I,
700~900 nm) fluorescence imaging often encounters multiple concerns such as poor tissue penetration, which limits its
clinical application. In recent years, near-infrared-II (NIR-II, 1000~1700 nm) fluorescence imaging has been proven to pro-
vide better imaging qualities, higher signal-to-noise ratio and deeper tissue penetration than those observed in the NIR-I win-
dow due to the diminished photon scattering and tissue auto-fluorescence. Among NIR-II fluorescent probes, organic small
molecules are becoming research hotspots in this field due to their advantages of low toxicity, simple structure and fast me-
tabolism. This review describes the recent progress in the design of organic small molecule NIR-II probes and the strategies
for improving the fluorescence quantum yield. The application of small molecule NIR-II probes in activatable imaging, mul-
timode imaging and theranostics are evaluated systematically. Current challenges and future perspectives in this emerging
field are also prospected.
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Figure 1 Tissue penetration depth (a) and scattering (b) of light with
different wavelengths; schematic diagram of NIR-I (¢) and NIR-II (d) in
vivo imaging. (a) and (b) Adapted with permission®”, Copyright 2018,
Royal Society of Chemistry; (c) and (d) adapted with permission!, Cop-
yright 2013, Wiley-VCH
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Figure 2 (a) Chemical structures of CH1055, CH1055-PEG, CH-4T,
and FSH-CH; (b) fluorescent emission spectra of CH1055-PEG and
CH-4T in FBS and PBS; (c) FSH-CH for NIR-II imaging of ovary. (b)
Adapted with permission!'"’, Copyright 2017, Springer Nature; (c)
adapted with permission!'”, Copyright 2017, Royal Society of Chemistry
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Figure 3  (a) Chemical structures of Q1~Q4; (b) absorption spectra
of Q1~Q4; (c) Emission spectra of Q1 and Q4; (d) chemical structures of
H1 and SXH; (e) absorption and emission spectra of SXH; (f) the NIR-II
imaging of tumor based on SXH under an 808 nm excitation. (a)~(c)
Adapted with permission!"!, Copyright 2016, Royal Society of Chemis-

try; (d)~(f) adapted with permlssmn[ ¢l Copyright 2017, Royal Society
of Chemistry
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Figure 4 (a) Chemical structures of IR-FE, IR-FEP, IR-FT, IR-FTP,
IR-BBE and IR-BBEP; (b) emission spectra of IR-FEP, IR-BBEP and
IR-FTP; (c) the NIR-II imaging of tumor based on IR-FEP. (a)~(c)
Adapted with permission®”, Copyright 2017, Wiley-VCH
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Figure 6 (a) Chemical structure of TBI; (b) NIR-II fluorescence
images of TB1 and IR-26 in DMSO solution (left) and solid powder
(right); (c) Schematic illustration of the preparation method of
HLZ-BTED dots; (a), (b) Adapted with permission®, Copyright 2018,
Wiley-VCH; (c) adapted with permission'®”, Copyright 2019, Royal
Society of Chemistry
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Figure 8 Schematic illustration of (a) emission mechanism and (b)
NIR-IIb NPs. (a) and (b) Adapted with permission”®”, Copyright 2020,
Springer Nature
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1075 G2 — S TE AN B A 8] DA 2 AN RO H
AR T ) 21, B e v ) DX 3k S R T
DU RO G2 i, DRl )2 B AR g
k. 2013 4F, #EARZPIRIH IR-1061 SEHL T /N A
JIFE R /8 NIR-TT 9 A%, 0 70 2 B ORI F AT L/
Iy FiEAT NIR-IT 56 A%, 1CG A& — Rl 35 [ A Fh 24
EHLR FDA HEHERIIGIRIL LAk, HATR R A
Zh b, 7E NIR-T1 % AR AT L A 25 282 1) o F A8
IAER, BFEFATRIN ICG tHAESEIL NIR-IT 78R4,
41 2017 4F, Starosolski Z£PU%E ICG A NIR-T #11 NIR-IT ¢
FERAGHEAT R LI R SE BN BRUG IS NIR-IT %%
A% (B 9a). 2019 4E, FEEAXIGLGEPTE A e T
PERE M NIR-IT 58 6 N BB UG 548, FHFIH ICG 43F-5E
BT ANRKER RGN, &k, B£E. HEM
Gambhir ZP GRS T A WG R 2042 56 1 4%
1%, FIH ICG Y5V 1 RS T NIR-IT 98 e G 16 5
INRIGRIRFAR. 5 ICG FA7ERR e M 22 S5, HasH
B, Bl ENACEIRET —RIHAIEE R
NIR-IT /N T4R4E, 102017 4, Sletten 28B4 IAE (0 &K 2
B ICG M| 15 2] T Flav R%1(Flav 1, Flav 3,
Flav 5, Flav 7), %R ATLAI 680 nm F| 1045
nm, HH Flav 7 R AR ZOGE T2, 7THT/D
B P9 2 IS B A%, 2018 4F, K ML P &
BT BAT NIR-IT W ICRI & 5 A AL/ 737 FD-1080, 5
faFIiEFBS) 45 & fa, HE T I8 3 5.94%. 1£
1064 nm UK N2 7 BA w5 B IR AL 0 3
[P NIR-IL AR, 33— 0 (1) 52560 0F B FD-1080 #R4H RE %
A7 R B PR ICIR S TR /N SRR (R s A . AR LT B
I, J-SREEAR BB A AR KA R], R se/ & 5

