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In vivo image of the whole blood vessels of a nude mouse.

Small, 2020, 16, 2001003.

808 nm laser

V@Ag,S
(Always on)

V&A@AG,S
(Activatable)

A@Ag,S

VEA@AY,S
(Activatable)

VEA@AGS
CC:;TD QJ
™ , k. .2FRETn _~ \w.ﬁ gFRET\/
Ny S
;-)( Peroxynitrite et
- (ONOO") !
¥ ¥ —
25 * o
| [
«OFF” “ON”
i
AN 'L o
|/ pSPE-mPEG2000 071 Abs: A1094  Em:Ag,S QDs
— VYCAM1 binding peptide 081 Abs: A1094+ONOO"
= 05
"\\e SDS 8 04 /
s Pt A2 J \
£ T
, (g |
0.2 0.0 ===
A1094 400 600 800 1000 1200 1400 1600

Pre-injection 5 min

10 min

Wavelength (nm)

30 min

(‘ne) Aysuejul 1d

Angew. Chem. Int. Ed., 2020, 59, 247-252.



» Introduction

2) BEARTETEBELAIMNAZE (InGaAs) BT HEMEFIRNFAVNNIEERERG. RE YW KICMEN
JEiE& (400-1700 nm) /NEEEREBRRRHERBAERR G, AED TKE. @IRERAN/NPERRETRE R
R ZRENELIMXTER BRI R EE R LR,

3) B VIELSMX KRR TR EDELZRREATS, HNSHYREKEIR T SHAFERE (>1.5cm) |

SNESHHE (-30ms) MESZEPHFE (~25 um) WEM. EHAKR, BREGKAMBRAIIR T HERRZT
BTN BIZTT . AWM. THRBAEFMNASFNEE T TR R,

b
5 phn
3 ) ~
A O ‘r%\ge I ~
T o § P 1 o
T "A';.':E'."E-l"\"‘-'_:Q'HWN")‘V:‘:‘glﬁk&f\u—?"\ i Seif_ ~

{ lassemble

i e s

L i 1y
Ly v -7
CAAAAAN) T - -

Fi i

L ’
P - -
\--____.____. __________ '\0 i“
Polypeptide conjugated NIR-1l dy é} 2
S oz
.@‘ ; 0.
v LS
z o .
"P AD 1h 4h 12h

NIR-ll imaging Photothermal _ 1. ?
L L L
pe—— Therapy = %

(a)

ACS Nano 2019, 13, 3691-3702

Angew. Chem. Int. Ed. 2012, 51, 9818 —9821



> Introduction

(a) Reflection (

Autofluorescence
Fluorescence
Biological E |

°
a)w e rs5E " +/
A S E = X e

+
Absorption ./ \ / -

* Fluorophore

=2
—

Effective attenuation coefficient
(em™

(©) (d)
Nl NI Visible  NIR-| NIR-II
14| Visible NIR-I  NIR-I " —
C)7K#400-1800 nm _ > 2 e
. ) l 1 —\ ti
SEEIN AR ERE, S o 1o Bt
3 o0s il £ 8- — Cranial bone
i = ] Intralipid tissue phantom
2 06 = g3
[=] o 4 -
— s o A é 0.4 - 4 i
IkahzEwSHEKTE © oz 2 B
0.0 0 .

Ty | T TT 7T ! T 7 1 T v T 7 1
400 600 800 1,0001,2001,4001,6001,800 400 600 800 1,000 1200 1,400 1600
Wavelength (nm) Wavelength (nm)

First Second
window window
Oxygenated whole blood

Deoxygenated whole blo

NIR-ENRE igaia iR

600 1,000 1,400 1,800

Wavelength (nm)

— Lonouono i

e ST
1,000 1,200 1400 1600 1800

Wavelength (nm)

by tEEEMK. KHEM
R RARMAE AR

d)AR~E & YABRE
400-1700 nm35HE

| PR ARG )

e)EZ Er/ NRITIE(RRE).
RRAE (LT & )AL EZR R (B5 )
7808 nmigi &k TH B
FHE, HIKEKAF1500
nmiJLFEAZTEE.

Figure 1. (a) Schematic diagram of the interactions between the photons and tissue when executing fluorescence imaging. (b) Effective attenuation
coefficient of various biological components including oxygenated blood, deoxygenated blood, skin, and fatty tissue. (c) Absorption spectrum of water
in the range of 400—1800 nm measured through a 1-mm-long path. (d) Reduced scattering of different biological tissues and intralipid solution in the
range of 400—1700 nm. (e) Autofluorescence spectra of ex vivo mouse liver (black), spleen (red), and heart tissue (blue) under 808 nm excitation.
Panels a, ¢, d, and e reproduced with permission from ref 2. Copyright 2017, Nature Publishing Group. Panel b reproduced with permission from ref 6.

