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Abstract: The near-infrared-I11b (NIR-1lb, 1 500-1 700 nm) window fluorescence with long emission wavelength
has reduced light scattering and tissue auto-fluorescent background, achieving deep tissue imaging with high
spatial resolution. Herein, we prepared an NIR-1Ib fluorescent quantum dots (QDs) composed of lead sulfide (PbS).
The fluorescence spectrum of PbS QDs were adjusted by controlling the size of the PbS core. Cadmium sulfide
(CdS) shell was synthesized by the cation exchange method to form the core/shelled lead sulfide/cadmium sulfide
quantum dots (CSQDs). The surface of CSQDs was modified with polyethylene glycol (PEG) to increase their
stability in aqueous solution. The resulting PEG-modified CSQDs (PEG-CSQDs) had the emission peak at
~1 550 nm with quantum vyield of 7.2%. The animal procedures were approved by the Institutional Animal Care
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and Use Committee (IACUC) of Fudan University School of Pharmacy. At 2 h postinjection, PEG-CSQDs clearly
delineated the tumor region of mice bearing orthotopic CT26-Luc colon cancer model in the NIR-I1b fluorescence
imaging. The fluorescent intensity ratio of primary tumor and adjacent normal tissue was 42.3, and that of metastatic
tumor and adjacent normal tissue was 22.3, which allowed to detect the primary tumor of 3.4 mmx2.5 mm in
dimension and the metastatic tumor of 1.2 mmx0.9 mm in dimension, and accurately guided the excision of
tumors. The PEG-CSQDs prepared in this study provided a new approach for the early diagnosis and guidance of

surgical resection of colon cancer.

Key words: quantum dot; near-infrared-11b window; fluorescent probe; colonic neoplasm; imaging guided

surgery
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Figure 1 Effects of reaction temperature and reaction time on flu-
orescence emission spectra of lead sulfide quantum dots (PbS QDs)

4= = PbS/CdS 30 min
; ——  PbS/CdS 50 min
=
L3 = PbS/CdS 10 min
~ 3a
27 w— PbS core

7 -

14
E:
s 7

I 1 L] I I

1200 1300 1400 1500 1600 1700
Wavelength / nm

Figure 2 Effect of Pb*/Cd*" ligand-exchange reaction time on
the fluorescence emission spectra of PbS QDs or CSQDs. CSQDs:
Core/shelled lead sulfide/cadmium sulfide quantum dots; PbS:
Lead sulfide; CdS: Cadmium sulfide
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Figure 3  Fluorescence emission spectra of oleyamine-branched
polyacrylic acid-modified CSQDs (OPA-CSQDs) and polyethylene
glycol-modified CSQDs (PEG-CSQDs), respectively
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Figure 4 Integrated emission intensities of IR26 in 1, 2-dichloro-
ethane, CSQDs in chloroform, OPA-CSQDs or PEG-CSQDs in
water as a function of absorbance at 808 nm, respectively
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Figure 5 Transmission electron micrographs of CSQDs (A, B).
Size-distribution histogram of CSQDs (C) and PEG-CSQDs (D),
respectively
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Figure 6 In vivo fluorescence imaging of PEG-CSQDs in colon cancer. A-E: The NIR-IIb fluorescence images were collected at 5 min,

0.5, 2, 4 and 8 h after intravenous injection, respectively; F: The fluorescence intensity ratio of tumor (T) to normal tissue (NT) over time

after the intravenous injection. The fluorescence signals on the blue lines or of the background in the images were quantified. The fluores-

cence intensity ratio was thus calculated: (signal of tumor - signal of background) / (signal of normal tissue - signal of background)
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Figure 7 Intraoperative NIR-IIb fluorescence imaging of orthotopic CT26-Luc colon tumor of mice (left column), the resected tumor
under the guidance of NIR-Ilb fluorescence imaging (middle column), and the histologic analysis of the resected tumor (right column).
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Figure 8 Biodistribution of PEG-CSQDs in mice bearing CT26-luc orthotopic tumor at 2 h (A) and 8 h (B) after iv injection of PEG-
CSQDs (2 mg-mL™, 200 pL), respectively. The volume of each blood sample was 100 pL. Standard, 4 pg of PEG-CSQDs. Tissue distribu-
tion of the fluorescence probes was calculated based on the fluorescence intensity of tissues in the images (C). n =3, x s
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