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Fig. 2 Applications of NIR-II cyanine dyes in brain tumor. (a) lllustration of HSA-ICG-iIRGD in vivo active-targeted NIR- Il imaging
and PTT in orthotopic glioma-bearing mice™”; (b) schematic illustration of broadband emission fluorophore 5H5-PEGy-cRGD,,
for both NIR-1I and NIR-1II a imaging™"”
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Fig. 3 Applications of NIR- Il cyanine dyes in breast cancer. (a) Schematic illustration of VGd@ICG-FA nanoprobe fabrication for
NIR-II fluorescent image-guided breast cancer surgery and ferroptosis enhanced radiosensitization™"; (b) schematic illustration
of R&HV-Gd@ICG fabrication for NIR- [l image-guided breast cancer surgery and enhanced RT efficacy™”

[ A J2 20 8025 AR 7 T A F 9T, Zhang 55 B 3

B S P A AR AL B9 B K M NIR- 11 48 75 2 e A (T

MT) £ 2% 8 W 2% M ik Bt 4L R ¥ (PEO-PPO-PEO) 1,
WEHI T —Fh Z2 I AE NIR- 1T 40 K 48 F . B b 94 K 1R
o e A B BRUR FLAR R AN M 4T 1 B2 98 BALB/c/h
B P NIR- 11 2806 A% o T e i 78 M 58 86 o 1
SHE 24 hig ka2 0 N, M T 2605 5 JF i W B, i
TE48~96 h g BB B 55 . BLAh, B F ot + & 4
THEHLWZ 5 (SPECT ) 1 NIR- [T 29 5% SR 25 il %

AR 38 o v 5 Rh g R BT, AT LA TE /)N RURE A o g
B SR B T TR % TR AR AR 33 T IR ARG
HEVRYTY A EEAE L,

3 4h, 2022 4F Bandi 558 46 2K U BRORT 55 3L BR
Al 20 A H L M SR L R A R — R A Ak
na| R ekl 0T LS TCG 25 I PR AR 5 (1) 46 75 ek B
A, #E FUIR I AF 2 A g A R ST #E NIR- 1
P BB R = €A P BAR  TR] B bR e T R
Jei B e R 2 2 DA B ik L4 R G, R IR R A 1 A

0307105-5



#5514 F38/2024 £ 2 B/ E#N

e, MG IR Z OB BRAL TR T R . I oz g
J7 6 AL UL A URR, T AR R AR R AT 9Ok
FAR . BT AR TR B R A X A 2 iR R
FE A5 F G R 5 5 v o] BE K KA FH AL, dn e iigd BD B |
I S PR C0 4 0 B RN W A 10 R A T 4 T T X AT
R N U AR e (AN A E AN R Fi I ]
PRI 5 T8I ¥ 77

X TLI A 5 #0500 5 T P AR 5 Rk ke st 3L IR 1Y
TRYT AT ARMCR o 77 =T 58 A A G K SR 3 i £
AR S B T R LR g 0 R R R IX 4 $R T
ARYIER BREB VE |, AL BT 3 s A 7 8Ok, AT H2
R A AR A B HRAE 0 — R 4 Ak ] e
Juofet D) ] By ST M i B A 21 K B R 48 NIR- I
ARG, RS T bR T R Y S L 22 38 1 I AR RS A
JCRIT E IhK B 5 3 B A R AL TR Y SR K . X LI 5
Ffm] by FL AR TG Y R ) 2 R BRI T A RS A T Il
3.3 [RBRE

i M 98 Bk DA A S R E A G FE T R 2R 0D KR L R
R, M 3 53 %0 1Y B E E LR W A B 12, i L 5 4R R
FERTEIRANT 3% . EMRARE TR b, kg &k
B AN H S EURIRE & BRI AT A R 1 2otk
BEXREZE, WE L) A, LIET &I T —F
ma| W g 3T 21 4h 9% 6 (ICG-NIRF) 114 & 48, F i
) (<<0.5 mg/kg) B9 ICG VE R 267, RSB T

(a) Light source

/
/
Spectrometer ¢
/

ICG-NIRF-1 ICG-NIRF-II
B

PNET

@ Tumor cell

L

' SIGN-R1

..................