Copyright 2009, Nature Publishing Group.
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Figure 2. Timeline of major milestones in NIR-II fluorescence imaging technology. Reproduced with permission from ref 22. Copyright 2011,
National Academy of Sciences. Reproduced with permission from ref 57. Copyright 2019, Wiley-VCH. Reproduced with permission from ref 58.
Copyright 2018, Nature Publishing Group. Reproduced with permission from ref 59. Copyright 2020, Nature Publishing Group. Reproduced with
permission from ref 60. Copyright 2017, Wiley-VCH. Reproduced with permission from ref 61. Copyright 2018, Wiley-VCH. Reproduced with
permission from ref 62. Copyright 2019, Nature Publishing Group.
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Figure 3. Structural and functional imaging using NIR-II emitting fluorophores. (a) Whole-body blood pool imaging of the nude mouse using NIR-II
emitting Ag,S QDs. (b) Comparative study of Ag,S QDs (1200 nm, NIR-II) (upper) and ICG (835 nm, NIR-I) (below) for in vivo lymphatic imaging.
(c) Two-color fluorescence imaging of tumor vasculatures and tumor tissues in the NIR-II window. p-EF channel: tumor vasculatures; CNT channel:
tumor. (d) A 3D confocal image of cerebral blood vessels of the rhesus macaque. Bars: 100 pm. (e) In vivo imaging of blood flow velocities of the rhesus
macaque using a wide-field NIR-II microscopy. Panels a and b reproduced with permission from ref 65. Copyright 2014, Elsevier Inc. Panel ¢
reproduced with permission from ref 72. Copyright 2018, Nature Publishing Group. Panels d and e reproduced with permission from ref 68. Copyright
2020, Theranostics.
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Figure 4. Activatable NIR-II probes for biological sensing. (a) The ONOO™-activatable V&A@Ag,S probe for in vivo detection of traumatic brain
injury. (b) Temperature sensing by a core/shell/shell PbS/CdS/ZnS QD emitting in the NIR-1I window (1270 nm). (¢) pH sensing by pentamethine
cyanine fluorophores (BTCs). (d) A H,S-activated ratiometric fluorescence nanoprobes containing a H,S-activable boron-dipyrromethene (ZX-NIR)
dye and an aza-BODIPY (aza-BOD) dye. (e) The MMP-activatable PbS/CdS/ZnS core/shell/shell QDs for colorectal tumor detection. Panel a
reproduced with permission from ref 88. Copyright 2020, Wiley-VCH. Panel b reproduced with permission from ref 90. Copyright 2015, Wiley-VCH.
Panel ¢ reproduced with permission from ref 91. Copyright 2018, Wiley-VCH. Panel d reproduced with permission from ref 93. Copyright 2019,
Nature Publishing Group. Panel e reproduced with permission from ref 94. Copyright 2017, American Chemical Society.
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Figure 5. NIR-1I imaging-guided therapy. (a) In vivo tracking of Ag,S QD-labeled stem cells for liver regeneration in a mouse with acute liver failure.
(b) NIR-1I imaging-guided bone-targeted delivery of Ald/DOX@Ag,S nanodrugs for bone tumor therapy. (c) A tumor microenvironment-activated
NIR-1I nanotheranostic system (FEAD1) for precise drug release monitoring, diagnosis, and treatment of peritoneal metastases. (d) In-human liver-
tumor surgery guided by multispectral optical imaging in the visible and NIR-I/II windows. (e) NIR-1I imaging-gnided PTT for mammary carcinoma
tumor treatment using a macromolecular fluorophore (PF) agent. Panel a reproduced with permission from ref 99. Copyright 2014, Wiley-VCH. Panel
b reproduced with permission from ref 105. Copyright 2017, Wiley-VCH. Panel ¢ reproduced with permission from ref 106. Copyright 2020, Wiley-
VCH. Panel d reproduced with permission from ref 59. Copyright 2020, Nature Publishing Group. Panel e reproduced with permission from ref 114.
Copyright 2019, Wiley-VCH.



SR H—HREQY. EN, R

®» Introduction RERITEEA. HNGNERREY.
Tl B ARSI ATIRE
SR RTRS KA R 1
y =4 \ . 7 = N Y .
NIR-IRRERRENEZLARNER, FERU T—2RUARE:  sppampan mBaMRROTMN

NIR-1ZES6H. £ETENNEYNE, BEMOBENIR-IEECHANEMREMH.
TERmC—EEEANEMH, MRENCEMNRE, ZTUEA, URRFNERME. BN, ENFEEFANRN
TR FRIC BT RS

BERG. B THEERESENEXAMMNNSENFIE FEEABNT BN ERE ESHEETEN. &
ERBRREIEERE T KENHT, ENEFZEENRIBRFTEH TR,

(1) NIR-ISSR ZBERBREE. A TEVENEZRMNASTHEN, BSNERESREREL L HIEMRKIE
TUNER., AXFHE, EEMNTIEHEZEINEDHRMARTERENRT . S ZI@BIENIR-IERS T
R RHE R ZANEH, XOJeEN 7 E A R VL B IR S 2 aY I

2) NIR-IFEERNER B RGE. NBEREENRKRENNIAE, EREAANTE. FEEAMSBE A B4 TS
I, AFNR-IXEBHAEEESEER, HEEKAKTFI500 nmif, EEES/LFAHE, EIENIR-NIRBET S
EENRELTEZLUNES REERLN,

(3) NIR-NIEEAERZEABITHBERESE. RENR-IKERGHNALZELTETEFRRE 7SERMENHE, BEE
BEN— D EERG 2 UK EEEAIETE. NIR-IKEGSMRIFICTEEMBGRAEE S, TTIUABITE M
R EMMFEBUR AN EERER RN ITA,



» Introduction

Future Applications:
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