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Abstract: With the advantages of strong near-infrared

YRS EER. 2022-11-07 EEES. 2023-06-24 (NIR, 760 ~ 1700 nm ) fluorescence emission, good
ESTE. [H% AR L4 %I H (82060326, 62035011) biocompatibility, high photothermal conversion efficiency
S (EE. RWE. f. 1996 44k, WEBITE and good stability, the new indocyanine green IR-820 has
BIRIEE. SREY - WA, 4. 1988 42k, RIEUE, stood out among the existing organic NIR fluorescent dyes
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N ) and has been widely used in the research fields of biomedic-
P+ S0, Email; 11530034@ zju. edu. cn L . . .
al imaging, fluorescent labeling, real-time cell monitoring

and photothermal therapy. Researchers have modified IR-
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820 with different biochemical molecules to enhance its fluorescence and photothermal properties, multiple types of IR-820

fluorescent nanoparticles have been prepared and investigated in biomedical imaging and tumor photothermal therapy. This

article has summarized the applications of the synthesized IR-820 nanoparticles in near-infrared fluorescence ( NIRF) ima-

ging and tumor photothermal therapy and synergistic therapy, aiming to provide a reference for the further development of

NIR organic fluorescent dye IR-820 in the biomedical field and the further clinical translation.

Key words : organic fluorescent dye; new indocyanine green IR-820; near-infrared fluorescence ( NIRF) imaging; photo-

thermal therapy; synergistic therapy; tumor
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Fig. 1  Schematic diagram of IR-820 applications in near infrared fluo-

rescence (NIRF) imaging and treatment modalities for tumor
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Fig. 2 Fluorescence co-localization analysis and monitoring of cell internalization and endolysosomal escape[
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Fig. 3 In-vivo tumor fluorescence imaging in mice under three different
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Fig. 4 NIR-II imaging of the vascular system, the lymphatic system and the tumor blood supply network in mice by injecting with TR820-HAS "
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Fig. 5 NIR-II fluorescence imaging of mouse cerebral vessels ). (a) imagings of mouse cerebral vessels at different vertical depths (0~

800 wm), (b) wide-field imaging of mouse cerebral vessels
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Fig. 6 Schematic diagram of the tumor photothermal treatment process by photothermal nanoparticles combined with NIR laser irradiation
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Fig. 7 Schematic diagram of photothermal therapy in synergistic photodynamic therapy for tumor
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Fig. 8 Schematic diagram of photothermal therapy in synergistic chemotherapy for tumor
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Fig. 9 Schematic diagram of photothermal therapy in synergistic immunotherapy for tumor

[54]



S8 IREEASE: BrmImeE Lk IR-820 M B B I LL AN UG FDL S M FRESFAER S h R R IR 741

PR BRI ST . SRS E RS PTT IR B RS 25
BRI, R TTHE 55 G e Sl o e 1 R RN aPD-L 1Y
WPEIE YT, A B PTT/Immunotherapy B[] 34 47
R . Kumar %97 IR & B (PCL) #2%% 1R-820, &
TRESE R (GC) RN R W % NG PE ] Poloxamer A A,
PP-IR NPs, JTZLA 40 MCF-7 G HREinyy . H
o GC B AR ZERIRGN], TEROEAL IR PP-IR NPs X 4t
MR FE R, IR A I L B M . R AR
MCF-7 4 ME B T/ MA, FRAFEAF R B RIVA I T ROR

4 % iE

TEDEC AR TN IR VA T7 AR 55 b, A AR 2k B
U BEPEMRAYA LG RORE, KRG e S5 Wl (829 5 1k
BEAR B ZF Ik Y RNA T & T BRI i, A SR
T LA ML NIR 265642kl TR-820 AR ATF, REHH
AL 25 Z2 D REAN AL I A S U N PTT J6 57 i
SR FHAFSE . AT HAA SR RRME Y TR-820 76 7]
R A T 15 LT . 30 B N PN A A b | I A
RY . WMESIFARL . VTR T e YA SN B
R . D hR i IR 0 A5 W A% 55 T R 5 A
257 IR-820 1F M Y6 I E PTT VR YT I & PTT/PDT,
PTT/Chemotherapy #1 PTT/Immunotherapy YrIEIE YT i v
ST