NIR-II optical window (nm)
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Figure 9 (a) ICG for NIR-II imaging; (b) J-aggregates based on
FD-1080 for NIR-II imaging; (c) schematic illustration of SHS5 NPs for
NIR-II imaging. (a) Adapted with permission®"), Copyright 2017, Public
Library of Science; (b) adapted with permission”®, Copyright 2019,
American Chemical Society; (c) adapted with permission””), Copyright
2019, American Chemical Society
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WRABE, Kk I RERTEA Y%7 A
ML A, 3K LR PRI 1,2- A & -sn-H
H1-3-E 2 AHAR(DMPC) 5 FD-1080 [8] ) F 2H % | 4% —Fh
J-BREEYRRLT (B 9b), 8145 5 R IRWSCAN e K R SHE $2
FD-1080 FKZL#% T 300 nm A 47, HIJEE 1300 nm.
A, Z I-REYKRLTAE 1500 nm PL_EATYH BT H 5%
FeR A, FT I, RN GAFIAH 1500 nm PL_E2SERE
MR SR o HRR SR A, SEINAR 24 i v I KRR
B KA B AS W, I PR B s 24 (A Ak P 97 RIGTAih
HEBFBESEZNE. 2 ICG BHH-ELE K, 2019 4F,
PR P A T — FoE B R bR HLN
ST RAEGR SHS(B 9c¢), AR B 16 2R B
IR (B RIS 2 R Bt U6 43 3118 1069 nm AT 1125 nm),
IRl AT DA TR IR S B 808 nm UK I NIR-IT fAif% M2 1064
nm PR 1) NIR-Tla BAZ. 8% /) BRI e e if% 2=
B, A EET NIR-II BSf%, NIR-ITa 4% B A 5 (20 R,
HAGMELIR = T 3 6, ZF TN B NN T ARG N
R T Bk #%

2.3 HE4H

Br T LA LIRS, BN R R T HE K
NIR-II HHUN TR ACERER. W 2017 4, ¥ E R
S I A B AR I 1Y B A B 0 ) T AL 5
Jukl ECX 241, 7E 880 nm AbYA BamAG-WIk, B
KESWKIIAN 915 nm A4, Hhdv& T
Ak 13.3%, HEA RIS R e i e S
£ i s 27 | S RV S I S v RS RRTE L NAN WS R
UESE T BECX GRS A G S 178 77, 2018 41, 3k
TTUR APV S T — Bl - SRR R Y KR T
SQP-NPs(J), HARHIEF T 9KRLF 1 NIR-IT 7658
B, J& H-BEEARGKRL T SQP-NPs(H) ) 4.8 1%, A %%k
T ERE OGRSk R RS TS AT
. 2019 4FE, A kg R 3 AL
(Aza-BODIPY) 45 Ky, FRATIH 8 2H A1 28 bR A 20 10 45 1
WG BT RPNV RNy FERE, SRR B BN
Wt Wi . R ERR e M, HAE K BA BT
PWICTEIE, X A L B w0 e IR E G e
1. Bz, XEEH PN TEREROREEE T NIR-IT 5
FRMRE, 1ElRKSHBA EXE ).

3 WEIMEHUER NIR-I AR IGIRET

T3 2 200 ) 5 R B e o & b R 23 O G R, T2 4
M AR B 5. AR BE RS E TRAIE | kAT 15
AT IESIRI T, FLROr I o A 4R M R AR AR
TG BB AT B AR 5UE 5 EE, T B
NIR-IT R AHRE K Z N “always on” B4, BITGIE & i
AR AR ER A, R 252 Bid B K AN OGIRBOR, Bt
DRBTAE T, R PR H ARG L, X
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FAREARJGIHEIT AR, Exhix—fHn, FH
FATE R T H A A 53 4 7 1 i B2 1) AT 30 B ok
PREF. ZRIREM I A G ROL R BE A rE A,
AT DL I 5 0 A8 H RO B R B ARAE R T
LR AR LAy TS5 R, AT 3R AR R S B SR O IR e
“always on” 4 NIR-II ZOGIREHAHEE, PGS Y NIR-1T
PICERE X AR B A R e ST g M B s IR U A e
FO A EEAR A R, AT DAFE B 2 TAE3E N or TPk
SREUA [ 995 105 R S ORI P s BELAI, ATACAR VA
I7 7 L AER 4y 3 A e AN [0 A I A 1 g T
WSS NIR-IL A AL/ TR R EH AT A48,
3.1 SWEEHE