XoF i R 9 /0 BB B RN R R e AR D LR P 4R AR IR 2
i 98 (PNET) (9 NIR- [ #1 NIR- Il 514 , 3 3F T % %
Gt X o0 iR R IE B AL A e o A AT R Al
WOLYL L R G WL HAE T 1CG B 315 & E FDA
B A I, A B PR S BN PR A AR N o R 9 SR
7R, ICG-NIRF 1% % G nl $& {3k 5 J S50k Al 4 53 1Y
AR RE 2 W RE T, 8 05 1 A E R D 2 A Y
PR R RS 3 Y ey L R eR N S N B T ES R R S
TH,

A, I E 4 (D) B, Luo 251 5% 152 P 5 7 B
1 R 3 36 UK TCG AT 2B W) o NIR- 11 26 AT, #1)HH Ak
2 S8 R )k BT T — ol mT AR B e SR -
W 48 (DN-ICG) 90 K B8 £, % 350 A0 1 i o 3
I8 FH 6 I A e (T AMD) 18 sl 25 045, mT 6z ) Ak 9 o il
FEI7 BIIE YT ORE . DN-ICG 40 KA 4 1 W Wi Fnii &
% 50 B 1ICG — 3, {2 H1 F DN-ICG 48 K 5 5 & 41t
TEMLL R, H NIR- 1T 5€ )6 & O 5 B2 AH Eb T 25 1ICG 24
BT 279% . WFFEIE B DN-ICG 94 K #4851 16 ik 4 B
£ A I A A e R R R E A R B
WA 70 B AR I s S 8 TAM B 28 4k, A W s
W SRR AR Sk . R, B AR A A JonT
A= W) 8 figt () DN-TC G 98 K B8 B 78 TR0 30T JHF I i o A
BT 7 AT E R S, 8 TAM M OE 98 E 14 I $243t
TR AR

NIR-I i

4 S0 A = X A6 75 ek e e B 98 vb i 7 T o (a) 3l 3 ICG-NTIRF A% i/ BRI A 26 PNET 75 2 &5 (b) DN-ICG 94 K 3R 5178
i ML 98 MR 855 TP TAM 118 NIR- 11 5806 BUA% i 7 2 1 )

Fig. 4 Applications of NIR- I cyanine dyes in pancreatic cancer. (a) Schematic illustration of detection of murine and human PNET

with ICG-NIRF imaging"”; (b) schematic illustration of DN-ICG nanoprobes for NIR- Il fluorescence imaging of TAM in

pancreatic cancer microenvironment'”
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Fig. 6 Applications of NIR- [| cyanine dyes in inflammatory diseases. (a) Illustration of NIR- [ vessel images of acute vascular

inflammation at different time points after Er-BTC-IR@A injection”™; (b) schematic illustration of synthesis of Janus
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Table 1 Information on applications of cyanine dyes in diseases
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Research Advances of NIR-]I] Cyanine Dyes in Disease Applications

Qiu Yu, Shen Zhiyang, Ding Haizhen, Jing Jinpeng, Chen Hongmin’
School of Public Health, State Key Laboratory of Molecular Vaccinology and Molecular Diagnostics & Center for

Molecular Imaging and Translational Medicine, Xiamen University, Xiamen 361102, Fujian, China

Abstract

Significance In recent years, the rapid development of bioimaging technology has provided powerful tools for life science research.
Among them, fluorescence imaging, as an important imaging technique, enables real-time and non-invasive visualization of
physiological activities in biological systems. Since biological tissues have lower absorption and scattering of photons in the near-
infrared region I (NIR- 1), combined with the weaker autofluorescence of tissues in this region, the signal-to-background ratio is
greatly improved. Therefore, NIR- [ fluorescence imaging can achieve deeper and higher-resolution biological imaging, and is
expected to be widely used as an ideal precision imaging technique in basic research and clinical practice in the future.