B NIRF S8 AR BITRAWFSE, X3 K ) A5 I
JE T I A 40 9 ORI 3 ST W 4R R R O
NIR-I DX B4 ) NIR-ID X B A5 A fift 2 Y R A ) % 2 i
GBI 1), BEF I, &4 TR-820 Al NIR A L
PENCHREN W NIR-IT KA ReE, B G RLRe. AfA
RAFA AR | A T AR S 8 o) 1) 44 KR T
T NIR-I1 UG 304 A W B 2258 S 9 oKk o RL R
REaF [RIE, B 2t BUAGR B A DL A0 KR T
FEANAAEI . A A SO AR 2 E A B G
TGRS T2 S 5 3 ) & R 3B 40 KR AN
Al RS AR R .

R, B PE/N R R PTG 0 988 R 1R T O B2 I IR
B A B A= WM B HE 5 3 AN IR AE SR 1 D 1) o TG A ) 3 A
TH Fl e 1Y) PTT ARG HETR YT s 3w v BT b, ek
FIFN NIRF 9 58 98 45 A A5 o 22 (57 31314 ok o B Ry T g
SR, XPHCARGURAL T TR YT HLEE . RN, A 1
S R B IR T 1 — T, BOL B IRZ A8
RE 14T 28k

FEPE R AE VA AR W B B Rk RV RS Oy T, BR
—IPR AR R, BB A AR T R AT
FAITRAEEIRITIF L, WA RIEN ., #FE N R BT

R ZIREDO AR T, B E e PR PDT I R
FHMALZAIRIT . BUMRE 7 ik e ia YT 5 PTT DA H
TG R AT IR IE T S, B PDT 52 BT i S0 3F
B AR REIE R . e iR T RE T HL e A 45 R PR
PE, SEELC 1+ 1527 PR RINAITROR . B, PR E |
AW 4 WS E 2 A DL K % B NIR-T X i)
NIR-IT X4 J (4 22 Tl RE 5 D6 4 Kb 1 1M 36 7 88 114 28
W VAT, AR USRS IR TR 2T RR 12T O
KL T AP A 22—

SEHE  References

[1] LICY, WANG Q B. Advanced Therapeutics [ J], 2019, 2(9):
1900053-1900068.

[2] BRIUKHOVETSK A D, JANINA D, STEFAN E, et al. Nature Re-
views Cancer[J], 2021, 21(8); 481-499.

[3] SUNG H, FERLAY J, SIEGEL R L, et al. CA: A Cancer Journal for
Clinicians[ J], 2021, 71(3) ; 209-249.

[4] DASHBS, JOSE G, LU Y J, et al. International Journal of Molecular
Sciences[ J], 2021, 22(6) ; 2989.

[5] CAOW, CHENHD, YUY W, e al. Chinese Medical Journal[J],
2021, 134(07) ; 783-791.

[6] ZHANG S, SUN K, ZHENG R, et al. Journal of the National Cancer
Center[J], 2021, 1(1); 2-11.

[7] LIY, FAN X, LIY, et al. Nano Today[J], 2021, 41 101333.

[8] ZHOU J, RAO L, YU G, et al. Chemical Society Reviews[]], 2021,
50(4) : 2839-2891.

[9] EMMA M R, AUGELLO G, STEFANO V D, et al. International Jour-
nal of Molecular Sciences[J], 2021, 22(3); 1234-1256.

[10] ZHANG X, TAN B, WU Y, e al. Polymers[J], 2021, 13(13):
2100-2121.

[11] XIA C F, DONG X S, LI H, et al. Chinese Medical Journal[]],
2022, 135(5) ; 584-590.