A=W N IR B SR AT JI P B A5 T 1 A R A A 4y
FEE, X R AL IR R R (A R
Yk ROS. TEIERIRN RSS AVEVEZE A RNS)HK i
TP, E AR RN R s T8 At fE
fEREZH 2T, ROS/RNS/RSS 2544 5 M 4 15 7F 1E 6
P, BT R i 2 O B B, (BT i A SRR TR R
(1 57 AR AR SR, AT R 51 R JORE  JiIE 45 2 Pl
TR R, W R SR IS SRS 2 NIR-TT 5% Y6444t
oF E K PRSI 2 48 7~ FH A FE AL S5 U 2L =
3.1.1 H,S &

2018 EM—THA EoR: 7E 36 P WA iE 2R R
W, 45 B e (CRC) AR AR 25 il Eiik 10.2%
A1 9.2%, HALFIHT =R KB IF &% CRC K
R SIS W RN E R, HFEEM CRC 4141
T 2 32 1) I B Bk - 8- 2 i (Cbs) 2 12 32 i Ak &L (HLS) F) 72
A, NI LR R an AR e i, JRIEATINE . B AR
Zers EW Rk, 8K H,S 7T LLE A CRC 4440 i )
KSR B AL EURTY SR, SR R
AT — HyS s AL % ekl ZX-NIR, Hi K
WS AT St 06 2 67 - 520 nm A1 600 nm, 7E H,S il
M9~ ZX-NIR BASEAZ IR s N, RIRE 2% 4-Ri 28 250
Wy 32 [ 5 FR AR L HUAR, AT P2 A2 B NIR-T Y622
NIR-II %56 K& 5 NIR-II-HS. BFF0 A 50K H,S AT 0%
RS HeRl ZX-NIR F1 “always on” 7 NIR-I Jek} L[]
LGSR T — AR BT RE, RIS T
HCT116 MR RIS B PR IR Z 8%,
hSEBL T iR HCT116 MR 5 R HepG2 s i
M5 X 7B 10a). 5 7> CRC AITIRIEA, SZEL
CRC WIkEHELIT, BtERMBRE RSO — T
—F H,S WS IR A2 Y7 il 71l (Nano-PT) T CRC
FESME NIR-IL OGRS ROGIGEST . 78 IR H H 43R
5E N Nano-PT Z3ETRENEM), MBS & H,S 19 CRC 4
] DU R S S, AT A2 NIR-TT 58615 5 Aok
ISR, FIFH Nano-PT (RS SLIL T 7544 HCT116
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Jig S 28 NIR-T 58 6 % i 3 s 2L VR IT, A
R T R AR AR A, AR R R AR &
VIECE B2 T SRR A TR S B (B 10b). 2019 4F,
G RRA  PO k gl B S v WO PR ET R T A, F
KT HyS AT L 41 AN 5 2 MR U KAk &
(B 10c). HF 70 A1 A SR R A 78 25 W R R
LB FE CPT-11 F HoS B0d B R %t InTBOD-C,
il & 1 — Fh & B e B 44K A4 8L NPs@BOD/CPT. T
InTBOD-CI 7E NIR X355 AW, 5 NIR YRS T i%
YURM B IR, ARELI AP v R 2
765 & H,S [ CRC 4143, InTBOD-C1 5 H,S [z i E %,
ELA 38 NIR-1 WS i) INTBOD-SH, #3254 33 NIR ¢ [1E
51, InTBOD-SH /= A= [ /6 AR 3 BUIEE A B 2 A2 AH
Ay T R 25975 CRC 4HZA AT 0B . NIR J6 IR T,
InTBOD-SH 1] PL#4: NIR-II %, 23l CRC =i &
BAG K SAG 45 S RIETT. %I AT S B RS K 25 )
P e BRI T HR AR Y.

B 10 (a) HoS BUE A LR RE R B M (b) LT SSS K HaS
AIEEISTTRAYY () NPs@BOD/CPT F TR iR S ot 43254
R

Figure 10 (a) Schematic of nanoprobe for ratiometric fluorescence
imaging of H,S; (b) schematic of SSS as a H,S activatable photo-
theranostic agent; (c) schematic of NPs@BOD/CPT for cancer imaging
and photocontrolled on-demand drug release. (a) Adapted with permis-
sion*); Copyright 2018, Wiley-VCH; (b) adapted with permission*”,
Copyright 2018, American Chemical Society; (c) adapted with
permission”*”; Copyright 2019, Wiley-VCH