NIR- I fluorescence probes can be mainly categorized into inorganic and organic probes. Organic probes have advantages such as
strong near-infrared absorbance, good biocompatibility, and easy metabolism, making them the preferred choice for in vivo imaging.
Currently, there are two major classes of organic probes used in NIR-II fluorescence imaging. One class is dyes with a donor-
acceptor-donor structure, and the other class is cyanine dyes connected by conjugated polymethyl chains with a certain length of
carbon atoms. Compared with donor-acceptor-donor dyes, the synthesis process of NIR- | cyanine dyes is relatively simple, and they
have higher brightness, thus possessing significant advantages in NIR- II imaging. Cyanine dyes, as a highly valuable class of
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molecular probes, exhibit excellent fluorescence characteristics in the NIR- I region, so that they have attracted extensive research
interests and continue to develop in the field of disease diagnosis and treatment. Due to the high tissue penetration depth and low
interference from biological background signals, NIR- Il cyanine dyes can overcome the drawbacks of traditional fluorescence probes
and be applied in the diagnosis of diseases.

Cancer is one of the leading causes of death of the global population, characterized by high mortality and recurrence rates. NIR-
Il cyanine dyes can be used for tumor detection and visualization in the NIR- Il region. Their high sensitivity and high-resolution
imaging make them important tools for early tumor diagnosis. Additionally, cyanine dyes also have significant advantages in real-time
dynamic display of tumor boundaries, providing critical information for tumor resection surgery. Inflammation is a protective response
to stimuli. However, if inflammation persists without timely diagnosis and effective control, the detrimental effects will outweigh its
biological benefits. NIR- Il cyanine dyes also have important value in the application of inflammatory diseases. On the one hand, they
can precisely locate the inflammatory area, and on the other hand, by monitoring the distribution and concentration changes of the dye
in the body, the activity of inflammation can be evaluated, providing guidance for treatment. NIR- [l cyanine dyes can also effectively
differentiate and locate the sites of injury, visualize injuries, and help assess the extent of tissue injuries. Furthermore, the
combination of NIR- Il cyanine dyes with drugs enables targeted drug delivery to tumors, inflammatory areas, or injured sites. By
monitoring the distribution of the drug-dye complexes in the body, the therapeutic effect can be assessed in real time. These advanced
applications demonstrate the tremendous potential of NIR- I cyanine dyes in the field of modern medicine and their broad application

prospects in diseases.

Progress The latest advancements in the applications of NIR- |l cyanine dyes in various diseases are summarized. First, the
structural characteristics, classifications, and applications of cyanine dyes are introduced. Then, the utilization of NIR- [[ cyanine
dyes in various tumors such as brain tumors, breast cancer, pancreatic cancer, liver cancer, bladder cancer, colorectal cancer, gastric
cancer and other tumors is comprehensively reviewed, referencing prior researches. Tian’s research group from University of Chinese
Academy of Sciences and Gambhir ez a/. from Stanford University have developed an integrated visible and NIR- I /Il multispectral
imaging instrument to perform the first human liver tumor surgery. They have taken relatively pioneering studies on treatment of
tumors. Additionally, the research group from Fudan University, led by Zhang, has developed a tumor-microenvironment-responsive
lanthanide-cyanine fluorescence resonance energy transfer (FRET) sensor for NIR- I luminescence-lifetime in situ imaging of
hepatocellular carcinoma [Fig. 5(a)]. The applications of NIR- Il cyanine dyes in various inflammatory diseases like acute vascular
inflammation, rheumatoid arthritis, gastritis, and in injuries related to liver, kidney, and biliary tract are further discussed. Liu ez al.
collaborated on cyanine-doped lanthanide metal-organic frameworks for NIR- [l bioimaging [Fig. 6(a)]. It is noted that the application
research of NIR- [I cyanine dyes is still limited and not comprehensive. Finally, the challenges and research trends in this field are

discussed.

Conclusions and Prospects NIR-II cyanine dyes have tremendous potential in the imaging and treatment of tumors,
inflammatory diseases, and injuries. In summary, further in-depth exploration is needed for the development of NIR- [l cyanine dyes
to promote their wider clinical applications, and bring new breakthroughs and developments to the fields of medical imaging and

clinical diagnosis.

Key words medical optics; cyanine dye; near-infrared region Il ; disease application
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