[12] YANG L L, ZHANG L, WAN S C, et al. Advanced Functional Mate-
rials[J ], 2021, 31(42) . 2103056.

[13] POLOMSKA A K, PROULX S T. Advanced Drug Delivery Reviews
[J], 2021, 170. 294-311.

[14] DUZ, QLY, HE ], et al. Wiley Interdisciplinary Reviews: Nanomed-
icine and Nanobiotechnology[ J], 2021, 13(2): el672.

[15] ZHANG L, ZHANG F Y, LI G F. Biomedicine & Pharmacotherapy
[J7], 2021, 137, 111381

[16] YUZ Y, LEI G, CHEN K H, et al. Nanoscale Research Letters[J],
2021, 16(1) . 1-17.

[17] YUZK, XIER L, YOU R, et al. BMC Cancer[J], 2021, 21(1):
1-14.

[18] GUOXL, YANGND, JIWH, et al. Advanced Materials[ J ], 2021,
33(43) . e2007778.

[19] KONG X Y, CHENG R, JING W, et al. Nano Today[]], 2021,
36 101004.

[20] SCOTT J I, DENG Q, VENDRELL M. ACS Chemical Biology[J],



742

Hh L b A

%43 %

[21]

[22]

[23]

[24]

[25]

[27]

[28]

[30]

[31]

[32]

[33

[t

[34]

[35]

[36]

[37]

[38]

[39]

[41]

[42]

[44]

[45]

2021, 16(8): 1304-1317.

YANG R Q, LOU K L, WANG P Y, et al. Small Methods[J ], 2021,
5(3) ; 2001066.

YANG J Y, HE S Q, HU Z H, et al. Nano Today [J], 2021,
38 101120.

JACKSON C T, JEONG S, DORLHIAC G F, et al. Iscience[]J],
2021, 24(3); 102156.

ZHANG L X, CHEN S, MA R, et al. ACS Applied Nano Materials
[J], 2021, 4(12): 13060-13070.

CHEN S, ZHU L J, DU Z, et al. RSC Advances[J], 2021, 11(34) .
20850—20858.

ALIFUNENS, DU Z, MA R, et al. Nanoscale Advances[]J], 2022,
4(18) : 4016-4024.

LI X S, LOVELL J F, YOON J Y, et al. Nature Reviews Clinical On-
cology[ 17, 2020, 17(18) ; 657-674.

FAN H M, CHEN S, DU Z, et al. Dyes and Pigments[J], 2022,
200 110174.

ZHU L J, CHEN J J, YAN T, et al. Journal of Biophotonics[J],
2021, 14(11): €202100117.

FENG Z, YU X M, JIANG M X, et al. Theranostics[J], 2019, 9
(19) : 5706-5719.

RAMPA D R, KO C, LEE Y, et al. Macromolecular Research[J],
2021, 29(4) : 306-312.

HUANG K Z, GAO M Y, FAN L, et al. Biomaterials Science[ J],
2018, 6(11) : 2925-2931.

HUANG C Z, HU X, HOU Z S, et al. Journal of Colloid and Interface
Science[ J ], 2019, 545 172-183.

MARASINI R, ARYAL S. ACS Omegal]J], 2022, 7(14): 12056—
12065.

SHANG W T, PENG L, HE K S, et al. European Journal of Nuclear
Medicine and Molecular Imaging[ J], 2022, 49(9) : 3033-3045.
HOMSIRIKAMOL C, SUVANASUTHI S, PASUWAT K V. Interna-
tional Journal of Nanomedicine[ J], 2020, 15 8717-8737.

DU B L, QU C R, QIAN K, et al. Advanced Optical Materials[J],
2020, 8(4) : 1901471-1901479.

NAKAMURA M, HAYASHI K, NAKAMURA ], et al. Chemistry of
Materials[ J], 2020, 32(17) . 7201-7214.

KANG C S, GWON S, SONG C G, et al. ACS Nano[]], 2017, 11
(6) : 6194-6203.