3.1.2 NO #iE

—HEMHENO) ZAETOLME . WAL RGHEL
ARG, NO FIRIA RS R i A% L
R UMY, Ak, WEE R NO A2 254
FERAT S E bR EY. T, 2019 4, AT
PRI T —Fh NO I Y NIR-1T 841 AOSNP(I& 11).
7E NO fAEMIPAEE R, 1ZIRE A 1 BTS2k 56 A
B K FEL T A2 A, AT A 0ol 258 ' A NIR-T X 205
F NIR-II [X, 7E NIR-II X% & Fr=RiEE] 0.35%, &
B RO EtERE. FIRHZRE AR . R
FEwr s WRCRGE ., KRG, PUlkr R AEE R . E

http://sioc-journal.cn 907



% F F R LRk
YA VE R R e PR SR RS, I TR IR AL, 52 Hydro-1080 E1080

i e8] NIR-IU %6 MU A IR0t LB 2
My APAP FRIEMIE R, 1% AR 2 R 17 4
AR FIBLARIBT FC 2 i Fi St

)\ﬁ_ PSMA
i 4 Reflux
g

THF

Cany

Drug-induced
hepatotoxicity
indicator NO
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B 11 AOSNP HI-¥ NO farillm s E
Figure 11 Schematic of activatable AOSNP for NIR-II imaging of NO.
Adapted with permission®?, Copyright 2019, Royal Society of Chemistry

3.13 <OH 8%

PR H (- OH) 24 RS EALRE Sk 1 4y
T2 —, 5 DNA. EA AR RESAY 55 T1F 2 &
T AL L. R AR OH kS &
P 2R MU FE RIS RE . SUPERT 28 S B FE S DA O, X1
TR R R A WL e 3L 40 A R0 R P T 45
P (R RB SR AR 2 SRS E ) T — FheOH mIB0E B /N o3+
NIR-IT ZEHHREH( 12), B ita R T —FaEF .
LB 2 (6 S Gk Hydro-1080, HAE R WG X 8 A
BREIFHOEFRU A R6ES. 24 Hydro-1080 4
*OH FH LA Et-1080 f&, BT Et-1080 R4 HI3Lsut:
P 254, RO LR M NIR-IT Y22 I f e K
U, SZEG SR, Hydro-1080 XA -OH BA it
(1) R BB AR REE, REAEF] A NIR-IT % 6 UG AR iR
PR A0 SR 5 | S O T E N O 4 As 4k, S8l 1
X G RE B N AR, % A 90 28 NIR-TT 2 SR 1)
BT AL TR 1 SR,

3.1.4 ONOO ¥i%

i A2V A 2 B B 5 (OONO )il o 1 — 8k & 58
ARAE T RBAER. BHRRBAN OONO /KR 5
P& PEAE . BRI S S A 2 A 0. RAEZ
SR 2 S OONO W T, 2019 48, 3k MR
FRAA I S 15 OONO MG A HL/NY T 5 6 E
£ IRBTP-B F T APAP i 3 I s B k(B 13a). 1E
IRBTP-B £5 4, OONO Wi v B 7T K F ER ik Frt1 51 N AT LA
AR RE B SERERERE, R80T NIR-IT 26K
4 OONO 5 2R W F& e & AE B, 437 N R AR AL
EHE, B2 40 I OB T, AR B 3
HetEpiy IRBTP-B, MM~ AEA0 R NIR-II K65 5.
ZERLEX W, IRBTP-B X OONO EA & 4 ik FE &
BURAIR AL IR (55.9X 107 mol/L), J@iXf OONO %
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B 12 (a) Hydro-1080 1 Et-1080 &5 4 #4#/R & El; (b) Hydro-1080 il
Et-1080 MR/ R 5T 6 1 (o) AW (72) 5 Wi () I (144 Py A% 45 S5
Figure 12 (a) Structure and conversion of Hydro-1080 and Et-1080; (b)
absorption and fluorescence spectra of Hydro-1080 and Et-1080; (c) in
vivo imaging results: inactived (left) and activated (right). (a) and (b)
Adapted with permission'®!, Copyright 2019, American Chemical Society

a drug-induced hepatotoxicity

PBS + APAP +
IRBTP-O

IRBTP-B IRBITRSS IRBTP-B

Em:

~ 155 920 nm
FRET EX 808 nm o FREY
~DSPE-MPEG,,,,
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wavelength/nm

Bl 13 (a) OONO BUF NIR-II 54T T 25435 S HF B 0 A6 I >4,
(b) H:F FRET HLE M1 OONO T A LL R AV UOLIRE T 245415
SR A R

Figure 13 (a) OONO activatable NIR-II fluorescence probe for
drug-induced hepatotoxicity monitoring; (b) OONO™ activatable rati-
ometric fluorescence probe based on FRET for drug-induced hepato-
toxicity monitoring. (a)Adapted with permission®, Copyright 2019,
American Chemical Society; (b) adapted with permission®, Copyright
2019, Wiley-VCH