ZHOU Y, SUN X S, ZHOU L S, et al. Frontiers in Pharmacology|[ J ],
2020, 11. 610883.

MOCHIZUKI C, NAKAMURA J, NAKAMURA M. Biomedicines[J],
2021, 9(1) . 73.

LOHIYA G, KATTI D S.
277, 118822.

QIAO C Q, WANG X F, LIU G H, et al. Advanced Functional Mate-
vials[J], 2022, 32(6) : 2107791

ZHANGHY, LI Q, LIU R L, et al. Advanced Functional Materials
(1], 2018, 28(35) : 1802830.

HU C, GUOTY, LI HZ, et al. RSC Advances[J], 2021, 11(62) ;

Carbohydrate Polymers [ J ], 2022,

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[o1]

[62]

[63]

[65]

[66]

[67]

[68]

[69]

39287-39290.

YANG X, GAO L, WEI Y F, et al. Journal of Nanobiotechnology[ J ],
2021, 19(1) . 1-13.

CHENG D, JI'Y, WANG B, et al. Acta Biomaterialia[ J ], 2021, 128
435-446.

CHEN Y H, GRYSHUK A, ACHILEFU S, et al. Bioconjugate Chem-
istry[J], 2005, 16(5) ; 1264-1274.

HU H, LIU X, HONG J, et al. Journal of Colloid and Interface Sci-
ence[ J], 2022, 612; 246-260.

ZHANG Y, SUN Y C, DONG X, et al. ACS Nano[J], 2022, 16(4):
6359-6371.

KAUR N, ADITYA A, SHANAVAS A. Biomedical Engineering Ad-
vances[ J ], 2022, 3. 100040.

TAN H S, HOU N, LIU Y L, et al. Nanomedicine; Nanotechnology,
Biology and Medicine[ J], 2020, 27. 102192.

DONG X, LIANG J, YANG A F, et al. Biomaterials[J], 2019, 209.
111-125.

HUANG L P, LIY N, DU Y N, et al. Nature Communications[J ],
2019, 10(1) . 1-15.

KUMAR P, SRIVASTAVA R. Materials Science and Engineering: C
[J7], 2015, 57 321-327.

SHEN Z J, MA Q M, ZHOU X Y, et al. NPG Asia Materials[J],
2021, 13(1): 1-19.

HUANG L, ZHAO S J, WU J S, et al. Coordination Chemistry Re-
views[ J], 2021, 438 213888.

LEE D, KWON S, JANG S Y, et al. Bioactive Materials[ J ], 2022,
8. 20-34.

YUAN X Y, TAO Y Y, XIAO W, et al. Drug Development Research
[J7], 2022, 83: 1923-1933.

SUN L X, WANG J, YANG B C, et al. RSC Advances[]J], 2021, 11
(17) : 10061-10074.

YAN T, ALIMU G, ZHU L J, et al. ACS Omega[J], 2022, 7(49) .
44643-44656.

LUJH, CALLL, DALY, et al. The Chemical Record[]J], 2021, 21
(4): 781-796.

LIU X, LIU Y, GUO Y J, e al. Biomaterials[J], 2021,
277, 121115.

TANB W, WUYT, WUY Z, et al. ACS Applied Materials & Inter-
faces[J], 2021, 13. 31542-31553.

LITT, SHEN X, XIE X X, et al. Nanomedicine[]J], 2018, 13(6):
595-603.

CHENG D, JI'Y J, WANG B, et al. Acta Biomaterialia[ J], 2021, 12
(22); 435-446.

Z0U J H, LI L, YANG Z, et al. Nanophotonics[J], 2021, 10(12) .
3229-3245.

HUANG X Y, LU Y, GUO M, et al. Theranostics[J], 2021, 11
(15) : 7546-7569.

CHANG M Y, HOU Z Y, WANG M, et al. Advanced Materials[]J],
2021, 33(4): e2004788.

(%% & )