FPE NIR-IT % G Dl S B 1 6 25405 5 -4 45 F
N-. W62 R R BR(NAC) X S S ry se i M. B s, 7k
LA R SR FE A 75 28 sk 10 9 K T e A e e e
MIEERINIE, Bt T R A K TR I NIR-TT 5% 6 e
BHCX). HAMSZIRIE], CX YeRME KGR BA BT
ke E AL S RE e . B CX MR IR AR R,
WFFEF R CX-1 Al CX-3 L [AEE T4 Kb g it
BT BT FRET 9 OONO 5 50 37 b 2 R 5 i 15
£ PN1100, BEPYE OONO Hll¥mi B, CX-1 A2 920 nm
Kb R SHIEZ B N, 17 CX-3 AT 1130 nm 456
R BT B AR T R A O R ) B RS B T R,
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FRINSEIL T 2300 SRR (I TC A RS ARSI, A
TR B IR T R 7 (B 13b).
3.1.5 HCIO/CIO #7%

AR R IEIRR IR AR R (HCI0/CIO ) /2 AE At
EAL G A O K RN G 7 I 26 T AR ), TE2E
YA ER PG K NARBIAN R  R855) h R 5 B 2
YERL. R, IRER 1L Rk A A A 22 500 & VDA %,
WA JE R o I 50 B 2 Mk o R A Ak 25
I, MSER. R FERPERD HCIO/CIO iRE 2
S 2018 4E, WATERBAL % ClO 1B
NIR-IT %% ¢ SRR &) PDF /5 N FHHAD), [F
HEFE CIO BURIIA WL/ T (ATTOVE N B FZ AR (A).
PP E RS AE PDF A1 ITTC LUE Sah K454t
(SPNPs). fEIEFE LR, 49°KKLF N PDF (1) NIR-II ¢
ST 77 F) D-A A EAE K, SEIUE AR SR 2R 1)
JUUER. 24 SPNPs RAHEAHLE, EVIFREY ClO
e AR ITTC, AR 7 A2 16871,
Bk T D-A M EAEF, Mifif# PDF ) NIR-IL 98 6K E,
ST T RAET CIO IR R ISR (B 14). &, R
AR AN R B A BT — % HC10 HA PR
FESEPEIE B 1) NIR-IT A AL/ TR H6ERER SeTT, Ht—
HABME N By KSR DCNP 3RS 7 — b R 7
PR IERER. R 1% LR R 2B HRE X HCIO R FE 1)
LRAEADCTE R, Tl SEBl 1 %6 e o S F b Kt o
T ARAEA R HCI0 ¥R BE ) s n AL e =, AR

7

PEF-b-PPG-b-PEG

ststst

Bl 14 SPNPs I T ClO Rl 3 7
Figure 14 Schematic of SPNPs for NIR-II imaging of C1O". Adapted
with permission®”), Copyright 2019, Wiley-VCH

3.2 pHBUE

BT B AU R AT SR R, S8dL pH
EHSIEFMALRFE, Fik pH HIEN—FEEAEF S
el iz FH T A0 B NIR-T 26 idgdit, (5 pH 0%
B NIR-IT 56 RGBT 7T HIIR . 2019 4F, 7k FLIE R4
Wit A BOH A6 7 26 NIR-1T G ML/ T BTC1070, %5
T HA RS ek v & s huide K, HAEKER+
WHTFEERAEG YRR T 44 5. B R 3
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PERRIRE TS R B, Z3RA R R, pH A1k T ek 28
HR RS SR, 2 T IERIER AR RO
1GATE P pH 0 E B R, HLE 4 mm R4 S0 O HER
PERT S5h51E pH FUAIEAHIE S (] 15).

B 15 (a) BTC1070 HI5 TALHLEL (b)AF pH E T~ BTC1070 19
it (A pHAE T Frooowe/Fooore ZZAIEBL; 15 B W pH JEZA(d)
T BNTY () LA T AR (DHRER B R L3 2L 5 S g

Figure 15 (a) pH-sensing mechanism of probe BTC1070; (b) changes
in the fluorescence spectra of BTC1070 at different pH values; (c) chang-
es in the FigooLp/Fooop at different pH values; in vivo ratiometric (d) non-
invasive and (e) invasive fluorescence imaging of gastric pH; (f) rati-
ometric fluorescence imaging of exposed gastric fluid. (a)~(f) Adapted
with permission®”, Copyright 2019, Springer Nature

3.3 ZEIfE NTR B5E0E

it 2 —REEAEMMT, L FS5 T AEMIRRT
AR, AP RESEmNITRERS, 52
TR e B UIAH G, DR L BEETE T R P 0s (1) 9% Se R4 7 THI
BARKIIHT . Z A M8 55 2 Fiosei it DLREAE
2 101 Bt (R B A B 8 SRR (NTR) 1 FE 3R,
NTR B4 S AL Z AR EDC. 2018 4,
ZERR U ZH 2T il K IR (] 5 NIR-IT 4k} IR-1048
HEREA R Z A A NTR B S 16 B4y 4R T
IR1048-MZ. HTHFHBAEH 1 FE IR-1048 AWK
W RAAR J2 e 6K, I TR1048-MZ 7E 1E % 4H 40504
B JEF/NIR-IL R HAE 5 KOG HGIR. (B R R 58
P IR1048-MZ 1] LAl 45 53 M08 J5U A TR1048-MZH, AT
FEAEAR R B JE TR NIR-IT 5655 KOG RGSER, B sk
ST A e v P AR S M TS NIR-IT 2%/ 78 5
SRS A IETT, RSORE H RURILC AR ifn S At
FHOCER R GFIIR T 32t T B TR, filr, RKER
AN B ST, A A BN B T bR, RO B A2 A,
TS RO IR e, BTt E s T — il B e
HIREF Q-NOL(E 16), ZHREF NIR-IT %8 HAbT “off” IR
A, M5 MR = A OR8N B AR
Q-OH J&, SEILNIR-II 615 5 ik &, [FIF Q-OH
BA AIE 8, #F—B4F T7 NIR-IL 26 EE. fEPA
FLIRE /N AR A, B 7038 R P RO 57 1R e 2 P K
ThSEBLT FURRME IE S RS I R I B AS . hAb, th)
DA 2 1%t 75 W 2 AR (MSOT) % FL e i 7 1k 72
HAT R,
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a NIR imaging
> Nitroreductase
JA\{ i (tumor hypoxia)

Nanoprobe

® : Orthotopic tumor

4% : Metastatic tumor

Bl16 (a) Q-NO, ZKIRETFE MR Z SAIFBT 1 5 M FE SR B NTR 1%
PRI P (b) RS 5] ) 7L s o R A 200

Figure 16 (a) Schematic display of the nanoprobe’s response to ni-
troreductase in tumor hypoxia; (b) illustration showing two scenarios of
breast tumor metastasis. (a) and (b) Adapted with permission'®), Copy-
right 2019, Wiley-VCH

3.4 FEHE
TENEVHA S EEREZ —, FESTL24AHE
B R R R AOE. TR B KRR 5%
PIF AR IR, TR T 286 P58 7K ST 28 1 M o A o o 2 2
ity mE R, XGRS AR T — RS
FHEEHOE I R EE WD-X, B TS T 53
WD-X FLHEFE P A% S ARSR S BRI 3 0, WD-X R
R I A5 5 PREE RN 3G o] DUAT 2% b B A
WD-X 170 FHEFSZHL NIR-IT 98658 B i n( &l 17).
FF WD-X B 0% 8 NIR-I1 28 6, WFFt A B ik
SICHURE FR 99 -5 501 419 3o R v g 2 P8 A A M

4 ZRRISHIK

BAR NIR-II NG H ARG R RABIIT T
K2 D, B — U A — E 1= R
P, e DA IR B A A sk 2 1 AR BB B K. ThRe ARt
VI SN S Ery A G I B o e e SR =0 S K S 1
GG 2 MSUEEAR TR &, ST NIR-IT 2R SR (1)
2R BRAG BE AR O RN 24 11 A2 0 2 2 1 AS AT T 9
PR
41 ZEFTATHESKE

N SLIRE I 2SR, AR SRR A
B A E G AR I R A T K (all-in-one), AR I
FERVERSC. 2018 4F, AL IR E S Wi kA
P T 2 T e T e SO0 ol S 7 TS 1 7 B3 7). G
NIR-II 44k} CH1055 } RGD £ IkFH4: &, #4153 a.ps
B[] 1) NIR-I1 %'/ 1 B - 3 BT H S AL 2 AR (PET)
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B 17 (a) WD-X HREHXFEEE A RIALEE; WD-NO, TEANF i) 2 B/
P = TR AV 11 (b)Y R A (0) 9 e Y 1

Figure 17 (a) Response mechanism of WD-X to viscosity; (b) absorp-
tion and (c) fluorescence spectra of WD-NO, in an ethanol-glycerol mix-
ture with varying ratios. (a)~(c) Adapted with permission'®, Copyright
2020, American Chemical Society

WA S G R AT ®Ga-SCH2, H B A B I A%
P R S e S A R I 5 3 A R R AR A
AR s BT SEH USTMG R RS Y R A5 B e 6 (1R 1
BRUE, FFRCENSEEL T MR RS HEDIBR, UE B T iZ AU
BfG T7 RAE NG IR F A BA BRI R 7). 2019 4F,
FERBECSIRI T | o L seng, il 2 A
YURMBITFR T — MR gk &, 1ZF &0 LA
# NIR-IT Jek} CH-4T FBURPERIZ R “Cu, HAGHR
ARR/INAT I FGE T v S o BRI S5 A JE a6 B s
55, RIVIXFNZ Z ARG R R 1l el 1) NIR-11 26 4
W, D FZARE ST T R NIR-TT 9t/
PET RS R 22 g D1 s F AR Bcg 51 5 (B 18). [F)4F,
PR R AR EAL) S S T E aH %
Mn*"-Apo-Lf-PEG 90K &, ilidilt— 481 NIR-IT %¢
FEERER CH1055, I T B A NIR-11 %% 5 Sulg /A% rE LR
AR (MR QK AR S (H-dot). 5236 FR 1] H-dot HA MK
B RIFmfae 54, B H-dot 5 1)
NIR-II %56/T1 AL MRI A8 6877, BEIhSEEL 1 J R/
JRAL USTMG 53 T4 988 11 v e S M AR v b B B A
iRl R
42 BASATERSKE
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(CHA4T with weak NIR-II fluorescence

o CH-4T with strong NIR-II fluorescence

B 18 CH-4T/SLB-MSN-Mdot/*Cu** 42k #%1 Fl T NIR-I/PET XU
B BGoR R

Figure 18 Schematic of CH-4T/SLB-MSN-Mdot/**Cu?" for NIR-II/PET
bimodal imaging. Adapted with permission'®, Copyright 2019,
Wiley-VCH

BA £ % T 8 (one-for-all) ", HAT S5 My fai A, 45y
o WEE ML, R R IIERFE LT 5
2017 4¢, FERESVFR B A% BBTD 28 NIR-IT 7%t 4
BIEAT BB 6] &5 89Kk T DAPs, #E—57E DAPs
K& EGFR Affibody(Ac-Cys-Zegrr:1007) il #5175 31| H.
A OB R R A M BE 2 ThoRE AN oKk W OB R &
Affibody-DAP(K 19a). Z4KIREN B A R 411 B4 HL
PEL LR NIR-T D62 RIS M NIR-IT 28 K 5 (&1
E%ZiﬁJ 11.1%), £ FTC-133 J /N Ui A 2 v Fe i
BRREFE R NIR-IT 2SS, Kl TR — KBk~
i 8 I [r) NIR-IT % 56/56 75 A% (B 19b FT 19¢). 2019 4F,
VR 23T BBTD 458 itk T DD-A-DD 7
PIIREN SYL(E 20), ML F#4iH D-A-D BIREF, H

TR B SINIEIN T 43 1 HLT R R R R AR O R
H, 79 SYL BT M=ok rkRe. HAZEME 31 SYL
NPs [{15 KR HHEKIE(E A 976 nm &b, 4R FE Bk,
SYL NPs R[5 25 0 g B S0z, Il T SIS 4
Jiggg S e L NIR-IT 2% 956/56 78 it . [R4E, 1% 8
AU T R TO0EREE SY1080, ok ST K I A
F| 1080 nm. SY1080 7EVGAF RIS SYL ZAUH
NIR-IT %/ 06 75 AR BE /1. Beah, B TR p o
T — B NN T 0D SEBL . — KO IOR
(V5 PR B NIR-IT e/ 6 75 %, #t—SnE T
NIR-IT LN FAE AN IR 23038 B ¥ 7. 2019 4,
JEA LT FHETLE R TSR T T N s
ﬁ Wit A T AR AT Bt NIR-IT 5806 e g

¥ AIE 70T OPTA-TQ3. 3 FiZREHILH, Ml
%ﬂ%ﬁﬂ%%ﬁ*?ﬂ%&%*@&@#%,f&@
AT I F A ELAT Y TE (1 B T
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Figure 19 (a) Schematic of Affibody-DAP; (b) NIR-II fluorescence
imaging and (c) photoacoustic imaging of mice after Affibody-DAP
injection. (a)~(c) Adapted with permission'’", Copyright 2017, Ameri-
can Chemical Society

\

B 20 057 T NIR-IL 207 g™

Figure 20 Single molecule for NIR-II fluorescence/photoacoustic im-
aging. Adapted with permission’?, Copyright 2019, Royal Society of
Chemistry
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FEARRS VR SR AR S5k U0 B4k, eiRdT
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BLR R e HAR I e BE 55 40 R B8 M T 2% ST B 98 48
HUS T sh 0367, R 4N S B ORGP AR
(it 8 28 25 40 O) B A I M SU(ROS) AR AE). R 214k
BOGHRRTT, NIR-IT 2 CHREFAM AT BLUK S NIR-IT %5
S5, T ELAT LA A BAE S  A A S AT K R, ST
BIT —RCRUR, B RIR T NIR-IT 58 SR ET (1 3
51 migESH PTT

2018 4, VAL R A PO ARGIRIE ) BBTD 2%
R AT AB 1 45 2 R ity AR R 32k [ (R R H2a-4T. R
oy 1 5G40 s B A (FBS)E & )5 vl LLE E 4R T
NIR-TT % YGERPE, SEPL/NERMR A, . bk 0 1 S 7R B
KoifgIa SHaTmE Ak &I F AR, sA, BAREN S5
S PR 259 - V8 % B PUIR & TR B H2a-4T@Cetuximab
BEW, ZE AW M50 R RO T 3
K, I T B G B 47 45 FR AR B NIR-TT %6
HAZ 5] SRR FDEHGETT. X2 B NIR-IT §ekl 54
IER 1454 1 NIR-TDE#GHIFF, S AR R I R YA T &
XEK. B, BEABRRES IR TR 0
JT 99Kk BPN-BBTD NPs, %45k 1 B AL FHFa
SEMEL A AN NIR-IT 3O RE(R T 77 % 1.8%) %
T IAFEAZ H0%.(39.8%). FIFH 4> HE% NIR-I %%
TE R HIIESZ 7 BPN-BBTD NPs S 2 HE A7 figg B A
R R RE Jy; FF NIR-IL R G % 51 5 R e RIE)T
A AAEARIA B R R BN R, 0] LA & i 5
BRI AL E I E B R e AR e
BPN-BBTD NPs #5230 Rz T A5 A7 Jif8g 1 3 s il
(32 d), IXFlEA B LT OB S A BE A 4l
KRR R NI R AR R T T &
(K 21a).

2019 4, Tt = LGNS NIR-TT 2 eh kL
Flav7 S5WisEM 2 IKEE &M 7 — R iR 2R e PR
NPs. #ff 5% B PF NPs H A & 3 16 A 1b 3R
(42.3%) FHOEHFRE M W2 aErE. R
NSHR g Tz NN R R S VA= S a) s R S h AN
NIR-TT %6 %45 T IHE FOE AT (B 21b). B A
B F SR NS A & A (HSA) 53T BBTD )
ALE /Ny AH 25 B AT R 1) L 201 PO A Bl R 1 9k
IR, B8 X I S P s s A 4. A
FHiZ 756 Yo eRE A A v 40 9 NIR-IL 5% Y6 AR 10 51 S, #F
T AEsTE MR /N AR 0.5 mmX 0.3 mm N
FE IR 10t — 25 5% A5 i e R 1R 25 18] 43 A B
WHESHL, TSI T A kN B8 R RS T GG
B, NRNIR R R TR T R, Bk, B ATK
L BN Al T T T RES I D-A-D B NIR-IT
AHINT SQU, Hodg RIS S & 5 0 43 31 A7 F 930 Fil
970 nm Ab. 7T B S FH AR TTIE AR S K I 1 40
KR SQ1@DSPE, it — &1 £ Ik CREKA #5H A A
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BRI TR (A 21¢).
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aging Acceptor
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KR F F T At LR NIR-IU6 7 AR 15 S e a7

Figure 21 (a) Schematic illustration of AIE NPs for in vivo fluores-
cence imaging, photothermal therapy and long-term tracing of tumors; (b)
schematic of PF NPs for NIR-II imaging guided PTT; (c) schematic of

SQ1 NPs for NIR-II/photoacoustic bimodal imaging and photothermal

ablation of metastatic breast cancer. (a) Adapted with permission’®"),

Copyright 2018, American Chemical Society; (b) adapted with permis-
sion® | Copyright 2019, American Chemical Society; (c) adapted with
permission®™ | Copyright 2020, American Chemical Society

52 R&IESHEEETT

RUE HADE BT BB TR m, HHa—
BT 7 TR Ak B E AR 96 9T BOCRE, A R gk
ERHT NIR-II ZI6RUE T 3 MRS RIT &+
BRI, 2019 4E, ATEBAS Y5 T —fil3 A e 24
I G, ST R EOAUR B NIR-IT 2866
KRS 1848 S0 PTT/PDT/AIT BES VAT . B 28 Wit
E RTINS T NIR-I 44k} DPP-BT, %44k} ]
PLIF B A S NIR-IT ¢ )6/ 75 XURE 2% il A5 i 5 771 e
PTT/PDT Hk& V697650 F R F # e #4 k1 52 0
DPP-BT KALI7 254 DOX I R 6 343 2 B 4 44
KALIT KT P(DPP-BT/DOX) NPs. 7EBL— i K41 4h
BOELIEST T, P(DPP-BT/DOX) NPs E. A 15 572 ) NIR-IT %¢
eI g e 1 K B PTT/PDT BRAVATTRCR. [
i, BT DPP-BT /A= (6 AR A% 75 P(DPP-BT/DOX)
NPs it —B KA, S DOX BB SLIALIT )
ROR. ZE Rem NYE £ Th RS IR R BT R N E
LT AT R A T A A ES IR (B 22). &k, F
AT BRI B = 2K S B A& 1 10 4 S M SR A % B1IA
A I My FEE M AL R AT B, 53R
A 2R AR [ 1 BE (0 K I M 9N KR T-IPIC NPs. 7E
808 nm OGBS T, T-IPIC NPs E 5 B 7 NIR-II %6
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555 1 R [ S VR T )

Figure 22 Schematic illustration of single NIR laser triggered photo-
theranostics for NIR-II fluorescence/photoacoustic dual-modal imaging
guided tumor targeting combination therapy. Adapted with permission®®],
Copyright 2019, Wiley-VCH
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